Hipparchus’ Empirical Basis for His
Lunar Mean Motions
A historical footnote to Olaf Pedersen, A Survey of
the Almagest, 16164

by

(. 1. TooMmeEr®

In Almagest IV 2 Ptolemy gives a theoretical and historical discussion
of the problem of determining the moon’s mean motions in longitude,
anomaly and latitude. He says:

The ancienl astronmmners, sarth good resson, ired io find some period m which the
mon's madion in longitude would always be the same, on the grounds that ooly =och a
period coubd produce a retern in anooesly, S0 they compared observations of bumar
eclipses ... and tried b see whethes thers wss an intervol, cosisiing of an inleger
mumber of months, such 1hat, between whatever poanis e ook thar nrerval of monihs,
ahe lemgth in time was 2lways the sume. and s0 wis the motin |[of the moon] in longitude,
[i..] gither the snme number of integer revolations, or the same sumber of revolutions
s the sane are, !

After mentioning as a discovery of “the even more ancient astro-
nomers” the 18-year eclipse period of 223 lunations, 239 retumns in
anomaly and 242 returns in latitude, which he calls the “Periodic™
{miscalled “*Saros™ in modern times), and the triple of the latter,
called the “Exeligmos”, he continues as follows.

Howgver, Hipparchas already proved, by caloulsdions from observitsos. made by the
Chaldacans and m his tme, thar the above relationships were oot accurale. For [om
abservations he s¢l ol be shows that the smallest constant interval defining an ochiple:
peried in which the number of manths asd the amownt of motion & always the sam is
126007 days plus 1 equinoctial hour. In this mterval he finds comprised 4267 manths,
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4573 complete retarms in aspmaly, and 4612 revodutions on the ecliptic less abouy 715°,
which is the ameant by which the sun's motion fallks short of 335 revelurions (Bere Loo the
revolistenn of sun aod moon is laken with respect to the fined szars), (Hence, dividing the
above simber of days by tbe 4267 months, he finds the mean length of the [synodic)
minith as appromimately 29; 31, 50, 8, 20 days, } He shows, then, that the cormespanding
inicrval between iwo lunar eclipses is always precisely the <ame when they are taken over
the above period [I26007 1°]. S0 it s obwvious that it is a period of retum in anomaly,
simce [from whatever eclipse o begins], 0 always containg the same nemher [4267] of
manths. and 4611 revofutions in keapasde plus 3527:", as determined by its syzygies with
the sum.

Ptolemy then remarks (1) that division of the above period by 17
produces the equivalence, in 251 months occur 269 returns in ano-
maly (which s not however an cclipse-period) and (2) that the above
period does not contain an integer number of returns in latitude, for
which Hipparchus found (allegedly also from echpse observations)
another equivalence, namely that 5458 months contain 5923 returns
in latitude.

An epoch in our understanding of Greek astronomy was marked by
the publication i 1900 of Kugler's Babylonische Mondrechnung. Af-
ter quoting and paraphrasing (pp. 6-8) the passage concerning Hip-
parchus which I have translated above, Kugler proceeded to show that
the following relationships are implicit in the cunciform tablets which
he had deciphered:

[1] In 251 synodic months occur 269 returms in anomaly (p. 21).
[2] The mean value of the synodic month is 29; 31, 50, 8, 20 days (p.
24).2

2458 synodic months equal 5923 draconitic months (p. 410).

