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Decoding the ancient Greek astronomical calculator
known as the Antikythera Mechanism

¥.Bitsakis™®, X. Moussas®, J. H. Seiradakis®, A. Tselikas® H. Mangou®, M. Zafeiropoulou®, R. Hadland’,
D. Bate’, A. Ramsey”, M. Allen”, A.Crawley”, P. Hockley”, T. Malzbender®, D. Gelb®, W. Ambrisce” & M. G. Edmunds'

T. Freeth'~,

The Antikythera Mechanism is a unique Greek geared device, con-
structed around the end of the second century ge. Tt is known'
that it calculated and displayved celestial information, particalarly
cycles such as the phases of the moon and a luni-solar calendar.
Calendars were important Lo ancient societies'” lor timing agricul
tural activity and fixing religious festivals, Eclipses and planctary
motions were often interpreted as omens, while the calm reguolar-
ity of the astronomical cycles must have been philosophically
attractive in an uncertain and violent world. Named after its place
of discovery in 1901 in a Roman shipwreck, the Antikythera
Mechanism is technically more complex than any known device
for at least a millennium aferwards, s specific funciions have
remained controversial''™* because its gears and the inscriptions
upun its Laces are only ragmentary. Here we reporl su.rl e
imaging and high-resolution X-ray tomography of the sar :
fragments, enabling us to reconstruct the gear function s

the number of deciphered inscriptions. The mechanidi predic ltd
lunar and solar eclipses on the basis of Babyvlonian arithmetic-
progression cycles, The inscriptions support suggestions of mech-
anical display of planetary positions™' ™", now lost. In the second
century B, Hipparchos developed a theory to explain the irregu-
laritics of the Moon™s molion across the sky caused by its elliplic
orbil. We lind a mechanical realization of this theory in the gear-
ing of the mechanism, revealing an unexpected degree of technical
sophistication for the period.

The bronzge mechanism (Fig. 1), probably hand-driven, was ori-
ginally housed in a wooden-framed case! of (uncertain) overall size
315> 190 = 10 mm (Fig. 2). It had front and back doors, with
astronomical inscriptions covering much of the exterior of the mech-
anisor. Our new transcriptions and translations of the Greek texts are

planetary cycles. We note that a major aim of th'
to set up a data archive to allow non-invasive
access to this will start in 2007, Details will be a
tikvthera-mechanism_gr.

The back door inscription mixes mochags®
struction (“trunnions”, "gnomon’, pggrations’”
ical periods. Of the periods, 223 | Saros eclipse cycle
for a bhrief explanation of onomical cycles and periods). We
discover the inscriptiogg#®piral divided into 235 sections™, which is
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Figure 2 | A schematic view of the mechanism to illustrate the position of
major Inseriptions and dials. The front dial has tvwo concenteic scales. The
inner scale shows the Greek zodiac with 360 divisions. There arc occasional
Greek letters denoting references to the Parapegma inscription, and we adid
tlree turther reference letters (£, H, @} to Price’s description'. The
Parapegma is a star almanac showing rising and seitings at dawn or cvening
of particalar stars or constellations, which we will discuss elsewhere. s furm
is consistent with a date of late second century i, The outer (originally)
muovable seale is a calendar corrying the Egyptinn names of the months with
Greck letters. The Egyplian calendar of 365 days, with twelve 30-day months
and 5 extra (cpagomenal) davs was in standard use in Greek astronomy., Tle
elffect of the extra quarter day in a year could be corrected by turning the

S8

and a sequence of holes 1o
is ohserved under the scale. We find that spacig ol the holes is indaed what
would be expected for atotal of 365 davs, with a possible range 363—365, The
position of the Sun and Moon would have been indicated by pointers across
the dial scalbes, and a device” showing the phase of the Moon was probably
carricd rownd on the lunar pointer. It is not clear whether the Sun position
pointer would hive been separated from a date pomter, or whether any
planctary positions might have been displaved. The spiral upper back dial
displayvs the luni-solar Metonic sequence of 235 lunar months with a
subsidiary dial showing the Callippic cycle, while the spiral lower back dial
displays the 223-lunar-month Saros eclipse cycle with a subsidiary dial
showing the Exeligmos cycle.
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i Between the scale divisions of the Saros dial we have identified 16
blocks of chardoters, or "glyphs" (see Supplementary SNoie 2 (Cplvphs
and mscriptions" )} at intervals of one, Gve and six monils, These are
eclipse predictions and contain either X lor o lunar eclipse (from
EZEALNIL Moon) or H fer a solar eclipse (from HATOE, Sun) or
both. A correlation analy=is (analogous to DMNA sequence matching)
with historic eclipse data®' (all modem eclipse data and predictions in
or work are from this reference t indicates that overa period of 400—
o, the sequence of eclipses marked by the ddentified glyphs would
be exacily matched by 121 possille star dates, The matching only
occurs AF the lunar monih starts at first crescent, and confirms fhis
choice of month stare b the mechanism, The sequences of eclipses
can then be used o prodict the expected position of glyphs on the
whole dial, as seen in Fig. 4. The dial starts and finishes with an
eclipse. Although Piolemy indicates that the Greeks recorded eclipses
in the second century no, the Babylonian Saros canon” ™" s the only
known source of sufficient data to construct the dial

