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THALES’S PREDICTION OF A SOLAR ECLIPSE

DMITRI PANCHENKO, Academy of Sciences, St Petersburg

The prediction of a solar eclipse by Thales is one of the most celebrated events
in the history of Greek science. It astonished his contemporaries, as it has aston-
ished modern scholars. Unfortunately, we have no ancient account of the method
that facilitated Thales’s extraordinary achievement,' and all modern attempts at
the reconstruction of such a method seem to have failed. It has been argued that
any reliable prediction of a solar eclipse was impossible before the time of
Hipparchus, more than four centuries later. Moreover, the accuracy of the main
evidence for the story has been largely discredited: Thales is said to have deter-
mined the year of the eclipse (or so Herodotus’s account is usually understood),
but this is odd, for one would think that if one can predict an eclipse at all, one
can predict it to the day.

This situation legitimates the radical doubt expressed by two outstanding schol-
ars, Thomas-Henri Martin in the last century and Otto Neugebauer more recently,
that the story of the prediction is nothing but a myth.? Yet such scepticism is less
legitimate when viewed in the light of procedures used in philology: the evidence
for Thales’s prediction is too strong to be denied.? In the words of Sir Thomas
Heath, “it remains to inquire in what sense or form, and on what ground, he made
his prediction”.*

It is not only Herodotus who tells us about the prediction.’ Diogenes Laertius in
his Lives of eminent philosophers (1.23) refers to Xenophanes (21 B 19 DK) in
addition to Herodotus, as having been amazed by Thales’s achievement; and
Xenophanes lived in the same century as Thales. Diogenes Laertius also refers to
testimonies by Heraclitus (22 B 38 DK) and Democritus (68 B 115 DK). All of
Diogenes Laertius’s information seems to come from a very good source, Eudemus
of Rhodes, who is mentioned in the passage (fr. 144, Wehrli).®

It seems never to have been taken into account that Eudemus ought to have
thought Thales’s ability to predict a solar eclipse as astonishing as we do. Nobody
could safely predict a solar eclipse even in Eudemus’s own day, towards the end
of the fourth century B.C., despite the impressive progress of astronomy in the
interval. Thales’s achievement apparently remained unique for more than two hun-
dred years (see below). Besides, Eudemus’s teacher, Aristotle, regularly shows
considerable caution regarding the received information on Thales, and so it is
most unlikely that Eudemus in his History of astronomy would uncritically credit
Thales with the prediction of a solar eclipse. On the contrary, his search for addi-
tional confirmation of the story told by Herodotus reflects a critical attitude. Such a
confirmation was to be found in the writings of early philosophers such as Xenophanes
and Heraclitus, and so Eudemus accepted the story as trustworthy.
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There is much in our sources that supports the tradition indirectly. Thales was
universally famous as an astronomer. There is a hint of this fame already in
Aristophanes (see the contexts of the Clouds 180 and the Birds 1009), and an
anecdote told by Plato (Theaetetus, 174 a) has Thales watching stars. There must
have been something, then, in Thales’s involvement with celestial phenomena that
impressed the Greeks so much. What could it be, if not a prediction?’

Furthermore, the question should be asked: who could have invented the legend
of the prediction? An explanation in terms of folklore is not appropriate here, for
in order to invent a prediction of a solar eclipse, one must first accept that a solar
eclipse is a predetermined event rather than one that happens at divine command.
Ordinary people of the period would not have invented such a story, nor would
they have believed in it unless they were confident that the prediction had actually
occurred. Accordingly, the claim that the story of Thales’s prediction could have
emerged as a legend is problematic.

We have another record of the prediction of a solar eclipse long before
Hipparchus. Plutarch, in the Life of Dion, 19, ascribes such an achievement to
Helicon of Cyzicus, during Plato’s visit to Sicily. (The date of this eclipse must be
either 12 May 361 or 29 February 357.) It has to be said that, at least in the
present state of our knowledge, such an achievement was at the time impossible
for Greek science. Yet it is difficult to supply a motive for inventing the story.