1 year equals 12; 22, & synodic months (p. 46), and hence the
length of the sidereal month agrees® with that derivable from the
statement of Hipparchus, that the moon travels (4612-360-742)°
in 1260074 1%,

[4]
[4]

Although he could not show that the tablets from which the above
relationships were extracted predate Hipparchus, Kogler rightlv con-
cluded that the prionity belonged to the Babylonians (as has been
amply confirmed by subsequent investigations of the cuneiform mate-
rial), i.e. that Hipparchus had not, as one would infer from Ptolemy's
account, derived the above relationships from observations, but
simply taken them directly from a Babylonian source.
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The enormous significance of this discovery for the development of
Greek scientific astronomy was recognized by Franz Cumont, who
disseminated Kugler's results in two articles {(Cumont [1] and Cumont
[2], whence Rehm in his article on Hipparchus in RE). Olaf Pedersen
too, in the passage | have cited at the beginning, gives due credil 1o
Kugler. But despite these and other mentions, Kugler’s book remains
to this day largely unread, and his discoveries about Hipparchus arc
unknown to or ignored by many of those who have written on Greek
astronomy in this century.* Even the article by A. Aaboe on the same
topic makes no reference to Kugler, However, Aaboe did not merely
repeat Kugler's results, but made a significant advance in our under-
standing of what Hipparchus was trying to do. He showed that, start-
ing from the Babylonian equivalence, 251 months contain 269 returns
in anomaly ([1] in Kugler), Hipparchus sought a multiple of it which
would be an eclipse-period, ie. one in which, if there were a lunar
eclipse at the beginning of it, there would be a good chance of there
being another at the end. For this one requires (1) that there be a
return in solar anomaly (i.. that the period contain an integer number
of years) and (2) that there be a return i latitude. Using as controls
some value for the length of the year, e.g. 1 (sidereal) year equals 12
22, 8 synodic months ([4] in Kugler), and the Babylonian latitude
period, 5458 synodic months contain 5923 returns in latitude ([3] in
Kugler), Hipparchus found that 17 was the smallest multiple which
would approximately satisfy both the above conditions.” Multiplying
the Babylonian value for the synodic month, 29; 31, 50, 8, 207 ([2] in
Kugler), by 17 times 251, he found 126007 1" to the nearest hour.®
Thus Aaboe demonstrated that the numbers attributed to Hipparchus
by Ptolemy were derived by strictly arithmetical manipulation of
well-attested Babylonian parameters, for the purpose of compuiing an
cclipse-period.

Despite the neglect of or failure to understand Aaboe’s paper by
several subsequent writers on the topic,” one might suppose that there
is nothing more that one can usefully add. However, neither Kugler,
Aaboe nor any other account that T have seen gives a clear picture of
what Hipparchus was really deing. The reader, comparing Plolemy's
account quoted above with the modern explanation of the Babylonian
origin of all the basic parameters, might incautiously suppose that
Hipparchus fraudulently tried to pass off as his own discovery, derived
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from ohscrvations, paramcters which he had mercly copicd from a
Babylontan source. ‘The primary purpose of this article is 10 explain
Hipparchus® procedure as rational and justificd.

While we cannot be surc that the misleading imprcssion which one
derives from the Almagest of what Hipparchus did is not ultimately
the fault of Hipparchus himself, my own opinion is that the fault more
probably lies with Ptolemy, whosc didactic purposes imay have led to
an “idealized™ sccount of the way an astronomcr operates, starting
[rom obscrvations. In any case, in order to understand the rational
basis of Hipparchus' proccdure, we have 10 read the passage in the
Almages: following that quoted ahove. Ptolemy gives a long and de -
tatled theoretical discussion of the conditions that must be satisficd,
for both sun and moon, ir order 10 deduce an “eclipse-period™ from
obscrvations of eclipscs. The basic principle is that onc must find (at
least) two pairs of cclipses which are scparated by exacily 1he same
time interval: but these have to be very carefully chosen, with certain
conditions bcing fulfilled and certain sitnations being avoided, in
ordcr for the method 10 work.2 Now Ptolemy does not himsclf cstab-
lish any eclipse-periad, but simply accepts (provisionally) Hipparchus’
parameters (latcr applying corrections on the basis of the models he
dcvclops). But the point of his discussion becomes clear at the end,
where he says:

We 13ve inade the above remazks, not 10 disporage the picecding method of determining
the periodic retums, but 1o show (g, witide € can uchicve its goal if applied wil due enee
and 1be approgtiaie kind of calculations. if any vmw of the conditions we sei oul abOVE ¢
omitled from conskleralion, cvean the leust of 1hem, it can f2il usterly in iis inlended
cffect: and tha, of one Goes wse the proper eriteria in making one’s selecrion of 1the
obscrvational marenal. it is dilficult to find corresponding [pai rs of celipse] shservaiieos
which prearscly 101Gl all the ceQuited comditinng.®

His discussion, then, is a critiquc of a real procedure involving the
comparison of the intcrvals between two pairs of eclipses. This com-
parison was indccd made by Hipparchus (as is proven, if it were
nceessary. by the passage 1 quote below), We can now explain Hip-
parchus’ procedure as follows. For his lunar theory he needed to
establish the mean motions of the moon in fongitude, anomaly and
latitude. The best data availablc to him were the Babyloniun par-
meters (1] o [4] in Kugler).® But he was not contcnt merely to
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accept them: he wanted to test them empirically, and so he con-
structed (purely arithmetically) the eclipse period of 1260079 1%, then
looked in the observational material available to him for pairs of
eclipses which would confirm that this was indeed an cclipse period.
The observations thus played a real role, but that role was not discov-
ery, but confirmation.?

Mot only can we be sure that Hipparchus used real eclipse
observations to confirm the length of the eclipse-period, but we can
say with a high degree of probability which eclipses he actually uscd.
For in the passage immediately preceding that last quoted, Ptolemy
SaVE:

That is why, as we can see, Hipparchus o used his customary extigme e m the
selection of the intervals addoesd for his investipation of this gueston: be osed [
intervals], in one of which the maon started from its greatest speod and did nat end ar s
least speed, and in the ofber of which 0 staned from s least speed and did not end a8 s
preatest speed, Porthermore he also made a correction, albeit a small ope, For the sun’s
emation of anomaly, since the sun fell short of an integer sumber of revelutions by about
Yy of & sign, and this sign was different, and produosd a differest squation of anamaly, in
cach of the two inlervals

In other words, Hipparchus used the minimum of just two pairs of
eclipses, in one of which the moon was “at its greatest speed”™, ie. (1o
use the terminology of Ptolemy's and Hipparchus® lunar model) near
perigee of the epicycle, and in the other “at its least speed™, .. near
apogee of the epicycle. Combining this information with the earlier
statemnent that Hipparchus used “observations made by the Chal-
dacans and in his time”, we look for pairs of lunar eclipses (1) sepa-
rated by an interval of 126007 days, (2) the first of which was visible
in Babylon and the second in Rhodes, (3) where the second falls
within the working lifetime of Hipparchus, and (4) in which the moon
is either near apoges or near perigee of the epicycle.

Table 1 lists all 31 pairs of cclipses satisfying conditions (1) to (3),
where the “working lifetime of Hipparchus™ is interpreted very
broadly to include the years from —170 to —120. The data in columns 2
to 5 are taken from Oppoleer’s Canon der Finsternisse. The tmes are
in all cases the time of mid-cclipse, in hours from midnight, Green-
wich mean time. {To get the approximate local times in Babylon and
Rhodes, add 3 hours and 2 hours respectively; precise local times in
Babylon, computed from more recent elements, are given by
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Table 1

Goldstine, New and Full Moons). Column 6 gives the mean anomaly
of the moon at approximately the time of the second eclipse of each
pair.'? In order to satisfy condition (4) we look for those values where
the anomaly is near 180° (greatest speed) or 07 (least speed).
Inspection shows that for both greatest speed and least speed only
two pairs of eclipses come into consideration: for greatest speed
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{anomaly near 180") pair no. 20 and pair no. 30; and for least speed
(anomaly near (1°) pair no. 9 and pair no. 21.%* For the greatest speed
we can immediately climinate pair no. 30. Not only 15 the second
eclipse, dated <122 Feb. 7, much later than the last attested
observation of Hipparchuos (—126 July 7)., but everything we know or
can infer about the chronology of Hipparchus' work suggests that the
basic lunar theory preceded much clse. It is therefore certain that for
the moon at greatest speed he used pair no. 20, the eclipse of —485
Jan. 31 (a total eclipse which we can now assume to have been
observed in Mesopotamia, although it is not otherwise attested), and
the eclipse of —140 Jan. 27. It is gratifying to find that the latter is
referred to twice in the Almagest (VI 5 and VI 9). In the second
passage it is explicitly stated that Hipparchus used this eclipse, and
that in it he assumed the moon to have been cxactly in the perigee of
the epicycle. 15

