
CULTURAL INTERCHANGE OVER 
A WATER-CLOCK 

IT once seemed almost self-evident that the extraordinary progress of Greek 
astronomy and mathematics in the Hellenistic age were, at least in part, the 
result of contact with Babylonian and Egyptian culture. But, whatever they 
may have owed to Babylonia in the exact sciences, there is now a growing 
consensus that even as early as Eudoxus the Greeks had advanced beyond 
the point where they might have profited from Egyptian help,' and it is not 
easy to find a solid basis for the widespread Greek belief in the superior wisdom 
of the Egyptian hierarchy. Yet the preface to the famous Calendar for the 
Saite nome, P. Hibeh 27,2 provides circumstantial evidence that one Greek, 
at least, in the fourth or early third century B.C., found in Egypt an instrument 
for measuring the time at night which was new to him and which he may well 
have found impressive in its accuracy. 

This evidence has no doubt escaped notice because the introduction to the 
Saite calendar appears at first sight to be merely so much jam round the re- 
pellently technical matter of the almanac. On palaeographic grounds the 
papyrus is dated to the early third century B.C.; the calendar itself, assuming 
that the observations on which it was based were reasonably accurate, suits 
the years between 313 and 298. The introduction (frg. a) begins thus: . . .]v 
ZdtL TLaVV avrj7p croos Kal jL71 v Xpetav eXc)ov. XoL,ev yap rov 2aLrs?v voy,ov Tn77 

7TEVTE. 7raoav ouv i-v TvaA?iOE[av] r'/4Fv 
' 

erl`EL Kal Em 1rov E'pyov ElEKVVEv E[K TO]tV 

oA,lov io0 AL8tvov [o0 EK]LaAEro 'EAAXvIrVTr [yv]cSluov. There follows a summary 
of the Saite astronomer's system, which includes some coincidences with the 
Paris papyrus known as the Ars Eudoxi (Pack2 369), which, however, probably 
preserves only a miserable remnant of the genuine work of Eudoxus. Grenfell 
and Hunt inferred that the Saite astronomer was a pupil of Eudoxus. If so, 
the emphasis on his long-standing acquaintance with the author seems a shade 
odd; there is a suggestion of a certain mystique, of information not to be 

lightly imparted, which one would not expect to find in connection with the 
doctrines of a scientist whose writings enjoyed a wide diffusion. Wilcken 

(A.P.F. iv [I908], Io8 f.) was surely right to see here an Egyptian astronomer;3 
as he realized, this suits the curiously awkward way in which the apparatus 

Cf. Neugebauer, The Exact Sciences in 
Antiquity2, p. 15I. 

2 Pack2 201I (but the entry contains an 
error: there is no reason to think this a school 
text). The continuous numeration of frag- 
ments and columns is slightly misleading, as 
the calendar itself is written in a different 
hand from the introductory matter of frg. a; 
it is not absolutely certain that both come 
from a single work, though there seems no 
doubt that all the fragments concerned be- 
long to the same roll. 

3 'Ich mochte eher an den typischen 
iigyptischen "Weisen" denken, wie er 
haufig als Lehrer von griechischen Gelehrten 
in der Tradition begegnet.' This perhaps 

needs some qualification, since 'typical 
Egyptian sages' have a long, and not al- 
together creditable, literary history, both in 
antiquity and in modern times: the alleged 
Oberlieferungsgeschichte of the Book of Mor- 
mon is a familiar instance of this appeal 
to the authoritative wisdom of Egypt to 
commend esoteric doctrines. However, the 
convenience of an observational device and 
the accuracy of the information obtained 
with it are things which the interested reader 
might be expected to verify for himself; 
there is no point in investing either with a 
bogus Oriental glamour. The wise man of 
Sais surely represents a genuine Egyptian 
source. 
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used is named: 'so beschrankt sich der Grieche hier zwar auf den griechischen 
Namen, aber seine Worte lassen doch durchscheinen, dass der Weise ihm den 
Gnomon auch AlyvtTrcrt genannt hatte.' 

