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Our best source of dated astronomical observations that were known

to the Greeks in antiquity is Ptolemy’s Almagest (ca. AD 150) and, in

the time before Hipparchus in the middle of the 2nd century BC,

Ptolemy records 35 such observations, some Babylonian and some

Greek.' Of the Babylonian data, Ptolemy reports 7 lunar eclipses

observed in Babylon and dated according to regnal years of Babylo-

nian kings (from —720 to —490); one of these, the lunar eclipse of 19

Nov. —501, is also preserved in a Babylonian text.? Another set of 3

lunar eclipse observations from Babylon in —382/—381, is dated in the

Athenian calendar, i.e.,-by Athenian month names in a year named

after the archon of Athens, as well as in the Egyptian civil calendar

[Almagest iv.11]. This raises one of many questions concerning these

observations, Why should Babylonian observations be dated in the

Athenian calendar?

Two of the Greek observational reports may be misleading. As we

have argued elsewhere, the summer solstice ‘observation’ of Meton in

—431 was probably intended to fix an alignment rather than to estab-

lish a calendar [see Bowen and Goldstein 1988, 71-77]. Similarly, we

suspect that the ‘observation’ of summer solstice by ‘Aristarchans’ in

-279 [Almagest iii.1] represents some sort of calculation, but that

claim deserves separate treatment.’ Thus, in our view, the first set of
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Early Hellenistic Astronomy 273

dated observations by a Greek astronomer are those by Timocharis in

Alexandria beginning in —294 and ending in —271: the first 4 report

lunar occultations of fixed stars and the last reports the position of

Venus.“ (Little more is known of Timocharis than that he flourished in

Alexandria during the first half of the 3rd century, and that he is the

only Greek in the period before Hipparchus who is credited with more

than 1 observation.)

The first four of Timocharis’ observations are dated according to a

day in an Athenian month and a year in the ‘First Callippic Period

(neptodog)’,’ a lunisolar calendar of 76 years, whose epoch is summer

solstice in —329 or a day or two later with the appearance of the new

Moon. Again the corresponding Egyptian dates are also given. The

last two observations, however, are given only in the Egyptian civil

calendar with regnal years of Ptolemy Philadelphus. No further obser-

vations are reported in either the Athenian calendar or in the First

Callippic Period, though there are observations reported in the A/-

magest to begin in —200 and dated in the Second and Third Callippic

Periods with Egyptian months only. Again we have puzzles: Why are

(only) some of Timocharis’ observations dated in an Athenian calen-

dar though he was in Alexandria?, and What is the significance of the

epoch of —329 for the First Callippic Calendar? We might also add,

What is the reason for making careful observations of lunar occulta-

tions, phenomena for which there is no evidence of previous Greek

interest?!

In this paper we will focus on the following topics: (1) the relation-

ship of Timochans’ observations to Babylonian observational activity,

(2) the problem of the transmission of Babylonian astronomy to

Timocharis, (3) the distinction between calendars and calendrical

cycles, and (4) the relationship of dates in the First Callippic Calendar

to the Macedonian and Egyptian calendars.”

It may be helpful at this point to summarize our conclusions to serve

as a guide through the maze of data to be presented. Timocharis was a

Greek in Alexandria in the early 3rd century BC who learned of

observational activity in Babylon and was inspired by it to make his

own astronomical observations. So far as we can tell, there 1s, un-

fortunately, no evidence to indicate the theoretical framework in

which he worked, and no evidence that he intended to use his observa-

tions to create or modify astronomical theories. Timocharis’ observa-
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274 B.R. Goldstein & A.C. Bowen

tions are given in years of the First Callippic Calendar whose epoch is

29 June —329, that is, the first new Moon (computed from what we

call ‘Parker’s scheme’) following summer solstice in the year in which

Alexander assumed the title of Great King. The calendar used for

these observations, which we call the First Callippic Calendar, was

lunar in the sense that the year began on the first new Moon after

summer solstice and contained either 12 or 13 months. Moreover, the

intercalary months were determined according to the Callippic cycle

of 76 - 365'/, days, the day began at sunset, and the lunar month was

given an Athenian month name. We will argue that this calendar may

not have been used in the original reports; indeed, it may have been

invented later in the 3rd century and applied retrospectively to these

observations.

I

To solve some of the questions raised here, we must first turn to

Mesopotamia where we know of astronomical activity including ob-

servations long before Timocharis. There remains the difficulty of

accounting for transmission, but some clues can be found that may

serve to delimit the date of transmission and its character.* Our

immediate goal, then, will be to compare Timocharis’ observations

with similar ones from Babylon.

Let us begin with the first observation ascribed to Timochanis,

reported in Almagest vii.3 [trans. Toomer 1984, 337]:

Again, Timocharis, who observed in Alexandria, says that in the 36th year of the First

Kallippic Cycle,’ on Poseidon 25, which is Phaophi 16, at the beginning of the tenth

hour, the moon appeared to occult the northernmost of the stars in the forehead of

Scorpius!® very precisely with its northern rim.

The occurrence of an occultation on the night of 20/21 Dec. —294 is

confirmed by modern computation, and this date corresponds exactly

to the date given in the Egyptian calendar. Note that the time of night

is given in hours (@eat): these are in fact seasonal hours such that the

daytime is divided into 12 equal divisions from sunnise to sunset (the

diurnal seasonal hours) and the night into 12 equal divisions from

sunset to sunrise (the nocturnal seasonal hours). Though some have
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claimed that seasonal hours were known in the Greek world prior to

the time of this observation,'' we are convinced that Timocharis’ use

of Mea is the earliest attested example of this meaning of a word which

had the relevant sense of ‘portion of the year’ or ‘season’ in earlier

Greek. It is also worth noting that no unit for measuring distances is

given, and that this is consistent with the claim that degrees (i.e., a

division of the circle into 360 equal parts) were not introduced in

Greek until early in the second century BC as attested by Hypsicles.””

We will return to the question of the date formula later.