The choice for the pair at least speed is less easy. An obvious point
in favor of pair no. ¥ is that the first of the pair, the Babylonian eclipse
of =501 Nov. 19, 15 attested as having been used (for an unspecified
purposc) by Hipparchus.*® But it is dubious whether Hipparchus was
active as an observer as early as the date of the second eclipse of the
pair, in =156. The debate on the period of Hipparchus' activity & an
old one, and hinges on whether the three observations of the autumnal
equinox from —-161, =158 and —157 quoted by Hipparchus according
to Almagest TII 177 were made by Hipparchus himself (no other
observation of his predating —146 15 known). My own opinion is that
those three observations were probably communicated to Hipparchus
by an older observer, and that his own astronomical activity should
not be dated earlier than —150. But there is no proof of this, and even
if Hipparchus did not himself observe the lunar eclipse of <156, he
might have obtained a report of it from the same source as he got the
three early equinox observations. We must therefore admit the possi-
bility that the cclipse pair he used for the moon at least speed was the
earlier, no. 9.

Mevertheless, 1 am inclined to believe that the pair which he in fact
used was the later, no. 21. Against this one may argue, first, that
neither eclipse of the pair is cxplicitly attested in our sources, and,
secondly, that it is doubtful whether the first of the pair, that of 483
Now. 30, was visible at all at Babylon ** But those responsible for
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recording echpses at Babylon will have been watching for it, and even
if only the very beginning of the eclipse was visible, will have noted it
as observed. Furthermore, there arc good arguments for SUPPOSINE
that Hipparchus did in fact observe the second eclipse of the pair, that
of =138 Nov. 26, at Rhodes,

This was a large total eclipse (18.4 digits according to P. V.
Neugebauer, Speziefler Kanon), which began well before sunrise at
Rhodes (which was shortly before 7 a.m. on the date in question).
Totality began soon after 6.30 a.m., and at sunrise sun and moon were
only a very short distance from exact opposition, This means that, if
Hipparchus was watching the eclipse from a place where he had a
clear view of both the north-west and south-east horizons, he would
have seen at sunrise a strange and beautiful thing: the fully eclipsed
moon was just on the north-west horizon at the same moment as the
risen sun was just on the south-east horizon. (The principal reason for
this paradox is refraction, which elevated each of the apparent bodies
about 353" at the horizon, and was only partially compensated by the
lunar parallax.)

While we cannot know what Hipparchus’ observing conditions
WCTE, We can investigate the possibilities of horizon observations in
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Rhodes at that time of year. For the phenomenon described to be
visible, one needs a clear horizon (which means in practice a sea
horizon) in both directions. Looking towards the east and northeast
from Rhodes, one sees the high mountains of Lycia.' This means that
during the summer months true sunnise could not be observed from
the neighborhood of the city of Rhodes (and the situation would not
be very different further south on the island). But from September to
March, looking towards the southeast over open sea, one would be
able to observe the sun rise over a clear horizon from any place on
Fhodes where there were no local obstructions. For the other direc-
tion, I give in Fig. 1 a profile of the western horizon as seen from Mrt.
Stephanos (the citadel of the ancient city). This is copied from the
interesting but unfortunately rather inaccessible report by Frans Bruin
of his investigations on Rhodes. Bruin found a site on Mt. Stephanos
which he “optimistically”™ (to use his own word) identified as the
observatory of Hipparchus. Without necessanly following him in this,
I note as pertinent to this discussion his statement that from that spot
he could see three-guarters of the whole horizon, and observed both
suntise and sunset (in early September).

