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Abstract

A close look at the fragmentary inscriptions of the Antikythera Mechanism published by Freeth et al. [Freeth, T., Bitsakis, Y.,
Moussas, X., Seiradakis, J.H., Tselikas, A., Magkou, E., Zafeiropoulou, M., Hadland, R., Bate, D., Ramsey, A., Allen, M., Crawley,
A., Hockley, P., Malzbender, T., Gelb, D., Ambrisco, W., Edmunds, M.G. Decoding the Antikythera mechanism: investigation of an
ancient astronomical calculator. Nature 444 (7119), 587-591, 2006] reveals some elements, which could help to decode its function and
use. The Back Door Inscription seems to give a detailed description of some external parts of the instrument and the related instructions
for their use. We especially refer to the term «ecliptic» as compared to that in Ars Eudoxi and other papyri and inscriptions. The Back Plate
Inscription seems to give instructions for the proper orientation and use of the instrument. The Front Door Inscription refers to the sta-
tionary points of planetary motion, but only two planetary names have been read, that of Venus and Mercury, as far as we know. After a
study of the works of Alexandrian scholars Ptolemy, Theon, Paulus and Heliodorus regarding the stationary points of planetary motion,
we arrive at the following conclusion: it seems very likely that the Antikythera Mechanism has been constructed apart from other uses (a)
for the observation of the Sun, the Moon and the stars; (b) to simulate the longitudinal motion of the Sun, the Moon and the planets, and
(c) in the case of Mercury and Venus the instrument could also show their stationary points and the retrograde arc between them; here we
present additional arguments to support the view that this is also true for the three outer planets. As far as the technical knowledge under-
lying the construction of Mechanism’s gear trains is concerned, the last (eighth) book of Pappus’s Collection, includes the basic notions
and theorems for such constructions, known from the earlier works of Archimedes.
© 2009 Published by Elsevier Ltd. on behalf of COSPAR.
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1. Introduction Bromley (1990, 1993) and other scholars are to be found

in the article of Freeth et al. (2006)."

The publication of the article «Decoding the Antikyther-
a Mechanism» by Freeth et al. (2006) has revived the inter-
est of scholars for further research into the related topics of
the early history of science, especially that of astronomy,
and technology. This unique artifact found in the Antiky-
thera shipwreck by Greek sponge-fishers in 1900 has been
also studied in the 20th century. Here we refer only to
the first comprehensive and extensive publication, that of
Price (1974); full references to more recent publications
of M. Wright (1995, 2002, 2003, 2005a,b,c, 2006a,b), A.
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In his article Price (1974) published the inscriptions on
the saved parts of the Antikythera Mechanism and tried
to trace the early history of gearing based on conventional
X-radiographs taken by Charalambos and Emily Caraka-
los. Freeth et al. (2006) using the latest achievements of
contemporary technology, as surface imaging and high-res-
olution 3-dimentional X-ray tomography, achieved to pro-
pose a better reconstruction of the Antikythera Mechanism
and read many more letters of the engraved inscriptions on
the saved parts. Our comments on these inscriptions are
based on their publication.

! Other source material is listed in Appendix.
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2. The Back Plate Inscription

2.1. The greek text of the Back Plate Inscription

1 1no

2 IKOAIT
3 INON

4 ATTOXO O

5 AEKAT =ZQ NTAN
6 AIBA N XIn
7 N MA

8 N

9

10 neo

11 IZSTONTAZX
12 KATAAH
13 MPOZAMHA
14 QTHNQ
15 AHNTQ
16 XPQNIA
17 ny o
18 10

/1

19

20 (O]

21 PIIZ

22 TAAA

23 NOTON

24 KAITAPHX
25 SHPAPOX
26 ANENTHNK
27 TAPYAAZAZX
28 INAMEAAN
29 X2 MNKZ®d

30 AMMONOTOYNEPI
31 IZMTANIAZAEKA
32 AYZAN

(from Freeth et al., 20006).