The situation with Thales’s prediction as it is recorded by Herodotus is similar.
It is admittedly true that “the reliability of literary eclipses is poor in general”,?
and it is certainly true that there is an example of a fictional eclipse in the Histo-
ries, namely Herodotus’s story about the solar eclipse that occurred at the begin-
ning of the march of Xerxes’s army (7.37). But the difference between the two
accounts is evident. In the case of Xerxes’s eclipse, the motive is quite clear, “to
provide Xerxes with a celestial omen commensurate with his ambitions”.’ But in
the case of Thales, there is no such motive at all. The eclipse interrupted the battle
between the Lydians and the Medes. Thales has nothing to do with that event: he
foretold the eclipse to the lonians.!°

Perhaps there is something that is beyond our present grasp of ancient as-
tronomy.!! Perhaps there was a method that, while not permitting secure predic-
tions (for otherwise the successful ones would not be as episodic as they were),
did allow reasonable attempts to foretell the phenomena. If so, we should try to
account for Thales’s prediction without resorting to the simple solution of de-
nouncing it as fictional.

There is wide agreement about the date of Thales’s eclipse: 28 May 585 B.c.!?
For a long time there also was wide agreement about the method used by Thales
for his prediction. “The proposed solutions of the problem have very often been
sought in eclipse cycles, most notably the ‘Saros’ period of 18 years or, more
precisely, 223 lunations (about 65853 days).” Yet, to continue the quotation, “though
there are excellent cycles for lunar eclipses ... there are no such cycles or periodic
recurrences of solar eclipses for a given location on Earth”.!3
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Because these alleged solutions were regularly associated with Thales’s accecs
to Babylonian wisdom, another quotation seems appropriate. “In the early days of
classical studies one did not assume that in the sixth century B.C. a Greek philoso-
pher had at his disposal the astronomical and mathematical tools necessary to
predict a solar eclipse. But then one could invoke the astronomy of the ‘Chaldeans’
from whom Thales could have received whatever information was required. This
hazy but convenient theory collapsed in view of our present knowledge about the
chronology of Babylonian astronomy in general and the lunar theory in particular.
It is now evident that even three centuries after Thales no solar eclipse could have
been predicted to be visible in Asia Minor — in fact not even for Babylon. There
remains another vague hypothesis: the prediction by means of cycles (if need be,
again available upon request from Babylon). But unfortunately there exists no
historically manageable cycle of solar eclipses visible at a given locality....”!*

The most popular idea, of associating the prediction based on the Saros with
the eclipse of 28 May 585, was especially misleading. The fact is that the solar
eclipse of 18 May 603, the predecessor of the alleged ‘Thales’s eclipse’ in the
Saros, itself had no predecessor in the Saros that was observable in the Mediterra-
nean or the Near East. Who would have predicted that a solar eclipse must happen
18 years later if there was no eclipse 18 years earlier?

The most sophisticated attempt known to me, to discover which cycle Thales
could have used, was undertaken by Willy Hartner.'® His study is interesting and
useful. Yet, on the one hand, Hartner postulates in an arbitrary way the existence
of systematic observational data recorded in Miletus for decades before Thales’s
birth, and credits Thales with too much knowledge about too many cycles; while
on the other hand, Hartner’s train of thought implies no reason why Thales should
have chosen one cycle rather than another. Hartner’s Thales would hardly have
dared to predict an eclipse.!® Similarly, the explanation cautiously promoted by
B. L. van der Waerden'’ leaves Thales with too little conviction to risk making his
prediction public.'®

Thus the reasons for doubting the plausibility of the prediction appear to be as
strong as the evidence for it. It may be that there is the possibility of a satisfactory
compromise in developing Martin’s train of thought. He suggested that Thales
explained to his compatriots that an eclipse occurs when the moon passes in front
of the sun and declared that they would probably see this natural event again in a
number of years."”