On the day of the echipse in question, Nov, 26 of —138, the sun rose
well south of east, at an azimuth of about 64° E for an observer in
Rhodes. 5o the moon set almost exactly opposite, at an azimuth of
about 116 W. From the considerations of the preceding paragraph
and Fig. 1, we see that both would have been visible simultaneously
for a suitably placed observer in Rhodes.

Now we find in the elder Pliny the following passage:

Winhin 1hu: lazt pwo hanedresd years it has been established by the cleverness of Hipparchis
that a lunar eclipse somelimes ooours 21 an interval of five months from the preceding
oz, ained & silar celipse al an imlerval of seven months; and that the san can be eclipsed
above 1he carth twice in 30 days, bl that [the two eclipses] are seen by different
alrscrvers: amd, the most marmkeas thing in this marvel, although @ is apresd Dt the
moom i3 darkened by the eanb’s shadow, [and] that this cccurs sometimes on 18 WEsIerm
side and sometimes on fs eastern, [he explamed] the reasan why, although thar darken-
ing shadow cught to be hebew the eanth &1 sanrise, 0 has omee bappencd thal the meon
was eelpad an ils setling, with bidh luminaries being visitle above the canh, ™

We conclude from this that in a work on eclipses Hipparchus discussed
the striking phenomenon we have mentioned, and stated that it had
been observed “once™ (semel). It is very plausible that he was talking
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about his own observation of the eclipse of —138 Nov, 26 (certainly no
other eclipse visible in Rhodes during his lifetime could have afforded
him this spectacle).

I conclude, then, that it is probable that Hipparchus did observe the
eclipse of —138. This creates a presumption (but no more) that he used
the eclipse pair no. 21 as a partial basis of his confirmation of the
eclipse-period. If that was in fact the pair he used, it follows that the
cclipse of 483 Nov. 30 was recorded as observed in Mesopotamia
{which would be of both astronomical and historical interest), and that
Hipparchus® lunar theory was established later than —138. It was in
any case established later than the second eclipse of the other pair
osed, 1Le, =140 Jan. 27.
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MOTES

1. ed Heiberg 269, All rramskusons of passages (rom the Almagest are zken from my forth-
comnang Englsh sversion of the whole work.

2, Rugles, who had not vel nealized the advantage of expressing all Babylonian values
sexaptsmally, gives the cquivalent fraction i howrs, mimetes and secomds.

. In It the two valoes do ood agree precisely [coarra Mernoer, “Precession”™, 198), bt differ
by vl Yz socomd (Kugler caloulated only to the nearest second). This corresponds 1o the
differemce between the decrement of 74 stated by Hipparchus and thar of 7; 46° fownd by
the medbisd of Aaboe, 124,

4. Megleot af Kugler's discovery by classical scholars has been rthe rule, e, there B ol a word
about it in Hexh's Gierek Astronorsy of 1932, (A norable cxcepiion W this rule was
Fotheringham’s “Indehiedness of Greek 1o Chaldsean Asimosomy ™). For examples of ne-
glect by historians of sceence see pistes G and 7 below,

5. For detzils of the caloulation see Aaboe, 123-25, or Neogebauer, HAMA 311-120 The
periodd f2lls shorr of 345 sidercal returns of the sum by aboul 7; 46" {2xsuming the abowve
lenprh for the vear), which was rounded by Hipparchs 1o “a quarter of o sign™ or 70" {For
the wse of the latier 2 2 anil in Greck asronomy see Neugebawer [2] 250-51). The factor
17 proglosss, md a rolurm in latitwle, bat {approximately] half a revalation beyond complete
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Teturns, i.e- if the moon = near a sode al the beginning of the period, it will be near e
appasite rade at the end, bende celipass a1 both ends ane possible.