2.2. The points of the horizon

This small fragment of the Back Plate Inscription offers
some important information regarding the points of the
horizon, which obviously were used for orientation. The
name AI'V in accusative AIBA (1.6) implies that a proposition
(obviously ITPOX) precedes it, namely [TIPOX] AIBA mean-
ing [TOWARDS] SOUTHWEST. The same could be said
for the name NOTOZX in accusative NOTON (1. 23); it
implies that the proposition ITPOX precedes it, namely
[TIPOXZ] NOTON, meaning [TOWARDS] SOUTH. On the
other hand, the expression ATIO NOTOY(l. 30) signifies
FROM SOUTH. In this context we attempt to read IIPOZ
ATIH-AIQTHN, meaning [TOWARDS] EST, the (1.13)
TMTPOZATIHA[I], as well as QTHN in following 1.14, namely
[TIPOX ATTHATIQTHN.

We should remember that the names of the points of the
horizon coincide with those of the winds but their arrows
indicate opposite directions. Namely, we orientate towards
a direction, for example to the «North», seeing towards this
point on the horizon; on the contrary, a «North» wind has
an opposite direction, as it comes from the North and
blows towards the South point of the horizon. The Back

Plate Inscription seems to give instructions for the orienta-
tion of the instrument so that it can be properly used in the
greatest part of the Oikoumene, namely the inhabited
world. Expressions like «towards Apeliotes» indicate a
direction on the horizon towards which we should orien-
tate rather than that of a wind, as winds are named accord-
ing to the point they come from.

To support our view we cite some examples from
Greek papyri: http://www.perseus.tufts.edu/cache/perscoll_
DDBDP.html.

The Duke Databank of Documentari Papyri, Pap.
Batav.: Textes grecs, démotiques et bilingues, No 3, (Date:
109 BC; Location: Memnoneia PSI9,1021), lines 12-16
NOTOY T'H, BOPPA TH, ATTHAIQTOY, AIBOZ I'H.

Pap. Alex.: Papyrus grecs du Musée Gréco-Romain
d’Alexandrie, Inv. 414 (Date: III saec; Location: ? SB 1.
4308), 1. 3 AIPATIHAIQTOY, . 7EK TOY TTPOZ NO-TON.

2.3. The parapegma

The term «parapegma» originally meant an inscription,
exhibited, like a sundial, for public use. It contains a list of
fixed star phases and associated predictions for the weather
for a whole year. Because of the irregular fluctuations of the
Greek lunar calendars the dates of the phases in the civil cal-
endar of the current year were shown on pegs, which were
inserted in little holes drilled into the stone beside the lines
of the text. Beside the stone inscriptions a literary form of
«parapegmata» (plural) developed of which the Geminus’s
Parapegma is the earliest extant example. The text gives,
exactly as the inscriptions, a list of consecutive fixed star
phases and weather prognostications. The role of the holes,
which represent consecutive days, is now taken over by a
day-by-day progress of the sun. We should point out that
the information given by a parapegma-inscription «fixed»
in a site depends upon the geographical latitude of the site
as far as the fixed star phases are concerned, while weather
predictions depend upon «local» climatic conditions. On
the contrary, a parapegma of literary form, carried by a trav-
eler who changes places, cannot be properly used either for
fixed star phases or weather predictions.

Consequently, our fragmentary text engraved on a porta-
ble instrument could not be a «parapegma» of literary form,
as it saves the names of three directions on the horizon —
namely, those of East, South and South-West— and not
those of winds. An argument pro this view is the beginning
of the text of the Ars Eudoxi (Pap. Paris. 1, col.1) describing
the «path of the Sun» from the winter solstice to the summer
solstice and vise versa through the vernal and fall equinoxes
respectively, with reference to the points of the horizon
(either EIZ «towards» or ATIO «from» them): North, South,
East, South-West. Another argument pro this view is a Dia-
gram of Horizons (KATATPA®H OPIZONTQN) in the Cod.
Paris. gr. 2394. The related explanatory text is as follows:
«By means of this [diagram] we know for every latitude
how many degrees north or south of the Equator the starting
point of every zodiacal sign is located».

doi:10.1016/j.asr.2009.10.021
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3. The Back Door Inscription

3.1. The greek text of the Back Door Inscription

11 TAYTHNA

22 ATAYMOAA

33 YONOOAETONT

4 4 AT

55 E

6 6

77 (6]

