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CHAPTER IV

THE PYTHAGOREANS AND
LATER PRE-SOCRATICS

As WE HAVE ALREADY SEEN, the concepts of periodicity, sphericity,
and circular motion as applied to the universe as a whole are
already presentin the work of Heraclitus, Parmenides, Empedocles,
and Anaxagoras; but astronomical thought is still in the pre-
scientific stage, and the idea of the celestial sphere is still far from
being worked out in detail. The nearest approach in the Pre-
Socratic period to an astronomical scheme which might possibly
have taken the place of the concept of the celestial sphere is in
the system attributed to the later Pythagoreans of the last half of
the fifth century. Now it has been said (Guthrie, vol. i, p. 146) that
“The history of Pythagoreanism is perhaps the most controversial
subject in all Greek philosophy’, and ‘No one can claim even to
have plumbed what a modern scholar has despondently called
“the bottomless pit” of research on the Pythagoreans’. Here we
are concerned only with the role of the Pythagoreans in the history
of astronomy; but even to elucidate this some attention must be
paid to the difficulties peculiar to any discussion of Pythagorean
beliefs.

Put very briefly, the main problem is to try to distinguish the
teachings and discoveries of Pythagoras himself from those of his
successors in the school which he founded, and which continued
as a recognized body of doctrines some two hundred years after
his death — and to differentiate between these successors. The
problem is complicated by several factors: (a) Pythagoras himself,
who founded the Pythagorean brotherhood in the latter part of
the sixth century Bc at Croton in south Italy, left no writings;
(b) it was a religious and mystical association or sect, as well as a
philosophical school, which had strict rules of secrecy concerning
its teachings; (c) there was a strong tendency for later writers to

62

THE PYTHAGOREANS AND LATER PRE-SOCRATICS 63

attribute as many discoveries as possible to the Master, who
rapidly became an almost superhuman figure — unbhistorical
legends about him were already circulating in Aristotle’s time;
(d) the original brotherhood, which had by this time set up
branches in many towns of Magna Graecia, was forcibly dis-
banded in the middle of the fifth century, and its members
dispersed throughout Greece carrying their teachings with them;
and finally (e) the sources which purport to tell us most about the
movement, namely the so-called Lives of Pythagoras by Porphyry
and Tamblichus (Neo-Platonists of the third and fourth centuries
AD), at best go back to fourth-century Bc accounts which were
already uncritical in character (as just mentioned), and at worst
are patent amalgams of Pythagorean, Orphic, and Neo-Platonic
doctrines. In fact, as in the case of Thales, the tertiary sources are
utterly unreliable for Pythagoras himself.

Of the secondary sources, Herodotus mentions the Pythagoreans
once (i, 81) and Pythagoras once (iv, 95), both times in connection
withthedoctrine of transmigration and the immortality of thesoul.
Plato, who was undoubtedly greatly influenced by Pythagorean
teaching, and not least in his astronomical ideas (as we shall see
later), yet names Pythagoras only once (Rep. x, 600b, where
he contrasts him favourably with Homer for setting a good
example for his followers to emulate), and the Pythagoreans once
(Rep. vii, s30d, where Socrates draws attention to the importance
attached by the Pythagoreans to the sister sciences of astronomy
and harmonics—see pp. 108f.). Aristotle, in the extant works, makes
only two incidental references to Pythagoras, one of which occurs
in a passage where the text is disputed (Met. A s, 986a30), and
neither of which gives any information about him. (The other
passage is Rhet. 1398b14, where the name occurs in a sentence
illustrative of inductive reasoning.) On the other hand, Aristotle
frequently mentions the Pythagoreans, whom he sometimes de-
signates as ot kahobpevor ITubarybpetor, ‘those called Pythagoreans’,
and he is, in fact, our most reliable authority for their scientific
teachings. He wrote a work Iepl wév ITuBayopeiwv which has,
unfortunately, not come down to us.

From the state of the evidence, then, it would appear to be a
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hopeless task at this distance of time to try to apportion various
doctrines to individual Pythagoreans, when even Aristotle was
not in a position to do so. He knew that different opinions were
current among these philosophers, but he was apparently unable
to connect them with particular names, and has to be content with
saying ‘some of the Pythagoreans think this . . . while others
think that . . " — whereas in dealing with the other Pre-Socratics
he nearly always attributes specific doctrines to individual thinkers
by name. Attempts by modern scholars to differentiate between
what they suppose to be the views of Pythagoras himself and
those of his pupils cannot therefore rest on any firm basis and
should be discounted. In particular, Heath’s ideas on the state of
astronomical knowledge in Pythagoras’ time (sixth century BC)
are far too sanguine. He says (Arist., p. 51),

It appears probable, therefore, that the theory of Pythagoras
himself was that the universe, the earth, and the other heavenly
bodies are spherical in shape, that the earth is at rest in the centre,
that the sphere, of the fixed stars has a daily rotation from east
to west about an axis passing through the centre of the earth,
and that the planets have an independent movement of their
own in a sense opposite to that of the daily rotation, 1. from

west to east.

As we have seen, there is no good evidence for such advanced
knowledge in this early period, and historically this picture is
completely anachronistic (on this see further my articles on Thales
and Anaximander). The best that we can do is to follow Aristotle’s
example, and examine the astronomical knowledge which there
is reasonably good evidence that the Pythagorean schoolin general
possessed, bearing in mind that most of it must be referred to the
latter part of the fifth century BC.

The great novelty that the Pythagoreans introduced into Greek
philosophical thought as a whole was their insistence on the
importance of number. Number was for them the dey# that the
Tonian philosophers sought. Numbers were the basic stuff (629)
out of which the whole universe developed - numbers, in some
way which Aristotle was never able to fathom, and which he
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evidently and with good justification regards as extremel
perverse (¢f- Met. A 8, 989b29ff. and N 6, 1092b26ff. = DK C%’
B22 .and B27), conceived of as actual physical cntifies occu ~
spaqal ex'tension, not intellectual abstractions; and numpy'mgl
relat10nslup§ f:onstituted the governing princip’les of the :rﬁ(i:a
c}?smo?. Tlns is not the place to go into the details or speculate orrfx:
the origin of this remarkable doctrine. Perhaps the discoveri
(tradmonally ascribed to Pythagoras himself) of the chief mueFlei
1ntf3rvals, the octave, fourth, and fifth, expressed as the numezzzl
Eano; (z: E 3: é , 3:2, of the fact that the first four integers add up
‘ Sacreccias ;mb gfl)t}:; (I;}tfﬁl;:gtﬁrezr}s the itetfractys’ and regarded as
: e diagon is i
surab%e with its side (the famous ‘gtheirsmaosfc~l lll;;r;;s lgf;f?f 1‘31111
(cfi)entnbute? tlo their belief that numbers formed the fgundamc)e’ntaal
men i i
S }tlse r(:l al; 11ccS .umverse — but this belongs properly to the history
inrlln astronomy the Pythagoreans also introduced a startling
ovation. This was to displace the earth from the central
position in the cosmos which it seems to have occupied i hal
astronomical ideas of most of the Pre-Socratics, and tI:) r m; 'e
as another celestial body moving in a circle, like the sunegr;x?z y
?nd ;tars, round a central fire which provided the motiv;: ovt?r’
or the whole universe and was variously called the watchIc)) h
tower or the throne of Zeus, or the hearth of the uni -
Arlsto:clf: tells us (De Caelo ii, 13, 293423 = DK 58 B37; verls .
Simplicius ad loc.) that, as well as the earth, the P3t7h’agr. i
scheme postulated a counter-earth (&vriyfwv) ’VVhiCh 'ﬁso goreag
‘rou.n.d the central fire, closer to it than the earth, but H;OVC
invisible to us because we live on the hemisphere,facin ok
from the counter-earth.” Aristotle’s account does not rge;“'ray
the planets by name; we are merely told that the Pythago s
.regarded the earth as ‘one of the stars’ (év tév é’ccrpmv)y butg & i
is a general word (as indeed is dowp) which can be’a 1_"‘375?0"
dlﬁereptly to the fixed stars, the planets, the sun, and tI})}Z ol
A tertiary source (Aétius, DK 44 A16 and 17) ﬁH; in some I:imto'?.
and specifically attributes the scheme to Philolaus, a Pyth it
of the latter half of the fifth century Bc. L

5
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Under Philolaus (DK 44) DK lists nineteen passages (B1-B19) as
definite fragments of a work ITepl dpboewe.™ Unfortunately, the
genuineness of these is disputed (KR, p. 311, will have none of
them; Guthrie, vol. i, p. 331, is far less convinced they are false),
but anyway only one fragment (87) is apparently connected with
this astronomical scheme, and all that says is that in the middle
of the sphere is what is named the hearth (¢v ©é péoe 7dg cdalpuc
toti xadeirar). According to Agtius (DK 44 A16 and 17), in the
middle was the central fire, next came the counter-earth, then the
earth, then the moon, then the sun, then the five planets, and
finally the outer sphere of the universe which carried the fixed
stars. It is noteworthy that the order of the individual planets is
not specified, nor are they actually named; in fact, the Greek
names for Saturn, Jupiter, and Mars, i.e. the stars of Cronus, Zeus,
and Ares respectively, appear only in the Epinomis (987¢) of the
extant texts before Aristotle,7? although Plato in the Timaeus (as
we shall see) mentions the Morning Star (Venus) and Mercury,
and knows that the planets are five in number (38¢-d). If we
assume that the order of the planets was that generally accepted
in later Greek astronomy (which is the order of their sidereal
periods and of their distances from the sun), then the complete
Philolaic scheme will have been (starting from the outside, o
nepiéyov) fixed stars, Saturn, Jupiter, Mars, Venus, Mercury, sun,
moon, earth, counter-earth, central fire — making ten bodies in all

(counting the fixed star sphere as one) moving in circles round the
fiery centre.

The postulate of the counter-carth is a puzzling feature of the
system. In one place (Met. A s, 98643 f.= DK 58 B4) Aristotle
suggests that the only reason for it is to bring the total number of
celestial orbits up to ten, which was the sacred number of the
Pythagoreans, the visible orbits being only nine, ie. fixed stars,
five planets, sun, moon, and earth. In another passage (De Caelo
ii, 13, 293b21f) he mentions the view held by ‘some’ that there
were other bodies, invisible to us, also encircling the middle
(dépecon mepl 70 uéoov), which were supposed to explain why
lunar eclipses are more frequent than solar — an idea, as we have
seen, already attributed to Anaxagoras. It has been suggested that
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the. cou:nter-earth might have performed the same function in the
Philolaic scheme. This, however, is impossible, since the orbit of
th moon is outside the earth’s, while that of the counter-earth is
inside it (i.c. nearest the central fire). The other bodies mentioned
by Aristotle were presumably envisaged as having their orbits
between those of the moon and the earth if they were to produce
more frequent lunar eclipses, but the counter-earth itself could
not have had this effect.”8 Simplicius, in his commentary on the
above passage of the De Caelo, says that the Pythagoreans called
ic moon avriyfev and also a ‘*heavenly earth’ («ifeptav yiiv). There
is nothing intrinsically improbable here (pace Guthrie al i
p- 29_1) ; both moon and counter-earth encircle the central ,ﬁre <;n(;
on either side of the earth, so that either could be described in
some sense as avtt, ‘over against’, ‘counter to’ the earth.?® In the
same passage Simplicius informs us that ‘those who ool
with the more genuine doctrine call fire in the centre the creative
force Whicb from the centre gives life to the whole earth and
warms again that part of it which has grown cold’.80 The onl
difference between this and Aristotle’s version is that the latte};
speak.s of the central fire without mentioning its ‘creative force’
and its effect on the earth — presumably, knowledge of this
constitutes the ‘more genuine’ doctrine. Perhaps a more cogent
reason for the postulate of the counter-earth was to account? for
the _f'aFt that we never see the central fire, and to exclude the
Ross1b1]ity that some daring explorer might go round to the other
side of the earth and wonder why he still could not see the fier
centre, which, as consisting of divine fire that provided the enera}—,
tive force for the whole cosmos, might be expected tgo be a
spectacular sight. Assume the existence of 2 body like the counter-
earth which moves with our earth at the same speed in an orbit
between us and the central fire,8! and at least you have a speciou
reason for our never seeing it. ’ S
‘ Aristotle says specifically that according to the Pythagoreans
the earth being one of the stars and carried in a circle round the
centre makes (roetv) night and day’ (De Caelo 293a22-3), and this
is duly confirmed by Simplicius who adds that night and da
depend on the position of the earth relative to the sun. Exactl;r
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how is not explained, but the assumption that the earth was
supposed to take 24 hours to circle the centre, the moon 29} days,
and the sun a year would suffice to account very roughly for some
of the main phenomena of the heavens as seen from the earth. Day
would be produced when the inhabited part was facing the sun
on the same side of the central fire, and night when it had moved
round 180° to the other side of the centre. This is presumably what
Simplicius means when he goes on to say (p. 512, 16-17) that night
results from the earth’s coming into the cone of its shadow: since
we live only on one hemisphere, night is produced when the other
hemisphere faces towards the sun and casts its shadow over our
side. The phases of the moon would be approximately accounted
for: in Fig. 9, position (a) would be near new moon and (b) and
(c) near fall moon, but in between the latter positions (when the
moon was on the line joining sun, carth, counter-earth, and
central fire) it would seem that for a terrestrial observer it must
disappear bricfly and then reappear. Again every month there
would have to be a solar eclipse, and days and nights would have
to be of equal length always all over the world.

Aétius says that Philolaus regarded the sun as glassy (baroeidHc),
‘receiving the reflection of the fire in the cosmos, and filtering
both light and warmth through to us, so that in a certain sense
there are twin suns, the fiery one in the heaven (&v 76 odpav®) and
the fiery one by reflection from it’ (DK 44 A19). Unfortunately,
it is not clear which fire is meant here, for Philolaus seems to have
envisaged two sources of fire, the outermost surrounding fiery
sphere (this originally Heraclitan idea was, according to the
doxographers, common to several later Pre-Socratics) and the
central fire (DK 44 AI6); anyway, it is difficult to see how a
reflected sun really helps matters.

Another minor difficulty (of which Heath makes much, Arist.,
pp. 101f) is that, according to Aristotle and the tertiary sources,
in the Pythagorean scheme there were ten bodies moving in ten
orbits round the central fire; but if the daily rotation of the heavens
is to be accounted for by the earth’s moving round the central fire,
there is no need to postulate any motion of the fixed star sphere,
so that there would have been only nine circular motions,
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S = sun
M = moon
E = earth

CE = counter-earth
CF = central fire

Fig. 9. Schematic representation of the Philolaic system

contrary to what all our sources affirm. To resolve this discrepanc

it has been suggested that the sphere of the fixed stars was ilfdeeg
endO\fved with a very slow revolution, and that this must have
been 1n.tended to represent the phenomenon of the precession of
the equinoxes (see pp. 15f.). However, to suppose that astronomical
the‘ory or observational technique had reached such a level in
Philolaus’ time that the effects of precession (about 50" of arc a
year for stars on the ecliptic) would be noticed, is quite out of the
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question, and it is now certain that it was I-.Iipparchus in the second
century BC who made this discovery. Th§ inventors of the couflter—l
earth and the central fire (neither of which has any observationa
basis) could well have assumed a very slo'w rotatxor; of the o}t:iteﬁ
sphere, which could anyway not be f:hsproved,8 and w cld
would bring the total number of revoll-.mons up to ten and wou ;
fit in well with their preconceived notions on the construction o
the universe.

The whole scheme is a good example of the type of presump-
tive theorizing that characterizes much of the astronomical thm(l;—
ing of the Pre-Socratics; it is very much a product of the stu y
and bears little relation to the facts of actual ob-servauo.n _(e.g. it
takes no account of the latitudinal and l?ngitpd1na1 variations of
the planetary bodies). Van der Waerden’s belief that the scheme,
which he describes as ‘eine so raffiniert ausgedacht.en astrono-
mische System’, must belong to a stage m.astronomlcal thob\;glf‘:;
after the Timaeus, i.e. not before c. 360 BC, 1s wholly untelga eh
Rather is it just the sort of scheme with wh1c_h Plato was fami }:ir
from his knowledge of Pythagorean doctrines, and which ef
unsuccessfully tried to reconcile with the slightly later conce};t o
the celestial sphere and the sp)herical earth at the centre (see below,

r V, especially p. 149). -
C}'llilﬁ;efatal olI))jectiozl Eo it (as so far_described in the sources) hls
that it apparently envisages the orbits of Fhe .earth and all1 the
heavenly bodies round the central fnfe as being in the same p an}f,
whereas, of course, to correspond with observed phenomena, the
plane of the orbits of sun, moon, and planets shoqld be mchnc?d
to that of the earth. There is only one mention of inclined orbits
in our sources and that is by Aétius (DK 44 a21) where he states,
‘Some say that the earth is at rest; but Philolaus the Pyt.hagO{fealn
says that it is carried in a circle round the fire on a slafmng circle
in a similar fashion to the sun and moon’ (kbxAe -{csp@e’peaem mepl
T mp Kkatd KOKAOY AoEOV SpoLoTpbTLG ALY el ce?mv’n).. As 1t
stands, and if the whole sentence is to be attributed to Phﬂola‘us,
this can hardly mean anything other than that all three ‘bodlesci
earth, sun, and moon, move in an inclined .orblt. Yet this woul
not produce the required results. It is possible that the last four
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words are not Philolaus’, but added by Aétius or his source, and
this apparently is how Heath takes it when he says, ‘The earth
revolves round the central fire in the same sense as the sun and
moon (that is from west to east), but its orbit is obliquely inclined;
that is to say, the earth moves in the plane of the equator, the sun
and the moon in the plane of the zodiac circle. It would no doubt
be in this way that Philolaus would explain the seasons.’84 Clearly,
this entails reading a great deal more into the evidence than is in
fact there. *O AoEdc xdxhoc was in later Greek astronomy a normal
expression for the ecliptic; it seems more than probable that
Aétius (or his source), knowing this, added it to the astronomical
knowledge attributed to Philolaus simply to make the latter’s
views sound more plausible.85 It is noteworthy that in the longer
passage of Aétius that describes the complete scheme (DK 44 A16),
and in Aristotle’s and Simplicius’ account, there is no mention at
all of inclined orbits, and it would seem very questionable to
accept the unsupported statement of a tertiary source such as
Aétius in a case like this.
Very little astronomical sense is apparent in another feature of
the Pythagorean scheme, the famous ‘harmony of the spheres’.
According to Aristotle (De Caelo ii, 9, 290b12f. = DK 58 B3 5), an
absurd and extravagant opinion (his own words) was held by the
Pythagoreans, to the effect that, with so many huge celestial bodies
whirling at such great speeds round the centre, it was impossible
that no noise should be generated by their motions, but each body
must produce a different tone according to its distance from the
centre, so that the whole system created a ‘harmony’. Aningenious
explanation was given of the awkward fact that no one ever hears
this harmony, namely that everyone, from the moment of birth,
has this sound as a constant background and therefore does not
consciously hear it, since there is no absolute silence to contrast
with it. This poetic fancy (presumably suggested by the discovery
of the ratios governing the chief musical intervals — see above) was
taken up by Plato in the myth of Er in Republic x (see p. 111), and
further elaborated by later writers who invented all sorts of
musical schemes supposed to represent the proportionate distances

of the heavenly bodies — Heath (Arist., pp. 10sf.) treats of these at
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some length. Nevertheless it has no significance fqr mathematical
astronomy, however much it gripped the imagination of later
ages, except in so far as to demonstrate once more how prone the
Pythagoreans were to subordinate the faf:ts o.f natural phenomena
to their philosophical and mystical predilections. -
Despite the many drawbacks of the Pythagorean scheme, it
also displays several features which permanently mﬁuer‘xced Greek
astronomical thought. It emphasized the circular motions of the
heavenly bodies round a common central point; the concept was
already prominent in Empedocles’ ideas, .but the' Phﬂ'olalc system
went a step further by actually postulating an imaginary centre
of rotation, and this was destined to be a key concept 1n the latér
development of the epicyclic and eccentric theories. It differenti-
ated between the planets and the other celestial f)})Jects, and there
is no good evidence that this distinction (tradmonally, but im-
probably, credited to Pythagoras himself) was made'by any of the
earlier Pre-Socratics except Anaxagoras. Above all, it faccustomed
men to thinking in terms of the sphere as what one might call the
typical astronomical shape, not only for the universe as a whole
(this had been generally accepted since Parmenides), but more
particularly as the shape of the earth itself. After the ﬁfth century
¢ no Greek writer of any repute (with the exception of the
atomists, Leucippus and Democritus, who held. somewhat
reactionary views on astronomy — sce below) f:oncelved of the
carth as anything other than a globe. In Socrates youth the shape
of the earth was still a debatable matter (cf. p- 94), but the great
authority of Plato, who certainly believed in a spherical earth (_see
p. 98) and who did much to make Pythagorean astronomical
notions respectable, was sufficient to put the matter .beyond
doubt. Aristotle accepts the sphericity beyond any question (De
Caelo i, 14, 297a8ff) and dismisses the proponents of a flat or
drum-shaped earth in a few sentences (ibid. 2944). .
That the Pythagoreans did regard the carth as a sPhere is
certain. In a curious chapter of the De Caelo w}}ere .Ax‘:lsto’tlc is
discussing which is ‘upper’ and Jower’ and which is ‘left :jlnd
‘right’ in the universe (i1, 2), he takes the (to us) unnatural view
that the invisible (i.e. south) pole is the upper one, and those
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living there are in the upper hemisphere and on the right, while
we (i.e. the inhabitants of the northern hemisphere) are in the
lower hemisphere and on the left, ‘contrary to what the Pythago-
reans say; for they make us the upper ones in the right-hand part,
and those at the south pole the lower ones in the left-hand part’
(285b25—7). However odd the argumentation appears to us,86 it is
at least clear that the Pythagoreans considered the earth as
spherical. This is confirmed by one of the reasons that Aristotle
reports for the Pythagorean view that the earth and the counter-
earth move round the centre: he says (293b25-30) that they
considered that it made no difference to the observed phenomena,
since, even on the assumption that the earth (not the central fire)
was at the centre of the universe, we ourselves anyway lived half
a diameter of the earth away from its centre. Thus the sphericity
is again assumed, although the truth of the Pythagorean argument
entails ignoring completely the different effects of parallax in the
two cases, a procedure which Heath justifiably describes as ‘a
somewhat extreme case of making the phenomena fit a precon-
ceived hypothesis’ (Arist., p. 100).

Another very influential tenet of Pythagorean thought was
their insistence on the divine nature of the celestial bodies. This
also received the sanction of Plato and Aristotle, became orthodox
doctrine which was accepted even by the mathematical astrono-
mers (see the introduction to Ptolemy’s Almagest, ed. Heiberg,
pp- 6, 23; 7, 20ff), and provided the fundamental basis for
astrology. There is little doubt that the idea of the divinity of the
planets, at any rate, came originally from Babylonia, where an
astral religion is attested as early as the second millennium Bc.87

According to the tertiary sources, two individual Pythagoreans
from Syracuse, Hicetas and Ecphantus (DK 50 and 1), introduced
a modification of the Philolaic system by postulating a central
earth rotating on its own axis from west to east, thus accounting
for the daily movement of the heavens. Cicero (Acad. Prior. ii,
39, 123), ostensibly quoting Theophrastus, would have us believe
that Hicetas regarded the earth as the only moving body in a
universe where the sun, moon, and stars were all stationary. This,
if true, would demonstrate an unbelievably imperfect knowledge
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of astronomy on Hicetas™ part, since it would argue that he com-
pletely ignored the proper motions of the planetary bodies in the
zodiac. However the tertiary evidence is very meagre, and even
the actual existence of these two Pythagoreans has been doubted
(¢f. Guthrie, vol. i, p. 323).