I believe that something of this kind did indeed take place. But this could hardly
be sufficient to arouse the admiration and astonishment of the Greeks. On the one
hand, nobody would have been sure that Thales’s explanation of the eclipse was
correct. On the other hand, in other epochs a prediction of the future recurrence of
eclipses would have made a strong impression, since a significant solar eclipse is
usually a rare event in a given area; but astronomical data suggest that several im-
pressive solar eclipses were observable by the Greeks in the middle of the seventh
century B.C., and also during Thales’s lifetime.?® Consequently, in this particular
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epoch it was unlikely that anyone would acquire fame by predicting merely that
an eclipse would be seen again in the future. This consideration brings us to the
same conclusion as does Herodotus’s account: in order to gain wide recognition
Thales had to have predicted the date, whatever it may be, of a solar eclipse.

But actually there is no need for a compromise that eliminates a prediction in
the strict sense. I think it is possible to provide a concrete explanation of how
Thales predicted the solar eclipse.

We should probably start with the circumstances surrounding the prediction.
Scholars have displayed no interest in this question, apparently assuming that it
was of no relevance. But how can we imagine the context of Thales’s extraordi-
nary public statement, and where does it fit into the public life of the Greeks? We
have to remember that a sudden statement of the kind we are talking about could
make a man look ridiculous or arrogant. So we must look for a situation in which
such an initiative would be plausible or urgently necessary.

The general public usually shows no special interest in celestial phenomena.
Their interest is aroused when an extraordinary celestial event affects people’s
emotions. We frequently read in ancient authors about the panic caused by
eclipses.?! The solar eclipse of 28 May 585 was, no doubt, an extraordinary event.
The usual reaction of the ancients to such an event was fear that it was a bad
omen. The Greeks of Ionia and culturally-related areas were not unduly supersti-
tious in that epoch, but occultations of the sun followed one after another. The
eclipse of 29 July 588 must have been quite conspicuous, though probably not
very frightening, for it reached maximum occultation (0.836 of the diameter) half
an hour before sunset. Seventeen months later, on 14 December 587, came an-
other solar eclipse, also conspicuous (0.835) if the weather was not overcast. And
then, after a further eighteen months, there occurred an eclipse that was close to
total (0.905 in Miletus, and of greater magnitude everywhere in Ionia, because the
path of centrality crossed northern Anatolia, and Miletus was the most southern
city of Ionia).?? If Thales had something to say in order to assuage the fear of the
Ionians, that was the time to say it. Suppose, then, that soon after the eclipse of 28
May 585 he declared to the Ionians that there was no reason for fear and anxiety
— for a solar eclipse was no omen at all, it was a natural event that happened from
time to time, and he even knew when it would occur again.

If Thales predicted an eclipse “to the Ionians”, as Herodotus says, it must have
taken place at the Pan-Ionian festival (¢f. Herodotus 1.170). Great festivals in the
Greek world were usually celebrated during the summer, once every four years.
Now, what we read in Herodotus is that Thales, while predicting a solar eclipse,
“set as its limit this year in which the change actually occurred” (oOpov
TPOOELEVOG EVIOVTOV TOVTOV, €V 1@ &M Koi £yéveto 1 petafoArn). According
to the standard interpretation, this means that Thales predicted the year of the
eclipse. But this interpretation misses an important point. A reference to the
“limit” implies the notion “not later than”. Thus either the end of the current year
was intended (i.e., the year in which prediction was made) or the end of a series of
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years. The latter is obviously more plausible, because the expression of the former
idea would require a more precise formulation.

The number of years specified by Thales was four. What he said was some-
thing like this: “You will see a solar eclipse again before our next festival.”
Perhaps, he added: “or, at least, you will hear about one.”