In contrast to the few dated observations preserved in Greek, we

have an entire corpus of Babylonian observations that stretch from the

7th century BC to the 1st century BC, known in modern times as the

Astronomical Diaries. This is only one of many genres of Babylonian

astronomical texts, but the decisive one for us in this context. These

diaries contain observations of the Moon, planets, stars, eclipses, as

well as information about the weather and historical events of various

kinds. This series of observations is thought to go back to Nabonassar

in the 8th century BC," and constitutes the longest series of contin-

uous astronomical observations from one place known to us. (Con-

trast the Greenwich Observatory that recently celebrated its 300th

anniversary.) Let us consider an excerpt from a Babylonian diary for

—289:5

Month I{II}, the Ist (of which followed the 30th of the preceding month), sunset to

moonset: 22°;!5 the moon was [nn cubilts in front of Mercury. Night of the 2nd, beginning

of the night, the moon was 1*/, cubits in front of Venus. [Night of the 3rd], beginning of

the night, a Leonis entered the moon. Night of the 4th, be[ginning of the night, ...] when

Saturn entered the [northern’] horn of the moon.

The diaries are arranged in sections by month in the Babylonian

calendar. The entries for a month begin with a statement concerning

the new lunar crescent — whether the preceding month was 29 or 30

days, and the time interval from sunset to moonset measured in time

degrees (where 360 time degrees equals our 24 hour day). Distances

between celestial bodies are usually measured in cubits (where 1 cubit

is most often 2°)."’ Finally, we note that the Moon occulted the star

Regulus (= a Leo) on the 3rd night of the month and Saturn on the

4th night of the month.

It would appear, then, that the report of Timochans’ observation is
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in the style of a Babylonian observation in a diary; yet the mode of

expression is different and no report of Timocharis includes a unit of

angular measure. Further, the Timocharis reports use seasonal hours

whereas the diaries generally give the time of an event in time de-

grees. Nevertheless, seasonal hours are attested in other Babylonian

texts of the Achaemenid and Seleucid periods, notably the horo-

scopes.'* Though it has often been assumed that seasonal hours ar-

rived in the Greek world on analogy with Egyptian usage,'” we see no

reason to prefer an Egyptian ongin for Timochans’ use of seasonal

hours to a Babylonian one.”

II

We assume that the similarities between the observational reports

ascribed to Timocharis and the Babylonian astronomical diaries”! are

not fortuitous, because dated astronomical observations are absent in

the antecedent Greek scientific literature as is the interest in lunar

occultations and planetary positions. Thus, we are faced with the

problem of accounting for transmission, a problem that would be

solved if it could be shown that Timochans were a Babylonian who

moved to Alexandria (the name, however, suggests a family origin in

Rhodes” and there is no testimony tying him to Babylon). In any

event, to account for transmission we could posit either an astrono-

mically trained scholar who left Babylon, or a Greek who spent time

in Babylon, gained access to Babylonian astronomical lore there, and

then passed it on to someone in Alexandria - all this to take place

between Alexander's recognition as sovereign of Babylon in —330 and

Timocharis’ first observation some 36 years later. But in fact there is

no candidate for the role of intermediary at that time, though Beros-

sus has often been suggested.” We are not helped much by positing

that the general idea was transmitted without any details, because we

are just as ignorant of the path of transmission from Babylon to

Alexandria as we were of the identity of an agent. In sum, there is

reason to suppose Babylonian influence on the nature of Timocharis’

project, but we cannot specify exactly what was transmitted or how it

reached him.
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III

We come now to the calendrical information in Timocharis’ observa-

tions. First we must distinguish calendars from calendrical cycles. A

calendrical cycle is a period of time such that a certain number of years

is set equal to a certain number of months and frequently to a certain

number of days. For example, the Metonic cycle is a period of 19 years

set equal to 235 months and 6940 days.* On the other hand, a

calendar has an epoch (or starting point) from which the years are

counted, a day that marks the beginning of the year, a definition of the

beginning of the month, and a definition of the beginning of the day,

as well as an intercalation scheme or an observational decision proce-

dure (for determining the number of months in a particular year) and

a calendrical cycle. If most of the elements of 2 calendars agree, we

shall call each of them a variant of that calendar. So, for example,

there is a Julian calendar in which 1 Jan. is taken as the beginning of

the year and a Julian calendar in which 1 Mar. is taken as the

beginning of the year; these are distinguished as the Julian calendar

new style and the Julian calendar old style.

The calendars used for astronomical! observations in the 3rd century

BC use Athenian, Babylonian, Macedonian, and Egyptian month

names.” The best example of a calendar which has all the necessary

components is the Seleucid Era (S.E.) used by the Babylonian astron-

omers. It is based on a 19-year cycle in which 7 intercalary months are

inserted according to a fixed rule; its epoch is 1 Nisan S.E. 1 (= 2/3

April —310, i.e., the beginning of the first regnal year of Seleucus I),

the year consists of either 12 or 13 lunar months; the beginning of the

month is defined by the visibility of the new lunar crescent, and the

day begins at sunset.

For the Egyptians, the civil calendar is defined such that a year

consists of 12 months of 30 days followed by 5 epagomenal days; its

epoch is 1 Thoth of the year taken to be the beginning of the first

regnal year of the current ruler,?’ and the day begins at sunrise. This

seems fairly straightforward, but we have 2 cases in the 3rd century

BC where an Egyptian ruler decided to change the numbering of his

regnal years giving the impression that his reign began at an earlier

time. We will consider these as variants of the Egyptian civil calendar.

There was also an Egyptian lunar calendar which used the same
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epoch, the same definition of the year, and the same definition of the

day, but which introduced lunar months in a 25-year cycle such that 25

Egyptian years equal 309 months or 9125 days. In this calendar there

are sometimes 12 and sometimes 13 new Moons in an Egyptian year of

365 days.” According to Parker, day 1 of the Egyptian lunar month

was defined as the day following last visibility of the old Moon (called

by Parker ‘the first day of invisibility’) and day 2 of the Egyptian lunar

month was defined as New Crescent Day.” On the basis of a late

demotic papyrus, Parker reconstructed a fixed scheme for determin-

ing day 1 of each lunar month (henceforth, ‘Parker’s scheme’), and

he argued that the starting point was 1 Thoth in the year correspond-

ing to 357 BC such that the first day of that year was the first day of an

Egyptian civil month as well as an Egyptian lunar month. Since there

is no direct evidence for starting the Egyptian lunar calendar in that

year, Parker conceded that 1 Thoth in an Egyptian year exactly n - 25

years before or after 357 BC would work equally well (though he

preferred to limit the values for n to 1 or 2). In the texts that Parker

cited the names of the Egyptian lunar months are not distinguished

from the names of the Egyptian civil months.”