As to other astronomical knowledge attributed to the Pythago-
reans, Aétius reports that Philolaus regarded the moon as like the
earth, but with animals and plants fifteen times the size of terres-
trial ones and a day fifteen times as long (DK 44 A20); this is
obviously an inference from the length of a month. Diogenes
Laertius says that they knew that the moon was illuminated by the
sun (DK 58 B14), which is probable enough as it was certainly
known by Anaxagoras; on the other hand, according to Aétius
(DK 58 336), some of the later Pythagoreans still thought of the
moon’s waxing and waning as caused by its own flame — which
indicates little awareness of the true nature of lunar phenomena.
From the concept of the spherical universe and the spherical
earth, it would seem but a small step to the acceptance of the idea
that all the celestial bodies are spherical; but there is no good
evidence that the Pythagoreans actually took this step. Heath
(Arist., p. 115) cites Aétius for the statement that the Pythagoreans
regarded the sun as spherical (o ITufcyépeior ohaupoedyj wov fiktov,
A&t. ii, 22, § = Dox. Gr., p. 352); but this comes from Stobaeus’
Eclogae (compiled about AD 500), is unsupported by any other
source,8® and cannot be regarded as reliable testimony for
Pythagorean beliefs. In fact, immediately above this passage,
Aétius says that Alcmaeon (a Pythagorean of the early-fifth
century BC) believed that the sun was flat (wAdrov elvax wdv fikwov,
DK 24 A4). The same Alcmaeon, in agreement with ‘certain of
the mathematicians’ is also credited by Agtius (loc. cit.) with
knowing that the planets have a movement from west to east.
This is the movement along the zodiac in the opposite direction
to the daily rotation of the heavens, and could be roughly accoun-
ted for on the Philolaic system by assuming different speeds of
rotation for each planet round the central fire (that is if the con-
siderable deviations in latitude of the planets is ignored, as also
their retrograde movements and stationary points); but whether
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knowledge of this double motion can be attributed to such an
carly figure as Alcmaeon is extremely doubtful. Aétius also
mentions (DK s8 B37c) three Pythagorean theories about the
Milky Way: some thought that it was the track of a burnt-out
star which had fallen from its proper place; others that it was the
original course of the sun (presumably made visible by a sort of
residual after-glow!); and others that it was the reflection of the
rays of the sun in the heaven, just as the rainbow is its reflection in
the clouds. Finally, we are told that they called the Pleiades the
‘lyre of the Muses’ and the planets the ‘hounds of Persephone’
(DK 58 c2).

Despite their insistence on the importance of number, we have
practically no information about how the Pythagoreans applied
numbers in their astronomical thinking. The sources tell us
nothing, for example, about the periods allotted to the revolutions
of the celestial bodies in the Philolaic scheme; it is true that later
commentators indulge in much speculation about the different
intervals and notes that they suppose to have comprised the
harmony of the spheres, but they are not forthcoming about any
actual parameters. Presumably the very fact that the scheme
envisaged the revolutions of the different bodies as occurring in
a particular order shows that some attention must have been paid
to observed phenomena, and some quantitative information about
solar, lunar, and planetary movements must have been utilized.

The only concrete evidence we have in this connection is a
statement by Censorinus, a Roman grammarian of the third
century AD who wrote a work, De Die Natali, containing a
certain amount of calendaric information (not always accurate),
that Philolaus the Pythagorean made a ‘Great Year’ consist of 59
years, including 21 intercalary months, and an ordinary year of
364} days (op. cit. 18, 8). A ‘Great Year’ was a period after which
sun, moon, and planets were supposed to occupy exactly the same
positions again as at the beginning;8® but it came to be regarded
as a common multiple of solar and lunar periods only for calendaric
purposes (see below), and this is the sense in which Censorinus
uses the expression — he gives several figures for this period as put
forward by various authorities (op. cit. 18, sff.). On the basis of
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this attribution to Philolaus, the Italian scholar Schiaparelli®® sets
out a list of planetary periods (duly reproduced by Heath, Arist.,
p. 102, note 2) which he compares with the modern figures,
claiming that they show an extraordinarily close correspondence.
It is important to realize that there is no evidence whatsoever that
these figures were known to Philolaus; they are obtained merely
by dividing the 21,5054 days of his Great Year by the nearest
whole number of revolutions which each planet makes during
that period according to modern knowledge, but counting Venps,
Mercury, and the sun all together as completing one revolution
in 364} days. This foisting on an ancient scientist of knowledge
based on modern data is a common feature of many present-day
treatments of ancient astronomy, and one that it is continually
necessary to guard against.

Another Pythagorean, Archytas, a contemporary and friend of
Plato, and a mathematician of note who used a three-dimensional
construction to solve the famous problem of doubling the cube,?
provides some evidence of a general kind that mathematical
techniques were to some extent applied to natural phenomena; he
says (DK 47 B1), ‘the mathematicians transmitted to us clear
means of discerning (Sbyveov) about the speed of the stars and
risings and settings, and about geometry and numbers and
sphaeric [i.e. the geometry of the sphere with particular re'fefence
to astronomical problems] and not least about music.” This is the
Archytas whom Horace apostrophizes as ‘measurer of earth and
sea and sand without number’ and as one who has ‘scaled the airy
dwellings and traversed the round heavens with a mind that was
after allto die’.92 The concept of the spherical earth must soon have
provoked attempts to estimate its size, and it is possible Fhat a
figure of 400,000 stades for the circamference, which Aristotle
(De Caelo ii, 14, 298a15-17) attributes to ‘some of the mthe-
maticians’, may have derived from Archytas (although it mlgl':t
equally well have come from Eudoxus - see below); and Horace's
last two lines might refer to astronomical investigations by
Archytas. He is also said (by Eudemus, DK 47 A24) to have asked
the percipient question whether, if he stood on the outermost edge
of the universe, i.e. the sphere of the fixed stars, he would be able
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to extend his arm and stick outwards; the natural affirmative
answer would entail acceptance of a boundless universe.

Archelaus, a pupil of Anaxagoras, seems to have held much the
same astronomical opinions as his master, but to have introduced
a few variations. According to the tertiary sources, both regarded
the stars as fiery masses, with the earth lying motionless at the
centre of the cosmos, and the heavens tilted towards the south;
but Archelaus apparently considered the earth not as a flat disc,
but as a disc with a raised edge and a hollow middle part. This,
he thought, explained why the sun does not rise and set at the
same time in all regions, as it ought to do if the earth were level
(dpemy — DK 60 A4 = Hippol., Ref. i, 9, 4). Presumably the idea
was that the sun would appear to rise and set at different times
behind the raised outer rim according to the position of the
inhabitants on the slopes of the hollow part; again this is a
recognizable attempt to accommodate theory to the facts of
observation (cf. p. 59). We are also told (DK 60 A1 and A4) that he
regarded the sun as the largest of the celestial bodies, the moon as
the next largest, while the others (not specified) were of various
sizes.

Another philosopher who followed Anaxagorean notions was
Diogenes of Apollonia ( flor. c. 430 Bc). For him, the dpy# was air,
which he considered to be divine, eternal, immortal, and the
guiding principle of the whole universe. From air, by the different
combinations of its characteristics, i.e. temperature, moistness or
dryness, rarefaction and condensation, and motion, were pro-
duced all the phenomena of the visible world. Warm air is the
mark of intelligence, the amount of it contained in a particular
organism determining its character. Pure divine air was fiery, and
there were innumerable gradations of warmth down to inanimate
objects which contain no warm air (fragments s, 7, and 8 and the
tertiary evidence DK 64 A5, 6 and 7). Much of this (amusingly
satirized in Aristophanes’ Clouds 225f.; 264; 828f.) recalls what the
tertiary sources assert of Anaximenes. He also regarded air as the
dpx#, and it is presumably recollection of this that caused part of
the doxographical tradition to make the absurd assertion that
Diogenes was actually a pupil of Anaximenes (DK 64 Ar).
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The scanty fragments of his work remaining give us no details
about his astronomical ideas, for which we have to trust the
tertiary sources. According to these he regarded the earth as
‘round’ (svpoyy0n), supported by air in the centre of the cosmos
(ibid.). Unfortunately, ovpoyythog (like its Er}ghsh equivalent) is
ambiguous in meaning; it may mean ‘round’ like a ball (synony—
mous with cbupoedtg, ‘spherical’), or ‘round’ like a dish, or
simply ‘curved’ (see LS] s.v.). Here, since Simgliqus tell§ us (DK
64 As) that Diogenes followed Anaxagox:as views in many
respects, the word can hardly mean ‘spherical’, but refer§ to a
disc-shaped earth (d. Guthrie, vol. ii, p. 372 note 1); he is .also
coupled with Anaxagoras in thinking that the cosmos was tilted
towards the south (A&tius, DK 59 A67). The stars, the sun, and the
moon he regarded as consisting of red-hot pumice-stone
(kiompoeid?}), through the pores of which came rays from ?he
aether. This sounds very odd, particularly for the moon, which
Anaxagoras knew shone by reflected sunlight, and it is likely that
the source, Aétius (DK 64 A12-14), has his facts mudc'lled = he
even says that Diogenes considered that the sun was extmgms'hed
by cold acting in opposition to the heat! Another obvious
borrowing from Anaxagoras is the notion that, as well as Fhe
visible stars, invisible stones are also carried round the earth like
the one that fell at Aegospotami (a12). This refers to the fall o_f a
large meteorite in 467 BC, which caused a considerable sensation
and which was supposed to have been predicted by Anaxagoras
(¢f. DK s9 a1t and 12). To him we must also trace the idea _that
the drawing up of moisture by the sun’s heat from the regions
round the earth produces winds and the turnings of sun and moon;
the remaining moisture forms the sea which will graduaﬂy
become dried up (a17). The same process was used to e%cplaln the
annual flooding of the Nile in summer, the sun drawing water
from the sea and releasing it into the river (a18).

From what we know of the opinions of Empedocles, Anaxa~
goras, Archelaus, and Diogenes (and it must be rcmembe.red that
weare largely dependent on the tertiary sources for then.1), 1tv-vould
seem that there was a common store of astronomical ideas in the

second half of the fifth century BC which was drawn on by all the
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thinkers of the period.?4 Certainly, the atomists, Leucippus and
Democritus, whom we come to next, drew on it. This is not the
place to give a detailed account of the atomic theory developed by
them, modified later by Epicurus, and expounded with mis-
sionary zeal by Lucretius in his De Rerum Natura. Suffice it to say
that, according to this theory, matter consists of the conglomera-
tion of many, small, invisible (and indivisible), homogeneous
particles, which originally were scattered in infinite numbers
throughout the void, differing from each other only in size and
shape (some being round, some hooked, some triangular, and so
on). By the action of the primeval vortex (3tvy), vaguely des-
cribed as having been set in motion by necessity (’avdyxny), the
atoms came together, like shapes being attracted to like, to form
first a sort of spherical membrane or caul (sbomnpe cdupoerdés . . .
ofov duéva). As this whirled round, the finer atoms (e.g. of fire)
went out towards the surrounding void and formed the celestial
objects, while the coarser ones collected towards the centre and
formed the earth and all its contents. This process goes on
continuously throughout the limitless void, local conglomerations
of atoms coming together to form countless worlds which grow,
flourish, and then dissolve into their constituent atoms again
(Diog. Laert. ix, 30ff. = DK 67 A1; Aétius, A24).

Of the two proponents of atomism, Leucippus was the older,
and his work, the ‘Great World-System’ (uéyag Sidxoopoc), is
generally dated to between 440 and 430 Bc; Democritus was about
ten years younger than Socrates (born in 469) and long outlived
him. In the sources they are generally mentioned together when
the basic principles of the system are being described, but their
astronomical views are reported as showing considerable differ-
ences, and so here they are treated separately.

According to Diogenes Laertius (ix, 33), Leucippus said that the
circle of the sun was the outermost, that of the moon the nearest
to the earth, and those of the other celestial bodies (not specified)
were in between. The earth is described as ‘riding (or being
carried) in a whirl round the centre’ (vhv viv dxetofou mepl o
uéoov Swoupéwyy — ix, 30), a description which at first sight seems
to show strong affinities with the Pythagorean moving earth.



8o EARLY GREEK ASTRONOMY TO ARISTOTLE

However this is so foreign to what we know of the rest of
atomist astronomy that it seems certain that Diogenes’ account is
confused here: he knew that the whole cosmos was supposed to
have been formed by the action of the 3tvy and carelessly uses the
verb Swéw in connection with the earth as though the process was
still going on. Other ideas attributed to Leucippus by Diogenes
are that the earth is ‘drum-shaped’ (topmavésdne — of. Aétius, DK
67 A26), i.e. shaped like a tambourine, that the stars are made
red-hot by the speed of their revolution, as is also the sun which
is made more fiery by the stars, and that the moon receives only
a small portion of fire. Then follows a passage where solar and
lunar eclipses are apparently explained by the tilting of the earth
towards the south, the northern part being always snowy, very
cold, and frozen (ix, 33). The bizarreness, not to say incompre-
hensibility, of this ‘explanation’ has led most scholars to assume a
lacuna in the text, because although the tilting might be adapted
to explain differences in the seasons and the lengths of day and
night (as had already been suggested by Anaxagoras, who makes
the cosmos, not the earth, tilt — sce above, p. 59), it is difficult to
see how it can be made to account for eclipses. On the other hand,
it is obvious that Leucippus’ astronomical ideas were remarkably
primitive for his time, and it may well be that he failed to under-
stand the reasoning behind the theory of tilting. Diogenes ends
his account by saying that, according to Leucippus, the sun is
seldom eclipsed, while this is constantly (ouveyés) happening to
the moon because their circles are unequal. Aétius adds very
little; he says that both Leucippus and Democritus considered the
cosmos as spherical (DK 67 A22), and gives as a further reason for
the tilting of the earth the porousness or rarity (&panbrne) of its
southern regions (a27) — presumably the picture was of a top-
heavy earth weighed down by snow and ice in the north and out
of balance with the dry, warm, and light south.

Democritus’ astronomical views are much more sophisticated
than his predecessor’s and show a greater willingness to pay
attention to the facts of observation, but on the theoretical side
he made no advances and his ideas are an amalgam of those of
Anaxagoras and his pupils. In particular, he seems to have
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rejected or ignored the theoretical advances made by the Pythago-
reans and taken up by Plato, e.g. the concept of the spherical
earth. It was, perhaps, Plato’s consciousness of the defects of
Democritus’ astronomical views that gave rise to the story,
reported by Diogenes Laertius on the authority of Aristoxenus

that Plato wanted to burn all Democritus’ books he could gel’t
hold of, but was dissuaded from this by two Pythagoreans (Diog.
Laert. ix, 40).

Once again we have to rely on secondary and tertiary sources

for the details of Democritus’ astronomical beliefs, since of the
nearly three hundred passages listed by DK as B fragments only
half a dozen have any relevance at all to astronomy. Thus Bsb,

B11r, and B13, which can hardly count as actual fragments of
Democritus’ writings and might well have been included among

the A references, are quotations of titles only, namely ITepl tév

mharwy (On the Planets), Méyog évowtd 3) *Actpovoptn (the Great
Year or the Astronomy) — also referred to as "Actpodoyte and

Iept dorpovoptag) — and Mapdmnype (Calendar). Fragment B14 is a

collection of data from the last-named, mostly taken from the

calendar attached to Geminus’ Isagoge and Ptolemy’s Phaseis (on

Fhese see pp. 84f.). Fragment B15 is concerned with the shape of the

inhabited world and is a very dubious fragment anyway (see

below). Fragment B2s informs us that Democritus regarded

ambrosia as the vapours by which the sun is nourished.?5 To judge

by the list of over sixty titles attributed to him by Diogenes

Laertius on the authority of Thrasyllus (an Alexandrian astrologer

of the late-first century Bc), Democritus’ intellectual interests
extended over a wide range, and it is a great pity that not a single
one of his writings has come down to us complete.

In astronomy, he corrected Leucippus’ erroneous view of the
order of the celestial bodies and stated that the moon was closest
to the earth (which he regarded as having been formed before
the stars). Then came the sun, and then the planets (unspecified)
wl_ﬁcfh have not all the same height (i.e. distance from the earth) -
this is according to Hippolytus (DK 68 A40). Aétius says that he
put the fixed stars first (reckoning inwards from the surrounding
void), then the planets (again unspecified), then the sun, then

6
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®wodbpoc (i.e. Venus), and then the moon. The fixed stars he
regarded as stones (presumably fiery) and the sun as a red-hot
stone (A85—-7). On the other hand, Seneca (Nat. Quaest. Vi, 3, 2)
asserts that Democritus suspected that there were several stars
which were not fixed, but he did not enumerate them by name
because the courses of the five planets were not yet understood.?¢
If this were true, and it may very well be, granted Democritus’
apparent rejection or ignorance of Pythagorean astronomical
ideas (despite a misguided attempt by part of the doxographical
eradition to connect him with both Pythagoras himself and
Philolaus - ¢f. Diog. Laert. ix, 38), then it is difficult to see what
he could have put into a work entitled On the Planets.

Sun and moon he regarded as composed of smooth and round
atoms, Aelov kol epidepdv Sywev (ix, 44); mepidepc describes
spherical atoms which are the constituents alike of fire and the
soul substance and vob¢ ‘mind’, which he equated with the divine
(Aétius, A74, volv zov Oedy &v mupl cdopoerdel: AIZS = Theo-
phrastus, De Sensu 68, 700 Beppod TO oyfpa obarpoetdés). Aristotle,
who wrote a book. on Democritus (¢f. Simplicius, A37), tells us
that he regarded the sphere as the most mobile shape (aro1
— De Anima i, 2, 405a11). Originally, sun and moon were not
fiery, being made of the same type of atoms as constituted the
carth, but later, in the process that led to the enlarging of the sun’s
circle, fire was cut off in it (a39). This view did not prevent
Democritus from realizing that the moon shines by light from the
sun (Plutarch, A80a).

Despite his avowed dislike of Anaxagoras, whom he accused of
plagiarizing old ideas about the sun and moon (Bs), many of
Democritus own astronomical ideas, as reported in our sources,
are identical with those of Anaxagoras. Thus both believed that
the moon was like the earth in having mountains and glens and
plains (DK 59 A77 and 68 A90), and both gave the same explana-
tion of the Milky Way (68 ag1) and of comets (68 492); both
regarded the earth as flat, but Democritus followed Archelaus in
supposing that it was disc-shaped and hollow in the middle (a94).
Water collected in the hollow parts, and local excess accumula-
tions of water caused the land mass to shift and so produced

THE PYTHAGOREANS AND LATER PRE-SOCRATICS 83

earthquakes (A97). This passage comes from Aristotle, who, as we
have seen (p. 46), connects Democritus with Anaximenes and
Anaxagoras in believing the earth to cover the air beneath it like
a lid. The earth was tilted towards the south not, as Leucippus had
thought, because its northern parts were heavier, but because the
southern part through an over-abundance of natural produce and
growth outweighs the virgin north (v Bépewr dxpaza); either
Agtius’ account is faulty (a96) or Democritus had very confused
ideas of the Anaxagorean notion of tilting, since the passage
actually talks about the ‘greater weakness of the southern part of
the surrounding (air)’, du& 70 &obevéorepoy elvar T& peomuPorvéy
7ol meptéyovrog, which makes very little sense here.

In the beginning the earth moved about (mAdlesfo) because of
its smallness and lightness, but as it grew denser and heavier it
remained stationary (a9s). According to Agathemerus (BIs),
compiler of a small and very bad geographical treatise of un-
certain date but undoubtedly post-second century ap, Demo-
critus thought that the inhabited part of the earth (% otxoupéw)
was not round (stpoyydhog again), as the ancients believed, with
Greece in the centre and Delphi in the middle of Greece. This was
the traditional picture, descended from the Homeric concept of
the all-encircling Ocean stream, and already criticized by Hero-
dotus (iv, 36). Democritus, on the other hand, maintained that it
was oblong (mpoptfikyg), its length (i.e. west to east) being half as
long again as its breadth (north to south). The same source
informs us that Democritus wrote a I'fig meptoSoc, ‘Circuit of the
Earth’, and a Iepindoug, literally a ‘sailing round’, that is a navi-
gational account; but neither of these titles occurs in the list given
!Jy Diogenes Laertius (a33). Agathemerus is a poor authority, and
it is surprising that Diels should classify the passage as a B fragment.

Finally, Lucretius tells us (De Rerum Natura v, 621f. = A88) that
Democritus believed that the sphere of the fixed stars revolved
with the greatest velocity, while the sun and moon, being nearer
the earth, were less affected by the ‘revolution of the heavens’
(caeli turbo) and therefore moved more slowly, the moon being the
slowest of all; hence the sun was overtaken by the zodiacal signs
in a year and the moon in a month, but to our eyes it seemed as
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though the latter moved faster. This is an idea that is implicitly
criticized by Plato in the Laws (see below, p. 139; df. Aristotle,
De Caelo ii, 10). It is evidently an attempt to account for the
different speeds of revolution of sun and moon relative to the
fixed stars from west to east, but it manifestly confuses the diurnal
revolution of the whole heaven in the plane of the equator with
the movements of the sun and moon in the plane of the ecliptic.
If it were merely a question of relative speeds, all the revolutions
would be in the same plane. Alexander of Aphrodisias, a third-
century AD commentator on Aristotle, attributes to the Pythago-
reans the idea that the celestial bodies which are furthest away
move with greater speed than those closer to the earth (m Met.
A s); but this cannot be true of the Philolaic system, in which (as
we have seen) the earth itself was a moving body and the sphere
of the fixed stars was either motionless or was endowed with a
very slow movement. ‘

In the last decades of the fifth century Bc, the Hesiodic type of
observational material mentioned above (p. 60) began to be
correlated with current astronomical ideas, and one of the first
results was the emergence of the ‘parapegmata’ or astronomical
calendars. These were a kind of almanac engraved originally on
stone or wooden tablets, giving astronomical and meteorological
phenomena for all the days of the month. Each day was originally
represented by a hole at the side of that part of the engraved text
which gave the prognostication for that particular day, and into
the hole a movable peg was inserted; next day the peg was
inserted into the next hole and so on (hence the name, from
raparchywis, ‘fix beside’). Fragments of four stone parapegmata
from Miletus and elsewhere, the earliest of which dates from the
second century BC (thus comparatively late in the development of
Greek astronomy), have actually been found.?? The infornllauo-n
given was of the type: ‘Day 6: the Pleiades set in the morning; it
is winter and rainy’ or ‘Day 26: summer solstice; Orion rises in
the morning; a south wind blows’; and apparently from the first
such data were also written up as separate texts.%

It is from two extant examples of these, the calendar attached
to Geminus' Isagoge?® and Ptolemy’s Phaseis, 1% that we derive
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most of our information about them.101 Both these calendars
were compiled at a time when mathematical astronomy had
already reached a high level of proficiency, and so they cannot be
regarded as typical of the earliest examples; in fact, they contain
meteorological and astronomical datal®? deriving from many
different observers in different localities. Thus the calendar
attached to Geminus' work uses as sources Democritus (the
earliest authority cited, which confirms the title, Hapdmnyper,
attributed to him - see p. 81), Euctemon, Meton, Eudoxus, and
Callippus. Ptolemy (about three hundred years later) adds
¢gmonpaciar from the Egyptians (who observed mop’fuiy, i.e. in
Alexandria - exactly who these were is not clear), Hipparchus,
Julius Caesar, Dositheus, Metrodorus, Philippus, and Conon.
Ptolemy, of course, was aware that the data connected with the
various days of the year depended on the latitude of the observer
(- pp- 14f.), and he gives (Phas., p. 67 ed. Heib.) the places where
the observers made their observations. This fact was apparently
not appreciated by the general public who presumably used the
parapegmata as calendaric guides for the business of everyday
life.

Thus we find a body of material that soon became traditional
in character and was copied and recopied indiscriminately by
compilers and popularizers who never made any observations
themselves and ignored the discrepancies arising from the different
regions to which the data were applicable. One result of this can
be seen in the rustic calendar set out in ch. 25-31 of Book xviii of
Pliny’s Naturalis Historia (first century AD), where he complains of
the different dates he finds given for the same phenomena in
various authorities, and demonstrates his own scientific incom-
petence in dealing with the material.

Obviously, to be any use at all such data must be attached to a
fixed calendaric scheme based on the solar year, and here a well-
known difficulty obtrudes itself. The most natural means of
dividing the year into convenient periods longer than single days
and nights is by the lunar (synodic) month - the time that elapses
between one phase of the moon and the next recurrence of that
phase. The Babylonian calendar, for example, like the early



86 EARLY GREEK ASTRONOMY TO ARISTOTLE

Jewish calendar and the official Mahommedan calendar to this day,
was at all times a lunar calendar; a new month began with the
first visible appearance of the crescent of the new moon (hence the
importance attached to being able to predict this and the elaborate
computational schemes for this purpose).193 Moreover, the moon
plays a very important role in the religious practices of most
peoples, in that the occurrence of religious festivals is largely
regulated by its phases (the date of Easter, for example). Nilsson
has shown that most Greek festivals took place at or near full moon
(Primitive Time-Reckoning, p. 343), and that all the Greek names
for months (which vary from city to city, each having its own
particular calendar) are connected with religious festivals.104

Unfortunately, the lunar month is incommensurable with the
solar year: no convenient whole number of months makes up
exactly one year. The lunar month is a little more than 29} days;
12 of these amount to 354 days and 13 to 384 days, whereas the
sun takes very nearly 365} days to complete one full cycle. Thus
a purely lunar-based calendar is very soon going to become
greatly out of step with the sun. A festival supposed to be held at
full moon in mid-summer would in the course of years be taking
place in the autumn, winter, or spring. In fact, the Mahommedan
year of 12 lunar months is about 11 days out by the sun each year,
and every date in this calendar goes the complete round of the
seasons every 33 years.