8 8 IPMOZ

99 AKPOYA

10 10 MENO

1111 M

1212 OAN

1313 YNOAA

1414 OYA ZPAIPION®EPE

1515 MPOEXONAYTOYINOQMONIONZ

16 16 PEPEIONHMENEXOMEN

1717 TOXTOAEAIAYTOY®PEPOMEN

18 18 THXA®POAITH EPOY

1919 TOY ZWYOPOYIE EPETAN

20 20 FTNQOMQ KEITAIXPYZOYNZ®AIPION
21 21 HAITAKTIN YNEPAETONHAIONEZTINKY
22 22 YAPEZAYPOENTOTOAEAIATNOPE
23 23 EOONOXZTOAEAIANMOPEYOMENOY
24 24 INONOYKYKAOZTOAEZ®AIPION®
2525 ME TOYKOZMOYKEITAIZ®

26 26 MEN ZTOIXEIAMMAPAKA N

2727 AYTATAIZAZNIA

28 28 AOTQONAIAQ ZTONMEN

29- NOMHTHIEAIKITMHMATAZXZAE
30- TAIZKAIEZAIPEXIMOIHMEPAIK
31- XONZTHMATIAAYOMNEPITYMITAN
32- MPOETPHMENAXZTHMATIATHM

33- ATONTPHMATQONAIEAKEZOAI
3430 OMOIAQXTOIZX

3531 ®YEXMNOIH

3632 KAIZYMOY

37 33 T NA

38 34

39 35 EOQOY

40 36 ENAXMAN E

4137 MHNOGOGENEZ=ZHA

42 38 THZMNPQTHZIXQPAZXZ

4339 MONIAAYO ON TAAKPAO®E
4440 TEZXZAPAAHAOIAOMENT
4541 ZAINTHX OCLIOGLTOY
4642 OXEIEIXA ZKI ZYNTEZX
4743 IONT OXAIAIPEOH H OAH
4844 AOIE ETAEINTIKOIZX

4945 IOMO TOIXENITHZXE
5046 XPONO®EPETA
5147 MINENT

(from Freeth et al., 2006).

This inscription seems to give a detailed description of
some external parts of the instrument (e.g. the small golden
sphere, the spiral and the pointers) and the related instruc-
tions for their use.

3.2. The ecliptic

The engraved Greek word is ETAEIITTIKOIZ, i.e. the
dative plural of the epithet ETAEIIITIKOZX or ETAEIII-
TIKON. We can immediately see the use of letter I' instead

of K (EKAEITITIKOIZ). We note that the interchange of
letters I and K before the letter A in Greek language is well
known from Hellenistic times until now
(EKAEIXQ — ETAEIXQ — ET'AEI®OQ — TAEI®PQ).  Let
us now cite some cases from Greek papyri and inscriptions:

Firstly, we cite two cases occurring in Greek papyri from
Egypt (http://www.perseus.tufts.edu/cache/perscoll. DDBDP.
html):

The Duke Databank of Documentari Papyri, Pap.
Batav.: Textes grecs, démotiques et bilingues, No 3 (Date:
109 BC; Location: Memnoneia PS19,1021): 1. 31 ETAEIII-
FIN, 1. 34 ETMIZ®OYN.

Secondly, we cite some examples occurring in Greek
inscription from the SE Aegean Islands and the coast
region of Asia Minor, (http://epigraphy.packhum.org/
inscriptions/):

Rhodian Peraia 24, b.1, 1. 29 ETAEITIONTOZ, 1. 32-33
TIOY ETAEI[ITIONTOZ. Caria, IK Knidos I 231 (turn of
3rd/2nd cent. BC), 1. 30 ETAOZIN. Caria, IK Knidos I
221, Kalymnos, ca. 300 BC, A[2], I. 37 ETAIAONTQ, 1.
44 ET AAMOZIOY, 1. 48 ETMAPTYPHZANTQ, 1. 53-54
EIMAPTYPH®EIZAZY, also lines 59, 60, 61, 63—64 and oth-
ers. Cos, Paton-Hickss 10, ca. 202/201 BC, 1. 23
ETAONTQ.

