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Abstract

This is the prefatory paper to a series which presents the surviving text inscriptions on the
Antikythera Mechanism. The structure of the mechanism and the history of the reading
of the inscriptions are briefly reviewed. The methods used by the Antikythera Mechanism
Research Project to image the inscriptions —caomputed tomography and polynomial textual
mapping— are outlined. The layout of the inscriptions is described, and the dimensions
of the mechanism deduced to allow the space available for inscriptions to be estimated.
General conventions and notations are provided for the presentation of the inscriptions.
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1.1 Introduction

The Antikythera Mechanism was a geared device displaying chronological cycles of the
Sun and Moan, and motions and phenomena of the heavenly bodies, made somewhere in
the Hellenistic world in or before the early 1% century BC' Its mechanical components and
display facings were made of bronze alloys, while the casing was wooden.? Such devices
are mentioned in @ number of classical sources, sometimes under the figurative name
sphairai (Latin sphaerae) since they functioned as a representation of the cosmic sphere.?
Mare recent designation has been as a “planetarium” and a “calendar computer,” and while
neither expression is entirely adequate by itself, the two taken together provide a good
description of the Mechanism's functions. The fragments of the Antikythera Mechanism
(Fig. 1.1) were recovered just over a century ago by sponge divers from the wreck of a
Greco-Roman ship that sank, probably not long after 70 BC, off Antikythera, a small
island between Crete and the Peloponnese. They have been preserved, ever since their
discovery, in the National Archeological Museum in Athens. Through the work of many
people, most notably Albert Rehm, Derek de Solla Price, Allan Bromley, Michael Wright,
and researchers belonging to and collaborating with the Antikythera Mechanism Research
Project (AMRP), we currently have fairly secure understanding of a substantial portion of
the inner warkings as well as the outer displays of the Mechanism.

References to other papers in this series take the form IAM followed by the paper number
and, where relevant, section number. Figures are designated by the paper number fol-
lowed by the figure number (e.g. Fig. 1.1), and there are ten supplementary illustrations
designated ST etc.

1 See Freeth et al. 2006 for work up to that date, and continuing bibliography at http://
www.antikythera-mechanism.gr/bibliography.

2 Wright 2011, 7-10.

3 See Edmunds 2012, 2014, Jones 2016, Price 1974. "Calendar computer” is Price’s final
designation (in the subtitle of Price 1974); "planetarium” was proposed by Rehm 1905, 27.
4 For an account of the salvage of the wreck see Throckmorton 1970, 113-168 and
Tsipopoulou, Antoniou, G- Massouridi 2012.
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Figure 1.1: The 82 known fragments of the Antikythera Mechanism
(Images: National Archaeological Museum, Athens, photographer: Kostas Xenikakis, copyright
Hellenic Ministry of Culture and Sports/Archaeological Receipts Fund)
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Its exterior was box-shaped, roughly 330 mm tall, 180 mm wide, and something more
than 80 mm from front to back. There has been some disagreement about the structure
of its casing, but we believe the physical evidence and other considerations support the
description we give here.® Fig. 1.2 gives an impression of the exterior (front and back) of
the Mechanism, emphasizing the bronze plates which carry the inscriptions.

Figure 1.2: Reconstructed schematic of the front and back plates and covers of the An-
tikythera Mechanism, omitting the back dial pointers. The view is from the front, assuming
transparency through the Mechanism. The letters and numbers indicate the approximate

5 Price deduced the basic two-face structure of the Mechanism in 1958, having discovered
how Fragments A and B fitted together and, less exactly, their original spatial relationship to
Fragment C (Price 1959, 62-63). Previous attempts at reconstruction relied on speculation
and on erroneous ideas about the fragments' original configuration. Price's 1959 drawing
of the reconstructed Mechanism (Price 1959, 62) shows only the inner casing, so that the
Back Plate projects some way above and below the casing; subsequently (Price 1974, 17)
he proposed a boxlike structure with outer casing enclosing a smaller inner frame for the
gears. Recent recanstructions have mostly resembled Price’s second design (though not in
all details), but M.T. Wright's models, following his interpretation of the remains of the casing
visible in early photographs as well as the surviving physical evidence, are more like Price's
earlier conception, with the approximately square casing for the gearwork stepped out at
its back into a shallow wooden frame that encloses and backs the Back Plate (Wright 2011,
11-12 and fig. 1.1 on p. 1 and 1.2 on p. 4). Reasons for believing that the Mechanism'’s front
face had the same dimensions as its back face are presented in IAM 3.



original positions of the surviving fragments

The Mechanism was accompanied by two metal plates that may have functioned as front
and back covers that would have been removed to expase the Mechanism'’s displays. A knob
ar crank to drive the device projected from the box's right side as seen from the front. The
front face was divided vertically into three plates: a square central plate, and above and
below it two rectangular plates. Most of the square plate was taken up by a circular dial
with multiple pointers radiating from the center to a pair of concentric graduated scale
rings, while the rectangular plates had no dials. The rear face, on the other hand, was a
single metal plate bearing several dials, with one pointer to each dial. The basic principle of
the Mechanism’s operation was that the rotary input on the side, probably driven by hand,
represented the progress of time — approximately 4% rotations of the input giving one
rotation (representing a solar year) of the Mechanism'’s largest gear. The pointers revolved
around the dials on the front and back faces to show diverse chronological cycles related
to the Sun, Moon and the concurrent motions of the heavenly bodies through the zodiac.

The viewer would have also seen Greek texts inscribed on and around the dials as well as
on the detached cover plates. These inscriptions were written in tiny capital letters (letter
height ranging from about 1.2 mm to about 3.0 mm), similar in style to those used in the
Hellenistic period for inscriptions on stone. During the first years following the discovery
of the fragments in 1902, the inscriptions attracted as much attention as the mechanical
features, for it was hoped not only that their contents would explain the nature of the
Mechanism, but also that study of the style of lettering would furnish a dating of the
Antikythera shipwreck. Current dating by the epigraphy suggests that it is characteristic
of the second half of the second century BC but does not exclude a date as early as say
200 BC or as late as the wreck date. Ceramics and coins found in the wreck establish a
far more precise date for the shipwreck (and hence at least a terminus ante quem for the
Mechanism) than paleographical analysis of the Mechanism's inscriptions can offer.® But
the inscriptions have proved crucial for understanding of the function of the Mechanism: in
the first instance by establishing that it was connected with astronomy; subsequently by
yielding several key words and numbers that complemented and filled gaps in the physical
evidence for reconstructing the gearing; and most recently by clarifying the astronomical
and cultural meaning of the data that the Mechanism'’s dials displayed.

At the outset formidable obstacles stood in the way of reading the inscriptions. What

|

6  Ceramics: Weinberg et al. 1965, Kavvadias 2012. Coins: Yalouris 1990, Oikonomidou
2001, Tselekas 2012. The current consensus places the wreck around 70-50 BC; datable
Pergamene tetradrachm coins set a terminus post quem of 76 BC, while the ceramics appear
to be characteristic of dates ranging from the 80s through the 50s. On the paleography of
the Mechanism's inscriptions see IAM 2.3-2 4.

—_
—_—
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survives is a shattered and crushed fraction of the original whole, and all the longer in-
scriptions are more than half missing, an irreparable loss. Pressure and impacts displaced
components and bent and distorted surfaces that once were flat. Centuries of immersion
in seawater caused the bronze plates to be corraded to the point that little or no free
metal remains, and their surfaces came to be caked over with layers of a hardened mixture
of corrosion materials and sedimentary matter. Adjacent components stuck together,
concealing inscribed surfaces.

The first efforts to read the texts, made within days of the discovery within the Museum,
were limited to a few words and word fragments that happened to be on the outside of
pieces that were in mare or less the condition that they had come out of the sea. At that
time and for many decades after, the only prospect for recovering more text was through
physical alteration of the fragments aimed at undoing the sea's work by separating fused
components and cleaning off the accreted matter. Such conservation work was carried
with noteworthy success in about 1905 and again in 1953. However, large parts of the
inscriptions could not be transcribed either on account of surface damage or because
they were hidden inside the fragments.

Earlier published and unpublished readings of the texts were superseded by a set of
transcriptions published by Price in 1974.7 Price, whose own knowledge of Greek was
slight, obtained the collaboration of the epigrapher George Stamires during his visit to the
National Archeological Museum in 1958, and the texts that appear in his monograph are
primarily Stamires's work with occasional interventions by Price himself. On the whole this
collection represented a considerable advance on anything that had appeared before, with
respect to both the quantity of text read and the accuracy of the readings. Nevertheless
Price conceded that there were only two of the longer inscriptions of which one could
‘read and understand more than a scattered word or two"®

The research program on the Mechanism begun by A. Bromley and M.T. Wright in the late
1980s and subsequently continued by Wright alone was primarily devoted to study of
the physical and mechanical features of the fragments.® As well as autopsy, Bromley and
Wright carried out together with H. Mangou of the Museum's Department of Physical and

|

7 Price 1974, 18 and 46-51. For a detailed review of transcriptions preceding the present
series of papers, see IAM 2.2.

8  Price 1974, 48-49.

9 Wright 2005, 13 n. 10 reports that he and Bromley made limited efforts to read the
inscriptions but invited the collaboration of an epigrapher; this epigrapher’s work seems not
to have been completed.



Chemical Research a series of radiographs of the fragments in 1990." Like the radiographs
that H. Karakalos had prepared for Price in 1971-1972,"" these were made for the sake of
revealing the internal mechanical structure of the fragments. To obtain information about
the relative depth of components within fragments, stereographic radiography and linear
motion tomography (LMT) were employed. As applied to the Mechanism's fragments, LMT
involved radiating a fragment while the fragment and the film were moved continuously
in such a way that the parts of the fragment lying in a plane appeared in sharp focus in
the radiograph while other planes were blurred. Wright, Bromley, and Magou found that
the tomographic images were capable of capturing traces of inscriptions both on exposed
surfaces and on surfaces embedded within the fragments.'? Although they were unable
to read any of the embedded lines of text, they expressed confidence that, with refined
technique, LMT could be applied successfully to the inscriptions.

In 2005 the Antikythera Mechanism Research Project in collaboration with the National
Archeological Museum investigated the 82 currently known fragments of the Mechanism
with high resolution photography, reflectance imaging (Polynomial Texture Mapping, or
PTM) carried out by a team from Hewlett-Packard Corp.,'® and microfocus X-ray computed
tomography (CT) by X-Tek Systems Ltd. (now part of Nikon Metrology)." The data and
images obtained by these nondestructive techniques greatly enhanced the legibility
of the exposed inscriptions, and made it possible for the first time to read writing on
surfaces embedded inside fragments. The first publication arising from this project, in
2006, included provisional texts, much mare extensive than those of Stamires and Price,
of several of the inscriptions.™ A second paper in 2008 was devoted to the inscriptions
on the Mechanism's back dials, only a small part of which had been read by Stamires and
Price."® Revised and expanded texts of some of the inscriptions, based on the AMRP data,
have since appeared in other publications."”

The series of papers that the present article introduces contain revised editions and in-depth
studies of all the Mechanism's inscriptions. Some (the Front Dial Inscriptions and Parapegma
Inscription) have not been revisited in print since Price’s 1974 Gears from the Greeks; the
new editions significantly augment Price's texts with parts of the inscriptions that have

0 Wright, Bromley, and Mangou 1995, Mangou 2012.
1 Price 1974,12-13.

2 Wright, Bromley, and Mangou 1985, 542.
3 http://www.hpl.hp.com/research/ptm.
4 http://www.xtekxray.com/applications/antikythera.html.

Freeth et al. 2006, Supplementary Information 5-14.
Freeth, Jones, Steele, G Bitsakis 2008.

1
1
1
1
1
1
1
17 SeelAM 2.2.
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become visible or legible for the first time through X-ray CT, which has the ability toisolate
text in "slices” through the fragments and has contributed several thousand additional
text characters. The surviving parts of three other extensive inscriptions, the Back Plate
Inscription, the Front Cover Inscription, and the Back Cover Inscription, were transcribed in
2006, but prolonged study of the CT and PTM data gathered in 2005 has led to substantial
progress in recovering continuous and intelligible texts for them. The transcriptions in the
present series of papers are based almost exclusively on computer-assisted visualization
derived from the data produced in 2005. Use of these techniques has made it possible to
see the remains of the inscriptions with much greater clarity on a computer screen than
can be attained through autopsy or conventional phatography. Where inscribed surfaces
have been lost or degraded since 1902, however, older photographs and transcriptions
have occasionally proved useful as primary evidence for the readings.

The 2006 AMRP paper's discussion and texts of the inscriptions were described as a work-
in-progress, with the promise of a mare definitive publication in due course, of which the
present series is the fulfillment. This prefatory paper appears under the names of nearly all
the authors of the 2006 paper (who constituted the original AMRP) along with researchers
who joined in the inscriptions research since 2006. This recognizes the fundamental con-
tribution of the collaborators from the National Archeological Museum, Hewlett-Packard,
X-Tek, and the original academic team in obtaining the data and the provisional readings
on which the new editions and analysis of the inscriptions are built. The remaining papers
are authored by the researchers who, studying the relevant inscriptions since 2006, are
responsible for the editions, translations, and new interpretations. Mike Edmunds has
acted as the independent coordinating editor for the series, and does not claim to have
contributed directly to the detailed reading or decipherment of the inscription texts.'

18  The plan for the present publication of the inscriptions by the AMRP was agreed in
June 2012. One of the original members, Dr. Tony Freeth, subsequently withdrew from that
agreement in October 2012 and has published related material independently elsewhere
(Freeth 2014). See also the acknowledgements in the present paper.



1.2 Readinﬁ the Inscriptions
with CT and PTM Imaging

X-ray Computed Tomography (CT) creates a high-resolution 3D density map of a sample.
The "density” is not quite material density, although it follows the material density closely,
but it more closely follows the electron density, as it is the electrons in the sample which
absorb the X-rays. Chemical differences are therefore also shown, with higher atomic number
elements like iron, tungsten and gold appearing much denser than, say, aluminum or silicon.

A CT scan builds this 3D density map from a large number of X-ray images, or radiographs,
from many different angles, collected as the sample is rotated very slowly on a turntable. In
each radiograph the intensity, or grey value, is reduced by the amount and density of material
along the line of travel of the X-rays. If the X-ray source is small then the sample can be placed
close to the source to create a magnified image on the detector. In this way small details in
the sample can be seen in the images. After the scan finishes, the radiographs are recon-
structed into a 3D volume which contains 3D pixels, or “voxels” whose grey level represents
the X-ray density at that position, the density and path length effects having been separated.

Penetrating large fragments of corroded bronze while still maintaining high resolution
require special measures. First the X-rays need enough energy to be able to penetrate a
long distance of dense material. Secondly the size of the emission point of X-rays needs
to be kept small so that magnified images of the sample remain sharp. The X-ray source
used to inspect the fragments of the Mechanism was powerful enough to penetrate 50
mm of solid steel and yet still see details down to 25 microns (0.025 mm). The resolution
of the CT scans of the Mechanism’s fragments ranged from 40 to 100 microns."®

The CT volume is analysed either by rendering it as a 3D object which the user can turn,
move, clip and change the lighting on, or by extracting 2D grayscale slice images from the
volume at any orientation and position. Since the acquisition geometry is very well known,
the size of the voxels is also known to great precision allowing accurate measurements
to be taken from the data.

The primary means of visualizing the contents of the CT volumes of the Mechanism's
fragments was the software VGStudio MAX (by Volume Graphics). This software enables
ane to choose any axial direction through the volume and generate two-dimensional
grayscale images of planar slices perpendicular to that axis. For examining an inscribed

I
19 Afew brief details of the imaging and computing were given in Edmunds and Freeth

2011, while Ramsey 2012 discusses the CT mare fully and includes a non-technical account
of the methad.

—
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surface, one normally will use an axis perpendicular to the desired region of the surface,
adjusting the level of the slice so that it cuts through the engraved traces or the accretion
layer that preserve a negative impression of the engraving. The inscribed surfaces are
seldom exactly planar, and the clarity of the letters varies unpredictably with the slicing
level so that one sometimes gets best results with a “deep” slice near the level of the
bottoms of the engraved grooves, sometimes with a slice closer to the plate's surface.
Hence one typically sees only a small patch of an inscription clearly at a time, and to read
it in entirety requires continual manual adjustments of the settings.

VGStudio Max can also export an “image stack” consisting of many twa-dimensianal
grayscale image files corresponding to a set of uniformly spaced slices perpendicular to
a chosen axis. Such a stack can then be viewed as a multilayered image in Photoshop
or imported into other CT visualization software such as Osirix.2° Using Photoshop one
can make a manual tracing of the letters visible in the various layers, and by means of
careful masking one can also generate a composite image from the most legible parts
of different layers, simulating a nonplanar slice that bends with the inscribed surface.
Experience shows that a combination of approaches is most productive, with Photoshop
providing the most convenient means of reading the bulk of an inscription and preparing
publishable images of large regions, while the CT visualization software provides greater
control and clarity for the more difficult regions.

CTis the only means of reading letters on surfaces embedded within fragments.?* It is also
highly effective when one is dealing with exposed surfaces that are superficially corrod-
ed, since the letter outlines are generally much clearer in slices made deeper within the
material. In general it is the technique on which we have relied most. For inscriptions on
highly distorted exterior surfaces, however, and for a few fragments whose CT volumes
have unsatisfactory clarity, the PTM technique is often preferable.

PTM, or Polynomial Texture Mapping, is currently the primary example of a class of
techniques known as "Reflectance Transformation Imaging” or RTI.%2 This method in-
volves photographing an object multiple times, each with a unique lighting direction, but
keeping the relative position of the camera and subject fixed. This procedure samples
the "reflectance function” of points on the surface of the object, specifically, how the

20 http://www.osirix-viewer.com.

21 The potential of tomographic imaging to reveal embedded inscriptions was first re-
marked by Wright, Bromley, G Mangou 1995, 542.

22 Malzbender, Gelb, G Wolters 2001; www.hpl.hp.com/research/ptm/ri.html; cultural-
heritageimaging.org/Technologies/RTI. The PTM data files of the Mechanism may be found
at: http://www.hpl.hp.com/research/ptm/antikythera_mechanism/index.html.



color and intensity of those points vary with incoming illumination angle. Once acquired,
low order mathematical models are fit to the reflectance functions independently for
each pixel, allowing computer software to render the object surface at arbitrary lighting
conditions in real time.

In addition, aptical reflectance properties of the acquired surface can be transformed to
provide renderings simulating material variations. For example, once the predominantly
dull, diffuse reflectance of the Antikythera Mechanism fragments is acquired in this
manner, it can be transformed to reflectance properties associated with shiny, specular
surfaces such as obsidian or metal, allowing greatly improved perception of surface shape.
Since these renderings can also be produced in real time, the user is free to vary lighting
direction interactively to investigate specific regions of surface shape under these new
material properties. This specific surface enhancement method is entitled specular en-
hancement. Other enhancement method variations can also be performed. For example,
the technique of diffuse gain simply increases the second derivative, or curvature, of
the reflectance function in lighting space, keeping the estimate of the surface normal
(orientation) fixed. This causes surface appearance to be more sensitive to variations in
lighting direction, a useful transformation not available in the physical world. Once again
the investigator is free to vary lighting direction interactively in real time, greatly assisting

in the perception of surface shape.

Figure 1.3: Part of the Parapegma Inscription on Fragment C-1. Top, left to right, three CT
“slices” at progressively lower levels relative to the surface of the inscribed plate. Bottom, left
to right, PTM visualizations with simulated conventional illumination, specular enhancement,
and diffuse gain (Images: Antikythera Mechanism Research Project)

—
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Figure 1.4: Part of the offsets of the Back Cover Inscription on Fragment B-1. Top: CT “slices”
as in Fig. 1.3 top. Bottom: PTM visualizations as in Fig. 1.3 bottom
(Images: Antikythera Mechanism Research Project)

Reading an inscription through PTM is an experience closer to that of traditional epigra-
phy than using CT, since it involves viewing a simulation of a three dimensional surface
under light rather than ghostly outlines of letters in a slice through the material. Letter
forms can look surprisingly different in CT, especially if the slice is near the level of the
base of the grooves; markings arising from accidental causes can look deceptively like
deliberate engraving; and parts of letters may be invisible at any slicing level on account
of shallow engraving or surface corrosion. Prolonged practice and relying on more than
aone pair of eyes are the best protection against misreadings, especially those originating
from wishful thinking.



1.3 Nomenclature of the Fragments

The letters A-G and numbers 1-75 used to identify the individual fragments are shown with
the fragments in Fig. 1.1.2% P. Rediadis and I. N. Svoronos introduced the designations A,
B, C, and D for the four fragments known by early 1903, and assigned the numbers 1 and
2 to the two faces of each fragment.?# Except for Fragment E, which was so designated
in articles by M. T. Wright in 1997 and the early 2000s,% the remaining fragments did
not receive a systematic nomenclature until 2005, when M. Zafeiropoulou, cataloguing
in the Museum's bronzes storeroom the 79 currently identified fragments that were not
on public display, extended the capital letter designations to F and G, and gave numbers
from 1 through 75 to the remaining smaller fragments.?® In the course of the 2005 AMRP
data-gathering, the faces of Fragments E, F, G, and 1 through 75 were more or less arbi-
trarily assigned numbers 1 and 2 for the sake of standard reference. In the present series
of papers we will employ the notation (e.g.) 43-2 to designate face 2 of fragment 43.

23 See also: http://www.antikythera-mechanism.gr/data/fragments.

24 Svoronos 1903a and 1903b.

25  Wright and Bromley 1997, Wright 2004, 9, and 2005, 10. Zafeiropoulou gave the same
designation to E in 2005.

26 Zafeiropoulou 2012.
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1.4 Layout of the Mechanism:
Displays and Inscriptions

The identification of four distinct major inscriptions in addition to the various sets of
dial scale inscriptions is chiefly due to Price.?” Since the remains of these inscriptions
exist in six of the "major” fragments (designated by letters) and more than twenty small
fragments (designated by numbers), and range from just a few characters to extensive
runs of partial lines of text, criteria are needed for identifying the inscriptions to which
each belonged. These are:

i. Size of lettering and line spacing. As Price pointed out, the major inscriptions
are each characterized by a fairly uniform average letter height (measured from
the baseline to the top level of most letters) and line spacing (measured from
baseline to baseline).? This criterion has broad applicability, even with very small
fragments.

i. Characteristic vocabulary. Three of the major inscriptions exhibit largely for-
mulaic verbal patterns that repeat distinctive words and phrases, so that even
one partially preserved characteristic word may suffice to identify a fragment's
provenance.

. Matching of inscribed plate and offset fragments. Three of the major inscriptions
survive partly through fragments of the original inscribed plates and partly through
fragments of a layer of accretion that preserved mirror-reversed offsets of the
lettering. Corresponding regions of plate and offset may be identified by even
a few legible letters or parts of letters appearing (aside from mirror-reversal)
in exactly the same configuration.?® Since the lettering on one or the other of
a pair of matched fragments may be damaged or obliterated, the existence of
offsets can greatly enhance our ability to reconstitute the text. Additionally,
some offsets preserve text where the original plate has not survived, or partly
overlap two plate fragments, thus establishing their relative positions.

iv. Matching of fragments with photographs. Small fragments that were separated

from the major fragments since their discovery in 1902 can sometimes be visually

matched with parts of the major fragments in early photographs.

Referring to Figure 1.2, we outline of the Mechanism'’s displays and inscriptions as they
are currently known:

27 Price 1974, 46-51.

28  Price 1974, 47-48.

29  Price 1974, 47, identified the match between Fragment 19 and offsets on Fragment
A-2, and integrated the transcriptions from the two witnesses.



1. On the central square plate (Dial Plate) of the Mechanism's front face (IAM 3)

Most of the square plate was occupied by a large circular dial surrounded by two
graduated scale rings. The Greek names of the signs of the zodiac were inscribed
on the inner Zodiac Scale and the Greek names for Egyptian manths on the outer
Egyptian Calendar Scale, which was manually moveable to accommodate the gradual
shift of the Egyptian calendar year relative to the seasons. Pointers revolving around
the dial represented the motions around the zodiac of the Sun, the Moon, and the
five planets known in antiguity, as well as the date in the Egyptian calendar year.3°
Short texts (single words and letters) were inscribed on the dial rings. The remains
of these texts, collectively designated Front Dial Inscriptions, are all in Fragment C.

2.0ntwo rectangular plates (Parapegma Plates) above and below the front Dial Plate (/AM 3)

These plates were inscribed with the Parapegma Inscription, comprising a list of first
and last visibilities of stars, which linked to index letters on the Zodiac Scale. During
ar after the shipwreck they became displaced and ended up lodged between the
Front Cover Plate and the Mechanism's front face. The remains of the Parapegma
Inscription are in Fragment C and several small fragments (9, 20, 22, and 28).

3. On the dials of the Mechanism's back face (Back Plate) (IAM 4)

The largest features of the back face were two large dials, each consisting of a spiral
groove, which was ariginally tracked by the end of a variable-radius pointer-fol-
lower. The spiral-shaped strip of plate running along the exterior of the successive
turns of the groove was a scale engraved with radial lines dividing it into cells. The
upper spiral (Metonic Dial) represented a 19 year Metonic lunisolar cycle of 235
lunar months, and its cells were inscribed with the local names of months and the
numbers of years within the cycle. Immediately inside the innermost turn of the
groove, numbers were inscribed representing a repeating cycle of 29-day and 30-
day lunar months. Within the circular space inside the spiral, a small circular dial
(Games Dial) had a pointer revolving once every four years; this dial was inscribed
on the inside with the ordinal numbers of the cycle's years, and on the outside with
the names of Greek athletic competitions that were held at two-year and four-year
intervals. Inside the Metonic Dial to the left, itis conjectured that there was another
subsidiary dial (Callippic Dial), showing the 76 years of the Callippic calendar.

The lower spiral dial (Saros Dial) represented a 223 lunar month Saros eclipse cycle.

30 Theinscriptional evidence for planetary pointers is discussed in JAM 5 and 6.
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Some of its cells at five-month or six-month intervals were inscribed with highly
abbreviated inscriptions (“slyphs") indicating the possibility that a solar eclipse or a
lunar eclipse (or both) could occur at the new or full Moon during the current month.
There was also a small circular dial (Exeligmos Dial) in the space inside the spiral,
which showed the triple Saros or Exeligmos cycle, with a pointer revolving once every
669 lunar months. This dial was inscribed with numbers involved in the adjustment
of the time of day predicted (on the glyphs) for occurrence of the eclipse.

The inscriptions of all the foregoing dial scales are collectively designated Back Dial
Inscriptions. Those of the upper dials are preserved in Fragment B, the remainder
in Fragments A, E, F, 24, and 25.

4. Around the dials of the Back Plate (IAM 4)

An extended text (the Back Plate Inscription, BP1) was inscribed in the spaces of
the back face surrounding the two spiral dials; remains of it are in Fragments A,
E. F 24,and 25. It gives further information about groups of eclipses, referred to
by index letters in the glyphs.

5. On the Front Cover Plate (/AM 6)

A long text, the Front Cover Inscription (FCI), was inscribed on the Front Cover
Plate. Its remains, which were attached to Fragment C as it was discovered in
1902, now comprise Fragment G and numerous small fragments (21, 23, 26, 27,
29, 37-44, 49, 54-56, and 60). The text describes the synodic cycles of motion
of the five planets relative to the Sun and around the zodiac.

6. On the Back Cover Plate (JAM 5)

Along text, the Back Cover Inscription (BCI), was inscribed on the back cover plate.
It comprises a description of the dials and other features of the Mechanism's front
and back faces. Its remains are in Fragments A, B, E, 19, and 67.

7. 0n interior components and unplaced small fragments
Afewisolated letters or numerals are found on components of the Mechanism that

would not normally have been exposed to view. These were likely part-identifiers for
the benefit of the builder or operator of the Mechanism.®' These include the following:

31 Price 1974, 20.



On A-2, near the top, an offset letter previously read as H (eta), but probably to be
viewed sideways and read as = (xi, numerical value 60) in the form of that letter
that has a vertical stroke crossing the three horizontals ().32

0n C-2, near the center of the cylindrical cap feature and again on the lunar phase
apparatus about halfway between the remains of the contrate and of the Moon
ball, T (tau, numerical value 300).3®

Inside Fragment D, inscribed on both the single gear preserved in this fragment
and on a disk riveted to this gear, ME (mu ..., numerical value 45).3*

Additionally, there remain a few tiny fragments in the range 45-75 bearing bits
of inscription whose provenance has not been identified. These are not included
in the present series of papers.

The inscriptions served several distinct functions. The dial inscriptions gave the positions
of the pointers immediate meaning, in terms of astronomy and systems of time-reckoning,
The pointer positions predicted recurring astronomical and terrestrial events, e.g. eclipses,
planetary positions and athletic competitions. Back Plate Inscription and Parapegma
Inscription augment the information on astronomical phenomena predicted by the dial
displays. The Front Cover Inscription is a more general description of the behavior of the
planets displayed by pointers on the front dial, while the Back Cover Inscription helps the
viewer to identify the meaning of the displays on both faces of the Mechanism.

32 The letter was described, fairly precisely, by Rediadis in Svoronos 19033, 45 (= Svoronos
1903b, 45). Identified as eta by Price 1974, 20.

33 Rediadis in Svoronos 1903a, 47 (= Svoronos 1903b, 46); Wright 2006, 326 figure 8.
34 Freeth G- Jones 2012, section 3.6.2.
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1.5 The Dimensions of
the Antikythera Mechanism

To determine the space available for inscriptions, we combine various measurements to
estimate the dimensions of the front and back faces of Mechanism. The nomenclature
of the features and distances is given in Fig. 1.5.
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Figure 1.5: Diagrams for determining the dimensions of the Mechanism's front and back plates
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(1) BG: The distance between the main front dial pointer axis b and the lower back (Saros)
dial pointer axis g

Measurement of g to b is possible visually on the rear of fragment A using a
calibrated digital photographic image, 02 A-2 4000 (the nomenclature is a series
number followed by the fragment and face designation followed by the image's
linear pixel size, i.e. 4000 indicates a 4000x4000 pixel image) . The result for BG
is 79.5 mm, which agrees exactly with measurement on Price’s (1974) Fig. 29,
although it is slightly different from the 78 mm he quotes on p. 15, near the foot
of the right-hand column. We adopt BG = 79.5 mm.

(2) BN: The distance between the main front dial pointer axis b and the upper back (Me-
tonic) dial pointer axis n

Measurement of b to gear train axis m is possible visually on images of the rear
of fragment A as above. The result is 47 mm. The distance between axes mandn
(missing from fragment A) can be estimated by the radii of gears from the table of
gear sizes in Freeth et al. 2006, Supplementary Information. Gear m2 has radius 4
mm, and we assume that the conjectured gear n1 has the same radius (14 mm)
as the gear f1 which has the same tooth count. Thus total distance b to nis 47 +
4+ 14 = 65 mm, which agrees exactly with measurement on Price 1974, Fig. 29.
We adopt BN = 65 mm.

(3) GN: The distance between the upper back (Metonic) dial pointer axis n and the lower
back (Saros) dial pointer axis g

Adirect estimate of the inter-axial distance GN is given by adding BG + BN =79.5 +
65 =144.5 mm, with an estimated error of 2 mm. An independent measurement
of 143.4 mm has been given by Anastasiou, Seiradakis, Carman, G Efstathiou 2014,
although they adopt 150.3 mm for manufacturing a physical model.

We can also make an alternative estimate via o-n and o-g by noting that axes o
and n are at the same level vertically. Their distance apart can be estimated on a
radiograph (013 B 150 keV; the nomenclature is a series number followed by the
fragment designation and the energy of the X-ray source), and setting a scale by
assuming the central radii of the Metonic dial slots (see below). Setting the centre
of the dial by the circular hole through which the axis passes, the distance o-n is
24 £ 0.5 mm. The measured inner and outer tooth radii of gear o1 (from Freeth
et al. 2006, Supplementary Information) are 12.2 mm and 13.3 mm respectively,
while we expect the corresponding radii of the missing n1 to be 12.5 mm and
13.1 mm by analogy with the existing gear i2 which has the same number (53) of
teeth. Adding one inner to one outer radius to mesh gives 0-n as 25.5 + 0.3 mm.



So a reasonable estimate for 0-nis 25.0 £ 1 mm. For 0-g, a 30 surface model of
A2, made from photos by photogrammetry, and calibrated according to radius of
e3 =52.4 mm, gives a distance between the visible centres of g and o as 149.6
mm. But there is also a front-to-back distance between the planes containing the
visible centres of g and o, which is estimated (roughly) to be about 14 mm, and this
would correct the true in-plane measurement of 0-g to V149.6°-14% = 148.9 mm.
Combining with o-n gives GN = v148.97-25" = 146.8 mm.

We adopt 145.5 £ 2 mm for GN.

(4) Radius of the Metonic dial slots

The structure of the back dials as spiral slots constructed from semicircles was
firstidentified by Wright 2004, and further investigated by Anastasiou, Seiradakis,
Carman, G Efstathiou 2014. Price 1974, 15 gives measurements of some of the
slots. We have fitted circles to the fragment B visual image 10 B2 4000 and also
to an X-ray image (13 B 1500kV). Least-squares fitted circles to the edges of the
right-hand slots (as viewed from the back, and requiring that they share a com-
mon centre) give the results in the second column of Table 1, with an estimated
error of £1 mm. Estimate can also be made, to about 2 mm, from Anastasiou,
Seiradakis, Carman, G Efstathiou 2014, Fig. 9, and (for comparison with previous
work) by fitting circles to the reconstruction of the dial in Freeth, Jones, Steele,
G Bitsakis 2008, Fig. 15. We use the nomenclatureR . R R . R R forthe
left-hand semicircles’ radii (in decreasing size order) and Rz Rue Rug Rug Runo
for the right-hand semicircles.

Our fitting of circles shows that the center of the right-hand semi-circle is indeed the
axis n, in agreement with Anastasiou, Seiradakis, Carman, G Efstathiou 2014, who call

this the "painter axis."

Table 1.1: Estimates of the right-hand Metonic Dial slot radii in mm (to center of slot)

Slot Measured radius Adopted radius
Rz 74 73
R4 65 65
Ruvs 58 58
Rug 51 51
Rwio 433 43

No
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Table 1.2: Comparison of estimates of the largest left-hand Metonic Dial slot radius in mm

This paper:
measured From
Thi ) from recon- ) ) Anastasiou,
IS paper: struction This paper: Seiradakis
Slot Ry, from visual Price 1974 in Freeth, from X-ray Carman 6‘
image Jsotggfév G image Efstathiou
Bitsakis 2014,Fig. 9
2008, Fig. 15
Centre 75 74
Outer side 73 749 76.6
Inner side 73.5 75.5

Our Table 1.1 X-ray measurements of the slot radii imply a regular spacing of 7.5 £ 0.5
mm. This estimate excludes the measured R, ,, which appears anomalously large for an
assumed regularity of spacing, and—as there may be some mechanical distortion—we
have decided to correct this R, , downwards by 1 mm. We adopt R, =73 + 1.5 mm as
the central radius of the largest right-hand Metonic slot. The central radius of the largest
left-hand slot is therefore expected to be 7.5/2 = 3.75 mm less than that of the right-hand
slot, giving R, =69 + 1.5 mm.

To summarize, we adopt R, =69+ 1.5mm, R =73+ 1.5mm as the central radii of the
largest part of Metonic Dial slot. Slot widths are approximately 1.5 mm. A half-slot width
s (0.75 mm) must be added to each central slot radius to convert to the outer slot radius.

(5) Radius of the Saros dial slots

This is rather more problematic than for the Metonic dial, since in the visual images
the scales appear somewhat distorted (presumably through damage), as was noted
by Price 1984, 15, and some distortion is also visible in the CT. We confirm that the
axis g is the centre of the semi-circles on the left-hand side of the dial (as viewed
from the back), as also found by Anastasiou, Seiradakis, Carman, G Efstathiou
2014. We adopt the nomenclature R, R, R.., R, for the left-hand semicircles’
radii (in decreasing size order) and R, R.,, R.., R, for the right-hand semicircles.

Using a stacked CT X-ray image, we have least-squares fitted circles to edges of
the slots on the right-hand side of the dial, requiring they share a common center,
to an accuracy of about +2 mm. The results for the largest right-hand slot R,
are given in Table 1.3. Price does not give an estimate of the outer slot, although
his inner and outer radii for the sides of the third slot inwards S6 at 52.3 mm and
54.4 mm agree well, within expected errors, with our measurements of 51.9 mm
and 53.4 mm.



Table 1.3: Estimates of the largest right-hand Saros Slot radius in mm

From Anastasiou, Seiradakis,
Slot R, This paper: from X-ray image Carman, G Efstathiou

2014, Fig. 10
Outer side 69.8 70.9-72.8
Inner side 68.1 69.7

Our X-ray measurements give the following radii for the outer and inner radii of
the right-hand side slots: 69.8, 68.1 for S2; 61.5, 59.9 for S4; 53.4, 51.9 for S6; thus
giving centre slot radii of R, =69, R, =60.7, R, = 527, and an average inter-slot
distance of 8.2 mm. The corresponding value from Anastasiou, Seiradakis, Carman,
G Efstathiou 2014, Fig. 10 is rather uncertain, but of order 9-10 mm. We adopt
8.2 £ 0.5 mm. The radius of the largest left-hand slot is therefore expected to
be 8.2/2 = 4.1 mm more than that of the right-hand slot, giving R =73 + 2 mm.
Anastasiou's value would be around 76 mm, and a measurement from the Figure
25 reconstruction of Freeth, Jones, Steele, G Bitsakis 2008, Fig. 25 gives 71 mm.

To summarise, we adopt R, =73 £ 2Zmmand R, = 63 £ 2 mm as the central radii
of the largest part of the Saros Dial slat. Slot widths are approximately 1.5 mm. A
half-slot width s (0.75 mm) must be added to each central slot radius to convert
to the outer slot radius.

(6) Other Back Plate distances

Measurement on both visual and CT images yields E3 = 15.5 mm as the distance
from the outer slot center to the right-hand edge of the back plate. The plate's
right-hand-side "half width" BHW, =R, +s+E3 =69+ 0.75+15.5=85mm.On the
CT the distance from the outer spiral slot edge to bottom of plate is E4 = 12 mm.

(7) Front Dial outer radius

We have used CT images of fragment C, which is the lower left-hand corner (as
viewed from the front) of the front dial, to least-squares fit circles to the dial annuli
and the ring of 365 holes. The radius of the ring of holes is R, = 74.0 mm, with an
error of £3 mm estimated from experimenting with fitting the ring in segments.
The measured distance between ring of holes and the outer edge of the dial is
7 mm. This gives an estimated radius for the dial of R_ = 81 + 3 mm, which we
adopt. The fitted outer radius of the front dial is 80.5, in excellent agreement.
Price estimates 77.2 mm. It is also possible from the CT to estimate the (quite
small) distance F, between the edge of the outer dial and the bottom edge of
the front dial plate, giving F, = 1.5 mm.

N
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(8) Back and Front Plate Widths and Heights

We adopt the nomenclature BW, BH for the Back Plate's width and height, FW for
the Front Plate's width, FHD for the height of the front Dial Plate containing the
dial, and FHT for the total height of the complete Front Plate assembly comprising
the Dial Plate and the two Parapegma Plates. If we assume that the plates are
rectangular, then:

BW =BHW, + BHW,

=E +R +s+R_, +s+E,

=E +R, +s+R,+s+E,
FW  =FHW, +FHW,

=F,+2R +F,
BH =E +R,+s+0ON+R_ +s+E,
FHD =F +2R_ +F,
FHT =F +FHD+F

upper lower

where Fupperand Foue @€ the heights of the spaces available for the Parapegma
Plates above and below the Dial Plate. Filling in the adopted values gives:

BW :E5+73+0475+69+O.75+E2
=E,+69+075+73+075+155
FW  =FHW, +FHW,

=F,+162+F,

BH =E +73+075+1445+73+0.75+12
=304 +E,

FHD =F, +162+15
=F, +1635

FHT =F, _ +FHD+F

lower

The difference between the outer radii of the upper and lower spirals on the back
poses the question of whether the vertical line through the pointer axes was
centred front and back. On the assumption that it was, then BHW, = BHW,, and:

BW/Z:E6+RW +5s

= RMZ +S+ E2
giving
E, =4+E
and

BW =1475+2E,
BW/2=E +R_ +s
=R, +s+E,



giving

E. =E -4
=15

and

BW =138+15+2E,
=170.5

Combining this with the previous result gives

E =15

2

E =155

6

Rounding, we have BW = 171, with an error of £3 mm. If centred, thenF, =F , so
FW  =162+2F,

If, and only if, front and back are of equal width, then 170.5 = 162 + 2F  and
F,=F,=4F, andF arerather larger than the measured value of F, = 1.5 mm,
the distance of the bottam of the front dial from the plate edge, but there is
no reason (other than neatness) that the top and side spacings should be the
same. Hence reasonable estimates for FW lie in the range to 167 to 174 mm, or
perhaps 165 ta 176 mm when all estimation errors are taken fully into account,
with a preferred value around 170.5 mm.

If, and only if, the heights, top and bottom about the axis b, of the back dial are
the same as the front dial, then

BN+R,, +s+E =R +F +F
upper
BG+R, +s+E, =R +F +F

Assuming initially that F, =F_=1.5 mm, then FHD = 165. Hence

BN+R, +s+E =65+73+075+E

=81+15+ Fupper

so that

Fupper =56+E mm

Again,

BG+R, +s+E, =795+73+075+12
=81+15+F_

so that

F =83 mm.

lower
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The minimum value of E, can be estimated as the width of the scale (7.5 mm, see
discussion above of the Metonic dial slots) plus, say, 1.5 mm (cf. F,), givingE, =
9 mm. If £ is symmetric with E , then E = 12 mm. The corresponding values are
BH = FHT = 313 mm to 316 mm, and Fooper = 65 mm to 68 mm, with estimated
errors around =3 mm. There is no obvious constraint on an upper value for E,, so
these values could be larger.

(9) The "best estimates”
Front and Back plate heights: FHT = BH =313 mm to 316 mm

Plate widths: FW =BW =171 mm
Parapegma plates: height available for top plate 65 mm to 68 mm;
height available for lower plate 83 mm; width 171 mm.

Compounded measurement errors on these numerical values are estimated to be
of order £3 mm. If the condition that front and back plates are of identical size
were relaxed, then the space available for the Parapegma plates could change;
in particular the space could be slightly narrower, but not below 162 mm.

(10) Did the slots of the spiral dials intersect?

The central radius of the largest slot of the Metonic dial is estimated as 73 mm,
and the central radius of the largest slot of the Saros dial is also estimated as
73 mm, so their sumis 146 = 3 mm. Our adopted distance between their axes is
estimated as 145.5 2 mm. Within the errors, the slots would indeed intersect—
although since the slot width is of order 1.5 mm, the errors could allow that their
ends did not quite meet. The dial plate might have been slightly mechanically
stronger if the slots were not continuous, but there could have been an advantage
for a continuous slot in that that driving the pointer-followers a bit too far in the
forward-time direction would not stress the mechanism.

Freeth, Jones, Steele, G Bitsakis 2008, Fig. 2 have an interaxial distance ng of 150 mm (cf.
our value 144.5), with the sum of the radii of the Metonic and Saros slotsas 73 + 71 = 144
mm (cf. our value 146), allowing a distance of 6 mm for a scale between the (un-connect-
ed) slots. Their construction is neat, but the required sizes—particularly the interaxial
distance—seem to stretch the error levels on our adopted measurements rather far.



1.6 Conventions for the editions

For most of the Mechanism's inscriptions, the editions in this series of papers are the first
to employ the full Leiden conventions standard for epigraphical texts® and to provide
detailed epigraphical apparatus. We use the following natations:

[aBy] lost text, editorially restored.3®

apy unclear letter traces, ambiguous outside their context.
. unclear letter traces, insufficient for restoration.

ABI clear but unconstruable letters.

nn lost numerals.

% vacat (vacant space).

-14- estimated space for 14 lost letters.

— — — broken top or bottom.

Acknowledgments

The authors gratefully acknowledge financial support from the Leverhulme Trust, Hublot,
the Walter Hudson Bequest, the University of Athens Research Committee, the Cultural
Foundation of the National Bank of Greece, Hewlett Packard Inc., the J. F. Costopoulos Foun-
dation and the A.G. Leventis Foundation. For essential support in enabling the gathering the
data we thank P. Tatoulis (Deputy Minister of Culture in 2005); the National Archaeological
Museum of Athens, and particularly Nicolaos Kaltsas, (Director in 2005), G. Makris, P. Feleris,
M. Gourayannis, 0. Kapsokoli, P Kipouros, and S.Pantelis (conservators); C. Xenikakis (external
photographer), and H. Kritzas (Director of the Epigraphical Museum, Athens in 2005). For
supply of image detectors we are very grateful to Steve Drake (Kodak) and Caroline Winn
(Perkin Elmer), and in software support to Christof Reinhart (Volume Graphics GmbH). Dis-
cussion with Michael Wright is acknowledged and appreciated. The authors also acknowledge
the important contribution of Dr. Tony Freeth, of Images First Ltd, London, to research on
the Antikythera Mechanism, and their regret that he felt unable to continue collaboration.
Where appropriate we believe we have carefully acknowledged in the text of the papers
any work on the inscriptions to which he particularly contributed.

Enquiries via www.antikytheramechanism.gr/contact/.

35 Van Groningen 1932.
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letters are insufficient to determine the word, and left entirely unbracketed if restorations
are certain.

(OV)
o

Antikythera Mechanism Research Project: IAM 1. ‘



‘ Antikythera Mechanism Research Project: [AM 1.

w
~

- Anastasiou, M.,Seiradakis, J.H., Carman, C.C., Efstathiou, K. (2014), “The Antikythera

Mechanism: The construction of the Metonic pointer and the back plate spirals", Journal
for the History of Astronomy 45: 418-441.[

- Edmunds, M.G. (2012), "Before and After the Antikythera Mechanism”, Proceedings of Sci-

ence, http:/pos.sissa.it/archive/conferences/170/019/Antikythera%20G-%20SKA_019.pdf.

- Edmunds, M.G. (2014), “The Antikythera Mechanism and the Mechanical Universe", Con-

temporary Physics 55: 263-285, and corrigendum 56: 107.

- Edmunds, M.G., Freeth, T. (2011), “Using Computation to Decode the First Known Com-

puter’, Computer 44: 32-39.

- Freeth, T. (2014), “Eclipse Prediction on the Ancient Greek Astronomical Calculating

Machine Known as the Antikythera Mechanism." PLoS ONE 9(7): e103275. http://www.
plosone.org/article/info%3Adoi%2F 10.1371%2Fjournal.pone.0103275.

- Freeth, T, Bitsakis, Y., Moussas, X., Seiradakis, .H., Tselikas, A., Mangou, H., Zafeiropoulou, M.,

Hadland, R., Bate, D., Ramsey, A., Allen, M., Crawley, A., Hockley, P, Malzbender, T., Gelb, D.,
Ambrisco, W., Edmunds, M.G. (2006), “Decoding the ancient Greek astronomical calculator
known as the Antikythera Mechanism’, Nature 444: 587—591. Supplementary information,
http://www.nature.com/nature/journal/v444/n7119/suppinfo/nature05357.html

- Freeth, T, Jones, A., Steele, ] M., Bitsakis, Y. (2008), “Calendars with Olympiad display and

eclipse prediction on the Antikythera Mechanism", Nature 454: 614-617. Supplementary
Notes (amended June 2, 2011), http://www.nature.com/nature/journal/v454/n7204/
extref/nature07130-s1.pdf.

- Freeth, T, Jones, A. (2012),. “The Cosmos in the Antikythera Mechanism'”, ISAW Papers 4.

http://dlib.nyu.edu/awdl/isaw/isaw-papers/4/.

- Van Groningen, B.A. (1932), "Projet d'unification des systémes de signes critiques”,

Chronique d'Egypte 7: 262-269.

- Jones, A. (2017), A Portable Cosmos. New York.
- Kaltsas, N., Vlachogianni, E., Bouyia, P. (eds) (2012): The Antikythera Shipwreck: the ship,

the treasures, the mechanism. Exhibition catalogue. Athens.

- Kavvadias, G. (2012), “The Red-slipped Tableware’, in Kaltsas, Vlachogianni, G- Bouyia

2012, 169-181.

- Malzbender, T, Gelb, D., Wolters, H. (2001), “Polynomial Texture Maps", SIGGRAPH ‘01

Proceedings of the 28th annual conference on Computer graphics and interactive tech-
niques. New York, 519-528.

- Mangou, H. ("Magou, E.") (2012), "Archaeometric research of the Antikythera Mechanism

during the century following its recovery”, in Kaltsas, Vlachogianni, G- Bouyia 2012, 232-240.

« Qikonomidou, M. (2001), "NopiopaTikd¢ @naaupdc AvtikuBrpwy”, (“Numismatic Hoard of

Antikythera"), in Alexandri, A., Leventi, . (eds), KaAAioTeupa. MeAéTec mpog Tipriv T OAyag
TZdxou-AAe€avopri (Kallistevma. Studies in honour of Olga Tzahou-Alexandri). Athens, 541-544.