Now this is all very well for the followers of Mahommet, but
it would not do for the Greeks. One of the characteristics of both
Greek and Roman religion is the insistence on exact ritual; the
gods were displeased if the rites were not carried out in exactly the
fashion laid down, and this, of course, included having them on
the same day or days each year. Geminus, Isagoge ch. 8, the locus
classicus for Greek calendaric cycles, is very clear on this point.
There is also the obvious absurdity in holding, say, a harvest
thanksgiving festival at a time when the corn had not even been
planted. So the Greeks expended considerable thought in estab-
lishing a luni-solar year, in which the months and days are measured
by the phases of the moon but which still keeps in step with the
sun. The problem then is to find an extended period which is a
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common multiple of the lunar and solar cycles, and to intercalate
months as necessary during any one period.

According to Geminus (loc. cit.), the earliest such intercalation
cycle was one of 8 years, the ‘octaéteris’, since 8 solar years of
365 days are roughly equal to 99 lunar months of 29} days.
However his description of how this evolved is unsatisfactory (see
below, pp. 188-89) and there is considerable doubt concerning the
origin of this cycle. Censorinus (De Die Nat. 18, ) tells us that it
was usually ascribed to Eudoxus, but that other names were also
connected with it, including that of Cleostratus of Tenedos. This
latter is a shadowy figure of the second half of the sixth century
BC, mentioned less than a dozen times in the tertiary sources (see
DK 6) and supposed to have written on astronomy. The scholiast
on Euripides, Rhesus 528 quotes two of his hexameters (Diels
supplies a third, DK 6 B1), and it is possible that he wrote a poem
in the Hesiodic manner giving some information about the con-
stellations then known; but it is wholly impossible that he
introduced the zodiacal signs and understood the concept of the
ecliptic, as Pliny tries to make out, since this does not appear until
the end of the fifth century Bc;105 and attempts to build up
Cleostratus as a key figure in early Greek astronomyl06 are
certainly misconceived.

The first well-attested intercalation cycle is connected with the
names of two Athenian astronomers, Meton and Euctemon, who
flourished about 430 Bc and, according to Ptolemy (Phas., p. 67,
2), made observations at Athens, in the Cyclades, in Macedonia,
and in Thrace. In the Almagest (iii, 1) they are cited for observa-
tions of the summer solstice, including one on 27 June 432 Bc,
which, despite their inaccuracy by the standards of later astronomy
(emphasized by both Hipparchus and Ptolemy — modern calcula-
tions show that the solstice actually occurred about 1} days later),
were nevertheless used as confirmation of the figure that
Hipparchus decided on for the length of the year and that
Ptolemy also accepts (viz. 365} days less 555 of a day). Meton
suggested a period of 19 years, called after him the Metonic
cycle, to bring the lunar month into correlation with the solar
year. This cycle contained 235 lunar months (7 of which were
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intercalary) and 6,940 days, and, according to Geminus,197 110 of
the months were ‘hollow’, i.e. of 29 days each, and 125 ‘full’, i.e.
of 30 days each. This would give amean lunar month less than
two minutes too long and a solar year of 3657% days, about
30 minutes too long.108

Meton and Euctemon are frequently cited in the parapegmata,
and are the earliest names connected with the observations of
equinoxes as well as solstices. Moreover, according to a second-
century BC papyrus fragment known as the Ars Eudoxi,109
Euctemon gave the lengths of the astronomical seasons starting
from the summer solstice as 90, 90, 92, and 93 days respectively
(the modern figures to the nearest whole day are 92, 89, 90, and
94), which shows that he was aware of the non-uniformity of the
sun’s course round the earth. Now, recognition of the equinoxes
and of the inequality of the seasons implies a comparatively
sophisticated stage in astronomical thought, and presupposes at
least some knowledge of the concept of the celestial sphere and a
spherical earth — see my article in JHS 86, 1966. Thus the Pythago-
rean ideas were now beginning to bear fruit when applied to the
observational material that was available, and it would seem that
a much clearer picture was being obtained of at least the sun’s
course, with the solstices and equinoxes marking the four seasons
of the solar year.

An essential part of this picture is the concept of the sun’s
circuit of the heavens marked by its passage through the zodiacal
constellations in a plane inclined to that of the equator. As we have
seen, this was not part of the Philolaic scheme. The invention of
the ecliptic as the sun’s oblique path is attributed by Eudemus to
Oinopides of Chios (DK 41, 7), who we are told was a little
younger than Anaxagoras (ibid. 1), and who is mentioned in the
pseudo-Platonic dialogue Amatores (132a-b) in connection with
drawings of inclined circles; he, too, seems to have been a
Pythagorean. No actual figure for the obliquity of the ecliptic
is ascribed to Oinopides, but he may have known the rough
estimate of 24° (see below, pp. 157-58). According to Censorinus
(De Die Nat. 19, 2) Oinopides made the length of the year 36523
days, while Aclian and Agtius ascribe to him a Great Year of
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59 years (DK 41, 9). It is possible, as Tannery suggests,110 that,
starting with the figures of 294 days for the lunar month and
365 days for the solar year, Oinopides realized that the smallest
whole number of years to contain a whole number of lunar
months would be 59 (2 X 20%), containing 730 (2 X 365) months
which would be equivalent to 21,557 days, and this divided
by s9 would give 36525 days.

Equinoxes and solstices and other parapegma data are also
mentioned in the medical treatises of the Hippocratic corpus,
especially the works entitled On Airs, Waters, Placesand On Diet.111
These treatises are notoriously difficult to date,112 but certainly
none of them can be earlier than 425 Bc.

Hence all the evidence points to the conclusion that the last
decades of the fifth century Bc saw the real beginning of mathe-
matical astronomy in Greece, although the celestial sphere as a
fully developed concept does not appear until the fourth century.
It seems certain that calendaric problems provided the initial
impetus for this development. There is ample evidence that in the
fifth century the Athenian civil calendar was in a state of confu-
sion. Aristophanes in the Clouds (610ff") makes the moon complain
that the Athenians were not arranging the days properly in
accordance with its phases (cf. Peace 406). Thucydides (v, 20)
explains that time-reckoning by the tenure of office of state
magistrates (this was the normal official method, e.g. an event
would be dated in such-and-such a year of so-and-so’s archonship)
was bound to be inaccurate (it would anyway only be readily
intelligible to a reader in one city, since each city had its own
magistrate list and calendar), and the only safe method was by
counting summers and winters. This would be with the help of a
parapegma. He also uses the astronomical phenomena listed in the
parapegmata, such as the solstices (vii, 16; viii, 39) and the rising
of Arcturus (ii, 78) for dating specific events. It must be realized
that astronomically based cycles, such as the Metonic cycle, were
only used in scientific texts, while in the ordinary civil calendar
of each state no systematic scheme of intercalation was apparently
in use, but intercalation depended on the vagaries of officialdom.113

The new astronomical ideas naturally did not immediately
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win full acceptance, and many of the old, crude notions of the
carly Pre-Socratics lingered on into the fourth century and even
later, to judge from the sources. Antiphon (the sophist of the
second half of the fifth century, not the orator), who was no mean
mathematician,114 is said to have believed that the moon shone by
its own light, but that the concealed part round it was dimmed by
the proximity of the sun, since the stronger fire dims the lesser
one, which happens also with the other stars (DK 87 827). He also
thought (826) that the sun’s fire fed on the damp air round the
earth and that its risings and settings were caused by the recurrent
failure of its burning owing to the opposing effect of moisture;
and he is coupled with Alcmaeon and Heraclitus in supposing that
the moon was bowl-shaped (cxadozid?c), and that eclipses were
caused by the turnings and inclinations of its bowl (828) — all three
of these ‘B fragments (in Diels’ classification) come from Aétius.
Metrodorus of Chios, one of Democritus’ disciples, apparently
still believed that night and day were caused by the alternate
extinguishing and rekindling of fiery vapour in the sun, that this
also produced eclipses, and that the sun created the stars out of
‘radiant water’ (Aapmpol B8atog, DK 70 A4). Aétius connects him
with Anaximander and Crates ( flor. second century Bc) in putting
the sun as the highest of the celestial bodies, then the moon, and
below these the fixed stars (which were illuminated by the sun)
and the planets (DK 12 A18; ¢f. 70 A9). The same source tells us
that according to both Thales and Metrodorus the moon was
illuminated by the sun (70 A12 — the coupling together of these
names is patently absurd), and that Metrodorus explained the
Milky Way as the sun’s circle. Hecataeus of Teos or its colony
Abdera is joined with Heraclitus by Agtius in allegedly stating
that the sun is an ‘intelligent, ignited mass from the sea’ (dvappa
voepdy 70 &x Bordrme, DK 73 B9); Hecataeus is dated to the end
of the fourth century Bc.

The sophists in general did not profess a specialist knowledge
of astronomy — their forte was to teach people how to ‘get on in
life’ by inculcating the arts of rhetoric and argumentation and the
handling of affairs. However Hippias, a sophist who was specially
disliked by Plato, is portrayed as claiming a profound knowledge
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of the stars and celestial matters (Hipp. Maj. 285b), and certainly
seems to have been an accomplished mathematician.115 Unfor-
tunately, there is no evidence as to what his astronomical ideas
were. According to the pseudo-Plutarchian Lives of Ten Orators,
the funeral monument of Isocrates, who died in 338 Bc, depicted
Gorgias, one of the older sophists (c. 485-375 Bc), as looking at an
astronomical sphere (el odaipav dorpodoyuicy Brémovia — DK 82
A17); but this is probably no more than artistic convention, since
a globe was a recognized decorative feature.116 There is no
evidence in the extant fragments of Gorgias or in the tertiary
sources'1? that he paid any particular attention to astronomy.
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1 Part of the material in this chapter has been adapted from my article in
Bull. Inst. of Class. Stud. No. 11, London, 1964, pp. 43 ff.

2 Hencea description of the type of instrument used in later Greek astronomy,
e.g. by Hipparchus and Ptolemy, has been postponed to the second
volume—meanwhile, see Journ. Brit. Astron. Assoc. 64, 1954, pp. 72-85

3 Much of this may be found in the elementary handbooks of astronomy
written by Geminus in the first century Bc (Isagoge in Phainomena, ed.
Manitius, Teubner, 1898) and by Cleomedes in the first century AD
(Cyclica Theoria, ed. Ziegler, Teubner, 1801)

4 E.g. by Autolycus of Pitane in his On Risings and Settings, ed. Hultsch,
Teubner, 1885, the earliest extant Greek astronomical treatise, dating from
the last decades of the fourth century Bc

s Adapted from O. Schmidt’s paper on Autolycus in Den 11. skandinaviske
matematikerkongress, Trondheim, 1949, Pp. 204-05

6 Ptol., Geogr. i, 7, 4

7 Cf. Fig. 13,(p. 222) a diagrammatic representation of the terrestrial sphere
with a parallel of latitude 00 at which the plane of the observer’s horizon
is HH. Note that the latitude is given by the angle ¢ which by elementary
geometry is the same as the height of the north celestial pole above the
horizon, but not directly by the angle «, which is the angle that the
equatorial plane makes with the horizon and is, in fact, the ‘co-latitude’ =
90° — ¢

8 This is the ratio accepted by Hipparchus for Athens (Comm. in Arat. i, 3,
6), and gives a latitude about 1° too low - see p. 154

9 A ratio given by Eudoxus ~ see p. 154

10 On ancient trigonometry, see especially Heath, Hist. of Greek Maths., vol.
ii, pp. 257-60, 265-73, 276-86

11 See GFH, pp. 159; 162-63

12 See a news story in The Times of 14 April 1965, headed ‘Error Found in
Moon’s Orbit’

13 Cf. O. Neugebauer, The Exact Sciences in Antiquity, 2nd ed., 1957, p. 99,
‘Mythological concepts which involve the heavens, deification of Sun,
Moon, or Venus cannot be called astronomy if one is not willing to
count as hydrodynamics the existence of belief in a storm deity or the
personification of a river. Also the denomination of conspicuous stars or
constellations does not constitute an astronomical science’

14 See A. Pannekoek, Hist. of Astron., English trans., 1961, ch. 7; Neugebauer,
op. cit., ch. 4

15 Cf. GFH, p. 14. The idea that astrology is an early, bastard form of
astronomy is based on no good evidence at all—f. Neugebauer, op. cit.,
p- 168

16 Plato’s recommendation in the Laws of the public worship of sun, moon,
and stars (821 ¢~d) was never put into practice

17 See Hermes o1, 1963, pp. 6off-
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T. B. L. Webster, From Mycenae to Hotner, 1958, pp. 44-5

To suppose that it was regarded as a thick disc is mere anticipation of
later Pre-Socratic views (see p. 58); in reality, no clear idea of the shape
and position of the earth in relation to the heaven and the underworld can
be gained from the poems. At Il viii, 13-16, Zeus threatens to hurl any
disobedient god ‘into murky Tartarus, far, far away, where the deepest
chasm is under the earth, and where there are iron gates and a brazen
threshold, as far beneath Hades as the heaven is from earth’. Now obviously
this is the language of poetic imagination, not that of cosmological specu-
lation; but it is also the language of ‘mythopoeic’ thought, which does
not operate with the same concepts of space, time, cause, effect, subjectivity
and objectivity as were later to be made familiar by the Greek philosophers
and hence absorbed into modern European thought (see H. and H. A.
Frankfort, Before Philosophy, Pelican, 1961, ch. 1 and 8). It is therefore
vain to expect the Homeric world picture to exhibit even that imaginative
consistency in detail which Dante displays in his description of earth,
heaven, and hell in the Divina Commedia - consistency, a sine qua non in
scientific thinking, played a very minor rolein pre-scientific (i.e. pre-fifth-
century BC Greek) thought

Cf. Kirk and Raven, The Pre-Socratic Philosophers, 1960, pp. 12-13
Which I regret having followed myself in e.g. JHS 86, 1966, p. 31

The whole passage (x, 82-6) is odd: “Where herdsman calls to herdsman,
the one driving in his flocks, while the other answers as he drives his out.
There a sleepless man could earn two wages, one tending cattle, and the
other pasturing silvery sheep; for the paths of day and night are close
together.” A sleepless man can always earn two wages anywhere, especially
as it is made clear that the jobs are different (concerned with cattle and
sheep respectively). One is tempted to suggest the excision of lines 84-s,
ie. ‘There. . . sheep’; then the last line follows closely on the allusion to
a night so short that no sooner has one man driven in his flocks, than
another drives his out. The coalescence of two separate men into one
sleepless man, and the differentiation of cattle and sheep, may have been
an unhappy elaboration introduced by someone who did not understand
the reference to short summer nights in the original lines

Eclipses are not mentioned as such, although there is one reference to the
sun’s vanishing from the heavens (Od. xx, 356-57). This, however, occurs
in the description of the supernatural terror and portents with which
Athene afflicted the minds of the suitors before their impending doom
(ibid. pp. 345ff), and in the context can hardly refer to an actual event,
although some of the ancient commentators took it as such (see Stanford
ad loc.); the idea is occasionally revived by modern interpreters, according
to whom a solar eclipse occurred in 1,178 BC with the line of totality
passing through the island of Leucas (assumed to be Homeric Ithaca) - ¢f.
T. L. MacDonald, Journ. Brit. Astron. Assoc. 77 (5), 1967, pp. 324ff. How
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much this is pure coincidence or whether it represents a vestigial memory
of an eclipse enshrined in the epic tradition, it is impossible to say. One
would, perhaps, have thought that such a rare and impressive phenomenon
as a total solar eclipse, if it had actually been experienced, would have
merited more than such a brief allusion.

According to Plutarch (De Fac. in Orb. Lun. 931e) solar eclipses were
mentioned by Mimnermus and Archilochus (both of the seventh century
BC), Stesichorus (seventh —sixth century) and Pindar (sixth - fifth century)
as well as by Cydias (early-fifth century). Of these only the two mentioned
by Archilochus (fr. 74 Anth. Lyr. Gr., ed. Dichl) and Pindar (Paean ix, 1-5
fr. 44, Bowra) can be identified with any certainty, the former as thé
eclipse of 6 April ~647 (Jacoby’s doubts about this in CQ 35, 1941, pp.
97-8 are unnecessary), and the latter that of 30 April —462, being the
largest visible at Thebes in Pindar’s time (cf. J. K. Fotheringham, ‘A
Solution of Ancient Eclipses of the Sun’, MNRAS 81, 1921, pp- Io’4ﬁ' :
107; 109) N

24 As Finley points out (World of Odysseus, 1956, pp. 151-52), all that Helios
can do when Odysseus’ men kill his cattle (Od. xii) is to rush off and
complain to Zeus

25 Cf. IL. viii, 541, where a particular day is described as ‘bringing evil’ for
the Greeks, and Od. i, 283, where rumour ‘brings news’ for men

26 Normally in the literary sources, unless the context clearly indicates
otherwise, as it does at 567, ‘rising’ (¢wiroM), distinguished from the daily
rising which is dvarol) — of. Geminus, Isag. 13) and ‘setting’ (86oc) refer
to the heliacal rising and cosmical setting, both phenomena occurring
before sunrise — ¢f. p. 13

27 The standard works in this field are P. V. Neugebauer, Tafeln zur astrono-
mische Chronologie, 1912—25, and Astron. Chron., 1929; the astronomical
data in F. K. Ginzel, Handbuch der math. und techn. Chron., 3 Bd., Leipzig
1906-14 (photo-lith. repr. 1958) are based on Neugebauer’s tables but’:
Ginzel also gives additional tables listing useful data not tabulate;l by
Neugebauer; U. Bachr, Tafeln zur Behandlung chron. Probleme, 1955
(Veroffentlichungen des Astron. Rechen-Instit. zu Heidelberg, Nr. 3)
repeats some of Neugebauer’s tables using more recently worked values
for the different constants

28 E.g. in the ‘parapegma’ texts, see pp. 84f.

29 Cf. M. P. Nilsson, Primitive Time-Reckoning, 1920, pp. 40-1; 49; 56; 64;
80; 11sf.; 129f.; Aratus, Phain. 264f. and schol. ad loc. S

30 Cf. 586-88, “Women are most wanton and men most fecble when Sirius
parches the head and knees, and the skin is dry because of the heat’;
similarly at Scut. Her. 397. As in II. xxii, 301, it is highly improbable that
the figurative language used here implies a belief that the stars actually
affected conditions on earth — ¢f. above, p. 95

31 'W. Kubitschek, Grundriss der antiken Zeitrechnung (in Miiller’s Hdbk. d.
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Altert.), 1928, p. 109, fixes it at 28 Dec. for latitude 38°N. about 800 BC

32 Well explained by A. W. Mair in an addendum, entitled “The Farmer’s
Year in Hesiod’ (especially pp. 1305 142), to his translation of Hesiod’s
poems (Oxford, 1908)

33 As is stated by the scholiast on Aratus, Phain. 254 - ¢f. 172 — and alleged
extracts from which are given in Pseudo-Eratosthenes, Catast. fr. 1 and 32
(ed. Robert, Berlin, 1878; of. Maass, Philol. Untersuch., Heft 6, 1883, pp.
3-s5); ¢f. Diod. Sic. iv, 85; Plato, Epin. 990a; Callim. Ep. 27

34 Cf. my article ‘Solstices, Equinoxes, and the Pre-Socratics’, JHS 86, 1966

35 W. K. C. Guthrie, History of Greek Philosophy, vol. ii, 1965, p. 345

36 First ed. 1903; sth ed. 1934-37 revised and re-edited by W. Kranz in
three vols. and reprinted several times since

37 E.g. in Metaphysics A - although there is little doubt that his historical
notices of carlier doctrines are sometimes coloured by his own pre-
conceptions; ¢f. H. Cherniss, Aristotle’s Criticism of Pre-Socratic Philosophy,
1935

38 Cf. CQ 9, 1959, pp- 294-309, especially 298

39 Anthologies of the collected ‘opinions’ (36Ea — also &péowrovra, Latinized
as placita) of earlier thinkers were best-sellers in late antiquity

40 Cf. also Heath, Arist., pp. 2f.

41 Cf. JHS 86, 1966, pp. 29f.

42 G.S. Kirk and J. E. Raven, The Pre-Socratic Philosophers, 1960, p. 7 - here-
after referred to as KR

43 Cf. Aristophanes, Clouds 180; Birds 1009; Plato, Theaet. 174a

44 Both these theorems are attributed to Thales on the authority of Eudemus
(Proclus, Comm. in Eucl. i, ed. Friedlein, pp. 299, 1; 352, 14). For Thales
bringing geometry into Greece from Egypt, see the ‘Eudemian summary’ in
Proclus (op. cit., p. 65, 7; Wehrli, Die Schule des Arist., Heft 8 — Eudemos
von Rhodos, fr. 133)

45 Which would require, as well as an accurate knowledge of solar and
lunar cycles and the moon’s deviations in latitude from the ecliptic, an
understanding of the concept of geographical latitude in order to be able
to predict the totality of the eclipse in a given region. Such an advanced
level of knowledge was not even reached by Babylonian astronomy of
the Seleucid period (the last three centuries Bc), much less that of the
sixth century BC

46 Cf. the creation myths of the ancient Egyptians and Babylonians and of
Genesis (KR, ch. 1, especially pp. 33f.). Recent speculation has attributed a
similar type of cosmogony, with the personified figures of IIépog and
Téxpwp (apparently ‘Contrivance’ and ‘Differentiation’) to the seventh-
century BC Spartan poet, Alcman - see M. L. West, CQ 13, 1963, pp.