The functions of the mechanizm are determined by the tooth
counts of the gears. These are based mainly on the CT, wusing angolar
measurerment froma nominal centre to the remaing of tooth tips, Ina
few cases all teeth can be seen, bul many gears are incomplete, Counts
are established by fitting models with regularly spoced teeth and
minimising the rms deviation fram the measurements—-varying
the centre in software [when uncleart to find the besi-0t solution




AvakTnon TTANPWV KEIPEVWY APOpwV aTTO UTTNPECIEC EKOOTWV
ETTIOTNUOVIKWYV TTEPIODIKWV

#! Adobe Reader - [natureQ5357[1].pdf]
IRl Y e o A CHE e DR RN AR

] HSMQIZW:-\_- [__;1"- ﬂ “b‘uwr.h

'-'"!,l [T sekest

CEH I

P @ree - || e

-

from the separate fragment 1), The proposed moedel is shown in
Ig. 5. We require the assumption of only one further gear (m3),
whose proposed shaltl is clearly broken off in the CT. A detailed
descriplion is contained in Supplementary Mote 3 {"gears’),

OF particular note is the dual use of the large gear, €3, at the back of
the mechanism, which has found no use in previous models, In our
model, it is powered by i3 as part of a fixed-axis train that tums the
Saros and Exeligmos dials for eclipse prediction, and also doubles as
the ‘epicyelic table’ for the gears ki, k2. These are part of epicyclic

gearing. that calcolates the theory of the irregular motion of the
moon, developed by [Hipparches some time between 1460 and
128 BC (ref. 22)—the "Arst anomaly’, caused by its elliptical orbit
about the Earth. The period of this anomaly is the period from apoges
o apogee (the anomalistic month), Te realize this theory, the mean
sidereal lunar motion is first calculated by gears onaxes ¢, d and ¢ and
this is then fied into the epicyclic system. As explained in Fig. 6, a pin-
and-slot device on the epicyelic gears ki and k2, clearly seen in the
C7T, provides the varation. This was previously identified®, but
rejected as a lunar mechanism. The remarkable purpose of mounting,
the pin-and-slot mechanism on the gear £3 is to change the period of
variation from sidereal month { thatis, the time taken for the Moon te
orbit the Earth relative to the eodiac), which would occur ifl] and k2
were on fixed axes, to anomalistic month—by carrying the gears
epioychically at a rate that is the difference between the rates of the

Figure & | The ‘Hipparchos' lunar mechanism mounted on gear 3, The
figure is based on a CT slice of part of fragment A, showing (top) shatt ¢ amnd
(bottom ) shatt k, The complete peometry cannot be scen ina single CT slice.
The two gears on the e axis (&5 and ef) are coaxial, while the two k gears
rovinfe o Hligh!l}' Il'l‘hplill'!'(l axee k1l haxn ]11'n o 1% Face thiat EMEAEE with n
radial slot dn k2 (and this was previcusly reported®). ln the figure the pitch
crrcles of @5 and k1 are shown in turgquotse and those of eb and k2 i pink.
The gear oF deives k1, which drives K2 via the pin-and-slot, introducing a
guasi-sinusoblal varktion i the motion, wliich is Ueen Lansimitted Lo o6,
Crar estimate of the distance bevween the afbors oo the K pears is about

|21 mmn, with a pin distance of 96 mm, giving an angular variation of 6.5,
According to Ptolemy™, Hipparchos made two estimates for a lunar
ancmaly parameter, based on ecipse data, which would require angular
varstions of 397 or 4.57 hare —alfhll\lL’Jl eetirmates of the ame Lm.||1lr from
Babvlonin astronomy were generally heger. The dilference From our
estimmated value is Fll.'l.l-h:!!ﬁl.'!r naot .-\,lﬁn:ﬁr.';lnl giw."n the 1|.il-:ni.'u|1.y' urprecl.-w
measurement of the axes in the C1. The harmonic varation, together with
the effect of careyving the gears omn 23 (which eotates al the peciod of the
Moon's apogee around the Earth), would simolate the correct varation los
the Moon's mean {sidereal} rotution rate on the front dial, An { unexplained)
regular pentagon s visible o the contre of gear o5, ILUis lempling to pssociate
the conception of the mechanism with Hipparchos himself, but he was not
the Firs.l. o msALTTIE oo T o e'piqrr] (T rn:sﬂl'h.