We should point out that the above inscriptions are
written in the Doric dialect of Greek language spoken in
those regions, while the Greek papyri from Egypt are writ-
ten in common Greek language like the Attic dialect.
Moreover, the only one Greek astronomical text in which
occur the word ECAEIWIE (eclipse) and the related verb
ETAEITIQ [instead of EKAEIWIZ and EKAEITIQ resp.] is
that known as EYAOZOY TEXNH (A4rs Eudoxi, namely
The Art of Eudoxus). The use of I' instead of K appears
also in all derivates of the word throughout the above text,
which is not written in the Doric dialect. We also note the
use of the word ETMA®EIN instead of EKMA®EIN (verb
«study») in the beginning of the text. On the other hand,
neither the word «ecliptic» nor its derivates occur in Hip-
parchus’s Commentary on the phenomena of Aratus and
Eudoxus, even in the citations from their texts, nor in the
works of Rhodian astronomers Attalus (2nd cent. BC)
and Geminus (1st cent. BC).

The Art of Eudoxus is saved in the Papyrus Parisinus 1,
which was found in 1778 near Gizeh and was published in
Rome 10 years later. The date of the papyrus is deduced
from a remark in column XXII, namely that according to
Eudoxus and Democritus the winter solstice falls on the
20th or 19th of the Egyptian month Athyr. If we allow
the interval for the solstice to range between December
28 and 24 we obtain for Athyr 19/20 a date between —
196 (197 BC) and — 173 (174 BC). This would be the date
the papyrus was written. A linear scheme for the variation
of the length of the daylight is based on the parameters for
Lower Egypt (minimum duration = 10 h, maximum dura-
tion = 14 h). Neugebauer points out the close parallels of
this text with Papyrus Hibeh 27, which was written about
— 300 (301 BC); this suggests a similar date for the original
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version of the Eudoxus papyrus. This would be close to the
time of Callippus who is mentioned near the end of the text
for his parameters of the lengths of the seasons
(Neugebauer, 1975, pp. 599-600, 686-689).

Taking into consideration that none Greek word of the
inscriptions on the saved parts of the Antikythera Mecha-
nism is written in the Doric dialect, and the above linguistic
evidence as far as the term ETAEITITIKOZX is concerned, it
seems very likely that the Antikythera Mechanism has been
designed and constructed in Alexandria of Egypt.

The text of the Art of Eudoxus (cols. V and IX) says that
the planets describe «spiral paths» because their distance
from the fixed poles of the celestial sphere is variable.
But spiral paths hold also for the Sun and the Moon.
According to this text, the synodic period of Venus is 1
year 3 months 4 days (=459 days) and that of Mercury is
3 months [2] 6 days. Although there is no word about ret-
rogradations, as Neugebauer points out, it is well known
that Eudoxus of Knidos, has introduced the theory of the
homocentric (but not coaxial) spheres in order to explain
the forward and retrograde motion of the planets and to
calculate their retrograde arc between the two stationary
points. On the other hand, it is clear that the text of the
E. papyrus is only a general and elementary introduction
to the celestial phenomena. But we should stress that
according to this work attributed to Eudoxus the distinc-
tion between fixed stars and planets is based on the preser-
vation of the similarity of the order, namely the fixed stars
preserve the triangles, the squares, the circles and the
straight lines during the revolution of the celestial sphere
(col. VII). We easily recognize here the principles of simi-
larity, fully exposed in Books V (on ratios and proportions)
and VI (similarity of schemes) of Euclid’s Elements, attrib-
uted to Eudoxus and we note that the stereographic projec-
tion introduced by Hipparchus is based on these principles.

3.3. Pointers, gears and trunnions

The text of the Back Door Inscriptions mentions «poin-
ter(s)» (TNQMONION and TNOMONIA, lines 15, 20, 43)
and two preperforated (ITPOETPHMENA) trunnions (XTH-
MATIA) around a gear (I'YMITANON)» (lines 31, 32). The
gear and the two preperforated trunnions remind us Her-
on’s of Alexandria (1st cent. AD) description of a train
of two unequal toothed wheels and the two copper trun-
nions mounted on the major one of them (Dioptra, Sec-
tion 3). A century later, Ptolemy describes the
construction of an astrolabe as well as that of an instru-
ment for the observation of the moon (Mathematical Syn-
taxis, Book V, chap. 1 and 12). Much later Proclus
Diadochus (5th cent. AD) describing the construction
and the use of an astrolabe (Hypotyposis astronomicarum
positionum, chap. 6) uses the term [THTMATIA EXONTA
ATAYTTA («small attachments having peepholesy) —
instead of TIPOETPHMENA ZTHMATIA - to denote the
perforated trunnions mounted at right angles and on dia-
metrical positions. This terminology continues until late

Byzantine times as we can deduce from the astronomical
work of the 14th century Byzantine scholar Theodorus
Meliteniotes (De astronomia libri I11, dating in 1361); for
example Book I (lines 75, 107).