His prediction came true! Towards the end of the term established by Thales a
solar eclipse did happen, in fact two. These were the eclipses of 21 September
582 and 16 March 581. The Greek year began in summer, some time after sum-
mer solstice, and so both eclipses fell on the same year, 582/581, from the Greek
point of view. According to the calendar system that was in use in Athens and
therefore was largely accepted among Greek writers, the year 582/581 was the
year of the archonship of Damasias. A testimony that goes back to a good source
informs us that this year was marked for Thales by a public recognition of his
prominence: “he became the first to receive the name of Sage.”> Now we know
why.

So what was Thales’s method?

I assume that Thales had indeed some acquaintance with Mesopotamian as-
tronomy and was familiar with the notion of eclipse cycles. We do not hear about
any Greek astronomer earlier than Thales. It is more than likely that the originator
of astronomy among the Greeks would have received the very notion of such a
human enterprise from elsewhere. I do not mean that Thales knew a Mesopota-
mian expert with astronomical diaries to hand or that he took a graduate course
in Babylon. No early source credits Thales with the prediction of lunar eclipses,
in which the Assyro-Babylonian contemporaries of the Milesian were skilled.
Thales received instead some general information, including the notion that there
are a number of typical intervals between eclipses, both lunar and solar, with
some examples of such intervals.

Scholars, while discussing the availability to Thales of Mesopotamian astro-
nomical knowledge, underestimate the fact that Thales lived in a very particular
epoch. After being under pressure for a long time from the Babylonians and the
Medes, the Assyrian kingdom was not merely defeated but virtually ruined
(626—609 B.C.). Major cities of Assyria ceased to exist. Many people working
for the Assyrian kings lost their means of subsistence. Some of them would
surely have chosen to emigrate — either to the cities of Phoenicia and Palestine,
where they could find a language and culture similar to their own, or to the court
of the pharaoh, the enemy of Babylon, the new super-power.?* Skilful interpreters
of celestial signs given by the gods were everywhere welcome.

On the other hand, an intense power struggle between Egypt and Babylon at-
tracted many Greeks as mercenaries. This was, it seems, the epoch of especially
close contacts between the Greeks (the Ionians particularly) and Egypt. As a re-
spectable Greek from the most important Ionian city, Miletus, Thales could easily
have met at the court of the Pharaoh Necho (610-595 B.c.) various people from
Assyria or Phoenicia. In short, Thales lived in an epoch that was especially
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TaBLE 1. Major solar eclipses observable at Nineveh, 689—635 B.c., with their predecessors
in the exeligmos.

No. Date Magn. Time Date Magn.  Time
1 689 Jan 11 0.83 12.22 744 Dec 9 0.80 11.58
2 679 Jun 17 0.68 07.41 733 May 15 0.22 13.12
3 662 Jan 12 0.97 16.81 717 Dec 10 0.56 16.10#
4 661 Jun 27 0.93 16.75 — — —
5 657 Apr 15 0.84 11.09 711 Mar 14  0.66 11.78
6 651 Jun 7 0.72 12.50 705 May 5 0.46 18.76
7 650 Feb 21 0.93 16.07 704 Oct 19 0.86 13.54
8 648 Apr 6 0.77 11.33 702 Mar S 0.68* 11.66
9 641 Nov 11 0.86 10.53 695 Oct 10 0.36 09.07
10 637 Aug 29 0.61 18.18 691 Jul 28 0.53 18.35
11 636 Aug 19 0.67 08.68 690 Jul 18 0.29 09.38
12 635 Feb 12 0.88 11.38 689 Jan 11 0.83 12.22

# Sunset at 16.87; magnitude for Babylon was 0.64.
* 0.78 in Babylon.

conducive to the spread of astronomical knowledge from Mesopotamia to Ionia.

I also assume that Thales carried out his own observations of celestial phe-
nomena, for we have evidence from many sources, including the best, that Thales
dealt with the course of the sun, the solstices, the seasons, and the calendar, none
of which was likely to be the subject of legends.

Now I assert that two different sets of facts, which could have been available to
him, would have allowed Thales to venture a prediction of a solar eclipse for the
year 582/581 B.C.