154-56, and CQ 17, 1967, pp. I-15§

47 The same word is used by Socrates (Phaedo 109a2) of the heavens (odpavéc)
in a similar context - see p. 95

15
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48 Cf. the waters of the firmament in Genesis 1

49 See especially C. H. Kahn, Anaximander and the Origins of Greek Cosmology,
Columbia Univ. Press, 1960, passitn

so Compare the accounts of Anaximander’s supposed ‘system’ given by
Heath, Arist., 1913, ch. 4; J. S. Morrison, JHS 75, 1955, pp. 62-3; KR,
pp- 134-37; Kahn, op. cit., pp. 87ff.; Guthrie, vol. i, pp. 93-9; O’Brien,
CQ 61, 1967, pp- 423

st It is very improbable that the planets were yet differentiated (¢f. JHS 86,
1966, p. 30), and, if they were not, occultations of stars by them would
presumably not be noticed, so that Anaximander’s alleged order of the
celestial bodies might not seem so crass; but occultations of stars by the
moon are relatively frequent and more easily observable

s2 Strangely, no modern booster of the Pre-Socratics as ‘super-scientists’
has, to my knowledge, seized on this as ‘convincing evidence’ for their
understanding of the principle of the hovercraft . . . No doubt this will
come in time — we have already had it suggested that Wegener’s theory
of continental drift was anticipated by Thales’ earth floating on water!
(K. R. Popper, ‘Back to the Pre-Socratics’, Proceedings of the Aristotelian
Society, Oct. 1958, p. 3). For a sensible rebuttal of such fancies see G. S.
Kirk, ‘Popper on Science and the Pre-Socratics’, Mind 69, 1960, p. 328

53 The dates of the Pre-Socratics are largely guesswork, although some
guesses are more informed than others

54 This type of contradiction is frequent in the tertiary sources, and serves to
demonstrate why they are so untrustworthy as independent evidence

ss Heath (Arist., p. 42-3) also compares another passage in Aétius (ii, 23, 1 =
DK 13 A1s), which speaks of ‘the stars making their turnings by being
thrust off course” by wind (2£wBobpeva té &otpa Tdg Tpomdg motetobaL).
This is another notion that we shall meet again in connection with later
Pre-Socratics

56 DK 21 A32; A33; A37-41; A4S

57 His is the famous dictum mdvvo gt (¢f. Plato, Theaet. 1814), and the remark
that you cannot step into the same river twice (DK 22 B31)

8 His is the first extant use of the actual word xéouog in its philosophical
sense of ‘world-order’, i.e. practically equivalent to ‘universe’ — of. J.
Kerschensteiner, Kosios, Munich, 1962 (Zetemata, Heft 30)

59 J. H. Morrison in JHS 75, 1955, accepting every scrap of evidence from
whatever source, has attempted a reconstruction which is based on
attributions to both Anaximander and Parmenides of astronomical
knowledge (e.g. of the ecliptic) which it is highly improbable that they
possessed (see my article in JHS 86, 1966)

60 This from Strabo via Posidonius, 444 — it is, of course, completely wrong,
as the theory of zones is a gross anachronism for Parmenides’ time: ¢f. my
GFH, pp. 23-6

61 dMbTprov dése, propetly ‘a light belonging to someone or something
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else’ - the phrase is evidently a pun on the Homeric &\\étptog ddd, ‘a
foreign man’, Il. v, 214; Od. xviii, 219

62 Cf. fr. 115, 11, aibépog . . . Stvang and the aibéprog divog ofAristophanes,
Clouds 380

63 &oBetc — not necessarily ‘globulated’, as some translators have it

64 Unfortunately, the text of Plutarch, De Fac. in Orb. Lun. 929¢ (which
provides the fragment) is uncertain; for the Ms dreckeduse 8¢ ol adyds,
¥ore alav kabbmephey, Diels conjectured dmestéyacey . . . #ot’ &v iy
«aBbmepBey, followed by KR who translate (p. 334), ‘But she kept off
the sun’s rays, so long as it was passing over above her, and cast a shadow
over as much of the earth as was the breadth of the pale-faced moon’ (cf.
Guthrie, vol. ii, p. 197). Yet the verb &mocteydfew, here translated ‘kept
off’, is used again in fr. 100, 14 where KR translate it ‘uncover’ (the
meaning given by LSJ, s.v.), which is also how Diels translates his own
conjecture (DK, vol. i, p. 330, ‘Der Mond deckte ihr (der Sonne) die Strahlen
ab’). Cherniss (Moralia, vol. xii, Loeb, ad loc.) retains the Ms reading, but
prints &reoxéducey for dneokedace, and translates, ‘His beams she put
to flight . . . From heaven above as far as to the earth, Whereof such
breadth as had the bright-eyed moon She cast in shade’

65 Compare the famous clepsydra simile in B100 (also from Aristotle — De
Resp. 7, 473b9), designed to illustrate the corporeality of air by the be-
haviour of water in a double-ended vessel when one end is blocked up.
This is not, as sometimes claimed (e.g. by Burnet, Early Greek Philosophy,
p- 27), an instance of the use of the experimental method in ancient
science — see KR, p. 342; Guthrie, vol. ii, pp. 225-26

66 Unless Aristotle misunderstood the point of Empedocles’ analogy. For a
discussion of various views on this passage, see Guthrie, vol. ii, p. 198-99

67 J. Longrigg in CQ 15, 1965, has an ingenious notion that this idea might
well have been ‘derived from his observation of the formation of salt
under the action of the sun’s heat’! (p. 251)

68 Aristotle obviously had a similar feeling when he contrasts the sobriety of
Anaxagoras’ views with the random opinions of his predecessors (Met. A
984b17)

69 Cf. Xenophon (Mem. iv, 7), who makes Socrates assert that Anaxagoras
must have been out of his mind (rapedpévnoev) to have said such things,
and makes him refute them by some painfully naive arguments

70 The scientific ideas that Aristophanes pokes fun at and attributes to Socrates
and his ‘thinking-shop’ in the Clouds, are mainly those of Anaxagoras

71 His word for the primal movement is mepiydbenots, ‘rotation’, instead of
Stvy

72 Diog. Laert. ii, 12 (¢f. Diod. Sic. xii, 39). Plutarch (Per. 32) connects
Anaxagoras’ impeachment with a decree proposed by one Diopeithes,
¢. 431 BC, and aimed at ‘those who do not believe in the gods or who
teach doctrines about celestial matters’. This, together with Plutarch’s
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exaggerated description of the hostility of the Athenian public to new
astronomical ideas (Nic. 23 - see my forthcoming review in CR of T. W.
Africa’s Science and the State in Greece and Rome, 1968) has led some
scholars (e.g. J. B. Bury, CAH, vol. v, p. 383) to suppose that the study of
astronomy was officially forbidden at Athens during the latter part of the
fifth-century Bc. Nothing could be further from the truth. As we shall
see, this was the time when Greek mathematical astronomy had its
beginnings, with the collation and codification of astronomical and
meteorological phenomena in the ‘parapegmata’, the diffusion of Pythago-
rean ideas on the sphericity of the earth and the circular orbits of celestial
bodies, the discovery of the obliquity of the ecliptic by Oinopides, and
the activities of Meton and Euctemon in measuring solstices and equinoxes
and improving the calendar.

The circumstances of Anaxagoras’ impeachment are by no means
clear - see the discussions by Taylor (CQ 11, 1917, pp. 81—7), Davison
(CQns. 3, 1953, pp. 42-5), and Guthrie (vol. ii, pp. 322-23); but it seems
most likely that it was really Pericles who was being attacked through
his old master, Anaxagoras. As a former Persian subject, Anaxagoras also
came under suspicion of ‘medism’. The fact that he advocated unorthodox
opinions about the celestial bodies may have helped the prosecution, but
it is highly improbable that this alone would have been sufficient to
condemn him - just as a similar charge did not suffice in the case of
Socrates, who was ¢ondemned mainly because of his anti-democratic
connections and sentiments
Cf. K. R.. Popper, ‘Back to the Pre-Socratics’, Proceedings of the Aristotelian
Society, Oct. 1958, p. 3, ‘. . . but most of them [the ideas of the Pre-
Socratics], and the best of them, have nothing to do with observation’.
Kirk notes the ‘superficial glance which was all that many Pre-Socratics
seem to have considered necessary’ (Mind 69, 1960, p. 329)

The mathematical relationship expressed by which is now known to have
been familiar to the Babylonian mathematicians at least a thousand years
before Pythagoras

This, as Heath points out (Arist., p. 99), entails one complete rotation of
the earth on its axis as it completes one circuit of the central fire

This, however, is a stock title which the doxographers attribute to practi-
cally every single Pre-Socratic - ¢f. KR, p. 101

On the nomenclature of the planets see F. Cumont, ‘Les noms des
planétes et Vastrolatrie chez les Greces’, L’Antiq. Class. 4, 1935, pp. 5—43
Unless, indeed, the moon was supposed to reflect the light of the central
fire and not that of the sun. Apparently, some Pythagoreans realized that
the moon shone by reflected sunlight (Diog. Laert. viii, 27), but others
still spoke of its own fire being kindled, spreading to the state of full
moon, and then being gradually extinguished (Aé&tius, DK 58 B36)

Cf. the use of the word dvraipew in a geographical sense — GFH, p. 125
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The Greek is of 8¢ yvnoubrepoy adtdv peracydvreg nhp piv &v 7 uéoep
Aéyouot Ty dnptovpyLkdy SHvapty Ty Ex péoov Tacay TV YHY {woyovel-
ooy kol 10 dreduyuévov adtiic dvaburmoboay. Surprisingly, this has been
interpreted as referring to another brand of Pythagoreanism which
believed in a fiery core at the centre of the earth, itself situated in the middle
of the universe — as though the words év t§ péoe and éx péoov referred
to the earth’s centre and not the centre of the cosmos (H. Richardson, CQ
20, 1926, pp. 118-21; Guthrie, vol. i, pp. 290f.). Not only does the context
show this interpretation to be impossible, but there is no good evidence
for the idea of a fiery core to the earth in Pythagorean thought. Guthrie
can only point to a similar idea in Empedocles and assume that this might
have formed part of early Pythagoreanism, and the single piece of evidence
for a geocentric universe in this school (which entirely contradicts what
we are told by Aristotle who, after all, did write a book on the Pythago-
reans) is the muddled account of Diogenes Laertius (viii, 25 ad fin.), -
ostensibly reporting Alexander Polyhistor, which does not mention the
Philolaic scheme at all, but attributes a ‘spherical cosmos possessing soul
and intellect and surrounding the central earth that is also spherical and
inhabited all round’ to ‘Pythagorean writings’. There is obvious confusion
with Stoic ideas here

This is implicit in Simplicius’ words, (pp. s11-12 ed. Heiberg, % &
GvtirBwv xwoupévy mepl 10 péoov kal Emopévn T YH Todry ody
Spditar DY HEBY S8 Td Emumpoohely Ay del T THg Yi¢ oduw)

As Dreyer sensibly remarks (Hist. of Astron., Dover reprint, 1953, p. 48),
it would require an observer at the centre of motion itself to differentiate
between a motionless outer heaven and an earth revolving in exactly
twenty-four hours, and a slowly rotating outer heaven with an earth
revolving in a slightly shorter period

B. L. Van der Waerden, Die Astronomie der Pythagoreer, Amsterdam, 19571,
p- 54. The book gives a totally misleading idea of its subject matter, and
is based largely on what the author thinks Pythagorean astronomy ought
to have been; thus, to explain the Philolaic system Van der Waerden makes
up his own ‘einzige Losung’ (p. 60) according to which the order of the
orbits from the centre is sun, Mercury, Venus, earth (with moon encircling
it), Mars, Jupiter, and Saturn — an order for which, needless to say, there
is not a shred of evidence and which contradicts the little we are told about
the scheme

84 Arist., p. 100 — but his translation of the passage . . . that it revolves round

85

the fire in an oblique circle in the same way as the sun and moon’ (p. 97)
does not square with such an interpretation (which Dreyer also seems to
accept — op. cit., p. 45). As far back as 1810, A. Boeckh evidently took the
same view (Gesammelte Kleine Schriften, Bd. 3, Leipzig, 1866, pp. 266;
276f.)

This is obviously the motivation of Boeckh, Heath, Dreyer, and Van der
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Waerden as well; but it is surely not justifiable in the face of the bulk of
the evidence

86 Cf. Guthrie, Aristotle On the Heavens, Loeb, 1960, pp. 136-37

87 Cf. Van der Waerden, Anfinge der Astronomie, 1966, pp. 49-50. On the
influence of Babylonian astronomy on Greek, see above, pp. 163 .

88 Hence Diels omits it from DK 58 - ¢f. Dox. Gr., Prolegomena, p. 69

89 Cf. Timaeus 39d

90 I precursori di Copernico nell’antichita, Milan, 1873, p. 8

o1 Heath, Hist. of Greek Maths., vol. i, pp. 246-49

92 Odes i, 28, 1-6

93 Hence the unnecessary doubts that have been raised as to whether Plato
regarded the earth as spherical; but Socrates in the Phaedo opposes
oTpoyYdlog to mAdrug, ‘flat’ (974 - see above, p. 94), which is the word
specifically connected with the Anaxagorean disc-shaped earth (see p. 58),
and so in this case there is nothing to prevent otpoyybAog meaning
‘spherical’ — and the rest of Plato’s astronomical passages undoubtedly
imply a spherical earth (see p. 98)

94 Or, perhaps more accurately, there was a common stock of astronomical
notions ascribed to earlier thinkers from which all tertiary sources draw

95 The notion that the celestial bodies are nourished by exhalations from
the earth (probably on the analogy of burnt offerings to the gods) is
attributed by Aétius to both Heraclitus and Philolaus (DK 22 A11; 44 A18)

96 sed nec numerum illarum posuit nec nomina, nondum comprehensis
quinque siderum cursibus

97 See A. Rehm’s article in RE, Bd. 18 (4), 1949, col. 1290f. H. Diels (Antike
Technik, 3rd edition, 1924, Tafel 1, pp. 6-7) gives an illustration of one
fragment

98 See the detailed study by Rehm, ‘Parapegmastudien’, Abhandl. d. Bayeris-
chen Akad. d. Wiss., phil -hist. Abt., neue Folge, Heft 19, 1941, pp. sff.

99 Ed. Manitius, Teubner, 1898, pp. 210-33; Manitius shows that the
calendar actually belongs to a period about one hundred years earlier
than the main text which is dated to ¢.70 BC

100 Ed. Heiberg, vol. ii, 1907, Claudii Ptolemaei Opera Astronomica Minora,
Teubner, pp. 1-67

101 Other Greek calendars are published in Sitz.-Berichte Akad. Heidelb.,
phil.-hist. K1. I (1910), If (1911), IITA (1913) — this contains a conjectural
restoration by Rehm of Euctemon’s parapegma (on whom see below) -
IV (1914), and V (1920)

102 &mwonpactot, ‘signs or indications of weather’ — émionpatvery is used of
marking a change in the weather; ¢f. Rehm’s article ‘Episemasiai’ in RE,
Suppl. Bd. 7, 1940, cols. 175-98

103 O. Neugebauer, The Exact Sciences in Antiquity, 2nd ed., 1957, ch. s

104 M. P. Nilsson, Primitive Time-Reckoning, p. 343; Die Entstehung . . . griech.
Kal., 1962, pp. 31f.; 56
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1os Pliny, Nat. Hist. ii, 31 — on this see JHS 86, 1966, pp. 26-7; 30

106 E.g. J. K. Fotheringham, in JHS 39, 1919, pp. 164-84; refuted in detail by
E.J. Webb in JHS 41, 1921, pp. 70-85; Fotheringham’s reply in JHS 43,
1925, pp- 78f., based on incorrect ideas of early Babylonian astronomy
(including the so-called Babylonian ‘saros’ — on which see Neugebauer,
Ex. Sci., pp. 141-42), is not convincing

107 Isag. ch. 8 — Geminus connects Euctemon but not Meton with this cycle
(§ s50), but Meton’s share in the discovery is amply attested by other
sources (¢f. Heath, Arist., p. 293) and it is possible that his name may have
dropped out of the text — see Manitius ad loc.

108 This figure is expressly mentioned by Hipparchus as the estimate of Meton
and Buctemon — Almag. iii, 1, p. 207, 9 ed. Heiberg

109 Ed. F. Blass, 1887 - it is not, of course, by Eudoxus himself, but may be
a student’s exercise based partly on Eudoxan data, but containing many
errors and with later material added

110 Quoted by Heath, Arist., p. 132

111 See the calendar compiled by W. H. S. Jones (Loeb Hippocrates, vol. i, pp.
67-8

112 Cf. I){ Joly, Hippocrate: Du Régime, Budé, 1967, pp. xiv-xvi

113 On the whole subject see B. L. van der Waerden in JHS 80, 1960, pp.
168-80; W. K. Pritchett in Historia, Bd. 13, Heft 1, 1964, pp. 21-36

114 He suggested a method of squaring the circle by successively inscribing
regular polygons with double the number of sides of the previous one - see
Heath, Hist. of Greek Maths., vol. i, p. 222

115 Heath, Hist. of Greek Maths., vol. i, pp. 23; 225

116 Cf. A. Schlachter, Der Globus, ed. F. Gisinger, 1927 (Stoicheia, Heft 8),
pp. 174f. The author’s attribution of knowledge of the celestial sphere and
advanced astronomical ideas to Anaximander and Parmenides should be
disregarded

117 With the single exception that a fifth-century AD writer on rhetoric,
Sopater, attributes to him the opinion that the sun is a molten lump (DK
82 B31)

118 E.g. A. E. Taylor (4 Commentary on Plato’s Timaeus, Oxford, 1928) was
firmly convinced that the whole world-system expounded in that dialogue
was not Platonic at all, but fifth-century Pythagorean — a ‘Taylorian
heresy’ that has been sufficiently refuted by F. M. Cornford in Plato’s
Cosmology, 1937, pp. ixf- On the other hand, the extent to which what
are generally regarded as typically ‘Platonic’ doctrines (e.g. the theory
of Ideas, the immortality of the soul, and the recollection of knowledge)
are the creations of Socrates or of Plato himself remains a question which
is as insoluble as ever (¢f. C. J. de Vogel, Phronesis 1, 1955, pp. 26-35)

119 Thus the description of the spindle of Necessity with its eight whorls
(Rep. x, 616b-617b) forms part of the myth of Er which is avowedly only
atale (¢f. the beginning, 614b, 8¢ mote . . . and the end, 621, xal 087w, &
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Thadkwy, uBog 2od0y . . .), and the whole of Timaeus’ account of the
genesis of the universe (including, therefore, the astronomical section,
Tim. 36b—40d) is no more than a ‘likely tale’ with which mere mortals
must be satisfied (id. 20d)

One is irresistibly reminded of Fitzgerald’s Omar Khayam,

Myself when young did eagerly frequent
Doctor and Saint, and heard great argument
About it and about: but evermore
Carme out by the same door where in I went
(Stanza 27)

Because both Simmias and Cebes had consorted with the Pythagorean
Philolaus (61d6~7), Simmias’ assent has been used as evidence (somewhat
illogically) for a non-Philolaic, presumedly early, version of Pythagorean
cosmology, in which the spherical earth and not the central fire (note 80)
was placed at the centre of the universe (¢f. Burnet, EGP, p. 297 note 3).
This is at complete variance with what Aristotle tells us about Pythagorean
doctrines, as is also the only other evidence for this belief, namely, the
garbled account of Diogenes Laertius (Diels, Vorsokr. p. 58 B1a6); when it
comes to choosing between the latter and Aristotle, there is little doubt as to
which to follow. Moreover, Simmias’ assent need only refer to the statement
that the earth needs no support, which is equally apposite for the planetary
earth in the Philolaic system itself; the conditional form in which Socrates
states the central position and circularity of the earth (despite the fact that
there can be little doubt that this is Plato’s own view - see below) may
have been purposely chosen so as to command Simmias’ assent to the
proposition that the earth needs nothing to support it. Socrates might
have thought, ‘I know that you, as a' Pythagorean, do not agree that the
earth is at the centre of the universe, but grant me for the sake of argument
that it is, then you will certainly agree that it needs no support, won’t you?’,
and Simmias, of course, does

This is probably a reference to the dodecahedron, which can be constructed
from twelve regular pentagons; its volume approaches closely that of the
circumscribed sphere, and if the pieces are made of flexible material
stitched together (as here) and filled out, a sphere would result - see Burnet
ad loc. In the Timaeus (55d-56b) four of the five regular solids are appro-
priated to the four elements (earth = cube, fire = pyramid or tetrahedron,
air = octahedron, and water = icosahedron), but the fifth, the dodeca-
hedron, which cannot be constructed from Plato’s basic right-angled
triangles, is merely stated somewhat vaguely to be used by the god ‘for
the whole’ (2md 70 mév, $55¢) — very possibly with this passage of the Phaedo
in mind. It is highly improbable that any allusion to the twelve signs of
the zodiac is intended, which is an entirely different concept, and still less
likely that an astronomical system of mapping the sky into twelve zones
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is referred to, for which there is no evidence at all (see Cornford, Plato’s
Cosmology, 1937, p. 219)

123 J. A. Stewart, The Myths of Plato, ed. G. R. Levy, 1960, p. 119

124 The situation is similar in modern science fiction; it is the writers who
operate on a plausible basis of modern scientific concepts (of course,
imaginatively employed and extended) who succeed best in this genre

125 Aristotle, characteristically, fails to realize this, and subjects Plato’s fanciful
picture of the earth’s subterranean waters (111d-112¢) to a solemn, scientific
criticism (Meteor. i, 2, 355b32ff.); f- also Friedlander, Plato, vol. i (English
trans. 1958), p. 267

126 No ancient commentator ever had any doubts as to this, but some modern
scholars have exercised their ingenuity in manufacturing them; e.g.
T. G. Rosemeyer, CQ 6, 1956, pp. 193-97, and Phronesis 4, 1959, pp. 71-2;
J. S. Morrison, Phron. 4, 1959, pp. 10I1-19

127 Presumably, this implies indirect observation of the sun’s image on a
liquid surface, not direct observation through, e.g., a liquid-filled flask,
since the words ddvrasua and elxédv would hardly be appropriate for
the latter method. Since Socrates is still talking about the time when he
was a young man, unless Plato is here committing an anachronism (which
is by no means improbable), this would seem to indicate that the observa-
tion of eclipses was a well-known proceedure in the middle of the fifth-
century BC

128 J. Adam, The Republic of Plato, 2nd ed., vol. ii, p. 67

129 For which see the monumental bibliography compiled by H. Cherniss in
Lustrum 4-5, 1959-60

130 Some of the more percipient treatments of this and other topics in Platonic
philosophy are to be found in the collection of articles entitled Studies in
Plato’s Metaphysics, ed. R.. E. Allen, 1965

131 Met. A 6, especially 987b14ff.; for the other passages imputing this doctrine
to Plato, see W. D. Ross, Aristotle’s Metaphysics, vol. i, 1924, p. 166 ad loc.

132 Cf. A. Wedberg, Plato’s Philosophy of Mathematics, 1955, who upholds
Aristotle’s interpretation ; for weighty arguments against it, see H. Cherniss,
Aristotle’s Criticism of Plato and the Academy, vol. i, 1944, pp. 226f.; 244;
289f. and notes

133 Cf. Wedberg, op. cit., p. 32, ‘Between extreme nominalism, which denies
the existence of any abstract entities, and an extreme realism, which
accepts more or less wholesale all significant expressions as designating
entities (abstract if not concrete), there is an entire spectrum of possible
positions . . . Plato did never clearly define where along this spectrum
he took his stand’

134 Socrates is somewhat unfair here; there is no reason why Glaucon’s
remark should be taken absolutely literally — he might himself have been
thinking of astronomy in a metaphysical way - particularly in view of
Socrates’ own phrases earlier where he speaks of ‘leading the soul upwards’
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(4ver mor dyer Ty Yoxhy, 525d) and ‘making it see the Idea of Good’
70 motely katidelv Thy 1ol dyabdod 13wy, 526¢)

135 There is an obvious allusion to the comic caricature of ‘Socratic science’ in

Aristophanes Clouds 188ff.; cf. Plato Apol. 19¢

136 E.g. H. S. Williams, Hist. of Sci., 5 vols., 1904-10, vol. i, pp. 180ff. (Plato’s

point of view ‘essentially non-scientific’); W. C. D. Dampier-Whetham,
Hist. of Sci., 1929, p. 28 (Plato’s science ‘fantastic . . . he roundly con-
demned experiment’); F. K. Richtmyer, Introd. to Mod. Phys., 2nd ed.,
1934, p.9; C. Singer, Short Hist. of Sci., repr., 1943, pp. 34f. (but Singer does
see some redeeming features in Plato, especially for mathematics and
astronomy); B. Russell, Hist of West. Philos., 1945, p. 165 (the Timaeus is
silly’); J. Jeans, The Growth of Physical Sci., 1947, pp. 47ff. (Plato, ‘major
disaster’ for physics); J. O. Thomson, Hist. of Anc. Geogr., 1948, p. 101;
B. Farrington, Greek Sci., Pelican, 1953, p. 120

137 E.g. J. Adam, The Republic of Plato, 2nd ed., 1965, Appendices I and II

to Book vii

138 The translation is my own but obviously owes much to other versions,

of which P. Shorey’s (in the Loeb Plato) probably comes closest to it.
The Greek text (about which there are no serious ms doubsts) is as follows
(529¢-d): Tobra pdv T &v TH odpavy moixkilpata, metmep dv bpatd
menolcihtar, k&Aoo pdv fyeioBour wal dxpiPéorate THV TolobTwY
Exew, 6y 8¢ dAnfuvady wokd Evdely, dg o v Tdyoc Kal % obox Bpadothe
&v 16 dMOwd dpBud xal miol Tolg dAnBéor oxAuact dopdc Te mpde
&MMAa bépetar kol & Evévra dépet. The infinitive #yetober depends on
8¢ty understood from Glaucon’s question; t&v dAnfwéy I take to mean
the true realities compared and contrasted with t@v totobtey which are
the things of the visible world; &c . . . dopdc is adverbial accusative
serving to define both moAd &vdetv and éperar, and & &vévro must, in
my view, mean the actual celestial bodies which are carried round in the
orbits that Plato hypostatizes as ‘real speed’ and ‘real slowness’. For other
interpretations of this passage, see Adam, App. X to Book vii

139 wpoPAfpacty dpa, fiv déyd, ypdpevor domep yeoperplay obteo kol

dotpovoutiay pétipey, T 8'¢v 76 odpavd Edoopev — note the last word;
Plato does not use here the phrase yaipev &, ‘to renounce’ or ‘dismiss
altogether’ (frequent elsewhere in Plato, e.g. Phaedo 63e; Prot. 348a;
Phileb. s59b), as he might well have done had he meant to imply that
observation could be dispensed with entirely, but the simple verb meaning
‘to let be’ or ‘leave on one side’, evidently for the time being while the
astronomer concentrates on the mathematical side of his subject

140 Many interpreters of the Line have been led astray by a failure to appreciate

the twofold purpose of the simile, and, by trying to force Plato’s thought
into a rigidly consistent scheme, have rendered it a good deal more obscure.
For an eminently sensible treatment of the Line, see J. L. Stocks, CQ s,
1911, 73-88 (p. 76, ‘The Line is not a progression’; p. 78, “Thus mathe-
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matics becomes, what Plato in his theory of education requires it to be,
the stimulus to philosophy’); ¢f. F. M. Cornford, Mind 41, 1932, pp. 37-52
and 173-190 (‘The distinction of objects [in the Line] is a matter of
expediency in teaching’)
As E. Dént well remarks, it is not the observable phenomena of the heavens
that Plato regards as unchanging and eternal, but ‘unwandelbar sind nur
die Gesetze, die dem Wunderbau des Himmels zugrundeliegen’ (‘Platons
Spatphilosophie und die Akademic’, Osterreichische Akademie der Wissen-
schaften, Sitzungsberichte, phil.-hist. Klasse, Bd. 251, Abh. 3, Wien, 1967,
. 65)
%f the similarly hyperbolical statement that the man out of the Cave will
be able to ‘look on the actual sun itself” (516b — quoted above)
Well represented by Neugebauer (Ex. Sci., 2nd ed., p. 152): ‘His advice
to the astronomers to replace observations by speculation would have
destroyed one of the most important contributions of the Greeks to the
exact sciences’
His standpoint in this respect is consonant with his hostility to the views
of Democritus, who composed a ‘parapegma’ or at least made observations
for one (see above)
There is no evidence anywhere in the extant works of Plato that he ever
conceived of anything other than the earth as lying at the centre of the
universe; nor does Aristotle attribute any such notion to him. The well-
known story found in two passages of Plutarch (Quaest. Plat. viii, 1 and
Numa 11 ~ the former by hearsay, ¢uot, but the latter allegedly on the
authority of Theophrastus) that, towards the end of his life, Plato repented
of having given the carth this central position, which should be occupied
by something better, may safely be dismissed as a speculative piece of
gossip or a misunderstanding of the sources.
This, of course, is not the first time this has been pointed out — o A.N.
Whitehead, The Concept of Nature, 1920, p. 18 (‘Plato’s guesses read much
more fantastically than Aristotle’s systematic analysis; but in some ways
they are more valuable. The main outline of his ideas is comparable with
that of modern science’); Sci. and the Modern World, 1926, pp. 42-3;
P. Shorey, ‘Platonism and the History of Science’, Proc. Amer. Philos. Soc.
66, 1927, pp. 159-82; A. Rey, La sci. dans Iantiq., 6 vols., 1930-48, vol. iii,
282ff; G. C. Field, ‘Plato and Natural Sci.” Philos. 8, 1933, pp. I31—41;
A. Momigliano (reviewing Farrington’s Sci. and Polit. in the Anc. World,
1039) in JRS 31, 1941, pp. 149ff.; J. E. Boodin, “The discovery of form’,
J. Hist. Id. 4, 1943, p. 191 (*. . . Platonic intuition of form and measurement
everywhere’); W. Heisenberg, Philos. Probs. of Nucl. Sci., trans. F. C.
Hayes, 1952, pp. 33f (Plato’s stress on mathematical laws of nature
underlying natural phenomena); p. 57; and on the whole subject, G. E. R.
Lloyd, ‘Plato as a Natural Scientist’, JHS 88, 1968, pp. 78-92

147 Plato seems here to have taken over the semi-mystical Pythagorean
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conception of numbers as the basic ‘stuff’ out of which the universe is
composed (see pp. 64f.). There is obviously less justification in the case of
harmonics for a purely theoretical treatment than in astronomy, and it
would seem that Plato in this instance allowed himself to be unduly
influenced by Pythagorean notions, in the interests of emphasizing his
cherished conviction that mathematical harmony underlies the whole
phenomenal world - ¢f. the number mysticism of Rep. viii, s46bc, the
notorious ‘Platonic number’, which has nothing to do with astronomy

148 Taking &vw0ev with xaBopdy (cf. 616d, kbihovg Evwbey & xetry datvovrag
and Phaedo 110b, €t i dvwbev Begito) — others take it with Terauévov
‘stretched from above’ (¢f. Adam, ad loc.)