4. The Front Door Inscription

4.1. The greek text of the Front Door Inscription

O
OAEHOZX

1
2

3

4 O3AMOITHMA

5 A ONEZAPXHIA

6 E SMNOMENAOAE

7 OY OEZNO AMOKATAITASZ

8 M ASTOYAANOK OTASIN NATAIZO

9 AOMPOSZTONHAIONZO MOAE

10 IAZ1 AAIZASKIAIMNPOSATEINENEHEITONHA[ON]

11 [MPJOZATETAIENITONHAIIONEAASSONASTHPITMOIZTYFXANHAMOS
12 [MPJOSATEINPOSTON[HAIONEQS HXEIONKAIZTYNOAONA

13 EMITOMETISTONEMNOMENO OENAAAAIZHMEPAI[S]

14 [ETHPITIMON[QZ]OMPOHI[OIYMENOS ANO:T AA®

15 AX ENHMEPAI[N]MOIEINPOENOSEISTHINIKEMN

16 [AJASTHMATOSM[PJOZA [OJNPOST

17 KHZ EIOZX[EIJTITEM XA

18 OZIHTONHAIONHA®PO[AITH HNOIZN

19 STHNPOSATEIMAZINIQNIAIL

20 Ol [HMEPAZ]IMPOSATEITHN MIMETA NAKA SA E

21 EIN HMEPAZKAIYMNOAEINETAIMEXPITHIEQIASST

22 H[MEPJAITMHMEPASSONOHONOTOY A AKMH

23 ANIZATONEMIZONEXQNIZTHPITMONEMIZXONAMOTOYHAIOYN ESAI
24 AEZ AIMIZZE HAIAIKHNTAPATEINET[HNJAMNOSTAZIN EXAMNO
25 PESAZZEHAIAKHNEMETEINENTEZZAPAK/ENAEYAOMONKA
26 NEZHMEPAZH FEN[EJZEQIENEN EX EQANKATAAO

27 EAEIN M AIASTAZINI HMEPAIZMENMEFAAAIL

28 AKAIAQAEKATHMOPIOZKA A®AIAETHNYMOAOIMOIN]

29 AMONEZAMOTOYESMEPINOYE EX ZKAIYMNOAOIMNON

30 ANT M HMENXPONQ AMANAION HMEPAIZTO

31 EASEMNATEIZS PAO@ EMITONHAIONTONSTHPITMON [E]

32 OONOMAHMEPASZAAMPOHIEITAIHMEPAIZTO

33 NANATOAHSEINAIOHAIOSMHMEPAZMAAON

3 AN AHMEPANTINETAIHNEPAIEIS

35 [HMJEPAZSEITA HMEPAIAMNO OE

3 PAI INE M

37 TH

(from Freeth et al., 20006).

4.2. Stationary points

The Front Door Inscription, the most preserved and
extensive, refers almost exclusively to the two kinds of sta-
tionary points (ETHPITMOI) of planetary motion. That
moment, as far as we know, no more than two names of
planets are read, namely those of Venus (A®POAITH)
and Mercury (EPMHY). From a first look at it we immedi-
ately recognize it as a fragment related to the theory of the
retrograde motion of the planets. Let us focus in line 11
(the reading of underlined letters is dubious):

[ITPJOZATETAIEIIITONHAJIONEAAZZONAXTHPIT'MOIZTYT XANHAIIOX

This line is translated by Freeth et al. (2006) as «...
brought upon the Sun the minor stationary point (s or
200) then occurs distance».