E2006 Mature Publishing Group
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Abstract. Avian species, particularly waterfowl. are the
natural hosts of influenza A viruses. Influenza viruses
bearing each of the 15 hemagglutinin and nine neu-
raminidase subtypes infect birds and serve as a reservoir
from which influenza viruses or genes are introduced
into the human population. Viruses with novel hemag-
glutinin genes derived from avian influenza viruses, with

thought to be limited in their ability to directly infect
humans until 1997, when 18 human infections with
avian influenza H5N1 viruses occurred in Hong Kong.
In 1999, two human infections with avian influenza
HY9N2 viruses were also identified in Hong Kong. These
events established that avian viruses could infect hu-
mans without acquiring human influenza genes by reas-
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could cause conjunctivitis Tollowing direct exposure or
inocy lation,

H5N1 infections. In Mayv 1997, a previously healthy
Jeyear-old bov in Hong Kong presented to his physician
with a febrile respiratory tract illness. His symptoms
worsened on supporive care and aspirin. and he was
hospitalized. An influcnza A virus was isolated (from a
throat swab oblained on day 10 of his illness. The
patiant’s condition continued to worsen. and he died on
day 16 of complications. mcluding adult respiratory
disiress svndrome and Reve's svndrome [5].

The virus i(hg. 1} could not be typed with reagents
designed Lo identily human HIMNL and H3™WN2 inlluensa
A viruses but was subsequently identified by reference
laboratores as an influenza A HIN1 wirus [7. 8] An
epidemiologe investigation of the case was undertaken
when the virus was subtvped, but several months had
passed since the child’s illness and death. The child
attended kindergarten. where he was potentially exposed

tor some chicks and ducklings in a nature court; some of

the chicks and ducklings developed vellow diarrhea and
diesd in the weeks proceding the child’s illness [B]. Ad-
tempts o recover infectious agents from the nature
court several months later were unsuccessiul.

ln Movember and December 1997, 17 additional cases
of laboratory-confirmed H3MN1 infections occurred in
residents of Hong Kong. Including the first case in
May. there were six fatalities. The patients ranged in
age from 1 to o years, amnd the Tatal cases were in
patients 2, 130 25 34, 54 and 60 vears of ape. The
clinical features of 12 cases were reported by Yuen et al.
[10]. H53M ] wirus-infected patients presented with fever
and upper or lower respiratory tract svndromes that
were clinically indistinguishable from human influenza
A HINT or H3NZ2 infections, but the rate of complica-

Tl B4 4 Jof 13 [

ealing or preparing pouliry products and recent expo-
sure to persons with respiratory illness were not associ-
ated with H5MN1 disease [14]. A cchort study of 51
household contacts of 16 HSMI1-infected patients

o -y
'¢"L_1 . - '

Figure |. Electron microgruph of human influcnza A /Hong
Eong/ 15697 (H5M1) grown in Madin Darby canine kidney cells
Courtesy of Cynthia Goldsmith and Thomas Rowe, Centers tor
Drisease Control and Prevention (CDOC).
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CHRONICLE

The 11th International Conference for Renewable Resources
and Plant Biotechnology

The 11th International Conference for Renewable
Resources and Plant Biotechnology was held June 6-7.
2005, in Poznan, Poland, at the Institute of Natural
Fibres (Poznan, Poland) under the aegis of the Ministry
of Agriculture and Environment of Saxony-Anhalt
(Magdeburg, Germany). The sponsors of the confer-
ence were Pilot Pflanzenoltechnologie Magdeburg e.V.
(Magdeburg, Germany). Dr. Weigel Anlagenbau GmbH
(Magdeburg, Germany ). BIO Mitteldeutschland GmbH
(Halle (Saale), Germany), OHMI Consulting G
(Magdeburg, Germany), and Institute of Nat ibres
(Poznan, Poland). The main organizi ies of the
conference were InnoPlanta e.V. Pl enbiotechnolo-
gie Nordharz/Borde (Gatersleben, Germany). the Insti-
tute of Natural Fibres (Poznan. Poland), BioPro AG
(Magdeburg, Germany), Forschung und Technologien
tfur Maschinenbau und Energiesysteme (Germany), and
Hochschule Institut (Magdeburg, Germany).

The organizers of the conference were Prof.
R. Kozlowski (Director, Institute of Natural Fibres,
Poznan, Poland) and Prof. F. Pudel (OHMI Consulting
GmbH, Magdeburg. Germany). The Scientific Com-

0,
PO

industries were surveyed by Pr
M. Mackiewicz-Talarczyk, and P, an
of Natural Fibres, Poznan, P, d). Profess
(InnoPlanta e.V.. Gat en, Germany) conside
why we need ant biotechnology. Professor
G.E. Zaikov anuel Institute of Biochemical Phys-
ics, Rugs#® Academy of Sciences, Moscow, Russia)

di sed the quantitative prediction of polymer behav-
r in the living, including human, body.

The lectures delivered in the first section were
devoted to plant genetic engineering, in particular, with
renewable plant resources: cereal breeding and genom-
ics, rye breeding for bioethanol production, novel qual-
ities of starch obtained from potatoes tailor-made by
plant biotechnology. transgenic oilseeds as a new
renewable source for very long chain polyunsaturated
fatty acids. interaction between polymers and polluted
atmosphere, and utilization of agricultural and textile
industry wastes.

In addition, the lectures in this section dealt with
growing, processing, and marketing of hemp in Europe:
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