- Price, D. (1959), “An Ancient Greek Computer”, Scientific American June 1959: 60-67.
- Price, D. (1974), Gears from the Greeks. The Antikythera Mechanism - A Calendar Computer



from ca. 80 B.C. Transactions of the American Philosophical Society N.S., 64.7.

- Ramsey, A. (2012), "X-ray Tomography of the Antikythera Mechanism", Proceedings of Sci-
ence, http://pos.sissa.it/archive/conferences/170/022/Antikythera%20G%20SKA_022 pdf.

- Rehm, A. (1905), "Meteorologische Instrumente der Alten” (unpublished manuscript),
Bayerische Staatsbibliothek, Rehmiana Ill/7.

- Svoronos, I.N. (1903a), 0 Gnaaupoc T@v AvtikuBipwv (The Antikythera Hoard). Athens.
Republished in Svoronos, I.N. (1908), To év ABrvaic EQvikov Mouaeiov (The National
Museum of Athens). Athens.

- Svoronos, |.N. (1803b), Die Funde von Antikythera. Athens. Republished in Svoronos, |.N.
(1908), Das Athener Nationalmuseum, Athens.

- Throckmorton, P. (1970), Shipwrecks and Archaeology: The Unharvested Sea. Boston.

- Tsipopoulou, M., Antoniou, M., Massouridi, S. (2012). “The 1900-1901 investigations", In
Kaltsas, Vlachogianni, G- Bouyia 2012, 18-31.

- Tselekas, P. (2012), “The Coins", in Kaltsas, Vlachogianni, G Bouyia 2012, 216-226.

- Weinberg, G.D., Grace, V.R., Edwards, G.R., Robinson, H.S., Throckmorton, P, Ralph, E.K.
(1965), The Antikythera Shipwreck Reconsidered. Transactions of the American Philo-
sophical Society N.S. 55.3.

- Wright, M.T. (2004), “The Scholar, the Mechanic and the Antikythera Mechanism: Comple-
mentary Approaches to the Study of an Instrument”, Bulletin of the Scientific Instrument
Society 80: 4-11.

- Wright, M.T. (2005), “Counting Months and Years: The Upper Back Dial of the Antikythera
Mechanism", Bulletin of the Scientific Instrument Society 87: 8-13.

- Wright, M. T. (2006), “The Antikythera Mechanism and the Early History of the Moon-Phase
Display”, Antiquarian Horology 29: 319-329.

- Wright, M.T. (2011), “The Antikythera Mechanism: Reconstruction as a Medium for Re-
search and Publication”, in Staubermann, K. (ed.), Reconstructions: Recreating Science
and Technology of the Past. Edinburgh, 1-20.

- Wright, M.T., Bromley, A.G. (1997), "Current Work on the Antikythera Mechanism”, Apxaia
EAAnvikri TexvoAoyia. 10 61€BvEc auvedpio. MpakTikd (Ancient Greek Technology. 1°* Inernational
Conference. Proceedings). Thessaloniki, 19-25.

- Wright, MT., Bromley, A.G., Mangou, H. (1995), “Simple X-Ray Tomography and the An-
tikythera Mechanism’, PACT 45: 531-543.

- Yalouris, N. (1990), “The Shipwreck of Antikythera: New Evidence of its Date After Supple-
mentary Investigation’, in Descoeudres, J.-P. (ed.), EYMOYZIA: Ceramic and lconographic
Studies in Honour of Alexander Cambitoglou. Mediterranean Archaeology Suppl. 1. Sydney,
135-136 and plate 31.

- Zafeiropoulou, M. (2012) "0ld and New Fragments of the Antikythera Mechanism and
Inscriptions”, in Kaltsas, Vlachogianni, G- Bouyia 2012, 241-248.

o
un

Antikythera Mechanism Research Project: IAM 1. ‘



2

Historical Background
and General Observations

DOI 10.1484/).ALMAGEST.5.110733

Almaocact



(GV)
~J

A. Jones
Institute for the Study of the Ancient World, New York, USA
E-mail: alexanderjones@®nyu.edu

A. Jones: IAM 2. Historical Background and General Observations ‘

Abstract
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2.1 Modern history of the fragments

The initial discovery and first interpretations of fragments of the Antikythera Mechanism
were reported on a day-to-day basis in several Athenian newspapers (Table 2.1)." These
reports appear generally to have been published the day after they were written or, in the
case of evening newspapers, sometimes on the same day. Notwithstanding a few obscurities
and inconsistencies, they allow us to reconstruct the story of those days in some detail.

YEAR MORNING EVENING UNKNOWN

Eleutheros
Typos

To Asty Skrip Embros | Akropolis | Neon Asty Estia Sphaira

1901/7/24 1? 1?
1902/5/21 1 1
1902/5/22 1 1 1 1
1902/5/23 1 1 1 2 1
1902/5/24 1 1 1
1902/5/25 1 1 1
1902/5/29 1
1902/5/30 2
1902/5/31
1902/6/1 1
1902/6/4

1902/6/23
1902/6/24
1902/12/13
1902/12/14
1902/12/18

1
1
1
1
1
1

Table 2.1: Articles in Greek newspapers relating to the discovery of the Antikythera Mech-
anism's fragments

1 Partial lists of the reports in Svoronos 19033, 15-17, note 1 (from second column of
p. 15) translated into German = Sovronos 1903b, 15-17, note 1 (from second column of p.
15); Price 1974, 9-10; Fragkou 2010a, 28-35, translated into English = Fragkou 2010b, 27-
33. Scans of many newspapers of the time are currently accessible through the websites
of the Library of the Parliament of Greece, http://catalog.parliament.gr, and the Greek
National Library, http://efimeris.nlg.gr/ns/main.html. Additionally, the database "Archae-
ological events in Greek press (1832-1932)" of the Aristotle University of Thessaloniki
(http://invenia.lib.auth.gr) contains transcriptions of numerous articles relating to the
Antikythera wreck and the Mechanism. Some articles are reproduced in Fragkou 20104,
65-71 = Fragkou 2010b, 62-67, and in Nikoli 2012, 16-87. Among those cited below, Néov
AcTu and EaTia were evening newspapers. The available collections of the newspapers
have occasional gaps, and | may have overlooked some pertinent articles.



The newspapers credit the discovery of the fragments in the National Archaeological Museum
to Spyridon Stais (1859-1932), a representative of the island of Kythera in the Greek parliament
who had served from May 27, 1900 to November 25, 1901 (Julian calendar)? as Minister of Edu-
cation in the government of Georgjos Theotokis. Stais was not an archeologist; he had studied
mathematics and physics and taught mathematics in schools before his political career.? As
minister, however, he had negotiated the Greek government's support of the salvage of the
Antikythera wreck in 1900-1901, and continuing interest in the outcome of this project suffices
to explain his visit to the Museum, apparently on Saturday, May 18, 1302 (but possibly on Mon-
day, May 20), together with his wife and sister-in-law, a Miss Vouya.* Stais was shown a room
where unidentified bronze fragments from the wreck were stored in the hope that they might
yield pieces of the so-called "Youth of Antikythera" statue, and among them he noticed two or
three objects, described in the reports as "slabs" or “plates” (MAdkec), on the surfaces of which
one could see toothed gears and an inscription in mirrored writing. The fragment bearing the
gears must have been the one now called Fragment A, while the one with the mirror inscription
was surely the present Fragment B.® Little or nothing of this inscription was read on that day.

Descriptions of the fragments in less ephemeral and more scholarly Greek publications

2 TheJulian calendar was employed in Greece until 1923. Dates cited here from Greek
sources before 1923 are therefore Julian unless otherwise indicated. Their Gregorian equiv-
alents are thirteen days later; e.2. June 1 (Julian) is June 14 (Gregorian).

3 Biographyin MeydAn EAAnvikf EykukAomaideia 22, 269-270. The contemporary reports
are consistent in their identification of the discoverer, typically qualified as “the former
Minister of Education” or the like.

4 The first and most circumstantial reports are in Zkpim no. 2428, May 21, 1902, p. 4
("Znoubaia avakdhuyic 81a Tac apxaiotrTac T@v Kubrpwv"), and ToAoTu no. 4139, May 21,
1902, p. 1 ("Znoubaia avakaAuyic v T EBVIKG Apxelohoyik® Mouaeiw"). In both, the discovery
is said to have occurred “yesterday" (i.e. Monday, May 20), and “the day before yesterday" in
a report published on May 22 ("AUo €veniypada Tepdyia ano 1a AvtikiBnpa’, NéovAaTu no.
162, 2). On the other hand, EaTia year 9 no. 82, May 22, 1902, p. 4 (“H nAa& o0 Mouaeiou
pac") and To AoTu no. 4141, May 23, 1902, p. 1 ("H éveniypadoc nAag T@v AvTikuBripwv")
date the discovery to “last Saturday” (i.e. May 18), which may reflect a correction of the
information provided to the first reporters.

5  Fragment A is the only one bearing a complex of gears matching the descriptions in
the reports in Zkpim and To AoTu. Parts of the mirror-writing inscription are found on both
Fragments A and B, but the part on A was almost entirely concealed by other material as late
as 1903, and no one except Rehm seems to have been aware of its existence at this time, or
indeed until the time of Price and Stamires in the 1950s. Accarding to the report in To AaTu
Stais discovered three fragments (while Skpim is vague about the number). If correct, these
would presumably have been A, B, and C; but this is hard to reconcile with the subsequent
report (see immediately below) that a third fragment, apparently C, was found only on May 21.
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from 1902 through 1910 (after which the Mechanism fell into neglect for almost two
decades) did not mention the circumstances under which they came to notice. Later
accounts introduced elements of confusion that continue to infect the secondary litera-
ture on the Mechanism. loannis Theofanidis (1877-1939),6 who studied the Mechanism in
the 1920s and 1930s, was probably relying on recollections (his own or that of people he
consulted) when he wrote in the late 1920s that “the then [sic] minister of education, Mr.
Sp. Stais [...] by complete chance saw it cast down outside the door of the Archaeological
Museum, among many other fragments found there, where the useless bits were put that
had been separated from the works of art while they were being cleaned"” Price, on the
other hand, got the right setting but the wrong protagonist when he wrote in 1959 that
"Valerios Stais, an archaeologist at the National Museum, [recognized the fragments of a
mechanism while] examining some calcified lumps of corroded bronze that had been set
aside as possible pieces of broken statuary".® Throckmorton subsequently repeated this
story with the additional false details that Valerios Stais was a young man and Spyridon's
nephew;® they were in fact first cousins, and Valerios (1857-1923) was about 45 years old
(two years older than Spyridon) and the director of the Museum. Price’s 1974 account of
the discovery, based on a selection of newspaper reports from May 23, 1902 onwards,
was in most respects correct.!® Nevertheless, Valerios Stais continues to receive spurious
credit for first noticing the fragments."

6  Biography in MeydAn EAAnvikn EykukAonaideia 12, 542 and suppl. 3, 78.

7 Theofanidis [1927-1930], "97" [correct pagination: 89] with note 3. More recent assertions
(e.g. Marchant 2008, 37) that the unassigned fragments from the wreck among which the
Mechanism was discovered were stored in the open air appear on the face of it implausible.
Theofanidis dates Stais's discovery to just a few days after the fragments had been recovered
from the wreck site; in reality the interval must have been the better part of a year.

8  Price 1959, 61. Despite the slip, his version shows that he must already have had access
to some newspaper accounts.

9 Throckmorton 1970, 153. Biographies of Valerios Stais in MeydAn EAAnvikf Eyku-
kAomaibeia 22, 269; Oikonomos 1922; Petrocheilos 1992. Valerios Stais's father Nikolaos
and Spyridon’s father Emmanuel (1817-1895) were sons of Valerios Stais, representative
of Kytherain the 1817 Assembly of the lonian Islands established under Maitland's British
administration (information courtesy of Marina Papadimitriou).

10 Price 1974, 9. Price’s histary of the events of 1300-1905 is nat quite free of errors.
Not realizing that the Greek calendar of the time was the Julian, Price assigned incorrect
weekdays to the newspaper issues and dated the Saturday when Stais was reported to
have made the discavery as May 17, one day too early. He also followed Throckmorton in
identifying Spyridon Stais as a “prominent archaeologist” (p. 8), and makes him the author
of Valerios Stais's 1905 monograph on the wreck (p. 11) — in fact by 1974 Price seems
to have forgotten that Valerios existed!

11 Marchant 2008, 37-38, offers a new variation, according to which an "unnamed



Price expressed surprise that “such exciting pieces” could have gone unnoticed for so many
months until Spyridon Stais's chance visit to the Museum."? In fact it is highly probable that
they were noticed immediately upon their having been brought out of the sea. Valerios Stais
wrate in 1905 that the Mechanism was recovered “around the end of the period of salvage
of the antiquities of Antikythera,” which would mean the summer of 1901."® By this stage
it appears that the divers were attempting a systematic clearing of all the antiquities, now
chiefly smaller and more mundane objects that they were able to reach.’ On July 24, two
newspapers reported a telegram received by the Ministry of Education from the work site.
ToAaTu —in general the most thorough and reliable of the Athenian newspapers in its
archeological coverage— stated that:"®

"asingle inscribed slab [nAag] was found, the letters on which, however, could not
be copied. Besides this were found vases, fragments of statues, and other ancient
objects”.

Skpim reported the finding of a “marble slab bearing a difficult-to-read inscription”.'® No
inscription on stone has been identified among the objects from the Antikythera wreck in the
Museum:; the only things that could be described as an inscribed “slab” (as in fact they were,
repeatedly, in the newspapers in 1902) were the fragments of the Mechanism."” It seems
likely that the reporter for Zkpfm simply assumed that an inscribed slab ought to be marble!

Mer noticed the significance of the decaying, fractured lump" and natified
Valerios about it. In case any doubt lingers concerning the identity of the discoverer, we have
Valerios's own testimony ("Ai apxaidTnTeg TV AVTIKUBTpWY", TOAGTU no. 4343, December
13,1902, 1-2) that they were found by “the former minister, Mr. Stais."

12 Price 1974, 9.

13 Stais 1905, 18. The salvage was terminated on September 30, 1901 (Svoronos 19034, 15
=1903b, 14); a letter of Stais to Kavvadias dated November 24 of an unstated year, adduced
by Petrakos 1991 as evidence of a revival of the campaign in November, 1901, actually must
date to a later, now largely forgotten unsuccessful attempt to revisit the wreck site in the
winter of 1905-1906 that was extensively reported in the Athenian newspapers of the time.
14 Throckmorton 1970, 151, supported by newspaper reports listing the abjects found.
In particular ToAgTu no. 3835, July 13, 1901, summarizes a report to Spyridon Stais from his
representative at the site, according to which the divers were working slowly but system-
atically to recover all objects down to a depth 1 meter below the surface of the sea bottom
and as far down as 35-40 fathoms (64-73 meters), the limit of their diving range.

15 ToAaTu no. 3846, July 24,1901, p. 2.

16 Zkpimno. 2132 [misprinted 2142], July 24, 1901, p. 2.

17 lamindebted to John Seiradakis and Magdalini Nikoli for directing me to the newspaper
articles from July 24, 1901.
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In connection with these contemporary reports, it deserves mention that Theofanidis also
wrote of a “first" discovery of the Mechanism preceding Stais's.' The discoverer, according to
Theofanidis, was his fellow naval officer, Perikis Rediadis (1875-1938),'® who at the time held
the rank of sublieutenant (GvBunonAoiapxoc) and was assigned to the troopship Mykali, the
vessel that was put into service on several occasions during the period of salvage transporting
antiquities from Antikythera to Athens and carrying archeologists and representatives of
the Ministry of Education back and forth.2® According to Theofanidis, the Mechanism was
so encrusted with marine accretions that the petty officer who was loading the antiquities
on the deck of the Mykali nearly tossed it overboard as worthless, but was prevented from
doing so by Rediadis, who had noticed a piece of metal projecting from a broken face of it.
Theofanidis must have heard this story directly from Rediadis, and it may have undergone
some distortion in the quarter century since the events it describes.?' Rediadis was later
to publish several articles on the Mechanism, and none of them mention this incident.?2 In
any case, it could not have occurred on the date shortly before July 24 when the Mechanism
seems to have been brought to the surface, because the Mykali was not at Antikythera at
that time, and only arrived there at the beginning of August with Spyridon Stais aboard,
to collect the salvaged objects that had accumulated over the summer. This assemblage,
including the Mechanism, arrived at Piraeus to be taken to the Museum on August 3.2%

Taking into consideration, with all due caution, the newspaper reports from July 24, 1901,

18 Theofanidis [1927-1930], 83 with note 6.

19 Biography in MeydAn EAAnviki EykukAomaidela 21, 84, and [Anonymous] [19397].

20 According to Svoronos (1903a, 44 note 2 = 1903b, 43 note 1), Rediadis went to An-
tikythera five times on board the Mykali.

21 Theofanidis commits errars that reveal that he did not extensively consult contempo-
rary published sources; thus he writes that the wreck was salvaged by sponge divers from
Kalymnos in 1902, getting both the island and the year wrong.

22 TOAaTuno.4171,June 23,1902, p.2and no. 4172, June 24,1902, p. 2; O €€ AVTIKUBr)pwv
aoTpohdBoc’, in Svoronos 1903a, 44-52 (= "Der Astrolabos von Antikythera," in Svoronos
1903b, 43-51); Rediadis 1903; Rediadis 1910.

23 Among the objects that arrived in Athens with Stais on August 3, the one that got the
most attention was a well preserved bronze statuette of a youth missing its right arm (now
National Archaeological Museum X 13398, with the arm restored from the 1974 Cousteau
excavations, X 18960); see EaTia year 8 no. 149, August 3, 1901, p. 3, TO AaTu no. 3857, Au-
gust 4, 1901, p. 1, NeoAdyog no. 1430, August 4, 1801, p. 1, Kaipoi no. 4510, June 23, 1901,
p. 2, and Epmpdg no. 1712, August 4, 1901, p. 2. The discovery of the statuette had been
reported already by telegram six weeks earlier (Eumpdc no. 1670, June 23, 1901, p. 2, and
AkpomoAicno. 6938, June 23, 1901, p. 3), which shows that this was the first delivery of finds
from Antikythera since the beginning of the summer. Oddly, the majority of the newspaper
reports identify the lost arm as the left one.



Theofanidis's story, and the general character of the salvage operations during the sum-
mer of 1901, there is good reason to believe that the separate fragments A, B, and C (and
possibly also D, E, and F which were found in the Museum subsequently) came into being
through the breaking up of a single “slab" after it had come out of the sea, as Price hypoth-
esized.2* Such a composite would have borne on one face the hard-to-read mirror-writing
inscription that Stais later noticed on Fragment B, while the other face would have been
almost entirely featureless except perhaps for some illegible traces of direct inscription
that Rediadis later reported on Fragment C.2° The gears and other mechanical elements
that were so conspicuous on Fragments A and Cin 1902 would have been concealed inside
the composite slab. It is difficult to believe that these mechanical elements would have
escaped natice in the summer of 1901 if they had been expased. Price supposed that the
gradual drying out of the object could have caused stresses that led to its fragmentation,
but given the fragility of the calcified materials that compose the present fragments, one
could just as well suppose that it broke apart as a result of a casual impact.

Let us return to the story of the fragments immediately following Stais's visit to the Muse-
um. On Tuesday, May 21, several archeologists including Gavriel Vyzantinos (1868-1910),2
an Ephor (i.e. superintendent) of Antiquities who had been involved in the salvage of the
wreck, inspected the fragments, and a further fragment —presumably the present Frag-
ment C— equal in size to the smaller of the other two —presumably B— was reportedly
found.?” Vyzantinos informed reporters of a few letters that had been read on the fragments;
these can be identified as parts of a direct-writing inscription on Fragment A and of the

mirror-writing inscription on Fragment B.28 On Wednesday, Adolf Wilhelm (1864-1350),

24 Price 1974, 10. On the other hand, Theofanidis ([1927-1930], "97" [correct pagination:
89] with note 3) alleges, we do not know on what authority, that the sponge divers who
salvaged the wreck deliberately shattered unidentified objects to determine whether they
were antiquities or mere “fossils.”

25 Svoronos 1903b, 46. The illegible letters mentioned by Rediadis were probably part of
the inscription on the present Fragment G, which was separated from C after 1903.

26 Vyzantinos was the assistant of the General (i.e. chief) Ephor of Antiquities, P. Kavva-
dias, cf. Petrakos 2011, 20, where he is characterized as "undistinguished and [...] without
accomplishment”. Biographical information about Vyzantinos is scarce. He was appointed
Ephor in 1898, having previously been director of the National Lyceum (To AaTu no. 2883,
November 22, 1898, p. 2), briefly succeded Kavvadias as General Ephor in 1910, but died (by
suicide) in that year (Petrakos 2013, v. 1, 256-257). He had supervised the earlier stages of
the salvage at Antikythera in late 1900 and early 1901, and wrote a valuable short account
of them (Vyzantinos 19014, translated into English: Viyzantinos 1901b).

27 "AixaAkai nAdkec TV AVTIKUBTpwv", Néov AaTu no. 163, May 23, 1902, p. 2.

28 Al apxaidTnTEC TOVAVTIKUBNpWV", ZKPIm no. 2429, May 22, 1902, p. 3; "Avo eveniypada
Tepayla ano ta AvtikuBnpa”, NéovAoTu no. 162, May 22, 1902, p. 2.
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an epigrapher and the secretary of the Austrian Institute in Athens, and the numismatist
loannis Svoronos (1863-1922)% spent several hours attempting to read and estimate the
date of the mirror-writing inscription on Fragment B.3® On Thursday, Konstantinos Rados
(1862-1931, a naval historian),®' Valerios Stais, Panagiotis Kastriotis (1859-1931, another
Ephor of Antiquities), and Wilhelm inspected the fragments.32 Photographs were made on
May 28.33 On June 23, the newspaper ToAgTu published an article by Rediadis containing the
first detailed description of the fragments, which leaves no doubt that the only fragments
known at this stage were the present Fragments A, B, and C.3

The last issue of the 1902 volume of the journal E¢nuepic Apxaiodoyikr, published on
February 15, 1903, contains a long anonymous report of the finds from the Antikythera
wreck. It includes a rather cursory description of the fragments (not even specifying how
many there were), but stating that, at the date of writing, they had undergone no conser-
vation ("it still remains as it was removed from the sea").3 A photograph shows the face
of Fragment B bearing the mirror-writing inscription.

About June 1903, the first fascicle (plates and text) of volume 1 of Svoronos' illustrated

29 Biography in MeydAn EAAnvik EykukAomaideia 22, 605.

30  "Auo eveniypada Tepdyia ano Ta Avtikuenpa“, NéovAoTtu no. 162, May 22, 1902, p.
2; "H n\ag Tol pouaeiou pag”, EaTia year 9 no. 83, May 22, 1902, p. 4; "H ydAkivn nAag Tév
AVTIKUBTpWV", ZKpimno. 2430, May 23, 1902, p. 2; "H eveniypadog nAGE TV AvTIKUBHpwv', TO
AoTu no. 4141, May 23, 1902, p. 1; "Al xaAkal MAGKeG TV AVTIKUBTpwv" (a very circumstantial
report) and "To aoTpoAdBov T@v AvTiKUBYpwv', NéovAaTu no. 163, May 23, 1902, p. 2.

31 Biography in MeydAn EAAnviki EykukAomaibeia 21, 23.

32 "Tonepiepyovelpnua t@dvAvTIKUBYpwVY", TOACTU no. 4142, May 24,1902, p. 1; *Ai xahkai
NAAKEC TV AVTIKUBNpwVY', NéovAaTu no. 165, May 25, 1902, pp. 1-2.

33 "TOAvegriynTov pnxdvnua Tev AvtikuBnpwv', To Aatu no. 4147, May 29, 1902, p. 1. It
is not known whether the photographs subsequently published in [Anonymous] 1902 and
Svoronos 1903a/1903b were from this session.

34 "OdaoTpoAdBoc TV AVTIKUBrpwY", TOACTU no. 4171, June 23, 1902, p. 2. A continuation
of this article, under the same headline, appeared in no. 4172, June 24, 1902, p. 2.

35 [Anonymous] 1902; the description of the Mechanism is cols. 170-172 with the
photograph as text figure 14 on cols. 165-166. Svoronas (1903a, 16 = 1903b, 16) tells
us that the article was a collaboration of several of the leading Greek archeologists of
the time, Valerios Stais, Christos Tsoundas (1857-1934), and Konstantinos Kourouniotis
(1872-1945), under the direction of Panagis Kavvadias (1850-1928). Kavvadias was also
the source of information for one of the earliest published mentions of the Mechanism in
a language other than Greek, Vicars 1903, 562. (Its discovery in the Museum had already
been briefly reported in the London newspaper, The Standard, Saturday, June 7, 1902, p.
7 — the corresponding Julian calendar date in Greece was May 25).



survey of the Museum'’s antiquities, devoted to the Antikythera wreck, was published in
Greek, with a German translation appearing soon after; this work incorporates a section by
Rediadis on the Mechanism'’s fragments.3® Rediadis describes four fragments, designated
for the first time by the letters A, B, C, D (Fragment D is mentioned here for the first time),
and Plate X presents photographs of both faces of all four fragments (specimens for A-2 and
C-1in supplementary Figs. S6 and S9), with a larger reproduction of B-1, the mirror-writing
face of Fragment B, on Plate IX (supplementary Fig. $8).37 This photograph is not the same
as the one in Egnpepic Apxalooyikr, but the condition of the fragment is indistinguishable.
Rediadis speaks of the extremely fragile state of the fragments, so that they break “on the
application of the slightest force that the hand of the conservatar can apply to it", which
perhaps is an indication that conservation had begun — though if so, it had certainly not
progressed very far, if we may judge by the photographs and by the very limited amount of
inscriptional text reparted by Rediadis on the authority of Svoronos and Withelm.

The conservation had been entrusted to the chemist Othon Rousopoulos (1855-1922),38 who
was responsible also for the conservation of other bronze artifacts in the Museum at that
time.3® There were two elements involved in the conservation of the Mechanism'’s fragments:

36  Svoronos 19033, 44-52, and 1903b, 43-51. The chronology of these publications
(self-described not as a catalogue but as a series of plates with explanatory text) has been
a matter of confusion in scholarship on the Mechanism since Price's time. The title pages
of both the Greek and German editions of the Antikythera fascicle bear the date 1903. An
announcement of the Greek edition in the biweekly periodical Mava@rvaia, issue of June
30, 1903, 573-574, confirms that this edition was published by the middle of 1903, while
the German edition was advertised on the back pages of the Mitteilungen des Kaiserlichen
deutschen archéologischen Instituts, Athenische Abteilung 28 (1903), published soon after
February 24, 1904. The relative order of publication of the two editions is indicated by an
error in the account of the inscriptions of the Mechanism's fragments in the Greek edition
(p. 46, an inscription said to be on Fragment C that is in fact on Fragment A) that is corrected
in the German. The title page provided for the text section of the German edition when
volume 1 was completed bears the date 1908, and many bound copies lack the original
1903 title page; the title page of the Greek edition of the completed volume 1 has no date.
37  The principal fragments were never designated in print by Greek letters, as stated in
Wright 2006, 322.

38 Biography in MeydAn EAAnvikf EykukAomaideia and Méya EAAnvikov Bioypagikov
Ae€ikov 1, 85-103.

39 The fragments were placed for safekeeping in a glass cabinet and assigned to Rou-
sopoulos immediately after they were photographed on May 28, 1902 ("To avegrynTtov
pnxdvnua TV AVTIKUBrpwv', TOAGTU no. 4147, May 29, 1902, p. 1), and it was expected that
the work would begin within a few days ("Apxaiohoyikd," To AgTu no. 4153, June 4, 1902,
p. 2.). In fact, in the light of the remarks in the Epnuepic Apxaiodoyikn report it appears
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removal of extraneous matter and corrosion products from the surfaces to restore them
to a semblance of their ancient appearance (kaBapiouds, Reinigung, literally “cleaning”),
and separation of components that had become fused together. Since separation exposed
new surfaces for cleaning, the process was iterative. In a presentation to the International
Archeological Congress at Athens on March 29, 1905, Rousopoulos described his preferred
technique for cleaning bronzes as a reduction by means of zinc and hydrochloric acid.*® But
since this was not applicable in the case of objects such as the Mechanism's fragments
that were corroded to the point that little or no free metal survived, he reports that he
subjected them instead to a treatment with potassium cyanide, a reagent widely used in
the conservation of metal artifacts at that time.*' He speaks of the “difficulty and riskiness
of the delicate task" of cleaning the Mechanism, “a real test of patience and endurance”.
Once cleaned, the fragments were protected by an application of Zapon lacquer.

The challenge that Rousopoulos faced in the case of the Mechanism was to remove ob-
scuring layers of accreted matter mixed with corrosion products without also mutilating or
destroying “original” surfaces that were themselves by now composed of corrosion products.
In this he appears to have been largely successful. Some loss of surface detail would, how-
ever, have been unavoidable in any treatment by reduction, the more so as the treatment
was prolonged. The indistinctness of the lettering on some of the inscribed fragments in
their present condition is probably due in part to this chemical cleaning, and in part to bits
of the inscribed surface coming off with the accretion layers when they were separated.

The state of Fragments A, B, C,and D in October 1905 is documented by a set of photographs
made by Georg Karo (1872-1963), the second director of the Athenian branch of the German
Archeological Institute, for the philologist and epigrapher Albert Rehm (1871-1949) in that
month.*2 (Supplementary Fig. S10 reproduces Karo's photograph of C-1.) Another set made,

Mas delayed for many months, perhaps because Rousopoulos was occupied
with other work in the Museum, perhaps also because of fears such as those expressed
by Svoronos (“To AoTpoAdBov T@v AvTiKUBTpwY," Néov AaTu no. 163, May 23, 1902, p. 2)
that the fragments might be destroyed in the process of cleaning.

40 Rousopoulos 1905.

41 Rousopoulos provides little detail. “Finkener's method"” of cleaning antique bronzes, as
described in Rathgen 1898, 108-120 = Rathgen 1905, 125-139, was an electrolytic process
in which the object was immersed in a bath of potassium cyanide. Rathgen, however, rec-
ommends this method only for objects in which a good core of free metal survives, which
was not the case with the Mechanism'’s fragments. Some surfaces of the fragments, e.g.
the back face of Fragment C, show little evidence of cleaning in the early photographs,
suggesting that Rousopoulos applied chemical cleaning only to certain areas of interest.
42 The set of prints that Karo sent to Rehm is preserved in Bayerische Staatsbibliothek
Rehmiana I11/9. Kara's letter accompanying the photographs, dated, October 14, 1905, is in



reportedly, in 1918 shows fragments A, B, and C practically unchanged since 1905 (fragment
D does not appear in this set), so we may conclude that Rousopoulos's conservation had
come to a halt about the end of 1905.4® (Supplementary Fig. S7, of A-2, is from this set.)
The number of fragments had grown by this time through the separation of fused pieces of
material. One such new fragment, a piece of inscribed plate now known as Fragment 19, was
removed from Fragment A (leaving behind mirror-image impressions), and a photograph and
transcription of it were published by Valerios Stais early in 1905 in a pamphlet on the finds
from the Antikythera wreck.** Fragments 19 and 67 (a smaller piece of the same inscribed
plate, also removed from A) are also shown in one of Kara's photographs. Transcriptions of
text from other pieces detached from Fragments A and C, mostly identifiable among the
present fragments, appear in Rehm’s notes and in Theofanidis's publications.*®

m&ography of Rehm: Haffter 1950.

43 Rehm's prints of this set are also in Rehmiana Il/9; they can be distinguished from
Karo's by the different rulers that were photographed with the fragments. There was
apparently no photograph of Fragment D in the new set. We tentatively identify them with
a set mentioned by Price (1974, 11) whose negatives, bearing the date "IX 13/18", were
preserved in the National Archeological Museum in his time, though unfortunately they
cannot now be located. We base this identification on Price’s statement (p. 12) that two
photographs of Fragments A and C in Zinner 1943, which are from Rehm'’s prints, belong
to the 1918 set. Since, however, Price mistakenly says that photographs from the 1918
set had previously appeared in Gunther 1932 (which actually reproduces part of Plate X
of Svoronos 1903a/1903b) and Zinner 1931 (which has no photographs at all), caution
is in order. Moreover, comparison of the 1905 set and the presumed 1918 set does not
fully bear out Price’s remark that the 1918 photographs “show extra detail revealed after
a new cleaning”; some of the later set are indeed sharper than their 1905 counterparts
but others are poorer if not entirely spoiled by overexposure, and there is no sign of inter-
vening conservation work. The most noticeable difference in the fragments between the
two sets is that some bits of material had broken off the rear face of Fragment A by the
second set. Price had photographs of Rehm's full set of prints (negative strip in the Adler
Planetarium collection), and in Price 1974, 23-26 he reproduced photographs of A-1 and
C-1 from the Karo set and of A-2 and C-2 from the 1918 set.

44 Stais 1905, 18-23. The monograph is announced as a “new book" in the April 1905
issue of MavaBrvaia, p. 64. Stais, incidentally, speaks of the conservation of the Mechanism's
fragments as being still in progress, and expresses the expectation that more fused pieces
of plate would be removed in due course.

45 Rehm's transcriptions of some of the detached fragments are in his 1906 Notizbuch in
Rehmiana Ill/7; a copy (in another hand) of a somewhat more extensive version is in the file of
Price's notes on the Mechanism'’s inscriptions at the Adler Planetarium. See also Theofanidis
[1927-1930], "98"-"99" [carrect pagination: 90-91]; 19344, 144; and 1934b, 151.
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Some of the fragments (probably A, B, and C) were on public display from at least as early
as 1907 to just before the Second World War in the Rotunda of the Museum among other
bronze artifacts from the Antikythera wreck (cases 237-244).4® loannis Theofanidis studied
them in the late 1920s and early 1930s, and his frustratingly inexact descriptions and line
drawings, published in 1927 and 1934, are the anly known evidence for their state at this
period.” During the Second World War the fragments were in underground storage along
with the rest of the Museum's collections.*® In 1353 loannis Bakoulis, the head technician
of the Museum, carried out a new course of conservation on them, which likely involved
both chemical cleaning and physical removal of accretion layers.*®

The condition of Fragments A, B, and C after the 1953 conservation is documented in
photographs provided by the Museum that year to Derek de Solla Price, which he published
several times between 1956 and 1974.5° Compared to their 1905/1918 states, all three
fragments have undergone visible alterations, some of which appear to be the result of
accidental breakages (likely incurred during the wartime storage) rather than deliberate
interventions by the conservator. Photographs taken by or for Price during his 1958 sojourn
at the Museum show not only Fragments A, B, and C but also many other fragments; most of
the larger ones among them can be identified among the present fragments by their shapes
although the photographs are unfortunately not sharp enough to show much detail.*' Some

46 Stais 1907, 301-302 (= Stais 1910, 357); Baedeker 1308, 88; Theofanidis [1927-1930]
"97" [correct pagination: 89]; Karo 1937, 133.

47 Theofanidis [1927-1930]; Theofanidis 1934a and 1934b.

48 Responding in a letter dated July 14, 1944 (Rehmiana IV A) to an application from
Rehm to obtain casts of the fragments, Walther Wrede (1893-1990), first director of the
German Archeological Institute in Athens, notified Rehm that all the Museum's antiquities
including the Mechanism had been inaccessibly stored in underground locations since 1940.
The Mechanism had probably been deposited, with the ceramics and other small objects,
inwooden crates in the basement of the new wing of the Museum (Petrakos 1994, 87-90).
49 The new conservation is mentioned in “TO APXAION QPOAOTION AZTPONOMIAZ,
MIA ANAKOINQZIZ TOY APXAIOAOTIKOY MOYZEIOY", EAcubepia, Sunday, January 11, 1959,
p. 11. A previous article by Athena Kalogeropoulou in the same newspaper, “Ol APXAIOI
EFNQPIZAN OAATA MYZTIKATHE NAYZINAOIAL," EAcubepia, Friday, January 9, 1959, p. 3,
states that the fragments had not yet been installed in the new exhibits of the Museum
by the beginning of 1959.

50 Price 1974, 12. The photographs are reproduced there on pp. 23-26, figs. 12, 15, 174,
17c, 18a, and 19a.

51 Price's photograph collection is kept at the Adler Planetarium. Price worked on the
fragments at the Museum in 1958, 1961, and 1972 (Price 1974, 12-13), but the first of these
visits appears ta have been the occasion of the great part of his physical examination of
the fragments, including his collaboration with George Stamires on the inscriptions. The



of these fragments, like Fragment 19, are known to have been separated from A, B, or C
during Rousopoulos's conservation. Of particular importance among this group is Fragment
G (Supplementary Fig. S5), an inscribed plate fragment assembled from numerous pieces
that had been separated from C-1. Others among the “new” fragments certainly broke off
or were removed from the principal fragments after 1918. The flat boxes (some of them are
cigar boxes) in which the fragments were stored may be seen, including a box containing
crumb-sized bits which appears no longer to exist.

Fragment D, which had apparently gone missing after 1905, was found again around 1972-
197433 Another substantial fragment not previously known, now called E, was discovered
by Petros Kalligas in 1976 in the Museum's basement pottery storeroom (Y15), along with
fragments of pottery, glass, and other small objects from the Antikythera wreck, and
transferred to the bronzes storeroom.®* In advance of the 2005 data-gathering of the
Antikythera Mechanism Research Project, the inventory of known fragments was brought
up to 82, including another major new discovery (Fragment F). * E and F were not formerly
parts of one or other of the four fragments known in 1903, as documented in the photo-
graphs published in that year. Among the smaller fragments now designated by numbers 1
through 75, Fragments 19 through 30 and 39 through 44 are mostly identifiable in Price's
1958 photographs and appear to have been separated from one or another of the four
“original” fragments (in particular A and C), while at least some of the rest may, like E and
F, have lurked for decades among unidentified materials from the salvage of the wreck.

photogm question can be dated to this visit by the use of one of them as the cover
image on the June 1959 issue of Scientific American in which Price 1959 appeared. Oddly,
Price 1974, 47 speaks of the existence of only "some fifteen small fragments, most of them
being scraps of inscribed plate...", though his photographs show many more than that. We
note here that a pair of negatives showing both sides of Fragments A, B, and C, photographed
by Emile Séraf is now in the collection of the Athens Department of the Deutsches Archaol-
ogisches Institut; these cannot be precisely dated but show the fragments in approximately
the same state as Price's photographs, while being of distinctly higher quality.

52 This box was the source of the samples used for the metallurgical analyses made
shortly after Price’s 1958 visit, which are reported in Price 1974, 63-66; see also below,
section 2.4. The fragments were still stored in the cigar boxes when they were seen by
Arthur C. Clarke in 1965 (Clarke 1975, 115 = Clarke 1977, 190; Clarke 2001).

53  Price 1974, 13.

54  Personal communication from Mary Zafeiropoulou.

55  Thediscovery of Fragment F and several small fragments not known to Price in the
Museum'’s bronze storeroom is due to Mary Zafeiropoulou, who also assigned the now
standard letters and numbers to all the fragments beyond A-E; see Zafeiropoulou 2012a
and 2012b, 11.
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Despite Price's dangerous wish, expressed in Gears from the Greeks, that the fragments
should be subjected to yet another round of cleaning and separation,® the principal frag-
ments, A, B, and C have not experienced much alteration since 1955, and scarcely at all
since 1990, in which year they were photographed by M. T. Wright .37 (Supplementary Figs.
S1 - S4 show the inscription-bearing faces of A, B, and C as they were in 2005.) According
to former conservators of the Museum, Fragments A, B, C, D, and G as well as some of the
smaller inscribed fragments have been conserved from time to time when it was considered
necessary.*® The most notable changes visible between 1955 and 1990 are, on Fragment
A, the reattachment of a small piece that had broken off it between 1918 and 1955, and
on Fragment C, the reattachment of another small piece that had broken off between
1953 and 1958.%

56 Price 1974, 47. Two decades earlier, before he had seen the fragments in person though
apparently after Bakoulis's work, Price applied unsuccessfully to the Greek government to
have them sent to the British Museum for conservation, as he reports, somewhat intem-
perately, in Price 1956, 33 n. 18.

57  Personal communication. Wright's photographs of Fragments A, B, and C (both sides)
are reproduced in Wright 2007 (as well as, variously, in several of his other papers).

58  Personal communication from Mary Zafeiropoulou.

59  The reattachment of the piece from Fragment A appears to have accurred between
1971-1972 (the date of Karakalos's radiographs, which do not show the piece) and 1980 (the
date of the television series Arthur C. Clarke's Mysterious World, episode 3 of which featured
Price's wark on the Mechanism including a brief view of Fragment A in which the piece is
just visible). The bit broken off the bottom of Fragment C can be seen lying next to the rest
of the fragment in some of Price’s unpublished photographs from 1958. This damage had
happened since the photographs made for Price in 1953, and it seems to have been repaired
during Price's visit. The fragments in their present condition show signs of having suffered
other breakages that were probably repaired immediately. Researchers have repeatedly
remarked on the ease with which the fragments' chalk-like material breaks or crumbles with
handling; see for example Rediadis's remarks quoted above, Theofanidis [1927-1930], “97"
[correct pagination: 89]; Price 1974, 46; Bromley 1990, 643; and Marchant 2008, 179-181.



2.2 Previous transcriptions

Before the 2005 data gathering, the only means of reading the Mechanism's inscriptions
was autopsy, with only small assistance from conventional photography.®® Conventional
radiographs did not show inscribed letters at all; the linear tomography of Wright, Bromley,
and Magou was just sensitive enough to reveal some letters concealed within Fragment C
but not clear enough to enable them to be read.®' CT and PTM imaging have now effectively
superseded direct inspection. Earlier published and unpublished transcriptions neverthe-
less continue to be useful as evidence for the history of the fragments and potentially as
witnesses of text that has been lost or become less legible as a consequence of accidental
damage and essential conservation work. We here list the transcriptions up to the 1970s
that we are aware of. A detailed survey of earlier transcriptions of the individual inscriptions
will be provided in each of the remaining papers in the present series.

Transcriptions in newspapers, 1902: ZkpimMay 22, NéovAoTu May 22 and 23, EaTia
May 22, ToAatu May 23 and 24, EAeUBepoc Tumog May 24
Back Plate Inscription (A) and Back Cover Inscription (B), readings communicated
to reporters by Vyzantinos (?), Wilhelm, and Svoronos.

Svoronos 190343, 46/1903b, 45-46
Back Plate Inscription (A) and Back Cover Inscription (B), credited to Svoronos
with contributions by Wilhelm.

Stais 1905, 22
Back Cover Inscription (19).

Rehm 1905, 18-21
Parapegma Inscription (C), and supplements to the 1903 Svoronos and 1905
Stais transcriptions of the Back Cover Inscription (B, 19).

Rehm 19063, 86-87
Front Dial Inscriptions (C), Front Cover Inscriptions (various small fragments,
some of which are now parts of G).%2

60 Most of the photographs that Rehm and Price worked with are unsatisfactory for reading
the inscriptions, and the photographs that appeared in publications up to and including Price
1974 are generally illegible.

61  Wright, Bromley, G Magou 1995, 542.

62 We suspect that Rehm made other transcriptions that have not yet been located. The
copies of small fragments in the “Notizbuch" are labelled with Greek letters running from iota
through sigma, implying that there were eight previous texts. The Back Cover Inscription on B,
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Rehm 1906b, 3
Parapegma Inscription (C).

Rados 1910, 10-11 and 34
Back Plate Inscription (A) and Back Cover Inscription (B) reproduced from Svo-
ronos 19033, Back Cover Inscription (19) reproduced, with a typographic error,
from Stais 1905, and Front Dial Inscriptions (C) from Karo's report of Rehm'’s
researches.

Theofanidis [1927-1930], “98"-"99" [correct pagination: 90-91]
Front Cover Inscription (small fragment, now part of G), Parapegma Inscription
(C), Back Dial Inscriptions (24), Back Plate Inscription (A, 24), and Back Cover
Inscription (B, 19), in part credited to Vasileios Leonardos 8

Theofanidis 19343, 141-146
Repeats transcriptions from Theofanidis [1927-1930].

Price 1959, 64-65
Front Dial Inscriptions (C), Parapegma Inscription (C), Back Dial Inscriptions (A,
B). Price credits the transcriptions to the epigrapher George Stamires.

Price 1974, 18 and 46-51
Front Cover Inscription (G), Front Dial Inscriptions (C), Parapegma Inscription (C,
20, 22, 28), Back Plate Inscription (A), Back Cover Inscription (A, B, 19). Again
Price attributes the transcriptions, at least in large part, to Stamires.5

mnscription an A, the Back Cover Inscription on 19, the Parapegma Inscription
on C, and the month name on C would account for five, and it is plausible that Rehm also
noticed the Back Cover Inscription on A which is not mentioned in published scholarship
before Theofanidis [1927-1930] "98" [correct pagination: 90], who mentions “a multitude of
pressed-on letters absolutely incapable of being read". The isolated letters “T" on Fragment
Cand "H" (actually the four-stroke form of xi, "t", read sideways) on Fragment A, mentioned
by Rediadis in Svoronos 1903a, 45-47 and 1903b, 45-46, would complete the tally.

63  ForLeonardos see note 69 below.

64  Stamires left academic life in 1961 after his appointment as a research assistant to
B.D. Meritt at the Institute for Advanced Study, Princeton, came to an end, so it is doubtful
whether his collaboration with Price continued long after 1958. Price had definitely lost all
contact with Stamires by 1973 (letter of Price to B.D. Meritt, October 3, 1973, Meritt papers,
American Philosophical Society). Price’s file of notes and transcriptions of the inscriptions,
preserved at the Adler Planetarium Chicago, contains pages in more than one hand, but it is
not clear whether any of them were written by Stamires.



Price, unpublished file of transcriptions and notes at Adler Planetarium
In addition to preliminary versions of the transcriptions published in Price 1974,
these undated notes include some of the inscribed small fragments that were
not included in that work.

Antikythera Mechanism Research Project: Freeth et al. 2006, Supplementary
Information 5 and 8-10
Front Cover Inscription (G), Back Dial Inscriptions (A, B, E, F, 24), Back Plate
Inscription (A, E, F), Back Cover Inscription (A, B, E, 19).

Freeth, Jones, Steele, G Bitsakis 2008, Supplementary Notes [revised 2011], 10-11,
19-20, 25-28, and 40
Back Dial Inscriptions (A, B, E, F, 24).

Zafeiropoulou 2012a, 245
Front Cover Inscription (G), credited to A. Tselikas.

Freeth G- Jones 2012, Section 2.3.2 and Fig. 4
Back Cover Inscription (i 16-26), transcription, and Parapegma and Front Dial
Inscriptions, transcription incorporating some restored text, uncredited but
based on preliminary work towards the editions in the papers IAM 3 and IAM 5
of the present series.

Freeth 2014, Supplementary note S2 with Figs. S5 and S13
Back Plate Inscription, transcription by C. Crowther with T. Freeth, and Saros Dial
Inscriptions by T. Freeth.

un
w

A. Jones: IAM 2. Histarical Background and General Observations ‘



‘ A. Jones: IAM 2. Historical Background and General Observations

Ul
~

2.3 Previous paleographic appraisals

The first scholars ta examine the inscriptions were at least as interested in dating them
according to their letter forms as in reading them. A date of manufacture for the Mech-
anism would establish a terminus post quem for the date of the shipwreck, which was a
subject of vigorous debate in 1902. When Vyzantinos spoke to reporters on May 21 after
an initial examination of the just-discovered fragments (Zkpim and NéovAaTu, May 22), he
said that the antiquities from the shipwreck belonged to the interval between 150 B.C. and
A.D. 200, a cautious assessment that probably reflected the views of most of the Greek
archeologists who had studied the materials.®® For months, however, Svoronos had been
vocally maintaining that the wreck dated from the time of Constantine, that is, the 4%
century A.D.%8 Hence when Wilhelm visited the Museum on May 22 at the archeologists'
invitation to examine the inscriptions, it is not surprising that Svoronos chose to be present
and to involve himself. The earlier reports from that day have Wilhelm making a preliminary
statement giving his opinion that the writing dated to the 1 century B.C.; but later that
day Svoronos spoke to the reporters at greater length, saying that the letter forms were
characteristic of the second or 1" century B.C., but that the serifs pointed to a later date,
as late as the 2" or 3 century A.D.57 It is hard to resist a suspicion that Svoronos, whose
epigraphical experience was chiefly with coins, allowed his judgment to be biased by his
conviction that the wreck was from the late Roman Empire. In any case both Wilhelm and
Svoronos were basing their datings on fewer than fifty mirror-image letters of the Back
Cover Inscription that they were able to make out on Fragment B. 8

The situation had scarcely changed by the end of 1902. In response to Svoronos's repeated

65 Thereportin NéovAaTu on the same day has Vyzantinos assigning this date range
specifically to the Mechanism, but this was probably not an attempt at paleographical
assessment but rather an inference from the archeological context.

66 Seee.g hisaddress reported in ToAgTu 3869, August 16, 1901, p. 2.

67  According to To AoTu, May 23, Svaronos said that the serifs implied a first or second
century AD date, while NéovAaTu, May 23, reports him as saying that the date could be as
late as the third century.