149 Adams translates wepibopds as ‘revolving spheres’, which is misleading as
there is no mention of spheres in the description at all; mepidopd means
the particular form of movement appropriate to a circle, i.e. revolution
or rotation (¢f. Arist., De Anima. i, 3, 13, vob uév y&p xivnoic vénoc,
kbOKAov 8¢ TepLdopd)

150 Cornford’s picture of a ‘nest of hemispherical bowls’ (Plato’s Cosmology,
p- 755 The Republic of Plato, p. 350) is an unwarranted inference from the
actual Greek text which mentions neither spheres nor hemispheres. We
are told simply that the whorls fit inside each other xafdmep of xd3ot oi
elg dAMovg dppérrovres. Now the xdSog in shape is generally taken to
resemble the amphora, having two handles and a neck narrower than its
belly (¢f. Amyx in Hesperia 27, 1958, pp. 186-90); this, of course, makes it
impossible for such x&3ot to fit into one another. It seems likely that here
Plato is using xd:3o in its other sense of a measure of volume (see LSJ 5.v.);
two such standard measures, in the form of bronze cylinders, one fitting
inside the other, have actually been found and are dated to c.400 Bc (The
Athenian Agora, vol. x, 1964, PL. 14, DM 42 and 43). The notion of hemi-
spherical bowls is in any case excluded by the description of the outer
whorl as being ‘hollow and scooped out all through’ (kofhe xatl 2Eeydoy-
péve Siapmepéc) and the spindle’s shaft as being ‘driven right through’
(Bropmepdc Enhdiobo); rather, we should think of thick, cylindrical discs,
fitting closely inside each other, but each able to rotate round the shaft.
It is possible that Plato conceived of the discs as tapering slightly, so that
the whole shape would be that of a truncated cone; Strabo uses the word
omévdudog to describe that segment of the terrestrial globe lying between
the equator and the Arctic Circle (Str. ii, s, 6, C 113)

151 Both interpretations go back to the ancient commentators: the former to
Proclus (in Remp. ii, p. 130, 4 ed. Kroll), upheld by A. Boeckh, Kleine
Schriften, 1866, vol. iii, pp. 298ff., and recently revived by J. S. Morrison
in JHS 75, 1955, pp. 66-7 (who does not mention Boeckh); and the latter
to Theon of Smyma (Ad Leg. Plat. Util., p. 143 ed. Hiller), preferred by
Adam (vol. ii, pp. 446-47)

I52 1k mavtog Tol odpavol kal yiig Tetapévov — Boeckh (duly followed by
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Morrison) unconvincingly takes 84 here in the sense of ‘over’, despite
the clear parallel in Tim. 40b tov 8i& mavtdg méhov terauévoy (of. Adam,
vol. 11, App. VI, p. 471)

153 ofov & dmoldpata TéY Tpthpwy — again there is doubt as to the meaning;;
the reference might be to ropes passed horizontally round a ship from stem
to stern, or to ropes going under the keel and up the sides in a vertical
plane, both types serving to strengthen the hull (see Adam ad loc.)

154 Cf. Adam ad loc.; Cornford, Tim., p. 88 and Rep., p. 354; Heath, Greek
Astron., p. 48;. Shorey in the Loeb Rep. translates ‘with returns upon
itself’, which is hardly illuminating

155 If Zeus is the sphere of the fixed stars, are we to imagine the other gods
as standing and being carried round on his back?

156 R. Hackforth, Plato’s Phaedrus, 1952, pp. 72-3; but the reason he gives
(p. 74, ¢ - . . it seems an insuperable objection that the planets of Greek
astronomy did not have hosts of satellites’) is irrelevant — there is no question
of planetary satellites, but of a multiplicity of gods and daemons which is
well attested for Plato (cf. Polit. 272e; Tim. 40d; 41a; Rep. 617¢; 620d;
Laws 899b; Epin. 948d)

157 Cf.J. Bidez, Eos ou Platon et I'Orient, 1945, ch. 8

158 Both Sophocles and Euripides equate Hestia with the earth ~ Soph. fr. 615
(Pearson, vol. ii); Eur. fr. 938 (Nauck); ¢f. Tim. Locr. 97d; Plut., De Primo
Frigido 954f.

159 The extant work (itself a paraphrase of Plato’s Timaeus) that goes under
his name is a first-century ADp forgery

160 Cf. the two articles by G. Vlastos in Studies in Plato’s Metaphysics, ed.
R. E. Allen, 1965, ch. 18, where most of the pertinent literature is cited

161 For which see Cornford’s admirable commentary, pp. 59-72

162 In this famous phrase, it is a mistake to stress u6ov at the expense of
eléto — the notion of ‘likeliness’ or ‘plausibility’ is emphasized in 29¢
(¢ Comford, pp. 30ff.). It must be remembered that in Platonic doctrine
it is axiomatic that there can be no true knowledge of sensible phenomena;
anyone can make up an implausible account of the genesis of the universe
(¢ Hesiod’s Theogony and the creation myths of the Egyptians and the
Babylonians), but it is the business of the philosopher to give the most
likely account consistent with his insight into the nature of real knowledge
(. Tim. s3d)

163 He even goes so far as to assert (p. 74), ‘Plato probably had it before him
as he wrote’!

164 Properly speaking, an armillary sphere is a representation, by means of
circular rings mounted on a stand, of the main circles of the celestial
sphere (equator, tropics, zodiac, horizon, solstitial and equinoctial colures)
with the earth globe at the centre; it does not show the planetary orbits

or the fixed stars, except in so far as the constellations of the zodiac may
be marked on the band that represents it. An astrolabe is essentially a
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sighting instrument used to determine the position of the sun or moon
and the risings and settings of the more prominent fixed stars relative to a
particular horizon (¢f. my GFH, pp. 195-99). An orrery is a more compli-
cated device that imitates the actual movements of the heavenly bodies
round the earth by mechanical means (¢f. R. T. Gunther, Early Science in
Oxford, vol. ii, 1923, pp. 267f.)

165 Gunther, op cit., pp. 264ff. with illustrations

166 For ancient astronomical instruments in general, see my paper in Journ.
Brit. Astron. Assoc., 64, 1954, pp. 77-85

167 Cf. Heath, Arist., pp. 162-63

168 Cf. Cornford (p. 103) quoting Aristotle, Phys. iv, 223b; for some criticisms
of Cornford’s remarks, see Vlastos in Studies in Plato’s Metaphysics, pp. 409f-

169 Burnet’s text reads elg [tov] wdyet udv to68popov ity xdxhov ibvrac,
v 8&vavriav eldnydrag adtd Sdvapw. tév is the unanimous reading of
all the best Mss as well as Proclus and Stobaeus (and is retained by Hermann
in the Teubner text and Rivaud in the Budé text), but its retention
involves the attribution to Plato of the notion that the sun, Mercury, and
Venus all move on one and the same circle, which is undoubtedly wrong
in the present context and for Platonic astronomy in general; hence
Burnet brackets it. Cornford (p. 105 note 2) suggests that t6v may have
been read on the mistaken supposition that Plato believed that Mercury
and Venus revolved round the sun (the theory attributed to Heracleides
of Pontus — see p. 219), in which case all three bodies would have one
main orbit. There is, however, another reading, tob¢, which is given in
the ‘vulgate’ and by a later hand in Y, and printed by Stallbaum and Bury
(the latter in the Loeb Timaeus), and which gives the same sense as the
omission of vév — Taylor, (Tim., p. 196), though rejecting Tobe, rightly
construes ‘elg (xdxhovg) ibvrag lod3popov HAie wdxdov, kdxrov being
an accusative of the internal object after iévrag

170 Cf. Heath, Arist., pp. 166f.; Heath himself leaves the matter open

171 But see my explanation of this phrase, p. 112

172 Contrast this with the statement on pp. 86—7, “We can now see why the
changes in the relative positions of the planets are not ascribed merely to
differences of speed, though that would be a possible way of representing the
Sacts’ (my italics)

173 Cormnford rightly emphasizes (pp. 92—3; 109) that Plato is not writing a
treatise on astronomy, but a myth of creation

174 This was generally accepted by the Greek astronomers; Ptolemy takes it
for granted, and makes the mean, daily longitudinal movement of Venus
and Mercury exactly the same as that of the mean sun (Almag. ix, 3 and 4).
In Eudoxus’ system also the same assumption is made, and Plato may well
have derived his knowledge of the phenomenon from this source

175 Both Cicero (Tim. 25) and Chalcidius (Tim. 36d, p. 28 ed. Waszink)
translate thus
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176 And could readily be paralleled by similar instances in the comments of
ancient and modern scholars unversed in scientific language - e.g. (si
parva licet . . .) Guthrie (vol. i, p. 94), in discussing Anaximander’s
alleged astronomical system, actually speaks of a ‘spherical plane’!!

177 This is the explanation favoured by Proclus (in Tim. 221e—f) after rejecting
various others

178 Taken with laborious seriousness by Adam (vol. ii, App. I, pp. 264-312);
but f. Shorey’s remarks (Loeb Rep., vol. ii, Introd., p. xliv)

179 It is difficult to imagine what is meant by all eight orbits - i.e. including
apparently the revolution of the Same, in terms of which all the others
are measured, 3946 — completing their courses together

180 In Tim. 276d ad fin. - followed by Heath (Arist., p. 174) and Cornford
(p. 119)

181 iy 8¢ Tpoddv uiv Huetépav, eldhopévny 8¢ mepl TOV S mavTodg
mbrov TeTapévoy, dOAaka kal dMuiovpydy wktée Te Kal Huépag Eunya-
vijcato, etV Kol TpesPutdtny Oedv oot Evtdg odpavel yeyévaoiy.
This seems to be the soundest text. Burnet (OCT) reads . . . iNopévny
8¢ hv mepl 70v . . . and notes in his apparatus criticus ‘b8 IAhouévyy
FPr. Aristoteles Plut.: elMopévny A: elddopévny P c1 v AP: om.
FYPlut.” K. Burdach, however, in an article that deserves to be better
known (‘Die Lehre des Platonischen Timaios (40b) von der kosmischen
Stellung der Erde’, Neue Jahrb. f. d. klass. Altertum 49, 1922, pp. 254-78),
after a careful and exhaustive survey of the various instances, shows that
the form with et is to be preferred here, and that the two word-families in
eid- and A~ which originally had separate meanings (the former indicating
‘press, crowd together’ and the latter ‘roll, wind, turn’) became confused
in Hellenistic times not only in spelling (both e for T and its converse
being common in Alexandrine recensions), but also in meaning, so that in
this case little weight can be attached to readings transmitted through
literary sources; in particular, he shows that the notion that (M is an
older and more genuine form of efAlw is entirely wrong. The retention
of thv in Burnet's text is indefensible, as Cornford points out (p. 120 note);
it is not mentioned by any of the ancient commentators who quote the
passage and is found in two Mss only

182 In both passages, the words translated ‘coils and moves’ are the same,
DeoBar kol kvetoBor (which is the consensus of all modern editors),
but the Mss also transmit the forms etieloOat, elreioBot, efAreabat.
Burnet’s choice of iXhopévyy at Tim. 40b— is evidently influenced by these
two passages in the De Caelo

183 Cf. H. Chermiss, Aristotle’s Criticism of Plato and the Academy, 1944,
Appendix VIII, pp. 557-58 — the whole of this Appendix is a valuable
discussion of Aristotle’s criticism with special reference to astronomical
ideas

184 This is apparently Heath’s final conclusion, op. cit., p. 178
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Cornford confuses his own argument by asserting, “The effect is that in
relation to absolute space she [the earth] stands still, while in relation to
the other makers of day and night, the fixed stars, she rotates once every
twenty-four hours in the reverse sense’ (p. 131) — ¢f. p. 121, where he
remarks more logically that ‘the Earth must stand still, relatively to the
diurnal revolution of the stars’

Cornford’s citation (p. 130 note 3) of Epinomis 983b—c as evidence for a
moving earth is misconceived because, as Cherniss points out (op cit.,
PP- 556-57) YAv Te kol odpavéy here ‘is merely a solemn expression for
“the whole material universe”, the specific subject being the stars (including
sun and moon) which carry out their revolutions in years, months, and
days’

The weakness of which is demonstrated by the unconvincing nature of
the scanty evidence adduced in support of it — e.g. when Timaeus Locrus
describes the earth as &v péoe dpupéva (97d), Cornford is constrained to
remark ‘a word which does not exclude motion’ (p. 121 note 2) - Proclus
knew better (in Tim. 281¢). It is also difficult to reconcile a rotating earth
with Cornford’s own simile of the moving staircase (see above), which
would seem to require the assumption of an absolutely stationary earth;
it is noteworthy that he makes no attempt to explain this

Or, apparently, to Cornford — but Duhem (Systéme du monde, vol. ii,
1913, p. 88) read the sentence in this way

Cf. T. H. Martin (Etudes sur le Timée, vol. ii, pp. 88f.) who as long ago as
1841 gave what is essentially the correct interpretation

Cf. Proclus, in Tim. 281b ad fin., ©é odpavéey ddvayy Exoved mwg dytip-
pomov, and, for night and day, 282¢; Plut., Quaest. Plat. viii, 3, 1006e~f
In Tim. 281¢ ad fin.: ‘Let Heraclides of Pontus . . . hold this opinion [viz.
that the earth rotates], since he moves the earth in a circle; but Plato keeps
it unmoved’

In De Caelo, p. 519, 9-11; of. 444, 34ff.; 541, 28],

40d — whether we read dvev Stéewq TobTwv ad TéY pipnpdtey . . . with
most of the Mss, or &vev 8t &¢ews . . . with Burnet (OCT) and Rivaud
(Budé text), the sense is clearly that mere description of the phenomena
without ‘imitations’ of the movements is insufficient for a proper under-
standing of them. However, as we have seen (pp. 120-21), such ‘imitations’
are not to be thought of as complicated models like the planetaria or
orreries envisaged by Cornford, or the astrolabe mentioned by Proclus
(in Tim. 248b); rather what is meant is a simple celestial globe that by its
rotation can demonstrate risings and settings, or diagrams of the planetary
movements such as Eudoxus must have used in constructing his system —
pAuero can include drawing (cf. Epin. 975d)

40¢, yopetag . . . kol mopaBordg &AM Ay — Proclus (in Tim. 248¢) correctly
explains mapaBords as ‘comings together” in longitude, i.e. as applied to
stars which rise or set simultaneously

195
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The word is grnavaxviMoetg. If my interpretation (above, p. 112)
is correct, this means literally ‘additional circlings’, backwards in this case,
ie. retrograde movements of the planets in contrast to wpoywpfoets,
‘progressions’, forward motion along the zodiac; this is in accord with
Proclus, who read gvakvkdfioerg and wpocywphoets (284a—c), but para-
phrased by dmomoSiopobe, ‘retrogradations’, and mpomodispote, ‘advances’
(¢f. Hypotyp. vii, 4). Cornford (p. 135), who notes that Heath’s ‘returnings
of their orbits upon themselves’ is unsatisfactory and himself translates
‘counter-revolutions’, nonetheless agrees that retrograde motion is meant

(d- above, pp. 132f)

196 Apparently, even at this date, the identity of the Morning and Evening

Stars with the single planet Venus was not generally recognized among
non-scientists, despite the fact that, according to the doxographers,
Parmenides had already pointed this out (see p. s1). The mention of the
sun as also ‘wandering’ may perhaps refer to Eudoxus’ (erroneous) belief
that it exhibited deviations from the ecliptic in latitude (on this, see below);
but, as so often in Plato, the text here is doubtful (¢ England’s note ad loc.)
and the meaning may be ‘the sun and the moon do what we all know they
do’

197 Cf. Heath’s critical discussion of such views (Arist. pp. 182ff)

198

As Taylor holds (Plato: The Laws, trans. A. E. Taylor, 1960, p. 210 note)

199 As suggested by Taylor (Plato: The Man and his Work, p. 486 note)
200 This is not to say that Plato knew the complete Eudoxan system, for which

201

202
203

there is no evidence in Platonic astronomy; ‘hints’ of such knowledge
found by Ross (Aristotle’s Physics, 1936, p. 95) and Guthrie (Loeb De Caelo,
pp- xix-xx, footnote) are chimerical — ¢f. Lasserre, Die Fragmente des
Eudoxos von Knidos, 1966, pp. 181-82

On this concept, see Guthrie, Hist. of Greek Philos., vol. ii, pp. 163-64;
o 414ff.

E.g. by Nicomachus (c. Ap 100), Arith. i, 3, 5, ed. Hoche, Teubner, 1866
The single exception of any note (Diogenes Laertius’ remark (iii, 1, 37)
that ‘some’ attribute the Epinomis to Philippus of Opus is hardly good
evidence for denying its Platonic authorship) is Proclus, who complains
that it is ‘full of spurious, mystical matter and betrays a foolish and senile
mind’ (in Remp. ii, p. 134, sf- ed. Kroll), and who, according to the
Prolegomena in Platonis Philosophiam ascribed to Olympiodorus (Hermann,
Platonis Dialogi, Teubner, vol. vi, p. 218), put forward two very uncon-
vincing arguments (one of which hinges on an astronomical point - see
below) purporting to show that Plato could not have written the dialogue -
on these arguments see E. des Places (Epinomis, Budé ed., 1956, p. 102)

204 For which see J. Harward, The Epinomis of Plato, 1928, pp. 26-58, and the

edition of Des Places cited above, note 203, where most of the relevant
literature is mentioned; ¢f. the latest editor F. Novotny, Platonis
Epinomis, Prague, 1960. E. Dont (see above, p. 235 note 141 — ¢f. also

16
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Wiener Studien 78, 1965, p. 54) accepts it unquestioningly as a work
written by Philippus of Opus — a position that few modern scholars
would defend

205 Gnomon 25, 1953, pp. 371-75

206 Reviewing Novotny’s ed. in AJPh 83, 1962, pp. 313-17

207 Plato: the Man and his Work, p. 498 note 1

208 Cf. Timaeus 47a-b for the same thought. At 47as Burnet (OCT, followed
by Cornford) reads after éviowt@y meptoor the words kel tonpeplat xal
vpomtat from one Ms (F) although they are omitted by the two other best
mss (A and Y), and consequently by Hermann (and before him Stallbaum)
in the Teubner text. Cicero (Tim., ed. F. Pini, 1965, § 52) translates the
Greek by ‘annorumgque conversiones’ and evidently did not have equinoxes
and solstices in his text; Chalcidius (§ 47, p. 44 ed. Waszink) has ‘an-
norumgque obitus et anfractus’, which also suggests that he read éviavtédv
neptodou alone, without the addition of F's words (¢f. his commentary,
op. cit., p. 156). In fact, the words xai tonueptar xal Tpomat, which add
nothing essential to the sense, would seem to be an otiose gloss incorporated
into the text of F

209 The sentiments here are very similar to those expressed in Laws 966-67
(see p. 141)

210 We should very much like to know what these ‘proofs’ were. Guesses
about the size of the sun go back as far as Heraclitus, who thought it was
only a foot wide (see p. 48), whereas Anaxagoras stated it was bigger than
the Peloponnese (p. 58), and Archelaus that it was the largest of the celestial
bodies (p. 77); but these are evidently no more than guesses. Later astrono-
mers, as we shall see, used measurements of the earth’s shadow at lunar
eclipses to estimate the relative sizes and distances of sun, moon, and earth,
and such methods may well have been known to Eudoxus who, according
to Archimedes (Arenarius, p. 7 ed. Dijksterhuis) proved that the sun’s
diameter is nine times that of the moon. In all probability, then, it is to
Eudoxus’ ‘proofs’ that Plato refers

211 Much of this has already been said in Laws x — see above

212 The position of aether («16%p) here has been held to constitute an argument
against the genuineness of the Epinomis (Cherniss in Gromon 25, 1953, p.
372), on the ground that in this dialogue ‘the ether is situated between fire
and air’, and ‘since the regular solid which the Epinomis assigns to ether
could still be only the dodecahedron and since the faces of this figure cannot
be constructed out of Plato’s two elementary triangles, the location of such
a fifth body between fire and air would prevent the mutual interchange
and transmutation of their corpuscles and so would disrupt the rationale
of the “stereometric atomism’ of the Timaeus’. The reference here is to
Tim. $3c¢-57¢ where Plato gives his views as to how the basic elements
combine to form different substances (see above, p. 232 note 122);
according to Xenocrates (one of his pupils), Plato in the Epirnomis intended
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the dodecahedron to be the figure representing the fifth element, aether
(Xenocrates fr. 53, Heinze). However, Cherniss’ argument is invalidated
by the simple fact that the acther, as an element, is not situated between fire
and air in the Epinomis. It is true that at 984b6 we find aibépa pév yap
et 76 np Oédwev, but this does not refer to the order of the elements,
but to the order of the living beings whose main constituents are the
elements; this is made absolutely clear by the preceding lines, viv oBv 8%
mepl Oeddy Eyyetpduey . . . & Sbo xoTdévreg LHa dpata iy, & dauey
> uty 40dvatoy, 16 8 yhvov dmay Bvyrdy yeyovévar, T Tela Td péox
&y mévre & petald Tobtey . . . wewpabdijven Aéyew. The divine beings
whose main constituent is aether are the first of the three classes intervening
between the star gods and terrestrial life, but there is no reason to suppose
that Plato intended this to be the actual order of the elements in the sense
that Cherniss intends, nor that Plato or any of his readers would have
found this statement inconsistent with the doctrine of the Timaeus; rather,
it would seem logical to assign to two invisible classes of being, inter-
mediate between the visible types, the appropriate invisible elements,
aether and air, the former of which has already been postulated as the
purest type of air in the Phaedo (109b; 111b) and Timaeus (584). In any case,
wetd at 984b6 may very well indicate not a spatial relationship, but a
temporal one in the genesis of the universe, or an order of rank or
importance; cf. 984c7, debdtepa 8¢ kal Tplta ral TétapTo kol TEpTTR dTTd
Beddv THY davepdy dpEdpeve yevéoewe elg Huig Todg dvbpdmoug droTed-
eotdy, and 984d. It does not necessarily follow that, because Plato chose
to make acther the primary constituent of the second class in his hierarchy
of living beings, this must reflect his conception of the physical order of
the elements. Still less is it safe to assume (nor does Cherniss assume) that
there is any spatial significance in the verbal order in which they are
mentioned in the later dialogues; in the Epinomis itself (981¢) they appear
in the order fire, water, air, earth, acther; in the Laws (880b and 891¢) the
order is fire, water, earth, air; in the Timaeus the apparent order (to judge
from 3¢ and s5d) is fire, earth, water, air - but in 53¢ we have one clear
reference to spatial order when we are told that earth and fire are the
extremes with the others (not actually named here) in between. Moreover,
Cherniss’ objection rests on the assumption that the dodecahedron is the
regular solid to be assigned to the element aether; but there is nothing in
the Epinomis to warrant this assumption, and Cherniss himself rightly
remarks that this is probably Xenocrates’ own ‘attempt to read Aristotelian
doctrine back into the Timaeus’ (loc. cit., note 4). The train of thought in
the Epinomis is simply different from that in the Timaeus; in the former
Plato is not concerned with the elements and their configuration out of
‘atomic’ triangles, nor with the interaction and transformation of elemental
substances, but with a hierarchy of living organisms and their relationships
to each other and to mankind - he is, in fact, operating on a different plane
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of imagination, and to demand a rigid correspondence in every detail
between two such planes is to try to force a mechanical consistency on an
intellect which has as many facets as there are stars in the heavens. The
addition of aether as a fifth element in the Epinomis is certainly a novel
development in Plato’s thought (perhaps not entirely unheralded in the
Timaeus - ¢f. Cornford, pp. 220-21, on s5¢-d), but there is no justification
for treating it as an argument against the genuineness of the dialogue

213 For a comparison of the demonology outlined here with that found in
other Platonic dialogues (especially the Symposium and the Phaedrus) see
the comments of Harward, Des Places, and Novotny ad loc.