We next turn to dates with Athenian month names. In Athens, the

year began with the first new crescent following summer solstice and

the year was given the name of the current archon (hence, there is no

epoch for the Athenian years, but lists of the archons in chronological

order are preserved). In principle, the month began with the new

lunar crescent, but in practice there were serious deviations from the

astronomical phenomena.” There was no fixed intercalation scheme

and the day began at sunset. In the A/magest, Athenian month names

appear in several observational reports:

1) 3 lunar eclipses in Babylon for —382/—381 where the year is given by the archon of

Athens, the month is given by an Athenian month name, but no day of the Athenian

month is stated (though an Egyptian month and day is mentioned);

2) 4 lunar occultations of fixed stars observed by Timocharis where the date is given by a

year in the First Callippic Period, an Athenian month name, and a day in the Athenian

month (an Egyptian month and day are mentioned as well).

For the lunar-eclipse observations of —382/—381 it is reasonable to

suppose that at some time someone translated a Babylonian date into

an Athenian year and month and avoided the difficulty of deciding
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what day of the Athenian month it was - if these reports have been

reliably transmitted.”

The year in Timocharis’ first observation is designated ‘the 36th

year of the First Callippic Period’ which implies that the epoch of this

calendar (based on a cycle of 76 years) was —329. Some have assumed

that Callippus, while resident in Athens, observed a summer solstice

in that year;* but there is no ancient support for this claim. All the

other calendars of this period use regnal years of some sort, and it

would be surprising for an astronomer in the 4th century BC to invent

an era that had an astronomical but no civil purpose (though this has

frequently been asserted). Rather, one should note that this was the

year when Alexander took on the title, Great King, and it would be an

appropriate epoch to begin counting years (as the Babylonians may

have done for a short while).* In this case, the expression ‘First

Callippic Period’ was applied retrospectively to an era based on the

regnal years of Alexander the Great for reasons that may have to do

with political affairs in Alexandria (probably under Philadelphus or

Euergetes: indeed, the last 2 observations of Timocharis are dated in

regnal years of Philadelphus).

The difficulty for Timocharis, if he were to use either a ‘real’

Babylonian month or a ‘real’ Athenian month (1.e., as they were

determined in Babylon and Athens, respectively), is that of getting

information sufficiently current to be of use at the time he was taking

an observation. Since the timely arrival of information from either

Babylon or Athens is highly implausible, we exclude these two possi-

bilities. It has been posited that he used a schematic astronomical

month based on conjunction,* but this hypothesis rests entirely on

these 4 observations and, in the absence of anything comparable in

antiquity, seems to be a move of desperation. There remains the

possibility, never before considered, that the dates are really Egyptian

despite the Athenian names. (We are not aware of any other evidence

for the use of Athenian month names in Egypt.) But before exploring

this alternative we must examine the calendars with Macedonian

month names.

To begin let us note that in some texts (including the A/magest)

Macedonian month names are used for months in the Babylonian

calendar.” In Egypt, however, the day number in a Macedonian

month was sometimes set equal to 1 less than the day number in the
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Egyptian lunar calendar, sometimes to the day number in the Egyp-

tian civil calendar, and sometimes it was arbitrarily displaced by a

fixed amount from the day number of the Egyptian civil calendar.*

This indicates that the name of a month does not necessarily provide

information about the calendar in which it is embedded. Thus, we

conclude that the occurrence of Athenian month names in Timocha-

ris’ observations does not entail his use of the Athenian calendar.

The various Macedonian calendars in Egypt had in common the use

of lunar months with intercalations, an epoch defined by the king’s

accession, and a day beginning in the evening. Further, the year began

on the anniversary of the king’s accession. But, a peculiar feature of

these calendars in Egypt was that the epoch was not necessarily fixed

for an entire reign: Ptolemy Soter decided at some point to begin

counting his regnal years from the death of Alexander in —322 instead

of from —304 (the year Soter assumed his royal title) as he had done

previously; and Ptolemy Philadelphus decided to begin counting his

regnal years from —284 (when he became co-regent with Soter) in-

stead of —282 (the year of Soter's death) as he had done until —266.

This latter change in epoch affected the report of Timocharis’ last 2

observations: these are said to have taken place in the 13th year of

Philadelphus where the epoch of his reign is —284. But in that year

(-271) the epoch of his reign was still —282. Here, then, is a clear

instance of ‘retrodating’, a practice that is also attested in Egyptian

hieroglyphic documents:* Timocharis’ observations, originally taken

in year 11 Philadelphus were later dated to year 13 Philadelphus.

Moreover, in these cases, the change in epoch of these reigns also

involved changing the first day of the Macedonian year.

There were other ways as well in which the Macedonian calendars

in Egypt went astray. During the reign of Philadelphus an intercalary

month was added every other year“ (in fact, this is too often) and,

under his successor, Ptolemy Euergetes (—245 to —221),*' the in-

tercalations became irregular.‘ From a set of double dates (i.e., dates

given in Egyptian documents with both Macedonian ‘months and

Egyptian civil months) Samuel has argued that the beginning of the

Macedonian months in Egypt was fixed by Parker’s scheme such that

day 1 of the Macedonian month began in the evening of day 2 of the

Egyptian lunar month.”
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IV

By modern computation, the first day of the month for all 4 of

Timocharis’ earlier observations took place a day before the first

visibility of the new lunar crescent in Alexandria (see Table 1). Now

it is possible to miss first visibility and to see the crescent for the first

time on the following day, but it is not possible to see the crescent a

day before it first becomes visible. This implies the use of a schematic

calendar for the lunar dates with Athenian month names, and ex-

cludes the possibility that Timocharis determined the first day of the

month by the visibility of the new crescent. It seems altogether un-

likely that Timocharis, whose observations are of reasonably high

quality by ancient standards,“ would make up a schematic calendar

that failed to do the job for the very months of his observations. There

is, however, a way out of this difficulty. When we compute the dates

for the beginnings of the Egyptian lunar months according to Parker’s

scheme for the months of Timochanis’ 4 earlier observations, it follows

that day 1 of the Athenian month is day 2 of the Egyptian month.