yvctxuwv in Greek is not much more specific than 'gauge', 'indicator', or 
'marker' in English ; Grenfell and Hunt translated the phrase 'the stone dial 
which is called in Greek a "gnomon" ', but this is not quite right, as is clear 
from two other papyri concerned with astronomical topics. P. Oslo 73 (Pack2 
202I), of the late first or early second century, describes a method for deter- 

mining the apparent diameter of the sun by the use of a water-clock,2 which 
should be constructed thus: Kara[acKvca]crav-rS 8 Ka a yyelov oALcoWa [rrapa- 
7rAXr]aov KaC royvrov pr)jaav7es KTA. P. Oxy. 470 (Pack2 2044), of the third 

century A.D., gives a detailed account of the procedure for making such a vessel: 
rov as rT4[v a]poAoyltv aptOLi6v -Sj [Ka]raaKevj^S o0rws d[ro]8iLoacvw, Tro Lev 

dvwo oAXLt'Kov &LaKT-vAX v [Ka] 7TOLOVVT7S, TOV - ? 7rvOdv[a] tfl 8aKrvAwv, 7T /a3cos 

8[a]KrTACov L]. The calculations become more complex, but the result would be 
the shape of a bucket or plant-pot; the ancient theory evidently was that in 
a vessel constructed according to these proportions the water-level sank equal 
heights in equal times (which is not in fact true). This latter text also preserves 
an astronomical explanation of an Egyptian board-game,3 and it is hard to 

imagine what link any Greek could have seen between these two items unless 
both emanate from an Egyptian source and illustrate the methods of Egyptian 
astronomy. Such, one might suppose, were ra dcrpoAoyov'teva Tcjv 'Eptov 
PiBPAXwv mentioned in Clement's description of Egyptian priests in procession 
(Strom. 6. 4) ;4 Plutarch (de Iside 6i) in fact cites 'the so-called books of Hermes' 
in terms which suggest a translation had been made. 

I The entry in L.S.J. obscures the 
generality of the term with a multitude of 
separate categories giving interpretations for 
particular contexts (though an omnium 
gatherum-sense of 'index, mark' (II. 5) is 
included). Certainly there is no evidence 
that before the Hellenistic period yvwcwov 
without further qualification could be used to 
refer specifically to the gnomon of a sundial. 

2 For a similar experiment Sta r-v 
vSpoAoyltwv, cf. Cleomedes 2. I. 75 (p. 136 
Ziegler); he concludes Aeyera Soe 7o TOLavTn7 
ZboSoc VT7ro 'rp'orwv TOv Alyv7rrtlov e7TLvoOi7- 
vat. Similarly Macrobius (Comm. in Somn. 
Scip. i. 21. 12 ff.) explains how the Egyptians 
used the water-clock to divide the zodiac 
into twelve equal parts. 

3 Cf. Pieper, Zeitschr. f Ag. Sprache, lxvi 
(I93I), 6 ff., Gwyn Griffiths on Plut. de 
Iside 12. Odd though such exegesis may seem 
at first sight, this is not an isolated case. 
Pieper describes another Egyptian interpre- 
tation of (almost certainly) the same game in 
terms of a journey through the underworld; 
an astral interpretation of the game of 
rTa'da is found in several Byzantine writers: 
see Lamer, s.v. lusoria tabula, R.E. xiii, 
col. I904, where similar (perhaps related) 
Arabic interpretations of the game of 
nard are also mentioned. This was not a 

peculiarly Levantine mode of thought: for 
a tenth-century British attempt to find a 
scriptural sense in the popular Germanic 
game of hnefatafl see H. J. R. Murray, A 
History of Board Games other than Chess (1952), 
pp. 6I ff. 