68  Wilhelm's involvement seems to have been slight following his first inspection of
Fragments Aand B onMay 22, 1902. A week after his visit, a report "To dve&rjynTov unxdvnua
TRV AVTIKUBNpWY', TOACTU, no. 4147, May 29, 1902, p. 1 states that once the fragments had
been cleaned, the reading of the inscriptions would be entrusted to the “expert epigrapher”
Vasileios Leonardos (1857-1930), the director of the Epigraphic Museum, calling him “the
only Ephor of Antiquities competent for this". After this assertion of territoriality, Leonardos
vanishes from the story of the Mechanism until the 1920s, when he read at least one of the
inscriptions for Theofanidis (Theofanidis [1927-1930], “99" [correct pagination: 91]). Biography
of Leonardos in MeydAn EAAnviki EykukAomaideia 15, 937-938.



public airings of his theories concerning the wreck (in addition to the late dating, Svoronos
maintained that the ship was heading from Argos to Constantinople when it sank), Valerios
Stais published a lengthy rebuttal in To’AoTu, December 13 and 14. In the first instalment
he asserts that the letter forms of the Mechanism's inscriptions, being typical of the third
and second centuries BC, would be difficult to date later than the 1°* century B.C., and
"impossible, completely impossible” (his emphasis) to assign to the 4™ century A.D. The
anonymous article on the wreck in the 1902 volume of Epnuepic Apxaiodoyiki uses almost
identical words to state that the writing would be difficult to date later than the middle
of the 1 century B.C*°

Thus Svoronos was more or less on his own in opposition to the leading Greek archeol-
ogists on both the broad question of the provenance and date of the wreck and on the
dating of the Mechanism. Despite its appearance of being an official publication of the
wreck and the salvaged antiquities, his 1903 monograph is really a “minority report”. Here,
embedded in Rediadis’s section on the Mechanism, we find Svoronos asserting that the
inscriptions could be dated paleographically as late as the time of the emperors Maximus
and Gordian (A.D. 235-244).

Up to this point all the appraisals had been based on the rather meager readings that had
been obtained from the mirror-text Back Cover Inscription on Fragment B and a handful
of letters —no entire words— of the Back Plate Inscription on A, before either fragment
had been subjected to cleaning and separation of accreted layers of plate. One outcome
of Rousopoulos's work was the removal of Fragment 19, the largest surviving piece of the
ariginal plate bearing the Back Cover Inscription, from Fragment A. The inscribed face of
Fragment 19 was in much better condition than any part of the inscriptions that had been
seen hitherto, andin 1905 Stais based on it the first detailed discussion of the letter forms
and their dating, though his concern remained to establish a Hellenistic date and rule out a
late Roman one rather than to try to narrow down the dating within the Hellenistic period.
Thus he notes the use of isosceles A with horizontal middle hasta, the rectilinear Eand Z, and
the forms of Mand (3, all of which, he says, argue for a date within the last three centuries BC.

In his first unpublished essay on the Mechanism, written in late 1905, Rehm does not
discuss the paleography in detail, but expresses his comfort with an Augustan (i.e. late
15t century B.C.) date for the letter forms.”® This dating was influenced, however, by an
extra-paleographical consideration, namely Rehm's belief that the Egyptian month name
that he read on Fragment C's exposed dial pertained to the reformed Egyptian calendar,
introduced during the reign of Augustus. Rehm did not know that this calendar dial was a
removable ring designed to be adjustable in position relative to the solar year, from which

69  [Anonymous] 1902, 172. For the authors of this article see note 35 above.
70 Rehm 1905, 30.
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it follows that the unreformed calendar was intended. (No conclusions can be drawn from
this concerning the Mechanism's date since the unreformed calendar continued to be used
for astronomical calculations long after it ceased to be the civil calendar in Egypt.)” In his
second essay, from late 1906, Rehm characterizes the writing as typical of the first century
BC, singling out the tendency of the top and bottom hastae of sigma to be not quite parallel
and that of the right vertical hasta of pi to be shorter than the left hasta.”? In the margin
Rehm added the argument from the Egyptian month for a terminus post quem, this time
giving the specific year 26 B.C. as the inaugural year of the reformed Egyptian calendar.

Rados assigns the writing to the 1" century B.C., citing Stais's monograph, though in fact
Stais had only given that century as the latest possible.”

Theofanidis writes, with reference to the Back Plate Inscription on Fragment A and the
Parapegma Inscription on C, that the style of letter forms is characteristic of the 2" century
B.C.7* Since this is an estimate different from any that had appeared in print earlier, we
suppose that he got it from Leonardos, who he says read the Parapegma Inscription for him.

Although Price was assisted by Stamires for the reading of the inscriptions, he resorted for
their paleographical dating to B.D. Meritt, whose appraisal was made from photographs.
According to Price's 1959 summary, Meritt judged the writing as belonging to the 1" century

71 We comment here on Price's often cited dating of the Mechanism to about 82 B.C.
(Price 1959, 65), later revised to about 87 B.C. (Price 1974, 19). Price derived this dating by a
circuitous argument from a “fiducial mark" that he discovered on the frame plate of Fragment
Cjust outside the calendar dial, and that he supposed to indicate an epoch alignment for the
beginning of an Egyptian calendar month. The presence of a crack running along the mark
has raised doubts about whether it is a deliberate engraving (Bromley 1990, 651-652). If it
does mark an epach position for the ring, it stands to reason that the mark signifies an epoch
alignment of a solar longitude of approximately Libra 18° with the beginning of the Egyptian
year (Thoth 1), not the beginning of the calendar's second month (Phaophi 1) as required for
Price's dating. This would have been valid close to the end of the 3 century B.C., say around
210 B.C. (For asimilar argument see Carman G Evans 2014, 760-763.) Such an epoch would
provide us with a terminus post quem for the date of the Mechanism'’s manufacture.

72 Rehm 1906b, 8. Lippold 1923, 250 n. 6, quotes a private communication from Rehm to
the same effect: “Die Schrift —das einzige Datierungsmittel— setze ich ins 1. Jahrh. v. Chr...
also frihestens Zeit des Posidonios. Nach Chr. Geb. herunterzugehen wird man auch keinen
AnlaB haben". Rehm seems by this time to have abandoned, or forgotten, his inference of a
post-30 B.C. date from the Egyptian month name, though he had previously communicated it
to Georg Karo, through whom it appeared in print; see Leroux 1913, 102, and Karo 1948, 181.
73 Rados 1910, 24.

74 Theofanidis [1927-1930] “98"-"99" (correct pagination: 90-91).



B.C.; it "could hardly be older than 100 B.C. nor younger than the time of Christ".”® In 1974
Price reported Meritt's view slightly differently, and with some detail:

"The letter forms are, in the opinion of Professor Benjamin Meritt, characteristic
of the first century B.C., or more loosely, of Augustan times. For example, the left
vertical of ITis much longer than the right; the vertical strokes of M and the hori-
zontal ones of I are nat parallel. There are tiny serifs at the end of each stroke".

With access to the imaging of the inscriptions made possible by the 2005 data-gathering,
H. Kritzas has concluded that the possible date range for the inscriptions is:’®

“the second half of the 2™ Century BC and the beginning of the 1° Century BC, with
an uncertainty of about one generation (50 years). Dates around 150 BC to 100 BC
are a plausible range”.

Characteristics of attested forms of twelve letters, which Kritzas associates with various
typical date ranges, are adduced to support this dating.”” Subsequently, C. Crowther has
offered several qualifications of Kritzas's comments on individual letter forms, and given
as a general assessment that the possible range for the Mechanism's inscriptions extends
from the late third century through the early 1 century B.C., "with a preference for the
earlier half of this period"”® And most recently, P. Iversen considers that the letter forms
allow for a dating anywhere from slightly before 200 BC to slightly after A.D. 50.7

Among the various people who have offered paleographical datings of the inscriptions,
Wilhelm, Leonardos, Meritt, Kritzas, Crowther, and Iversen all qualify as experienced and
competent epigraphers, and Rehm, though early in his epigraphical career, had already
acquired considerable experience from his work as epigrapher for the German excavations
in Asia Minor; on the other hand, we may discount Svoronos, whose outlier opinion was
evidently neither expert nor unbiased. Every estimate except Svoronos's has fallen within a
range from the late 3" century B.C. to the 1% century A.D. (with the later part of this range
now discounted because we know that the Mechanism cannot be later than the shipwreck),
but when it comes to determining tighter bounds, there is no consensus.

That there should be divergences among datings by experts is no cause for surprise, since
letter forms are a reliable basis for dating inscriptions only when the inscription has a

|

75  Price 1959, 61.

76  Freethetal. 2006, Supplementary Information 7.

77  Seealso Hannah 2008, 31 for endorsement of Kritzas's dating.
78  Quoted in Freeth 2014, Supplementary Note S2.

79  Iversen (forthcoming).
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known provenance and can be compared to numerous other datable inscriptions from the
same place, conditions that are not satisfied for the Antikythera Mechanism; in general,
in the words of A.G. Woodhead, “this criterion [scil. letter forms], so often used as a first
resort, is much better left as a final refuge; its evidence is far less precise and secure than
is popularly supposed".®® Additionally, we are dealing with inscriptions made in the style
of Hellenistic inscriptions on stone, but on a different medium, with different tools, and at
a much smaller size than the typical range of contemporary stone inscriptions.®' Hence
while their paleography establishes with high probability that they were inscribed at some
point between the late 3 century B.C. and the date of the wreck, we cannot appeal to the
letter forms to narrow this interval.

80 Woodhead 1967, 62; see also Mclean 2002, 42-45; Tracy 2009; Iversen (forthcoming).
Tracy gives examples of datings that have proved to be many decades in error; see also
Tracy 2000, 71, for an instance in which two separately published fragments of inscription,
one of them exactly dated by its contents to 191 B.C. and the other paleographically dated
to c. 280 B.C., proved to be adjoining pieces of the same inscription.

81 Forexample, letter heights in Attic decrees are typically 5-9 mm (Tracy 1970, 324 n.
26), while inventories and leases can have letter heights around 3-4 mm (MclLean 2002,
43). By contrast the largest lettering of the Mechanism, in the Parapegma Inscription,
keeps within the range 2.3-3.0 mm, and the smallest lettering, on the dials, is barely taller
than 1 mm.



2.4 General observations on the inscriptions

Although we conventionally speak of the Antikythera Mechanism as having consisted
of bronze and wood, there is some question about the precise composition of the alloy
or alloys employed, in particular with respect to the inscribed plates. In 1910 Rediadis
asserted that the mechanical components of the Mechanism were made of copper (€
Xahkou), citing an analysis by the chemist A.K. Dambergis, which was, however, of other
antiquities from the Antikythera wreck, not the Mechanism.8? Price obtained chemical
and spectrographic analyses of small samples from the previously mentioned box of
crumb-sized bits that was stored with the Mechanism's fragments in 1958; it is likely
that the contents of this box were chiefly bits broken off the inscribed plates and the
accretion layers. These analyses indicated a compasition of copper with a small amount
(1-10%) of tin but no other metals in significant quantity.®3 On the other hand, recent
nondestructive (surface) chemical analyses of small inscription fragments conducted
by P. Mitropoulos in the Electronic Microscopy and Microanalysis facilities of the Depart-
ment of Geology and Geoenvironment, University of Athens, found, in addition to an alloy
comprising 85% copper and 15% tin, two other pewter-like alloys in which tin was the
predominant component, with smaller amounts of copper and lead.®4 Plate having these
latter compositions would have been very soft, so suitable for engraving though not for
components requiring rigidity.

The lettering appears to have been engraved using a burin, a tool with a sharp, hard metal
paint at one end and a rounded handle at the other which is pushed by the engraver's
hand.®8 Unlike a tracer or chisel, which is hammered into the plate to make grooves, a burin
forms grooves by removing metal, not displacing it; CT cross sections of the Mechanism's
lettering show no ridges alongside the grooves (Fig. 2.1).87

82  Rediadis 1910, 164; Dambergis 1906.

83 Price 1974, 63-66, giving reports by E.R. Caley (chemical analysis) and C.S. Smith (spec-
trographic analysis). Caley remarks on the absence of lead as a likely indicator of a date of
manufacture earlier than the 1st century B.C. However, the presence of lead in bronzes in the
later Hellenistic period was largely mativated by its enhancement of the casting properties
of the alloy, whereas leaded bronze is less suited to cold working; hence unleaded bronze
continued to be used for objects fashioned from sheet bronze (Craddock 1977, 111 and 115).
84  Zafeiropoulou 20123, 243.

85 Wright 2011, 8-9.

86  M.T. Wright, by personal communication.

87 Maryon 1949, 115-118.
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Figure 2.1: CT views of engraved lettering in Fragment E. (left) Vertical cross section in a
plane perpendicular to the plate. (center) Cross section parallel to the plate and near its
surface. (right) Horizontal cross section in a plane perpendicular to the plate. This part of
the plate has a layer of accreted matter against it, whose surface follows the outlines of
the engraving

(Images: Antikythera Mechanism Research Project)

The inscriptions, when viewed directly, give an impression of neatness and regularity,
which is largely due to their tiny size (Fig. 2.2). Under magnification, the sizes, line and
letter spacing, and shapes of the letters prove to be rather irregular, though the engraver
has clearly worked hard to imitate the appearance of serifed lettering on stone (Fig. 2.3).
Correct syllabic word division has been respected at line-ends. There is no punctuation,
and numerals as a rule are not marked as such by an overstroke (an exception in the Back
Cover Inscription, 11.3) but are usually preceded and followed by modest vacats. Vacats
also occasionally separate words, following no obvious principle.

Figure 2.2: Fragment 19, a piece of the Back Cover Inscription plate, at actual size, image
from PTM akla with specular enhancement
(Image: Antikythera Mechanism Research Project)
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Figure 2.3: Detail of Fragment 19, image from PTM akla with specular enhancement
(Images: Antikythera Mechanism Research Project)

The variable state of preservation of the inscriptions is an impediment to comparing the
lettering from one part of the Mechanism to another. We have good specimens of the Par-
apegma Inscription on Fragment C-1, and of the Back Cover Inscription on Fragment 19 and
inside Fragment E (viewable only by CT). The best specimens of the Back Plate Inscription
are in Fragment F (viewable by CT) in addition to some well preserved letters on Fragment
A-2. For the most part, the remains of the Front Cover Inscription are badly corroded, and
probably the best specimen of its lettering is in the offsets on Fragment 21. Of the inscriptions
onthe dial scales, those on the front dial are mostly rather unclear, those of the upper back
dials very badly preserved indeed, but there are some good specimens of the eclipse glyphs
on the Saros Dial. Some differences in the general look of the lettering are apparent, in
particular a tendency for verticals in parts of the Front Caver Inscription and the Back Plate
Inscription to slope slightly, in contrast to the greater uprightness seen elsewhere. Such
diversity is perhaps not enough in itself to imply that more than one engraver was at work.

Letter forms can be variable, even within a single inscription. The slightly diverging top and
bottom strokes of the sigmas have been remarked on for their bearing on the paleographical
dating; but one also frequently finds sigmas with parallel top and bottom strokes (e.g. both
farms in Fig. 2.3, Back Cover Inscription 11.20). Omicron is sometimes small and elevated
above the baseline, sometimes a larger loop occupying the full normal letter height. The
middle "vee" strokes of mu sometimes touch at the baseline, sometimes above it, and the
slope of the first and last strokes from the vertical is also variable. These may be accidental
variations arising from the handling of the engraving tool in making very small letters. There
are also some instances of truly distinct letter forms:

— In the Back Cover Inscription, theta is always a narrow oval with a cross stroke;
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in the other inscriptions, it is always a near-circular loop with a central dot. This
consistent distinction of forms would be hard to explain unless the Back Cover
Inscription was engraved by a different person from the other inscriptions.

— Inthe Front Cover Inscription, xi occurs in two forms, either with three horizontal
strokes (=) or with three horizontals crossed centrally by a vertical stroke ().
The four-stroke version seems to have been used in this inscription specially for
numerals, and it also occurs among the index letters on the Zodiac Scale.

— The normal form of omega has a large loop open at the bottom (Q); but in the
Back Plate Inscription (line 4) there is a likely instance of the W-shaped cursive
omega (W).

Numerals are in the lonian (alphabetic) notation; there are no instances of fractions. The
symbol representing 6 (often wrongly called “stigma’”, though actually a form of digamma)
comprises three straight strokes like an E without its middle stroke. A special symbol
employed as an index letter in the Back Plate Inscription (line 29) may be a modified alpha
standing for 1000. The L-shaped symbol for étoc (“year") accurs in the scale inscriptions
of the Metonic and Games Dials as well as in the Back Cover Inscription (11.19, where its
resolution is -etnpic, "period of years"). The symbol for dpa (“hour”), comprising a cursive
omega crossed by a vertically elongated rho, occurs in the eclipse glyphs of the Saros Dial.

Definite or probable instances of errors committed by the engraver include the following:

— Parapegma Inscription: PP2 col. i line 5 énitéAAeir should have been the second
last word

— Back Plate Inscription: 8 the line was initially begun too far to the left (corrected);
10 Bpaikiav for Bpaikiac; 14-15 peyainy for peydhar; 18 the index letter sigma
should have been first; overstrokes seem to have been omitted over some
letters in the index letter lines

— Back Cover Inscription: 1.19 Appoditn for Agppoditng; 1.3 6An for 6Ans; IS oTn-
pariov for atnuaria (corrected)
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Abstract

The dial at the center of the front face of the Antikythera Mechanism was surrounded by
two scales, one representing the zodiac, the other the Egyptian calendar year. The Zodiac
Scale was inscribed with the names of the zodiacal signs as well as series of index letters
in alphabetic order, while the Egyptian Calendar Scale was inscribed with the Greek names
of the Egyptian months. In addition, two rectangular plates, the remains of which survived
displaced from their original positions, bore an inscription, called the Parapegma Inscrip-
tion, comprising an alphabetically indexed list of annually repeating astronomical events
relating to the Sun and to fixed stars. This paper gives transcriptions and translations of
the inscriptions on the dial scales and the Parapegma Inscription, and deduces the original
structure, layout, and location of the Parapegma Inscription. A provisional astronomical
analysis of the data in the Parapegma Inscription and tentative restorations of some of
its damaged and missing lines are also provided.
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3.1 Introduction

The front face of the Antikythera Mechanism bore a single circular dial that occupied most
of the area of a square plate, the Dial Plate (Fig. 3.1). The dial had multiple pointers radiating
from its center to represent the longitudes of the Sun, Moon, and the five planets known
in Antiquity." Surrounding the dial were two concentric graduated scale rings. The outer
Egyptian Calendar Scale was divided into twelve sectors, each containing thirty subdivi-
sions, and one smaller sector containing five subdivisions, representing the 365 days of
the Egyptian calendar year. Each sector was inscribed with the Greek name of an Egyptian
month, running clockwise. The inner Zodiac Scale was divided into twelve sectors, each
containing thirty subdivisions, representing the twelve zodiacal signs and the 360 degrees
of the zodiac.? Each sector of the Zodiac Scale was inscribed with the name of a zodiacal
sign, running clockwise in order of increasing longitude, and with small letters, running
clockwise in alphabetic order, placed outside and immediately clockwise of the gradua-
tion marks corresponding to various degrees in the zodiacal signs. These “index letters”
linked the associated degrees to lines of an inscription, called the Parapegma Inscription,
that was inscribed on two rectagular Parapegma Plates, which we name PP1 and PP2.

1 Paper 5inthis series - IAM 5.5; Freeth G-Jones 2012, section 2.3; previously conjectured
by Wright 2002.

2 The sectors of the Zodiac Scale are not exactly equal, as shown by Evans, Carman, G
Thorndike 2010, who argue that this was an intentional feature making it possible to display
the Sun’s true longitude with the same pointer that indicated the Egyptian calendar date.
Other reconstructions since Wright 2002b have hypothesized separate painters for the true
Sun and mean Sun (though Wright presciently remarked that this was necessary “on the
assumption that both Zodiac and calendar rings were equally divided").



Figure 3.1: Reconstruction of the Antikythera Mechanism'’s front face
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The Parapegma Inscription comprised a list of solstices, equinaxes, entries of the Sun into
the zodiacal signs, and first and last appearances of stars and constellations before dawn
and after dusk. Thus whenever the pointer on the front dial representing the position of
the Sun in the zodiac pointed at a degree division bearing an index letter, the viewer could
look up the corresponding line of the Parapegma Inscription and read off a prediction of
a solar or stellar event predicted for the date in question. We will show in this paper that
the Parapegma Plates also formed part of the Mechanism's front face, above and below
the Dial Plate, as originally proposed by Price, so that it would have been easy to consult
the inscription while watching the dial ?

The present edition of the Front Dial Inscriptions and Parapegma Inscription takes advantage
of the Polynomial Texture Mapping (PTM) and Microfocus X-Ray Computed Tomography
(CT) imaging of the fragments that was carried out in 2005 by the Antikythera Mechanism
Research Project in collaboration with the National Archeological Museum.# CT has made it
passible to read text hidden beneath layers of accreted matter or on surfaces embedded
within fragments, for example on portions of the dial scales that are concealed behind PP1
(Fig. 3.2). CT and PTM imaging are both helpful in detecting and reading text on exposed
but damaged surfaces. The part of the Parapegma Inscription that we recanstruct as PP1
col. i was entirely unknown to its previous transcribers, Rehm, Price and Stamires. The
fragments of plate bearing the text that we assign to the two columns of PP2 were known
to Price and Stamires, but many letters that were either invisible or illegible to them can
now be read accurately through CT. Even PP1 col. ii, which is on a fully exposed plate, has
been augmented with letters that were missed by all previous transcribers from Rehm
onwards. Complementing the new imaging technolagies, a 1905 photograph has enabled
us to locate two of the small fragments as pieces broken of f PP2 and to verify the reading
of a lost part of PP1 col. ii, for which we were previously dependent on Price’s adaptation
of Rehm's unpublished transcriptions.

—
3 Price 1974, 16-17 with Fig. 7.
4 IAM1.2.



Figure 3.2: Fragment C, CT composite image of the inscriptions of the Zodiac Scale and

Egyptian Calendar Scale
(Image: Antikythera Mechanism Research Project)

With more of the Parapegma Inscription at our disposal, we have learned a great deal
about its structure. Rehm and Price recognized that the inscription contains chrono-
logically ordered statements of the first and last morning and evening appearances of
certain stars and constellations. It also turns out to contain statements of the solstices
and equinoxes and of the Sun’s entry into the twelve thirty-degree zodiacal signs. The
number of listed events was 42, nearly twice as many as the 24 that Price had guessed.
Price's conjecture that the inscription occupied two plates above and below the dial, in
columns of text occupying half the width of each plate, was correct, as can be shown both
from the logic of the inscription's arrangement and from physical evidence, although his
hypothetical placements of the surviving fragments were not.® Each of the four columns
of the inscription comprised the events falling within one of the four astronomical seasans
demarcated by the solstices and equinoxes, and its location on the plates positioned it
nearest to the corresponding quadrant of the dial. We have also confirmed another of Price's
conjectures, that the dial was oriented such that the graduation marking the beginning
of the zodiacal sign Aries and the vernal equinox was at the top. We thus obtain a clearer
and more secure reconstruction of the appearance of the Mechanism'’s front face than
has previously been passible.

|

5  SeePrice 1974, 17, fig. 7, for his hypothetical layout, according to which the parapegma
began in the right half of the upper plate, and continued through two columns on the lower
plate, so that the text on C-1, our PP1 col. ii, is the left column of his lower plate.
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3.2 Fragments preserving parts of
the Front Dial and Parapegma Inscriptions

The preserved Front Dial Inscriptions are entirely in Fragment C, while parts of the Parapegma
Inscription are in C and the four small fragments 9, 20, 22, and 28.

The dimensions of Fragment C (Fig. S3 and S4) are approximately 106 mm (width) by 96
mm (height) by 22 mm (thickness). It consists of three originally separate major compo-
nents that fused together during the long immersion of the Mechanism. These are, listed
from back (C-2) to front (C-1):

(1) The Moon Casing, a circular disk or bass of diameter 65 mm having a shallow
cylindrical wall (1 mm thickness) projecting outwards 7 mm from the disc where
not broken away, the whole resembling the lid of a jar. There are numerous
mechanical details that need not be described here.® This was the casing, with
a surviving fragment of the assembly, of a display of the spherical Moon making
its revolution around the Earth while exhibiting its cycle of phases. We are not
concerned with the Moon Casing in the present paper.

(2) Part of the front face of the Mechanism, the principal element of which was
the Dial Plate, a nearly square plate approximately 165 mm height by 171 mm
width, with a circular cutout of diameter approximately 132 mm, and a ring-shaped
sink, about half the depth of the plate, having outer diameter about 162 mm and
inner diameter about 146 mm. One corner of the Dial Plate, amounting to a little
less than a quarter of the whole, survives.

The ring-shaped surface between the inner circumference of the sink and the
circumference of the cutout was engraved with the Zodiac Scale. This scale,
about a fifth of which survives, was graduated by radial lines into twelve sectors
labelled with the names of the signs of the zodiac (letter height averaging about
1.8 mm), and each sector was subdivided by shorter radial lines (about 3 mm
long) into 30 individual degrees, some of them labelled with letters of the Greek
alphabet (letter height averaging about 1.2 mm).” The sink, which was normally
concealed, was drilled through with 365 small holes, of diameter about 0.7-0.8

I

6  For details see Wright 2006, where the purpose of this component was brilliantly
explained for the first time, and Carman G Di Cocco 2016.

7 Ashallow circular groove runs around the dial along the exterior ends of the short
graduation strokes on both the Zodiac and Egyptian Calendar Scales. Perhaps these were
guidelines to help the engraver keep the strokes equal in length.



mm, at approximately equal spacing around the ring®

The sink was occupied by a removable ring, the Egyptian Calendar Ring, whose
thickness was approximately equal to the sink's depth so that its exposed front face
was flush with the Dial Plate. This face was engraved with the Egyptian Calendar
Scale, graduated into sectors corresponding to the twelve 30-day months and
the five additional "epagomenal” days of the Egyptian calendar year, with smaller
graduations marking the single days; again about a fifth of this scale survives. The
Greek names of the Egyptian months were inscribed in the pertinent sectors (letter
height averaging about 1.8 mm). Somewhere on the back face of the ring there
must have once existed a peg placed so that it could be fitted in any of the 365
holes in the zodiac ring, allowing any desired alignment of the Egyptian year with
the zodiacal signs.® It was thus a moveable calendar ring for the *wandering" year
of the Egyptian calendar. The exposed front faces of the Dial Plate, the Egyptian
Calendar Ring, and the Zodiac Ring were all more or less flush.

The surviving corner of the Dial Plate is perforated by a small rectangular hole, though
which passes a cylindrical shaft joining a circular thumb button on the Dial Plate's
front to a flat bolt on the back (Fig. 3.3). The bolt ran through a bearing riveted to
the plate's back along its edge (only one supporting block of the bearing flanking the
bolt survives), so that by means of the thumb button it could be slid back and forth
a few millimeters. With the button at its furthest position from the plate's edge, the
bolt's end would be approximately flush with the edge. This was evidently a catch by
which the Dial Plate could be held in position or removed to expose the gearwork
behind; there were probably such catches in all four corners of the plate.'

8  The outer circumference of the sink appears to be cut right through the Dial Plate so
that the part comprising the sink and the Zodiac Scale constitutes a separate element from
the outer part of the Dial Plate. This may have been a consequence of imperfect workmanship
in making the sink (M. T. Wright, by personal communication). The parts of the plate were
held together by a thin backing ring and a curious channel-shaped feature that ran along the
back of the scales. There are also remains of what may have been a second, smaller backing
ring adhering to the back of the zodiac scale, suggesting that there once existed a further
plate element filling in the circular cutout and providing a "background” for the revolving
pointers.

9 If there had been more than one peg, irregularities in the positions of the pegholes
might have made it difficult to install the ring in some orientations.

10 Wright 2011, 12. In Fragment F there is a broken corner of a plate furnished with a
very similar sliding catch. The catch is in better condition than the one in C, and the bearing
is intact. The identification of this corner as part of the Back Cover Plate (Freeth G Jones
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Figure 3.3: Fragment C, CT slices through the thumb button (left), hole in Dial Plate (center),
and bolt of the sliding catch (right, with remains of the mounting of the bearing to the
bolt's right, near the upper edge)

(Images: Antikythera Mechanism Research Project)

The original orientation of the surviving part of the Dial Plate, relative to the Mech-
anism as awhole, is partially determined by the two surviving straight edges of the
plate, which are respectively perpendicular and parallel to a radius running from
the center point of the scales through the graduation on the Zodiac Scale marking
the beginning of the zodiacal sign Libra. The names and letters inscribed on the
dials do not establish which of the four possible orientations is correct, since they
run around the rings, perpendicular to whatever radius passes through them."

(3) The Parapegma Plates, two plates inscribed with text on one face. Both are frag-
ments broken on most sides, so that their original extent is not immediately obvious,
but one of them has part of a straight lower edge, and the other has part of a straight
upper edge preserved. These edges are exactly parallel to the lines of inscribed text.
The larger fragment, which we will call PP1, is pressed against parts of the Moon Casing
and the Dial Plate and its scales, and it is significantly buckled, especially where it lies
on top of the thumb button. Its inscribed text faces forwards, and is oriented such
that the beginning of Libra on the Zodiac Scale is upward. Its lower edge is preserved.

2012, 1.4.1) is not at all a certainty since the fragment is uninscribed and is stuck on F with
the face bearing the thumb button facing inwards, against the Back Plate, so its position
has obviously been disturbed. The possibility that it was actually another corner of the front
Dial Plate that broke off and fell through ta the rear of the Mechanism cannot be excluded.
11 Decisive physical evidence, such as matching fracture marks, seems to be lacking that
would demonstrate whether (and if so, in what way) Fragment C was originally joined directly
to Fragment A. Price (1974, 12 and 47) believed that he had confirmed such a fitin 1961, but
his claim has been contradicted by Wright 2006, 323.



Riveted to the back of PP1 and along the right surviving end of this edge is a
bearing (Fig. 3.4) that appears to have been like the less well preserved bearing
of the catch on the Dial Plate. There is no evidence of any component mounted
on PP1 that would have passed through this bearing. The other fragment, PP2,
is pressed against the Moon Casing, and its inscribed side faces backwards (and
thus is partly concealed by the Moon Case), again oriented so that the beginning
of Libra is upward. Near the left extremity of its straight edge (with respect to
the inscribed side), and very close to the edge itself, the plate is perforated by
a small drilled hole, apparently filled by a nail or rivet that continues through a
thin vestige of a more or less rectangular feature that was mounted on the back
(uninscribed) face of the plate (Fig. 3.5).

Figure 3.4: CT slices through the bearing on PP1 in Fragment C: (left) parallel to the plate
and through the feet of the bearing; (right) perpendicular to the plate
(Images: Antikythera Mechanism Research Project)

Figure 3.5: Nail or rivet near the edge of PP2 in Fragment C: (left) CT slice through the plate;
(right) CT slice slightly behind the rear (uninscribed) face of the plate
(Images: Antilkythera Mechanism Research Project)

In PP1, parts of nine lines of a column of the Parapegma are preserved, with a
baseline-to-baseline spacing of about 5.1 mm, along with a vestige of a single
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line of another column. PP2 preserves parts of four lines of a column of the
inscription, with baseline-to-baseline spacing about 5.6 mm. The normal letter
height on both plates ranges from about 2.5 mm to about 3.0 mm. The average
letter spacing (from left side to left side) is about 3.0 mm, again with considerable
variation from line to line.

Later in this paper (section 3.9) we will show, as Price suspected, that the radius through
the beginning of Aries on the Zodiac Dial Scale pointed straight upwards, and the radius
through the beginning of Libra straight down. This is not, however, something that one can
deduce by simply looking at the fragment. As it is narmally portrayed in photographs and
drawings, and as it has been mounted in the Museum for many years, the radius through
the beginning of Libra paints upwards, because with this arientation all the inscribed texts
visible on the dials and plates are more or less right way up.

The three components of Fragment C described above are stuck together in a manner that
obviously does not reflect their original positions in the original Mechanism. Besides facing
in opposite directians, the texts inscribed on the two parapegma plates are not exactly
harizontal, as defined by the radii perpendicular to the radius through the beginning of
Libra. PP1 is tilted about 6° counterclockwise from horizontal, and PP2 is tilted clockwise
about 4°. The Moon Casing was originally at the center of the dials, with its periphery
concentric with them; but in its present position it is displaced so far off center that part
of it is directly behind, and stuck to, the back of the dial scales. All these elements must
have shifted in position and orientation during or after the shipwreck.

Photographs allow us to trace the history of Fragment Cin reverse order from its present
state, which has not significantly altered since 1953." For Fragment Cin its previous state,
the most substantial evidence we have is the pair of Karo's 1905 photographs showing
C-1 (supplementary Fig. S10) and C-2, and the 1918 photograph of C-2." These show that
both parapegma plates were much more extensively preserved than they are now.™ The

12 Photographs from Price's 1958 visit to the Museum, in the Adler Planetarium collection,
show Fragment C with a small piece broken off of PP2 (as it was in the 1953 photographs
andin its present condition). This damage seems to have been repaired at the time, and has
no significance for our investigations.

13 The 1918 photograph of C-1 is spoiled by bad exposure and lighting, at least in Rehm's
print. See also Theofanidis [1927-1930], “99" [correct pagination: 91] and 1934, 144 for rather
crude line drawings of C-2 that appear to confirm that the fragment still had the 1905-1918
outline, as well as a transcription by Leonardos that includes some text that was no longer
on Fragment C after the breakage.

14 The breakage must have been accidental, and probably occurred during the emergency



back faces of the parapegma plates on C-2 were covered with a layer of accretion, so
that the inscription that is now easily made out on the small remaining exposed surface
of PP2 was invisible. This surface was probably cleaned during the 1953 conservation.

For the 1903 state, we depend on the photographs in Svoronos's volume on the Antikythera
wreck of C-1 (Fig. S9) and C-2, and Rediadis's verbal description in the same volume. C-2 shows
even more accretion material than in the post-1905 state, but apparently no other distinct
features. C-1, onthe other hand, has layers of material almost entirely covering the surfaces that
were exposed in 1905. These layers were carefully removedin the c. 1905 canservation work.

During his 1958 visit, Price saw Fragment G, a fairly extensive piece of inscribed plate
assembled from many smaller pieces — in his notes, he calls it the "jigsaw fragment”.
Probably through study of the early photographs, he realized that G had originally been
the great part of the layer of material in the 1903 photograph of C-1 that concealed the
parapegma plates. Though he says little about Fragment G in his 1959 Scientific American
article, he alludes to it as the “front door” of the Mechanism, and a schematic diagram of his
recanstruction of the original relative positions of the major fragments shows that he had
established that, when it was part of C, G's inscription —the Front Cover Inscription™— was
facing forwards like the inscription on PP1, but was oriented the other way up.'® In 1974 he
presented this hypothesis explicitly if rather circumspectly."” Close inspection of the 1903
photograph confirms that Price had the relationship of G and C exactly right.

Relying on the criteria of lettering size, line spacing, and characteristic vocabulary,'® we
can identify four small fragments as having belonged to the Parapegma Inscription (Fig.
3.6). Three of these were already identified as such by Stamires and Price.’®

I

wartime storage (IAM 2.1).

15 SeelAMG.

16 Price 1959, 65 and diagram on 62-63. This diagram (as well as a photograph in the
Adler Planetarium collection from 1958 showing Price examining the fragments) shows
a slightly larger Fragment G than now exists, incorporating the present Fragment 29 at
its bottom left.

17 Price 1974, 21-22 withfigure 10. The statement on p. 47 that Fragment G was assembled
from pieces removed from Fragment B is presumably a typographical error.

18 SeelAM 14.

19 Price 1974, 46, fig, 35.
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Figure 3.6: Fragments 9, 20, 22, and 28
(Images: National Archaeological Museum, Athens, photographer: Kostas Xenikakis,
copyright: Hellenic Ministry of Culture and Sports/Archaeological Receipts Fund)

Fragment 9. Width 21 mm, height 23 mm. A piece of plate with parts of four lines
of inscription (letter height about 2.3 mm, baseline-to-baseline about 4.7 mm),
almost entirely concealed by a layer of other material; slightly above the top line
is a straight edge parallel to the text, which must have been the original top edge
of the plate. Fragment 9 does not appear in any photographs before 2005, and is
not mentioned in Gears from the Greeks.

Fragment 20. Width 36 mm, height 27 mm. The fragment is composed of two
pieces of plate that slightly overlap. One of these, which bears part of one line
of inscription (letter height about 2.5 mm), has a straight upper edge running
parallel to the text; this would have been the original edge of the plate. Between
the left margin of the text and this edge, a small circular hole is drilled through
the plate, and a small object having a rectangular cross-section is lodged in the
hole, seemingly the remains of a peg or rivet. The edge of the other plate that
overlies this edge at a slight angle (about 10°) is also straight and thus an original
edge. In the transcription of the parapegma inscription in Gears from the Greeks
this is fragment (ii).

Fragment 22. Width 47 mm, height 32 mm. A piece of plate, preserving no
original edges, with parts of six lines of inscription (letter height about 2.5 mm,
baseline-to-baseline about 5.3 mm). This is Price's fragment (v).

Fragment 28. Width 20 mm, height 25 mm. A piece of plate, preserving no original
edges, with parts of four lines of inscription (letter height about 2.3 mm, base-
line-to-baseline about 5.3 mm). This is Price's fragment (iv), but Price and Stamires
evidently had difficulty making out the text, and their attempt at a transcription
has the fragment oriented the wrong way up.



3.3 Previous transcriptions

During his visits to the Museum in 1905 and 1906, Rehm transcribed PP1 col. ii, as well
as the single word, Maxav, on the Egyptian Calendar Scale.?® His reading of Maxdov was
reported in print in @ monograph on the Mechanism by K. Rados, but the transcription
of the Parapegma Inscription remained in manuscript, and in fact Rehm never referred
to it in any of his substantial later publications on parapegmata.?' Meanwhile in the
1920s the epigrapher Vasileios Leonardos read part of the parapegma text —not very
accurately— for loannis Theofanidis, who included it in his encyclopedia article on the
voyages of St. Paul with a terse interpretation of the text as instructions for determining
the season of the year.??

In 1958, Price and Stamires transcribed the texts that they could make out on what was left
of the plate and the dials, and Price published a drawing of Fragment C with these transcrip-
tions the following year.? Price also discovered that the lines of the Parapegma Inscription
were keyed to graduations on the dial by means of a series of alphabetically ordered index
letters. Subsequently he gained access to Rehm's papers, and the transcriptions that he
included in his 1974 Gears from the Greeks incorporate Rehm's readings from the parts of
Fragment C that had broken off.2# In this work Price also drew attention for the first time
to the survival of other bits of parapegma text visible on the back face of the other plate
stuck to the front dial on Fragment C as well as on three small fragments. As we have already
noted, he conjectured that the Parapegma Inscription was laid out in a two-column format
on twa rectangular plates that were originally situated above and below the front dial, and
he attempted a tentative and partial reconstruction of the parapegma text.

20  The extant transcriptions of the Parapegma Inscription are Rehm 1905, 21 and Rehm
1906h, 3. Both must have been copied from manuscript transcriptions that have not been
located. Price 1974, 46 incorporates readings from Rehm'’s 1906 version, a handwritten copy
of which (not quite identical to the one in Rehm 1906b) is in the file of Price’s transcriptions
at the Adler Planetarium, Chicago. The lMaxwv reading is first reported, with the first letter
indicated asillegible, in Rehm 1905, 19, and with all letters shown as clear in Rehm 19064, 86.
21 Rados 1910, 34. Rados learned of the reading from a lecture that Karo gave at the
Deutsches Archdologisches Institut in Athens on December 6, 1906 about the Antikythera
wreck, inwhich he presented part of Rehm'’s unpublished research on the Mechanism (Rados
1910, 1, note 1); see IAM 2.1.

22 Theofanidis [1927-1930] "99" [correct pagination: 91]. The text is reproduced in The-
ofanidis 19344, 144, where it is described as "une instruction pour les levers et couchers des
astres du Zodiaque".

23 Price 1959, 65.

24 Price 1974, 18 (dial inscriptions), 46, and 49 (parapegma).
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The pravisional new texts of inscriptions on the Mechanism published in 2006 did not
include the Front Dial and Parapegma Inscriptions.?® A partial restoration of these in-
scriptions based on a preliminary version of the texts published here was incorporated
in T. Freeth's digital reconstruction of the Mechanism'’s front face as published in 201228

|

25 Freethetal 2006.

26  Freeth G Jones 2012, Fig. 4. Dr. Freeth participated in discussions with the present
authors concerning the Parapegma Inscription during 2008-2012, and we gratefully
acknowledge his responses to proposed readings and provision of CT images.



3.4 Transcription and translation

Insections 3.7 and 3.8 we will show that Fragments 20 and 22 can be exactly placed as parts
of PP2 that were still on Fragment Cin its post-1905 state, and that Fragment 9 was originally
a piece from the top of PP2, to the left of what remained of PP2 on the post-1905 state of C.
Our transcription assumes these placements. On the other hand it remains uncertain where
Fragment 28 belonged (see 3.11), so we present its text as an unplaced fragment. More generally
we adopt a cautious and minimal approach to restoring the Parapegma Inscription's text; more
extensive restorations dependent on hypothetical elements are offered in sections 3.9-3.11.

The transcriptions are based on the 2005 CT, PTM, and photographs, and on the 1905
photograph of C-1 (supplementary Fig. S10). Letters that are extant or legible only in the
1905 photograph are underlined.?” For the Parapegma Inscription, the notations x+1 etc.
(z+1 etc. for Fragment 28) are used to number lines when it is not visually evident how
many lines preceded the top line of a surviving sequence. The fragments preserving parts
of each line of the Parapegma Inscription are indicated in parentheses to the left of the text.

Names of zodiacal signs on the Zodiac Scale

1. Extending from left edge to the 19" graduation of the leftmost (Virgo) sector
(counting clockwise from the presumed longer graduation marking the beginning
of this sector, which we count as the Tst graduation):

[MapB]évog

Virgo

2. Extending from the 9th to the 17th graduation of the next (Libra) sector:
XnAai
Libra

3. Extending from the 9th to the 20th graduation of the next (Scorpio) sector:
zKopnjog
Scorpio
K: entire letter visible but faint |1: indistinct

|

27  Karo's 1905 phatograph of C-1 is the only known photograph to show legibly the part of
PP1 col. ii that was subsequently lost to breakage, as well as the small region of the calendar
dial exposed in Fragment C's post-1905 state. This area of the dial, with its month-name
inscription, is still extant but was in better condition in 1905 than it is now. Other photographs
from before 2005 show no details of the inscriptions that cannot be seen at least as well by
means of CT or PTM.

0
w
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4. Extending from the 10th graduation of the next (Sagittarius) sector to the right
edge:

Tog[ond]

Sagittarius

Index letters on the Zodiac Scale

Virgo sector (preserved from its 15" graduation on, but surface damaged to the
left of the 19th graduation):?®

To the right of the 19" graduation: ¥

To the right of the 21st graduation: Q

The index letters in this sector were read from PTM ak32a; they cannot be seen
in CT. | W: lower portion of a vertical with a broad serif.

Libra sector:
To the right of the 1st graduation: A
To the right of the 11th graduation: B
To the right of the 14th graduation: T
To the right of the 16th graduation: A

Scorpio sector:
To the right of the 1st graduation: E
To the right of the 4th graduation: Z
To the right of the 17th graduation: H
To the right of the 22nd graduation: ©

Sagittarius sector:
To the right of the 1st graduation: |
To the right of the 3rd graduation: K
To the right of the 7th graduation: A
K: entire letter visible but faint

|

28  Price 1959, 65, reports no index letters in this sector, but Price 1974, 18, reports
"with great uncertainty” Q to the right of the 18" graduation (counting clockwise from the
extrapolated 1st graduation as defined above). We suspect that he interpreted the remains
of the psi that we report above as the lower right portion of this supposed omega.



Names of Egyptian months on the Eqyptian Calendar Scale

1. Extending from the 7' through the 18th graduation of the leftmost (Pachon)
sector (counting clockwise from the presumed longer graduation marking the
beginning of this sector, which we count as the st graduation):

Mayov

Pachon

Indistinct traces of x are visible in the 2005 photograph and PTM (ak32a); the
letter is clear in the Karo phatograph.

2. Extending from the 10" through the 19th graduation of the next (Payni) sector:
lMaovi
Payni

3. Extending from the 10" through the 21 graduation of the next (Epeiph) sector:
Eneig
Epeiph

Parapegma Inscription

PP1
col .
9) top margin 2.5 mm.
1 [Alyoképwe apyJeTar ava[TENEN.]
2 [ v Tponaiyel]yepvali. A]
3 [ —7- enméNderveg[népiog/nepia. nnj
4 [ 13- ]E]
3-4 lines lost
©) x+1 [ T1A
9) 1 [Capricorn] begins to rise.
2 Winter [solstice. 1]
3 ] rises in the evening, [nn]
4 1.0
3-4 lines lost

©0)
ul
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1 E: serifed top and bottom horizontals, apparently some spread towards right, notch along
edge about halfway between the two horizontals; either E or &

2 M: apparent upper right end of ascending oblique, meeting a straight vertical (inclining
slightly counterclockwise of true vertical) near the top; the bottom of the vertical not
preserved | |% serif and very top of vertical

3 A: lower portion of descending oblique along edge with serif at bottom; N appears to be
excluded since there is no trace of the right vertical | v: one letter | Z: trace of upper left
corner along edge

4 - top of serifed(?) vertical along edge | % notch along edge at top height, belonging to
a serif or gently descending oblique

x+1: this line vertically half-way between col. ii lines x+6 and x+7, and ending immediately
to the left of the beginnings of those lines

col. ii.

(C)  x+1 [Kv  —12— ] léo[njep[ila[ nn]
x+2  AvYad[egbuov]ta éonepiar. v KA
x+3  MvTadpog dpyeTal AvateMelv. A
x+4 [N V] Aupa €[mITIEAAE1] eonepia. v IA
x+5  ZvMAeiaceni[T]éMel édia. v IZ
x+6  OvYagemTéMelv Ewia. v KE
x+7  TvAidupordpyovral EmTENEIY. [A]
x+8 PVAETOC eMTENAEI EONEPIO[C. NN)
x+3  Xv ApKTOUPOC SUVEI v EDIOG. V |

bottom margin 7 mm.

X+1 ] in the evening, [nn]

[K
x+2 A Hyades setin the evening. 24
M

x+3 Taurus begins to rise. 1

x+4 [N] Lyrarises in the evening. 11

x+5 = Pleiad rises in the marning. 17
x+6 O  Hyad rises in the morning. 25
x+7 M Gemini begin torise. [1]

x+8 P Aquila rises in the evening. [nn]
x+9 T Arcturus sets in the morning. 10

Alllines v' (following index letter): average about 2 mm.

x+1 :serifed right ends of horizontals at top and baseline level, apparently diverging slightly,
and a horizontal or mark just above half height, either E or Z| o: lower left corner and indis-
tinct trace of upper left corner | p: very bottom of vertical and serif, faint | v%: half a letter
x+2 &: lower part of descending oblique visible in Karo photograph; Rehm also reads &
| an: very indistinct, but nis clear in Karo photograph | 1% only top of vertical with serif,



faint | v2 one letter

x+3 1% indistinct, along break

x+4 v two letters

x+5 = : most bottom stroke with serif at right end; right portion of middle stroke | 1 serifed
top of vertical stroke | a 2 lower part of serifed ascending oblique stroke | v2: width of one
to two letters | Z : top and bottom serifed horizontal strokes, straddling a crack; vertical
stroke would coincide with crack

x+6 v one letter | v¥: width of four letters | K : serifed vertical, faint traces of left ends
of both oblique strokes, close to following E

x+7 1v: indistinct traces

x+8 v2 width of one letter | E: very faint but complete

x+9 V% half a letter | 12: indistinct traces | v*: width of three letters | | vertical stroke serifed
at both ends, surface damaged to the right

PP2
col. iii.

(C+22) top margin 7.5 mm

1 [AvXnMal dpyovrar EnT[E]NAJEN.
[vionp]epia oBvonwpivry. v A
[Bv—5-¢em]TéNoualv [e]anépior. 1A
[Fv-6-¢nmiT]eM\e[l ea]nepia. 1A
[Av—=14-€niTENEL. IC
[E v ZKopniog dpxeTal EnITEA]Aelv. A

o U wWw N

(C+22) [A] Claws (i.e. Libra) begin torise.