A solar eclipse could have been predicted for the year 582/581 on the basis of
the exeligmos, i.e. the eclipse period of 669 lunations or 54 Julian years and 1
month, which is “by far the best of all periods of less than ca. 100 years”.?

The fact is that the eclipse of 16 March 581 had three consecutive predecessors
in the exeligmos, all within the period of regular records carried on in Mesopota-
mia: 12 February 635 (magnitude 0.88 in Nineveh); 11 January 689 (0.83 in
Nineveh); and 9 December 744 (0.80 in Nineveh, 0.75 in Babylon).26 According
to Ptolemy (Almagest, IV.2, p. 269 Heiberg), the exeligmos was known since
quite an early epoch, though he does not specify this epoch more precisely and
mentions the exeligmos as a lunar period, in a larger context than that confined to
the prediction of eclipses (similarly Geminus, Isagoge, 18). There is no reason to
assume that the exeligmos was discovered before 635 B.C., but it is very possible
that the eclipse of 12 February 635 would have led an astronomer to notice the
double repetition of an interval of 54 years. This eclipse was the last of four con-
secutive eclipses observable in Mesopotamia within less than six years and it was
followed by what was, for the epoch in question, an unusually large gap: no sig-
nificant solar eclipse took place for more than twenty-five years. Such a situation
could have suggested a search for periods of larger scale. It is possible that a
period of 27 years was first noticed, as illustrated by the following series:
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TABLE 2. Solar eclipses observable in Miletus, 610-581 B.c.3!

No. Date Lunations Maximum Hour of max.
elapsed since phase in phase, true
last eclipse digits time, Miletus

1 610 Sep 30 317 7.6 11.20
2 608 Feb 13 17 8.8 15.32
3 607 Jul 30 18 7.4 09.44
4 603 May 18 47 5.8 08.00
5 597 Jul 9 76 8.4 05.12
6 596 Jun 28 12 4.2 10.48
7 596 Dec 23 6 8.3 16.12
8 594 May 9 23 5.4 08.28
9 588 Jul 29 77 10.0 18.40*
10 587 Decl4 17 10.0 10.11
11 585 May 28 18 10.9 18.13*
12 584 May 18 12 4.8 06.44
13 583 Oct 1 17 8.5 17.52#
14 582 Sep 21 12 10.2 07.41
15 581 Mar 16 6 6.6 07.16

*sunset at 19.14.
* sunset at 19.00.
#sunset at 17.55; the part eclipsed was setting at the moment of maximum occultation.

9 Dec.744
10 Dec.717
11 Jan. 689
12 Jan. 662

: 2 Feb. 635

A large gap after the eclipse of 2 February 635 might have suggested consider-
ing a period of 54 (twice 27) years as safer than the previous one of 27 years.?’

The astronomer who noted that the eclipse of 2 February 635 had had two
predecessors in the 54-years interval, would naturally have searched for other
eclipses separated by the same interval. Unfortunately, it is difficult to say how
many examples he would have found because we do not know precisely what data
were available to him and because there is no definite answer to the question as to
what magnitude a solar eclipse must have in order to be noticed. It seems there
is general agreement that 0.75 is enough when the sun is high and that 0.5 or even
less will suffice for the sun close to the horizon.?® Table 1 lists the major solar
eclipses observable in Nineveh in the seventh century B.C. with their predecessors
in the exeligmos.”

Nos. 1 and 12 having already been mentioned, the table reveals only one fur-
ther clear case: no. 7. But even this would have been enough to make the regu-
larity of 54 years worth further testing. On the basis of no. 7, a solar eclipse
should have been expected in 596 B.c. This crucial test would probably have dis-
appointed an observer in Egypt or Phoenicia, and almost certainly those in Babylon,
but not an observer in Miletus. The eclipse of 23 December 596 began there
about 15.00 and reached its maximum at 16.12 (sunset at 16.50). Provided that
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the altitude of the sun during eclipse was low, the magnitude of this eclipse, 0.69,
was quite enough to attract attention.’® The eclipse was even more conspicuous
for the Greeks living in Athens or in Milesian colonies on the Black Sea coast.