Thus, we have the First Callippic Calendar whose epoch is New

Crescent Day (as computed according to Parker’s scheme) immedi-

ately following summer solstice in —329 (Alexander's first regnal year

as Great King), i.e., sunset, 29 June —329; a year of 12 or 13 lunar

months beginning on the New Crescent Day following summer sol-

stice each year; and lunar months with Athenian names arranged in a

76-year cycle where day 1 of the month is computed according to

Parker’s scheme. The reports of these 4 nocturnal observations do not

allow one to tell if the day was counted from the morning or the

evening (the day number is not affected in these cases); but, given the

Observation Egyptian day 2 Computed Date of Day of the

Number (‘Athenian’ day 1) New Moon Observation ‘Athenian’ month

1 —294 Nov. 26 —294 Nov. 27 —294 Dec. 20/21 25

2 —293 Feb. 23 —293 Feb. 24 —293 Mar. 9/10 15

3 —282 Jan. 22 —282 Jan. 23 —282 Jan. 29/30 8

4 —282 Oct. 15 —282 Oct. 16 —282 Nov. 8/9 25

Table 1.
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Athenian names and the evening epoch of the Macedonian calendars

in Egypt, we assume that the days were counted from the evening. It is

clearly impossible to reconstruct the intercalation scheme from these 4

data points, but the use of the Callippic cycle suggests that 7 in-

tercalary months were inserted in every 19 years (as in the Metonic

cycle).

We have established that the dates with Athenian month names in

the reports of Timocharis’ 4 earlier observations belong to a calendar

based on Parker’s scheme. Now we may ask if the Athenian dates

were part of Timocharis’ original report, or if they were computed

from the Egyptian date at some later time. Given the nature of the

evidence, no firm conclusion can be reached. Still it is possible to

clarify the alternatives. But this requires addressing two related ques-

tions: What is the evidence for double dating and how early does it

occur in documents from Egypt?, and When was Parker’s scheme

introduced and for which calendar?

According to Samuel, double dated documents in Greek papyri

with Egyptian civil and Macedonian lunar dates go back to —256, and

a demotic papyrus gives a double date in Greek for Philadelphus’

Egyptian regnal year 21 (= —264).‘ Samuel concludes that the corre-

lation of Egyptian lunar dates and Macedonian dates probably was put

into practice late in the reign of Ptolemy Soter (d. —281) which we

take to be Samuel’s terminus a quo for the introduction of Parker’s

scheme in the Macedonian calendar. The earliest double date with

Egyptian civil and lunar months cited by Parker only goes back to

—236,* which we take to be the terminus ad quem for the introduction

of Parker’s scheme with Egyptian lunar months.

With regard to the time when Parker’s scheme was invented and the

calendar which it was originally intended to serve, a consideration

unknown to Parker or to Samuel (who both assume that this scheme

was designed for the Egyptian lunar calendar) is that the month length

underlying the 25-year cycle (25 - 365 days = 9125 days = 309 months)

is for all practical purposes identical to the month length in the

Callippic cycle (76 - 365'/, days = 27,759 days = 940 months). If one

takes the month length of the Callippic cycle, which in decimal form is

29.53085, and multiplies it by the 309 months in the 25-year cycle, the

result is about 9125.03 days or very nearly 9125 days. Thus, Parker’s

scheme could have been derived from the Callippic cycle without any
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additional observations. Of course, to turn this cycle into a calendar

one would still have to decide on an epoch and an intercalation

scheme. But this argument undermines Parker’s assumption” that the

month length derived from a series of observations in Egypt during

the 4th century BC which are otherwise unattested; as Neugebauer

put it.” ‘Among the enormous mass of Egyptian inscriptions and

papyri from all periods of Egyptian independent history there has not

been found a single record of astronomical observations.’ Since there

is no textual evidence for Parker’s scheme prior to the 3rd century BC,

we see no Obstacle for its invention at that time. Moreover, the

earliest textual evidence for Parker’s scheme, as we have indicated

above (excluding the fragments reported by Ptolemy containing the

dates of Timocharis’ observations), relates to the Macedonian calen-

dar in Egypt; it is therefore possible that this scheme was originally

developed for use in the Macedonian calendar to determine the begin-

nings of the months and later applied to the Egyptian lunar calendar.

The point of this argument about Parker’s scheme is that the burden

of proof is on an advocate (such as Parker or Samuel) for its origin in

the 4th century given that the earliest evidence comes from the 3rd

century. It is perhaps worth emphasizing a remark by Neugebauer:

since the agreement of the dates in the Egyptian schematic lunar

calendar with actual lunar dates ‘will vary only very slowly, one cannot

exclude a date of origin of the cycle, say, in the fifth century BC’

rather than in the 4th, as Parker claimed.” The same argument can,

of course, be used to defend a 3rd-century date of origin for the

scheme as well.

An alternative is to consider that the double dating was part of the

original reports by Timocharis. This means that the notion of double

dating would be put back to —294. Of course, this also implies that

Parker’s scheme for the Egyptian lunar calendar was also in place at

that time.

An other alternative is that the Athenian dates were added later

together with the year in the Callippic Calendar. If the double dates

were part of the original report, it is difficult to account for Tim-

ocharis’ use of Athenian rather than Macedonian month names, and

years beginning near summer solstice rather than Macedonian regnal

years. The Macedonian and Egyptian calendars were, after all, in civil

use; and no problem had yet arisen with them. Moreover, it is unlikely
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that Timocharis invented a calendar for the unique purpose of keeping

track of dated observations before the senes of observations had

actually begun.