[ ] Autumnal equinox. 1

B ] rise in the evening. 11

r ] rises in the evening. 14
[A ] rises [in the morning/evening,] 16
[

E  Scorpio begins] torise. 1

1 1% left portion of horizontal, and serifed bottom of vertical

2 pia: complete but blurry | 8: indistinct traces | : right end of horizontal and short right
vertical | w: complete but blurry | 1 top of serifed vertical | v*: width of one letter

3 % bottom left corner | n% bottom of right vertical

5 T horizontal along edge

6 [¢mTéN]Aev: or [avaté]hewv | 6 A% apex along edge | A: top parts of ascending and
descending obliques

00
~
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(22+20) top margin 7.2 mm

1 M v Kapki[voc dpxeTal éniTéMeIv. ]
(22) 2 [Tponai Bepivai. A]

3 N v Qpi[wv EnITEMel EdIOG. nN]

4 ZvKbwy [EMTENE £BI0G. NN]

5 O Vv AeT[OC bUVEl EDIOC. NN)

6 MvA[Ewv dpxeTal EMITEME. A]
(22+20)1 M Cancer [begins to rise.]
(22) 2 [ Summer solstice. 1]

3 N Qrion [rises in the morning, nn]

4 = Sirius [rises in the morning. nn]

5 O Aquila [sets in the morning. nn]

6 N Leo [begins torise. 1]

All lines V' (following index letters): average about 2.5 mm

T [EniméNewv]: or [avaTéNenv]

2 vn: the surface of the plate bearing the writing is twisted about 30° counterclockwise
from harizontal

31" bottom serif of vertical stroke

4 K: descending oblique with serif | v: left vertical with serif

6 MN: harizontal | A: ascending oblique with bottom serif, and top of descending oblique |
[EniméNAev]: or [avaTéNAenv].

Unplaced fragment (Fragment 28).

(28) z+1 | 1 K[n?]
72 [ —n— dpyetarémiléArev. [A]
z#+3 [ —-n+b- gonélpiog. vIC
4 [ —n+b— ¢onelpia. v K[n?]
+5 —n+11- IE [ ]

(28) z+1 | 12[n?]
z+2 [ begins] torise. [1]
+3 ]inthe evening. 16
4 ]in the evening. 2[n?]
5 [ 1.1 ]



z+1 K: apparently a descending oblique with serif, and faint lower portion of vertical, but it
is not certain that these are not accidental marks

z+2 €7 trace of bottom horizontal along edge

z+3 v: two letters. |: top of a serifed vertical

z+4 §: lower end of ascending ablique with serif | v: three letters

z+5: The original surface of the plate has been stripped away in the region around this entire
line, and the traces are very shallow and faint. | E : top of vertical, whole of serifed top hori-
zontal, right ends of middle horizontal, and right end of serifed bottom horizontal, all rather
faint| _ :very uncertain traces

©0)
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3.5 Parapegmata

The term "parapegma" is used in both ancient texts and modern scholarship with two distinct
though overlapping meanings.2® On the one hand any Greco-Roman artefact furnished with
a series of peg-holes standing for units of time, especially days, composing a repeating cycle
can be called a parapegma; the holes are typically accompanied by inscriptions or pictorial
elements associating the stages of the cycle with something else, for example the deities
associated with the seven days of the planetary week. The ancient Greek word parapégma,
meaning “beside-pegging,” must have originally referred to this kind of object. On the other
hand, a text written on any medium that lays out in chronological order an annually repeat-
ing cycle of days associated with events and phenomena, among which dates of first and
last visibility of stars and constellations (referred collectively as phaseis, “appearances,”
or as phaseis and krypseis, "disappearances”) figure prominently, is a parapegma. What
connects the two uses of the word is a category of public inscription, specimens of which
dating from the second or early first centuries BC have been found at Miletos, that used a
series of peg-holes to represent the days in a solar year, with inscriptions next to many of
the holes describing astral and other events associated with the corresponding days.3® The
Parapegma Inscription of the Mechanism is a parapegma in the second sense.

One of the best preserved and most characteristic parapegmata is a text, probably com-
posed during the Hellenistic period (certainly not before the late third century BC), that is
appended to the end of Geminos's Introduction to the Phenomena (mid first century BC)
in the medieval manuscript tradition; whether Geminos was responsible for its presence
there is an open question, but it is conventionally referred to as the Geminos Parapegma.®!

29 Parapegmata of both kinds are surveyed and catalogued in Lehoux 2007.

30 Fragments of two parapegma inscriptions were found during the German excavations
at Miletos in 1902-1903. One of them, probably laid out in a format of one column for each
zodiacal month (notwithstanding Rehm's objection, Rehm 1904, 753), is represented by IMilet.
inv. 456A, 456D, and 456N. 456C, which contains a dedication by Epikrates son of Pylon and
an introductory text with different but similar letter forms, and traces of peg holes along
the right side, probably also belongs to this parapegma. Epikrates son of Pylon is also known
from the dedication of his statue base, IMilet. 331, and, according to a likely restoration of his
name in IMilet. 107, he held the honorary office of stephanephoros in a year that must have
fallen within the gap between 184/183 BC and 89/88 BC in the preserved lists of Milesian
stephanephoroi (he was not stephanephoros in 89/88 BC as stated by Lehoux 2005, 134).
The other Milesian parapegma inscription, laid out in a format of two zodiacal months per
column, is represented by 456B. The inscriptions were published in Diels G-Rehm 1904 and
Rehm 1904, and again more conservatively in Lehoux 2005.

31 Complete translation in Evans G Berggren 2006, 231-240.



We shall frequently have occasion to refer to this text. It describes recurring events in a
solar year beginning with the Summer Solstice and divided into twelve parts or “zodiacal
months," each beginning with the Sun's entry into a new zodiacal sign. Within each zodiacal
month, events are assigned to day numbers counted from the Sun's entry as “day 1." The
section for Taurus is a typical specimen:

The Sun traverses Taurus in 32 days.

On the 1** day, according to Eudoxos, Orion sets acronychally; rains. According to
Kallippos Aries finishes rising; rains, often also hail.

On the 2™ day, according to Euktemon, Sirius is hidden; and hail occurs; on the
same day Lyra rises. According to Eudoxos, Sirius sets acronychally; and rain occurs.
According to Kallippos, the tail of Taurus rises; southerly winds.

On the 7™ day, according to Eudoxos, rain occurs.

On the 8" day, according to Euktemon, Capella rises in the morning; fair weather;
it rains with southerly water.

On the 9*, according to Eudoxos, Capella rises in the morning.

On the 11, according to Eudoxos, Scorpius begins to set in the morning; and rain
oceurs.

On the 13', according to Euktemon, the Pleias rises; beginning of summer; and
weather-change. According to Kallippos, the head of Taurus rises; weather-change.
On the 21*, according to Eudoxos, the whole of Scorpius sets in the morning.
On the 22" according to Eudoxos, the Pleiades rise; and weather-change.

On the 31, according to Euktemon, Aquila rises in the evening.

On the 32", according to Euktemon, Arcturus sets in the evening; weather-change.
According to Kallippos, Taurus finishes rising. According to Euktemon, the Hyades
rise in the morning; weather-change.

The visibility events associated with asterisms (stars, star clusters, and constellations) in
the Geminos Parapegma and other documents of its kind are consequences of the fact
that all stars rise and set a few minutes earlier every day than the day before. Four kinds
of visibility events are recognized:

Marning rising: the first occasion when the asterism can be seen close to the
eastern harizon before sunrise, after an interval of some days on which the
asterism could not be seen at that time.3

I

32 Geminos 13.9, ed. Manitius 148, defines the marning rising as "when (the star) rises
enough in advance (of the Sun) so that the star has escaped the Sun's rays and its rising can
be beheld”
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Evening setting: the last occasion when the asterism can be seen close to the
western horizon after sunset, or perhaps the following day, when the asterism can
no longer be seen; the verb kryptesthai ("to disappear”) is sometimes employed
instead of dynein/dynesthai ("to set").*®® In ancient texts, e.g. in the line quoted
above for the first day in the zodiacal month of Taurus, this event is sometimes
designated “acronychal setting,” meaning setting at nightfall.

Evening rising: the last occasion when the asterism can be seen rising at the eastern
horizon after sunset, or perhaps the following day, when it is already above the
horizon when first sighted.3* This event is also called "acronychal rising” both in
ancient texts and modern terminology.

Morning setting: the first occasion when the asterism can be seen setting below
the western horizon before sunrise, following days on which the asterism is still
above the horizon at dawn.? In modern terminology (but not in ancient parapeg-
mata) this event is sometimes called "cosmic rising".

Very occasionally, a parapegma will also record dates when a star becomes “conspicuous”
(phaneros) a few days after its morning visibility. For constellations, distinct dates may
be specified for when the constellation is considered to be visible for the first or last time
inits entirety, when it begins to be visible or invisible, or when specified stars within it are
visible for the first or last time. Some parapegmata, including the Geminos Parapegma
but apparently not the Mechanism's inscription, intermittently leave out the indication of
whether it is @ morning or evening event.

The Geminos Parapegma exhibits features that are frequently encountered in other
parapegmata, though as it happens, not in the Mechanism's Parapegma Inscription:

33 Geminos 13.18, ed. Manitius 152: “when some star is beheld setting after the Sun after
sunset” (presumably for the last time). According to Geminos's definitions, the evening
events are symmetric with their morning counterparts, that is, the morning rising and
evening setting have the asterism visible close to the horizon respectively for the first and
last time, while the morning setting and evening rising have the asterism seen crossing the
harizon respectively for the first and last time. Since the evening events are defined as the
last evening when a certain criterion is met, an observer would have to wait one more night
to confirm that either evening event has taken place.

34 Geminos 13.13, ed. Manitius 150: “when (the asterism) first is beheld as having escaped
the rays of the Sun after sunset.”

35  Geminos 13.16, ed. Manitius 152: "when the star is seen setting for the last time before
the rising of the Sun."



statements of weather changes, and attributions of both the astral and meteorological
statements to specific autharities, mostly the well known Greek astronomers Euktemon,
Eudoxos, and Kallippos. (In Lehoux's nomenclature, a parapegma containing weather
phenomena is "astrometeorological,” and one that cites authorities is “attributive”.) The
Greek parapegma tradition regularly omitted a kind of information that might seem es-
sential: the geographical locations for which the statements are supposed to be valid.
Only the parapegma that Ptolemy published in his Phaseis, which is an effort at reform of
the genre, provides geographical data.?® Also characteristic is the lack of clear definition
for the asterisms in the visibility statements: constellations, including some large ones
such as Orion, and clusters such as the Pleiades, are more commonly cited than single
stars, and we are usually not told the criteria for determining when such an object is vis-
ible in whole or part.3” (Again, Ptolemy breaks with tradition by restricting consideration
to individual bright stars.)

The reason for inscribing a parapegma on the Mechanism, the derivation of its contents,
and its relation to other surviving parapegmata are questions beyond the scope of the
present paper. It is worth remarking, however, on the centrality of parapegmata in the
history of Greek astronomy. If the very frequent citations of Euktemon and Eudoxos in
the extant parapegmata are authentic, Greek astronomers were compiling the kinds of
statement recorded in parapegmata as far back as the fifth century BC, while the format
as a serial list of days in an annual cycle is attested already around 300 BC in the Greek
papyrus P. Hibeh 1.27.28 While mathematical modeling of the motions of the heavenly
badies acquired greater importance in the astronomy of late Hellenistic and Imperial
times, we nevertheless find the great second century BC astronomer Hipparchos among
the authorities for parapegma data, and Ptolemy as the author of an extant parapegma.
The tradition was still alive in late antiquity.

I

36 Heiberg 1907, 66-67.

37  Occasionally a specific part (i.e. star) of a constellation is indicated, e.g. "the shoulder
of Orionrises,” in contrast to the less specific “Orion begins to rise” or “Orion rises entire.”
38 P Hibeh 1.27 (published in Grenfell G- Hunt 1906) has unusual features inits use of the
Egyptian calendar and its inclusion of religious festivals and calculated lengths of daylight,
perhaps reflectingits Greco-Egyptian provenance as much as its early date. Since the Egyptian
calendar year had a constant length of 365 days, the dates associated with astronomical
statements in the papyrus would have rapidly lost their validity. The word "parapegma” first
occurs inanother papyrus dating from the second century BC, P. Ryl 4.589 (published in Hunt
et al 1911-1952, vol. 4), though the surviving part contains a schematic lunisolar calendar
but no astral and meteorological statements. Geminos is the earliest extant author who
employs the word in the sense in which we use it.

@)
o
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3.6 The Parapegma Inscription: PP1 col. ii

The parapegma text was physically laid out in several distinct sections whose states of
preservation vary considerably. We shall begin with the text on C-1, which is conspicuous
in the fragment's present condition and much of which is easily legible (Figs S3 and 3.7);
still more of it was preserved in Rehm's time. Our transcription differs from its predeces-
sors in several minor details and one that is more significant: previous transcriptions did
not take note of the presence of numerals at the ends of same lines. We will explain the
meaning of these numerals when we come to the inscription on PP2 (section 3.7). We
believe that almost every line of the inscription originally ended with such a numeral, and
have indicated their expected places in the transcription and translation (where we employ
"nn"for an undetermined numeral) even when no trace is visible. Because of the extreme
distortion and damaged surface of the rightmost part of the plate, only the numeral at
the end of line 2 is easily seen in a conventional photograph or by direct inspection. We
only noticed the numerals here because our study of PP2 had led us to expect them.
The previous transcriptions also did not record two very conspicuous letters IA at the
left edge of the present fragment, at a height intermediate between lines 6 and 7, and
having slightly smaller letter height than the main body of the inscription. These letters
must have belonged to another column of the inscription to the left of the one under
consideration. We will refer to this previously unrecognized left column as col. i and the
better preserved right column as col. ii.

Figure 3.7: Fragment C, CT composite image of the Parapegma Inscription on PP1
(Image: Antikythera Mechanism Research Project)

The text of col. i consists of a series of simple sentences, each preceded by a letter of
the Greek alphabet and followed by a numeral. As Rehm already noted, the letters, as



they were preserved in his time, ran in alphabetic order from lambda through sigma.
The first partially preserved line would originally have had the letter kappa, so that
the extant text should have been preceded somewhere by a further nine statements,
labelled alpha through iota. The statement labelled sigma is near the bottom edge of
the plate, which is clearly an original edge since it is straight and parallel to the lines of
text. If there were further statements labelled tau and so forth, they would have had to
be inscribed somewhere else.

Six of the preserved statements, and probably a seventh in the less well preserved line
x+1, follow the fixed pattern N VA, where N is the name of an asterism (star, constella-
tion, or star cluster) standing as the subject of the sentence, Vis the appropriate present
indicative form of a verb meaning “rises” (¢€miTéMw) or "sets” (§Uvw or 6Uopar), and A is
an adjective, modifying N, meaning “in the morning” or “in the evening." Rehm recog-
nized that these were statements characteristic of a Greek parapegma and signifying
the annually recurring event when the asterism makes its first visible rising or setting
either just before sunrise or just after sunset. The listed events are in more or less correct
chronological order and fall within the interval between Vernal Equinox and Summer
Solstice. The asterisms in this section of the Parapegma Inscription, as well as those in
the one other fragment (Fragment 22) that preserves asterism names, all belong to the
set of asterisms associated in the Greek parapegma tradition with Euktemon and Eudoxos
amang other authorities (see section 13). This set comprises fifteen asterisms, many
though not all of them characterized by very bright stars; it almost certainly antedates
the introduction of the zadiac into Greek astronamy, and Scorpius is the only zodiacal
constellation that figures in it.

The statements in lines x+3 and x+7 follow a different pattern N V/, where Nis the name
of a constellation standing as subject, V' is the appropriate present indicative form of
the verb dpyopal, meaning "begins,” and | is the infinitive of a verb meaning “to rise”
(€miTéNhelv or avatérAery, apparently used synonymously). No adjective follows, but for
these events to fall into correct chronological sequence with the other listed astral
events, these statements must refer to the morning. This special treatment appears to
be conferred only on constellations belonging to the zadiac. Two passible interpretations
of these lines will have to be considered. On the one hand they may refer to the actual
constellations Aries, Taurus, etc., in which case the events in question would probably
be the dates when the first stars of these constellations were supposed to make their
first visible risings. Alternatively, they may refer to the zodiacal signs, the 30° sectors of
the ecliptic (such as are marked on the Zodiac Dial Scale) named for the constellations
that were roughly aligned with them; in this case, since the signs are not visible objects,
the events must be the ideal morning risings of the beginnings of the signs, i.e. the
dates when the Sun enters each sign so that the first (westernmost) point of the sign
crosses the eastern horizon precisely at sunrise. In this case, these lines would mark
the beginnings of zodiacal months. As Rehm noted, the Geminos Parapegma contains
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similarly worded statements attributed to Kallippos, and these definitely refer to the
zodiacal constellations, not to the signs.3®

As we have already remarked, parapegmata are extant in the form of publicly displayed
inscriptions on stone, and in these the single days of the solar year are represented by
drilled holes that were evidently meant to hold a movable peg indicating the current
day. If a hole had a statement inscribed beside it, that statement described the astral
or meteorological events associated with that day, while days that had no associated
events were represented by holes unaccompanied by text. Parapegmata in manuscript
form typically numbered the days within subdivisions of the year, e.g. within the twelve
zodiacal months or the months of a non-lunar calendar such as the Egyptian or Roman
calendar; in such texts only the days having associated events were listed, according to
the day number in the zodiacal or calendar month. Rehm supposed that the index letters
of the parapegma inscription corresponded to matching letters inscribed on a dial scale
distinct from the Calendar Dial Scale that he had seen on C-1, and that the function of
the letters was to indicate the date of each astral event.#? His conjecture turned out to
be essentially carrect: when Price saw Fragment C in its present state, with part of the
Zodiac Dial Scale exposed, he discovered that it bore the irregularly spaced index letters
that we have transcribed above, and realized that they were the counterparts of the index
letters in the parapegma inscription. The Calendar Dial Scale, meanwhile, turned out to be
movable with respect to the Zodiac Dial Scale, reflecting the shifting relationship of the
365-day Egyptian year to the natural seasons. Thus the astral events were associated
with degrees of the Sun’s longitudinal motion through the zodiac, not with time units.

Price noticed an anomaly in the distribution of the astral events apparently implied by
the index letters:#!

"| feel that... the phenomena fall too thickly in the first part of the alphabet, but
there are too few of them for the available letters in the second part... there is
some mismatch or misplacement that | cannot understand... the problem seems
to be unresolvable with this little evidence.”

The part of the parapegma in the preserved part of PP1 col. i comprises nine phenom-
ena, all falling between the Vernal Equinox and the Summer Solstice. Since the first of
the nine was lettered kappa, one would expect there to have been nine phenomena in

——
39 Rehm 1905, 21, pencilled addition in bottom margin: “Speziell kallippische Phase!”
40 Rehm 1905, 19-22. Rehm mistakenly identified this second scale as the scale of what
we now know as the Saras Dial, partly preserved on A-2.

41 Price 1974, 49.



the lost preceding part of the list, lettered from alpha through iota. But Price had found
alpha through epsilon on the Zodiac Dial Scale, distributed over the interval from the
first degree mark of Libra to the first degree mark of Scorpio, that is, over about thirty
days starting about the Autumnal equinox. That would leave just four phenomena to be
distributed over an interval of about 150 days from the point where the Zodiac Dial Scale
could no longer be seen to the Vernal Equinactial Point about the beginning of Aries, a
much lower density of phenomena than in the preserved stretches. Six letters of the
Greek alphabet, tau through omega, were left for the remaining quarter year, from about
the Summer Solstice to about the Autumnal Equinox, which seemed acceptable, but they
would have had to be inscribed somewhere else since the sigma line on PP1 was clearly
at the bottom of the plate 2

|

42 In Gears from the Greeks Price assumes that the Parapegma Inscription comprised
a single, complete, run through the 24 letters of the Greek alphabet. Unpublished notes in
Price’s file of notes on the Mechanism's inscriptions, now at the Adler Planetarium, show
that at some stage he had contemplated the possibility that there were multiple alphabetic
sequences.

q@)
~
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3.7 PP2 cols. iiiand iv

The straight top edge of the part of PP2 that is extant on Fragment Cis clearly the original
edge of the plate. Price and Stamires produced the first transcription of the parapegma
text inscribed on its back face, but it was necessarily limited to the two parts of lines
visible on the small exposed partion. With the aid of CT we can read the entire surviving
text on this piece of plate, comprising parts of four lines starting slightly below the edge
and running parallel to it (Fig. 3.8, left).

Figure 3.8: CT composite image of the Parapegma Inscription on PP2 comprising (from
left to right) Fragments C, 22, and 20
(Images: Antikythera Mechanism Research Project)

Fragment 20's composition from two slightly oblique and slightly overlapping pieces of
plate suggests that it preserves bits of both PP1 and PP2 from the post-1905 state of
Fragment C, around the place where the edges of the two plates met and crossed; we
have canfirmed this through careful comparison of surface features of Fragment 20 (on
the back face with respect to the inscription) with the Karo photograph of C-1 (supple-
mentary Fig. S10) in this region.*® Surface features of the back face of Fragment 22 are
easily matched with the lower left corner of PP2 in Karo's photograph.

Hence we can read or restore a substantial part of the top five lines of PP2, with slight traces
of asixth line (Fig. 3.8). One structural feature becomes immediately obvious: the parapegma
text on this plate was laid out in two columns, the left one of which we will refer to as col. iii
and the right one as col. iv. We have the ends of the top lines of col. iii, and the beginnings of
the lines of col. iv. In bath calumns, the top line gives one of the zodiacal sign statements,

I

43 Price 1974, 46 indicates a guess that Fragment 20 belonged to PP2, but thought that
it came from the upper edge of the plate to the left (as one would view the inscribed face)
of the part surviving on C-2.



and there is something anomalous about the second line: no index letter or visible text in
col. iv, and a reference to the Autumnal Equinox in col. iii. Putting together the information
that we have, we can plausibly hypothesize that the dates when the four signs Aries, Cancer,
Libra, and Capricorn were stated to “begin to rise” were also marked, in an indented second
line, as the equinoxes and solstices. This leads us ta several conclusions:

- The "begins to rise” statements must refer to the zadiacal signs, not the zodiacal
constellations, since the irregular intervals between the first morning risings of
the constellations would not coincide with the solstices and equinoxes. This is
confirmed by the fact that on the Zodiac Dial Scale, there are index letters next
to the initial graduation of the three signs Libra, Scorpio, and Sagittarius whose
beginnings are preserved; in the corresponding part of the Parapegma Inscription
these would have been "begins to rise" statements.

- The solstitial and equinoctial points are considered to be placed at the beginnings
of their zodiacal signs, as in other Greek parapegmata and astronomical authors
(e.g. Ptolemy), rather than say at 8° or 10° into the signs, as in Greco-Roman
sources influenced in this respect by Babylonian mathematical astronomy.

- A statement “N begins to rise" is equivalent to statements of the form “the Sun
in N" found in other parapegmata, marking the beginning of a zodiacal month.

- The complete parapegma inscription was laid out in four sections corresponding
to the quarters of the year beginning with the solstices and equinoxes. Each
quarter comprised three zadiacal months.

- The last sign of PP2 col. ivis Virgo. About half this sign is extant on the Zodiac Dial
Scale, on which two index letters psi and omega can be read. Hence this column’s
events were lettered from mu through omega, making a total of thirteen events
and fourteen lines.

- The first sign of PP2 col. iii is Libra, the sign whose beginning is the autumnal
equinoctial point. Hence this part of the inscription too corresponds to an extant
part of the Zodiac Dial Scale, and the index letters of col. iii can be restored from
the letters on the dial as running from alpha at least as far as lambda, totalling
eleven events and twelve lines.

- One can presume at least twa missing lines in PP1 col. ii above the present line x+1, for
"Aries begins to rise" and “Vernal Equinox.” The index letter of this event was not later
in the alphabet than iota. Thus the three consecutive astronamical seasons spring,
summer, and autumn were respectively on PP1 col. ii, PP2 col. iv, and PP2 caol. iii. The
section beginning with Capricorn and the Winter Solstice remains to be accounted for.

O
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We turn now to the numerals, written in slightly smaller letters after the ends of the
statements in col. iii. Here we are lucky, since lines 1-2 have been identified as signifying
the Sun's entry into Libra, so that the entire col. iii corresponds to a preserved portion of
the Zodiac Dial Scale, where we have index letters marking phenomena at the 1%, 117, 14%,
and 16" division marks of Libra and the 1% division mark of Scorpio — exactly matching
the numerals in the parapegma inscription. This observation leads to a choice of two
interpretations of the numerals in the inscription:

- The numerals could simply be the numbers of the graduations on the Zodiac Dial
Scale where the index numbers were inscribed. They would thus represent the
Sun's longitude in degrees within the currently occupied zodiacal sign, counting
the first degree in the sign, what we would call 0° or perhaps more accurately
the interval from 0° up to 1°, as “degree 1." Such numerals would be a redundant
tabulation of information that could also be read from the dial.

- The numerals could be day numbers counted from the first day of the current zodiacal
month, like the day numbers in the Geminos Parapegma. Since the Sun always spends
30+2 days in a zodiacal sign, the day numbers of phenomena would differ from the
degree numbers by at most 2 by the end of amonth, and towards the beginnings of any
month they would be equal. Libra would likely have been allotted 30 days, so that the
degree and day numbers for that sign would be the same through the whole month.

Since the evidence does not allow us to decide whether the numerals mean degrees or
days, we will refer to them as day/degree numerals.

As mentioned above, numerals were nat previously noticed at the ends of the statements
in PP1 col. ii, but notwithstanding the poor condition of the right extremity of the plate
(partly the effect of a pronounced warp caused by pressure or impact), a few can be made
out. We presume that a day/degree numeral followed every statement in the parapegma,
except that in the case of the double statements at the solstices and equinoxes, the
numeral 1 (alpha) appeared only at the end of the second line as in PP2 col. iii lines 1-2.

On the basis of the match of the index letters on the Zodiac Dial Scale with the phe-
namena in PP2 col. iii we restore the index letters in this part of the inscription as alpha
through epsilon. The preserved index letters of col. iv, mu through pi, duplicate part of
the sequence in PP1 col. ii. There must, therefore, have been more than one alphabetic
sequence. There is nothing surprising in this, since the parts of the parapegma that we
have considered so far assign three or four events to each zodiacal sign. If this density
was roughly maintained through all twelve signs, we may expect that the total number
of events was something around the high thirties or forties, enough to require two partial
or complete runs through the Greek alphabet.



3.8 PP1 col. i

We have drawn attention above to the presence of two very clear letters inscribed just
against the present left edge of PP1, about halfway in height between col. ii lines
x+6 (indexed omicron) and x+7 (pi). From their appearance and position, it appears
practically certain that these letters, IA, represent a day/degree number 11 at the end
of a parapegma statement, all that remains an the present Fragment C of a column
of statements to the left of col. ii. Since the parts of the parapegma pertaining to the
seasons beginning with the vernal equinox, summer solstice, and autumnal equinox
are already accounted for, this col. i must have contained the season beginning with
the winter solstice. We designate the line of col. i to which the surviving numeral
belongs as line x+1.

We can see no trace of this left column of parapegma inscription on the Karo 1905 photograph
of C-1. The appearance of the left quarter or so of PP1 in the Karo photograph is difficult
to interpret, and no other photograph from this period showing PP1 from a different angle
has so far been found, except for the badly exposed print of the 1918 photograph in Rehm's
collection. InKara's phatograph, the region to the immediate left of lines 2-4 of the preserved
column shows a rough surface that could be an accretion layer, and to the left and lower left
of this is a region that appears to be perfectly smooth except for an apparently engraved
straight line that runs nearly parallel to the more or less straight edge of the plate; this
edge farms about a 60° angle with the lower edge of the plate. This smooth region appears
somehow to be distinct from the visibly inscribed part of the plate, and we suspect that either
the original surface of the plate here had been stripped away or that some layer of material
was lying on top of it, perhaps another displaced fragment of plate. The illumination of the
photograph is unhelpful at this end of the plate, so that even the IA that we know was there
cannot be made out.

Fragment 9 (Fig. 3.9) is part of the top lines of the missing column, preserving the Sun's
entry into Capricorn and winter solstice followed by two stellar events.** The fragment was
not part of PP1 inits post-1905 state. Lines 1-2 of PP1 col. i would have been approximately
aligned with the lost top two lines of col. i, which contained the statement of the Sun's
entry into Aries and the Vernal Equinox. Hence Fragment 9 line 3, in its lowest passible
pasition, would have been roughly aligned with line 1 of col. ii, and to allow room for the

I

44 Fragment 9 cannot be a piece of PP2 cal. iv extending the top lines still preserved in
Fragment C. Aside from the traces at the left edge of line 2 which are not consistent with
the event of this line being the summer solstice (see note to line 2), the margin between
the upper edge of the plate and the top of line 1 is much smaller than the upper margin in
the PP2 fragments.
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restored end of Fragment 9 line 1, it has to have been entirely to the left of the edge of
PP1 asitwasin 1905. It is a near certainty that Fragment 9 was not stored together with
the known Mechanism fragments in Price's time.

Figure 3.9: CT composite image of Fragment 9
(Image: Antikythera Mechanism Research Project)

If col. ii line x+1 immediately followed the lost lines for the entry into Aries and the equino,
then col. ii lines x+6 and x+7 would have been the eighth and ninth lines of this column, and
cal.iline x+1, of which the day/degree numeral 11 is extant about halfway between col. i lines
x+6 and x+7, would almost certainly have been either the eighth or the ninth line of col. i, de-
pending on whether the line spacing of the column was slightly looser or slightly tighter than
that of col. ii. The spacing of the four extant lines in Fragment 9 is in fact significantly greater
than the average in cal. i, so it is more likely that col. i line x+1 was the eighth line. Inany case,
col. i has to have contained statements of at least seven events with distinct index letters.



3.9 The layout of the Parapegma Inscription

If PP1 col. i contained no events between the Vernal Equinox and the event of line x+1,
the index letter corresponding to the Vernal Equinox was iota; otherwise it would have
been an earlier letter of the alphabet. PP2 col.iii's events certainly accounted for a series
of index letters from alpha through lambda, all of which are visible on the corresponding
part of the Zodiac Dial Scale. PP2 col. iv had events with index letters beginning with
mu and extending to omega (index letter preserved on the Zodiac Scale). We can thus
provisionally summarize the contents of the four columns of parapegma text as follows:

PP1 col.i PP1 col.ii

Capricorn — Pisces Aries — Gemini

index letters: at least eight iota (or earlier) — sigma
> 9 lines > 11 lines

PP2 col. i PP2 col.iv

Libra — Sagittarius Cancer — Virgo

alpha — lambda (or later) mu — omega

> 12 lines 14 lines

In PP1, the right column follows immediately after the left in the order of the Sun’s motion
through the zodiac, but in the PP2 the left column follows the right. Arranged as above,
with PP1 abave PP2, the four columns run clockwise, whereas if PP2 is put at the top,
the columns run counterclockwise. Since the Zodiac Dial Scale, like all the known dials of
the Mechanism except the four-year Games Dial of the back face, run clockwise, it makes
sense for the inscription, in its original mounting on the Mechanism, to have occupied the
parts of the front face above and below the dial as Price conjectured in 1974, with PP1
as the top part and PP2 as the bottom part. In this way, each of the four columns would
give information pertaining to the Sun's movement through the nearest quadrant of the
Zodiac Dial Scale. As a corollary, the Zodiac Dial Scale would have to have been oriented
so that the beginning of Aries was at the top, as Price guessed in 1974.4°

Fig. 3.10 shows the approximate locations of the surviving parts of the Parapegma Plates
according to this hypothesis. What clinches the argument is the bearing mounted behind the

|

45 Price 1959, 62-63, right figure, shows outlines of Fragments G and C oriented so that
the beginning of Cancer (the Summer Solstice) would have been at the top. It is not known
what considerations led him to put the beginning of Aries at the top in 1974, though if we
take him at his word (Price 1974, 13), he believed that he had confirmed in 1961 the correct
physical join between Fragments C and A which would have determined the orientation.

)
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right end of PP1's bottom edge in Fragment C, which turns out to be approximately where
the bolt of the presumed upper right sliding catch of the Dial Plate would have projected
when in the engaged position.*® The rivet hole and vestigial feature on PP2 in Fragment
Care suitably positioned to be the remains of another bearing which would have received
the bolt of the lower left sliding catch of the Dial Plate—which is in fact the extant one!
Itis thus apparent that the Parapegma Plates were riveted to the wooden frame housing
the gearwork by rivets like the one in Fragment 20 (which was at the exact midpoint of
PP2's upper edge), while the Dial Plate, when in place, was attached to the Parapegma
Plates by the sliding bolts. The projection of the bearings attached to the Parapegma
Plates beyond the plates’ edge (Fig, 3.4) would have prevented the Dial Plate from falling
into the gearwork when it was disengaged.

The approximate dimensions of the original plates can be determined from the known
position of the dial, which was centered slightly higher than the geometrical center of the
Mechanism'’s front and back faces. We can estimate the usable height of the upper plate,
PP1, as about 65-68 mm, and that of the lower plate, PP2, as about 83 mm.#” Taking into
account the extant margins at the bottom of PP1 and at the top of PP2, this would mean
that the columns of PP1 probably could not have contained more than twelve lines, while
those of PP2 could have contained fifteen or possibly even sixteen lines. This is consistent
with what we previously deduced about the numbers of lines in each column, and confirms
that PP1 was indeed at the top.

The alphabetic sequences of index letters obviously cannat have followed the clockwise
structure of the inscription’s contents. The events in PP2 col. iv follow directly after
those of PP1 col. ii in their annual cycle, but the index letters jump back from sigma to
mu. Moreover, while the other columns would not seem to have listed more than thir-
teen events at most, PP1 col. i would have to have had to contain something like twenty
events to account for the end of the alphabet begun in PP2 col. iii plus the beginning of
the alphabet continued in PP1 col. ii.

——
46  Precise measurements cannot be obtained for the distance of the bearing from PP1's
right edge or for that of the extant sliding catch from the corresponding edge of the Dial
Plate because both plates are badly fractured and distorted in those regions.

47 SeelAM 1.5.



Fragment C

PP2

Figure 3.10: Known original locations of the surviving fragments of the front face
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A satisfying resolution of the index letter sequences has been proposed by T. Freeth,
who has partrayed it in a conjectural reconstruction of the Mechanism's front face.“® The
reconstruction can be deduced as follows. One may reasonably assume, first of all, that
the sequences of index letters of PP1 col. ii and PP2 col. iv, which begin in the middle of
the alphabet, were each continuations of sequences in one of the other pair of columns.
Itis known that PP2 col. iii began with alpha and included iota, so it cannot have been
the first part of the same sequence as PP1 col. ii which also had an event indexed with
iota. The alternative is for PP2 col. iii to lead into PP2 col. iv, that is, lettering the events
on this plate according to the normal “reading” order for a text in columns, that is, from
left to right. One would thus infer that there were no more stellar events listed in col. iii
following the event indexed lambda at the 7th degree of Sagijttarius. Complementarily,
PP1 col. i leads into PP1 col. ii in both the astronomical and the “reading” order, so col. i
began with alpha. In each plate of the inscription, one would have seen a single continuous
alphabetic sequence, which comprised a complete alphabet in PP2 but an incomplete
one in PP1. On the dial, the sequence would have been continuous within each quadrant,
but there would have been discontinuities in the sequence of letters at the beginnings
of Cancer, Libra, and Capricorn.

Accepting Freeth's hypothesis, we can revisit the reconstruction of PP1 col. i and the
questions of how many events it listed and how many lines there were between lines 1-4in
Fragment 9 and line x+1 in Fragment C. Let us consider the possibilities for reconstructing
the two columns systematically:

(1) The only lost lines from the top of col. i were the two that contained the Sun's
entry into Aries and the Vernal Equinox, with the index letter iota. In this case, the
IA remaining from col. i is in a position intermediate between the original eighth
and ninth lines of col. ii, so that the line that ended with the IA must have been
either the eighth or the ninth line of col. i.
(1a) If it was the eighth line, it contained the seventh event in the column, and
had index letter eta. Then there must have been a ninth line and an eighth
event ending the left column, with index theta, to obtain continuity with the
right column’s index letters.
(1b) If it was the ninth line, it contained the eighth event, had index letter theta,
and was the last line and event of col. i.

(2) There were at least three lines, and at least two events, lost from the top of col.

I

48  Freeth G Jones 2012, Fig. 4; the text of the Parapegma Inscription as shown there
reflects a provisional transcription of the fragments and differs in some details from the
edition presented here.



ii. Thus the index letter of the top line of col. ii was either theta or a letter earlier
in the alphabet than theta. In this case the line of col. i to which the IA belonged
waould have been at least the ninth line and eighth event of the column, and so
would have been indexed with theta or a letter later in the alphabet than theta.
Since this overlaps with the lettering of col. ii, we can dismiss this passibility.

Thus we can confirm that col. i had 9 lines and listed 8 events, indexed alpha through
theta. On logical grounds we do not have a way of knowing whether the line ending in
IA was the eighth line indexed as eta or the ninth line indexed as theta, but the wide line
spacing in Fragment 9 argues for this line having been the eighth. PP1 col. i contained
ten (iota through sigma); PP2 col. i contained eleven (alpha through lambda); and PP2
col. i contained thirteen (mu through omega).

Figure 3.11: Combined image of PP1, incorporating CT composite images of Fragments 9
(upper left) and C (lower right) superimposed on the 1905 photograph of C
(Image: Antikythera Mechanism Research Project)

We can thus offer a provisional reconstruction of PP1 as follows (Fig. 3.11):

col. i
9) 1 [A v Alyoképwc dpyleTar ava[TéNAeIV.]
2 [ v tponaixe]uepvali. A]
3 [Bv —7- emméN] el v €g[népiog/mepia. nn]
4 [rv  -13= E]
(lost) 5 [Av lost ]
6 [Ev lost 2l
7 lzv  lost ]
©) 8 [Hv lost 11A
(lost) 9 [Ov lost ]
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col.ii

(lost)

[Hv lost ]
9 [Ov lost 11A
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- O

Kp1og dpxeTal EMTEME.]

11 eolnleplilaf nn]
'Yad[eg duov]Tal Egnepial. v KA

v___ Tadpog dpyeTal avateMelv. A

vl Aupa€[miT]eMel1] €onepia. vIA

v MAeiag enifTéMer ed1fo]c. v IZ

v Yag EniTeMer v ewia. v KE

v Aidupol dpyovral EMTENEN. [A]

v

v

AETOC ENITENEI EaNEPIO]C. NN
APKTOUPOG SUVEI v EDIOC. V|

Two of the missing lines in col. i would have contained the Sun's entries into Aquarius

and Pisces.

At this point we have arrived at definitive totals for the events and lines in each column:

PP1 col. i

Capricorn — Pisces

alpha — theta (five stellar events)
9 lines

PP2 col. iii

Libra — Sagjttarius

alpha — lambda (eight stellar events)
12 lines

PP1 col. ii

Aries — Gemini

iota — sigma (seven stellar events)
11 lines

PP2 col. iv

Cancer — Virgo

mu — omega (ten stellar events)
14 lines



3.10 Tentative identifications
of missing asterism names

The names of seven asterisms are preserved in the Parapegma Inscription: Sirius, Arcturus,
Pleiades, Hyades, Lyra, Aquila, and Orion. As already nated, these are all found among the set
of fifteen asterisms that served as a standard repertoire for the majority of parapegmatsa,
starting with the citations of Euktemon and Eudoxos in the Geminos Parapegma and
other sources (see section 13). It is a reasonable hypothesis that this repertoire provided
all the asterisms of the Parapegma Inscription. Each asterism has four annually recur-
ring visibility events, and in the case of Orion and Scorpius the parapegma tradition also
sometimes distinguished between the dates when the asterism begins to rise or set and
when its entirety is considered to rise or set, making a total of 68 potential events in a
‘complete” parapegma. In practice no extant parapegma or set of parapegma data at-
tributed to an individual authority is complete in this sense. The citations of Euktemon in
the Geminos Parapegma, for example, amount to only forty events, with another five or
so being attested in other sources. Some events seem to have held little interest across
the tradition; for example settings of Vindemiatrix and risings of Sagitta are seldom listed.
The Mechanism's parapegma, with thirty stellar events, would have been selective even
by the tradition’s standards.

In several partially preserved lines of the Parapegma Inscription, the name of the asterism
is lost but we have some clues ta its identity, such as the grammatical number and gender
of the name and its approximate length, in addition to the rough date when it was supposed
to occur. As a guide to the events that would be plausible candidates for listing within a
date range, we have constructed a “model” parapegma (section 13) based on a modern
theory for estimating visibility dates. It must be kept in mind, however, that modern visibility
models reproduce ancient visibility reports only within very broad tolerances (see section
14); the differences between dates in our model parapegma, for example, and dates of
the same events ascribed to Euktemon or Eudoxos exhibit standard deviations of around
10 days. We have also used several other ancient parapegmata and parapegma-like texts
as guides to the ranges of dates that the ancient tradition allowed for ancient events.4®

PP1 col.i
3 [Klwv v eémTéN]Aerv ealnépiog. nn]
3 [Sirius ri]ses in the eve[ning. nn]

The only evening rising that takes place while the Sun is in or near Capricorn is that of
Sirius. Sirius's evening rising is surprisingly rarely listed in parapegmata, though the Geminos

49 Most of the texts are conveniently collected in Wachsmuth 1897 and Lehoux 2007.
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Parapegma cites Eudoxos for its occurring on the zodiacal date Sagittarius 16, which is
about twenty days too early. The available space would suggest a longer asterism name.
However, the presence of an otherwise unexplained vacat after enitéAAel might reflect an
effort to stretch out a short line of text for better appearance (cf. the vacat in the short
col. ii line x+6), in which case another vacat can be hypothesized after the name.

PP1 col. ii
x+1 [K v MAeiddeg dvvou]ar éalnlep(ilali. nn]
x+1 [K v Pleiades se]t in the evening, [nn]

There is a very strong expectation that a parapegma would list the evening setting of the
Pleiades, which would occur while the Sun is in Aries. Moreover, the preserved Al at the
left edge requires a plural subject, ruling out other events that fall within this zodiacal
month, and the restoration given above fits the available space (estimated 12 letters)
well. For alternation between plural and singular forms of the asterism name, compare
lines x+2 and x+6.

PP2 col. iii
3 [B v 'Epigorém]téNNouav [E]legnépiol. IA

4 [T v Mheiag émiT]éNAe[I €o]nepia. 1A

5 [A v ITépavog ediog enijTéNAel. IC

3 [B v Haedi] rise in the evening. 11

4 [ v Pleias] rises in the evening, 14

5 [A v Corona] rises [in the morning]. 16

The surviving text of these lines shows that the listed events for Libra were the evening
rising of an asterism with a plural name, probably masculine,®® then an evening rising of
a feminine singular asterism, and thirdly a rising of a singular asterism of indeterminate
gender. (Line 5 is the only instance of a stellar event having no indication of morning
or evening following the verb; the horizontal spacing relative to the preceding lines

50 Itis worth considering the possibility that éanépioc was employed in this line as an
adjective of two terminations, modifying a feminine plural asterism. Only two asterisms
other than Haedi have plural names amang the anes used regularly in parapegmata: the
Pleiades and Hyades. M\eiadeg is definitely too long to be squeezed into the available space,
which is determined by XnAaiin line 1.'Yadec would fit, but the evening rising of the Hyades
(effectively Aldebaran) takes place about twenty days later than the 11th day or degree in
Libra; the dates ascribed to Euktemon and Eudoxos are indeed early too in comparison to
modern computation, but not this early. There is also na credible candidate for a feminine
singular asterism having an evening date soon after the evening rising of the Hyades.



suggests that the expected adjective preceded the verb rather than being omitted.)
From the day/degree numerals and the Zodiac Dial Scale inscriptions we know that
these events fell around the middle of the zadiacal month and that the next stellar
event was at Scorpio 4°.

The only masculine plural asterism in the standard Parapegma repertoire is Haedi
(épipor). Our calculations estimate the evening rising of Haedi as occurring while the
Sun is in Virgo or (for very southerly latitudes) just entering Libra, but the parapegma
tradition inclines to later dates. The Geminos Parapegma states that it falls on Libra day
3 according to Euktemon. Columella (11.2.66) has a listing of the event on September
27,i.e. day 2-4 counted from the Sun's entry into Libra on the autumnal equinox (which
he places on the three days September 24-26), and this is consistent with the Eukte-
mon date in the Geminos Parapegma. However, Columella (11.2.73) also lists the same
event on October 6, i.e. day 11-13 in Libra. Comparably late dates are given in the Aétios
Parapegma (October 7, ed. Wachsmuth 291), in Lydos, De Mensibus (October 6 according
to Demokritos, ed. Wunsch 163), and in the Clodius Tuscus Parapegma (October 4, 8,
and 9, ed. Wachsmuth 149). We consider the identification of the asterism of line 3 as
Haedi to be highly probable.

The feminine name of the asterism of line 4, unless there was a vacat, should have been
about one letter's width wider than the presumed épigol of line 3. This was probably
MNAeids, the singular form of the Pleiades attested in PP1 col. ii line x+5. The evening rising
of the Pleiades, an event unlikely to be skipped in a parapegma, is listed in the Geminos
Parapegma for Libra day 5 according to Euktemon and day 8 according to Eudoxos, both
being slightly later than our calculated dates. Closer to line 4's day/degree number 14 are
the listings in Pliny (October 10 according to Caesar, 18.74.313), Columella (October 10,
11.2.74), and Clodius Tuscus (October 9 and 12, in addition to several earlier dates, ed.
Wachsmuth 146-149).

The event of line 5 occurring at day/degree 16 is most likely the morning rising of Co-
rona Barealis; the date comes tao soon after the evening rising of the Pleiades for the
evening rising of the Hyades. Again the dates in the Geminos Parapegma are earlier,
Libra 7 according to Euktemon and 10 according to Eudoxos. On the other hand, Pliny
(18.74.313) gives October 8 specifically for Alphekka according to Caesar and October
15 for the constellation as a whole, Columella (11.2.73-74) gives October 8 and 13-14,
and Clodius Tuscus gives October 8, 11, and 13 (along with other earlier dates, ed.
Wachsmuth 149).

We know from the Zodiac Dial that there were three stellar events in the zodiacal month
of Scorpio, at the 4th, 17th, and 22nd degrees, and two in Sagittarius, at the 3rd and 7th
degrees. The corresponding day numbers would have been the same as the degrees in
these zodiacal months, or at most differing by one. Since the model parapegma lists well

—_
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over five stellar events for these signs, any identifications of the events that were listed
on the Mechanism would be exceedingly speculative in the absence of further clues.
PP2 col. iv

13 [W v Ai€€mTéNel €anepia. 1O)]

14 [Q v ApkTOOPOC EMITENEI €DI0C. KA]

13 [V v Capellarises in the evening, 19]

14 [Q v Arcturus rises in the morning, 21]

The morning rising of Arcturus, a few days before the autumnal equinox, was perhaps
the single most important and widely recognized stellar event of the year for the Greeks,
so that it is hard to believe that the event indexed as omega at the 21st degree of Virgo
was anything else. The best candidate for the event indexed psi, at the 19th degree, is
the evening rising of Capella.



3.11 Fragment 28

We now turn to the one remaining fragment of the Parapegma Inscription, Fragment 28,
that we have not accounted for (Fig. 3.12). Parts towards the ends of five consecutive
lines are preserved, but the preserved information is extremely limited:

Figure 3.12: CT composite image of Fragment 28
(Image: Antikythera Mechanism Research Project)

line z+1: possibly a stellar event whose numeral indicating the degree or day within
the relevant zodiacal sign is in the twenties, but the reading is not certain.

line z+2: the Sun’s entry into a zodiacal sign that does not correspond to a solstice
or equinox since the next line is a stellar event.

line z+3: a stellar appearance or disappearance in the evening, with numeral 16.
line z+4: appearance or disappearance in the evening of an asterism whose gender
is feminine, with numeral in the twenties.

line z+5: indeterminate because of severe surface damage.

This fragment obviously did not come from anywhere in PP1 col. ii, and the zodiacal sign
entered in line z+2 cannot be Capricorn, Cancer, or Libra. We can also rule out Scorpio and
Sagittarius in the latter column, because the day/degree numerals preserved in Fragment
28 lines z+3 and z+4 do not even nearly match the preserved locations of the first two
index letters in the Scorpio and Sagittarius sectors of the Zodiac Dial Scale.

There was at most one line below PP1 col. i line x+1, so if Fragment 28 was part of this
column, it must have been partly or entirely above line x+1. Moreover, the Sun’s entry into
Pisces would have had to come between Fragment 28 line z+4 and col. i line x+1, since the

_
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day/degree number 11 in col. i line x+1 is less than the day/degree numbers in Fragment
28 lines z+3 and z+4. Thus the only possible placement for Fragment 28 in PP1 col. i would
be such that Fragment 28 line z+2 is the Sun's entry into Aquarius.

We have thus narrowed down the possible identifications of the zodiacal sign entered in
line z+2 to Aquarius, Leo, or Virgo. The listed events immediately following this entry were
two evening risings or settings, the second of which was of a feminine singular asterism.
No feminine asterism has an evening event during or sufficiently near the zodiacal month
of Leo, so we are left with Aquarius and Virgo.