Although the two consecutive words EAAZXONA XTH-
PITMOIZ (if the reading is correct) look as if the epithet
EAAZXZONA is attributed to XTHPITMOIX, there is no
such term like EAAZZON ZTHPIT'MOZX (minor station)
in the theory of retrogradation. Eudoxus of Knidos (4th
cent. BC) was the first astronomer who formulated a cine-
matic theory — that of the homocentric spheres — to explain
this phenomenon. Claudius Ptolemy (2nd cent. AD) in the
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first chapter of the twelfth Book of his Mathematical Syn-
taxis exposes the theory of retrogradation and the neces-
sary conditions so that a point is a stationary one
according to both theories (that of epicycles and that of
the eccentric cycles). Ptolemy states that the proof is due
to other mathematicians and especially to Apollonius of
Perga (end of the 3rd cent. BC). We cite Apollonius’s con-
dition for the stationary points in both models:

In the epicyclic model a planet located at a point P of its
epicycle, appears stationary to an observer O (who is
located at the center of the deferent) if and only if (OP/
PT) = (Vp/Vc), where Vp is the angular velocity of the pla-
net on its epicycle with respect to the direction OC and V¢
the angular velocity of C as seen from O with respect to
some fixed direction, while OP is the distance of P from O
and PT half the chord PQ, if we produce OP. The point P
is called the «first» stationary point; a «second» station
occurs in the position symmetric to the first with respect
to the radius OC. In the eccentric model a planet located
at a point P is stationary seen from O, when
(OP|PS)=(Vp/Vm) where Vm = Vc+ Vp is the angular
velocity of the center M of the eccenter with respect to some
fixed direction from O (Neugebauer, 1975, pp. 267-268).

Ptolemy uses the epithet EAAZZQN («minor», in nomi-
native case) or EAAXZONA (in accusative case) as he refers
either to the «minor ratio» (EAAZZONA AOT'ON) or to the
«minor angle» (EAAZZONA T'ONIAN) [res. the «major
ratio»  (MEIZONA AOT'ON) or the «major angle»
(MEIZONA T'QNTIAN)], as he compares segments, triangles
or speeds (namely the speed of the planet on the epicycle to
that of the center of the epicycle on the eccentric cycle). Ptol-
emy distinguishes between the two kinds of stationary points
(ZTHPITMOI); namely, between the «first» (ITPQTOX) and
the «second» (AEYTEPOZX) or «the other one» (ETEPOY).
Especially the astrologers Dorotheus of Sidon (1st cent.
BC-1st cent. AD), Thrasyllus of Alexandria (1st cent. AD)
and the famous Vettius Valens of Antiochia (2nd cent.
AD) in his Anthologiarum libri ix (Book 1, chap. 18), refer
to the stationary points using the same terminology and
naming them as «first» and «second». The tradition of this
terminology continues in the works of the 4th cent. AD
astrologers, namely Hephaestion of Thebes, Paulus of Alex-
andria (Elementa Apotelesmatica, chap. 15) and Heliodorus
of Antiochia (In Paulum Alexandrinum Commentarium,
chap. 12) and the mathematician Theon of Alexandria
who explain the use of Ptolemy’s Handy tables for the calcu-
lation of the kind of the planetary motion (forward motion
before the first station, first stationary point, retrograde
motion before the second station, second stationary point,
forward motion after the second station). This is done by
means of a comparison of the results of the entries in the
related tables, namely if the calculated number is «major»
or «minor» than those in the tables, reveals whether the pla-
net has (or not) arrived in the first station or retrogrades or
he has already passed the second station.

We should point out that a planet reaching the «first»
stationary point and starting its retrograde motion seems

to reduce its speed, while being in the «second» stationary
point the planet seems to accelerate its forward motion.
Consequently, our fragmentary text could contain terms
as «minor» and «major» stationary points, as a shortened
expression referring to the «first» and «second» stationary
points respectively, while implying the planets’ different
speeds on them.

4.3. Length of the retrograde arc and the outer planets

According to Ptolemy, the «distance» (or length)
(ATIOZTHMA) of the retrograde arc between the «first»
and the «second» stationary points, can also be «mediumy,
«maximumy» or «minimumy». As the text is a fragmentary
one and many letters are missing from both sides, it seems
very difficult any attempt for the reading of the text either
«vertically» or «horizontally». But even so, it is clear that
some lines include references to time intervals expressed
in days. In this case an investigation regarding arcs and
days of retrograde motion seems to be very useful for the
understanding of the text. For example, line 31 is read as
follows:

ENATEIZ(PAO)EINITONHAIONTONZTHPII'MON

This line is translated by Freeth et al. (2006) as «brings on
(139) the Sun the stationary point».