Suppose Thales’s teacher knew of other examples of the recurrence of solar
eclipses in the exeligmos (see Table 1), so that certain other eclipses would also
have been expected. A table of solar eclipses observable in Miletus (see Table 2)
suggests that in no case would such expectations would remained unfulfilled!

It can be seen that, by a remarkable coincidence, prior to the summer of 585
B.C., all possible expectations of a solar eclipse based on the recurrence of eclipses
in the exeligmos (Table 1, nos. 3, 5, 6, 8 and 9, plus no. 7 already discussed)
would have been fulfilled (Table 2, nos. 2, 4, 5, 8, 10 and 7, respectively). If
such expectations were confined to no. 7 alone, the repetition of the interval of
54 years between solar eclipses of his own time and those that had happened
half-a-century earlier should still have impressed Thales.*> The 27-year cycle could
have been noted for nos. 1 and 2 (¢f nos. 10 and 12 in Table 2). Moreover, the
eclipse of 13 February 608 might have suggested the reliability of the particular
27-year cycle: 744-717 (Dec.)—-689 (Jan.)—662—-635—-608.

The conclusions that Thales would have drawn from the occurrence of solar
eclipses in his own time, between 30 September 610 and 28 May 585, might have
been as follows:

(1) if there is a solar eclipse in a given year, it is likely that another will
happen 54 years later; the recurrence of an eclipse in 27 years is also likely;

(2) if there is a solar eclipse in a given year and there was also a solar eclipse 54
years earlier, there should be another one 54 years later;

(3) some solar eclipses have no predecessors 54 or 27 years earlier (this was
true, in particular, of the most conspicuous eclipses of the period, nos. 9 and 11).

It followed that a solar eclipse should have happened in the year 582/581 as a
continuation of the series: 744/743 — 690/689 — 636/635; a long series of eclipses
separated bv 27-year intervals suggested the same date (probably, and more pre-
cisely, March 581). But there was also a possibility of another solar eclipse (or
even eclipses) before this date. This means that, when making his prediction of a
forthcoming eclipse soon after May 585, Thales should have defined the interval
exactly in the manner stated by Herodotus: no later than the year indicated.

Why did Thales indicate the year and not the exact date? First of all, it is
uncertain whether an exact or only an approximate value of the exeligmos (669
lunations and 54 years respectively) has been discovered by that time. The calen-
dar year in Mesopotamia was composed of lunar months.

Since the lunar year was about eleven days shorter than the solar year, it was
necessary at intervals to intercalate a thirteenth month, either a second Ululu
(the sixth month) or a second Addaru (the twelfth month) in order that New
Year’s Day, Nisanu should not fall much before the spring of the year (late
March and early April). It may have been in the reign of Nabonassar, 747 B.c.
that Babylonian astronomers began to recognize ... that seven lunar months
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must be intercalated over each nineteen-year period. The specific years in
which the intercalations were to be made, however, and whether they should
be second Addarus or second Ululus remained to be determined empirically
— a process which lasted some centuries.*?

This means that a Mesopotamian astronomer of the seventh century B.c. was un-
able to establish with certainty the number of lunations between two events sepa-
rated by many years, unless he had the enthusiasm and the opportunity to undertake
an archive research in order to determine which years were those with additional
months.

Yet whether Thales knew the approximate or the exact value of the exeligmos,
he would have expressed his prediction in terms of years in both cases. For it is
not necessary that he had an exact date for the eclipse of 12 February 635. If he
had it, the difficulty remained that the Greek calendar also employed intercalatory
months and it would not have been easy to establish how many months had been
intercalated since 635. And even if Thales had managed to calculate all that, he
would still have been unable to name the exact date of an event expected in a
number of years, for it remained uncertain which years would have an
intercalatory month: this was after all in the hands of the authorities. Moreover,
the two consecutive eclipses, those of 19 August 636 and 12 February 635, fell in
the same year in terms of either the Greek or the Mesopotamian calendar.** Could
Thales be certain which of the two had predecessors in the exeligmos? So it was
only natural, not to say inevitable, for Thales to formulate his prediction in terms
of years. The very detail of Herodotus’s account that arose suspicion shows in
fact the reliability of what he says.