For Aquarius, the only candidate for the feminine asterism is Lyra. Our calculations place Lyra's
evening setting late in the zodiacal month of Capricorn or early in that of Aquarius. In the
Geminos Parapegma it falls on Aquarius day 3 according to Euktemon and day 11 according
to Eudoxos; other parapegmatic sources give a wide range of dates, among which the latest
are February 6 (approximately Aquarius 16) in Clodius Tuscus (ed. Wachsmuth 122) and
February 7 (approximately Aquarius 17) in Pliny (Naturalis Historia 18.235, ed. Wachsmuth
324). The necessary restoration, AUpa 6UeTal, at ten letters is very short for the estimated
T4-letter gap (the somewhat more common verb 6Uvel would make it still shorter). There
also exists one just acceptable candidate for the event of line z+3: the evening setting of
Delphinus. By our calculations, this should have occurred around the middle of Capricorn,
while in the Geminos Parapegma it falls on Capricorn day 27 according to Euktemon, and
Aquarius day 4 according to Eudoxos; the latest date given in the parapegma literature seems
to be January 28 (approximately Aquarius 7) in the Aétios Parapegma (ed. Wachsmuth 293).

Since PP1 col. i contained a total of five stellar events, including one in Capricorn on line 3
and one in Pisces on line x+1, with the two events on z+3 and z+4 hypothetically assigned
to Aquarius, the remaining event could have belonged to Capricorn on line 4, Aquarius on
line z+5, or Pisces on line x+0 or x+2, so that we could not assign absolute line numbers to
the lines of Fragment 28 or to x+1 on Fragment C. The proposed restoration of Fragment
28 would be as follows:

(28) z+1 [v 1K[n?]
z+2 [ v 'YOpOX00G apxeTal ENITIEMEN. [A]
z+3 [ v Aehgig dueTal éonélpiog. v IC
z+4 [ v AUpaduetal éonelpia. vK[n?]
25 [ -nm- B[]

(28)  z+1 12[n?]

742 Aquarius begins] to rise. [1]

7+4 Lyra sets] in the evening. 2[n?]

[
[
z+3 | Delphinus sets] in the evening, 16
[
[ 1.1 ]

7+5



We now turn to Virgo. In this sign, Capella is the only possibility for the feminine asterism
in line z+4. Our calculations estimate that its evening rising could fall anywhere within
the zodiacal month of Virgo, with the date varying considerably according to latitude.
In the Geminos Parapegma it falls on Virgo day 20 according to Euktemon, and Libra
day 4 according to Eudoxos. The restoration ATg éniTéNAel, at 12 letters, would need
a bit of stretching to fit the 14-letter gap, but this could have been done with small
vacats or just slightly wider letter spacing, or line z+2 might have been more tightly
spaced than usual.

An evening event that could plausibly have preceded the evening rising of Capella in
Virga's zodiacal month is the evening setting of Vindemiatrix. By our calculations this
would occur within a few days of the 12th day of Virgo. But the restoration Mpotpuyn-
P 6uvel (or still worse, bUetar) seems too long for the space, unless the rare variant
Tpuyntip or Tpuynths was used. Moreaver, it would be unexpected to have Vindemiatrix
represented in the parapegma by its evening setting rather than its morning rising, a
few days later, which was traditionally the harbinger of the vintage as the star's Greek
and Latin names signify; the anly attestation of the evening setting in the parapegma
literature seems to be in the Geminos Parapegma, Leo day 18 according to Dositheos,
a surprisingly early date.

The only other stellar event we can suggest for z+3 is the evening rising of Pegasus;‘Innog
eniTéNel is a good fit to the available space. The model parapegma, which in general
appears to yield dates for this large constellation that are not as close as one would
wish to the dates in ancient parapegmata, predicts dates for the evening rising late in
the zodiacal month of Cancer or early in that of Leo, and the Geminos parapegma cites
Euktemon for Leo day 17.5' On the other hand, the two dates offered by the Clodius Tuscus
Parapegma (ed. Wachsmuth 145-146) are September 6 (approximately Virgo 11) and 14
(approximately Virgo 19), both comfortably within the zodiacal month of Virgo, and Lydos
De Mensibus (ed. Winsch 160) also gives September 6 with Eudoxos as authority. (This
event is not among the Eudoxos data in the Geminos Parapegma.)

On the zodiac dial, stellar events are marked at the 19th and 21st degrees of Virgo. These
cannot be reconciled with the day/degree numerals in lines z+3 and z+4 unless these
numerals are to be interpreted as day numbers counted from the Sun's entry into the
zodiacal sign, and in this case the zodiacal month of Virgo would have had to be assumed
tobe 31 days long rather than 30 (its length according to the Geminos Parapegma). The
restoration would thus be as follows:

51 Pliny 18.74.309 gives August 12 according to “the Athenians,” which would closely
match the Eukteman date.
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1K[n?]

NapBévoc dpyeTal MITIEANEIV. [A]
‘Innog éniTéAAel éané]piog. vIC

A€ EmTéNAEl €onepia . vK
ApKTOUpOC EMTENEI] € Q1 [0C. KB]

N ow N = O
S e <3 <
< < < < <

Iy v ]2[n?]

[® v Virgo begins] to rise. [1]

[X v Pegasus rises] in the evening. n 16
[W v Capellarises] in the evening. n 20
[Q v Arcturus rises] in the morning, [22]



3.12 Astronomical assessment

A recent astronomical assessment of the Parapegma Inscription was based on the con-
tents in PP1 col. ii as transcribed by Rehm and Price-Stamires, that is, lines x+2 through
x+9 without knowledge of the degree/date numerals.3? In other words, the only available
information was the order of six stellar phenomena relative tao each other and to the two
preserved dates of sign entry. For purposes of analysis, the authors computed dates of
the stellar phenomena by modern theory for 150 BC and for a range of latitudes from 25°
to 45°, making almost identical assumptions to ours about which stars constitute each
asterism for purposes of visibility, but applying a different model for stellar visibility. 33 For
any pair of stellar events listed as occurring consecutively in the Parapegma Inscription, a
"sequence error" was defined as 0 if the order of events agreed with modern computation
for a given latitude, and otherwise as the positive number of days separating dates of
the two events as computed by the modern visibility model. "Zodiac errors" were similarly
computed between all the stellar events and the dates of sign entry. The sum of sequence
errors or of zodiac errors for a particular latitude was taken as a measure of the fit of the
Parapegma Inscription’s contents to that latitude.

The conclusion of this study was that the contents of PP1 col. ii lines x+2 to x+9 fit best
latitudes between 33.3% and 37.0°. Similar tests of sequence and zadiac errors applied to
the Euktemon and Eudoxos data in the Geminos Parapegma found larger inaccuracies
than for the Mechanism data, especially in the case of the Eudoxos data which includes
several large outliers that strongly affect the calculated errors.

The discovery of the date/degree numbers in the Parapegma Inscription offers an oppor-
tunity for a more precise assessment of the recorded phenomena. Complete numerals
are preserved for five stellar events in PP1 col. ii in the zodiacal months Aries, Taurus, and
Gemini, in all of which the identity of the asterism and phenomenon is certain. A further
three numerals of events in Libra are preserved in PP2 col. i, and we consider our resto-
rations of the lost asterism names to be probable enough to use these events since the
descriptions of the events are otherwise at least partly preserved. The identifications of the
eight asterisms and phenomena whose degree numbers in Virgo, Scorpio, and Sagittarius
are marked by index letters on the zodiac dial seem to us to be too uncertain to use. We
thus have taken into consideration a smaller data set consisting of just the five events in
PP1 col. ii, and a larger set that also includes the three events in PP2 col. .

|

52 Anastasiouetal. 2013.

53  See Appendix 1 (section 13) for our identifications of asterisms with individual stars;
the only divergence is that Anastasiou et al. use an aggregate apparent magnitude and mean
position for the Pleiades. The visibility models are discussed in Appendix 2 (section 14).
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Zadiacal dates for each asterism were calculated by modern theory for 100 BC by the
method described in Appendix 2. The degree/date numbers of the Mechanism's inscription
and the degree numbers associated with the Scorpio events were treated as zodiacal
dates, using the lengths of zodiacal months in the Geminos Parapegma. In the following
table, we give the latitude yielding the closest fit to the Mechanism data (as defined
in Appendix 2), the mean difference (Mechanism minus modern theory), and standard
deviation. Fig. 3.13 shows how the standard deviation varies with the latitude used for
the modern theory calculations.

==smaller set

Standard Deviation

(| arger set

30 31 3z 33 34 35 36 37 38 39 40 41 42
Latitude

Figure 3.13:. Fit of the Parapegma Inscription data to modern theory calculations accord-

ing to latitude
Latitude Mean difference Standard deviation Number of events
Smaller set 34°13 -3.1d 8.9d 5
Larger set 33°4' -0.6d 8.6d 8

The results are broadly consistent among the data sets and consistent with the results
obtained by Anastasiou et al. In Appendix 2 we show indications that best fits to our vis-
ibility model may underestimate latitudes by about a degree and a half. Correcting for this
would bring the estimated latitude for the data in the Parapegma Inscription to about
35°, which suggests that its contents were based, directly or indirectly, on observations
made at a mid-Mediterranean locality such as Rhodes or, at furthest north, southern
Greece. Egypt (roughly 31° or less) is much less likely, and Epirus (around 41°) more or
less out of the question. The small mean difference found for the larger set could mean



either that the inscription was based on recent observations or that, in adapting older
data, the stellar phenomena were aligned with zodiacal dates in a manner that would
conceal the precessional shift. The standard deviations for the best fit latitudes are in
the same range as we have found for the Euktemon and Eudoxos data in the Geminos
Parapegma; the number of dates preserved in the Parapegma Inscription is too small to
allow a meaningful appraisal of whether its dates are on the whole more or less accurate
than the Euktemon and Eudoxos dates.
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3.13 Appendix 1.
Model Parapegma

The fifteen asterisms for which the parapegma tradition transmits statements of risings and
settings attributed to Euktemon are as follows:

Greek name Translation Modern name
AETOC Eagle Aquila

Al Goat Capella
ApKTOUPOC Bear-guard Arcturus
AeNPIC Dolphin Delphinus
‘Epigol Kids Haedi

‘Innog Horse Pegasus
Kwv Dog Sirius

AUpa Lyre Lyra

0ioToC Arrow Sagitta
MAeladec, MAeiAg Pleiades, Pleiad Pleiades
MpoTpuynTrp Vintage-bringer Vindemiatrix
TKopniog Scarpion Scorpius
ITEPAVOC Crown Corona Borealis
'Yadec,'Ydc Hyades, Hyad Hyades
Qpiwv Orion Orion

The majority of subsequent authorities and texts in the ancient parapegma tradition used
these asterisms either exclusively or with very few additions. The parapegma presented
in this appendix gives zodiacal day numbers for all four visibility events for the asterisms
of Euktemon, computed by the software Alcyone Planetary, Lunar and Stellar Visibility
version 3.1.0 (PLSV), which employs an implementation of the "classical" visibility model
of Schoch (see Appendix 2). Julian calendar dates of the events were determined for 100
BC and for three latitudes: 31° (approximately valid e.g. for Lower Egypt and Alexandria),
36° (e.2. Rhodes and generally mid-Mediterranean latitudes), and 41° (e.g. Epirus and
Rome). For individual stars Sirius (a CMa), Arcturus (a Boo), Capella (a Aur), and Vindem-
iatrix (e Vir), the visibility dates can be determined directly. For the other asterisms, the
following criteria were adopted:

- Small constellations and clusters (Lyra, Aquila, Corona Borealis, Pleiades, Hyades,
Haedi, Sagitta, Delphinus): the asterism is considered to rise or set (in the sense
of Parapegma phenomena) when its brightest star rises or sets.

- Pleiades: Alcyone (n Tau)

- Hyades: Aldebaran (a Tau)®*
- Lyra: Vega (a Lyr)

- Aquila: Altair (a Aql)



- Corona Borealis: Alphekka (a CrB)
- Haedi: n Aur

- Delphinus: Rotanev (B Del)

- Sagitta: y Sge®®

- Large constellations (Orion, Scorpius, Pegasus): the asterism is considered to begin
to rise or set when the first of certain designated bright stars rise or set, and it is
considered to rise or set entire when all the designated stars have risen or set.

- Orion (large constellation): Rigel (B Ori), Betelgeuse (a Ori), Bellatrix (y Ori),
Saiph (« Qri)

- Scorpius: Acrab (B Sco), Shaula (A Sco)

- Pegasus: Scheat (B Peg), Markab (a Peg), Algenib (y Peg), and Alpheratz (a And)*®

54  Aldebaran was considered by Greek astronomers to be part of the Hyades; see e.g.
Ptolemy, Almagest 7.5, ed. Heiberg 2.88.

55  Sagitta, a small constellation consisting of only dim stars, is problematic in the par-
apegma tradition. Only setting dates for Sagitta were recorded (Columella 11.2.21 assigns
its evening rising to February 22, but this is obviously an error for the evening setting),
and in most sources the dates are extremely late. The evening setting, according to the
PLSV model, should take place in early January (January 2 for latitude 31°, January 10 for
41°in 100 BC). However, the date attributed to Euktemon in the Geminos Parapegma (the
constellation’'s name is missing in the Greek text, but can be restored from the medieval
Latin version) was the 22nd of the zodiacal month of Aquarius, which would be about the
middle of February, and other parapegma statements in Columella (11.2.21, making the
correction just mentioned) and the Aétios Parapegma (ed. Wachsmuth 293) and Clodius
Tuscus Parapegma (three dates, ed. Wachsmuth 123-124) have dates in the range Febru-
ary 18-27. These greatly outnumber the attestations of dates close to the expected ones
in the Clodius Tuscus Parapegma (January 13, ed. Wachsmuth 119), and Pliny 18.64.234
(January 5 specifically for Egypt). The PLSV model predicts Sagitta's morning setting in mid
August (August 8 for 31°, August 18 for 41° in 100 BC). The Euktemon date in the Geminos
Parapegma is the 10th day in Virgo, about September 5, which is Pliny's date for Attica
(18.74.310), while the Quintilius Parapegma (ed. Wachsmuth 294), Pliny again (for Assyria,
18.74.309), the Aétios Parapegma (ed. Wachsmuth 291), and the Clodius Tuscus Parapegma
(ed. Wachsmuth 145) have dates ranging from August 25 to September 4. Anastasiou et
al. 2013, A8 (online version only) explain the discrepancy between the Euktemon dates for
Sagitta and those predicted by their visibility model as due to the dimness of y Sge; but this
will not do for the huge lag of the attested dates for evening setting after the expected
dates since by the attested dates the constellation is well below the ideal horizan at sunset.
56  Alpheratz was considered to be common to Andromeda and Pegasus; see Ptolemy,
Almagest, 7.5, ed. Heiberg 2.76. Pegasus is a very large constellation, making the identification
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The Julian calendar dates were then converted to zodiacal day numbers using the dates of
the Sun’s entry into the zodiacal signs computed for 100 BC by the JPL Horizons ephemeris. >’

Even for individual stars, modern models of stellar visibility are based on a slender em-
pirical base, and one should assume that our computed zadiacal dates are anly rough
approximatians of the dates when the risings and settings would have been observed
by an ancient observer with reasonably good eyesight, a clear horizon, and favorable at-
mospheric conditions. Closely spaced groups of stars would probably have had a greater
effective visibility than the brightest single star among them; in particular, our model
surely underestimates the visibility of the Pleiades (apparent magnitude 1.6 in contrast to
Alcyone's magnitude of 2.9). For the larger constellations, we have the added uncertainty
concerning which stars any particular parapegmatist would have considered essential for
stating that the constellation was partially or completely visible.

We have also given stellar dates attributed to Euktemon and Eudoxos in the Geminos Par-
apegma, supplemented for Euktemon by a few dates that can be estimated by combining
information from the Geminos parapegma with the parapegma in the manuscript Vind. phil.
gr. 108 ff. 282v-283r (V) and the Miletos parapegma fragment IMilet. inv. 456A (M).%8 For a
comparison of these dates with the those generated by the PLSV model, see Appendix 2.

m{ stars" particularly difficult; we have selected the four brightest stars, which
form the quadrangle that represented the horse's torso.

57  http://ssdjpl.nasa.gov. We used tropical longitudes since that is ostensibly the frame
of reference of parapegmata that count days from a solstice or equinox.

58  The Vienna text, which gives unattributed intervals in days between consecutive stellar
risings and settings rather than absolute day numbersin a chronological framewaork, is edited
in Rehm 1913, 14-26; for its close relation to the Euktemon data in the Geminos Parapegma
see pp. 12-13 and Hannah 2002. IMilet. inv. 456A was originally published in Diels G Rehm
1904, with a more cautious reedition in Lehoux 2005. (The dates of stellar phenomena given
as applicable to Attica in Pliny 18 are also mostly equivalents of Euktemon dates expressed
in the Roman calendar.) The intervals between stellar phenomena reported for Euktemoniin
the various sources exhibit frequent small variations (and occasional larger ones), probably
because Euktemon’s dates were adapted in different ways to the zodiacal framewarks of
later parapegmata.



ASTERISM EVENT 31° 36° 41° EUKTEMON | EUDOX0S
Pleiades ES v 17 Y17 17 Y10 Y13
Scorpius begins | ER Y 21 VY 21 Y 20 00 29

Qrion begins ES Y 29 YV 26 23 Y13
Hyades ES YV 28 Y 27 VY 26 Y 23 Y 21
Lyra ER %' 5 YV 28 Y19 % 2 Y 27
Capella MR % 6 YV 28 YV 15 % 8 % 9
Vindemiatrix MS YV 29 % 7 % 20 Y13
Orion ES % 13 % 11 % 8 V: P80 % 1
Sirius ES % 20 % 14 % 11 % 2 % 2
Haedi ES % 12 Y 14 % 16

Haedi MR % 21 % 18 % 14

Scorpius ER %’ 19 %’ 20 % 22

Sagitta ER %’ 30 % 24 % 19

Pleiades MR % 22 % 25 %’ 29 % 13 % 22
Capella ES w2 w2 |Wa |

Scorpius begins | MS % 28 % 27 % 25 Y 11
Aquila ER I0 3 w3l |Y26 |W3 | X7
Scorpius MS % 29 % 31 IT 4 % 21
Delphinus ER II 8 IT 3 % 30 IT 18
Arcturus MS % 31 I 9 II 22 % 32 I 13
Hyades MR I 5 I 9 I 14 % 32 I 5
Orion begins MR II 27 % 1 g7 I 2452 | XX 24
Corona MS II 31 % 10 % 21 81083
Orion MR % 14 % 19 g 26 % 13 11
Pegasus ER 8 3 % 28 %9 21 8 17

Sirius MR g 23 % 30 8 3 g 2754 | 85 27
Aquila MS 81 8 5 89 % 28 8 5
Sagitta MS 8 13 8 18 8 23 10

Lyra MS 8 13 8 21 §1 30 8 17 8l 22
Delphinus MS 8 17 8 21 8 25 8 18
Vindemiatrix ES P 10 m 12 m 14

Capella ER TP 30 m 17 8l 28 mp 20 N4
Haedi ER ] T 21 m s N3
Vindemiatrix MR TP 24 np 22 mp 21 mp 10




ASTERISM EVENT 31° 36° 41° EUKTEMON | EUDOX0S
Arcturus MR S| p 28 mp 25 Tp 108 | TP 19
Pleiades ER a3 TP 30 mp 24 N5 g
Pegasus MS ] N4 n 7y

Scorpius begins | ES N2 N g mp 29 A 12
Scorpius ES 2 7 210 a5 < 7
Corona MR £ 19 014 N9 N7 £ 1Qse
Hyades ER m 1 29 £ 28 Vo 2087 | L 22
Arcturus ES o 77 me m 15 ms ms
Pleiades MS m 15 m 16 m 17 m 15 m 19
Qrion begins MS m 20 m 17 m 15 m 15 m 19
Lyra MR m 26 m 19 m 11 m 10 m 21
Scorpius begins | MR m 19 m 19 m 19 m 18
Hyades MS m 21 m 20 m 20 m 27 m 29
Qrion begins ER m 22 m 24 m 26 m 12
Sirius MS P7 m 31 m 29 P 7 P12
Corona ES m 25 &3 P 12 VS gee
Orion MS P 5 P4 P2 \; P89 &P 8
Orion ER & 10 P 14 & 18

Haedi MS PN P 14 & 19

Scorpius MR P14 P17 & 20 P 1070 | P21
Capella MS & 13 &P 18 &P 24 & 19 &P 23
Aquila MR & 28 &P 25 &P 22 &P 15 & 26
Sagjtta MR 131 &P 27 & 23

Sirius ER 133 138 81 P 16
Aquila ES 135 138 BN 137 13 18™
Delphinus MR 1313 1310 37 132 V3 1272
Sagitta ES 1310 V3 14 1518 33 257

Delphinus ES V3 14 1316 1519 V3 27 34
Lyra ES 1319 V3 27 3 3 311
Vindemiatrix ER 3B 24 322 33 20 00 12

Arcturus ER 00 10 00 6 00 2 00 12 00 4
Pegasus ES 00 5 00 7 00 10 V- 38 257

Pegasus MR 00 17 00 17 00 17 00 14

Corona ER 00 23 00 17 00 11 00 21
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59 "The first stars of Scorpius set."

60 InVthe evening rising of Orion is listed after the evening setting of the Hyades but as
14 days before the evening setting of Sirius, which is only 10 days after the evening setting
of the Hyades. The numeral must be corrupt.

61 IMilet. inv. 456A col. i lists for what are probably the last seven days of Taurus the
following events: (1) an evening event according to Euktemon; (2) no event; (3) the evening
setting of Capella according to an authority whose name is lost, Philippos, and the Egyptians;
(4) the evening setting of Capella according to Kalaneus of the Indians; (5) no event; (6) the
evening rising of Aquila according to Euktemon, (7) the morning setting of Arcturus according
to Euktemaon and the evening rising of Aquila according to Philippos. V lists the "setting of
Capricorn" following 18 days after the morning rising of the Pleiades and five days before the
evening rising of Aquila. Aiyokepw ("of Capricarn”) must be a corruption of Aiyog (“of
Capella"). The Geminos Parapegma has, for Taurus day 25, 'Aquila (AeT¢) sets in the evening,'
whichis manifestly an error, and Manitius plausibly conjectured that the constellation name here
was again a corruption of Capella (AT€).

62 "Orion's shoulder rises."

63 This dateis clearly an error, though a statement in the Clodius Tuscus Parapegma (ed.
Wachsmuth 142) that the setting takes place on August 5, which would be approximately the
same date as Leo day 10, shows that it was present in the tradition at an early date.

64 Asecondentryat 8] 3: "Sirius conspicuous."

65 Asecondentryat TP 20: "Arcturus conspicuous."

66 Constellation name restored by Manitius.

67 'Fromrising of Corona to rising of Hyades, 13 days. From rising of Hyades to setting of
Arcturus, 16 days."

68 Like the Eudoxos date of Corona's morning setting, this is clearly an error, though the
Clodius Tuscus Parapegma (ed. Wachsmuth 117) and Lydos, De Mensibus (ed. Winsch 73)
give an approximately equivalent date, January 1.

69 'From setting of Pleiades to setting of Orion entire, 3 days." This would put the rising
of Orion atabout T, 15, which is implausibly early. The next event listed in V is the morning
setting ofSirius, so the date for Orion's morning setting should be before € 7.

70 "The sting of Scorpius rises."

71 Names of Eudoxas and constellation restored by Manitius.

73  Constellation name restored by Wachsmuth on the basis of the Latin version. Manitius
conjectures Pegasus. V gives both the setting of Sagitta and the rising of Pegasus on the same
day, while it has the setting of Pegasus 16 days later and 12 days before the vernal equinox
("From setting of Sagitta and rising of Pegasus to <rising> of Vindemiatrix and Arcturus and
setting of Pegasus, 16 days"). Obviously the two events for Pegasus have been erroneously
interchanged. Note that the Geminos parapegma puts Euktemon's date for the evening rising of
Pegasus two days after the evening risings of Vindemiatrix and Arcturus.

74 See preceding note.
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3.14 AFpendix 2.
Modelling stellar visibility phenomena

Whether or not a star is visible close ta the time when it crosses the horizon at rising or
setting depends on astronomical, geographical, atmospheric, and meteorological conditions
in addition to the visual acuity, sensitivity, and observational experience of the individual
observer. If the visibility of a constellation is in question, one must also take into account
which star or set of stars are considered to constitute the constellation’s essential parts.

The astronomical factors are reducible to the star's apparent magnitude and the apparent
positions of the star and the Sun relative to the horizon. These can be modelled accurately
for a particular latitude and chronological period by modern theary, except that we are
unlikely to know the outline of an ancient observer's horizan. Hence we can determine
the exact dates when a star crosses the eastern or western ideal horizon simultaneously
with the Sun. It is not possible, however, to model with exactitude the number of days
after an ideal morning rising or setting a star will have be visible or be seen setting for
the first time by a typical observer, or how many days before an ideal evening setting or
rising a star will be visible or be seen rising for the last time, and there does not even exist
a satisfactory body of empirical data on the basis of which one could say how accurate
the existing visibility models are.

According to the classical “arcus visionis" approach to modelling visibility of heavenly bodies,
which goes back to Ptolemy, the primary criterion for visibility is whether the difference
in altitude (or depression) between the apparent positions of the body and the Sun is
greater than a certain arc (the arcus visionis) which is dependent on both the magnitude
of the body and the difference in azimuth between its rising or setting points and those
of the Sun around the date of the visibility pnenomenon.”® In general, the larger the arcus
visionis, the further the date of the visibility phenomenaon is from the ideal phenomenon.
The azimuthal factor can be treated in a simplified way, by assigning to a given stellar
magnitude two arcus visionis values, one of which applies to the phenomena in which
the Sun and star are both rising or both setting (i.e. morning rising and evening setting),
while a smaller value applies to the phenomena in which one body rises while the other
sets (evening rising and morning setting). Alternatively, one can attempt to model a vari-

|

75  Inthe simplest form, the test is applied to the moment when the apparent altitude of
the body is zero. However, the outline of the true horizon can advance or delay the moment
of sunrise or sunset relative to the rising or setting of the body; and moreover because of
atmospheric extinction it is unlikely that a star will be visible right at the horizon. These
effects can be compensated by setting a “critical altitude” that the body must exceed in
order to be visible.



able arcus visionis dependent on both the azimuth difference and the magnitude; such a
model ought to provide a better representation of the visibility conditions for stars that
are not close to the ecliptic. In any case, values for arcus visionis should be empirically
calibrated, but there is a dearth of reliable data for doing this.”®

An alternative approach, developed by Anastasiou et al, seeks to determine criteria for
stellar visibility from “first principles".”” They first model the brightness of an arbitrary point
of the sky as a function of the point's altitude, the Sun’s depression below the horizon, and
the azimuthal distance between the point and the Sun, on the basis of empirical measure-
ments published by Nawar and by Koomen et al.”® This is then combined with Tousey and
Koomen's table estimating the minimum magnitude for a star to have a 98% probability of
visibility as a function of the brightness of the immediately surrounding sky.”®

For the present paper we have used the Alcyone Software freeware program Planetary,
Lunar, and Stellar Visibility version 3.1.0 (henceforth PLSV). This program uses an arcus
visionis model for stellar visibility, with arcus visionis (h) determined as a function of ap-
parent magnitude (m) according to the following default relations derived by Swerdlow
and Lange from Schoch's estimates of arcus visionis for the superior planets:®°

h =105+ 14m

MRES

h . .=89"+11m

MSER
The critical altitude for visibility was set at 0°, that is, it was assumed that in the absence of
solar glare a star would be visible when at the altitude of the (ideal) horizon. A zero critical
altitude is certainly not correct, and the arcus visionis relations depend an empirical data
of uncertain quality. Although the software allows these parameters to be madified, we
have retained the defaults since we do not have a basis for determining more appropriate
values. For the principal stars used in ancient parapegmata, the values of arcus visionis
yielded by the formulas given above fall in the range of 7°-16°.

Anastasiou et al. report dates of six phenomena involving four individual stars and the

|

76 See the discussion of these problems (by N. M. Swerdlow and R. Lange) "Sources
of Computations and Cautions concerning Accuracy” at http://www.alcyone.de/plsv/
documentation/index.html.

77  Anastasiou et al. 2013, A1-A4 (in the online version).

78  Nawar 1983; Koomen et al. 1952.

79  Tousey G Koomen 1953.

80 Schoch 1927.
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Pleiades, computed by their method for 150 BC and for a range of latitudes, from which we
have selected those for latitudes 31°, 36° and 41°, and in addition two further phenomena
of Vega computed for the same year and the latitude of Athens.8' The mean difference
of their dates aver those we compute for the same year and latitude by means of PLSV is
approximately +1.5 days, with a standard deviation of approximately 3.8 days. While the
number of dates compared is not sufficient to obtain a precise measure of how closely the
two methods agree, let alone to diagnose their divergences, the agreement validates the
usefulness of either method as a provisional standard for evaluating ancient parapegmata.

For Mediterranean latitudes the daily change in the altitude difference between the Sun
and a star can be as little as around half a degree per day or as great as nearly a degree
per day. If we suppose that two observers in the same period and locality are not likely to
have reported a visibility phenomenon for the same star on dates having the altitudinal
difference between star and Sun varying by more than say 5° between the two obser-
vations, we can conclude that discrepancies larger than ten days between dates in the
ancient sources cannot be explained entirely in terms of visual acuity, local atmospheric
conditions, or the defectiveness of the modern visibility model. We may hope by a similar
argument that PLSV will not normally yield dates for the risings and settings of an individual
star differing by more than ten days from the dates when a competent ancient observer
would report the same events, presuming that the modern model is applied to the correct
star, latitude, and chronological period.

Precession, and to a lesser degree, stellar proper motion, lead to changes in the dates of
visibility phenomena relative to each other and to the solstices and equinoxes, but over
the three or four centuries from the beginnings of the parapegma tradition to the date of
the Mechanism's manufacture these changes are small. In the three centuries between
400 BCand 100 BC, the dates of stellar phenomena should shift on average about 1.8 days
later in the Julian calendar, and about 4.2 days later relative to the solstices and equinoxes,
with a standard deviation of a little over one day in either case, so that the relative dates
of the phenomena are fairly stable.®” From a sufficiently large body of zodiacal dates of

81 The dates computed for Aldebaran ES and MR, Vega ER, Pleiades MR, Altair ER, and
Arcturus MS are reported in a graph, Anastasiou et al. 2013, 176, Fig. 2; those of Vega MR
and ES for the latitude of Alexandria are on pp. A2-A3 in the appendices (in the online
version). The Pleiades were assigned a location and a magnitude based on an aggregate
of the ten brightest stars in the cluster (p. 185 note 16), whereas we have used Alcyone
to stand for the cluster.

82  For the stars used in our calculations of the model parapegma, the average shifts
from 400 BC to 100 BC were approximately 1.2 days later in the Julian calendar, and 3.6
days later relative to the solstices and equinoxes, with standard deviation approximately



stellar phenomena, one ought to be able to obtain a very rough estimate of when the
observations were made, though an error of one day in the ancient determination of the
solstices and equinoxes would throw the estimate off by about seventy years. The long
term changes in the relative dates of the phenomena are probably too slow to be usable
for dating parapegmatic observations ar calculations.

Latitude, on the other hand, has a pronounced effect on the dates of stellar visibility
phenomena. In general, for a Mediterranean range of latitudes, the date of a particular
visibility phenomenon of a particular star will either tend to fall progressively earlier or
progressively later with increasing latitude. The typical shiftin date over the range 31°-41°
is well over ten days, with no bias favoring a tendency to earlier or later dates with more
nartherly latitudes. Some events exhibit little or na shift of date; for example the setting
dates (both morning and evening) of the Pleiades and Aldebaran shift by no more than
two days over the ten degree latitudinal spread. At the other extreme, the settings of
Arcturus and Alphekka, the risings of Capella, and all the phenomena of Vega all shift by
fifteen or more (up to thirty-three for Capella’s evening rising).

In principle, then, it should be possible to estimate the latitude for which a sufficiently
large set of parapegma data was observed or computed. We can use as a test Ptolemy’s
Phaseis, which contains dates of phenomena of thirty bright stars that Ptolemy computed,
according to the information he provides, from the coordinates and magnitudes in his
star catalogue (Almagest 7-8) according to an arcus visionis model for a series of five
latitudes corresponding to longest days ranging from 13.5 hours to 15.5 hours at half hour
intervals.® As a subset of these data, we selected Ptolemy's dates for eleven stars,34 for
the latitudes having longest day 14 hours (30° 22" according to Ptolemy, Almagest 2.6),
14.5 hours (36°), and 15 hours (40° 56"). The latitudes for which the PLSV model yields
the best fit® are as follows:

me are slightly smaller shifts than the expected values (derived from the
differences between the sidereal, Julian, and tropical years) because of uneven distribution
of the stars in question.

83  Ptolemy appears to have used a modelin which arcus visionis varied linearly as a function
of azimuthal distance; see GraBhoff 1993.

84  Capella, Vega, Arcturus, Aldebaran, Sirius, Alphekka, Altair, Betelgeuse, Rigel, Bellatrix,
and Alpheratz.

85  The date of a particular phenomenon corresponding to a given latitude was modelled
as a least squares fit of a quadratic function to the dates calculated by PLSV for seven
latitudes ranging from 28.5° to 43.5° at 2.5° intervals. We define “best fit" for the latitude
as the latitude for which the standard deviation of differences between attested and PLSV
dates is minimum, disregarding the mean difference, so that the result will not be affected
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Latitude Latitude Mean Standard Number

Loggesiiet (Ptolemy) (PLSVfit) difference87 deviation of dates
14h 30°22' 28°58' +3.4d 3.0d 43
145h 36° 34° 36" +3.3d 3.2d 41
15h 40°56' 39733 +3.2d 31d 42

The PLSV model differentiates between the three sets of data remarkably well, with the
estimated latitudes increasing from one set to the next by differences that are practically
identical to the differences between the latitudes that Ptolemy ostensibly computed
them from; but the estimated latitudes are consistently about a degree and a half too
small. It is not clear whether this results from a bias in Ptolemy’s method of calculation
or in the PLSV model. In Fig. 3.14 the standard deviation is plotted for each data set as a
function of the latitude for which PLSV dates are computed, showing that the quality of
fit is quite sensitive.

= P4
17 /
16 ;,v\ /
i

~. i

. < — /
L 14 1y
. e =145 h

=p=15 h

Standard Deviation

28 29 30 31 2 i3 34 35 36 37 38 39 40 41 a2
Latitude

Fig. 3.14: Fit of Ptolemy's data to modern theory calculations according to latitude

mtic shift due to errors in the dates of the solstices and equinoxes assumed
in the ancient sources.

86 From Almagest 2.6.

87 Dates relative to the summer solstice in 100 BC obtained from the PLSV model were
subtracted from Ptolemy's dates relative to the date he assigns to the summer solstice
(Epeiph 1 in the reformed Egyptian calendar).



Ptolemy's dates of phenomena relative to the summer solstice as he determined it average
about 3.3 days later than the dates computed by the PLSV model for 100 BC relative to the
summer solstice in that year. Assuming a precessional shift in dates of one day in seventy
years, this would situate Ptolemy's calculations around AD 132, which on the face of it
compares rather well with his epoch of AD 137 for his star catalogue (Almagest 7.4). The
agreement is, however, to some extent coincidental, because Ptolemy's assumed solstices
and equinoxes for his own time were about a day too late, so that his dates of the phe-
nomena relative to his summer solstice average about a day less then relative to the true
solstice. This might suggest that the PLSV dates are also about one day too early (we recall
that they also averaged about 1.5 days earlier than dates computed by Anastasiou et al.).

We have also found latitudes that yield best fits for the zodiacal dates ascribed to Eukte-
mon in the Geminas Parapegma (supplemented by other sources) and to Eudoxos in the
Geminos Parapegma, as well as the Egyptian calendar dates in PHibeh 1.27 converted
to zodiacal dates relative to the summer solstice date recorded in the papyrus.® For
each collection of dates, we have estimated the latitude twice: (i) using all the attested
phenomena according to the identifications of asterisms with specific stars in Appendix
1 except for a few extreme outliers, and (ii) limiting consideration to asterisms that can
safely be equated, so far as visibility is concerned, with single bright stars: Sirius, Arcturus,
Capella, Lyra (Vega), Aquila (Altair), and Hyades (Aldebaran). The results are as follows:

Single
Full set®® bright
stars

Mean Standard Mean Standard

Lzt difference  Deviation Nubrey Lzl difference  Deviation Ny
Euktemon 33°48' -3.0d 8.9d 41 35°13' -31d 7.2d 24
Eudoxos 33°41" -1.0d 91d 47 35°4' +0.5d 8.6d 25
Pribeh 3359 1304 904 22 35957 425d 924 13
—

88  For PHibeh 1.27 we caonsider Pharmouthi 22, which is the third of the four consecutive
days on which the longest day is stated to be in effect, to be the summer solstice, rather
than Pharmouthi 24, which is the date on which the papyrus refers explicitly to the solstice
but which is no longer assigned the maximum length of day. It is clear that the solstices and
equinoxes of the papyrus were meant to be spread out as evenly as possible, with three 91
day intervals and one 92 day interval, while length of day is made to increase or decrease
between extreme values of 10 and 14 hours by 1/45 hour per day, requiring five additional
days of maximum or minimum length to be placed around the two solstices.

89 Omitting Euktemon's phenomena for Sagitta, Eudoxas's morning and evening settings
of Corona, and PHibeh 1.27's phenomenon for Vindemiatrix.
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Fig. 3.15 shows how the standard deviations vary when we compute the dates according
to the PLSV model for a range of latitudes from 30° to 42°. It is clear that reducing the
data set to the securely identifiable single bright stars makes the quality of the fit more
sensitive in the lower range of latitudes, but all the sets show similar rapidly increasing
trends in the higher latitudes, making it quite improbable that any of the three sources
was based on observations or calculations for a latitude as far north as, say, 39°. If the
fits to the single bright stars can be relied on and the PLSV model is not biased, all three
sources would appear to reflect conditions around the latitude range 34°-37°. Correcting
for the possible bias we found from the Ptolemy data, the range could shift northward to
35.5°-38.5°. From the little information we have concerning the localities where Euktemon
and Eudoxos worked, this seems about right. Ptolemy asserts, we do not know on what
authority, that Euktemon observed in Athens, the Cyclades, Macedonia, and Thrace, and
Eudoxos in Asia (Minor), Sicily, and Italy, so that he considers their data to be valid for
latitudes where the longest day is between 14.5 and 15 hours, i.e. between 36° and 40°
56 (Phaseis, ed. Heiberg 66-67).%° Hipparchos (ed. Manitius 28) concludes that Eudoxos's
description of the system of constellations in his Phaenomena was written to fit the lat-
itude of "Hellas," at 37°, and though the Phaenomena did not, to our knowledge, contain
parapegmatic data, it is plausible that Eudoxos would have intended his dates of stellar
phenomena to be applicable to the same approximate latitude. In any case Euktemon and
Eudoxos are not likely to have compiled parapegma data at or for a latitude south of Rhodes,
at 36°. As for PHibeh 1.27, it appears practically certain that the dates of phenomenain this
papyrus originated in a source composed at a latitude much further north than Egypt.®!

|

90 Ptolemy is speaking here of Euktemon's and Eudoxos's records of weather phenomena,
but presumably the same would apply to their stellar phenomena.

91  Hibeh (el-Hiba) is in the Fayum, latitude 28° 46', while the introduction of the text in the
papyrus alleges that its teaching originated with a man from Sais in the Delta, Latitude 30° 58
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Figure 3.15: Fit of parapegma data from the Geminos Parapegma and PHibeh 1.27 to
modern theory calculations according to latitude

The Euktemon dates average about 3 days earlier than those obtained from the PLSY model
for 100 BC; if the PLSV dates are tending to be about a day too early as the comparison with
the Anastasiou et al. model and Ptolemy's data suggest, the lead would increase to about
four days. Eukteman's floruit is estimated as second half of the fifth century BC from the
fact that Ptolemy (Almagest 3.1) associates him with Meton of Athens in the observation
of the summer solstice of 432 BC, so the expected lead would be about 4.7 days if the
Euktemon dates were relative to solstices or equinoxes that were accurate for his time.®2

Since Eudoxos was active in the first half of the fourth century BC, it is at first glance
surprising that the Eudoxos dates in the Geminos Parapegma have a very small average
difference relative to the PLSV model, which is even positive if we consider only the bright
individual stars. However, this seems to be at least in part a consequence of the way that
the Eudoxos dates were incorporated into the Geminos Parapegma. While the Euktemon
dates appear to have been incorporated on the assumption that Euktemon's solstices

|

92 Bowen G Goldstein 1988 argue that this was likely not a true observation of the date
of the solstice; but for dating Euktemon's activity the question is immaterial. If the Egyptian
calendar equivalent that was established in antiquity for the Athenian date of the Meton-Eu-
ktemon solstice was carrect, which is unfortunately not certain, the true solstice was about
a day later than the recorded date.
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and equinoxes coincided with the first days of the relevant zodiacal months according to
the Geminos Parapegma's own temporal framewark (this is explicitly stated for the two
equinoxes and the winter solstice), the Parapegma includes statements that Capricorn
day 4 was the winter solstice according to Eudoxos and, 91 days later, that Aries day 6 was
the vernal equinox. If, as seems likely, Eudoxos's solstices and equinoxes were supposed
to be separated by near-equal intervals of 91 or (in one case) 92 days approximating equal
quarters of the year, his summer solstice would have fallen on the Parapegma’s Cancer day
2 or 3, and his autumnal equinox would have fallen on the Parapegma's day 1 or 2. This
means that, depending on the season of the year, a Eudoxos date in the Parapegma can
be as much as five days earlier relative to the immediately preceding solstice or equinox
according to Eudoxos than relative to the Parapegma’s own solstice or equinox. It is not
clear what was the compilator’s rationale for aligning the Eudoxos solstices and equinoxes
with his own dates; perhaps he chose to equate the Eudoxos autumnal equinox with his
own. An optimal alignment would likely have had the Eudoxos solstices and equinoxes
falling two to four days earlier.

PHibeh 1.27 can be dated to before about 240 BC on grounds of archeological context
and a dated document written on its back.® The positive mean differences, taken naively,
would indicate a date around the late first century AD As was the case for the Eudoxos
data, the solstices and equinoxes in the papyrus are at near-equal intervals of 91 and 92
days, this cannot by itself account for the large discrepancy since we are not now dealing
with a case of data transferred from a zodiacal framework with equally spaced solstices
and equinoxes to another framework with them unequally spaced. It seems, rather, that
the stellar dates and the solstices and equinoxes have been incorporated in the papyrus's
Egyptian calendar framework, likely from disparate sources, in an inconsistent way. The
Egyptian calendar's steady shifting one day backwards every four years relative to as-
tronomical phenomena may be the underlying cause, if the stellar dates were converted
from some other chronological system to the Egyptian calendar according to appropriate
equivalences for the time in question, and then combined with a set of Egyptian calendar
dates for the solstices and equinoxes that had been approximately valid some decades
earlier. The papyrus's equinoxes and solstices would have most nearly coincided with
correct dates around 306 BC plus or minus a few years, so the conversion of the stellar
phenomena would best fit a date around the end of the first quarter of the third century.

As the foregoing examples show, extracting estimates of the date and locality of origin of
parapegma data from comparison with the PLSV model or other modern visibility models
is not a simple matter. Calibration of the modern models is one problem: we have indica-
tions that the PLSV model may be resulting in systematic errors in estimated latitudes

93  Grenfell G Hunt 1906, 138-139.



(making them too far south) and dates (making them too late). But the chief difficulties
arise from uncertainty in the alignment of the solstice and equinox dates assumed in the
ancient sets of parapegmatic data with the astronomically correct dates and from the
fact that probably none of our data sets represents a direct and “clean’ record of original
observations or calculations preserved in its original chronological framework. Evidence
from the comparison with the modern model has to be considered in conjunction with
whatever other information we have about the history of the data sets, and its testimony
is clearest when negative; for example our analyses above render very doubtful the as-
sumptions of PHibeh 1.27's editors that it was based on astronomical observations made
in Egypt around 300 BC®*
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Abstract

The bronze plate known as the “Front Cover” of the Antikythera Mechanism had inscrip-
tions on its outside face. This paper describes the reconstruction of the surviving parts
of this text from the Mechanism's fragments, giving transcriptions and translations. The
texts give data on synodic cycles for the five planets, and it may be conjectured that lost
lines described the behaviour of the Sun and Moon. The data strongly support the idea
that planetary motions were displayed on the front face of the Mechanism using simple
epicyclic or eccentric madels. Previously unattested long and accurate period relations are
given for Venus and Saturn, which are favourable for geared representation and probably
of Greek, rather than Babylonian, origin.
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6.1 Introduction

Whereas during much or all of the time that it was immersed in the sea the Mechanism's
back face was partly covered by an inscribed plate (the Back Cover Plate)," the front face
was covered by two layers of inscribed plate. Fragment C, in its “original” 1902 state,
comprised these two layers fused to parts of the front face (the dial plate and the casing
of the Moon's phase display). Immediately superimposed on the front face were the two
Parapegma plates, displaced from their proper locations above and below the dial plate and
oriented in what seems to be a random manner.2 The Parapegma plates were themselves
overlaid by the plate that we conventionally call the Front Cover Plate, though we cannot
be certain that it really was meant to serve as a cover or that the position in which it was
found reflects where it was meant to be when the Mechanism was intact. On its outside
face, the Front Cover Plate bore an inscription, oriented upright with respect to the Mech-
anism's top and bottom. Like the Back Cover Plate, the Front Cover Plate accumulated
a hard layer of accretion over its inscribed face that retained mirrar-reversed offsets of
the inscription. Patches of the accretion layer subsequently became detached from the
correspanding surfaces of the plate and became fused again in somewhat shifted positions.

As part of the c. 1905 conservation work, the accretion layer and the Front Cover Plate
were painstakingly removed from Fragment Cin many small pieces, and most of the pieces
of the Front Cover were later reassembled as the present Fragment G. Besides G, two
smaller pieces of the plate exist as separate fragments; and additionally we have many
small fragments of the accretion layer bearing offsets, most but not all of which overlap
with extant parts of the Front Cover. (Also some bits of the accretion layer remain on the
surface of G.) In all we have a vertical extent of a little over 110 mm preserving parts of 43
consecutive lines of the inscription, and there were certainly more lines at the beginning
and likely also more at the end. Supposing that the plate was truly a cover, it could have
held about sixty lines of text if its height matched that of the front dial plate, and double
that if it protected the entire front face. The aggregate width of the surviving plate is
about 115 mm. If, as seems probable, the plate was originally about the same width as the
Mechanism's faces (i.e. just over 170 mm), the average line would have contained about
70 letters. We can thus estimate that the complete inscription contained well over three
hundred words, and likely on the order of five hundred to a thousand words.

The surviving portion of the inscription consists of descriptions of the cycles of apparent
motion (synadic cycles) of the five planets through the zodiac. Each planet is discussed
individually in a passage of eight to twelve lines, in the order Mercury, Venus, Mars, Ju-
piter, Saturn. (The planets’ pointers were described in the same order in the Back Cover

—
1 IAM 5.1,
2 IAM31-2.



Inscription, with the Sun inserted between Venus and Mars.)3 The first part of each plan-
et's section states a long time interval that is supposed to contain exact whole numbers
of synodic cycles, periods of the planet's revolution around the zodiac, and solar years,
followed by the approximate length of a single synodic cycle in days. The remainder of
the section breaks down the synodic cycle into intervals of specified durations in days,
characterized by whether the planet is moving eastward or westward in the zodiac and
towards or away from the Sun.

Texts providing such information about planetary synodic cycles are attested in both
Greek and Babylonian astronomy. For a close parallel, comprising five sections giving
breakdowns of each planet's synodic cycle into stages of specific durations, we have to
wait until late antiquity. The text in question is transmitted in various Byzantine astrological
manuscripts, some of which ascribe it to Heliodaros, the brother of the sixth century AD
Neoplatanist philosopher Ammonios; it is based in a rather haphazard way on Ptolemy’s
astronomical models and tables, but debases Ptolemy by treating each planet's synodic
cycle as a constant period subdivided into constant stages.* In the planetary theories of
both Babylonian and Roman-period Greek astronomy the synadic cycles were modelled
as variable and dependent on the planet’s position in the zodiac. It is probably significant
that the only instances currently known of texts on cuneiform tablets or Greco-Egyptian
papyri that prescribe a nanvarying subdivision of a planet's synadic cycles pertain to Venus,
the planet with the least pronounced zodiacal anomaly.®

The Front Cover Inscription is not simply an astronomical text, but an astronomical text
accompanying an astronamical mechanism. The reader of such a text in such a setting
would receive it not only as a description of astronomical reality but at the same time
as a description of the behavior of the device: the theoretical assumptions built into it
as well as the phenomena that it simulated. The Front Cover Inscription and the Back
Cover Inscription thus have complementary roles as “captions” for the Mechanism, with
the Back Cover Inscription giving the viewer a guide to the meaning of the many exterior
features, and the Front Cover Inscription directing the viewer's attention to the astronom-
ical "facts” that these features displayed when the Mechanism was in operation. Since
there is no reason why the text should have been limited to describing the behavior of
the planets (or, if we prefer, the behavior of the planetary pointers on the front dial), we
may conjecture that lost lines were devoted to the phenomena of the Sun and Maon as
represented by the gearwork.

——
3 IAM5.5, notetol 18.