4 LETr TO 'rSV OOv O UpooaKcoro, c poAoyiov 
Tee era Xeipa Kal )olvitca acrTpoAoyLa5 ZXwv 
avufloAa, irpoeiavL. TovTov Ta aaTpoAoyovjLeva 
T6v 'Ep,Ltov fB&l,fAl v Treaapa ovra rov aptOi3ov 
Sael tO aT6taros EXeV XP', CLv TO peV EaTrt 7epL 
TOV S8aKoaClov Trv adthav6v #aLvo[LEvwv 
aaTpo)V, TO Oe ITEpl T7S Tad(EOS rTOV jA'iov Kal Tjs 

aEA,vqs Kal irepL T'wv rl EVTE 7rAavoJeldvwv, 'O 

rTEpL Twv avvo'Sov Kal )T(tajLv jALov Ka 

ae)7jvrs, TO SE AOLtTOv 77eplt rwv avaroAOv. The 
&CpoAoylov carried by the 'observer of hours' 
was surely a water-clock, not a portable 
sundial; though the word can denote either, 
the latter is not much use to an astronomer. 
The other cv/t%oAov of his craft is presumably 
functional too: a straight palmrib with a 
V-shaped slot cut in the wider end was used 
by the Egyptians as a sighting instrument, 
and known as bay (en imy unut), 'palm-rib 
(of the observer of hours)'. This is con- 
veniently illustrated in I. E. S. Edwards, 
The Pyramids of Egypt2 (I96 ), p. 259, 
fig. 54- 
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The yv4cwv of P. Hibeh 27 is, then, a water-clock. Theophrastus too used 
the word in this sense (fr. Io9, ap. Ath. 2. 42 b, from a discussion of the 
peculiarities of water in various places): avaorecAAEL S avr37 Kal tTVKVOF ! aAA0ov To 

vOXos. &o Kal ev Tro yVWClLocla peov OVK avaSlScwar ras cpas Ev TCo XEqLt-v, aAAa 
W7TpLTTrevEL fpasvTrpaS OvlC?7S T7JS E'KpOrS 8La To TTWaxS. KaCt ravTa 7Tepl Alyv7T-ov 

rloalv, 0Trov tLaAaKLCTepoS o aoip.1 

Yet the KAE?V'8pa is one of the most memorable features of fifth-century 
social life: what was so new about a water-clock? The Athenian KAeov;pa, 
first attested in Aristophanes (Ach. 692, V. 93),2 was a relatively simple device 
no more subtle than an egg-timer, mainly used as an inducement to concision 
in the law-courts (cf. Arist. Ath. 67). A bucket-like vessel discovered in the 

agora, in an undisturbed well-deposit of c. 400 B.C., has been identified as 
a clepsydra: see Young, Hesperia viii (I939), 274-84; it was found to discharge 
its contents in six minutes. A reference in Aeneas Tacticus (22. 24), who recom- 
mends the use of clepsydrae to ensure the fair distribution of watches among 
the troops, implies a rather larger vessel, but the principle is still that of the 

simple timer, not of a clock. He suggests adjusting it to the shorter nights of 
summer by coating the inside with wax, which may be gradually removed 
as the nights grow longer; this ingenious modification surely implies that he 
did not know of any more advanced device for measuring the time.3 But in 

Egypt water-clocks designed to mark the hours of the night at any season had 
been in use for centuries: the earliest example is a splendid alabaster vessel 
from Karnak, dated to the reign of Amenhotep III (early fourteenth century), 
which has often been reproduced.4 We even have the autobiographical grave 

inscription of Amenemhet, court astronomer to Amenhotep I, who, with 

justifiable pride, claims to have invented the device;5 mythologically the 
credit went to Thoth. Unlike other types of Egyptian clock, shadow-clocks 
and astral clocks, this could be constructed on independent principles and does 
not presuppose the existence of some other means of measuring the time. The 

system of marking the hours (an hour being simply a twelfth part of the night, 
not a unit of fixed length) assumed a constant rate of increase and decrease 

I On Theophrastus' visit to Egypt, see 
Capelle, 'Theophrast in Agypten', W.S. Ixix 
(I956), i73 ff- 

2 The word itself occurs earlier, in Em- 
pedocles (fr. 1oo, 9), where, however, it 
means an instrument like a pipette. The 
sense of 'water-clock' sounds as if it originates 
in slang and the orators obviously prefer 
expressions with iSvwp when they have to 
refer to it. The word KAE,v'apa is also con- 
spicuous by its absence from an inscription 
of Iasos (Hicks, J.H.S. viii [1887], 103), 
dated to the early third century B.C., which 
gives a detailed specification for the construc- 
tion of such a device. 