214 On the other hand, there is plenty of imaginative fantasy to be found in the
other Platonic dialogues, and in some ways (e.g. the importance of religious
beliefs and of astronomy as an educational discipline) the Epinomis merely
carries to a logical extreme tendencies and opinions already apparent in
his earlier work. The senility of which Proclus complains (see above) may
be more apparent than real, and although Plato was an old man when he
wrote the dialogue, it would be presumptuous to decide that the new
directions in which his thoughts were turning were unworthy of Platonic
philosophy as a whole

215 A. Bouché-Leclercq, L'astrologie grecque, Paris, 1899, pp. 24, note 1 and b
28f;; 75f.

216 Cf. M. P. Nilsson in Harv. Theol. Rev. 33, 1940, pp. 1-8, who points out
that there were no inidigenous cults of the heavenly bodies in early Greek
history (Helios and Selene being merely gods of mythology), and that
Plato was the first to insist on the divinity of the visible stars and suggest
that they should be worshipped with full rites ;

217 Cf. my GFH., pp. 12f. (where in footnote 4, for ‘Kramer’ read ‘Cramer’)

218 Cf. ]J. Bidez, Eos ou Platon et I'Orient, 1045. Bidez does not accept the
Platonic authorship of the Epinomis

219 For the different types of astrology, see my article ‘Astrology and astronomy
in Horace’, Hermes 91, 1963, pp. 67f.

220 The best Mss give (986b) pia 38 tév mAavntév doTpwy which is impossible
since the sense demands that the reference here must be to the fixed stars,
the planets being designated as mévte 8¢ #repar — hence Burnet (OCT)
brackets mhavyrév and Hermann (Teubner) reads &mravésy, but it is
difficult to see why this easy reading should have been changed to =ravntév.

Des Places (Budé) prints ndvrey which has some Ms support, and Novotny
(ad loc.) is inclined to accept this reading

221 On planetary names see especially F. Cumont, ‘Les noms des planétes et
I'astrolatrie chez les Grecs’, L'Antig. Class. 4, 1935, pp. 5-43

222 Cf. Neugebauer, Ex. Sci., pp. 8off. It seems that the Egyptians could
recognize some thirty-six constellations and stars (only two of which,
Sirius and Orion, can be certainly identified with those familiar to us),
later known as ‘decans’ (so called because they were supposed to rise above
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the horizon at intervals of 10 days), which were used as a crude type of
astronomical calendar; and they were interested in the heliacal rising 'of
the bright star Sirius because it happened to coincide fo.r some centuries
with the annual flooding of the Nile, the main event in the life of the
country. Apart from these few observational da?a there are no traces of
any real astronomical concepts or of any underlying mathema.nc'al theory
in old Egyptian texts. The Egyptian calendar, however, consisting of 12
months of 30 days each plus 5 additional days at the end of the year,
became the standard astronomical time-scale used by the Greek astronomers
(and still by Copernicus in the sixteenth century), and the Egyptian
division of day and of night into twelve parts each also became standard
practice - see below '
This refers to the annual motion of the planets among the stars wh}ch
takes place from west to east (opposite to the direction of the daily rotation
of the heavens), and is therefore towards the right if one contemplates a
conventional drawing or model of the celestial sphere with tl.le north pol.c
at the top (¢ Fig. 4, p. 18). Proclus (sec above, note 20'3) tries to use thJs
passage as an argument against the genuineness of ic Epinomis by pointing
to the apparent contradiction to the statement in the Timaeus tha% the
revolution of the Same (i.e. the diurnal movement) is tox'vvards the’ right;
but his argument is misconceived (in that he fails to appreciate t.he different
viewpoints of the two passages — see pp. 121f), and anyway this statement
the Epinomis is consistent with Laws 760d where motion to the right is
stated to be eastwards (v 8 &xl defux yryvésbo -r'b TpdG éf(:)) :
224 Bumnet (OCT), followed by Harward, actually inserts odx, for which
there is no Ms authority at all, before dywv. Des Places, followed by
Novotny, points out that this is unnecessary since the same sense can bF
obtained without the insertion of odx — he translates ‘pourrait avoir I'air
d’entrainer les autres, du moins aux yeux des gens mal informés de ces
questions’ ‘ .
225 This explanation was first suggested by Heath (Arist., p. 185) and approve
by Cornford (pp. 91-2). In his later (and slighter) book (Greek Astronomy,
1932, pp. xliii and 61-2) Heath seems to have accepted the other interpreta-
tion
226 The order given here is the order of the synodic periods, and also probably
reflects the type of data found in Babylonian sources; the moon was
the most important object of study for the Babylonian astronomers
because their calendar was at all periods a strictly lunar one, the solst.xccs
were also tabulated, and tables are extant dealing with observations
of Venus from the second millennium sc. If Plato had been speaking as a
Greek professional astronomer, he would surely have pl?ced the sun as
the first of the seven orbits to be studied, in view of its fundamental
importance as providing the basic time unit (the tropical.year) and the
basic line of reference (the ecliptic) in astronomical calculations

22

w
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227 Asaying which Aristotle (De Anima 411418) attributes to Thales — probably
wrongly, ¢f. CQ 9, 1959, pp. 206-97
228 The geographical fragments have been edited by F. Gisinger, Die
Erdbeschreibung des Eudoxos von Knidos (Stoicheia, Heft 6), 1921. Thc: only
collection of all the fragments is the recent edition (with commentary) by
F. Lasserre, Die Fragmente des Eudoxos von Knidos, De Gruyter, Berlin
1966; Lasserre’s arrangement of the material leaves much to be desired a;
regards clarity, and his commentary is unilluminating for astronomical
detail, but at least we now have all the relevant sources for Eudoxus
(and much that is dubiously relevant) between the covers of one book
229 Op. cit., pp. 5-6
230 G. de Santillana, ‘Eudoxus and Plato’, Isis 32, 1949, pp. 248-62; f.
Lasserre, pp. 137-42 i
231 In 365 according to De Santillana, or 360 according to F. W. F. von
Bissing in Forschungen und Fortschritte 25, 1949, p. 225f-
232 E.g. Diog. Laert. viii, 87; Plutarch, Marcell. xiv, 11
233 Which we have on the excellent authority of Aristotle himself, Nic. Eth. i,
12, 1101b27f. and x, 2, 1172b9. In the latter passage Aristotle remarks on
the temperance of Eudoxus’ own character (Siadpepévrerg yop &86xet
odpwv elver), which was not at all pleasure-loving, in spite of his
philosophical opinions
234 E Frank, ‘Die Begriindung der math. Naturwissenschaft durch Eudoxos’
in Wissen, Wollen, Glauben, ed. L. Edelstein, 1955, pp. 134-57, especially
145-50
235 Apparently based solely on the undisputed fact that Eudoxus did at some
period visit Sicily — ¢f. Aelian, Var Hist. vii, 17; Ptolemy, Phaseis, p. 67
ed. Heiberg, where he is stated to have made ‘weather observations’
(émonpasion - see above, p. 85) in Asia, Sicily, and Italy
236 He was responsible for the redrafting of the theory of proportion, as set
out and used in Euclid Books v and vi, to make it applicable to all magni-
Fudes whether commensurable or incommensurable, and also for propound-
ing the so-called ‘method of exhaustion’ for determining the areas and
volumes of various curvilinear figures by ‘exhausting’ or using them up
(8amaviv) by inscribing polygons the areas of which were known - f.
Heath, History of Greek Maths. vol. i, pp- 322ff.; O. Becker, ‘Eudoxos-
Studien I-V’ in Quellen und Studien zur Geschichte der Math., Astron. und
Physik, Abt. B, Bd. 2, 1933, pp. 311-33 and 3690-87; Bd. 3, 1036, Pp-236-44;
370-88; 389-410. Becker’s attempt to construct a pre-Eudoxan general
t8hcory of proportion is criticized by Heath, Maths. in Aristotle, 1949, pp-
I3
237 In Arati et Eudoxi Phainomena commentariorum libri tres, ed. Manitius,
Teubner, 1894 — hereafter cited as Comm. in Arat.
238 This is more accurate than saying that the poem is simply a versification
of Eudoxus, as I did on p. 1 of GFH )

NOTES 247

239 It needed proof because apparently many authorities doubted it, S o
StotdlecBot mapd Toig TONNOLG, 1, 2, T

240 For the calculation of latitude from the longest day, see Chapter I, pp. 19ff.
The obliquity of the ecliptic in Eudoxus’ time was 23°44 (see my GFH,
p- 168), and this is the value I have used in the present calculations

241 Lasserre argues confidently for this (pp. 181ff), to the extent of assigning
fragments to the two works even when Hipparchus does not specify them
by title (e.g. fr. 52 and 53) — on the assumption that the Enoptron contained
better observations and ‘stylistic improvements’ (p. 192, comment. ad loc.)

242 5:3 gives 15 hours and 12:7 gives 15 hours 9 minutes; differences in the
lengths of the day at the summer solstice were the means of differentiating
latitudes north of the equator commonly used by pre-Hipparchian
geographers — ¢f. GFH, pp. 159; 163

243 Le. the great circles intersecting at the poles and passing through the
solstitial and equinoctial points respectively of the ecliptic - called
xérovpor, Le. ‘curtailed’, because their lower segments are cut off from
view by the horizon (¢f. Geminus, Isag. 5, 49)

244 Using such phrases as oupddvag Tolc darvopevors or ovveyytler T
dawopéve (17 danbele)

245 One might perhaps in these cases suspect textual corruption in the Mss of
Eudoxus’ works that Hipparchus used

246 In fact, Eudoxus was more correct here than Hipparchus; according to
Bachr's tables, the declination of Canopus (o Carinae) in the former’s
time was —52.8° and in the latter’s —52.7°, so that it would be near the
limit of visibility at latitude 37° and invisible at the true latitude of Athens,
38°, but in both cases it would (just) be visible at Rhodes (¢f- Geminus,
Isag. 3, 15 and Manitius’ note ad loc.)

247 These are probably A Draconis and 5 Urs. Min., the latter being a fourth
magnitude star listed by Ptolemy among the duépdwror of Ursa Minor,
ie. those not counted in the actual constellation figure (Synt. ii, 38, 12 ed.
Heib.)

248 On the role these played in ancient astronomy, see Chapter I, p. 19

249 Cf.ii, 1, 1 and especially ii, 1, 26, xal 6 ESofoc 8, & wataxohobOnkey
6 7 Apaog, Tov avTdv Tpbmov drotifeTar &v Tolg GLVAVETONKLG TAG &PY &S
v Lodtey Ent THe dvatoli - this evidently refers to a separate work of
Eudoxus entitled Simultaneons Risings (Svvavarodat) also apparently used
by Aratus (¢f. i, 4, 19 and i, 5, 15). Curiously, Lasserre ignores the evidence
for such a work, although he is ready to attribute to Eudoxus another
treatise with the improbable title On Solar Occultations (Tept ddoviouésy
Ahokéy — LSJ s.v. ddaviopse also give this attribution) on very slender
evidence (pp. 212-13)

250 See JHS 86, 1966, pp. 27-8 for the development of this usage

251 Stars not assigned letters by Bayer are usually designated by their numbers
in Flamsteed’s British Catalogue published in 1725
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252 Cicero (De Rep. i, 22) quotes Gallus (a Roman astronomical writer of the

253

254

255

256

257
258
259

second century Bc) on Eudoxus’ globe, eandem illam sphaeram solidam astris
quae caclo inhaererent esse descriptam, and expressly contrasts this early type
of solid globe with the sphaera Archimedis, which imitated the movements
of sun, moon, and planets, and therefore was much more than a simple
globe. Gallus is no great authority, it is true, since in the same passage he
attributes the making of the first globe to Thales. . . .

Lasserre’s contention (p. 191) that Eudoxus did not use a globe because
the terms ‘right’ and ‘left’ are inappropriate for its surface is ill-conceived;
one can perfectly well speak of ‘the right’ and ‘the left’ of figures on a
globe (as the Greeks did), regardless of whether the directions are the same
for the observer. Thus it makes no difference whether the figures are
drawn as seen from the inside (as on celestial globes with the observer
supposed to be at the centre), or as they actually appear in the sky relative
to the right and left hand of the observer (as on many star maps); the left
arm or the right foot or the head of the figure will in both cases denote
the same stars. This was well understood by the Greek astronomers (cf.
Comm. in Arat. i, 4, 9-11, where Hipparchus commends Aratus for at-
tempting to give precision to his descriptions of figures by using the terms
‘left’ and ‘right’); it is only modern commentators who have introduced
confusion here. Where there was any likelihood of ambiguity, stars were
described as lying further west, east, south, or north as the case might be
E.J. Webb, The Narmes of the Stars, 1952 (published posthumously) - see
especially ch. 35 and ¢f. his remark on p. 63, ‘If we look at the stars as they
appear in the sky [a thing that very few scholars do, as Webb rightly
complains] . . . we shall perceive in many cases . . . obvious reasons for
names which have been quite obscured by the artificial figures, constructed
often long ages after the names themselves had become traditional’

Cf. the information collected by M. P. Nilsson, Primitive Time-Reckoning,
Lund, 1920

Theoretically, the vacant space should correspond to the ‘antarctic’ circle,
ie. the limit of the stars never visible at that time and place, its centre
should mark the position of the south pole (because, owing to the effect
of precession — see above, pp. 15f. this pole has shifted its position among
the stars), and its radius the latitude of the constellation-makers

E. W. Maunder, The Astronomy of the Bible, 2nd ed., 1908, pp. 157-50

R. H. Allen, Star Names and their Meanings, 1899, pp. 14-15

Ptolemy says specifically that he himself has not always used the same
shapes for the constellations as his predecessors, just as they did not always
use the same as the astronomers before them, but made alterations in the
interests of a more convenient arrangement, and he gives an example from
Hipparchus (Synt. vii, 3, ed. Heib. vol. ii, p. 37, 11ff.). Modern astronomers
from Bayer onwards have made further changes, until in 1930 by inter-
national agreement the present constellation boundaries were standardized

260
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M. W. Ovenden, “The Origin of the Constellations’, Philosophical Journal
3(1), 1966, pp. 1-18. Ovenden seeks to demonstrate that the constellations
were designed by the Minoans mainly as navigational aids round about
2,800 BC + 300 years at latitude 36°N. + 13° and longitude 263°E. - he
has even found a suitable island in the Dodecanese for their observatory,
the island of Stampalia (locally known as Astropalia ‘which has an obvious
astronomical “ring” about it’)! Some of the arguments he uses are re-
markably circular; in trying to prove (pp. 5-6) that certain constellations
were arranged symmetrically with respect to the celestial north pole of
that epoch, he uses a statistical method based on the hypothesis that they
were so arranged as ‘a band of the sky equidistant from the celestial pole’
(and what? Ovenden does not say, but presumably means the equator). It
is to be hoped that the ‘results’ of this fascinating paper will not be tal.ccn
seriously; apart from the fallacious argumentation and fanciful speculation
it contains, its whole thesis is vitiated by the totally unfounded assumption
of the advanced astronomical knowledge possessed by the constellation-
makers so-called — see below

261 JHS 86, 1966, p. 29

262

263

For the difficulties inherent in the concept of equinoxes, as opposed to
solstices which are easily observable phenomena requiring no astronomical
theory for their perception, see my article in JHS quoted above

Often made with the help of an instrument known as a ‘precession globe’,
i.e. a celestial globe the poles of which are adjustable in circles round the
ecliptic poles to take into account the shift in position (about 1° in 72 years)
of the celestial poles owing to the effect of precession - see above. Even
with this aid, such comparisons are of very doubtful validity, since we
know neither the exact boundaries of the ancient constellations, nor the
latitude of the original observations, nor the standard of accuracy involved;
the latter especially, one suspects, is commonly overestimated by modern
commentators

264 Robert Brown, Researches into the Origin of the Primitive Constellations of

the Greeks, Phoenicians and Babylonians, 2 vols., 1899, 1900, p. 1§ -2 highly
misleading work, packed with erroneous and outdated material. Only
marginally less misleading is W. Hartner’s article, “The Earliest History of
the Constellations in the Near East and the Motif of the Lion-Bull Com-
bat’, JNES 24, 1965, pp. 1-I6, which, based on totally inadmissible
premisses, attributes sophisticated astronomical concepts to the Sumerians
of the fourth millennium! Equally misguided are the attempts made to
impute complicated astronomical motives to the builders of ancient
monuments such as Stonchenge (e.g. by G. S. Hawkins in Vistas in
Astronomy, vol. x, 1968, pp. 45-88); such fantasies are reminiscent of the
‘pyramid literature’ (on which see Neugebauer, Ex. Sci., p. 96)-—'and
equally valueless, despite the modern trappings of computer calculations
with which they are invested
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R. Boker, ‘Die Entstehung der Sternsphare Arats’, Berichte iiber die
Verhandlungen der sichsischen Akadamie der Wissenschaften zu Leipzig 99,
1952, pp. 3-68. Boker finds fault with Hipparchus’ criticism of Eudoxus-
Aratus because it is based on the supposition that the data were valid for
Greece and that the colures were drawn through the beginning of the
signs (p. 5); he completely ignores Hipparchus’ own discussion of the
latitude appropriate to the observations (Comm. in Arat. i, 3, s-12), and
his emphasis on the different placing of the solstitial and equinoctial points
by Eudoxus and Aratus (ii, 1, 15f7.; 20ff; 2, 5-6), which shows that he
was fully alive to the difficulties of assessing the older material fairly.
Boker’s lack of historical sense is demonstrated by his reference to Aratus’
astronomical source as ‘Pseudo-Eudoxos’ (duly castigated by Ludwig in
RE, s.v. Aratos, Suppl. Bd. 10, 1965), his belief that the Greek constellations
go back no further than the sixth century Bc (thus apparently ignoring
those mentioned in Homer and Hesiod - see above), his supposition that
Eudoxus used the 360° division of the circle (in flat contradiction to the
available evidence - see above), and his reference (p. 105 of 2 ‘Nachtrag’
to a German translation of Aratus by A. Schott — Das Worte der Antike VI,
Munchen, 1958 — where Boker repeats much of the nonsense in his earlier
paper) to Anaximander’s famous sixth-century Bc workshop in Miletus
where he busied himself with all possible astronomical and meteorological
instruments (!!). Moreover, Bdker’s supposedly scientific treatment of
the Aratean data is basically unsound since he does not take into con-
sideration the conditions and limitations of the original observational
material (¢f. Ludwig, loc. cit.), and anyway a close examination shows that
out of the twelve Aratean passages he discusses in pp. 19-29, only three
agree fully with the results obtained by his methods. Unfortunately, the
erroneous conclusions he arrives at (that the Aratean sphere is valid only
for the epoch — 1,000 4- 30-40 years at a latitude between 32°30”and 33°40”,
with the colures marked at the end of 15° of the relevant signs, and with
the position of the zero point of the zodiac at about 26° of the ecliptic of
AD 1900 — p. 8) have been accepted by Van der Waerden in his latest work,
Die Anfinge der Astronomie ( = Erwachende Wissenschaft II), Noordhoff,
Groningen, 1966 - on which see further below

In the period between Hipparchus and Eudoxus the north celestial pole
would have shifted westwards some 3°, thus altering the positions of the
stars relative to the circles of the celestial sphere

On a very rough count, there are twenty-three such instances in Book i
of the Commentary — admittedly, the disagreements are more than twice as
numerous, but then its main purpose is to criticize and correct

This passage alone is enough to refute a large part of Ovenden’s thesis,
since he makes much play with alleged differences in the respective ‘zones
of avoidance’ of the Eudoxan-Aratean and the Hipparchian spheres (op.
cit., pp. 9~10)
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NOTES 231

Cf. Neugebauer, Ex. Sci., pp. 103ff.

‘Babylonian’ is used as a convenient generic term for the distinctive culture
of the Tigris and Euphrates valleys, which was dominated at different
times by Akkadians, Kassites, Assyrians, Persians, and finally Macedonians
and Greeks in the Seleucid period

Cf. the omen series of texts collectively known as ‘Enuma Anu Enlil
discussed by E. F. Weidner in Archiv fiir Orientforschung 14, 1942 and
17, 1954

Cf. Van der Waerden, Anf., pp. s6ff.

All authorities agree that these ‘ways’ are bands of a certain width (variously
estimated) parallel to the equator, and not lines delimiting zones as
in the Greek concept of ‘arctic’ and ‘antarctic’ circles — ¢f. C. Bezold,
A. Kopff and F. Boll, ‘Zenit- und Aequatorialgestirne am babylonischen
Fixsternhimmel’, Sitzber. d. Heidelb. Akad. d. Wiss., phil.-hist. Kl., Abh.
11, 1913, pp. 3-59; E. F. Weidner, ‘Ein babylonisches Kompendium der
Himmelskunde’, Amer. Journ. Sem. Lang. and Lit. 40, 1924, pp. 186-208,
and ‘Der Tierkreis und die Wege am Himmel’, Arch. f. Orientf. 7(4), 1931,
pp- 170ff:; J. Schaumberger, 3. Erginzungshefte zur Sternkunde und Stern-
dienst in Babel, Kugler, 1935, pp. 321ff.