But after Philadelphus changed his epoch date in —266, one can

easily imagine the dissatisfaction with the Macedonian calendar by

astronomers who wished to know the precise time difference between

observations: it could well motivate one or more of them to replace

Macedonian month names with month names which could not be

affected by the whims of the Egyptian rulers. The preference for

defining the beginning of the year in the Athenian manner may

account for choosing Athenian month names. The introduction of a

way to count the number of years from an epoch that is independent

of the current ruler would also make it possible to date astronomical

phenomena that are calculated in advance without awkwardness when

the ruler is replaced. (Nevertheless, we have found no evidence of

astronomical phenomena calculated in this way during the 3rd century

BC in Egypt.) Further, the intercalation scheme in the Macedonian

calendar was clearly faulty and the problem was noticed early in the

reign of Euergetes. Hence, it is more plausible that the original

reports only contained dates in the Egyptian civil calendar.

It follows that if Parker’s scheme had not been introduced at the

time of Timocharis’ earlier observations, he could not have used it,

and so the lunar dates were added later by someone familiar with the

scheme. To change dates from the Egyptian civil calendar to dates in

the First Callippic Calendar requires that one determine the beginning

of the lunar month following summer solstice with respect to the

Egyptian civil year, the number of years since Alexander took the

title, Great King (the epoch of the First Callippic Calendar), and the

intercalary scheme in the Callippic cycle. To determine day 1 of a

lunar month one need only have recourse to the sort of scheme

presented by Parker and take day 2 of the Egyptian lunar month as

day 1 of this ‘Athenian’ month. (The use of the same length of the

lunar month in the 2 calendars ensures that this transformation will

work.) All the requisite information was readily available when the

problems with the Macedonian and Egyptian calendars arose in the

middle of the 3rd century BC. Accordingly, we see no reason to date

the invention of the Callippic Calendar before the middle of the 3rd

century BC. In that case, we may have the Callippic cycle at the end of
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the 4th century BC, which then served for the construction of the

Egyptian Macedonian calendar in the middle of the 3rd century BC,

followed by the Egyptian lunar calendar and Callippic Calendar per-

haps somewhat later in the 3rd century BC. Egyptian civil dates in the

past could then have been transformed into either the Egyptian lunar

calendar or the Callippic Calendar by means of a simple set of rules.

Further, we tentatively suggest that the First Callippic Calendar was

invented in Egypt some time between —266 and —237; and not in the

4th century BC in Athens by Callippus who, we think, was only the

discoverer of the 76-year cycle that bears his name. Criticism of the

Egyptian civil calendar for failing to maintain the correlation of partic-

ular months with the seasons is expressed for the first time, as far as

we know, in the Canobic Decree promulgated in Greek, demotic, and

Egyptian hieroglyphic, and dated to the ninth year of Ptolemy Eu-

ergetes’ reign, i.e., in —237.°° This criticism entails an attack on the

use of Parker’s scheme in both the Macedonian and the Egyptian

lunar calendars; yet only the length of the solar year is attacked

directly. It has been assumed that this decree had no effect at the time

of its promulgation because its recommendation to add a 366th day to

the Egyptian year once every four years was not heeded until the

‘Alexandrian’ year was introduced by Augustus in —25.” The earliest

occasion for disappointment with the Egyptian Macedonian calendar

may have arisen when Philadelphus changed the epoch of his reign in

—266. Since the First Callippic Calendar successfully accounts for

both the solar and the lunar motions, we think it can be seen as a

response to criticism of the calendars in Egypt that may go back to the

latter part of Philadelphus’ reign or the early years of Euergetes’

reign. The Decree only dealt with correcting the year length, and did

not address the lunar calendar that was invoked in fixing important

cultic events such as the anniversary of the king’s accession. It is this

inability to provide a revision or replacement to Parker’s scheme for

determining the lunar months that, in our view, was the reason for the

failure of Euergetes’ calendar reform. The basis for his reform may

have been the year length in the Callippic cycle, and this is consistent

with borrowing one element of the First Callippic Calendar. But

Euergetes may have been unwilling to accept the First Callippic Cal-

endar in its entirety because it would have meant abandoning his

epoch and regnal years as well as the Macedonian way of fixing New
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Year's Day. If this is correct, the terminus ad quem for the introduc-

tion of the First Callippic Calendar is —237, the year of the Canobic

Decree.

V

We have not described Timocharis’ purpose for taking these observa-

tions because this demands further analysis of the context for astrono-

my in the early Hellenistic age and deserves separate treatment. So we

conclude that knowledge of Babylonian observations as represented

in the Diaries and related texts reached Alexandria at the beginning of

the 3rd century BC, that Timocharis began making observations that

were similar to some kinds of Babylonian observations, and that in the

original reports the time was stated in seasonal hours of the night of an

Egyptian civil month. It is also possible that a lunar dating of some

sort was part of the original report, but it seems unlikely to us because

the definition of the month follows Parker’s scheme and it is not clear

that it had been invented at that time.

In conclusion, we now return to the earlier Babylonian observations

cited in the Almagest and to Timocharis’ observation of Venus. There

is no indication of the period when the Babylonian observations were

transmitted to the Greek world, and they need not all have arrived

together, i.e., the earliest observations may have been the latest to

arrive. In particular, the 3 Babylonian lunar eclipses of the 4th century

that are dated with Athenian month names need not have been

transmitted before Timocharis, and the substitution of Athenian

month names for the original Babylonian ones may have taken place

in Alexandria. It is tempting to suggest that an astronomer interested

in observations of the Moon was responsible for the invention of the

Callippic Calendar to which he converted Timochanis’ 4 earlier obser-

vations. Since the epoch of this calendar is after the 3 Babylonian

eclipse observations, he converted their Babylonian dates by sub-

stituting Athenian month names for the Babylonian ones and replac-

ing the Babylonian regnal years with Athenian archon years. In each

case he used Athenian month names because Macedonian month

names were already embedded in a calendar of dubious quality.* This

astronomer may not have been interested in planetary observations
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and so he left Timocharis’ observation of Venus in —271 in the

Egyptian calendar. In that case, someone else decided to ‘modernize’

the dates of Timocharis’ Venus-observations by adjusting the regnal

years of Philadelphus to conform to the later norm according to which

year 1 Philadelphus began in —284. Subsequent astronomers, observ-

ing in the Second and Third Callippic Periods, abandoned the use of

this Callippic lunar calendar with its Athenian month names. For

them the Callippic Period was simply a way to count years and days

according to the Egyptian civil calendar using the period of 76 years

and the epoch of the First Callippic Calendar. In effect, they in-

troduced a variant of a previously established calendar, the Egyptian

civil calendar.”