The number PA® (=139) is a dubious reading as the
forms of the letters ® and H are close enough. Could it
be an H? Then the number PAH(=138) is the number of
days of Saturn’s retrograde motion in case of the «mean
distance» (in «maximum distance» the retrogradation lasts
140 and 2/3 days, while in «minimum distance» its duration
is 136 days), as stated by Ptolemy (Syntaxis, XII, ch. 2).

Apart from the above remark regarding Saturn’s retro-
gradation, if it is correct, there is an additional argument
pro the hypothesis that the Antikythera mechanism could
have been used also for the calculation of the motion of
«all» planets. This argument is the reading of line 19, if it
is correct and we understand properly its meaning:

STHIIPOZATEITAZINCQNIAIS

This line is translated by Freeth et al. (2006) as «brings upon
every (angle)».

We should remember that the three outer planets —
Mars, Jupiter and Saturn — form «every angle» with the
Sun, as seen from Earth; namely, their «elongation» is mea-
sured from 0° to 180° east or west of the Sun. Conse-
quently, it is very likely that line 19 refers to one of the
outer planets; and if it is so, we could well suppose that ref-
erences to the outer planets have been lost with the missing
parts of this inscription.

4.4. The front dial fragment
The Front Dial fragment (D. de Solla Price, 16-20, 1974)

saves the names of 2 months of the Egyptian calendar,
ITAXQN (Pachon) and ITA[YNI] ( Payni) in the outer annu-
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lus and those of two zodiacal signs, XYAAI (Libra) and
[TTAPOENOX (Virgo) in the inner annulus. Taken into
account the numerous local Greek calendars with particu-
lar names of months taken from local festivals, the different
dates of the first day of the calendar and the changing num-
ber of its days every year, we well understand that a local
Greek calendar were not a good choice for an astronomical
device. On the other hand, the Egyptian calendar with a
standard number of 365 days (12 months of 30 days and
5 supplementary days at the end of the yearly cycle) was
characterized by its simplicity and regularity. For this rea-
son the astronomers, from Hellenistic times to the 16th
cent., used it in their calculations. Consequently, it was
the only appropriate choice for the Antikythera Mecha-
nism, an astronomical device of high precision. Could it
be an additional argument pro a possible construction of
the Mechanism in Alexandria?

5. On gear trains

The structure of the gear trains in the Antikythera mech-
anism shows an already evolved technology as far as gear
wheels are concerned. As this mechanism dates in the sec-
ond half of the second century BC, we present some addi-
tional arguments in our effort to elucidate a little more the
history of technology underlying its construction.

Our main source is Pappus of Alexandria (4th cent. AD)
who in the last (eighth) book of his Collection (Ed. F. Hul-
tsch, Weidmann, Berlin, vol. 3 (1878)) treats some topics of
mechanics, stating clearly that these theorems have been
proved by the «ancients» and that he would like to cite
the most easily to be found and formulate them in a shorter
and clearer manner than before (p. 1028, lines 6-10). He
says that «according to the mechanicians of Heron’s
school, the science of mechanics consists of a theoretical
and a practical part, the former one including geometry,
arithmetic, astronomy, and physics» (p. 1022, lines 13—
17). Among the mechanicians should be included the
«sphere makers», who «construct a model of the heavens
[and operate it] with the help of the uniform circular
motion of water». Pappus cites the view that «Archimedes
of Syracuse mastered the principles and the theory of all
these branches» of mechanics, as well as that of Carpus
of Antioch that «Archimedes wrote only one book on a
mechanical subject, that on sphere-construction» (p.
1026, lines 2-12). Let us only remind Cicero’s description
of Archimedes’s «celestial globe» which could represent
the motion of the sun and the moon and the divergent
movements of the planets with their different rates of speed
(De re publica, 1. xiv. 21-22).

As far as Archimedes of Syracuse (287-212 BC) is con-
cerned, we should not wonder for his special interest in
sphere-construction as a model of the heavens. His father,
Pheidias, was a known astronomer and Archimedes himself
knew very well the works of earlier and contemporary
astronomers, especially their measurements regarding the
relative sizes and distances between the Earth, the Moon

and the Sun, and the size of the Cosmos. In his Sandreck-
oner Archimedes criticizes a proportion regarding the size
of the Cosmos in relation to that of the Earth’s orbit given
by Aristarchus’s of Samos in his work On the sizes and dis-
tances of the Sun and the Moon; Archimedes also cites the
famous passage referring to Aristarchus’s heliocentric
hypothesis (Archimedes, Arenarius, ed. C. Mugler, vol. 2,
Les Belles Lettres, Paris, 1971, 134-157; here p. 135, 1. 3
—p. 145, 1.8).