Rome, 1950 = Teil 4, Bd. 2 of the Sumerisches Lexikon, ed. P. A. Deimel
Particularly striking is the fact that the Babylonians designated the ‘horn’
(i.e. the claws) of the Scorpion as ZIL.BA.AN.NA/zibanitu, meaning
‘Balance, Scales’ (G&ssmann, p. 72), just as the Greek astronomers dif-
ferentiated the Claws(XnA«t, Latin Chelae) from the rest of the constellation
and later called them the Balance (Zoyéc, Latin Libra) — the latter name
seems to be post-Hipparchian, for in the Comm. in Arat. Xnat is consistently
used except in one passage (iii, 1, 5), which Manitius regards as spurious on
other grounds as well (p. 303, note 41). Ptolemy (Synt. viii, 1, ad init.) uses,
Xeqhat for the figure, but Zuyés for the sign — of. Bouché-Leclercq, p. 141
Van der Waerden, Anf., pp. 67-8

Op. cit., pp. 256-57; but Van der Waerden himself admits that this does
not hold for Aries, Cancer, and Aquarius, and his arguments for Virgo (¢f.
Webb, The Narmes of the Stars, p. 33, ‘the assumption that, because the
Greek Virgin carries a Corn-Ear in her hand, the Babylonian Corn-Ear
must have been carried in the hand of a Virgin, though apparently taken
for granted by all Assyriologists, is of course ridiculous’), Sagittarius,
and Capricornus are extremely flimsy, depending largely in the last two
cases on representations of the figures in the Dendera zodiac, which since
it dates from the Roman period in Egypt, is hardly convincing evidence
This is against the view supported by Webb (see above, pp. 159-60) that
certain names (including the Triangle) are obviously appropriate for
certain star-groups; Van der Waerden (p. 68) specifically comments on the
likeness of these particular stars to a plough!

279 Cf. Van der Wacrden, p. 68 and diagram p. 66
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280 The Seleucid era began in 312 BC; after this there is a long series of texts
(the latest being dated to Ap 75) which show Babylonian mathematical
astronomy at its highest level of development - see O. Neugebauer,
Astronomical Cuneiform Texts, 3 vols., 1955. There is no doubt at all, as we
shall see, that the results obtained and (to some extent) the methods used
by the Babylonians during this period were known to the Greek
astronomers from at least the time of Hipparchus (second century Bc)
onwards. The disputed questions are when and how these results and
methods were transmitted to Greece, and what influence the earlier stages
of Babylonian astronomy had on its Greck counterpart, and again when
and how this influence was exerted

281 Aristophanes fr. 163, nédog 68" &ativ; elta mborny Hhiog Térpamral;
Even here it is not altogether impossible for nédog to have the same
meaning as in Birds 179f., namely ‘region of the sky’

282 In which case it would be similar to the ‘scaphe’ (oxd.¢m) mentioned by
Cleomedes (Cycl. Theor. i, 10, 54f.) as being used by Eratosthenes for his
famous measurement of the earth. Vitruvius in his chapter on sun-dials
(ix, 8) speaks of ‘a hemisphere hollowed out of a square’ (hemicyclium
excavatum ex quadrato) which was supposed to have been invented by
Berosus (on whom see note 306, below); but this must have been a later
type because he describes it as ‘cut away to suit the latitude’ (ad enclimaque
succisum), and this presupposes greater theoretical knowledge than either
Berosus or Eratosthenes could have possessed - see CQ n.s. s, 1955, pp-
248f. Vitruvius goes on to say that the invention of the ‘scaphe or hemis-
phere’ was attributed to Aristarchus

283 For common misconceptions concerning the use of sun~dials in antiquity,
see JHS 86, 1966, p. 29

284 Cf. Diels, Antike Technik, 3rd ed., 1924, pp. 162-63

285 Cf. Neugebauer, Proc. Amer. Philos. Soc. 107, 1963, p- 533

286 Cf. Weidner, Amer. Journ. Sem. Lang. and Lit. 40, 1924, pp. 198f.; Neuge-
bauer, Isis 37, 1947, pp. 37-43; Van der Waerden, Anf., pp. 8o-1

287 Neugebauer, Ex. Sci., pp. 81; 85-6. Van der Waerden claims (op. cit., p. 88)
that the division of day and night into twelve equal periods each is attested
by the numbers on an ivory prism of the Assyrian period (thus before
630 BC); but his interpretation of this text (following Fotheringham in
The Observatory, No. 703, 1932, p. 338) is far from secure, and on his own
admission the meaning of half of it remains unknown

288 To explin the frequent Greek references to Egyptian astronomical
observations, Van der Waerden suggests that in the period from 630 to
480 BC (during part of which Egypt came under Babylonian rule)
Babylonian astronomical ideas strongly influenced the local Egyptian
astronomy, to the extent of causing a resurgence of observational activity,
and that this was how Eudoxus came to profit from his stay in Egypt
(Anf., pp. 130f.). The evidence for such a supposition is extremely thin,
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and consists (apart from inferences drawn from Greek literary sources) of
a single Demotic text, written in the first century AD but apparently based
on an original of the late-sixth or early-fifth century Bc, which contains a
number of eclipse omens arranged by the months in which they take
place, groups of three months being assigned to four separate terrestrial
regions, and also a concordance of Egyptian and Babylonian names for the
months. However, since the contents of the text obviously belong to the
pre-scientific stage of astronomy and there is no mention of the planets or
the fixed stars, Van der Waerden is forced to assume a later blooming of
Egyptian observational astronomy (op. cit., p. 133), for which, needless
to say, there is no evidence at all

289 See Bouché-Leclercq, L'astrol. grecque, p. 93, note 2

290 In the Philolic system and perhaps by Democritus - see pp. 6sf.; 82

291 Sec the Venus tablets of Ammizaduga in the astrological omen series
‘Enuma Anu Enlil’ - Van der Waerden, Anf., pp. 34ff.

292 Published in Late Babylonian Astronomical and Related Texts, 1955, (Brown
University Studies 18), by A. J. Sachs as facsimiles of the original copies
made by Pinches and Strassmaier - no translations are given

293 Van der Waerden, Anf,, p. 105

204 See the standard work by O. Neugebauer, Astronomical Cuneiform Texts,
3 vols. 1955, where all the Seleucid material is dealt with

295 Cf. Van der Waerden, Anf., p. 166

206 ACT, vol. ii, p. 280

297 Cf. Neugebauer, Proc. Amer. Philos. Soc. 98, 1954, p. 64: ‘But there is no
trace of any definition of the vernal point as the intersection of ecliptic
and equator (which nowhere appears in Babylonian astronomy)’

298 Cf. Van der Waerden, Anf., pp. 104-05

299 ACT, vol. ii, p. 281

300 Neugebauer, Journ. Cuneif. Stud. 2, 1948, pp. 209ff.

301 Neugebauer, Journ. Amer. Orient. Soc. 70, 1950, pp. 1~8; ¢f. Van der
Waerden, Anf., pp. 115-16

302 Van der Waerden, Arch. f. Orientf. 16, 1953, p. 223

303 A. Sachs, Journ. Cuneif. Stud. 2, 1048, pp. 289-90; Van der Waerden,
loc. cit., p. 222, note 25§

304 Fotheringham remarks that this puts Ptolemy in a better position than any
modern astronomer as regards the length of observation series available
to him (The Observatory, No. s1, 1928, pp. 312-13)

305 On this see especially Neugebauer, Proc. Amer. Philos. Soc. 107, 1963, pp.
534-35

306 The Babylonian priest Berosus (or Berossos), who founded a school in the
island of Cos and wrote in Greek a history of his own country (see the
fragments edited by P. Schnabel, Berossos und die bab.-hell. Lit., Leipzig,
1923), is often cast in the role of intermediary between Babylonian and
Greek science (¢f. Neugebauer, Ex. Sci., p. 157). Unfortunately, the
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extant fragments do not bear this out, and what little astronomy they
contain (e.g. fr. 16-26 on the phases of the moon) bears no relation to
contemporary Babylonian lunar theory (Neugebauer, Proc. Amer. Philos.
Soc. 107, 1963, p. 520). Berosus dedicated his Babyloniaca to Antiochus I
(281261 BC) and is thus, anyway, too late for Eudoxus

307 Proc. Amer. Philos. Soc. 107, 1963, pp. s29ff.

308 Neugebauer, Ex. Sci., pp. 102; 140. Van der Waerden thinks differently ~
see below

309 Cf. ACT, vol. i, p. 11, ‘All that can be said with safety at present is that
the methods for computing lunar and planetary ephemerides were in
existence ¢. 250 BC. Their previous history is unknown to me’

310 Journ. Cuneif. Stud. 6, 1952, pp. s4ff. It should be noted that Sachs’ treatment
depends on the assumption ‘that the planetary data refer to signs of the
zodiac, not constellations’ (p. 55)

311 Even Van der Waerden admits that there is no trace of the zodiac as such
in these texts — Anf., p. 77 (see also below)

312 Chiefly in his book Die Anfinge der Astronomie (= Erwachende Wissen-
schaft II), Noordhoff, Groningen, 1966, which sums up the results of his
earlier papers on the subject

313 Op. cit., pp. 171-72; 201-03

314 See JHS 86, 1966, p. 29

315 On which see above, p. 43 and CQ 9, 1959, pp. 204ff.

316 See his highly misleading account of Pythagorean astronomy in Die
Astronomie der Pythagoreer, Amsterdam, 1951

317 To the examples mentioned above, add his unquestioning acceptance of
Boker’s untenable theory that the Eudoxan-Aratean sphere is only accurate
for a date about ~1,000 Bc (see above, p. 162 and note 265)

318 According to the Ars Eudoxi(see above, p.88, note 109), Eudoxus estimated
the number of days from the autumnal equinox to the winter solstice as
92 and from the winter solstice to the vernal equinox as o1; but unfor-
tunately the papyrus is defective with regard to his estimates of the other
two astronomical seasons (cols. 22-3). Since it is certain that in the Eudoxan
solar theory the sun’s longitudinal motion is assumed to be uniform (see
above, p. 181), Heath is probably right in supposing that Eudoxus made
the lengths of the seasons 91 days each, with an additional day for autumn
to make the total up to 365 (Heath, Arist., p. 200), thus making no use of
the discovery by Meton and Euctemon of the inequality of the seasons
(see below, p. 88)

319 E. F. Weidner, Arch. f. Orientf. 7(4), 1931, p. 171; O. Neugebauer, sis 37,
1047, p. 38

320 Kugler, Sternkunde u. Sterndienst in Babel, vol. i, 1907, p- 13; vol. i, 1909-10,
pp. 77-8; of. Neugebauer, Ex. Sci., p. 169

321 Cf. T. W. Africa, Science and the State in Greece and Rome, 1968, p- 37:
‘Hamstrung by the dogma that celestial motion was perfect and circular,
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Greek astronomers expended great ingenuity to reconcile the erratic
behavior of the planets with their presumed circular motion’

322 Proclus in his Comment. in Euclid. i expressly draws attention to the fact
that several of the theorems were included because of their usefulness in
astronomy (pp. 268-69 ed. Friedlein). The earliest extant Greek mathema-
tical treatise, Autolycus’ On the Moving Sphere, dated to the last decades of
the fourth century Bc, already contains propositions relating to the sphere
which are merely stated without proof, and were therefore presumably
taken from a still earlier textbook on ‘sphaeric’ which contained the proofs -
of. Heath, Hist. of Greek Maths., vol. i, pp. 349-50

323 Neugebauer, Ex. Sci., p. 110

324 Delambre, for example, in his still indispensable Histoire de Uastronomie
ancienne, 2 vols., 1817, nowhere mentions the planetary scheme, and only
deals with Eudoxus’ other astronomical work in the course of a chapter on
Aratus (tom. i, ch. 4, pp. 61-74), although he has a brief section (tom. i,
pp- 301-10) on Simplicius’ in De Caelo. Delambre evidently did not know
of Eudoxus’ mathematical work, since he says (p. 131), . . . rien ne
prouve qu’il fit géometre’

325 L. Ideler, Abh. d. Berlin. Akad., hist.-phil. K., 1828, pp. 189-212, and
1830, pp. 49-88; E. F. Apelt, Abh. d. Fries'schen Schule, Heft 2, Leipzig,
1849; T. H. Martin, Mém. de I’Acad. des Inscript. et Belles-Lettres, tom. 30,
pt. 1, 1881, pp. 153-302; G. V. Schiaparelli, ‘Le sfere omocentriche di
Eudosso, di Callippo e di Aristotele’, Pubblic. del R. Osserv. di Brera in
Milano 9, 1875 — German trans. by W. Horn, Abh. z. Gesch. d. Math.,
Heft 1, Leipzig, 1877. pp. 101-98. Martin states (pp. 160~61) that his own
work was completed before Schiaparelli’s, and that the reading of the
latter’s description has not caused him to make any changes in his own
views, which, as we shall see, differ from Schiaparelli’s in one important
respect

326 J. L. E. Dreyer, A History of Astronomy from Thales to Kepler, Dover repr.,
1953, pp- 89-103; T. L. Heath, Aristarchus of Samos, pp. 193-211

327 In describing the rest of Eudoxus’ system, it will henceforth be taken for
granted that each sphere is affected by the rotations of the spheres enveloping
it; for economy of words only the individual rotations will be mentioned

328 Simplic., p. 495,4 ed. Heib., Zyxerhipévog mpdg 10y Stk péowv wév {odiny
7060070Y, §c0v 7 TheloTy KUTe TALTOG TH GEAVY Tapoyd pnats YiyveTal

. why tplryy 88 [Snébeto] Sudk w0 pA &v volg adtoic 70D Lwdiakod
onpetog Popetotdtny Te kol voTlwtdTny dalvesBar yivoubvyy, &AL
petantnrey & Totalta onuelo @y {plwy del énl td mponyobpeva

329 Ty perdnrooty mavrdracty dAyny yiveshu kab Exactov piiva, p. 495,
1

330 hj fact, its changes in declination (from the equator) are much greater than
its changes in latitude, but Eudoxus probably failed to distinguish between
the two — ¢f. Martin, op. cit., p. 217
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331 Martin (pp. 214-15) suggests the sidereal or tropical month of about 27}
days, but there is no evidence and little likelihood that this was known to
Eudoxus

332 Whatever speed was assigned to the third sphere (and conjecture is fruitless)
could easily have been compensated by increasing slightly the speed of the
second sphere

333 E.g. W. D. Ross, Aristotle’s Metaphysics, vol. ii, 1924, pp. 385ff.

334 The nodes are the two diametrically opposite points where the mean
lunar orbit intersects the ecliptic

335 Who clearly indicates in Met. A 8, 1073b26-7 that the second sphere for all
the planets and the sun and moon represents their direct (eastwards)
motion along the ecliptic

336 Namely, the slow rotation of the poles of the lunar orbit round the poles of
the ecliptic. The only evidence adduced for Eudoxus’ knowledge of this
period is a remark by Ptolemy that the eclipse period of 223 lunations was
known ‘roughly’ to ‘the still older astronomers’ (6hocyepéorepoy piv
ody ol #t1 makatbTepor . . . EyyioTta Edpwy pivag ptv drotelovpévoug
oxy, Almag. iv, 2, p, 270, 1ff. ed. Heib.), and since he counts Hipparchus
as wahaudg (iil, I, p. 191, 17f.), mahardTepos is taken as referring to Eudoxus.
This is very tenuous, and anyway the context makes it clear that of t
modatbrepor here refers to the Babylonian astronomers (of XaaSaikol —
op. cit., p. 270, 20), whose results Hipparchus discussed

337 Cf. Delambre, tom. i, pp. 73; 122; 125

338 Martin realized this clearly (op. cit., especially pp. 216-21) and his treatment
of the Eudoxan system is sensible apart from a tendency to accept data
derived from the Ars Eudoxi as genuinely Eudoxan when there is no proof
of this; Lasserre also notes the uncritical assumption of a mistake on the
part of Simplicius (Die Fragmente des Eudoxos von Knidos, 1966, p. 202), but
gives no discussion of the issues involved

339 This is so on both Schiaparelli’s and Simplicius’ interpretations

340 E086Ew totwv kol tolg mpd adtol tpelc 6 Hihwog E36ker wiveloBor
Kwhoes, p. 493, I1f.

341 Theon Smyrn., pp. 135 ed. Hiller (apparently from Adrastus — ¢f. p. 129);
173; 194; Pliny, Nat. Hist. ii, 67; Alex. Aphrod., in Met. 8, p. 703 ed.
Hayduck; Chalcid., Comm. in Tim. 77, p. 125 ed. Waszink; Mart. Cap.
viii, 849 (287 G), p. 315 ed. Eyssenhardt; also 863 (293 G), p. 322 ed.
Eyssenhardt

342 The mathematical details are best studied in Schiaparelli or Heath (who
also gives a modern solution, using analytic geometry, by N. Herz); f.
also Neugebauer, Scripta Math. 19, 1953, pp. 226-29

343 Since the figure is described on the surface of a sphere, Schiaparelli calls
it (somewhat misleadingly) a ‘spherical lemniscate’

344 Comm. in Eucl. i, ed. Friedlein, Teubner, pp. 127, I; 128, 5

345 The ancient astronomers regularly assumed that the sidereal periods of

346
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Mercury and Venus were the same as the sun’s, i.e. T year (see note 174),
because these planets are never seen far from it. In fact, this assumption
results from the very large parallax effects caused by the earth’s rotation
in the case of the inferior planets, whereas for the superior planets (at their
much greater distances from the sun) such effects are far less noticeable.
On the geocentric hypothesis one is bound to give Mercury and Venus
sidereal periods equal to that of the sun, and no valid comparison with
the true values (on the heliocentric system) can be made

The Ars Eudoxi actually gives the figure of 116 days for the synodic
period of Mercury (col. 5, p. 16 ed. Blass), but there is no knowing whether
this was in fact derived from Eudoxus or a later source

347 It should be emphasized that, in this part of his reconstruction, Schiaparelli

348

349

is demonstrating his own ingenuity rather than that of Eudoxus (as Martin
points out — op. cit., p. 225 note 1). There is no evidence that Eudoxus
used the figures given by Schiaparelli and, to judge from the inaccuracy of
much of the rest of his astronomical work, it would seem highly improbable
that he knew the correct values

The logic of this last assertion is questionable, since in fact the maximum
latitudes are approximately 24° for Saturn and 14° for Jupiter

If indeed he assumed any as regards the inclinations and the dimensions
of the ‘hippopedes’. It is by no means impossible that he contented himself
with showing the theoretical possibility of explaining retrograde motion
and stationary points by means of the ‘hippopede’, without actually
assigning any parameters to the systems apart from the sidereal and
synodic periods

350 Cf. Dreyer, pp. 380off.

351

352

353

It does not seem that Eudoxus regarded his sets of spheres as anything
other than mathematical abstractions; there is no evidence that he specu-
lated on the material of which they were comprised or the connection
between them or the power that moved them. As we shall see, Aristotle
was concerned with all these things. According to Archimedes (Aren. o,
ed. Heib., vol. ii, p. 220) Eudoxus supposed the sun’s diameter to be nine
times that of the moon; how he arrived at this figure we do not know —in
reality the ratio is about 400:1

kol Soxel pdAwTa whvtwy ety ) weplodog Tolg c{;awoy.évocg oLpLdovely,

loc. cit. ad fin.
On the ‘parapegmata’, see above, pp. 84f.

354 Latitudinal zones on the terrestrial sphere in which, for practical purposes,

355

such data as the length of the longest day, the ratios of the gnomon to its
shadow at stated times, and the appearance of the night sky remained the
same for all observers in the same ‘clima’ ~ see on the development of this
concept CQ s, 1955, pp. 248ff.; CQ 6, 1956, pp. 243ff.; GFH, pp. 154fF.
Vitruvius (ix, 8) says in connection with sun-dials that Eudoxus (or,
according to some sources, Apollonius) invented the ‘spider’ (arachne).

17
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What this was is not certain, but it is not unlikely that Eudoxus investigated
the shadows cast by a gnomon, and the lines and circles marking these
may have suggested the term (of. Diels, Antike Technik, 3rd ed., 1924,
pp. 160-61 and diagram on p. 163). Later, the movable disc (represent-
ing the ecliptic) of the planispheric astrolabe was called the ‘spider
(GFH, pp. 197; 201), but Eudoxus certainly did not know this instrument

356 Ptolemy says (Phas, p 67, 5 ed. Heib.) that Callippus made observations
in the Hellespont

357 Sosigenes (a Peripatetic philosopher of the second century AD — not the
astronomer of the same name who helped Julius Caesar reform the
calendar; Simplicius makes it clear that Sosigenes derived most of his
information from Budemus’ History of Astronomy, on which ¢f. CQ 9, 1959,
pp- 301f) ap. Simplic. p. 504, 17, 00 uAy af ye &Y mepl E¥80Eov aplovot
10 dpavdpeva, ody dmws & Sorepov katahdOévta, AN 008 e TpbTEPOV
yveshévra kal B adtéy Exelvay motevbévra

358 Loc. cit 36~7, 1 douvbpeva el pédder Tig droddoew — a perfectly regular
and straightforward use of &modidwpe in the sense of ‘account for’,
‘explain’ (sce LSJ s.v.). Unfortunately, Sosigenes (followed by all later
commcntétors) preferred the far less accurate, if more picturesque, phrase
% dowbpevae o@lew, ie. ‘to preserve (agreement with) the facts of
observation’. Kranz (Rhein. Mus. 100, 1957, p. 128) is wrong in supposing
that the phrase was first used by Heracleides Ponticus, a pupil of Plato;
the passage he quotes from Simplicius in support of this is clearly an
indirect quotation and describes Heracleides” views in Simplicius’ own
words — in De Caelo ii, 13 p. 519 ed. Heib., &v & xévrpe 3¢ odoav iy
YAv kel ®OKAG Kwovpévny, Tov 8¢ odpavdy 7 pepobvra ‘Hoaichetdne 6
Tlovrucdg Smobépevog oplewy Heto 16 darvdpeva. Sosigenes’ phrase, in its
literal English translation of ‘to save (preserve) the appearances’ with all
the ambiguities inherent in the expression, has led to the misleading idea
that the Greck astronomers were concerned mainly with distorting the
results of observation to make them fit into preconceived, theoretical
schemes. The whole history of Greek astronomy, which shows a steady
development from the naiveties of the Pre-Socratics, through the Pythago-
reans and Plato, to the system of Eudoxus, and finally to the Hipparchian-~
Ptolemaic system of epicycles and eccentrics, demonstrates how false this
idea is; at each stage, as new and more accurate observations were ac-
cumulated, older theories were dropped in favour of newer ones which
seemed to provide a more complete explanation of astronomical facts

359 p. 497, 17 ed. Heib.

360 Cols. 22-3; these values are a considerable improvement on those of
Euctemon (¢f. p. 88) and, compared with the true figures for 330 BC, are
less than half a day out — ¢f. Schiaparelli, p. 46

361 The mathematical details are given by Schiaparelli (op. cit.), whom Heath
(Arist., pp. 213-16) follows closely. It must again be emphasized (¢f. note
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347) that the values assumed by Schiaparelli are entirely conjectural,
as indeed is the mode of operation of the additional spheres, since we have
no information on these points from the ancient sources

362 Geminus, Isag. 8, $8-60; cf. p. 189 above

363 As explicitly stated by Hipparchus ap. Ptol., Almag. iii, 1, p. 207, 11 ed.
Heib.

364 E.g. Almag. iii, 1; iv, 10; v, 3; Vi, 5; Vii, 3, et al.

365 Cf. Van der Waerden, JHS, 80, 1960, p. 170; Ginzel, RE, Bd. 10(2), 1919,
col. 1663

366 Ed. W. K. C. Guthrie, Loeb, repr. 1960; P. Moraux, Budé, 1965

367 De Caelo ii, 10, 291a29-32, Tepl 8¢ tii¢ Tdlecws adTdv [z@v &oTpwy], By
pev tpémov Exastov keltat (v.] xivelrar) 16 v piv elvar mpdrepe o §
Uotepa, kal widg Eyet mpds EMMMAa Tolg dmoothpacty, ék TEV Tepl
dotporoytay Bewpstabuw: ¢f. 291b10 and Met. A 8, 1073036

368 W. D. Ross, Aristotle’s Physics, 1936, Introd., pp. xv—xviii

369 W. D. Ross, Aristotle’s Metaphysics, 1924, Introd., pp. xxiv-xxix

370 Op. cit., pp. xxix note 1; 382; 384. It is fair to point out that the difference
in styles has also been given the opposite interpretation, i.e. that the
fuller style is earlier than the more concise one (e.g. by F. Blass in Rhein.
Mus. 30, 1875, pp. 481-505). P. Merlan (Traditio 4, 1946, pp. 1-30), on
the other hand, sees 1074431-38 as an essential part of the argument of this
chapter, which he finds ‘logically and satisfactorily organized’ (op. cit., p-14)

371 Cf. Moraux, Introd., pp. Ixiv-lxv; cxxivff.

372 Thus various attempts have been made to trace specifically Aristotelian
doctrines, such as those of the fifth element and the Unmoved Mover,
back to the lost, early dialogue De Philosophia (of which we have fragments,
ed. V. Rose, Teubner, pp. 24—40), and to discover a line of development
between this (presumed to be still strongly under Platonic influence) and
Aristotle’s later ideas; but the very divergent conclusions reached by
different scholars (for references, see Moraux, pp. li-lv) do not inspire
much confidence

373 Except Aristarchus and Seleucus, who undoubtedly put forward at least
tentatively a heliocentric hypothesis - see Heath, Arist., pp. 301ff.