Postscript

Ptolemy is not to be reproached for any deficiencies or inconsistencies

in Timocharis’ observational reports, because he could do no better

than preserve what his sources recorded. Indeed, Ptolemy suggests

that all this information was transmitted by Hipparchus, but we do not

know the form of these reports prior to the Almagest. In any event,

historical accuracy was not the goal of ancient astronomers, but rather

that the astronomical facts be put in a usable form.* One should

always be cautious in dealing with fragments that seem to preserve the

works of an ancient scientist, such as Timocharis, which do not other-

wise survive because we are unable to control the distortions (in-

tentional or not) that may have accumulated in the course of time.

ACKNOWLEDGEMENTS

The authors thank Francesca Rochberg-Halton for her comments on an earlier draft of this

paper. The preparation of this paper was supported by a research grant from the National

Endowment for the Humanities, an independent federal agency.



288 B.R. Goldstein & A. C. Bowen

BIBLIOGRAPHY

Aujac, G.

1966: Sırabon et la science de son temps. Pans.

Bickerman, E. J.

1980: Chronology of the Ancient World. Ithaca.

Bowen, A.C., and Goldstein, B. R.

1988: “Meton and Astronomy in Late Fifth Century Greece”, in: E. Leichty, M. de J. Ellis, P.

Gerardi edd. A Scientific Humanist: Studies in Honor of Abraham J. Sachs, pp. 39-81.

Philadelphia.

Britton, J. P.

1967: On the Quality of Solar and Lunar Observations and Parameters in Ptolemy’s Almagest.

Yale University (unpublished dissertation).

Cumont, F.

1935: “Les noms des planètes et l’astrolatrie chez les Grecs”, L'Antiquité Classique 4, pp.

5-43.

De Faico, V., Krause, M., and Neugebauer, O.

1966: Hypsikles: Die Aufgangzeiten der Gestirne. Gottingen.

Dittenberger, W.

1903-1905: Orientis greeci inscriptiones selectae. 2 vols. Leipzig.

Fotheringham, J. K.

1924: “The Metonic and Callippic Cycles”, Monthly Notices of the Royal Astronomical Society

84, pp. 383-392.

1933: “The Indebtedness of Greek to Chaldaean Astronomy”, Quellen und Studien zur

Geschichte der Mathematik B. 2, pp. 28-44.

Frazer, P. M.

1972: Ptolemaic Alexandria. 3 vols. Oxford.

Heiberg, J.

1898-1907: Claudii Ptolemaei opera quae exstant omnia. 3 vols. Leipzig.

Kenyon, F.G. trans.

1921: Atheniensium Respublica in The Works of Aristotle. W. D. Ross. ed. 1921. The Works of

Aristotle Translated into English. x. Oxford.

Kugler, F. X.

1907-1924: Sternkunde und Sterndienst in Babel. 2 vois. Münster.

Kuhrt, A.

1987: “Berossus’ Babyloniaka and Seleucid Rule in Babylonia”, in: A. Kuhrt and S. Sherwin-

White edd. Hellenism in the East, pp. 32-56. Berkeley/Los Angeles.

Neugebauer, O.

1957: The Exact Sciences in Antiquity. Providence.

1975: A History of Ancient Mathematical Astronomy. Berlin/New York.

-, and Voiten, A.

1938: “Ein demotischer astronomischer Papyrus (Pap. Carlsberg 9)”. Quellen und Studien zur

Geschichte der Mathematik B. 4, pp. 383-406.

Parker, R.A.

1950: The Calendars of Ancient Egypt. Chicago.



Early Hellenistic Astronomy 289

Parker, R.A., and Dubberstein, W. H.

1956: Babylonian Chronology 626 B.C.-A.D. 75. Providence.

Pauly, A., Wissowa, G., Kroll, W., er al.

1894-: Paulys Real-Encyclopädie der classischen Altertumswissenschaft. Stuttgart.

Pingree, D., and Reiner, E.

1974-1977: “A Neo-Babylonian Report on Seasonal Hours”, Archiv für Orientforschung 25,

pp. 50-55.

Rehm, A.

1913: “Horologium”. See Pauly and Wissowa 1894-, viii: cols. 2416-2433.

Rochberg-Halton, F.

1989: “Babylonian Seasonal Hours”. Centaurus 32, pp. 146-170.

Rome, A. ed.

1943: Commentaires de Pappus et de Théon d'Alexandrie sur I’ Almagest. WI: Théon d'Alex-

andrie. Commentaire sur les livres 3 et 4 [= Studi e Testi, 106]. Rome.

Sachs, A. J.

1948: “A Classification of the Babylonian Astronomical Tablets of the Seleucid Period”,

Journal of Cuneiform Studies 2, pp. 271-290.

1974: “Babylonian Observational Astronomy”, Philosophical Transactions of the Royal So-

ciety of London A. 276, pp. 43-50.

Sachs, A. J., and Hunger, H.

1988: Astronomical Diaries and Related Texts from Babylonia, vol. I: Diaries from 652 B.C. to

262 B.C. Vienna.

Samuel, A. E.

1962: Ptolemaic Chronology. Munich.

Stieglitz, R. R.

1988: “The Chaldeo-Babylonian Planet Names in Hesychius”, in: Y.L. Arbeitman ed. Fucus

[= Current Issues in Linguistic Theory, 58), pp. 443-447. Amsterdam/Philadelphia.

Toomer, G. J.

1984: Prolemy's Almagest. New York/Berlin.

1985: “Galen on the Astronomers and Astrologers”, Archive for History of Exact Sciences 32,

pp. 193~206.

Waerden, B.L. van der

1974: Science Awakening. ii. Leyden/New York.