Thales therefore could venture a prediction on the basis of the recurrence of
solar eclipses at 54-year intervals; such a prediction must have been made for the
year 582/581 B.c., which perfectly fits Herodotus’s testimony as well as inde-
pendent data for the year of Thales’s public recognition.

Yet there was in fact another possible method of prediction. It too implies that
Thales managed to learn, ultimately from a Mesopotamian source, that eclipses
occur after certain intervals of time. However, these intervals vary (6, 41, 47, 223
lunations, etc.), and it is difficult to discover a clear pattern. For a person like
Thales, this might have been enough to cause him to pay attention to the intervals
between eclipses. What he would have found can be seen from the data presented
in Table 2. It follows that the eclipse of 28 May 585 was separated from the two
previous eclipses by intervals of 18 and 17 lunations respectively. But this se-
quence had taken place once before! The eclipse of 30 July 607 was also sepa-
rated by intervals of 18 and 17 lunations from the two preceding eclipses (cf- nos.
1-3 and 9-11 in Table 2). Thales therefore could have discovered that not only
one interval previously encountered had been repeated, but a series of two inter-
vals between consecutive eclipses. Such a ‘regularity’ might have allowed him to
venture a prediction. There were 47 lunations between the earlier sequence and
the subsequent eclipse (no. 4). Thales might have concluded that there apparently
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would be the same number of lunations between the later sequence and the forth-
coming eclipse.*

If so, a solar eclipse foreseen by Thales was that of 16 March 581. Because of
the difficulty of naming the exact date (related to the peculiarity of the calendar
explained above), and because he could see that there are several cycles in the
occurrence of eclipses, so that some other cycle may intervene to cause a ‘prema-
ture’ eclipse, Thales may well have given a broad formulation of the term, some-
thing like “not later than within four years” or “not later than the fourth year”. An
impressive solar eclipse that happened six months earlier than the expected one,
that of 21 September 582, fell in the same year, which made Thales’s prediction
seem more exact than it actually was.?’

We see that both possible methods of prediction point to the same two eclipses.
It may be that both methods were actually used by Thales.

Which of the two eclipses was it that brought fame to Thales? Though it is
wrong to assert that 16 March is ruled out because of the season® (military cam-
paigns happened occasionally at any time, and certainly in March?), the eclipse of
21 September 582 is clearly the preferable of the two, both from this point of view
and because it was of greater magnitude and was the first to occur in the year in
question. It is not impossible that the solar eclipse predicted by Thales and the
eclipse battle happened on different days, and were later linked to make a better
story. But this would be an arbitrary assumption. Moreover, it is very likely that
Greeks participated in the battle as mercenaries or as Lydian allies,* enabling
some of them to hear of Thales’s prediction. This being so, the eclipse battle
should now be associated with the date of 21 September 582.*! As to the year
585, this was most likely the year of the prediction,*? but not the year predicted:
no way of predicting a solar eclipse for 28 May 585 has been discovered so far.

It is easy to see why, for centuries, an achievement such as Thales’s remained
rare (or even unique). The coincidence of two series of lunations between con-
secutive eclipses was exceptional, as was the success of a prediction based on
such a coincidence. As to prediction on the basis of the exeligmos, even if Thales
revealed his secret to his disciples, further observations would have shown that
the method was far from satisfactory. Most expectations based on it must have
been disappointed, either absolutely or (more usually) in the sense that the antici-
pated eclipses were of too small a magnitude to be appropriate for a prediction
addressed to the general public.® Thales had the advantage (fully recognized by
him, as it seems) that at least two eclipses were likely for the period he was indi-
cating. Two were expected for the year 582/581 on the basis of both 54-year
intervals and a particular series of 27-year intervals, but a third was likely for the
autumn of 583 as following the eclipses of 29 August 637 and 30 September 610
in a 27-year cycle. All this reduced the risk and made it likely that at least one of
the following eclipses would be sufficiently impressive.