374 For the astronomical opinions of many of the Pre-Socratics, Aristotle’s is
the only evidence that can be considered to any degree reliable — see above,
Chapter III

375 In the whole work, Aristotle records only one detailed astronomical
observation (that of an occultation of Mars by the moon, ii, 12, 292436,
Ty yap oeMvny Ewpdraypey — hence presumably observed by Aristotle
himself — Suyétopov ptv oboav, HwerBoboay 8¢ tév dotépwy OV TOD
”Apeog, x.7.\.), and this is neither dated by him (modern calculations show
that it was probably the occultation of 4 May 357 Bc - f. Guthrie ad loc.,
Loeb, p. 205) nor reported in the form that a practising astronomer would
use (compare the manner in which similar occultations by the moon of
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the Pleiades are reported by Ptolemy from Timocharis, 283 Bc, and
Agrippa, AD 92, in Almag. vii, 3, ed. Heib., vol. ii, p. 25, 15f. and p. 27, I L£.).
Aristotle adds that similar observations have been made by the Egyptians
and the Babylonians (see above, p. 167)

376 Cf. Met. A 8, 1073b9-10, mhelovg y&p Exactov dpépeTar p.ui'c? -rﬁ')v‘ 7::7'\oww-
pévav &otpwy. I follow Cherniss’ interpretation (Aristotle’s Criticism of
Plato and the Academy, 1944, App. VIIL, pp. s47f.) which is surely correct.
Aristotle has at the back of his mind those like Heracleides Ponticus who
were able to account for the daily risings and settings by postulating a
rotating earth and a fixed outer sphere, but he insists that this is not
sufficient, since any planetary body must have more than one individual
motion; but, if the earth is given the requisite number of motions, then
other phenomena will be produced which are contrary to the facts of
observation. This seems preferable to assuming (with Heath, Arist., p. 241,
and Guthrie, op. cit., pp. 242—43) that Aristotle was unaware of the altc1.'na-
tive explanation of the daily revolution (a highly improbable assumption,
since Heracleides was also a pupil of Plato), and was referring only to a
double motion of the earth, one component of which he infers must be
in the plane of the ecliptic

377 See above, pp. 136f.

378 On tpomal, see p. 116

379 kvptée, 297b28; cf, Meteor. ii, 7, 365432, &g oBomg [vi¢ Yiig] xvptiic Koil
odarpoerdolic — strictly, this proves only the curvature of the earth’s
surface, but taken in conjunction with the other arguments it serves as
proof of the sphericity o

380 The examples he gives, that stars scen in Egypt and Cyprus are invisible
further north and that those continuously visible in the north are seen,
further south, to rise and set (208a3-6), are almost certainly taken from
Eudoxus - ¢f. p. 155

381 The figures cited by Guthrie (Loeb, pp. 254-55) from Prantl are completely
and inexplicably wrong (except the last one), and it is incredible that they
should continue to be repeated (e.g. by J. H. Randall, Aristotle, p. 160,
note 21). For the conversion of stades into miles, the best assumption is to
take 8.72 stades as equivalent to 1 English mile or (which gives roughly tbe
same result) 10 stades as equivalent to 1 geographical or nautical mile
(= 1.152 Eng. miles) - on the value of the stade, scc GFH, pp. 42-6

382 De Caelo i, 11, 201513, #) 8¢ ddorg 0038 drbyws 0088 pdrny motel: df. i,
8, 280b25; 200431. This is the keynote of all Aristotle’s natural philosophy -
he is a teleologist ]

383 It is difficult to imagine what gave rise to this curious notion, which (as fa.r
as I know) does not appear in any other ancient source. Simplicius in his
commentary (pp. 454—56 ed. Heib.) is obviously (and not sufprisingly) un-
happy about Aristotle’s arguments in the whole of this scctlon;’hc quotes
the passage in the Timaeus, and refers approvingly to Ptolemy’s opinion

NOTES 261

that the stars do rotate since it is in their nature to do so (Hypoth. Planet. ii,
p- 131, of. ed. Heib., vol. ii, Claud. Ptol. Op. astron. min. - this second book
of the Planetary Hypotheses is extant only in an Arabic translation of which
Heiberg gives a German version by L. Nix) — but he throws no further
light on any actual observations of this alleged phenomenon

384 This is not stated explicitly, but seems a necessary inference from his
previous words, since he is evidently using dovpov as a general term to
denote all the celestial bodies - ¢f. 290a14-15, pévog 8¢ Sokel iy &oTpwy
6 #hog . . . Heath (Arist., p. 235) attempts a defence of Aristotle which
carries little conviction

38s This is an essential presupposition for the theory of unmoved movers
(see below), and Aristotle takes great pains in arguing against the proponents
of a plurality of worlds, the Atomists

386 «lbnp, which he derives from el Beiv, ‘always running’ (f. Plato, Crat.
410b), because it is in continual motion, criticizing Anaxagoras’ use of
the term to denote fire (De Caelo i, 3, 270b22—5; of. Meteor. i, 3, 330b22).
Yet in Phys. iv, 4, 212b21 Aristotle himself uses it as a synonym for np.
For aiffp in Homer, see above p. 30

387 1074a7-8, tobtwv 8¢ pdvag od Sei dvehyOfivar &v alc 10 kateETe
retayuévoy dépetar. Actually, as Sosigenes notes (ap. Simpl., p. 503, 28),
without discussing the point, the moon also requires counteracting spheres;
for Aristotle’s own explanation in the Meteorologica of such phenomena as
comets, shooting stars, and the Milky Way (on which see below) envisages
the outer layer of the sublunary sphere as being carried round in the same
way as the fixed stars — so that there is the same need for the motions of
the moon’s individual spheres to be cancelled out as in the cases of the
other planetary bodies (cf. Heath, Arist., p. 219)

388 1074a12-14, €l 8¢ 7§ oeMvy Te kol 16 HAle wh wpooTiBein Tic A elmop.ey
xwoeig, al nioar ododpat Ecovrart Entd e Kol TEGOUPAKOVTA,

389 107443, elg 16 adtd dmoxabicrdcag T3 Oéoet. Sosigenes spells this out —
speaking of the last of Saturn’s counteracting spheres, he says (ap. Simpl.,
p. 502, 17) cTpadhiceTar obv obTeg opotes wivovpévy Tf dmhavel, od
pévror kol Ty by EEet THe dmhavol, mepl EANovE ctpedouévy mdovg
ot 0d Tods g dmhavols — of. Pp- 498, 57

390 The same error vitiates the results of an ingenious paper by N. R.. Hanson,
‘On Counting Aristotle’s Spheres’, Scientia, 08, 1963, pp- 223-32, who
tries to prove that a ss5-sphere system cannot work, but that “The required
observations can be generated either within a system of 49 spheres, or
within one comprising 61 spheres ~ the latter being preferable from an
“Aristotelian” point of view’ (p. 223); later he suggests that either s0 or
54 or 62 or 66 spheres would suffice (p. 232)! Hanson agrees that ‘ss
spheres s all right [sic] if only we assume that each new a [the first sphere in
each set] absolutely has the motion of the fixed stars’ (p- 229), but he regards
this as incompatible with Aristotle’s ‘unified mechanically-articulated
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cosmology’. Yet this assumption does according to all our evidence
underlie Eudoxus’ original scheme (¢f. Met. A 8,1073b18-19, &v Thv pév
Tpd TNy Ty @Y dmhavdy &otpwy elvar) and Hanson rightly points out
that ‘Aristotle is explicit in adapting [sic] en bloc Eudoxus’ technique for his
own cosmology’ (p. 226). His ideas about the connections postulated
between the spheres by Aristotle go well beyond what we are entitled
to infer from Aristotle’s words, and the whole paper (which out-Aristotles
Aristotle) seems an excellent example of the dangers of forcing a spurious
scientific rigidity on the modes of ancient astronomical thought. However,
Hanson is probably more correct than he realizes in saying (p. 229) that,
if 55 spheres are insisted upon, ‘Aristotle’s entire cosmology becomes a
childish re-scaling of the Eudoxan calculation technique’ - although
‘childish’ seems unnecessarily harsh
287as5-11, especially the last sentence, dote odarpoetdig dv eln ndow’
ndvre yop &rretar kol cuvexd €Tl Tals odatputg
odpavée in all three of the senses which Aristotle defines in De Caelo.i, 9,
278b8ff. (namely, the outer circumference of the world, the celestial regions,
and the whole universe) is conceived of as ‘body’ (s@ue); of i, 3, 286a10-12
ii, 12, 203a6-8, &v mOAAaic Y&p cdatpaic H TerevTate chalpa Eviedepév
déperar, Exdatn 8 odolpx odud L TVYYEvEL v
See De Gen. et Corr. ii, 10, 336a31ff., 315 kol edy 9 mpd Ty dopd altia Eotl
yevéoews kal dBopdic, GAN 7 katd TOV AoEdv kbxdov, and the whole of
this chapter; also Meteor. i, 9, 346b21-4; i, 4, 361a12-14; ¢f. Met. A 3,
1071413, . . . donep Gvlpdmov aiTiov Th Te cTouysia . . . Kol Topd
caBTa & HArog kol & AoEdg khirog, where Ross’ note (p. 365) to the effect
that it was Hipparchus who first called the ecliptic é éxhetnricds is wrong —
the latter term is not found until Achilles Tatius in the third century Ap
(its appearance in Cleomedes, Cycl. Theor. ii, s, p. 206, 26 ed. Ziegler, is
an interpolation), whereas Hipparchus and Ptolemy always use the phrases
& Aofdc wbihog or 6 Sk péowv THY Cwdlev kdxrog (as does Aristotle
himself - sece above and A 8, 1073b19), restricting éxhetntikds to the
meaning ‘pertaining to eclipses’

305 &Mdtroug yap Ao Kal ceAfvy kwobvrar kivioels ) TGy mhavepévey

&orpwv Evia, 201b35

396 Phys. vii, 2, 243a32—4, where the mover is said to be o the moved and

&ua is defined as ‘nothing being in between them’ (871 008év Eomv adTdy
werafd) — a similar definition of dpe is given in v, 3, 226b21; of. viii, 1,
242b59-63

397 258b1o-11, dvdykn elval T &tdov 8 mpdTov Kuvet, elte By elre meto.

Later Aristotle says that it is better to envisage only one unmoved first
mover, on the principle of the economy of hypotheses (259a6-13); but,
as we shall see, he has to abandon this position with regard to the movers
of the planetary spheres

398 As Ross explains (Arist. Phys., pp. 727-28), ‘the sphere may be regarded

/
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as produced by uniform expansion from the centre, or by uniform con-
traction from the circumference’

399 Ross(Arist. Met., p. cxxxiv) says, “This, however, is an incautious expression

which should not be pressed. Aristotle’s genuine view undoubtedly is
that the prime mover is not in space’, and he cites in support De Caelo
279a18. Yet this passage does not altogether bear out Ross’ opinion.
Aristotle is explaining (279a6ff.) that there cannot be any bodily mass
outside the heavens, for the world (6 n&¢ kéopoc) is made up of all the
available matter (8An) and there is only one world; ‘outside the heaven,
there is neither place nor void nor time (0988 wémog 0d8E révov 0dBE
%p6voG Eotiv EEw ToD odpavel) . . . and therefore neither are the things
there born in place (3témep 0BT &v Témey Thicel néukev), nor does time
make them grow old, nor is there any change at all in any of the things
that are posited to lic beyond the outermost revolution (zév dmtp hy
¢EwtdTo TeTaypévay gopdv), but changeless and unaffected they continue
to lead the best and most self-sufficient life throughout all eternity’ — and
Aristotle goes on to stress the ideas of immortality and divinity which
men have always connected with the notion of eternity. Thus there are
at least conceptual entities £ 7ol 0% pavod — and what better place could
there be for the notional first mover or movers? Cf. W. Theiler in JHS
77 (1), 1957, pp. 127-31, who cites two passages in Sextus Empiricus
(Hyp. iii, 218 and Adv. Math. x, 33) for Aristotle’s view of god mépag Tob
obpavod. There is no need at all to assume ‘an incautious expression’ on
Aristotle’s part. In fact, the eternity of the whole heaven (including all
time and infinity) is described in this passage of the De Caelo in terms that
recall those applied later to the prime mover (it is ‘deathless and divine’
and the source of existence and life for all other things, 279a28-30; o
Met. A 7, 1072b14 and 28-30); the reason why the latter is not actually
mentioned by name here is presumably because Aristotle had not yet
elaborated this concept (¢f. Cherniss, Arist. Crit. Pl. and Acad., App. X,
p- 588). P. Merlan in Apeiron, Monash University, Australia, 1, 1966,
pp- 3-13, has an interesting analysis of this passage; his main thesis, that
Aristotle’s theology is basically polytheistic, is probably correct; less
convincing is his insistence that Aristotle’s views on the fifth element and
the unmoved mover or movers are self-contradictory — on this apparent
contradiction, see further above, p. 213

400 1071b20, #71 Totwuy TadTac St Thg obdoluc elvor dvey Gne didtoug yap

Oet, elmep ye wal &Aro Tu &idiov. vépyelan dpa — note the plural, which
anticipates the prime movers of the planetary spheres mentioned later;
hence the plural &vépyewo (found in two Mss) seems better than the
singular of the Oxford text (¢f Merlan, loc. cit., p. 11 note 1)

401 xwel 3¢ dg Epddpevov, 1072b3. For both desire (§pekic) and thinking

(vémoc) are types of movement in Aristotle’s view (¢f. 1072430, vobc 8¢
O7d 708 vontol kuvelra), as is explained in De Anima i, 10
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1072b26-30; of. Nic. Eth. x, 8, 1178b21-2

It is difficult to see how to reconcile this statement with the dveritrovoot
cdaipat

This is the very puzzling passage 1074a31-8 (see above, p. 195). One may
agree with Merlan (Traditio 4, 1946, p. 13) that Aristotle is arguing against
views such as those attributed to Heraclides Ponticus (Aét. i, 13, 15; Dox.
Gr., p. 343), that every star was a world by itself, with its own earth and
air; but why does he, immediately after stressing the plurality of prime
movers (and since these are 55 or 47 in number, how is it that they do not
partake of matter by Aristotle’s own reasoning?), relapse into speaking
of ‘the first unmoved mover’ (w5 mpdT0v KOy drbvyrov 8v, a37) as if it
were the only one? A possible explanation perhaps (which I have not seen
suggested elsewhere) is that Aristotle regarded the prime mover of the
outer heaven as a primum inter paria; there is only one basic principle of
celestial movement (4py) for our one, unique universe, but this principle
manifests itself in a number of independent prime movers of which the
first (activating the sphere of the fixed stars) is commonly used as the
exemplar, since the daily revolution of the heavens from east to west is
the only revolution common to all the celestial bodies. Such an explanation
(which cannot here be developed in detail) might serve to account for the
emphasis that Aristotle lays (both here and in De Caelo i, 8 and 9 — see
above, p. 199) on the idea of one world only; more than one world would
entail more than one set of unmoved movers, and more than one principle
of circular motion would be utterly incompatible with his whole philo-
sophical system

1074a38-b14, esp. b2, Beot 1 elow obror kol mepiéyet & Helov Thy Ennv
¢bow and by, 811 Beodg ovto Tac mpdTag 0dstag elvat, Betog By elpfcbut
voutoetev. If we regard a31-38 as a long parenthesis (sce above, p. 195),
the antecedent of oot will be the divine celestial bodies mentioned in a30;
but even if we do not so regard it, the lack of a specifically expressed
antecedent need not prevent its referring to the prime movers which have
been the subject of discussion (Merlan - op. cit., p. 14 — thinks of a gesture
towards the heavens when the passage was read aloud). It seems likely that
by tév deyatey kal mapmaraimy (b1) and &V mpdTwv (b14) Aristotle
means the ancient Egyptians and Babylonians (¢f. De Caelo ii, 12, 292a7-9),
who undoubtedly had an astral religion from very early times; but there
is no evidence for star gods in early Greek belief

This and the last two books (iii and iv) of De Caelo deal with the four
elements, their mutual transformations, and the general principles of the
processes of generation and decay - ¢f. H. D. P. Lee, Meteorologica, Loeb,
1952, . X

This occurrence was known to Anaxagoras, who is even supposed to have
predicted it (DK 59 A1t and 12; Diog. Laert. ii, 10), but this is simply a
picturesque inference derived from his well-known views of the celestial
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bodies as fiery stones (see above, pp. 58f. and Heath, Arist., p. 246 note 1)
This comet is mentioned three times by Aristotle (343b1; b18; 344b34),
always with the epithet ‘great’ (6 péyac). It is possible that it was an ap-
pearance of what is now known as Halley’s comet, which in its 76~ or
75-year period would have been due to appear about 370 Bc

This is a common phenomenon in naked-eye observation, and its precise
description by Aristotle confirms that he himself had experience of it.
The star in question is either 8 or € Canis maioris

If this is what is referred to in Meteor. i, 5 as Ideler, Heath, and Lee assume;
E. W. Webster (in the Oxford translation, vol. iii, 1931, ad loc.) thinks
rather of ‘phenomena of cloud coloration’ — ¢f. Lee, p. 36. The aurora is
rarely seen except in extreme northern or southern latitudes round the
earth’s north or south magnetic poles

And therefore rises and sets with the heavens — hence the moon also
should have been endowed with counteracting spheres (see note 387)

See pp. 29f. for this concept in Homer

Aristotle’s ‘explanation’ is even less convincing than usual. He seems to
regard the Milky Way as that part of the sphere of the fixed stars which
contains the greatest number of bright stars (346a17ff. - hence presumably
the appellation ‘greatest circle’); but the fixed stars form the outermost
sphere of the whole universe, and it is difficult to see how this can be
regarded as in close enough contact with the outer stratum of the
sublunary region to ignite it. Perhaps he would invoke the concept
of the counteracting planetary spheres (see above) to meet this point.
It is interesting that the text refers to a diagram (Smoypadh) and a
globe (odaipa) on which stars might be marked (346a32f.) - no doubt as
visual aids to accompany the lecture (¢f. Lee, p. 67 note b)

See pp. 84ff.

6 818 mavtdg davepds (kdrrog), 362b2 — but this, as Aristotle must have
known (¢f. De Caelo i, 14, 207b31f), properly refers to the limit of the
circumpolar stars at a particular latitude, which changes with the observer’s
locality. Poscidonius and Strabo rightly criticize Aristotle for defining a
zone by a variable circle (Str. C 95 — see GFH, p. 166). The same confusion
is apparent in the chapter on winds (ii, 6), where in the circular diagram
based on the eight commonly used reference points (namely, summer and
winter sunset and sunrise, equinoctial sunset and sunrise, and the north
and south poles - see Lee, p. 187), a chord connecting the points where
two northerly winds blow is described as ‘nearly corresponding to the
wholly visible circle, but not accurately’ () 82 7ob IK Sidperpog Bodrerar
eV katd 10V Sk mavtdg elva davbpevoy, odk drptPol 82)

This is because of his insistence that motion must start from the right,
therefore east must be the right-hand side, and the motion of the heavens
must be from right to left. However, when we face south (as in the northern
hemisphere we must in order to face the sun), the motion of the heavens
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is clearly from our left (east) to our right (west), on the normal supposition
that we are standing up with our heads in the direction of the visible north
pole; but this does not accord with the right’s being the start of the motion —
hence we have to suppose that our feet are towards the north pole and our
head towards the south, which is therefore the upper pole. This whole
chapter shows Aristotle at his least convincing in an astronomical context.
Wicksteed (Loeb Physics, pp. Ixii-Ixiii) has a good note on this passage,
and correctly points out that in terrestrial maps east is on the right, but in
celestial maps (e.g. Norton’s Star Atlas) east is on the left. For Pythagorean
views on the supremacy of the right and Plato’s connection of this with
the east, see above p. 121

417 From what we are told of Aristotle’s relations with Callippus, Met. A 8
can hardly have been written before 330 B¢ and probably later - see pp. 190
and 194

418 E.g. Met. A 9, 992a32; ¢f. his sharp criticism in De Caelo iii, 7 of Plato’s
elemental triangles as described in the Timaeus — see Solmsen, Arist. Syst.
Phys. World, 1960, pp. 259f.

419 Cf. Merlan in Traditio 4, 1046, p. 5, who draws attention to the tripartite
classification mentioned in Phys. ii, 7, 198420, whereof astronomy belongs
to the second part which is concerned with ‘things that are in motion but
are indestructible’

420 See p. 199; ¢f. Met. A 8, 1050b22, where Aristotle assures us that there is
no need to fear that the heavens will become tired!

421 E.g. ii, 6, 288a27-b7; 288b22-30; iv, 3, 311a9-12; df. i, 8, 277bo-12 and
Guthrie ad loc.

422 The controversy has centred on De Caelo i, 9, 279a33-b3; ii, 1, 284a18-b4;
ii, 3, 286a10-12; iii, 2, 300b18-22; iv, 2, 309b17-24 — all these passages have
been thought to be inconsistent with the concept of a prime mover — as
well as on the passages mentioned above. Cherniss (loc. cit.) cites most of
the relevant literature; ¢f. Moraux, p. xliii-xlv

423 For the stars do not vary their distances from each other — 288b10-12; o
289a5-7

424 287a23—4, 7 T00 obpavol dopd . . . wévn ovveydg ol duaihg wal &idiog

425 dvopadbe . . . dvoporiov: petaBddidot . . . petaPdiier; dduvoule . . .
&dbvartov (288426; 288bs; 288b21)

426 As Cherniss points out, op. cit., App. X, pp- $81-82; ¢f- Moraux, p. xlv

427 Cf. Met. © 8, 1050b21, 0dk Zott kot Shvaty Kwvodevoy &ANH mobiy mot

428 287b27-8, dvdyxn yop xel Tobto § dpyRv elvar §) elvar adTod deyhy

429 The passages cited by Ross (Met. A 4, 1070b34; 7, 1072b13; 10, 107644)
are simply general expressions of the universal influence of the prime
mover of the outer heaven to which, in a sense, everything in the celestial
regions is subject, since it is the cause of all risings and settings. As mentioned
above (note 404), Aristotle seems to use this as an exemplar or typical
prime mover
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430 The question cannot be argued in detail here, but ¢f. the views of Merlan
cited above, note 399 o

431 Cf. Moraux, p. xlii and Ixxxviii and the authorities referred to in his notes

432 This itself is incompatible with the description in i, 4 (see above, p. 203) -
air has no business to be in the celestial regions at all, and the only planetary
spheres immediately beneath which there is air are those of the moon (cf.
Meteor. i, 3 and 4; above, pp. 199; 203)

433 This is part of his argument against the Pythagorean ‘harmony of the
spheres’ .

434 291b2, Exactov yap GvridépeTar 16 0dpavd katd TOY adTob KHKAOY — this,
of course, refers to motion along the zodiac in the opposite direction (i.e.
west to east) to the daily rotation

435 Thus Saturn has the longest sidereal period (about 29 years) and the moon
the shortest (about 27} days)

436 Cf. Moraux, p. cii, ‘Les théories proprement astronomiques du 'De Caelo
ne paraissent ni trés claires ni trés cohérentes’; of. pp. cxxv-cxxvi

437 E.g. De Caelo i, 3, 286a4-7; 5, 287b31-288a2; 12, 291b25-8; 2092a14-18;
Met. A 8, 1073b13~17

438 Hence, of course, the comparative success of the Greeks in the two fields,
mathematics and astronomy, which make least use of the controlled
experiment

439 And Ptolemy was just as convinced of the divine nature of the heavens and
the celestial bodies as ever Plato and Aristotle were (of. Almag. i, 1, p. 6,
23 ed. Heib., and the famous epigram in the Palatine Anthology, ix, 577)

440 Summa Theol. i, 50, 3-4; ¢f. P. Duhem, Le systéme du monde, tom. v, 1917,

p- s39ff. .
441 See P. Wicksteed, The Reactions between Dogma and Philosophy, 1920, pp.

442 ;éj;ca]ity, we know nothing for certain of how Eudoxus or Callippus
made their observations. It is a reasonable assumption that they made use
of celestial globes and the gnomon, but we can only guess at the type of
sighting instrument they employed, if indeed they used any - it is remark-
able what can be achieved by simply using the fingers of the outstretched
arm to gauge the relative positions of celestial objects

443 Author of two extant treatises, On the Moving Sphere and On Risings and
Settings, which (with Euclid’s Phainomena) are the carliest mathematically
based works on astronomy that have come down to us — but there is no
actual mention of the theory of concentric spheres in these works