4 Neugebauer 1958.

5  Babylonian cuneiform tablet BM 33552, in Britton G- Walker 1991; Greek papyrus POxy
astron. 4135 in Jones 1999, 1.81-84 and 2.10-13.
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Just as the Back Cover Inscription supplies the modern investigator with information about
aspects of the Mechanism's exterior that cannot be reconstructed from the physical re-
mains, the Front Cover Inscription provides us with clues to the lost planetary gearwork
as well as some measure of the understanding of planetary motion that the designers of
the Mechanism possessed. In this last respect it is especially valuable, despite its many
lacunae, because we have extremely few documents from the Hellenistic period that
present any aspect of planetary theary beyond an elementary level.



6.2 Fragments preserving parts
of the Front Cover Inscription

Three fragments are parts of the original inscribed plate of the Front Cover Inscription. In
addition, we have many identified fragments of the accretion layer bearing offsets of the
inscription. With the exception of Fragments 42 and 51, the original relative locations of
all the fragments are known (Figs 6.1-6.2).°

Figure 6.1: CT composite image of the plate fragments of the Front Cover Inscription
(Image: Antikythera Mechanism Research Project)

|

6  The locations on G of offset fragments 23, 37-41, 43-44, and the fragments with
numbers above 45 were found by A. Jones; T. Freeth found the location of 27, while Jones and
Freeth independently located 21. Freeth conjectured the locations of 26 and 29 in relation
to G before they were established by study of the text and the photographic evidence for
29 mentioned in the next note. Most of these juxtapositions of fragments were shown
visually in a video animation prepared by Images First Ltd. which was displayed as part of
the National Archaeological Museum'’s temporary exhibition, “The Antikythera Shipwreck:
The Ship, The Treasures, the Mechanism” (April 5, 2012-June 29, 2014).
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Figure 6.2: Locations of offset fragments of the Front Cover Inscription. For notations with

appended letters see the introduction to the apparatus in section 6.4
(Image: Antikythera Mechanism Research Project)

Fragments of the Front Cover Plate

Fragment G (supplementary Fig. S5), 115 mm (width) by 94 mm (height), containing parts of
thirty-six text lines (1-36, though the remains of 36 are just illegible traces). This fragment,
our principal witness for the Front Cover Inscription, was assembled by museum technicians
from about twenty pieces of plate, the largest of which, constituting its lower right portion,
is approximately 48 mm by 51 mm. Most of the pieces bear visible writing, though some
patches are concealed behind a thin layer of accretion. The engraving is everywhere shallow
and blurred owing to corrosion and perhaps also early chemical cleaning, and even in CT
images the legibility varies from mediocre to poor. The surface towards the lower right
edge tapers to complete smoothness. The continuity of text as established in the present
transcription confirms that the pieces have been fitted together correctly.

The average baseline-to-baseline spacing in G is approximately 2.6 mm as measured between
the baselines of lines 2 and 36. Typical letter height is about 2.0 mm. The average letter
width, from left edge to left edge of consecutive letters, is approximately 2.2 mm, though
from line to line the average can deviate by as much as roughly 10% from this value. Thus
while the letter heights and horizontal spacing of the Front Cover Inscription are about the
same as those of the Back Cover Inscription, the line spacing is considerably tighter than



the Back Cover Inscription’s 3.5 mm baseline-to-baseline.”

Fragment 26 (Fig. 6.3, left), 26 mm by 20 mm, containing parts of seven text lines (10-16).

cm

wd

wn ~ W S
5 cm
Figure 6.3: Fragments 26 (left) and 29 (right)
(Images: National Archaeological Museum, Athens, photographer: Kostas Xenikakis, copy-
right: Hellenic Ministry of Culture and Sports/Archaeological Receipts Fund)

Fragment 29 (Fig. 6.3, right), 23 mm by 23 mm, containing parts of ten text lines (lines
34-43, the last of which is just illegible traces). In some of Price's photographs taken
during his visit to the National Archeological Museum in 1958, Fragment 29 is visible as
an attached part of G, joining the present bottom edge at its left end.? The correctness
of this join is confirmed by Fragment 23's offsets, which overlap parts of both 29 and G.
Continuity of text establishes that Fragment 26 belongs in the large inlet of the right side
of G. The configuration of the three plate fragments is shown in Fig. 6.1.

Fragments of the accretion layer containing offsets of the inscription

We list below the offset fragments with their approximate dimensions and the line numbers
of the text lines that they partially preserve. Figs. 6.4-6.7 show photographs and PTM

I

7 IAM5.2.

8  Adler Planetarium collection, color negative in Envelope 2, showing all fragments
in the cardboard boxes; black-and-white photograph in Price family collection showing
Price measuring Fragment A with G and other fragments visible on his work table. A black-
and-white photograph of G in Adler Folder 1, reproduced as Price 1974, 50, fig. 40, shows
the fragment missing not only Fragment 29 but also two small bits that are at present
attached immediately to the left and right of where 29 was. Black-and-white negatives in
Adler Negative Roll 2 show G in its present state together with several small fragments.
Unfortunately we do not know the relative chronology of the various photographs.
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images of these fragments, and Fig. 6.2 shows their original locations in relation to the
plate fragments where these are known.

21: 45 mm by 26 mm, 9 lines (25-33).

23: 28 mm by 35 mm, 13 lines (27-39).
27:18 mmby 25 mm, 9 lines (13-21).
37:23 mm by 38 mm, 7 lines (20-26).
38:36 mmby 18 mm, 3 lines (6-8).

39: 27 mm by 20 mm, 4 lines (10-13).

40: 28 mm by 16 mm, 4 lines (6-9).

41: 23 mm by 23 mm, 5 lines (25-29).

42: 20 mmby 14 mm, 3 lines (not placed).
43:22 mmby 21 mm, 5 lines (4-8).
44:26 mm by 17 mm, 4 lines (26-29).

49: 09 mm by 08 mm, 3 lines (25-27).

51: 13 mm by 14 mm, 5 lines (not placed).
54:10 mm by 12 mm, 4 lines (8-11).
55: 10 mm by 14 mm, 5 lines (6-10).
56: 07 mm by 09 mm, 3 lines (10-12).
60: 10 mm by 11 mm, 3 lines (25-27).

e~~~ o~~~ o~~~ o~~~ o~ —~

w2 S
5 cm

5
3 = 27
1 B4

Figure 6.4: Fragments 21, 23, and 27, mirror-reflected
(Images: National Archaeological Museum of Athens (K. Xenikakis), copyright: Hellenic
Ministry of Culture and Sports/Archaeological Receipts Fund)




Figure 6.5: Mirror-reflected PTM images of Fragments 21, 23, and 27 with specular enhancement
(Image: Antikythera Mechanism Research Project)

Figure 6.6: fragment 23, CT composite images of offsets on surface (left) and flakes in
interior (right)
(Image: Antikythera Mechanism Research Project)

259

M. Anastasiou, Y. Bitsakis, A. Jones, X. Moussas, A.Tselikas, M. Zafeiropoulou: IAM6. The Front Cover Inscription. ‘



‘ M. Anastasiou, Y. Bitsakis, A. Jones, X. Moussas, A.Tselikas, M. Zafeiropoulou: IAM6. The Front Cover Inscription.

260

wd

Figure 6.7: Mirror-reversed PTM images of small offset fragments with specular enhancement
(Image: Antikythera Mechanism Research Project)

Most of the offset fragments are thin plates, but 23 and 27 are comparatively thick, and their
interiors contain jumbled flakes of accretion including some that bear offsets legible in CT.
The interior offsets in 23 are particularly helpful for reconstituting the inscription (Fig. 6.6).
All the offset fragments are presumed to have been separated from Fragment C during
the conservation work of c¢. 1905. The 1303 published photograph of C-1 (supplementary
Fig. S9) shows only the Front Cover plate and the layer of accretion, featureless and
indistinguishable from each other. Rediadis reported that C-1 bore “traces of an illegible
(forwards-running) inscription”, and it is possible that a region indicated by the letter "b"
in the photograph was where these letters could be seen.®

|

9 Thisis according to the German language edition, Svoronos 1903b, 46. In the Greek
edition, Svoronos 190343, 46, Rediadis mistakenly asserted that C-1 bore the part of the
Back Plate Inscription that Svoronos had in fact transcribed from A-2. The letters on Plate
10 were intended to mark features discussed in Rediadis's text, but there is no reference to
"b". The region marked by “b" corresponds to the upper right corner of the present Fragment
G, where the lettering is comparatively clearly preserved.



By the time that Rehm saw C-1 in September, 1905, the Front Cover plate and accretion
layer had been entirely removed (supplementary Fig. S10).'° The first record of the Front
Cover Inscription fragments as separate entities is Rehm's notebook of 1906." On the pages
numbered 86 and 87 of this notebook (Fig. 6.8), Rehm drew the outlines and what he could
make out of the text of ten small fragments, labelled with the Greek letters 1 through ¢.'?
Atranscript of Rehm'’s copies, without the Greek letter identifiers, also exists among Price's
manuscript notes on the inscriptions (Fig. 6.9), and this includes three more fragments which,
for continuity, we designate T through ¢."* Rehm'’s copies are interesting as showing that
Fragment G had not yet been assembled from the pieces that had been separated from C.
His 1, 0, and € are easily recognized as three of the larger pieces now in G. Among the offset
fragments that Rehm copied, K is the present 41 joined to the bottom half (only!) of 37; Ais
40, but some letters copied by Rehm have since broken off; i is 43, but again some letters
have since broken off; v is a piece of 21; 0 is 44; T is probably 23; u is another piece of 21;
and ¢ is 27" It thus appears that some joining of small offset fragments, as well as minor
breakage, took place between 1906 and 1958, when Price saw the fragments in essentially
the form that they have now (except for the detachment of 29 from G)."®

|

10 Rehm 1905, 17-18.

11 Rehm 1906a.

12 Rehm must therefore have previously made a collection of eight inscription fragments
labelled a through 8, which is not known to survive. These likely included the inscriptions on
Fragments A-2 (Back Plate Inscription), B-1 (Back Cover Inscription offsets), and 19 (Back
Cover Inscription) previously published by Svoronos and Stais, the Egyptian calendar month
and the Parapegma Inscription that Rehm had found on C-1in 1905, and perhaps also the
Back Cover Inscription offsets on A-2 and the isolated inscribed letters on A-2 and C-2.

13 Price collection at the Adler Planetarium. This sheet must have duplicated a set of
Rehm'’s notes different from the 1906 notebook.

14 Rehm'snis 25 (offsets of the Back Plate Inscription); we have not been able to identify p.
15 Theofanidis's transcription of text read on “certain oxidized fragments of inscribed
plates” (Theofanidis [1927-1930], “39" [correct pagination 91]) is from the part of G that Rehm
copied as his fragment omicron, but it is not possible to tell whether it was still a separate
fragment in the 1920s. It seems improbable that a conservator would have known how to
fit the pieces of G together at a date so remote from when they were separated from C.
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Figure 6.8: Pages from Rehm’s 1906 notebook with copies of small inscription fragments
(Bayerische Staatsbibliothek)
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Figure 6.9: Price’s transcription of Rehm’s small inscription copies
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6.3 Previous transcriptions and study
of the Front Cover Inscription

Rehm's copies of fragments of the Front Cover Inscription plate and offsets, preserved
in his 1906 notebook and in a transcription among Price's papers, have been referred to
above in section 2. The first published transcription of any part of the inscription appeared
in Theofanidis's encyclopedia article on the voyages of St. Paul; it comprises a few letters
and traces from lines 21-31.'® Price gave disjointed readings (fewer than two hundred
letters, few complete words) from the more legible parts of thirty lines of G in Gears from
the Greeks, as well as six lines from Fragment 21."7

The 2006 AMRP paper presented a far more extensive provisional text of Fragment G,
comprising nearly a thousand letters read from CT."® A revised and extended text by A.
Tselikas was reported by M. Zafeiropoulou in 2012.'°

|

16 Theofanidis [1927-1930], "99" [correct pagination 91]. The first five lines are reprinted
in Theofanidis 1934, 146.

17 Price 1974, 49, Fig. 38 and 48, Fig. 37. The caption of the latter figure seems to imply
that Price thought that Fragment 21 belonged to the Back Plate Inscription.

18  Freeth etal. 2006, Supplementary Information, 8.

19 Zapheiropoulou 2012, 245.



6.4 Transcription and translation

The text presented here combines readings from fragments G, 26, and 29 of the Front Cover
Plate, read from CT, readings from the offset fragments 21, 23, 27, 37-44, 49, 51, 54-56,
and 60, read from both CT and PTMs, and occasional readings from Rehm's 1306 copies
of lost portions of offset fragments. The apparatus reports details of the contributions
of the individual fragments.
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Text

1 UnoAelnopevog [

2 Heyio]Tou anootrip[arog

3 ] oveg apxfic Tl

4 12[. ], elcde(T]aendpeva. v o bE Dwlopopog

5 1 Zwidlilou, év ¢ iooigv uEBLY dnokatagrdoleig

6 JYZUEB, ekdomny &'dnokardataci év uépaic p{nd

7 ].NAZ. kai ang pev [T]1i¢ npog Tov "Hhiov ouvodou UnolelineTal
8 IN anéotnua év ﬁuépam?@. npoaayel &e npo¢ Tov ‘HAJIov

9 nap]ayiverai €ni TOV [€]onepivov aTnpIyHOV, Anéxwv and To[0'HAiou

10 npJoodyer npog Tov *HAiov €k nponyrioewv Kai ouvodovA Q [
il ] éniTo péyioTov dndatnua év dNaic AuépaicvEnv |

12 oTnpIy]pov I nponyoupevog, anoatag &'anf[o Tjod HAiou M|

13 | uépaic U8 UnoAeInGuEvog £ni To péyiaTov ]diov anéaTnua
14 ano]otrparog npoodlyleli] npog To[v*HAiov unjoAeindpev[og
5 IXHST 2,0 AEMITE [-7-] A 3. INOST.3IN, |
16 JSTATAIZ BIONTA ... [12-]TAS |

17 ¢]kdotny &'‘anokatacTaciv ev npéPas pIK[p@1 EAdoooot

18 1% dpxetardémvunoAeipiv N M Zanéxw[vano Tod
19 ] €on[epivod] otnpIypod, Kai UNOAEIneETal PEXpI THC EQIAC OTA[OEWC
20 1.1 aicTB vipépaic odvodov noiemal TdI HA wl MAZH]
21 Jaig THG £ni TOV E@10v OTNPIVHOY Anéxwy Ao Tod HAou G | [

22 B vkal éni T éanepiviv napayiveTal oTdo anéxwv And [To0
23 ]6¢ Huépacnndv_ E_UnoleinecBar. év6ETQ Al

24 INE,  oTdojv. 06 QaeBwvevy anokataoTag[eig

25 ] €xdaTny &'anokaTaoTaciv ev NUEPAIC LIKP®! EAdac(oal

26 ] kal dwdekatnpopiov Q[ ] dpxetal 6 Ty UnOAeIIv |

27 ].AION[ ].Zvanotod éonepivol otnpiyHod kai unoAein[eTal

28 1. ETON £w¢ év pdvw! Taic v pAB fuépaig olvod[ov

29 ] Taig d)\?\alcpT@ vV ENI TOV E@IoV aTnPIYHOY, anéywv anod To0 HAiou
30 ], peivac Apépagvn v nponyeira fpépag |

31 1 kai nd\i peivag Tag N \uépac, naiv AP|

32 ], T®v vpS vipépav, yivetal kata Si1apeTpov

33 anoka]ragtdoecevyl ][] upBv8ianopeuBeic Tov |
34 anokjaraotaovev(-o-1  [-5-]1 . [.]..

35 v unoAeiyfijv N[ -17- ]TON |
36 Unohelinetarpéxpli-1o-] . [

37 ] o[U]v[o]bov noierT[al

38 oTjnpiypov anéxlwlv

39 IMuepag |

40 pelivagvn [

a4 ] kata didy[eTpov

42 ] .noot[

43 .1



Unplaced fragment (Fragment 42)

LA
2 JONET[
3 JEAVK]

Unplaced fragment (Fragment 51)

TN

2 INTKA[

3 Jueivalg

4 omnpliypo, [
5 nulepaig [
Apparatus

To indicate which letters are preserved on the various fragments of the inscribed plate (G,
26, and 27) and the accretion layer (all other fragments), the readings of each line from
each fragment are reported separately below, with the fragment identified in the second
column. “Gs" refers to displaced flakes of inscription adhering to G; “40R" and "43R" are
letters of Fragments 40 and 43 read by Rehm in 1906 but no longer extant, and “23i" and
271" are letters embedded inside Fragments 23 and 27.

1 G UNOAEI]NOPEVOG |

n: right vertical with serif, right end of horizontal along edge

2 G Heyio]Tou anooTriplaTog

T: bottom of vertical along edge | o: lower half of loop | u: vertical, possibly a bit of the
vee along edge

3 G lovégapxnc |

_:serifed bottom of vertical? | o: complete but malformed, with straight right side | 7: left
vertical, bending left at bottom, and left part of horizontal

4 G 1Z[. .. . JEIX[-3-] éndpeva.vode dw|

%' complete but blurry | E: traces at baseline, middle, and top height along edge, sigma
not excluded | |: vertical with serif at top; superimpased, an apparent narrow loop, too
narrow for phi, seems to be surface damage | L% entire but distorted | : trace near baseline
along edge | v half letter | w: left horizontal with serif, lower left part of loop along edge

Gs 1
- bottom of vertical, slightly sloping to right at top, possibly met near bottom by de-
scending diagonal fromits left; to the right of this, bottom of a vertical with bend (serif?)
to right at baseline

43 JRAE[
L:right end of lower horizontal, sloping downwards to right, with serif
5 G 1 Zwidlilou, €[v] 6¢ 100[ -4- ]BL v dnokaragrao|
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{w1d1 indistinct and distorted, near edge | 6: lower right corner of letter, indistinct |
o: serifed right end of lower horizontal and slight trace of right end of upper horizontal

Gs JENA[

43 JsOIs v Y[
Z:bottom half, indistinct | v half letter

43R ] O< >3vz[

.- bottom of steeply sloping ascending diagonal at edge Rehm | <_>: Rehm leaves no
space for a letter between O and &

6 G Y2 UEB, tkdaTny &' dnokatdoTaciv év AuEpalC e |
e indistinct, along break | p: trace at top level along break
38 Jexaotny 81
e:indistinct | 1: serifed vertical | v: indistinct
43 JOKATAS]
40R ITAZ[
A:ARehm
40 Il

T: serifed bottom of vertical

7 G ].NAZ.kai ano pev [1]7g npog Tov HAIov ouvo60y UNohe]

- trace near baseline | AZ kar:indistinct | a: apical letter | o: trace of upper right of loop
along break | n: right vertical | o: top left part of loop along edge | u: bottom of vertical

| u: indistinct
55 INAT]
38 dJno pev TR |
€: top and bottom horizontals | Tng: indistinct
43 JETONH[
H: left half of letter
40 I'HAiov ouy|
n: right half of letter | v: left vertical
8 G N anéoTnpa évr‘]uépmc&[.]. npoadyel ¢ npo¢ TOV "HAJlov
N: bottom of left vertical and bottoms of diagonal and right vertical meeting
55 JnosT|
54 JAEN[
N: serifed bottom of left vertical
38 élv fuépalc
v: serifed right vertical | pa:indistinct | 1: serifed top of vertical
43 Ja[
A: top of apical letter
43R Jav
A: descending diagonal along edge Rehm
40 Jooayel 6¢g[
9 G ]_yiveTar éni TOV [€]onepivov aTNPIYHOY, ANEXWY ano To|



_:blurry, perhaps a | v:indistinct | €: indistinct | w: left half of letter | t:indistinct, along break

55 JINET[
54 JTov|
40 INATIE
AME: indistinct
10 G npJoodyer npog Tov [H]Aov €k nponyroe v kai ouvodovA |
k: blurry | :indistinct traces | v: complete but distorted | : trace at top level along edge
55 JATE [
A: faint, along edge | : serifed top of vertical along edge
54 JETONH][
H: vertical, serifed at top and bottom
56 JHsl
H: bottom half of letter
26 fo]
s trace at top level along edge
39 JONKAIZY[
" G ] €ni 1O p€yioTov andoTnua ev AAAaIGHEPalg |
0: left side of loop along break | : faint | : right half of letter | A: faint, indistinct
26 IZveny [

%:right part of bottom horizontal | v less than half a letter | v half a letter | : apical letter
(alpha?) but instead of horizontal stroke, a gently ascending diagonal from bottom left
to middle of right descending diagonal; to the right, unclear traces, possibly bottoms of
two verticals

54 NEl
%: left half of letter

56 JAE[

39 JAAIZH[
12 G oTNPIYJHOV Z NponyoUHEVOG, anooTag &'anfo

_:indeterminate traces | £: top and bottom horizontals, speck in center, epsilon or xi not
excluded | o: right side of loop along break | @: trace at baseline along break

26 Jod HAiou M [
ou: bottams of letters, blurry | : confused and distorted traces, resembling messy
epsilon | M: distorted

56 Janol
A: trace at baseline along edge | O: left side of loop
39 ...l
. :blurry, indeterminate traces | A: apical letter
13 G 1 uépaic u® UnoAeInd evog €ni To éyig[tov

indistinct, straddling break | 8: large, somewhat angular loop | u: right ascending diagonal
(?) along break | o: top of loop along break | A: top of apical letter | o: faint loop along edge
| u: left vertical and left descending diagonal | g: trace at top level along edge
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26 ¢]®@lovandéoTn[ua

27 lynol
39 ol
___:blurry, indeterminate traces | £T: faint
14 G anolotrparog nfpload [yle(i] npog TO[v

a: left ascending diagonal and top of right descending diagonal of apical letter | T: hori-
zontal | o: trace at top level

26 UnjoAemépev]og
27 Inpoaal
15 6 IXHET .0 EMITE [-7-] A M

X: ascending and descending diagonals clear; left half of letter blurry, kappa also possible
| :indistinct traces on break | : top of vertical (?), perhaps iota | O: top half of small loop
| : traces at top level directly above trace at baseline, and, to right, trace of right (?) end
of serifed descending (?) diagonal at baseline, and further to right, descending diagonal
| -apical letter or vertical meeting descending diagonal at top level | :indistinct | A: distorted,
doubtful | :indistinct | £: distorted
26 INosT, 3N,
M: right end of horizontal and top of right vertical | O: top of loop | T: horizontal, missing
right end, and top of vertical | :blurry, indeterminate traces | : trace at top level along edge
27 JAENITE]
6 6 JSTATAIZ BIONTA, ... ... [
5" top and bottom horizontals, spreading towards right, but distorted epsilon is possible
| TA: complete but blurry | 5% blurry, near break, xi possible | : traces resembling a sloppy
eta but apparently lying low relative to baseline | B: complete, near break, but traces of
both loops might not be deliberate, and rho or delta are possible | N: diagonal and serifed
right vertical | T: left end of horizontal and vertical, along break |

blurry and indistinct traces

26 1TAT |
.- trace at top height along edge

27 JIONTA[
TA: faint and uncertain
17 G g]kaoTny &'anokatacTaclv év npEPQIG HIK[pQI

k: faint, indistinct traces | " blurred | v: distorted | &: top of apical letter and faint trace
of bottom right corner |

27 JOKATA[
18 G 1., dpxetarde v unoAapiv, N M Xanéxwv
tindistinct trace near edge | " indistinct traces near edge | &: apical letter, straddling

break | u: slight traces of tops of diagonals, straddling break | 2 resembling distorted
epsilon, with middle horizontal too high, followed by indistinct trace along edge | 2 in-
distinct trace | M: presumed right half of letter faint and indistinct | blurry traces | w:
harizontal at baseline, along edge

27 JETAIA[



19 G ] €onfepivol] oTnplypod, Kal UNoAgineTal éxpl TAG EDIAC 0TA[OEWC
27 IMOYKA[
M: right half of letter | O: traces of left and right sides of loop | Y: tops of diagonals and
vertical
20 G [ .1 .aicTuBvnpépaic advodov norettal T HAjw MATH|

. vindeterminate traces along edge | % bottoms of two verticals | 1 blurry | u: faint |
0:distorted| 1% lower part of vertical | A: left ascending diagonal and serif of right descending
diagonal | 1*: blurry | w: left half of letter, faint | 1* fat and blurry | H: faint but distinct

27 ] VHME]
_:indeterminate trace at edge
27i IME[ ]
_:serif at baseline
37 HA

HA: complete but indistinct

21 G JaistuB éni tov E@iovaTnpiypdy anéxwv dndoTod Hhiou ¢ [

8 :faintand blurry | T': horizontal and top part of vertical, near breaks | ewio: faint, indistinct
traces | 7% horizontal, and small trace of vertical along break | v: trace of left vertical near
break | a':indistinct | o faint left diagonal along break, and bottom tip of right diagonal

| sindistinct | - faint and indistinct traces
27i JHP[
37 Jnlovas |
A:faint | £: bottom left corner
22 G 1B vkal €niTry Eonepiviv napayéveTal aTAOV Anéxwy ano |

B:small loop with a blurry extension above | 1: blurry [ nve: blurry | 1: trace of vertical along
break | 1: badly formed or blurred, appearing like a very narrow epsilon | w: blurry

37 INAMEX[
23 6 ] 6 nuépacn ndy | E UnohefneoBay. evEETQ | Al
§: apical letter | Auépa: very faint | _: faint, indeterminate traces | : faint | : apical

letter (?); to the right of this, apparently the left half of nu or mu, and further right, faint
indeterminate traces | E: vertical and top and middle horizontals | : small trace at top
height along break | u: blurry, near break | 1: blurry | n: small traces straddling break |
9: indeterminate traces | 1: top part of vertical | §: apical letter | Q: left half of letter and
faint right horizontal | _ : traces of three verticals with two faint horizontal or slightly
descending diagonal strokes joining them at mid height; to the right of this, seemingly 7
| A: sloppy, with apparent superfluous stroke crossing end of right descending diagonal
37 INAETQ[

24 G INE_ otdalv. 6 5¢ Paébwv evy dnokataoTdgleig

.. indeterminate traces | 1: blurry and faint | ¢: loop along break | a: apical letter

staddling break | w: blurry, straddling break | v: one letter | : faint traces near a break,
suggestive of omegal|
a coarsely damaged letter, apparently chi or sigma; then traces resembling a sloppy mu;

- leftmost, faint traces near a break, suggestive of omega; then

then a vertical with either three harizontals or two loops to its right, i.e. epsilon or beta;

NO
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then traces suggestive of mu or chi, faint towards the top | Taa: faint, indeterminate traces
37 JANOKA[
25 G ] ékdoTny &'dnokatacTaciv év Nuépaig pikp®| €Adac(oal
1 both vertical strokes, between which blurry traces more suggestive of nu | v: blurry |
o: blurry | v: trace of top of left vertical and trace of bottom of right vertical straddling
break | 1: blurry
60 KA
K: bottom half of vertical with serif, descending diagonal, and trace of left end of ascending
diagonal along edge |

49 5N
21 JHME [
E: vertical along edge
37 ] 1KPQ[
- trace at baseline along edge | | indistinct
41 1QIE[
Q: serifed right horizontal along baseline | |: serifed bottom of vertical
26 G ]. .. xai dwbdekatnuopiov Q[ ] dpxeTar 6 TV UNOAEIPIV |

.. indeterminate traces | w': faint and indistinct | Q% faint and angular | a: traces of apex
and bottoms of both diagonals straddling break | €1: faint | : indistinct | v: left (?) vertical

60 JTHM[
49 Yol
N: right vertical with serif, faint trace of diagonal | Q: left half, indistinct
21 JAPXET]
A trace at baseline along edge
44 N
I: serifed bottom of vertical |: trace at baseline along edge
37 NI
N:indistinct | : trace of descending diagonal at top level
41 JYNoA[
27 G ].AION[ ] ZvanoTolonepivod aTnpiypod kal UnoeinfeTal

vindeterminate traces | A: blurry | % indeterminate traces | v: one letter | ug: blurry |
n: left vertical
23i 1zZvA
v:one letter
60 JYES[
49 IN[
21 Jomnpiy [
\: vertical along edge
44 ITMOYKA[
41 1l UnoAe [
|: vertical along edge, indistinct | €: indistinct
28 G ] ETON £wg évypovwl Taiq v pAB fpépaig alvlo]5[ov



..... - faint and indistinct traces | N: blurry, straddling break | w: blurry, straddling
breaks | o: blurred | v: complete but distorted | 1: vertical, faint horizontal | v: half a letter
| n: distorted

21 JAIZ v pAg |
v: half a letter

44 JHMEPA [
A:top of ascending diagonal along edge

41 JE2YNO|
29 G ] Taic AANaIC pAG v €Nl TOV E@IoV aTNPIVMOY, Anéy [wv

a:indistinct | v': one letter | 9: faint loop | v2: one letter | €: upper right corner along break
| 1: distorted, indistinct | v: left vertical; remainder blurry | x: faint

23 ] anaic [
23i JIZ aAhaig [
21 glni TovEmIov aTnp|
n: right vertical, curving rightwards at bottom | 1: indistinct | €: horizontal at baseline
along edge
44 Jirm[
M: sharp vertex at top level along edge
41 INE_[
.+ top of descending diagonal at top level along edge
30 G ], ueivagnuépagy 1 v nponyeimaifuépag |

_sindistinct and faint | € indistinct traces near break | | n': blurry | n blurry, traces in
middle resembling nu
23 JuevacH
pelva indistinct
23 pleivag HM [
a: faint | ¢: right end of top horizontal | M: left vertical and top of descending diagonal
21 NUJ€pag v n v nponyeimai iy
¢ serifed right end of bottom horizontal along edge | p: serifed bottom of vertical
| a: serifed letter, indistinct | ¢: horizontal at baseline, bending downwards towards right,
with serif at right end | v": one letter | vZ: one letter | y: trace at baseline along edge
31 G ] . Kaind\ peivagTagn Auépac, ndhy AP|
_:faint, indistinct traces | k: blurry, straddling break | a: indistinct, straddling break |
v':half a letter | n: blurry | v2: half a letter | jvA: faint
..... cal e M|
sindistinct | 1: indistinct | n: right half of letter
23i KL Ml
K: bottom half of letter
21 pleivacTacv n vApépac MA[
v half a letter | v half a letter
32 G IN v pd vAKépav, yiveTal kaTa SifapleTpov |

_:faint traces | v': half a letter | v2: one letter | o: indistinct

273

M. Anastasiou, Y. Bitsakis, A. Jones, X. Moussas, A.Tselikas, M. Zafeiropoulou: IAM6. The Front Cover Inscription. ‘



‘ M. Anastasiou, Y. Bitsakis, A. Jones, X. Moussas, A.Tselikas, M. Zafeiropoulou: IAM6. The Front Cover Inscription.

274

23 ] 1@y v pdvnuepal
:vertical along edge | v: indistinct | a: left and right diagonals
23i INvPA
v:half a letter
21 ] yiveTar kata SidpeT [pov
1: faint
33 G anoxajraotdofelic, . [, . .]..[.]uMBvBiano[peul6eiq ToV |
Ta: faint | :blurry, indeterminate traces | :indeterminate top of letter, then top of

serifed vertical | u: vee, possible trace of vertical along break | v: one letter | o: left and
upper parts of loop | 1: trace of top of vertical | Tov: faint
23 anoka]TaoTdoeig év [
W: vertical, sloping to right, with serif or short descending diagonal stroke meeting it at
top level, along edge
23i JSTASE]
21 ] B[ -6- JPEYO[
_:sharp apex at top height along edge
34 G dnoklataotaclvev[-17-1 [
a:faint, indeterminate traces | 1: trace at top levelalongedge | :indeterminate traces
alongedge|  :traces at baseline and top height along edge; to the right of this, a vertical,
then the bottom of an ascending diagonal | % faint, indeterminate traces
29 ITA[
T: trace at baseline
23 anokjardaTacivey [
e: blurry | v: vertical along edge
23 IsTAL . JE[
A serifed lower part of ascending diagonal
35 G INY[-18-]TON[
NY: top halves of letters | : vertical
29 JNoA [
.+ blurry trace along edge
23 INUnoAe_ [
23i IYROA[, ][ INA[
_: serifed bottom of vertical, slightly below baseline

36 G 1.0

. rindeterminate traces of tops of letters along edge
29 INETA[
23 INETAIM[

MET: indistinct | M: indistinct vertical, sloping slightly to right
231 JIneT[. JEXP[
37 29 Jolulv[o]ov [
o: right end of bottom horizontal | v: bottoms of both verticals | §: trace of right descending
diagonal along edge | o: obscured by extraneous marks



23 18ov note[
o:indistinct

23i JAON [ ]EIT]
o vertical

38 29 ornpiypovanfexwv
n: indistinct vertical | y: indistinct vertical | Y: one sharp apex | n: left vertical and left
end of horizontal

23 JONA[
ova: doubtful traces of tops of letters
23i JONA[ . ]Q[
39 29 ]Jnuépac|
23i Icl

¢: serifed right end of top horizontal
40 29 pelivacvn [
41 29 ]karadiayfetpov
K: traces at baseline and top level along edge | U: trace at baseline
42 29 ] noot|
. vertical stroke leaning slightly rightward at top (an accidental feature?), also faint trace
as of an apical letter superimposed
43029 11
. _:indeterminate traces of tops of letters

Unplaced Fragment 42

1 :faint apparent lower part of vertical with serif, and to the right of this, a descending
diagonal with large serif, possibly kappa | 2 O: apparent right arc and speck of lower left
of small elevated loop | I: complete, but epsilon cannot be ruled out

Unplaced Fragment 51

T N: verticals certain, blurry trace at mid height between them, possibly H | :indistinct trace
2 T: apparently complete in CT, but the PTM suggests & | A: left half of the letter, with
apparent horizontal stroke at baseline

3 1:indistinct trace

4 po: very indistinct traces

5 :small, unidentifiable trace | : traces of left ends of harizontals at top height and baseline
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Translation

1
2
3
4
5
6
7
8
9
1
1
1
1
1
1
1
1
1
1

O 00 N O U~ W iN — O

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

] regressing |
greatest] elongation |
] the initial... [
]... in the following direction. Pho[sphoros
| zodiacal sign (?), in equal 4[6]2 years, restitutions... [
]... 462, and each restitution in 5[84] days [
]... And after the conjunction with the Sun it regresses [
greatest] elongation in 224 days. It approaches the Sun |
] it arrives at the evening station, being distant from the [Sun
] it approaches the Sun by way of advances, and... conjunction [
] to the greatest elongation in another 68 days... [
morning] station... advancing. Standing away from the Sun...[
1in 49 (?) days regressing to the greatest morning elongation [
greatest] elongation it approaches the Sun regressing [
1.1
1.1
] each restitution in a little less than [...] days [
]... It begins the regression... being distant [from the Sun
] evening station, and it regresses as far as the marning stopping |
] ... 349 days it makes a conjunction with the Sun... [
] 349 [days] to the morning station, being distant from the Sun... [
] 82 and it comes to the evening stopping, being distant from [the Sun
]... 8 (?) days, again... to regress. In... [
]... stopping. Phaethon [makes..] restitutions |
] each restitution in a little less than [...] days [
]...and a twelfth part... It begins the regression [
]... [..]7 from the evening station and regresses |
]...ina time interval, 139 days, conjunction... [
]inanother 139 [days] to the morning station, being distant [from the Sun
]... after pausing for 8 days it advances for [...] days [

]... and again after pausing for the 8 days it again begins (?) [
]... day of the 104 it comes to be diametrically opposite |

] restitutions in 442... having traversed the [
each] restitutionin...[
] the regression...

] it regresses as far as far as... [
] it makes a conjunction [

38 ] station, being distant [from the Sun

39

] days [

40 ] after pausing 8 [days

41
42
43

| diametrically opposite [

1.1
1.1



6.5 Commentary

Synodic cycles, period relations, and terminology

A planet's synodic cycle is the periodic cycle of its apparent longitudinal motion relative to
the Sun as observed from the Earth. From the paint of view of ancient astronomy, we can
distinguish three kinds of events, or “phases” that repeat in a fixed order in a planet's synodic
cycle. Considering the planet's elongation from the Sun, the delimiting moments are the
conjunctions, oppasitions (only possible for the superior planets Mars, Jupiter, and Saturn),
greatest elongations (only possible for the inferior planets Mercury and Venus), and first and
last visibility. Secondly, the stationary points delimit the intervals of a planet's motionin the
directions of increasing longitude (“direct” in modern terminology) and decreasing longitude
(modern "retrograde”). The sequence of phases other than first and last visibility is as follows:

Superior planets Inferior planets

Conjunction Superior conjunction
Morning station Greatest evening elongation
Opposition Evening station

Evening station Inferior conjunction
Conjunction Morning station

Greatest morning elongation
Superior conjunction

First visibility occurs shortly after conjunction, and last visibility shortly before conjunction;
however, in the case of Mercury the morning station may take place before first visibility
and the evening station after last visibility.

Because the orbits of the Earth and the other planets are eccentric, neither the time
intervals between successive phases nor the durations of complete synadic cycles (from
any phase to the recurrence of the same phase) are constant. In both Babylonian and
Greek mathematical astronomy, a common means of expressing the long-term behavior
of the planets’ synodic cycles was a period relation of the following form:

Tsynadic cycles = Yyears = Zrevolutions of the planet around the ecliptic
which implies that after a constant period of Yyears, the planet will return simultaneously ta its

original longjtude and to its original configuration relative to the Sun.2® For an inferior planet,
Yand Zare equal, whereas for a superior planet Y =1+ Z The mean synodic period is thus:

I
20  Neugebauer 1975, 1.388-390.
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p=Y/M

which can be expressed in days by multiplying the quotient by the assumed length of
the year?!

The Front Cover Inscription employs terminology for the synodic cycles and their phases
that is mostly well known from Greek astronomical texts. In our translation we have used
literal renderings rather than interpretations according to modern terminology. In par-
ticular we have respected the Greek conventions according to which longitudinal motion
in the direction of the daily revolution of the heavens, i.e. westward, is characterized as
forward motion and eastward motion is backward, which are the reverse of the modern
namenclature of “direct” and “retrograde.” The following list sets out the technical terms,
their literal meanings as given in the translation, and the modern interpretations. Those
marked with an asterisk are unusual as technical terms.

Pertaining to synodic phases

dnokataoTaoic = "restitution” = synodic cycle (literally restitution)

oUvodo¢ = conjunction

Kata diapeTpov = “diametrically opposite” = opposition

HEYIOTOV (EQOV/EaNEPIVOY) AndaTnpa = greatest (morning/evening) elongation
£H0C/E0NEPIVOC OTNPIYUOE = morning/evening station

€ga/Eanepivi 0TAoIC* = “morning/evening stopping” = station

Pertaining to longitudinal motion

unoheineTal = “regresses” = increases in longitude
UnoAeindpevog = “regressing” = increasing in longitude
undheiyic = “regression” = direct movement

ei¢Ta énodpeva = "in the following direction” = eastwards

nponyeiTal= "advances"” = decreases in longitude
nponyoupevog = “advancing” = decreasing in longitude
nponynaic= “advance” = retrograde movement

Pertaining to motion relative to the Sun

npoadyel* = "approaches” = decreases in elongation
anéxwv* = "being distant” = having elongation
anooTdc* = "standing away" = having elongation

|
21 InBabylonian and earlier Greek astronomy, no distinction was made between sidereal
and tropical years. The Callippic intercalation cycle implies a year of exactly 365"/, days.



Models for synodic cycles

Babylonian mathematical astronomy employed arithmetical algorithms to model the
intervals of time and longjtudinal motion between successive phases.? These algorithms
were derived from empirical data without assumption of an underlying geometrical model
for the planet's motion. While Babylonian-style models were known and practiced in the
Greek-speaking world, at least from the first century AD onwards,? the "main stream” of
Greek planetary theory that culminated in Ptolemy assumed geometrical models based
on a combination of two circular motions, one of a center (C) revolving around the Earth
(0), the other of the planet (P) revolving around this moving center (Figs. 6.10-6.11). In the
simplest form, such a model has the Earth at the geometrical center of the circular path
of C, while Cis invariably the geometrical center of the path of P, and bath revolutions are
performed at a uniform angular velocity relative to their centers. If the radius of P's path
is less than that of C's path, then P's path, which does not enclose the Earth, is called an
“epicycle”, and C's path is called the “deferent.” If, however, P's path encloses the Earth, it is
called an "eccenter”. Since the resulting motion of Prelative to Ois the sum of two uniformly
revolving vectors, any simple epicyclic model is observationally equivalent to a simple
eccentric model with the radii and associated rates of revolution exchanged, and vice versa.

Figure 6.10: Simple epicyclic model for a planet

——
22 Neugebauer 1955, 2.279-315.
23 Jones 1998.
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Figure 6.11: Simple eccentric model for a planet

Ay

Figure 6.12: Epicyclic model for an inferior planet

In the following discussion we will employ epicyclic models. An epicyclic model for an inferior
planet must satisfy the condition in the period relation that Y = Z, as well as the stronger
constraint that the planet has one greatest elongation in either direction of the Sun in each
synodic cycle. This requires that radius OC is aligned with the mean Sun (S ) so that its period
of revolution is one year, while the period of revolution of Paround C, relative to the geocentric
radius OC, is the mean synodic period p (Fig. 6.12). On the other hand, for a superior planet
the rate of revolution of C around O is independent of the mean Sun, but the constraint that
opposition always occurs between the morning and evening stations means that radius CP
must always be parallel to the direction of the mean Sun 0S (Fig. 6.13). Hence the period of

revolution of Paround C, relative to radius OC, or in other words the mean synodic period p, is:



p=360° =3607(v - V)

where v_is the rate of revolution of the mean Sun, v_is the rate of rotation of OC, and Vp
is the rate of rotation of CP relative to OC. In all epicyclic models for a planet, to obtain
satisfactory representation of the retrogradations it must be assumed that the planet
revolves in the same sense around its epicycle as the epicycle revolves around the Earth,
so that retrogradations occur when the planet is nearest to the Earth.

Figure 6.13: Epicyclic model for a superior planet

Figure 6.14: Greatest elongation of an inferior planet

According to the epicyclic model, the time interval between superior and inferior conjunction
of an inferior planet or between conjunction and opposition of a superior planet is obvi-
ously p / 2. The time interval between the conjunctions and the greatest elongations of
an inferior planet, as well as the actual arcs of maximum elongation, can easily be derived
by trigonometry from the period relation and the assumed ratio of the epicycle's radius (r)
to the deferent’s radius (R). In Fig. 6.14 we have for the maximum arc of elongation, AA

D =y=arcsin (r/R)

while the time interval between inferior conjunction and greatest elongation is:

N
x
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t..=(B/360°) p=(arccos (r/R)/360°) p

Conversely, these relations allow one to derive r/ R from a given maximum arc or time
interval.

Figure 6.15: Apollonios's theorem determining the stationary points of a planet

For the stations, Ptolemy (Almagest 12.1) provides a theorem that he says was demonstrated

by Apollonios of Perge amang others; it is usually inferred that Apollonios discovered it. 2

InFig. 6.15, the planet Pis at its station; line OPis produced to meet the epicycle again at
0,and PQ is bisected at T. Apollonios's theorem states:

OP/PT=v /v,

where, as before,Vp is the rate of revolution of the planet around the epicycle relative to radius

0C and VC is the rate of revolution of C around 0. From this it follows that we can calculate
the time interval between the planet's inferior conjunction or opposition and its station thus:

t.,=(B/360°)p

where:

B=arcsinl(p+v, /v )/R) —arcsinl(v, /v )] /1)

p=VIR =) (v, /v)/@+v V)]

For the inferior planets, the elongation from the Sun at station, A, is:
DA, =y=90°—arcsin[(p + Vﬁ /v)/R]

I
24 Neugebauer 1975, 1.191-193.



For the superior planets, however:
M, =180°—B—y=90"+ arcsin[(vp /v)/r]

Though considerably more complicated than the calculations for greatest elongation, the
derivation of ¢, was carried out for all the planets by Ptolemy (Almagest 12.2-6), so it was
in principle within reach of any diligent astronomer who had the necessary trigonometrical
resources. Such resources existed from Hipparchos's time if not earlier.?®

For reference, we have calculated ¢, and A, | forall planetsand ¢ and A _for the inferior
planets, assuming Ptolemy's value for r (top row) as well as a range of values surrounding
Ptolemy’s value; in all cases, R = 60 following Ptolemy’s convention. To obtain the times
between the respective phases and superior conjunction (inferior planets) or conjunction
(superior planets), one subtracts the tabulated times from p / 2.

Mercury (p = 115.88d)
r tSTN AASTN tGE AAGE
22.5 11.24 17.23° 21.88 22.02°
19 9.58 12.23° 23.03 18.46°
20 10.20 13.73° 22.70 19.47°
21 10.69 15.17° 22.38 20.49°
22 11.08 16.55° 22.05 21.51°
23 11.39 17.89° 21.71 22.54°
24 11.63 19.21° 21.38 23.58°
1

25 1.82 20.51° 21.04 24.62°

Venus (p ~ 583.92d)

r tSTN AASTN tGE AAGE
43 2090 28.24° 71.35 46.01°
40 16.61 19.02° 78.16 41.81°
41 18.41 22.17° 76.06 4310°
42 19.75 25.06° 73.92 44.43°
43 20.76 27.80° 71.72 4578°
44 21.48 30.42° 69.48 4717°
45 2197 3297° 67.17 48.59°

46 22.26 35.47° 64.79 50.06°

|
25 Van Brummelen 2009, 34-68.
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Mars (p =~ 779.94d)

r tSTN AASTN

395 36.50 135.87°
36 3034 146.83°
37 32.69 143.27°
38 34.52 140.09°
39 3593 137.22°
40 36.98 134.58°
41 3775 132.13°
42 38.25 129.83°
43 38.51 12766°
44 38.56 125.59°
45 38.42 123.62°

Jupiter (p ~398.88d) Saturn (p ~ 378.09d)

r tSTN AASTN r tSTN A)\STN
11.5 60.25 115.68° 6% 69.86 107.24°
10 57.25 120.04° 6 68.10 109.76°
10.5 58.41 118.43° 6.25 68.70 108.93°
11 59.41 116.98° 6.5 69.24 108.17°
11.5 60.25 115.68° 6.75 69.71 107.47°
12 60.97 114.49° 7 7013 106.81°
12.5 61.57 113.40° 7.25 70.50 106.21°
13 62.09 112.41° 75 70.83 105.65°

A simple epicyclic (or eccentric) model for a planet obviously generates constant and
invariable synadic cycles with respect ta conjunctions, oppositions, stations, and greatest
elongations.?® (Visibility phases are effected by the varying angle between the ecliptic
and the horizon as well as meteorological conditions.) Modifying the model by displacing
the Earth (now T) from the center 0 of the deferent (Fig. 6.16) results in varying synodic
cycles while maintaining the long-term period relation. With a suitable eccentricity, such
an eccenter-and-epicycle model can reproduce reasonably well the variations in the time
intervals as well as the planet's total longitudinal progress from one occurrence ta the
next of the same phase. However, an eccenter-and-epicycle model calibrated to fit the
overall durations and longitudinal progresses of the synodic periods will give a poor rep-
resentation of the planet's apparent velocity when, accarding to the model, it is nearest
to the Earth, and as a result it models the retrogradations poorly, conspicuously so in the
case of Mars. This defect can be remedied quite effectively by introducing an "equant”

——
26  For the effects of adding eccentricity and equant to an epicyclic planetary model as
discussed in this paragraph see Evans 1984.



paint £, distinct from 0 and such that £ and T are equidistant from 0 in opposite directions
(Fig. 6.17); the equant functions as the center of uniform revolution of C, i.e. the radius EC
has a uniform rate of revolution.

Figure 6.16: Eccenter-and-epicycle model for a planet

Figure 6.17: Equant model for a planet
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The association of the theorem on stations with Apollonios is strong evidence that either
simple epicyclic or simple eccentric modelling had been applied to the planets by the early
2" century BC?” Another passage in Ptolemy’s Almagest (9.2) asserts that Hipparchos wrote
awork in which he criticized the mathematical astronomers up to his time for working with
geometrical models that did not allow for variation in the synodic cycles; this would imply
that anly simple models were current around the third quarter of the second century. Pliny
the Elder (died AD 79) gives a confused account of planetary theory (Hist. Nat. 2.56-80)
which contains our earliest evidence for models incorporating an eccentricity to explain
synodic variations. Finally we arrive at Ptolemy, who employs equant models and is usually
supposed to have introduced them, though this has been questioned.?®

Implications for the Mechanism

The idea that the Mechanism had some kind of planetary display goes back to the earliest
investigations of the fragments. Various suggestions have been offered as to the nature
and level of astronamical sophistication of the display:

Display of planets’ mean motion in longitude. This would be a mechanically straightforward
translation of the input drive by way of gear trains into uniform rates of longitudinal mation
appropriate for each planet according to a suitable period relation; the natural place for
the display would be the central front dial, with pointers standing for each of the planets
along with the Sun and Moon. Aside from the period relation, a display of mean motion
would not embady any specific planetary model. Rehm's unpublished reconstructions
seem to be of this kind,?® and it seems that Price supposed that a display of planetary
longitudes, if there was one, would show mean motions only.*® As Neugebauer pointed
out, the mean motions of the inferior planets coincide with the mean Sun, so that it is
hard to see how they could have had separate pointers.3!

|

27  Forarguments for an early second century date for Apollonios see Toomer 1970; Evans
G Carman 2014 show that the evidence could also be compatible with a late third century
date. We are not persuaded by Goldstein 2009 that Ptolemy's testimony and its implications
for Apollonios's knowledge of epicyclic or eccentric models should be disregarded. As Toomer
(1984, 556, note 3) points out, however, Ptolemy does not assert that Apollonios operated
with both kinds of model and was canversant with their interchangeability, contrary to
Neugebauer 1959.