The interpretation I suggest therefore seems to harmonize the astronomical
data and the historical evidence. It explains at once several facts such as
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Herodotus’s mode of expression and the public recognition of Thales’s wisdom in
the archonship of Damasias (582/581 B.cC.). It depends only on the extent of Thales’s
acquaintance with Eastern astronomy, the plausibility of which is undeniable. It
also makes clear why Thales’s prediction of a solar eclipse remained unique for a
long time.

This interpretation makes peace between classical philology and history of sci-
ence: both were correct. The evidence for Thales’s prediction is sound, and now
the historicity of the story is strongly confirmed. Moreover, Thales achievement
was not merely a chance prediction. And yet it still called for good luck.
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Calculated by Marina V. Lukasheva, Institute of Theoretical Astronomy, Russian Academy of
Sciences, St Petersburg.
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participated in the war between Astyages and Alyattes. (We are told, by the way, that Alcaeus
praised Thales in one of his poems — 11 A 11 a DK.)

41. According to the calculations by Marina V. Lukasheva, the maximum magnitude of this eclipse was
0.75 at 08.18 for 39°N, 35°E (in the vicinity of ancient Hattusa). Such an eclipse, given the low
altitude ofthe sun in the morning, must have been quite impressive, at least as an omen. However,
Herodotus’s account of the war between the Lydians and the Medes suggests that the battle
took place somewhere to the south or southeast of Hattusa, because we are told that the war
was carried on with equal fortune on both sides and that the kings of Babylonia and Cilicia
mediated in making peace. The magnitude of the eclipse for a plausible place of the battle must
then have been c. 0.80; the brightest planets, and even stars, could be seen. In any case, one
should not give undue weight to the Herodotean expression, “the day suddenly became night”.
In contrast to his account of the prediction, Herodotus gives no real detail about the phenomenon

* (or about the battle). The artistic image he uses fits, strictly speaking, no reality at all; it is just
a topical expression (¢f. Demandt, op. cit. (ref. 9), 10ff) repeated almost word for word when
Herodotus refers to the fictional eclipse at the beginning of Xerxes’s army’s march (7.37).
Moreover a characteristic indication that is present in the latter case, that “the sun disappeared”,
is lacking in the former. It is worth noting, indeed, that Herodotus makes Thales predict “the
alteration of the day” and not “the disappearance of the sun” (which is the original meaning of
what became later a technical term, &xleuyic). It seems that Thales consciously avoided limiting
his prediction to a total eclipse.

42. One should consider the possibility that Pliny’s testimony, usually understood as referring to the date
of'the eclipse, could in fact record the date of the prediction. Pliny, Natural history, 2.53: “apud
Graecos investigavit primum omnium Thales Milesius olympiadis XL VIII anno quarto praedicto
solis defectu qui Alyatte rege factus est urbis conditae CLXX.”

43. See the data in Ginzel’s Spezieller Kanon (ref. 13). I give just two examples. The eclipse of 21
September 582 had a successor in the exeligmos, but its magnitude was 4.2 digits in Athens
(Ginzel), with the sun quite high above the horizon; 0.10 in Hattusa (Kudleck and Mickler).
The eclipse that happened on 18 April 527, the successor in the exeligmos of that of 16 March
581, was central in southern Indian and China and of negligible magnitude, if any, in Ionia (0.16
in Hattusa). As to Helicon’s prediction, if he predicted the eclipse of 29 February 357 (which
fits perfectly the existing evidence) and not that of 12 May 361 (which is now generally assumed
without any real support from the evidence), then his prediction could be based on the recurrences
of solar eclipses in the exeligmos. A note on this is in preparation.
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