Ths last number is of courss slightly rounded. The clearest proof that the Babylonian value
29; 31, 30, 8, 207 was what Hipparchus started from, and nat (a5 Piolemy's scosunt imphies)
whar he derived, is that division of 26007 1* by 4267 produces 2%; 31, 50, 8. % .. ° The
larter walue was then:fore attributed to Hipparchius by Copernsus (D revoluionibes TV 4,
<. Aaboe, 123}, and cardier still by al-Birosi (Qanans VI 2, 1L p. 730 lines 10-11) More
surprisingly. after ibe publications of Kigler and Aaboc, it is sl treated as a real value by
van dier Waerden, " Berichiggung™ 25, The “differenoss’™ belweoen the valees of Hipparchus
and Babylonion System B listed in Tabelle 4 (ifdd. 25) are entirely flosory.

- Like van der Waerden (see n. &), Meragr, “Frecession™ p. 50, believes ihat * Hipparchus

determined the symodic month from the 345 year odlipse oycle” (which be miscalls 1he
“exeligmes’), even thowgh be cites Aaboc’s article. His failure o understand  Aaboe’s
arpuments 5 furtber demonstrated by his remark (@ed 197 5, 1) that “of cowrss the
Batylonans mast have known of* the 345 year eclipse penod. In a note on ibe ahove
passags in the Almeges!, Viggo Petersen remarked thar the 715* dearement muast be taken =
sidereal kmgitude, evidently unaware that he had been anaapated by Aaboe. (His other
remark, that vne can derive a value for the precession of aboul 46537 per amnum by
combining Hipparchus” eclipse-pencd with 1be wales for the tropical year attribwled 1o kim
by Prolemy, was also anticipated, by Biot in 1843, and by Sédillot in 1840 [Sédillon, 1
11-14]. This arithmetical £33 &5, in my epinion, of no histerical sgnificance for anyane who
has examined the evidence tor the chronology amd basis of Hipparchus' discovery of preces-
sion] Finzlly, Hanmer {Gasror 1972, 534-35), demonsitates the squivalence of the
Bahylonian and Hipparchan data with no reference to either Kugler or Aabos, and sdding
eedibnngg 10 1he larter™s discussion.

- Heiberg XT2-76, The vonditivns are well explained and illusraned by Mesgebauer, HAMA

1El,

1L

12

T1I-T3 with Figs, 5962,

Heiberg 276-77.

W know oothing of the vehicle or even ihe form in which thess wene transmitted from
Mesopotamia, bui it scems vasily meore probalbile thatl they were given sxplicitly by someons
with persenal knowledge of Eabylonzan sstremomy than that they were extractsd by any
Cereek from the kind of ephemernides known e Kugler.

In a forthooming arricle in Archive for Hivory of Exer Sciences, *Hipparchus® Detenmana-
tion of the Lenprh of the Tropscal Year and the Bate of Precession™, M. Swerdlow makes the
imberesting sugpestion 1hal Hippanchus derived his length for the tropical vear, 3654 minus
abouat Yaeo day, by arithmetically combining the Babylonian valboe for the mean synodic
meith and the Callsppic To-vear cycle, and then attempied oo confirm i by e.g, comparison
of solstice observations. This sems very plausble, and if troe 5 o closely parallel 10 Bis
proccdure in (he lunar thoory that one muost suppose thar Hipparches siccess m the latter
emnuraged lim 1o apply the same methad in the solar theors

I Bave compubed these from the Almagest tables, for & e 7 bowrs later than the time of
mad-oelipse as compuwied by Oppolzer (sinee Fiolemy™s tables have an epoch of noon
Alezumdria). We cannoi reconsiruct exsctly the positions in mean anomaly of the moon 25
givem by Hipparchus' tnbles, since, aliboupgh s know what value he wsed for the mean
meartiom. we e not know what hs epoch position was, The only passage which has heen
thought to give explic evidence abour this is Almagest WV 3, Heiberg 363, 19, whers
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Hipparchis™ Empirical Buazis 10