28  Duke 2005.

29  Diagrams of hypathetical mechanismin Rehm 19063, 92-93 and Rehm 1906b, drawings
accompanying pp. 16 and 18.

30 Price 1974, 59-60.

31 Neugebauer 1975, 652, note 7.



Chronological display of planets’ synodic cycles. Gear trains could also translate the input
motion into displayed revolutions of synodic cycles. A single revolution of a pointer could
represent a complete synodic cycle, and graduations and inscriptions around the dial
could mark the dates of the synodic phases. Such a display could only represent a model
according to which the synodic cycles are constant and unvarying; the subdivision of the
cycle could be derived from a simple epicyclic or eccentric model, an arithmetical scheme,
or unmediated empirical evidence. One of Price's vague expressions about planetary
displays seem to be along these lines.3? A reconstruction involving five subsidiary dials
on the Mechanism's front face, one for each planet's cycle, has been offered by Evans,
Carman, and Thorndike. 3

Display of planets’ motion in longitude according to @ model assuming an invariable
synodic cycle. This is the assumption underlying reconstructions of planetary displays
by Wright, Edmunds and Morgan, Freeth and Jones, and Carman and Evans (in a proposal
distinct from the one cited in the preceding paragraph), and apparently also Theofanidis's
reconstruction.® Again, the front dial is the obvious place for a set of planetary pointers.
All the recanstructions of this kind known to us employ devices involving pins mounted
on gears and riding in hinged slots to effect an anomalistic motion; these are translatable
into theoretical madels of the simple epicyclic or eccentric type, though the kinematic
equivalence is not always immediately obvious.

Display of planets” motion in longitude according to a model assuming varying synodic
cycles. Wright has also suggested that a display embodying an eccenter-and-epicycle model
could also be achieved within the constraints of the Mechanism's known features, and
one of his physical models incorporates a working reconstruction of the display for Mars
assuming an eccentric deferent. %

It has been argued elsewhere that the Back Cover Inscription's description of the Mechanism's
front face establishes beyond plausible doubt that there was in fact a display involving
all five planets known in antiquity, and further, that the display consisted of a system of
pointers on the central dial to indicate the planets' longitudes along the Zodiac Dial.3” As
we have written above, we believe that the only reasonable interpretation of the Front

|

32 Price 1959, 65.

33 Evans, Carman, G Thorndike 2010, 22-24.

34 Theofanidis 1934; Edmunds G Morgan 2000; Wright 2002; Freeth G Jones 2012;
Carman, Thorndike, G Evans 2012.

35  Wright 2008.

36  Personal communication (June 4, 2014). This is the second model referred to in Wright
2013, 9 note 4.

37 SeelAM 5.5, following Freeth G- Jones 2012.
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Cover Inscription is as a delineation of astronamical “facts” displayed by the Mechanism
in action. On this basis we can rule out the notion that only mean motions of the planets
were displayed, since the inscription carefully describes stages of forward and backward
motion for each planet as well as Venus's varying speed relative to the Sun. On the other
hand there is no indication that the synodic cycles or their constituent stages were variable
in duration; specific numbers of days are allotted to each stage, and near the beginning
of each planet's section was an explicit statement that each synadic cycle contained a
stated number of days. A compelling case thus emerges for the third type of display in our
list, one kinematically equivalent to a system of simple epicyclic (or eccentric) models.

A different point of divergence among recent discussions of the Mechanism'’s planetary
display concerns the underlying period relations. Several proposals have favored relations
equating fairly small numbers of years and synodic cycles, such as the Babylonian “Goal
Year" periods which all are shorter than a century, both because short periods could be
represented by simpler systems of gears having plausible tooth counts, and because
the evidence for Greek knowledge of long and accurate planetary periods, such as were
assumed in Babylonian mathematical astronomy, is slender before the first century AD.3®
By contrast, Wright has constructed his conjectural working models of the Mechanism'’s
planetary display using very long period relations that maintain a long-term accuracy of
about a degree’s error in 500 years or better.® Such a period relation, to be viable as gear-
waork, must contain numbers of years and synodic cycles that can be reduced to factors
small enough to be possible as tooth counts or factors of tooth counts; its mechanical
representation then becomes a gear train involving multiple pairs of engaged gears.*°
Wright has given one motivation for using these accurate periad relations as his desire to
show the physical practicability of a planetary display representing the high end of the
knowledge that can plausibly be ascribed to astronomers at the time of the Mechanism's
manufacture, but he also has maintained that it is not merely possible but indeed prob-
able that the designer would have known and sought to mechanize planetary periods
comparable to those of the Babylonian mathematical models.

No complete statement of a period relation is preserved in the Front Cover Inscription,
but fortunately it is sufficient to have just one of the constituent numbers in order to
reconstruct the equation since the ratios of the terms are approximately known. In line
B, within the formula setting out the period relation for Venus, the number 462 is well
preserved, and in line 42, within the corresponding formula for Saturn, we have the num-

38 Edmunds G-Margan 2000, 6.13-15; Freeth 2002, 47-52; Freeth G Jones 2012, 3.3.1.
39 Wright 2013. Evans, Carman, G Thorndike 2010, 24-31, also propose gear trains ap-
proximating Babylonian long period relations.

40 Wright 2013.



ber 442 %" As we will show below, these are the numbers of years in long, accurate, and
previously unattested period relations for their respective planets. The fact that the terms
of both relations are suitably factorable for representation through gears adds weight to
the argument that they were included in the inscription as statements of the theory built
into the Mechanism, not as ideal periods that the Mechanism merely approximated. The
implication that the Mechanism used compound gear trains to obtain the desired perio-
dicities of at least two of the planets may have implications for whether specific devices
for producing the anomalies would have been mechanically viable, but this is a question
beyond the scope of the present paper.

A third question that the Front Cover Inscription casts light on is the relation between
the design of the Mechanism and Babylonian astronomy. It has often been remarked that
the lunisolar gearwork is entirely founded on two period relations that were attested in
Babylonian astronomy earlier than their appearance in a Greek context: the "Metonic”
equation of 19 solar years with 235 lunar months, and the “Saros” cycle equating 223
lunar months, 239 periods of lunar anomaly, and 242 periods of lunar latitude. Discussions
of the assumed planetary period relations that the Mechanism might have represented
either exactly or approximately have therefore tended to look to either the shorter and
less precise Babylonian Goal Year periads or the long periods of Babylonian mathemat-
ical astronomy.#? Now of the two period relations that can be recovered from the Front
Cover Inscription, the 462-year relation for Venus could be a practicable approximation
of the unfactorable Babylonian 1151-year relation, but the 442-year relation for Saturn
cannot be accounted for in this way because the Babylonian 265-year relation is already
practicable with gears as well as being shorter than the 442-year relation. We infer that,
for the planets, the designers of the Mechanism drew on otherwise unknown research
in the Greek tradition that was either independent of the Babylonians or, perhaps more
likely, built on their foundations.

The descriptions of the planets’ synodic cycles also tend ta distance the Mechanism
from Babylonian planetary theory. In Babylonian astronomy, the most prominent synodic
phases are the first and last appearances, which seem not to have been mentioned at all
in the Front Cover Inscription. On the other hand, the Babylonians did not include greatest
elongations of the inferior planets or conjunctions of any planet among the predicted or
observed phases, while sunset (“acronychal”) risings of the superior planets, rather than
their true oppositions, were recognized as significant phases. The Front Cover Inscription,
on the contrary, takes a severely geometrical approach to the defining the key stages of
the synodic cycles.

|

41 Lines 16 and 24 contained parts of the formulas for Mars and Jupiter respectively, but
we are unable to read any numerals because of the damaged condition of these lines.

42 Seethe articles cited in notes 38 and 39 above.
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Concordance of parallel passages.

The paragraphs for all three superior planets used almost exactly the same verbal framework
for describing their periodicities and synodic phenomena; a similar parallelism probably
also held between the paragraphs for the two inferior planets, though our evidence is
slighter since little of the paragraph for Mercury survives. The following tables facilitate
comparison of the corresponding passages.

Inferior planets

Mercury Venus
Planet named — 4
Period relation — 5-6
Synadic period in days — 6
Superior conjunction — 7
Greatest evening elongation — 8
Evening station — 9
Inferior conjunction — 10
Greatest marning elongation — "
Morning station — 12
Greatest morning elongation (again) 1-2 13-14
Superior planets

Mars Jupiter Saturn

Planet named ? 24 ?
Period relation ? 24 33
Synadic period 17 25 34
Evening station 18-19 26-27 35-36
Conjunction 20 28 37
Marning station 21 29-30 38-39
Evening station (again) 22-23 31 40
Opposition ? 32 41

Line-by-line commentary.

Lines 1-4: Mercury

Little can be made of these lines, which must belong to the description of the last stages of
Mercury's synodic cycle. Lines 1 and 2 apparently correspond to the occurrences of UnoAeino-
pevoc and [peyioTou anolothpatosin lines 13 and 14, which respectively describe the planet's
direct mation while increasing in elongation from the Sun leading to the greatest morning
elongation, and the motion, still direct but now decreasing in elongation, following that event.



Lines 4-16: Venus

4-6. Name, period relation, and synodic period

Venus is identified by its descriptive name Phosphoros (line 4). The only other legible
naming of a planet, in line 24, gives only the descriptive name, and it is likely that this
was the practice throughout the text. By way of contrast, both descriptive and theopharic
names are given in the Back Cover Inscription.*®

The number 462 which appears in lines 5 and 6 identifies the period relation for Venus as:
462 years = 289 synodic periods = 462 revolutions of the ecliptic

This relation is not attested in any other known source from antiquity. The ratio 462 : 289
factorizesas (2x3x7x11): (17 x 17), so it can be represented by a gear train with reasonable
tooth counts, e.g. (66 : 51) x (63 : 51). It is also the first continued-fraction convergent of
theratio 1151 : 720 which defines the period relation for Venus in Babylonian mathematical
astronomy. Since 1157 is prime, the Babylonian period relation could not be represented by
a practicable gear train. Hence it is possible that the 462 : 289 ratio was adopted for the
Mechanism as a best approximation of the Babylonian ratio, without the need to presume
independent empirical input.

Venus's synodic period is approximately 583.92 days; from the 462-year period relation
and a 365'/4 day year one would obtain 583.89. The period as recorded in line 6 of our
text was probably just 584 days; only the first digit is preserved.

Synadic phases

The cycle set out in the text apparently began with superior conjunction, since line 7 has
the planet increasing in longitude after conjunction. The next phase reached is the great-
est evening elongation (line 8). This is stated to be 224 days after superior conjunction
(line 8).% If this number was obtained by accurate trigonometrical calculation from the
theoretical model, it would correspond to an epicycle radius of approximately 44%/; such
that the deferent's radius is 60, which in turn could have been derived from an assumed
48° for the arc of Venus's greatest elongation, a parameter that is attested in several
ancient sources.*®

After the greatest elongation, the planet approaches the Sun (line 8) while continuing

I

43 Cf.BCllines | 19and 23, in IAM 5.4.

44 The traces of the numeral are also compatible with 221, but 224 appears to be the
correct reading since the intervals from superior conjunction to greatest elongation and
from greatest elongation to inferior conjunction should add up to half the synodic period.
45 Neugebauer 1975, 2.804.
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to increase in longitude. After an interval not preserved in the text, but which ought to
have been about 50 days, Venus reaches its evening station (line 9). The text appears to
have specified Venus's elongation from the Sun, which should have been about 32° in the
direction of increasing longjtude. Following station, Venus continues to approach the Sun
while now moving retrograde until inferior conjunction (line 10).

At this point the text took a step backward chronologically, stating the interval from the
greatest evening elongation to the inferior conjunction, 68 days (presumably in the gap
between lines 10 and 11), and the corresponding interval of 68 days from inferior conjunc-
tion to the greatest morning elongation (line 11). Then it breaks down the latter interval
into a first part in which the planet moves retrograde to its marning station (line 12, again
with a lost indication of the elongation from the Sun at station) and a second part, lasting
49 days if the numeral is correctly read, in which the planet moves direct ta its greatest
morning elongation (line 13). 46 days from morning station to greatest elongation, and
thus 22 days from inferior conjunction to the station, would be in better agreement with
the epicycle radius of 442/, obtained above.

The final stage of the cycle is the direct motion from greatest morning elongation, with
the planet approaching the Sun (line 14), concluding with superior conjunction.

Lines 15-16 are in wretched condition and practically unreadable. It is not clear where the
section concerning Venus ended and that concerning Mars began.

Notes on specific passages:
5. The reading {wib[{Jou is highly uncertain, and we do not see how an allusion to a zodiacal
sign would fit in here.

The point of fooic ("equal”) is not clear, unless it anticipates the fact that the number of
Venus's revolutions around the ecliptic given in line 6 is the same as the number of years.

6. The ward at the beginning of the line might have been kUkAous, “circles” or “circuits.”

10. The ward following cuvébou at the line's end might have been a specification of which
kind of conjunction takes place; but neither dnwrepov (“further”) nor avarepov (“higher”)
would be expected far inferior conjunction.

11. dMhaic (“another”) presumably because an interval of 68 days was previously specified in
a lost part of the text for the time from greatest evening elongation to inferior conjunction.

Lines 16-24: Mars
Period relation and synodic period. Mars's period relation ought to have been set out in the
line preceding the statement of its synadic period (line 17), but we have not succeeded



in making sense of the traces in line 16. The synadic period is approximately 779.94 days,
which the text probably expressed as “a little less than 780 days."

Synadic phases

The starting phase of the text's synodic cycle is not entirely clear from the surviving text,
but on analogy with the paragraphs for Jupiter and Saturn, we believe it was the evening
station, following opposition. Line 18 indicates a beginning of direct mation, which should
mean the evening station, while line 19 refers to the entire interval of the planet's direct
motion from the evening station until the morning station. Lines 20-21 breaks this interval
into two equal parts of 349 days from evening station to conjunction and from conjunction
to marning station. As in the case of Venus, the elongations at the stations were given,
but unfortunately the numbers are lost.

Inline 22, the interval of 82 days must be from morning station to evening station since:
2 x 349 days + 82 days = 780 days

82 days is in fact longer than the time of retrogradation that would be obtained from any
chosen epicycle radius for Mars; the maximum passible is about 77 days, corresponding to
an implausibly large radius of about 43'/,, while an accurate epicycle radius would give a
retrograde time of about 73 days. It is possible that the discrepancy resulted from assuming
aninterval of several days of zero velocity at the stations, as the text prescribes for Jupiter
and Saturn; however, in the section for Jupiter the stated duration of the retrogradation
does not include the days of no motion.

Line 23 shows that Mars's stations were described as effectively lasting several days,
like those of Jupiter (30-31) and Saturn (39-40). It seems likely that the duration of the
stations were assumed to be 8 days for all three superior planets, though the reading of
the numeral in the present line is not certain.

The remaining part of the section for Mars (lines 23-24) is too broken to interpret; one would
expect areference to the planet's opposition at the midpoint of its retrogradation (cf. 32 and 41).

Lines 24-32: Jupiter

Period relation and synodic period. The number of years of the period relation was likely
written in an illegible part of line 24. The synodic period is approximately 398.88 days, so
the continuation of line 25 must have given 399.

Synodic phases

Lines 26-29 correspond closely to lines 18-21 in the description of Mars's synadic cycle:
the interval of direct mation from evening to morning station is specified, and then bro-
ken into two equal intervals of 139 days from evening station to conjunction and from
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conjunction to morning station. This is, within a day, the length of the intervals between
the conjunction and the stations calculated from Ptolemy's epicycle radius of 11',.

According to lines 30-31, the planet stands still for 8 days at either station. The number
104 in line 32 must be the duration of the entire retrogradation, not counting the eight-
day pauses, since:

2x139+2x8+104=398

though it is not clear how the text accounted for the total's shortfall of just under a day
relative to the synodic period. The opposition falls at the midpoint of the 104-day interval.

Notes on specific passages:

26. dwdekatnudpiov ("twelfth part”) is likely to have the sense of “30° interval” here, and
passibly refers to the amount that Jupiter progresses in longitude in one synodic period
(the mean is actually a little over 33°).

28.€vxpove (“inatime interval") is awkward here, but no alternative reading suggests itself.

Lines 32-43: Saturn.
Period relation and synodic period. Line 33 gives the number of years in the following
period relation for Saturn:

442 years = 427 synodic periods = 15 revolutions of the ecliptic

Like that for Venus, this relation is not attested in any other known ancient source. The
ratio 442 : 427 factorizes as (2 x 13 x 17) : (7 x 61), so it can be expressed as a plausible
gear train, e.g. (68:61) x (52 : 56). In this case, the period relation cannot be accounted
for as simply an approximation of the Babylonian period relation

265 years = 256 synodic periods = 9 revolutions of the ecliptic
since the Babylonian relation is both shorter and suitably factorable for gearwork.

Line 34 is all that remains of the statement of the synodic period. Combining the ratio
from the 265-year period relation with a 365/, day year would yield approximately 378.09
days, in agreement with the planet's actual synodic period.

Synodic phases

Little remains of the treatment of Saturn's synodic phases. The correspondence of wording
in lines 35-41 with parts of 26-32 shows that the basic pattern was the same as for Jupiter.
The only numerical parameter preserved is an 8-day interval of effective immobility at



Saturn’s evening station (line 40).

Lines 42-43 are too poorly preserved to make any sense of. Since line 41 corresponded
to line 32, which is the last line concerning Jupiter, we suspect that the text went on to
discuss material other than the planets’ synodic cycles.

Unplaced fragment 42

Our reading of line 2 is based on identifications of each letter's traces that would be most
plausible if taken in isolation, but it does not fit the known vocabulary of the inscription.
If we reject the reading of the first letter, it might preserve part of [pe]yiot[ov anéotnual,
"greatest elongation”; if so, the planet in question is either Mercury or Venus. If we suppose
the second letter to be an epsilon, one could restore [Mup]deic, “Fiery one," i.e. Mars, in which
case line 3 would be part of the statements of Mars's period relation and synodic period.
Line 3 seems to give us a numeral, either 64 or a number terminating in 64. We have not
succeeded in finding a plausible identification of this number among the quantities that
are likely to have appeared in the inscription's text.

Unplaced fragment 51

Lines 3-5 appear to contain vacabulary referring to a planet's apparent pause at a station,
the (following?) station, and an interval of days between stages of the synodic cycle. Line
2 might contain a numeral (324 or 224).

Acknowledgements

The authors gratefully acknowledge Dr. Tony Freeth's involvement in earlier stages (up to
2012) of the study of the inscription published in the present paper, including provision
of some CT images and comments on the reading and reconstruction of the inscription.
We believe we have carefully acknowledged in the text of the papers any work on the
inscriptions ta which he particularly contributed. The authors thank the Bayerische Staats-
bibliothek and the Adler Planetarium for access to photographs and archival materials.
They are also very grateful for discussion with, and support from, other members of the
Antikythera Mechanism Research Project.

295

M. Anastasiou, Y. Bitsakis, A. Jones, X. Moussas, A.Tselikas, M. Zafeiropoulou: IAM6. The Front Cover Inscription. ‘



‘ M. Anastasiou, Y. Bitsakis, A. Jones, X. Moussas, A.Tselikas, M. Zafeiropoulou: IAM6. The Front Cover Inscription.

296

- Britton, J.P, Walker, C.B.F. (1991), “A 4th Century Babylonian Model for Venus: B.M. 33552",

Centaurus 34:97-118.

- Carman, C.C., Thorndike, A., Evans, J. (2012), “On the Pin-and-Slot Device of the Antikythera

Mechanism, with a New Application to the Superior Planets", Journal for the History of
Astronomy 43: 1-24.

- Duke, D. (2005), "The Equant in India: The Mathematical Basis of Ancient Indian Planetary

Models', Archive for History of Exact Sciences 59: 563-576.

- Edmunds, M., Morgan, P. (2000), “The Antikythera Mechanism: Still a Mystery of Greek

Astronomy?", Astronomy G Geophysics 41: 10-17.

- Evans, J. (1984), “On the Function and Probable Origin of Ptolemy's Equant”, American

Journal of Physics 52: 1080-1089.

- Evans, J., Carman, C.C,, Thorndike, A.S. (2010), “Solar Anomaly and Planetary Displays in

the Antikythera Mechanism", Journal for the History of Astronomy 41: 1-39.

- Evans, J., Carman C.C. (2014), "Mechanical Astronomy: A Route to the Ancient Discovery of

Epicycles and Eccentrics”, in Sidoli, N., Brummelen, G. Van (eds), From Alexandria, Through
Baghdad- Surveys and Studies in the Ancient Greek and Medieval Islamic Mathematical
Sciences in Honor of J.L. Berggren. Berlin, 145-174.

- Freeth, T. (2002), “The Antikythera Mechanism 2. Is it Posidonius' Orrery?”, Mediterranean

Archaeology and Archaeometry 2: 45-58.

- Freeth, T, Bitsakis, Y., Moussas, X., Seiradakis, J.H., Tselikas, A., Mangou, H., Zafeiropoulou,

M., Hadland, R., Bate, D., Ramsey, A., Allen, M., Crawley, A., Hockley, P, Malzbender, T.,
Gelb, D, Ambrisco, W., Edmunds, M.G. (2006), “Decoding the ancient Greek astronomical
calculator known as the Antikythera Mechanism”, Nature 444: 587-591. Supplementary
information, http://www.nature.com/nature/journal/v444/n7119/suppinfo/nature05357html.

- Freeth, T, Jones, A., Steele, .M., Bitsakis, Y. (2008), “Calendars with Olympiad display and

eclipse prediction on the Antikythera Mechanism", Nature 454: 614-617. Supplementary
Notes (amended June 2, 2011), http://www.nature.com/nature/journal/v454/n7204/
extref/nature07130-s1.pdf.

- Freeth, T, Jones, A. (2012), “The Cosmos in the Antikythera Mechanism", ISAW Papers 4.

http://dlib.nyu.edu/awdl/isaw/isaw-papers/4/.

- Goldstein, B.R. (2009), "Apollonius of Perga's Contributions to Astronomy Reconsidered”,

Physis 46: 1-14.

- Jones, A. 1998. “Studies in the Astronomy of the Roman Period. Ill. Planetary Epoch

Tables." Centaurus 40, 1-41.

- Jones, A. (1999), Astronomical Papyri from Oxyrhynchus. 2 vols. in 1. Memoirs of the

American Philosophical Society 233. Philadelphia.

- Neugebauer, 0. (1955), Astronomical Cuneiform Texts. 3 vols. London.
- Neugebauer, 0. (1958), "On a Fragment of Heliodorus (?) on Planetary Motion", Sudhoffs

Archiv fir Geschichte der Medezin und der Naturwissenschaften 42: 237-244.

- Neugebauer, 0. (1959), “The Equivalence of Eccentric and Epicyclic Motion according to



Apollonius", Scripta Mathematica 24: 5-21.

- Neugebauer, 0. (1975), A History of Ancient Mathematical Astronomy. 3 vols. Berlin.

- Price, D. (1959), "An Ancient Greek Computer”, Scientific American June 1959: 60-67.

- Price, D. (1974), Gears from the Greeks. Transactions of the American Philosophical
Society N.S. 64.7.

- Rehm, A. (1905), “Meteorologische Instrumente der Alten" (unpublished manuscript).
Bayerische Staatsbibliothek, Rehmiana I11/7.

- Rehm, A. (1906a), “Notizbuch" (unpublished notebook). Bayerische Staatsbibliothek,
Rehmiana Il1/7.

- Rehm, A. (1306b), “Athener Vortrag" (unpublished paper). Bayerische Staatshibliothek,
Rehmiana I11/9.

- Svoronos, |.N. (1903a), O @naaupdc tov AvtikuBripwv. Athens. Republished in Svoronos, I.N.
(1908), To ev ABrvaic EBvikov Mouaeiov. Athens.

- Svoronos, I.N. (1903b), Die Funde von Antikythera, Athens. Republished in Svaronos, I.N.
(1908), Das Athener Nationalmuseum. Athens.

- Theofanidis, I. [1927-1930], “Ayiou MauAou (MAoTC)", MeydAn STpatiwTike kai NauTIKf Eyku-
kAomai6eia 1: 83-96 [pp. 89-96 are erroneously numbered 97-104].

- Theofanidis, I. (1934), "Sur l'instrument en cuivre dont les fragments se trouvent au
Musée Archéologique d'Athenes et qui fut retiré du fond de la mer d'Anticythére en
1902", MpakTika TAc Akadnpiac ABnvav 9: 140-149.

- Toomer, G.J. (1970), "Apollonius of Perga’, Dictionary of Scientific Biography 1:179-193.

- Toomer, GJ. (1984), Ptolemy’s Almagest. London.

- Van Brummelen, G. (2009), The Mathematics of the Heavens and the Earth: The Early
History of Trigonometry. Princeton.

- Wright, M.T. (2002), “A Planetarium Display for the Antikythera Mechanism”, Horological
Journal 144:169-173 and 193.

- Wright, M.T. (2009), "A Practical Approach to studying the Antikythera Mechanism”,
International Congress of History of Science and Technology, Budapest University of
Technology and Economics, Budapest, 31 July-1 August 2009.

- Wright, M.T. (2013), "The Antikythera Mechanism: Compound Gear Trains for Planetary
Indications", Almagest 1.103717.

- Zafeiropoulou, M. (2012), “0Old and New Fragments of the Antikythera Mechanism and
Inscriptions”, in Kaltsas, N., Vlachogianni, E., Bouyia, P. (eds), The Antikythera Shipwreck:
the ship, the treasures, the mechanism. Exhibition catalogue. Athens, 241-248.

297

M. Anastasiou, Y. Bitsakis, A. Jones, X. Moussas, A.Tselikas, M. Zafeiropoulou: IAM6. The Front Cover Inscription. ‘



The Back Cover
Inscription

DOI 10.1484/). ALMAGEST.5.110736

Almaocact



Y. Bitsakis

Department of Primary Education, National and Kapodistrian University of Athens/ Institute
of Historical Research/National Hellenic Research Foundation, Greece

E-mail: bitsakis@gmail.com

A. Jones
Institute for the Study of the Ancient World, New York, USA
E-mail: alexanderjones@nyu.edu

Y. Bitsakis, A. Jones: IAM 5. The Back Cover Inscription. _
N

Abstract

This paper presents an edition with translation and commentary of an extended text that
was inscribed on a plate (or conceivably a pair of plates) that lay against the rear face of the
Antikythera Mechanism while it was under the sea. This plate, which may have functioned
as a protective cover, is extant only in small fragments, but more of its text was preserved
as offsets on a layer of accreted matter that built up against it. The text was a systematic
description of the dials, pointers, and other external features of the Mechanism, beginning
with the front face and continuing with the rear face. The best preserved passages include
descriptions of features on lost parts of the Mechanism: a display of pointers bearing small
spheres representing the Sun and planets on the front dial, and a dial on the upper back
face representing a 76-year "Kallippic” calendrical cycle.

This is an open access chapter distributed under a CC BY-NC 4.0 International
License.
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5.1 Introduction

During a long interval of the Mechanism's immersion in the sea, an inscribed bronze plate
(or conceivably a pair of plates) about two millimeters thick lay against the Mechanism's
rear, with the inscribed side facing inwards and oriented right way up with respect to the
Mechanism. The plate was not flush with the Mechanism's back plate, in part at least because
the pointers of the back dials held them apart. Through the action of the seawater, a film
of hard accretion of variable thickness, but generally less than a millimeter in depth, built
up against the inscribed face, so that its surface was a negative copy of the plate’s surface,
with the inscription’s engraved lettering reproduced as slightly raised, mirror-reversed
offsets.! Eventually the inscribed plate fragmented, and by the time that the Mechanism’s
fragments were salvaged, most of the plate had fallen off, leaving much of the accretion
layer still attached to the fragments together with some patches of the plate itself. Remains
of the offsets and original plate are found in the present Fragments A, B, and E, as well as
Fragments 19 and 67, which are pieces of the plate separated from A in 1905.

The physical relation of the plate to the Mechanism when it was intact is uncertain. Price
supposed that, in addition to bearing the inscription, it served as a hinged "door” protect-
ing the back face when the Mechanism was not in use.? Assuming that its remains were
found in roughly their original locations, the text would have been visible to a spectator
anly when the door was open. Since, however, no evidence of hinges has been identified,
we follow more recent investigators in speaking of the plate as the “Back Cover," and so its
inscription is formally called the “Back Cover Inscription”. The truth is that we do not know
whether the plate was intended as a protective cover rather than a detached sheet meant
to be deployed in some ather way, which either was intentionally stored against the back
face for safer transport or accidentally got that position during or after the shipwreck.?

Inall, parts of fifty-five lines of text are preserved. It can be inferred that the text was writ-
tenin a single wide column (averaging around 75 letters to a line), running along practically
the full breadth of a plate having about the same width as the Mechanism's faces, since a

I

1 Theinitial explanation of the mirror-reversed lettering seen on Fragment B when it was
discovered in 1902 was that one was seeing the back of an engraved plate; see for example
Rediadis in Svoronos 19033, 46 = Svoronos 1903b, 45. Theofanidis [1927-1930], "98" (correct
pagination 90) seems to have been the first to give the correct explanation in print.

2 Price 1955, 65, and Fig. on 62-63; Price 1974, 21-22 (where a "diptych” arrangement
with two hinged doors is suggested). The "door” nomenclature was retained in Freeth et
al. 2006, 587, and Freeth, Jones, Steele, G Bitsakis 2008, supplementary notes 7.

3 See section 3 for discussion of a plate fragment with a sliding catch in Fragment F,
which, if it came from what we are calling the Back Cover, would confirm that it was indeed
aremovable cover.



layout in two or more columns would not accommodate the minimum of words required
to obtain continuity of sense between some of the consecutive preserved parts of lines.
The surviving text comes from towards the beginnings (left ends) of the lines, with many
line beginnings either preserved or reconstructible.*

The offset layer on Fragment B-1 (Fig. S2) shows very clearly both the left margin of the
text and the physical left edge of the Back Cover, which was very close to the margin and
very nearly parallel to the sides of the Back Plate. If we extrapolate this edge downwards,
using the known original configuration of Fragments B and A, we find that the line would
have fallen about a centimeter to the right of the left margin of the text preserved in A-2
(and E), which also inclines slightly clockwise relative to the edge of the Back Plate (Fig.
5.1). In other words, looking at A-2, we see the lines of offset text as not exactly horizontal
but inclining slightly upwards to the right.® The margin of the plate on B-1 and that of the
plate on A-2 and E were respectively about 30 mm and 20 mm to the right of the back
plate's edge (i.e. to this edge’s left when we are looking at the mirror-reversed offsets on
the fragments). Hence at the time that the offsets were formed, the Back Cover was split
in two parts, either through a fracture or because it originally comprised two separate
plates, and both parts were in somewhat different laterally shifted positions relative to
the Mechanism's frame.

|

4 Inthis discussion we use “left" and “right" in relation to the text as it appeared on the
inscribed plate. The directions are reversed on the preserved offsets.

5  Aside from considerations of physical appearance, the margins can be identified by
their consistently lining up with beginnings of words or syllables according to the standard
Greek conventions for line breaks.
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Figure 5.1: Mirror-reversed image of B-1 superimposed on A-2 in its approximate original
position, with the left margins of the Back Cover Inscription shown as white lines

(Image: National Archaeological Museum, Athens, photographer: Kostas Xenikakis, copyright:
Hellenic Ministry of Culture and Sports/Archaeological Receipts Fund)



The total preserved height is about 200 mm, and it is not clear how much text preceded or
followed the extant lines. A plate coextensive with the Mechanism's faces could potentially
have held about ninety lines of text, or on the order of twelve hundred words. This would be
the equivalent of four or five pages in a typical modern edition of an ancient Greek prose
text. At a minimum, the text was about two-thirds of that length.

The recagnition of the Back Cover Inscription as a distinct entity was due to Price, following
upon his discovery of how Fragments A and B fitted together. The part of the inscription
preserved in offsets on B had been remarked, and a few letters successfully read, at the
time that the Mechanism was first noticed in the Museum in May, 1902, but to the early
investigators it was not clear, for example, that the mirrored text on B-1 and the normally
ariented text visible on A-2 —actually part of the Back Plate Inscription— did not come
from a single inscription. The natural presumption was that a text accompanying a me-
chanical instrument ought to contain an explanation of how to operate the instrument;
and as bit by bit more of the inscription was read, with terminology showing up relating
to both astronomical objects and mechanical elements, the label “instruction manual”
persisted. We can now see, however, that this characterization is not quite exact though it
comes close to the truth. The text, so far as it survives, does not contain instructions for
operating the Mechanism (except perhaps in part 11.5-16), but it systematically describes
the visible components of the Mechanism. Its relation to the Mechanism was like that
of a caption to a drawing or picture, addressed to the viewer rather than to the operator,
and explaining the meaning of what he or she was seeing.

The part of the inscription surviving on Fragment B appears to have concerned the
Mechanism's front face, and its better preserved lines appear to be inventarying features
in a more or less radial order from the center of the front dial outwards. The partin A, E,
19, and 67 relates to the rear face, describing in turn the upper spiral dial, the subsidiary
dials enclosed within the spiral, the lower spiral dial, and the subsidiary dial enclosed in it.
Since the division between the accounts of the two faces apparently coincided with the
discontinuity in the lateral shift of the text's left margin, the possibility arises that the
inscription comprised two detached plates that were meant to be deployed or mounted
so that one could read the plate concerning each face while looking at that face. For ex-
ample, the intention might have been that the Mechanism would be mounted on a plinth
at a suitable height for convenient operating and viewing, with the explanatary plagues
fixed to the front and back of the plinth.

The principle of furnishing a publicly displayed scientific object with an explanatory “caption”
inscription can be paralleled in several Greek inscriptions that accompanied sundials, for
example the following inscription (since lost) copied by Cyriacus of Ancona in 1444 in Samo-

No
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thraki from one face of a marble pedestal in the form of a triangular pyramidal frustrum:®
«700 yvwpovoc N | [okia éniodoa €ni Ta|¢ ypappag on|uaivel Tac wpag | Tod éviautod kai | TA¢
Nuépac. | Tpondv Bepivv | npwTn, ionuepIRV I LEaN, | [XEIJLEPI[V]@V ) EOXATN.

("When the shadow of the gnomon reaches the lines, it indicates the seasons of the year
and the hours of the day. The first (line) is for the summer solstice, the middle one is for

"

the equinoxes, the last one is for the winter (solstice)").

The sundial captions are obviously much briefer than the Back Cover Inscription, because
the objects that they explained were, from the viewer's perspective, much simpler. More
comparable in scale to the Back Cover Inscription are the captions (Unoypadai) that Ptolemy
provides in Geography 7.5, 7.7,and 8.3-28 to accompany his maps of the known world and its
regions.” For example, the caption for the world map (7.5), which runs to nearly a thousand
words, inventories the three continents, the seas and unknown lands that border them,
and the largest bays and islands, as well as specifying the known world's limiting parallels
and meridians and its north-south and east-west dimensions.

While part of the interest of the Back Cover Inscription for us is the light it casts on
how the Mechanism's makers imagined that people would experience it and what
they would need to know in order to appreciate it, the text also contributes to our
knowledge of the Mechanism's appearance and functions. At early stages in the study
of the fragments, when little had yet been deduced from the physical evidence, read-
ings from the inscription, though limited to disconnected words and phrases, were
instrumental in establishing that the Mechanism was an astronomical device. The
serendipitous occurrence of numerals representing 19 years, 76 years, and 223 (lunar
months) on Fragment 19 pointed researchers to the crucial role of the Metonic period
and the Saros cycle in determining all the functions relating to the Sun and Maon.
In the present, more advanced state of reconstruction of the Mechanism, the part
describing the back face serves mostly to reinforce the understanding of the back
dials and their pointers that we can obtain in the first instance from the substantial
parts that survive of them and of the gears that drove them — though it is only from
the inscription that we learn that there were two subsidiary dials inside the upper
spiral dial but just one inside the lower spiral. The part describing the front face, on

|

6  Gibbs 1976, 394, no. 8008, following the restoration of the text in Wilhelm 1937 (we
reject the emendation of ionuepidv to ionuepivav in the 8 line); for Cyriacus's drawing,
see Bodnar G- Mitchell 1976, 79 and 88. Other examples, incompletely preserved, include
inscriptions from Amastris (Gibbs 1976, 392, no. 8001), Oropos (Schaldach 2004, 442,
inscribed on the sundial itself), and Alexandria (Breccia, Alexandria Mus. No. 185, for which
see Jones 2014, 178-181). The Alexandrian inscription runs to more than a hundred words,
and was probably much longer when complete.

7 Berggren G Jones 2000, 4, 108-111, 117, and 121-122.



the other hand, gives its clearest testimony precisely where the physical evidence is
most defective, namely with respect to the way that the Mechanism displayed the
motions of the planets.
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5.2 Fragments preserving parts
of the Back Cover Inscription

Figure 5.2: CT composite image of the Back Cover Inscription preserved in fragment B
(Image: Antikythera Mechanism Research Project)

Comparison with the early photographs shows that the accretion layer on B-1 has not
significantly altered since 1902 (supplementary Fig. S8); in particular, there have been no
losses to breakage. Much less of the inscription can be made out in the early photographs,



chiefly along the right edge (i.e. the beginnings of the text lines). It appears that B-1 was
left mare or less untouched in the 1905 canservation, but was subsequently cleaned of
superficial material concealing the offsets, probably during the 1953 conservation.

The greater portion of Part Il survived in a similar manner, as an accretion layer lying over
the Back Plate on Fragment A-2, with smaller pieces of the Back Cover plate still adhering
to the accretion layer. The earliest photograph (supplementary Fig. S6), published in 1903,
shows A-2 in this state. The phatograph is not as clear as one would wish, but seems to
show the accretion layer as having a more or less rectilinear right edge about 20 mm to
the left of the right extremity of the fragment, with the rest of its outline irregular; the
layer's dimensions were apparently about 50 x 85 mm. No letters can be made out, and it
is not possible to discern which regions of the accretion layer were covered by fragments
of the Back Cover plate.

The 1905 photograph of A-2 shows the state following the 1305 conservation work, part
of which consisted of separating the surviving bits of the Back Cover plate, i.e. the present
Fragments 19 and 67.8 The accretion layer appears almost as extensive as in the 1903
photograph, but about a centimeter (or less) seems to have disappeared off the lower edge.
The surface apparently had not been cleaned, and no lettering can be seen, though this is
in part due to the relatively poor quality of the photograph. Rehm wrote Patinaabklatsch
("patina-offsets”) along the lower edge on his print of the photograph, which shows that
he had seen mirrored letters there, and understood how they had formed. In the 1918
photograph (supplementary Fig. S7), the accretion layer appears unaltered from the 1905
state except that a small region at the lower left had now broken off, but the much sharper
image shows some lettering.

By the 1950s, the accretion layer had suffered more damage; more or less the lower half of
the area visible in the 1918 photograph was no longer on A-2. Mast of this material seems
to have been entirely lost, but a piece about 25 x 20 mm survived as a detached fragment,
visible in some of Price's 1958 photagraphs. It has since been rejoined to A, though not
exactly inits original location (which can be determined from the 1918 photograph) because
a bit of the Back Plate that provides the linkage is gone. The surface of what remained
of the accretion layer (Figs 5.3 and supplementary S1) was cleaned, probably in the 1953
conservation work, so that much more of the mirrored text became legible. There are,
however, significant regions whose surface is abraded to the point that the letters are
illegible or entirely obliterated.

——
8  Fragment 67, slightly larger than it is now, appears in one of 1905 Karo photographs
alongside Fragments 19 and D.
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Figure 5.3: The Back Cover Inscription preserved on A-2: (left) mirror-reversed photograph,
(right) CT composite image
(Images: photo Niels Bos; CT Antikythera Mechanism Research Project)

Fragment 19 (Fig. 5.4, left) is an oval piece of the Back Cover plate, about 50 x 40 mm. Most
of its surface is in excellent condition; the preserved text partly coincides with surviving
offsets on A-2, but some of the corresponding offsets were lost in the pre-1950s damage.
Fragment 67 (Fig. 5.4, right), another piece of the Back Cover, is about 10 x 10 mm, and
matches an extant region of the offsets.

\ 4

L —
5 cm

Figure 5.4: Fragments 19 (left) and 67 (right)
(Images: National Archaeological Museum, Athens, photographer: Kostas Xenikakis, copyright:
Hellenic Ministry of Culture and Sports/Archaeological Receipts Fund)
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Fragment E has an irregular region, about 40 x 60 mm, of the offset layer, some of which
is covered by pieces of the Back Cover plate (Fig. 5.5)

wa | [
5 cm
Figure 5.5: The Back Cover Inscription in Fragment E: (top) mirror-reversed photograph,
(bottom) CT composite image
(Images: National Archaeological Museum, Athens, photographer: Kostas Xenikakis, cop-
yright: Hellenic Ministry of Culture and Sports/Archaeological Receipts Fund: Antikythera
Mechanism Research Project)
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Fig. 5.6 shows the parts of the Back Cover Inscription preserved on Fragments E, 19, and
67, overlaid on the surviving offsets of A-2 and the 1918 photograph (both mirror-reversed).

Figure 5.6: Composite image superimposing photographs of Fragments 19 and 67 and CT
composite of E on photograph of the surviving inscription on A-2 on the 1918 photograph of A-2
(Images: Antkythera Mechanism Research Project; Niels Bos; Bayerische Staatsbibliothek,
Rehmiana Il 9)

Fragment F contains a small piece from the corner of a rectangular plate with a sliding catch
similar to the catch on the Front Plate preserved in Fragment C. It has been suggested
that this was a piece of the Back Cover plate, but it bears no inscription and may well have



belonged to a different component of the Mechanism, possibly even the Front Plate itself.?

On Fragment B the line spacing of the text averages approximately 3.5 mm baseline to
baseline (measured on CT from 1.3 to 1.26), and the typical letter height is about 2.0 mm
though with considerable variation. In the preserved parts of 1.16-25 the average letter width
including space between letters is approximately 2.2 mm, but the average for individual
lines ranges from about 1.9 mm to about 2.6 mm. Assuming a usable plate width of about
165 mm, complete lines would have averaged about 7510 letters per line. Fragment
19 averages a slightly larger line spacing of 3.7mm baseline to baseline (measured from
photograph from I1.14-23); the letter heights and average widths (measured in 11.16-18)
are consistent with those from B. The remains on the other fragments are insufficient for
precise measurements of the lettering, but consistent with those from B.

—
9  SeelAM3.2
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5.3 Previous transcriptions and study of
the Back Cover Inscription

Wilhelm's and Svoronos's readings of a few words from the offsets on B were announced
in the Athens newspapers soon after the discovery of the fragments in May 1902 and con-
sensus settled on two points: that the text consisted of instructions for the instrument's
use, and that the presence of references to the Sun and (probably) Venus established the
instrument as astronomical. The first formal transcription, however, was in Rediadis's 1903
report on the Mechanism; it is credited to Svoronos with contributions from Wilhelm.™ In
terms of the number of letters read, it was an advance on the version given in the newspa-
pers the previous year, but scarcely in terms of understanding of the text since hardly any
new recognizable and meaningful wards had emerged. A transcription of similar extent,
though diverging in the reading of some of the letters, was published by Theofanidis; it
was probably the work of Leonidas, whom Theofanidis elsewhere credits with assisting
him with the inscriptions.™

Valerios Stais gave the first transcription of the recently separated Fragment 19 in his 1905
monograph on the Antikythera wreck.'? Again probably relying on Leonidas, Theofanidis
subsequently published a more accurate text." Theofanidis also mentioned the presence
of offsets on Fragment A, apparently being the first scholar to do so in print, but did not
attempt to transcribe them.'

The Stamires-Price transcription in Gears from the Greeks represents a major advance, made
possible by the 1953 conservation which had greatly enhanced the legibility of the offsets
on A-2 and B-1, and Price’s determination that those on B-1 had originally been mare or less
directly above those on A-2." The transcription of Part Il is a composite of readings from
A and 19, together with a few unattributed readings that likely came from a manuscript
transcription (which cannot now be located) of A, presumably by Rehm, made when the
offsets were better preserved.' Price had little to say in general about the contents of the

|

10 Svoronos 1903a, 46 = Svoronos 1903b, 45-46. The transcription is reproduced by
Rados 1910, 10.

11 Theofanidis [1927-1930], "98" (correct pagination 90), and 1934a, 143. The acknowl-
edgement of Leanidas's assistance is at Theofanidis [1927-1930], 99" (correct pagination
91), note 1.

12 Stais 1905, 22, note 1; reproduced in Rados 1910, 11.

13 Theofanidis [1927-1930], "99" (correct pagination 91), and 19343, 144.

14 Theofanidis [1927-1930], "98" (correct pagination 90): “0wpeia neNIECUEVOY YPAUUATOV
anoAUTWC AVENISEKTWY AVaYVWOOEWG."

15 Price 1974, 47.

16 The presumed "‘Rehm” readings appear in the beginnings of the last several lines, with



Back Cover Inscription, but he remarks about the lines in Part Il that were best preserved
(largely through Fragment 19) that "on the whale it seems that this text is concerned, as
indeed it should be, with explaining the dials and pointer readings on the pair of back dials...,"
a statement that we are glad to be in a position to confirm."”

A provisional transcription of the Back Cover Inscription was presented in the supplementary
materials of the Antikythera Mechanism Research Project’s 2006 paper.'® While retaining
many readings from the Stamires-Price transcription, this text added letters read for the
first time on Fragments B and A by means of CT, and incarporated the text from E which
had not been previously transcribed.

Most recently, Freeth and Jones published in 2012 a discussion of the Back Cover Inscription
together with a text of several lines from Part | revised by Jones'®, though some readings
have since been corrected.

MO corresponding to an area of the offsets that is visible in the 1318 photo-
graph but no longer exists. The handwritten drafts of the Stamires-Price transcriptions in
the Adler Planetarium collection show Part Il in two states, before and after these readings
were incorporated.

17 Price 1974, 50.

18  Freeth et al. 2006, supplementary information 8-9.

19 Freeth GJones 2012, 2.31-2.3.2.
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5.4 Transcription and translation

The Back Cover Inscription as we have it is divided into two series of consecutive lines,
respectively preserved in Fragment B alone and in the group of fragments A, E, 19, and 67.
Reconstructing the original relative positions of A, B, and E suggests that the last line in B,
represented by only a few doubtful traces of tops of letters, ought to have been the line
immediately preceding the first line in E, which is also represented by just a few letters.
However, very small adjustment in the positioning of the fragments would create enough
room for a lost intervening line or perhaps make the last line in B the same as the firstin
E.2° The question of continuity is further complicated by the shift and twist noted above
of the lower lines of the inscription relative to the upper lines. We therefore designate
the two parts as | and Il respectively, counting the lines in each part from 1. For the sake
of concordance with earlier transcriptions, we note the following equivalences: our 1.2 is
AMRP (2006) line 1 and Price (1974) line 1; our 1.2 is AMRP line 28; and our 1.8 is AMRP
line 34 and Price line 30.

Part | was read primarily from CT of Fragment B supplemented by PTMs ak353, ak36a, and
ak37a. Part Il was read from CT (E and 19); PTMs akla (19), ak47a (A), ak49a (A), and akbla
(67); digital photographs kindly provided by Niels Bos (A), and the 1918 (?) photograph of
A2. Letters visible in the 1918 photograph but no longer preserved are underlined.

Part |, text.

L

TauTtnv o[

8e1d' unohap[elv
uno deTOVTW |
& [-6-Joika[
e[-9- Inion|
[-10-]npog
ol -10- Jube [
.[-10- Jvrippoa]
11-]¢én"Gkpou 8]

11-] wopévwv |
12-Jepédavor |
11-1..... hwvyey|

10-] € 6 'unoAaBeilv
_JoBe 1O ogaipiov pepe |
npogxov alTol YWwHOVIoV Of

[-
[-
[-
[-
[-
(.

- = - s s . 0O N U W N —

o Ul W N - O

|
20  Inthe transcriptionin Freeth et al. 2006, supplementary information 8-9, .29 is equated
with I1.2. We believe this is definitely too tight a relative placement of the two parts.



17 QepeIV 1) pev Exopévn T®!I TAC [

18  T0C, T0 6¢ 81 'aUTO0 PepodpEv[ov

19 TGAPPOSITN<G> Dwadopou | |

20 ToU[®w]opopou nepidépeiay |

21 yopw[ ] keTaiypucodv opaipiov [
22 HAi[ou] akTiv; Unep Be TOVHAIOV 0TIV KU[

23 [ -3- 10]0ApewC NupdevToc, TO &€ Slanope[udUEVOY
24 [Ai16¢ DaléBovtog, TO b Slanopeudpevoy [

25 [vou @a]ivovTog KUKAOG, TO b€ adaipiov GA[

26 [ -7-]epadeTolkbopoukeltal [

27 [ -10- Jpev[ ] otoixeia napakeip[eva

28 [-12-] auraTaicdomd[iokaig

29 [-12-] npoeipnpéval

30 [-16-Jaon[. ][

Part I, apparatus

1 .- along edge, bottom of serifed vertical somewhat to right of margin, with trace of de-
scending diagonal meeting the vertical just above the serif from the left side (perhaps v);
to the right of this, two small traces at baseline level, not serifed.