It should incidentally be noted that the 
Babylonians too used an instrument of this 
type; it is attested in certain problems of the 
kind which modern arithmetic books, with 
a distracting lack of verisimilitude, express in 
terms of wild extravagance with bath-water: 

see Thureau-Dangin, Revue d'assyriologie, 
xxix (1932), 133 if. But again, this seems 
fairly primitive. There is no reason to sup- 
pose that the Greeks owed their clepsydra 
to the Babylonians (unless that was what 
Herodotus meant by yvwtcowv at 2. 109). 

3 A water-clock of a sort is ascribed to 
Plato according to Aristocles Irept Xopp&v ap. 
Ath. I74 c: A'ye'Tat 8 ITdAa'rva KLKpdv 

TLva Evvotav Soival, Tro KaTacKevacparToc 
VVK7repLVv tro tcavTa cWpoAO'yov EOLKOC rCo 

v8pavALKti otov KAEJvJSpav tLeyaA7rl At'av. It 
does not sound very sophisticated. I owe 
this reference to an anonymous referee. 

4 See, for instance, Sloley, J.E.A. xvii 
(I931), Plates xix, xx, xxi, Ancient Egypt 
(1924), p. 43; Borchardt, Altagyptische 
Zeitrechnung, Taf. I; Neugebauer and Parker, 
Egyptian Astronomical Texts iii (1969), Plate 2. 

5 See Sloley, Ancient Egypt (1924), p. 45, 
Borchardt, op. cit., pp. 60 if. 
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from month to month, an approximation which we still find in the Calendar 
of P. Hibeh 27 (though the latter expresses the varying lengths of day and 
night in terms of equinoctial hours). 

The inscription of Amenemhet uses the word merkhet for this device. Merkhet, 
literally 'instrument of knowing', was a fairly general term, applied to all three 
kinds of clock, even though they each had individual names;' it corresponds 
to yvcoLwv very neatly. 

I would not suggest that the tutorial at Sais described in P. Hibeh 27 marks 
a decisive point in the development of Greek horology; in an age before 
patents and scientific journals some Greeks will have known about these things 
before others, and there is, in any case, a great difference between knowing 
how to use such a gadget and understanding the principles involved in con- 
structing one: for any given model there would, after I20 years, be a dis- 
crepancy of a month between the month names engraved on the rim and the 
scales of the clock which give the time, and though this can be easily repaired, 
it means that simple reproduction, without a knowledge of the basic theory, 
would only bring short-term profit. No doubt if Hero's 7repL vpSptov copocKoTrrELov 
had survived, we should have a clearer picture of the way in which progress 
was achieved. But it seems undeniable that the Greeks of the age of Eudoxus, 
and perhaps for some generations subsequently, could have improved their 
techniques for measuring the passage of time under Egyptian instruction, and 
that from the Hellenistic age more satisfactory clocks (both sundials and water- 
clocks) are well attested. The Greeks took over the Egyptian calendar; it 
looks as if they owed something to Egypt in the measurement of smaller units 
of time too. Though such gadgetry may seem relatively humble to the his- 
torian of science, it is not surprising if the Greeks of the fourth century were 
impressed by it. 

Hertford College, Oxford STEPHANIE WEST 

I Cf. Edwards, op. cit., pp. 257 f., Z. Jgypte et laprecession de l'axe du monde (Prague, 
Z2ba, L'Orientation astronomique dans l'ancienne I953), 56. 
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