1983-1984: “Greek Astronomical Calendars II: Callippos and His Calendar”, Archive for

History of Exact Sciences 29, pp. 115-130.

REFERENCES

1. There are certainly 32 such reports in the Almagest, and Toomer (1984, 133n8] has argued

that 3 observations of autumnal equinox in -161 to -157 [A/magest tii.1] were probably taken

by a predecessor of Hipparchus. (Note that instead of years BC, the astronomical system of

negative years is used here, where year 0 corresponds to 1 BC, year -1 corresponds to 2 BC,

etc.).

19 Centaurus XXXII



290

Ww

11.

B.R. Goldstein & A.C. Bowen

. Strassmaier Cambyses 400 (note that this text is not an astronomical diary): see Kugler

1907-1924, ı 61 ff., and van der Waerden 1974, 89. On the basis of these reports and

Strassmaier Cambyses 400, it is now generally acknowledged that Ptolemy had access,

probably indirectly, to Babylonian observational reports.

. The locution, or regi "Agiotapyov (cf. Ptolemy, Alm. iii.1 [=Heiberg 1898-1907, i 203.10,

206.5-6]), is difficult, as Toomer (1984, 137n19) acknowledges. Though it is normally

translated ‘the school of Aristarchus’, such a rendering probably suggests too much. The

usual alternative, ‘the followers of Aristarchus', is preferable, though perhaps not as good as

‘the Artstarchans’. In any event, one should bear in mind that such followers who may be

contemporary with Aristarchus or subsequent to him, may be defined by no more than their

sharing assumptions or procedures with Aristarchus, who was notable in his time. More-

over, the modern histonan should hesitate to assume that what is attributed to the Aris-

tarchans also holds of Aristarchus: such an identification requires more evidence than the

locution or regi "Agiotapxov, since there are many cases in which the ‘followers’ departed

dramatically from their ‘hero’. Such is the case with Plato and his ‘followers’, for example.

Note, however, that Ptolemy does make this identification: cf. mv und 'Agrotápxow at

Heiberg 1898-1907, i 206.26.

. The first 4 observations of Timocharis from -294 to -282 appear in Almagest vii.3, and it is

clear that Ptolemy’s source is Hipparchus [see Toomer 1984, 329}. Ptolemy uses these

observations to determine a value for precession. The last observation of Timocharis, taken

in the ‘13th year of Philadelphus’ (= -271), appears in Almagest x.4 and probably comes from

Hipparchus as well [see A/magest ix.1: trans. Toomer 1984, 421].

. Toomer [1984, 138] translates such phrases as sg npwrng xatà Kadkınov repródov [Hei-

berg 1898-1907, i 206.56] by ‘of the First Kallippic Cycle’. But, since it is useful in analyzing

chronological schemes to distinguish (calendrical) cycles and calendars {see below], rather

than follow Toomer and others in rendering repuodog as ‘cycle’, we will translate this term as

‘period’. Moreover, since it is our view that the First Callippic Period was in fact a calendar,

we will generally refer to it as the ‘First Callippic Calendar’.

. For an isolated report of an undated planetary occultation, see Anstotle, Meteor.

343b25-35.

. We postpone to another occasion discussion of Timocharis’ undated observations of stellar

declinations reported in the Almagest vii.3.

. In his account of this transmission, Fotheringham [1933] accepts a fragment of Hipparchus

preserved in Theon of Alexandria’s commentary on book 3 of the Almagest [see Rome 1943,

838-839] according to which Callippus of Athens derived his values for the length of the year

and the length of the mean synodic month by comparing Babylonian observations with his

own [1933, 40]. This view is endorsed by van der Waerden (1974, 290], but emphatically

dismissed, with sound reasons, by Neugebauer [1975, 602]: ‘Theon’s story is obvious

nonsense.” For the deficiencies in other accounts of this transmission (both ancient and

modern), see Neugebauer 1975, 608-610.

. scil. Period: cf. n5 above.

. sci. B Sco.

According to Rehm [1913], the earliest references to seasonal hours are to be found in

Aristotle and a fragment of Pytheas of Marseilles (ca. -330). However, boa does not mean

‘seasonal hour’ in the passage cited in Aristotle [Atheniensium Respublica, 30.6]: ‘Any
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member of the Council who did not enter the Council-house at the time (weav) named

should be fined a drachma, unless he was away on leave of absence from the Council’ [trans.

Kenyon 1921]. As for the fragment of Pytheas preserved in Geminus Intro. ast. 6, it is by no

means certain that the quotation from Pytheas includes the expression in which seasonal

hours appear: cf. Aujac 1966, 43.

Cf. De Falco, Krause, and Neugebauer 1966, 47; Neugebauer 1975, 590.

Cf. Sachs 1948; Sachs and Hunger 1988, 11.

Cf. Sachs 1974, 44.

Sachs and Hunger 1988, 277. Parentheses in the translation indicate material added by the

editors as an aid to the reader; brackets enclose the editors’ reconstruction of text missing in

the original; ... means that an indefinite number of words is missing; and [nn] means that a

number is missing.

. scil. 22 time degrees.

Sachs and Hunger 1988, 22. The cubit appears as a measure in a Babylonian observation of

Mercury in -244 that is cited in the Almagest ix.7. For further discussion of the cubit as a

measure of arcs in Babylonian and Greek astronomy, see Toomer 1984, 322n5.

Pingree and Reiner 1974-1977; Rochberg-Halton 1989.

Cf. Neugebauer 1957, 81.

A more subtle point about Greek astronomical observations in the 3rd century BC concerns

the names of the planets. In addition to the divine epithets attached to the planets, there are

such names as ‘Shiner’ (Phaethon) for Jupiter and ‘Gleamer’ (Stilbon) for Mercury, i.e.,

names that pertain to some physical characteristic ascribed to a planet. These names are not

found in Greek texts before the 3rd century BC, and Cumont (1935, 19 ff.: cf. Stieglitz 1988]

claimed that they betray a Babylonian origin, once again pointing to a transmission of

Babylonian astral lore in the early Hellenistic period.