Hipparchus is qoided as siving that the spesd {“dromos™) & 241, This has been inter-
preted 10 mean that the anomaly is 2417 and the st comseguently emended, since this is an
impessibly large difference from Polemy™s 257; 47° However, &5 1 shall show elsewhere,
Hipparches meant that the moon was in tbe 24 15t day of the anommaly period of 248 days
wiell konown from Babylonion, Greek and Indian astromomy. This aggess with Priskemy's
caleulaton, wiikourl providieg a precise position. Bwt the pasage referred to in n. 13 shiws
that Hipparchas® cpoch m mean asomaly was oo more than abput 2° difforeol from
Piolemy™s. Henoe for aur present parpess: Prolemy's values are sufficiently close.

Bate that in cach case the matching pairs are 18 years {3 “Sanos™) apart,

All dazed observations in the Almagest are convenpently bsted in Appendix A of (Haf
Pedersen's Survey.

Hetherg 525-26, 1 shall deal with this passage chewbere, in a discsssson of Hipparchus
determnatson of the mean madiaon in latiude.

Almagess 1V 9, Hesherg 532 Both Anbee (p. 125) amad Hartmer (p. 535 o, 1) fatseed thar
thi eclipse has a correspomding one 126007 days Inter and suggest that Fipparchus oy
have cited this pair in comnection with tlsat perisd, Earlier Rome, Commeanizive de Théom
G095 0. (2] had chosen {from a list smalas 10 my Tabds 1) the pair 485 [3] and -1401
27 a5 “the example”™ which he guessed Hippanchus 10 have used, But none of them explains
that Hipparchis' method requires mvo pairs of eclipses, or noles 1he crocial element of the
lunar anamaly. If one's criterion is menely whether the eodipses in question ane atfested as
having heen observed, a far hetter candidate would be pair me 15, Bt of whech are
reported in the Afmagesy, that of 4% Apr. 25 at IV 9, Heiberg 329, and than ol =145 Agr.
21 ar 10 1, Heiberg 199, where it s soid 1o have been wed by Hipparches to determins U
lomgitude of Speca. Bun @ these ecipses the moon was near mean speed. which rules them
onal of our invesligation.

. Meiberg 195, For some of the Beratune see Neapebauer, HAMA 27576, Kugler, S0-51.

argwes against attributimg these ohscrvatioms te Hipparehas,

P. V. Meugehauer, Spezieller Kanon, marks the tme of sclipse-bepinning a1 Babylon, 7.2°
with a guesiion-mark 10 indicate that it may bave begun aller sunnse, By colculation from
the tables in P. V. Meogebawer, Asrromomische Chromelogie, 1 find the time of eclipse-
heginning ar Enbylon as abowt 6; 55 a.m., and from P W, Neogebawer, Tafeln 100, the time of
sunrse 51 Babylon on that daie as about the same. The edipse was 2 small one {abdat 2%
dapine), Clearly, whale the later phases were certainly invisible at Babylon, we canmd prcss
calculations [Fom modern clemsents so far &5 o affirm confidenily that the beginning was or
wis o visible there,

. This view is well ilusirated by Plate 5 in Mewron's Travels gad Discoverier dn the Levane,

YVol. 1. where one = ||_14_'.ki_'||H more or ks due easts froms the citndel of Bhades soross the
harbor: the mauntains block the whol: horgon 1 the east and eertheast, but 1o the soath-
easl s open soa.

Flane, MH 1 56 {Budé p. 25) One need hardly sy that Pling™s account, as wsual. & both
confimsed and obscure. But the f2c of the ohservation, and 51z mention v Hipparchus, ane
certain. There i a discussion of the pheromenon by Cloomedes, 116 (Ziaepler 218 ), bat
withous any details; mdeed at one paint (p. 222 he denics that such an eclipse has ¢ver been
abse e

K Ceormyeras a1y
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