As the mathematician who measured the circumference
of the circle and an inventor of many machines, Archime-
des would have been interested in the construction and use
of toothed wheels, and consequently in the formulation of
the related theory of gear wheels and their trains. Pappus
cites some «old» theorems regarding the relations between
the diameters, the number of teeth and the speed of trains
of two gear wheels.

Pappus states clearly that Archimedes in his work On
balances, as well as Philo (Belopoeica) and Heron (Dioptra,
Section 37; Mechanicorum fragmenta, Book 1, fr. 1), «dem-
onstrated that the major circles (wheels) are predominant
in relation to the minor ones, if they roll round the same
center». In another theorem cited by Pappus, it is given a
train of two gear wheels A and B, where the ratio of the
diameter of A to the diameter of B equals the ratio of
the number of teeth of A to the number of teeth of B; he
then shows that the ratio of the speed of A to that of B
equals the ratio of the number of teeth of A to that of teeth
of B (chap. 25, p. 1102ff.)

He further shows that «the ratio of the circumferences of
the wheels equals that of their diameters»: namely, if AB
and CD are the diameters of the two circles (wheels), then
the ratio of the circumference of AB to the circumference
of CD equals to the ratio of the diameter AB to the diam-
eter CD (chap. 20, p. 1104ff.). Finally, he proves that
«given a wheel with a known number of cogs or teeth, to
find the diameter of a second wheel to be engaged with
the first and having a given number of teeth.» He adds that
«this proposition is generally useful and in particular for
machine makers in connection with the fitting of cogged
wheels» (p. 1028, lines 21-29; chap. 27, p. 1106f%.).

I am of the opinion that we should always remember
Pappus’s statement regarding the «ancients» who have for-
mulated and proved the mechanical theorems and his
direct references to Archimedes, the greatest Greek geome-
ter, astronomer and founder of the science of mechanics.
The traces of the early history of the Antikythera Mecha-
nism seem to lead us back to Archimedes at least as far
as its gear trains are concerned.

6. Conclusions

In the present article we have just touched a few ques-
tions and problems arising from the published study of
Freeth et al. (2006). In the attendance of new results from
their further studies we did attempt this approach to the
subject. Let us now express our final assumptions:
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Taken into account that Archimedes did correspond
with Eratosthenes of Kyrene, head of the library attached
to the Museum of Alexandria, it seems very likely that
Archimedes communicated all his works to him, even those
on the science of mechanics, as we can deduce from his
famous «Method», where he uses mechanical methods to
find a solution before he treats the problem purely theoret-
ically. His works were saved during many centuries and
were available for study to later mathematicians and mech-
anicians of Alexandria — as Heron and Pappus — and of
other Greek towns, as Eutocius of Ascalon, Isidorus of
Milet and Anthemius of Tralles (the two architects of Hag-
hia Sophia in Constantinople in the 6th cent. AD). If
Archimedes’s works survived so many centuries later, no
wonder if mechanicians of his time or a little later could
have applied his theorems in the construction of gear trains
for specific use.

On the other hand, the famous astronomer Hipparchus
of Nicaea in Bithynia was active in Alexandria and Rhodes
Island (in Aegean Sea) between the years 162 BC and 127
BC, according to the relative citations in Ptolemy’s Math-
ematical Syntaxis (II1, 1; V, 3, 5; VI, 5, 9; VII, 2). From
the 17 recorded observations made by Hipparchus only
the last three (in 128 and 127 BC) have been surely made
in Rhodes, while it is not certain for another two (in 141
and 135 BC); most of the remaining recorded observations
have been made in Alexandria (Neugebauer, 1975, p. 276).
Finally let us venture the following hypothesis: the astro-
nomical theories of Hipparchus during the years of his
activity in Alexandria have been combined with the neces-
sary technical knowledge provided by Archimedes’s works
(and available to Alexandrian astronomers and mechani-
cians) in this sophisticate astronomical device very likely
constructed in Alexandria. The answer to the question:
«Were it possible that this exceptional device has been
made for and used by Hipparchus himself?» is left to the
reader of this article.
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