We are informed by Professor F. Rochberg-Halton that in addition to Strassmaier Cam. 400

(see n2 above) there are other non-diary texts extant containing observational reports, and

that some of these reports are earlier than the dianes.

Frazer 1972, i 63, ii 146.

See, e.g., Cumont 1935, 23; Stieglitz 1988, 446. But, while Berossus’ time is approximately

correct for this transmission, he can no longer be considered the agent because, as has

recently been shown [see Kuhrt 1987, 36-44], Berossus is only known for his history of

Babylonia whereas the astronomical and astrological remarks ascribed to him belong in fact

to a pseudo-Berossus who probably lived in the Ist century BC. We are aware that new

sources for early Greek astronomy may still be found, especially in papyri and in Arabic

translations of otherwise lost Greek treatises [see, e.g., Toomer 1985]. But nothing relevant

to the question of transmission has yet been identified, as far as we know.

See Bowen and Goldstein 1988, 41-51.

For present purposes we exclude the zodiacal month names in the Era of Dionysius used in

some observational reports in the Almagest [see Toomer 1984, 13-14].

See Parker and Dubberstein 1956, 20 et passim.

There is some question in a number of cases whether the first regnal year is antedated or

postdated, that is, whether the first regnal year is to begin with the 1 Thoth that respectively

precedes or succeeds the actual day of accession. See n45 below.

See Neugebauer and Volten 1938, especially 397: cf. Neugebauer 1975, 563, 815-817.
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Parker 1950, 11, 23.

In principle, this scheme may be applied to any lunar calendar.

The scheme for lunar months preserved in P. Carlsberg 9 serves as the basis for Parker's

scheme [see Parker 1950, 25, where the scheme that Parker reconstructed is presented in the

form of a table], and this demotic papyrus dates from the 2nd century AD. In another

version of the same scheme (preserved in a Greek papyrus, P. Rylands Inv. 666, dating from

the 2nd century BC) year 1 in a 25 Egyptian year cycle corresponds to year 2 in the Carlsberg

scheme, but otherwise the two schemes are the same [Neugebauer 1975, 817]. Hence, for

example, summer solstice in -329, fell in year 2 of the Carlsberg scheme but in year 1 of the

Rylands scheme. For double dates involving days of a lunar month in Egyptian texts, see

Parker 1950, 17-22.

See Bowen and Goldstein 1988, 67.

That is, he did not simply equate the day number of the Babylonian month with the day

number of the Athenian month.

. See, for example, van der Waerden 1974, 290.

Cf. Parker and Dubberstein 1956, 19.

Van der Waerden [1983-84, 121] cites Fotheringham [1924] and rejects Neugebauer’s

criticism: ‘One can safely dismiss as completely unhistoncal the concept of a calendar

supposedly made for the astronomers alone but nowhere attested in astronomical records’

{Neugebauer 1975, 617].

Cf. Toomer 1984, 13.

Samuel 1962, 34-37.

Samuel 1962, 11-24, 66, 70. See n45 below.

. Samuel 1962, 30, 74.

Samuel 1962, 168.

Samuel 1962, 101-105.

Samuel 1962, 56.

. Using a computer program for the planetary positions devised by Peter Huber, we found the

dates of new Moon in Alexandna immediately preceding the observations by Timocharis. If

the month began at first visibility of the new crescent in Alexandria, Observation 1 would

fall on day 24 (text: day 25 of Poseidon [Toomer 1984, 337]); Observation 2 would fall on

day 14 (text: day 15 of Elaphebolion [Toomer 1984, 335]); Observation 3 would fall on day 7

(text: day 8 of Anthesterion [Toomer 1984, 334]); and Observation 4 would fall on day 24

(text: day 25 of Pyanepsion [Toomer 1984, 336]). But if we begin the ‘Athenian’ month with

day 2 (called New Crescent Day) of the appropnate Egyptian month in Parker’s scheme, we

get exact agreement with the text (see Table 1: note that Egyptian dates have been

converted to Julian dates for convenience).

Cf. Britton 1967, 107 ff.

. This has been computed for year 2 in Parker’s scheme. It so happens that new Moon did

occur in the evening of 29 June -329 according to Huber’s computer program (cf. Parker and

Dubberstein 1956, 36].

See Samuel 1962, 64-68. In addition, a stele in Egyptian hieroglyphics that includes dates up

to Philadelphus' regnal year 21, has a double date in Philadelphus, year 6 [= -279: cf.

Samuel 1962, 68-73). This is a clear instance of retrodating because at the time of the event

recorded in Philadelphus, year 6, it would have been called Philadelphus, year 4. Samuel
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[1962, 68 ff.] acknowledges the retroactive dating of the year, but assumes that the double

dating goes back to the event. If we eliminate this doubtful case, the earliest double date

cited by Samuel is from -264, two years after the reform of the epoch for Philadelphus' reign.

See Parker 1950, 21.

Parker 1950, 17.

Neugebauer 1975, 560.

Neugebauer 1975, 564.

See Dittenberger 1903-1905, i 102-104 (= OGIS 56: 34-46): we are preparing an English

translation of the Canobic Decree for publication in the near future. Euergetes came to the

throne on 29 Jan. -245 and ‘this date was used in some calendaric systems to begin the

Macedonian regnal year’ [Samuel 1962, 106]; hence his ninth regnal year began in -237 [cf.

Bickerman 1980, 41]. However, in the King List preserved by Ptolemy, year 1 Euergetes

began on the preceding Thoth 1 (= -246 Oct. 24): see Toomer 1984, 10-11.

Cf. Bickerman 1980, 49; Neugebauer 1975, 1066.

The 3 Babylonian planetary observations dated between -244 and -228 (cited in A/magest

ix.7, and xi.7) belong to a separate story of transmission: in these cases Macedonian months

in the Chaldaean Era are just Babylonian months in the Seleucid Era and are unrelated to

the use of Macedonian month names in Egypt.

Cf. Toomer 1984, 13.

‘(Hipparchus] did not even make a beginning in establishing theories for the five planets, not

at least in the writings which have come down to us. All that he did was to make a

compilation of the planetary observations arranged in a more useful way’ A/magest ix.2

[trans. Toomer 1984, 421]. See also n4 above.
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