3 B: small trace of lower left corner of letter

4 6: horizontal stroke at baseline level | : serifed bottom of vertical stroke extending slightly
below baseline

5 :small trace at top level along edge

6 n: vertical with serif at bottom, part of horizontal projecting slightly left of vertical

7 n: right part of horizontal at top level, top part of left vertical, short serifed right vertical |
o: left half of letter with corners at top and bottom

8 0: left side of loap | p: right half of vee and right vertical serifed at bottom | : small traces
at edge at top and baseline level, e.g. g or x

9 : small trace at top level along edge

10 €: indistinct traces of right ends of top and bottom horizontals

11 :indistinct traces at edge, conceivably right part of vee and right vertical of p | * trace
at baseline level, possibly lower left corner of o

12 €: top and bottom horizontals and part of vertical visible in PTM ak35a | : indistinct traces,
possibly a vertical serifed at bottom

13 first letters extremely indistinct, conceivably _ kukAwv

14 ':indistinct | € bottom half of letter with middle horizontal, faint | % indistinct

15 8: bottom half of letter, rather angular and with the right ascending stroke projecting slightly
below baseline (a deformed u cannot be ruled out) | _: indeterminate traces along edge, and
traces of serifed right ends of horizontals at top and baseline level along edge | : trace at top
level, eg.toro

19 :extremely indistinct; conceivably o

20 : trace along edge of vertical or loop
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21 __:serifed bottom of vertical, somewhat to right of v, followed by lower left portion of loop(?)
22 : serifed top of vertical

24 v: left vertical stroke

25 T: right half of letter | A: apical letter, no horizontal visible

26 ¢: traces of serifed right ends of horizontals (?) at top and baseline level along edge | &:
lower right corner of letter | | : very indistinct traces

28 :trace at edge at top level | §: top of apex

29 n: top right corner of letter | p: loop | a: top of apex

30 a: top of apex | g: top horizontal and left extremity of descending diagonal | r: horizontal
stroke at top level with slight traces of two verticals | : horizontal stroke at top level?

Part |, translation
this ...

One should understand...
Below the...

O N O U~ Ww N =

9 . fitted(?)...

10 .. atthetip..

L

12 ... black...

13 .

14 ... one should understand...

15 .. the little sphere travels...

16 ... little pointer projecting from it...

17  arcs, the one next to the... of the...

18  Stilbon(?), and the... travelling through it

19  of Aphrodite Phosphoros...

20  the arc of Phosphoros...

21 on the pointer lies a golden little sphere...

22 ray of the Sun, above the Sun is the circle(?)...

23 of Ares Pyroeis, and the... making its way through...
24 of [Zeus] Phaethon, and the... making its way through...
25 circle of [Kronos] Phainon, and the little sphere...
26 ... of the cosmos lies...

27 .. letters situated beside...

28 .. the little disks...



29 .. aforesaid...
30 ... disk(s)(?) ..

Part I, text
T [-4-] gl

2 [-4-]1anoTavdiaipéog[wv

3 [ €von<e> T ik Tuuata v ohe [
4 TAIbE kalal egalpeaipol fipépar ka[
5  [€]yovaTnudria 8o v nepi Tupndvi[ov
6  [r]anpoeipnpéva otnpdria Tpnpal
7 [Bi]aTavtprpatwy dighkesbar [
8 opoiwgToicmpw [ T..[
9 ouegnomal ] rypun(
10 Kkal oUPUE[C
11 [Jaompdna
12 [-7-ol. Jayeol
1 -2-]pou  Bodou[ Inl
1

1

1

1

1

1

(
[-2-1pou . 608 .
[ -4- ] mvévavtiavv e[

[ .1 nepovn 6Bev €EnikuolBn

[...] TAC npwmg xopag v pl
[yvw]udvia duo v dvta drpa é[peTai
[ .1 téoaapa, Snhai &' 6 pév TH[v

O 0 N O U A W N — O

GTIVTAG v osL v 1BL v Tou]

20 poceigioa v akyv ouvTea[

21 1€ 0 0Gblaipédn <> v v AN [
22 pov[ . JoréyAeintikoixpl

23 opoliw]c ToTG €ni TAC €[

24 dipoy oéperai] ] |

25 pevr vl

Part Il, apparatus

Lines 1-7 are preserved in E.

1 : apparently complete but gritty traces of € or (less likely) o | g: bottom left corner

2 €": bottom stroke with serif, and trace of bottom end of vertical | €% bottom stroke with
serif, and trace of bottom end of vertical | : trace at baseline

3 v: one letter

4 q: left ends of ascending diagonal and horizontal, no serif visible

5 ad: corr. from ov | v: 1/2 letter | I: trace at baseline

6 : trace at top level | a: trace at baseline

7 .. top of serifed apex and, to its right, trace at top level

Lines 8-9 are preserved in A and E

235

Y. Bitsakis, A. Jones: IAM 5. The Back Cover Inscription. ‘



‘ Y. Bitsakis, A. Jones: IAM 5. The Back Cover Inscription.

236

8 A opoIw[

E [ Jegrocnpe [ ],
¢ serifed right ends of top and bottom strokes | : horizontal at top level with serifs at
both ends

g A ouegnoma|

possibly a trace of p (tops of apices) to left of ¢ | g: traces of top and bottom left
corners along edge

E [ ]l

- horizontal at top level with serifs (?) at both ends, and to the right of this, serifed
top of descending diagonal

Lines 10-13 are preserved in A

11 a: faint | a: indistinct

12 ¢': faint | a: apical letter, faint | y: complete, rather narrow | ¢: indistinct, distorted | o:
bottom left corner

13 pou: complete but indistinct | _: indistinct traces, the rightmost part of which resembles
the right half of pi | 8o: indistinct | §: apical letter with apparent horizontal at baseline, but
lambda canot be ruled out

Lines 14-15 are preserved in A, 19, and 67
14 A [-5-] vavriavve]
- possibly top half of €] % trace of descending diagonal at top level, possibly
67 [ Tmvel
T: vertical with bottom serif, right part of horizontal with serif
19 [ ] Tavvel
- bottom of vertical (?) along edge | v: 1 letter | % ascending diagonal starting from
baseline
5 A [ -4- Jepovnv 0Bev eénhkug]
o: trace at baseline level along edge
67 [ ]enl
- trace of horizontal or serif at top height
19 [ ] voBevegnA|
1 vertical with serif at bottom | % small trace at baseline

Lines 16-23 are preserved in A and 19. Some letters legible in the 1918 photograph of A2
are now lost or illegible

16 A [...1mcnpwtng xwpag v uf

1. faint

19 [ In¢ npwTng xwpag v ul

n: serifed bottom of right vertical and small trace of horizontal | v: half a letter
17 A [-3-1.[ -4-]uowvTaaxkpa Pep|

_:sharp apex



20

21

22

23

24

19 [ Jpovia duo v wv Ta akpa gl

v: half a letter | €: bottom of vertical with tiny traces of horizontals at baseline and mid
level

A [-10-1.[ Tidop I

- serifed top of vertical | y: top half of letter | __: indistinct traces

19 [ laTeooapadnhordopev ]

a: descending diagonal of apexed letter

A o1(

.- apparently, right ends of a stroke ascending slightly at top height and descending
slightly at baseline | 1: left end of serifed horizontal at top level, vertical serifed at
bottom along edge

19 [ JvmngvocLviBLvTou[

_:serifed top of vertical at top level | v': one and a half letters | v%: one letter | v*: one letter

A uol

y: left ascending stroke with bottom serif clear, remainder of letter faint in depressed
area of surface | : traces at top level (?) and baseline along edge

A [Jocaic]

19 [ JeigioavokyvouvTeo]

e1:faint | v': one letter | v*: half a letter | ¢: top and bottom horizontals with serifs, small
trace of meeting of diagonals, € not excluded

A il

Ao LE.0

19 [ la. ogdiaipedbnvnyoin |
v and v2 half a letter

A pov[ Jeyhell

Age KOVl

19 JoreyAeinTikor xpl

p: faint

A opo[iw]g Toigem T[

19 [ Jemmngel

€: top horizontal and top part of vertical
A [-4- 1. oepeTaik|

Ao akpov pepeTal [

19 [ 1.1

.. tops of two apices

Line 25 is preserved in A. Some letters legible in the 1918 photograph of A2 are now lost

25

A [...Juevtun

y: right vertical, slightly sloping, with bottom serif

indistinct | u: vee with serifs | n: horizontal and top parts of verticals
A LHeLd

1918

_.:indistinct | p-: entire letter, indistinct
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Part Il translation

1 .

2 .. from the divisions...

3 ..inthe entire spiral 235 sectors...

4 .. and the omitted days...

5 having two bearings around a disk...
6  the aforesaid bearings, perforations...
7 to be pulled through the perforations...
8  similarly to the first(?)...

9 cause to be attached... disk(?)...

10 and attached...

11 bearings...

1

1

1

1

1

1

1

1

... the opposite...

... pin from whence it was pulled out...
.. the first space...

two pointers whose tips travel...

... four... one of them indicates the...

O 00 N OO U1 A W N — O

... the 19-year period of the 76-year period...
20 .. into 223 equal (parts?) with four(?)...

21 ... the whole has been divided...

22 ... times(?) of eclipses...

23 similarly to the... on the...

24 tip travels...

25
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5.5 Commentary

Our commentary interprets the Back Cover Inscription as a systematic, feature-by-feature
description of the Mechanism's exterior. The item-by-item concordance between Part Il and
the Mechanism’s back face as we know it from the surviving pieces of the back plate and the
reconstructed gearwork is compelling evidence for this interpretation. That Part | relates in
a similar manner to the front face can be inferred from lines 1.21-22, which obviously refer
to a pointer display of the Sun’s motion, since the existence of such a pointer on the front
dial is implied by index letters on the zodiac dial, which correlate solar longjtudes to stellar
visibility phenomena in the Parapegma Inscription.

The sequence of lines |.19-25 within which the passage on the solar pointer occurs name, in
order, the planet Venus, the Sun, and the planets Mars, Jupiter, and Saturn. One naturally expects
mention of the remaining planet known in antiquity, Mercury. The planets are obviously listed
in order of increasing presumed distance from the Earth in a geocentric cosmology. Several
variant orders are known from Greco-Roman sources; they invariably place the Moon nearest
to the Earth, and Mars, Jupiter, and Saturn in that order outward from the Sun, with the fixed
stars furthest of all; where there was room for variation was in the relative order of Venus
and Mercury and whether they were both nearer or further than the Sun.?' The sequence of
the inscription would have to be either Moon-Mercury-Venus-Sun or Moon-Venus-Mercury-
Sun. Since each planet evidently took up a full line or more of the inscription, there appears
to be insufficient space for Mercury between the passages referring to Venus and the Sun
(or following the passage concerning the Sun, for that matter). Hence we believe the order
was the same as Ptolemy preferred, Moon-Mercury-Venus-Sun, and in fact the termination
of the name for Mercury may be preserved at the beginning of 1.18. (The planets appear in
the same order —omitting the Sun— in the Front Cover Inscription.) The description of the
display for the Moon, which fortunately we know a fair bit about from the physical remains,
would have occupied the poarly preserved upper lines of part I.

It is a reasonable hypothesis that the inscription made the same kind of statement about
each of the planets, though the verbal parallelism was not absolute. Taking into account
the surviving stretches of text together with the known constraint that a line of text would
have contained something in the neighborhood of 75 letters, we can reconstruct the form
of statement as a version of the following;

21 The evidence for the various orderings is collected by Neugebauer 1975, 2.690-693;
Ptolemy discusses some of the issues in Almagest 9.1 and in the part of Planetary Hypotheses
Book 1 surviving only in Arabic (Goldstein 1967, 6-7). The astronomical Keskintos inscription
from Rhodes, IG XII,1 913 (Jones 2006a and 2006b), which has sometimes been cited in
connection with the Mechanism, had the order Venus-Mercury-Mars-Jupiter-Saturn.
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Above the circle of planet X is the circle of planet Y, and the little sphere that travels through
itis Z [probably a color].

A series of such statements amounts to a description of a diagram of the geocentric sys-
tem as a set of concentric circles or circular rings representing an onion-like cosmology
of nested planetary spheres—actually spherical shells—within which the actual planets
may be portrayed as small circles or spots. Such cosmolagical images are well known from
Renaissance art, 22 but they have an ancient pedigree that can be traced through numerous
medieval manuscript illustrations even if no original example is known to have survived from
antiquity. Fig. 5.7 is a translated redrawing of a simple diagram from a collection of scholia on
Ptolemy's Handyy Tables in the ninth century manuscript Florence Laur. plut. 28.01, f. 176v2
Fig. 5.8, redrawn and translated from the c. AD 1100 manuscript Florence Laur. plut. 9.28 f.
96r, is a similar diagram from the sixth century traveller Kosmas Indikopleustes's Christian
Topography representing the "pagan cosmology” (as distinct from Kosmas's flat-Earth cos-
mology).24 As these examples show, representations of the geocentric cosmology typically
did not attempt to represent the distances of the heavenly bodies to scale, but just the
relative order of distances of their “spheres” as a succession of bands of more or less equal
breadth. The zodiac usually encloses the system, bath as a synecdoche for the sphere of the
fixed stars and as the apparent path travelled by the heavenly bodies. Kosmas' diagram also
gives a concordance of the zodiacal signs with the Egyptian and Roman calendar months
approximately coinciding with the Sun's traversal of each sign.2s

|

22 See Giusto de" Menabuoi's fresco “The Creation of the World" (c. 1376) in the Baptis-
tery of the Cathedral of Padua, and Giovanni di Paolo's “The Creation of the World and the
Expulsion from Paradise” (1445), Lehman Collection, Metropolitan Museum of Art, accession
number 1975.1.31 (reproduced in Freeth G Jones 2012, Fig. 2).

23 We have omitted labels referring to the solstices and the autumnal equinox and
identifying the horizontal and vertical lines as colures.

24 Images of the original manuscripts may be viewed at the Biblioteca Medicea Lauren-
ziana's website, http://teca.bmlonline.it (by search for "plut.28.01" and "plut.09.28").

25 The numerals following the names of the Egyptian months are just the ordinal numbers
of the months counting from the vernal equinox.



Figure 5.7: Redrawing of cosmological diagram from Laur. plut. 28.01, f. 176v.
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Figure 5.8: Redrawing of cosmological diagram from Laur. plut. 9.28, f. 96r

Our contention is that the front dial of the Mechanism, as delineated in the Back Cover Inscrip-
tion, was a mobile version of a geocentric cosmological diagram, in which the Sun and planets
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were represented by small spherical symbols mounted on revolving pointers radiating from
the dial's center (Fig. 3.1).% These spheres would have been set at successively increasing
distances from the center, with the one for Mercury innermost and that for Saturn outermost.
Right at the center, of course, was the revolving casing for the Moon, which displayed the
Moon's phases through its own little sphere, in this instance not mounted on a pointer but
seen through an orifice in the casing. The Earth might have been represented as a circular
feature on the casing; the zodiac scale, engraved with the names of the zodiacal signs and
the index letters linking to constellations, stood for the fixed stars, and the calendar scale
provided the concordance with the Egyptian months.

Part I: description of the Mechanism'’s front face

3. The phrase 5e78 'unohaBeiv (“one should understand”) recurs (probably) at I.14. It probably
introduced an injunction to the reader to interpret a particular feature of the front face
in a certain astronomical way.

9. Passible completions are r\pp6a6al, “to have been fitted”, or a form of the corresponding
participle. We suppose this is likely to refer to a component fitted in @ mechanical sense to
some other component.

10. There is too little context to allow one to guess what component's extremity is referred to.
12. The mention of the color black probably was part of a description of the revolving Moon
phase ball, which is presumed to have been half black, half white.?” We conjecture therefore
that a section of the text beginning somewhere before I.12 and ending at about I.16 was
devoted to the apparatus in the center of the front dial that displayed the Moon's longitudinal
mation as well as its phases.

14.Cf13.

15. This “little sphere” is likely again the Moon phase ball.

16. aUTou ("it") probably refers to the cylindrical casing of the Moon phase display, and the
pointer would be that for the lunar longitude, projecting from the rim of the casing close
to the phase ball. 2

17. As already conjectured by Svoronas (19033, 46 = 1903b, 46), the completion of the first
word is obviously nepipepeidv, “circular arcs” or “circumferences’, meaning a partial or complete
circular line. We suggest restoring the contination as 1) Hév €xopévn T® THS ZEAVNG KUKAW,
“the (arc) next to the Moon's circle” (or some equivalent noun). We interpret the putative
"Moon’s circle” as the autline of the phase display casing, serving as an image representing
the sphere of the Moon in a geocentric cosmology, and the “next" arc would therefore be a
circular outline representing the sphere of the planet closest to the Earth after the Moon.
It is not clear whether there was actually a plate behind the planetary pointers engraved

I

26  Foraprevious argument to this effect see Freeth G-Jones 2012, 2.3.2. Wright 2012, 287
has also suggested that there were planetary pointers bearing small spheres (“globules”).
27 Wright 2006, 319 and 327.

28  Wright 2006, 328.



with concentric circles for the planets’ cosmological spheres, or their visualization was left
to the viewer's imagination.

18. We conjecture that the first letters are the final syllable of ZTiABovTog, Stilbon or “Gleamer”,
the Hellenistic descriptive name of the planet Mercury (otherwise known by the theophoric
name 6 700 Eppod aoTrip, “the star of Hermes"). The descriptive names of the remaining four
planets (Phosphoros/Lightbearer = Venus, Pyroeis/Fiery = Mars, Phaethon/Radiant = Jupiter,
Phainon/Shiner = Saturn) appear in 1.19-20 and 23-25, in combination with the theophoric
names, as frequently occurs in late Hellenistic and Roman period astronomical and astrological
texts.?® A reconstruction bridging the gap between 1.17 and 1.18 could be on the following
lines: 1} eV Exopévn T@ TG ZeEAvNG KUKAW NEPIPEPEIa KUKAOG €oTiv TOT Eppod ZTIABovTOC,
“the arc next to the Moon's circle is the circle of Hermes Stilbon".

We conjecture that the noun following pepduevov was apaipiov, ‘little sphere,” asin .21 and
25, and that this was a small spherical attachment on the planet's longjtudinal pointer. On
analogy with |.22, the statements about these spheres may have specified their colors, so that
the viewer would easily be able to distinguish the pointers belonging to the heavenly bodies.

The rest of this line probably was something like Unep 8¢ Trv T00 ITIABOVTOG NEPIPEPEIGY
£0TIV KUKAOG, "Above the arc of Stilbon is the circle” (cf. 1.22).

19. The engraver definitely omitted the last letter of Adpoditn by mistake; there is no space
for an effaced letter, and also no visible evidence of a correction of the error. For other errors
see I1.3, 5 (apparatus), and 21.

On analogy with 1.18 and 23-25, the illegible letters following ®wopdpou were probably
106, introducing the specification of the little sphere for Venus.

20. We conjecture that the words preceding this line were Unep 8¢ Trv, “above the,"” and that
the line continued by introducing the Sun's circle.

21. Unless there was an orthographical mistake such as yvaopwvi for yvaopov, one has to
restore the nominative yvopwy, but then the syntax of this line is hard to reconstruct. The
phrasing does not seem to parallel that for the planets very closely, perhaps because the
way that the Sun was portrayed on the dial was in some way distinctive.

22. Mention of an daxTic (“ray” or “brightness") of the Sun is enigmatic. Did this allude to a
decorative feature? Or perhaps in some way an attachment to the pointer represented the
zone of proximity to the Sun within which a planet would not be visible.

unép ("above"), we suggest, was to be understoad in the figurative cosmological sense,

I

29  Onthe two systems of names see Cumont 1935. Whether or not Cumont was right in
arguing that the descriptive names were invented in the Hellenistic period as a “scientific”
replacement for the theophoric expressions, both were in use side by side as early as the
15t century BC (cf. Geminos, Introduction to the Phenomena 1).
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that is, further from the center of the dial, to be interpreted as further from the Earth in the
geocentric system.

The last preserved letters suggest kUKAo, “circle,” used as an alternative to nepipépeia, “arc”.
Judging by the space available on this line, more was said about this before its associated
planet, Mars, was named in the next line.

23. Following a previously published conjecture,3® we tentatively restore the remainder of
the line as follows: 10 8¢ lanopeudpevov alTod adaipiov nuppov (?). Unép 5& MupoEVTA EOTIV
KUKAo¢ ToU, "and the little sphere making its way through it is fire-red (?). Above Pyroeis
is the circle of...".

24. We tentatively restore: 10 6¢ dlanopeudpevov autod apaipiov... Unep 5 PagBovTOC EOTIV
07100 Kpo-, “and the little sphere making its way through it is.... Above Phaethon is the circle
of Kronos....".

26. We suppose that the “cosmos” refers to the region of the front dial occupied by the little
spheres and pointers for the heavenly bodies.

27. The "letters" are surely the alphabetic index letters on the zodiac scale that key solar
longitudes to predicted visihility phenomena of constellations in the Parapegma Inscription.
28. Itis not clear what is meant by acnidiokal, "disks” or "bosses.” In Heron, Dioptra 5-6 the
ward applies to disk-shaped visual targets used in land surveying. One possibility here is that
they are the circular buttons in the four corners of the front dial plate, by which the sliding
catches holding the plate in place were engaged or disengaged.

Part II: description of the Mechanism's back face

2. Lines I1.2-16 apparently concern the upper spiral ("Metonic") dial of the back face3! This
is an exceptionally prolix treatment of a single dial, apparently motivated by the unusual
format and the complexity of the pointer-follower. The inscriptions are described first (I1.2-4),
then the pointer and its operation.

The diaipéaeic (“divisions") mentioned in this line were probably the radial division strokes
dividing the scale of the spiral into cells for the calendar months.

3. The number 235 is determined by the Metonic relation 235 lunar months = 19 solar years,
and the remains of the dial on Fragment B suffice to confirm that there were indeed 235
cells3? Note the omitted iota adscript (cf. 11.21) and the short horizontal stroke over the
numeral, the only definite instance in the Mechanism's inscriptions of this generally common
way of indicating a cardinal numeral.

4. The "omitted" days were the day numbers in specified calendar months of the Metonic
cycle that were to be skipped over so that an appropriate number of months would have

|

30 Freeth G Jones 2012, 2.3.2.
31 Wright 2005.

32 Wright 2005, 10.



twenty-nine days instead of thirty. These numbers were inscribed inside the innermost turn
of the spiral slot.® ¢€aipéaipoc was a technical term for such skipped days, found elsewhere
only in Geminus, Introduction to the Phenomena 8 (where a scheme for their distribution
in a Metonic cycle similar but not identical to that of the Mechanism is prescribed) and in
pseudo-Aristotle, Oeconomica 1351b15, an anecdote about the fourth century BC mercenary
leader Memnon of Rhodes. Memnon is said to have deducted the equivalent of six days' pay
per annum from his soldiers’ wages on the pretext that they did not have to do any work
on these “omitted” days.

5. Lines I1.5-7 describe the apparatus by which the pointer-follower was mounted at the axial
center of the spiral dial. Attached to the axle was a circular disk (Tupndviov — in mechanical
texts the same word, when qualified with 65ovTwTav, “toothed,” means "gear”) riding just over
the surface of the Back Plate. Two upright bearings (oTnpdria) were attached in diametrically
opposite positions near the perimeter of the disk, and the shaft of the pointer-follower passed
freely through rectangular perforations (TprjuaTa) in the bearings. Remains of this mounting
surviving in Fragment B were identified by Magdalini Anastasiou.*

The engraver initially inscribed the singular otnudriov, “bearing”, and then, before going
further, corrected by engraving alpha superimposed on the omicron and the delta of 0o
on the nu. This currente calamo error and correction is interesting as showing that the text
was not first written on the plate in paint or scratched wax but engraved immediately from
a separate exemplar.

9. oupugg, "fused” or “attached,” is the conventional vocabulary for mechanical components
attached to other components so that they have no freedom of independent movement. It
is not clear what is spoken of in this way in this and the following line.

14. Despite the miserable condition of the preceding lines, it appears that this passage
describes how the pointer-follower traces the spiral groove from its innermost extremity to
its outermost (perhaps this is what is “opposite” here).

15. The pointer-follower as currently understood had three elements that could have
been described as a “pin" (nepdvn): the projection that rode in the spiral slot; a horizontal,
sharp-ended pin that sticks out from the pointer's end; and a larger rod that held together
the components of the bearing3® It is not clear which one is meant here; the text seems
to be describing an operation connected with the resetting of the pointer-follower to the
beginning of its spiral, in which the pin in question was temporarily removed from its setting
and then replaced, seemingly a linch-pin whose removal would facilitate the lifting of the
pointer out of the slot.

16. Possibly the first cell of the Metonic spiral scale.

17. This passage (I1.17-19) proves that there were in fact two subsidiary dials within the

|

33 Freeth, Jones, Steele, G Bitsakis 2008, 614-615.

34 Anastasiou 2014, 42-46; Anastasiou, Seiradakis, Carman, G Efstathiou. 2014, 3-5.
35 Anastasiou, Seiradakis, Carman, G Efstathiou 2014, 3-5.
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Metonic spiral, one of which is the extant “games” dial whose pointer revolves once in four
years” motion, while the other, now entirely lost, had a pointer revolving once in 76 years'
motion.*® Both were divided into four equal sectors (I1.18), respectively counting years in
the four-year cycle and Metonic 19-year periads in the 76-year Callippic cycle.

18. The subject of &nAoT is probably kUkAog, “circle,” i.e. “dial." The text can be tentatively
restored as follows: &nAoT 6 ‘6 pev Ty TAC (TETpagTPidoC) (£10C), “one of (the dials) shows
the year of the four-year cycle”. On analogy with the next line, tetpagtnpitos and étog¢ would
probably have been abbreviated as 6L and L.

19. One has to presume 0 6¢ (“while the other") towards the end of the preceding line. The
abbreviations ocL and 1BL must be interpreted respectively as kkaieBdounkovtagtnpidog and
ewveakaldekaernpida, a flexible reading of the L symbol for £1a¢, "year”, not attested elsewhere.
20. The text has now turned to the lower spiral dial, with its 223 divisions for the lunar
months in a Saros cycle.

21. Itis not clear what division is referred to here, since the division of the spiral scale into
223 cells has apparently been dealt with in the preceding line.

22.This line, unfortunately not well preserved, must be describing the “glyphs” or abbreviated
predictions of solar and lunar eclipse possibilities in cells of the Saros scale. The restoration
xpovol, “times”, is tempting.

23. Likely to be restored opoing Toic €mi TR eTEpac €Aikog, “similarly to the... on the other spiral’,
a phrase that may indicate that the same apparatus for the pointer-follower was here too.
24. Paralleling 1117, the text was probably yvwudviov o0 10 dkpov dépeTal, “a little pointer
whose tip travels”. This must refer to the lower subsidiary dial tracking the exeligmos (triple
Saros) cycle, and the singular noun shows that there was in fact only one subsidiary dial here.
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Abstract

The rear face of the Mechanism consisted of a rectangular “Back Plate” dominated by two
large spiral dials. The upper five-turn Metonic Dial represented a 235-lunar-month calendrical
cycle while the lower four-turn Saros Dial represented a 223-lunar-month eclipse predic-
tion cycle. A subsidiary quadrant “Games” dial was situated inside the Metonic Dial, and a
subsidiary three-sector Exeligmos Dial inside the Saros Dial. Preserved text inscribed around
the dials (from the lower right quarter of the plate), prabably representing about a quarter
of the original inscription, provided further information associated with the predictions of
eclipses. This paper describes the reconstruction from the Mechanism's fragments of the
surviving parts of the text on the plate and its dials, giving transcriptions and translations.
The Metonic Dial inscriptions imply a calendrical scheme similar to that described by Geminos.
It was intended to be a version of the calendar of Corinth as it was practiced either at Corinth
itself or in some locality of Epirus. The Games dial shows six competitions, four Panhellenic
(Olympics, Pythian, Isthmian, and Nemean) plus Naa (Dodona) and very probably Halieia
(Rhodes). On the Saros dial there were probably originally about 50 or 51 month cells with
a lunar and/or solar eclipse prediction, each carrying a “glyph” and an index letter. Predicted
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eclipse times (in equinoctial hours) on the glyphs were calculated as times of true syzygy
according to solar and lunar models that both involved anomaly, with the simple Exeligmos
dial extending the predictions over three or more Saros cycles. We are reluctant to base
a firm construction date on interpretation of the eclipse cycles. The additional informa-
tion referred to by index letters from the Saros dial was grouped into paragraphs; that for
lunar eclipse prediction probably ran down one side of the plate, and that for solar eclipse
prediction down the other. Statements about direction may imply a meteorological aspect
by referring to predictions of winds attending the eclipses. Five references to colour and
size at eclipse are the only Greco-Roman source known to us that suggests prediction of
eclipse colors, and might conceivably be linked with astrology.



4.1 Introduction

The rear face of the Mechanism consisted of the so-called Back Plate, a rectangular plate,
approximately 316 mm tall by 171 mm wide, dominated by two large spiral dials (Fig. 4.1)."
The upper Metanic Dial represented a 235-lunar-month calendrical cycle while the lower
Saros Dial represented a 223-lunar-month eclipse cycle.? Each spiral was defined by a slot
cut through the back plate, approximating an Archimedean spiral by means of alternating
semicircular arcs, and winding clockwise from the inner to the outer end of the slot, making
five complete turns for the Metonic Dial and four complete turns for the Saros Dial. Although
there is some uncertainty, it appears that the two outer ends either coincided —so that
there was a single continuous slot for both spirals— or came close to doing s0.3 The inner
end of each spiral was about halfway between the spiral's geometrical center and the center
point of the Back Plate. The scales of the dials ran continuously along the outside of the
slot, taking up the entire winding strip of metal between the successive turns and finally
running once around the outermost turn. Where the scales came closest to the edges of
the Back Plate, they left only small margins. There would have been some overlap of the
scale areas of the two spirals near the centre.

Two series of inscriptions belong to the Metonic Dial. (i) The scale of the dial was divided by
radial lines into 235 cells subtending approximately equal arcs, representing single synodic
months. Every cell contained an inscription, consisting of either just a month name or an
ordinal year number followed by a month name. (i) Immediately inside the innermost
turn of the slot, numerals were inscribed at intervals of two ar occasionally three cells.
When the Mechanism was set to display the chronological and astronomical situation for

1 Freeth, Jones, Steele, and Bitsakis 2008, building on earlier contributions, in particular
Price 1959 and 1974, Wright 2004 and 2005, and Freeth et al. 2006. For the estimated
dimensions see IAM 1.5.

2 Thenames used here for the parts of the Mechanism are modern, and reflect modern
nomenclature for elements of ancient astronomy. “Metonic" is the modern designation of
a period comprising 235 synodic months and (approximately) 19 solar years, as well as of
calendrical cycles based on this period. Greek writers attributed it to Meton of Athens (fl.
432 B.C.) though it was known earlier in Mesopotamia and served as the basis of regulation
of the Babylonian calendar from about 500 B.C. on (Britton 2007). In Greek texts it is called
évvearaidekaetnpic ("19-year period") or éviautoc Métwvos (“year of Meton”). “Saros" is the
modern name for a 223 synodic month eclipse period also known to the Babylonians (who
called it, with convenient inexactitude, 18 years") and the Greeks (who called it nepiodikds,
“periodic," according to Ptolemy, Almagest 4.2). Greek sources use the name Ldpos for differ-
ent chronological intervals of allegedly Babylonian origin, and it was Halley who mistakenly
associated it with the 223 synodic month period; see Neugebauer 1957, 141-142.

3 IAM15.
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a particular date, the cell indicated by the pointer-follower of the Metonic Dial gave the
current year and month in the calendar cycle.* If this cell lined up radially with a numeral
inscribed along the inner rim of the slot, this meant that the month had twenty-nine days
instead of the "normal” thirty, with the day number corresponding to the numeral skipped
over in the count of days.

The Games Dial was a small subsidiary dial situated in the right half of the space at the
center of the Metonic Dial;® its circle was divided by two engraved diameters into four ap-
proximately equal quadrants. It too has two series of inscriptions (iii): inside each quadrant
is an ordinal year number, while outside the perimeter of each quadrant are names of
athletic competitions. The pointer of this dial would have shown the position of the current
calendar year in a repeating four-year cycle, as well as competitions taking place in that
year. (A second subsidiary dial, the Callippic Dial, is conjectured to have occupied the left
half of the central space.)®

The Saros Dial's scale was divided by radial lines into 223 cells subtending approximately
equal arcs, again representing synodic months. Only one series of inscriptions accompanied
this dial: (iv) in some of the cells of the scale, highly abbreviated texts (named "glyphs” in
recent scholarship)” indicated the possibility that a lunar or solar eclipse might occur in the
corresponding months, as well as a time of day or night for the eclipse. About one-quarter of
the cells had such a glyph, while the remainder were left vacant. The subsidiary Exeligmos
Dial, situated in the right half of the space at the center of the Saros Dial, was divided radially
into three approximately equal sectors (v): two of the sectors contain numerals, while the
third seems to have been left vacant. When this dial's pointer indicated one of the numerals,
that number of hours was to be added to the times given in the glyphs.

The space left around the two spirals consisted of four roughly triangular spaces at the
corners and twa larger, again roughly triangular, spaces halfway down the two sides of the
plate. The only remains of the plate outside the dials, preserved in Fragments A, E, and F,

|

4 Forthe structure of the pointer-followers of the spiral dials see Anastasiou, Seiradakis,
Carman, and Efstathiou 2014, 3-7, and IAM 5.5, commentary to lines Il 5-15.

5 ltshould be noted that Price 1974, 44 conjectured that the main upper dial (which is
in fact the Metonic Dial) might be a four-year dial.

6  Wright 2005, 11 conjectured that the extant subsidiary dial (the Games Dial) inside
the Metonic Dial was a Callippic Dial. A preserved passage of the Back Cover Inscription
(I1'17-19) referring to the Metanic and Callippic periods makes the former existence of a
Callippic Dial probable, and in Freeth, Jones, Steele, and Bitsakis 2008, Supplementary Notes
(amended June 2, 2011) 23 it was hypothesized to have occupied a position to the left of
the Metanic Dial's center.

7 Thetermwasintroducedin Freeth et al. 2006, 589 and Supplementary Information 5



come from its lower right quarter, wrapping around the right half of the eclipse spiral, and
accounting for about half of the larger triangular area in the right center and most of the
smaller area in the lower right. In all three fragments, the plate outside the Saros Dial is
inscribed with parts of a single text (vi), the "Back Plate Inscription”. It seems likely that
other parts of this inscription occupied all six triangular spaces outside the dials; if so, we
have about a quarter of the ariginal text. This text provided further information in connec-
tion with the predictions of eclipses on the Saros Dial.

This paper contains new, critical editions and translations of all the inscriptions on the
Mechanism's rear face. For the inscriptions of the upper dials (the Metonic and Games
Dials) we have not seen a need to provide extensive commentaries, but we summarize
the principal findings of the 2008 paper and draw attention to a few developments in our
understanding of these inscriptions since 2008.28 We offer a more extensive treatment of
the Saros Dial and Back Plate Inscriptions, based on findings that we obtained between
2007 and 2012 in the process of preparing our editions. Two recently published papers
report and develop some of these findings (which were communicated to their authors);®
however, we believe it will be useful to present our analyses and arguments more or less as
they stood in 2012, making the necessary adjustments to take into account more recent
revisions in the texts of the inscriptions, and referring to the more recent publications for
a few salient additions or corrections.

8  Anastasiou, Seiradakis, Carman, and Efstathiou 2014; Iversen 2011, 20134, 2013b, and
2015. Paul Iversen's work on the Metonic and Games Dials (in part in collaboration with
John D. Morgan) will be reported in greater depth in Iversen (forthcoming, a) and Iversen
(forthcoming, b).
9  Carman G Evans 2014 (see in particular pp. 697 note 2 and 765); Freeth 2014 (see
below, note 34).
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4.2 Location and layout of the Back Dial
and Back Plate Inscriptions

scriptions

nd Back Plate
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Figure 4.1: Reconstruction of the back face of the Mechanism, with scale cells and sectors

i numbered for reference. Regions of the plate surviving in the major fragments are approx-

E— imately indicated by dark gray outlines
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The surviving parts of the Mechanism’s back face are divided among four of the major
fragments, which were originally contiguous but had broken apart by 1902 when Fragments
Aand B were discovered in the Museum.'® Fragment B preserves part of the upper half of
the back face, while parts of the lower half are present in Fragments A, E, and F. In addition,
we have two small fragments (24 and 25) of accretion material that formerly adhered to
the lower back face, preserving mirror-reversed imprints.

Fragment B (see supplementary Fig. S2), the second largest fragment of the Mechanism,
has dimensions 111 mm (height), 98 mm (width), 20 mm (thickness). B-1 preserves about a
third of the spiral scales of the Metonic Dial and about a third of the space inside the spiral,
including the entire Games Dial. On B-2 are the remains of a bridge radially crossing the turns
of the spiral, which was there to provide them with support and stability, and a single gear
that directly drove the pointer of the Games Dial. A layer of accretion material bearing the
mirror-reversed impressions of the Back Cover Inscription overlays about three-quarters
of B-1; a small bit of the Back Cover plate itself is also present. A substantial portion of the
painter of the spiralis lodged in the space between the accretion layer and the Back Plate.

Part of the Metonic Dial scales that is not behind the accretion layer is now exposed but
has undergone much surface damage. In photographs from 1902-1918, this region was
wholly concealed behind a layer of patina. This material was probably removed during
the conservation work of 1953. In addition to providing the only means of reading the dial
inscriptions in Fragment B that are not now exposed, CT has also proved more effective
than PTMs for the exposed area (Fig, 4.2).

10 The original configuration of Fragments A and B was deduced by Price in 1958 (Price
1959, 62-64) and, as he later reports, confirmed in 1961, apparently by fitting the fragments
together physically (Price 1974, 47). Bromley and Wright established the correct placement
of Fragment E around 1990, and Wright has published a photograph taken at that time
showing A, B, and E fitted together in their approximate relative pasitions (Wright 2004, 9,
Fig. 10, and Wright 2005, 10, Fig. 5). Fragment F's location immediately below Fragment A
was established by Freeth et al. 2006, 589, Fig. 4. Conservation carried out around 1905
and 1953 removed material from the surfaces of fragments A and B, so that little if any of
the original contact surfaces survive.

~
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Figure 4.2 : Fragment B, CT composite image
(Image: Antikythera Mechanism Research Project)

Fragment A (supplementary Fig. S1), the largest surviving piece of the Mechanism, has
dimensions 174 mm (height), 164 mm (width), 55 mm (thickness). It preserves a major
portion of the gearwork that led by various complex trains from the rotary input on one of
the Mechanism's sides to those outputs on the front and back faces relating to solar and
lunar mation, chronological systems, and eclipse prediction. A-2 also retains part of the
lower half of the Back Plate itself, including parts of the Saros Dial and the entire Exeligmaos
Dial. Overlaying part of the Back Plate is an accretion layer of corrosion products bearing
mirror-reflected offsets of the Back Cover Inscription. This layer conceals parts of the dials.
The entire inscribed area of the Back Plate outside the Saros Dial is exposed, though parts
are obscured or obliterated by surface damage. We have depended primarily on PTMs and
photographs for the exposed inscriptions on Fragment A, and on CT for the inscriptions
concealed behind the accretion layer.



Fragment E (Fig. 4.3), 37 mm height, 61 mm width, 14 mm thickness) consists of three
layers of material. The lowest layer comprises part of the Saros Dial and the surrounding area
of the Back Plate. Next, and entirely covering this, is part of the layer of accreted material
bearing the offsets of the Back Cover Inscription. Topmost, though partly broken away so
as to expose the offsets on the accretion layer, is part of the Back Caver itself. Fragment E
was originally attached to the rear face of Fragment A, but had already become separated
when the Mechanism was discovered in 1902. It lay unrecognized in the Museum's store
until 1976, when it was found by the museum'’s curator of bronzes, Petros Kalligas, who
sent photographs of it to Price on April 4.'" The inscriptions on the Back Plate in E can only
be seeninCT.

Figure 4.3 : fragment E, CT composite image
(Image: Antikythera Mechanism Research Project)

Fragment F (Fig. 4.4), 80 mm height, 94 mm width, 35 mm thickness) preserves another
part of the Saros Dial and the surrounding Back Plate, both of which are entirely concealed
by a layer of patina. Adhering to part of the inscribed face is a small piece from the corner
of a metal plate with a sliding catch similar to the one preserved in Fragment C.'? Part
of the Mechanism'’s containing frame is also present. Fragment F was originally situated
immediately below Fragment A, to which it would have been rather precariously attached,
but it had broken off before the 1902 discovery and was not identified in the Museum'’s

11 The Price-Kalligas correspondence (comprising three letters from Kalligas and two
from Price, 1976-1978) is preserved at the Adler Planetarium, Chicago. Price mistakenly
thought that Fragment E adjoined the top of Fragment B, at the top of the original Mecha-
nism. The first published description of Fragment E is in Wright 2005, 9; Wright determined
its correct original location.

12 SeelAM3.2.
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store until it was discovered by M. Zafeiropoulou in April, 2005." The inscriptions are only
visible by way of CT.

Figure 4.4 : Fragment F, CT composite image
(Image: Antikythera Mechanism Research Project)

13 Zafeiropoulou 2006, 830-831.



Two small platelike fragments, numbered 24 (29 mm height, 13 mm width) and 25 (21
mm height, 19 mm width), are part of a layer of accreted matter that originally lay against
the Back Plate on A (Fig. 4.5). They preserve mirror-reversed “offset” impressions of parts
of the Back Plate Inscription and the scale inscriptions of the Saras Dial, and in addition a
bit of the surface of the Back Plate itself adheres to Fragment 25.

Figure 4.5: (Left) Fragments 24 and 25, image from PTM akZa and akZ2b with diffuse gain;
(right) Fragment 25, CT composite image
(Images: Antikythera Mechanism Research Project)

~
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4.3 Previous transcriptions and study of
the Back Plate Inscription

Fragment A was one of the original two or three fragments to be accidentally discovered
at the National Archeological Museum on May 18 or 20 (Julian), 1902." In the condition in
which it was found, only the top six or so lines of the Back Plate Inscription were exposed,
while the remainder (as well as the Saros Dial scales) were hidden behind a layer of accreted
matter, as can be seen in the photograph of A-2 in Svoronos's 1903 publication of the
wreck."® When a group of archeologists including Gavriel Vyzantinos examined Fragment
A on May 21 with the aid of a lens, only a few letters, including the unrecognizable word
fragments INON (in the present line 3) and TQN (likely a misreading of TAN in the present
line 5) could be read, as reported in two Athens newspapers, kpim and NéovAaTu on May
2218 Attention soon shifted decisively to the mirror-writing inscription on B-1, which was
seen to contain identifiable vocabulary relating to astronomy, and no further readings
from A-2 were reported until Periklis Rediadis's report on the Mechanism incorporated
in Svoronos's book. In its Greek edition, a few letters on five lines, credited to Svoronos
and corresponding to lines 1-3 and 5-6 of the present lineation, are erroneously said to be
inscribed on C-1."7 The German edition has the identical transcription, but assigns it to its
correct place on A-2."® The longest stretch of letters that Svoronos thought he was able
to read was the sequence IKOMA in line 2, of which only the first two letters are correct,
and not one complete word could be guessed at.

The layer covering the rest of the inscription was separated from A-2 during the conserva-
tion work of around 1905; two pieces of this layer survive, the present Fragments 24 and
25, which bear mirror-writing impressions of parts of the Back Plate Inscription and the
Saros Dial scale inscriptions that exactly match the engraved text on A. A photograph of
A-2 taken by Georg Karo for Albert Rehm in October, 1905, though none too clear, shows
the entire inscribed area as it is now preserved.'® A later photograph in Rehm'’s collection,
believed to date from 1918, catches more detail, and hints that parts of the inscription were
slightly more legible then than they are now. Buring his visits to Athens in 1905 and 1906
Rehm must have seen more of the inscription than Svoronos had, but if he made a fuller
transcription if it, it has not come to light.

——
14 See |AM 2.1 for the history of discovery and conservation of the fragments.

15 Svoronos 1903a and 1903b, plate 10.

16 "AldpyaidTnTeC TOV AVTIKUBTIpWY," ZKPIM no. 2429, May 22, 1902: 3; "Alo éveniypada
Tepdyia ano Ta AvtikuBnpa’, NéovAoTu no. 162, May 22, 1902: 2.

17 Svoronos 19033, 46.

18 Svoronos 1903b, 45.

19 Bayerische Staatsbibliothek, Rehmiana I1l/9.



loannis Theofanidis published transcriptions of parts of lines 12-18 in his encyclopedia article
on the voyages of St. Paul and in his 1934 paper on the Mechanism, and he made the happy
guess that OTHN in line 14 was the end of the wind name AnnAidTnv, signifying either the
East Wind or the direction due east.?® Although his restorations of other bits of words in
these lines as wind names have turned out to be false, such names do occur intermittently
in the rest of the inscription. Theofanidis believed that the plate bearing the inscription was
extraneous to the Mechanism and merely stuck on it, and that it was a remnant of a circular
diagram showing the directions of the rising and setting points of stars on the horizon as
an aid to navigation; under the influence of this hypothesis, his drawings misrepresent the
lines of text as fanning out from a center point rather than running along parallel lines.

Fragment 24 was known to Theofanidis, who gave a transcription of it in his encyclopedia
article.?" Surprisingly, he did not recognize that it matched part of the inscription on A-2,
the transcription of which was given immediately above.

In 1958 Derek de Solla Price and George Stamires studied the Mechanism's fragments
(which had undergone another round of conservation in 1953); the transcription of the
Back Plate Inscription that Price published in 1974 was presumably based on Stamires's
work, since Price did not have sufficient knowledge of Greek ta read or interpret the more
extended inscriptions.?? This was a more comprehensive transcription than any that had
preceded it, with parts of lines 1-6 and 10-18 represented; roughly three quarters of the
letters agree with the readings offered in the present paper. Stamires and Price were able
to verify Theofanidis's AnmAiwTny by reading several letters of the beginning of the word
on line 13; but this was the only complete word that they correctly read or restored. While
dismissing Theofanidis's ather restorations of wind names, Price introduced a new false
restoration, ldnuyoc, "West-northwest Wind," in lines 16-17.2% He confessed his inability to
explain the purpose of the direction references.

20 Theofanidis [1927-1930], "98" [correct pagination: 90] and 1934, 145. In the former
article, "39" [correct pagination: 91] he repeats Svoronos's transcription of lines 1-3 and
5-6, saying these lines were formerly on a layer of material on Fragment C that had been
removed to expose the parapegmainscription. Thus he was relying on Svoronos 1903aand
unaware of the correction in Svaronos 1903b; but it is strange that he did not notice that
these lines are actually on Fragment A, right above the anes that he himself transcribed.
In the 1934 paper he makes no mention of the upper lines.

21 Theofanidis [1927-1930], “98" [correct pagination: 90]. It does not appear to be men-
tioned in Theofanidis 1934.

22 Price 1974, 48 and 50-51.

23 The file of Price's notes on the inscriptions kept at the Adler Planetarium, Chicago
strongly suggests that Price introduced this restoration at a late stage, probably after his
collaboration with Stamires had ceased.
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In his 1959 Scientific American article, Price provided drawings of the portions of the Back
Plate on B-1 and A-2.2* The drawing of B-1 shows the cells of the Metonic Dial scale, with
attempts to transcribe a few letters in eight of the cells. The circular outline of the Games
Dial and its quadrant divisions is also shown, though it lies entirely behind the accretion
layer with the Back Cover Inscription offsets; Price must have managed to see it by looking
obliquely into the narrow gap between the Back Plate and the accretion layer.?® The only
indication he gives of inscribed text on the Games Dial is a sigma near the bottom of its lower
left quadrant, which does not seem to correspond to any of the actual inscriptions.?® On A-2
Price's drawing shows the cells of the Saros Dial, with incomplete but fairly good copies of
the glyphs in cells 125, 178, and 184, and in the text of the article he correctly identifies
the notations signifying Sun, Moon, and numbered hours.?” He also shows the subsidiary
Exeligmas Dial with the eta inscribed in its lower left sector, though the sector divisions
are not drawn. Surprisingly, the corresponding figure in Gears from the Greeks shows fewer
cellinscriptions on the Metonic dial, while the transcriptions of the three cells of the Saros
Dial with glyphs are different from their 1959 versions and on the whole less accurate.?®

On one page of his manuscript notes on the Mechanism's inscriptions Price drew a copy
of Fragment 24 and noted its correspondence to the inscription on A, but in Gears from
the Greeks he did not mention Fragment 24 at all. Price’s 1958 photographs of the
Mechanism's fragments show both 24 and 25, but he does not appear to have taken any
special notice of 25.2°

The paper on the Mechanism published in 2006 by the Antikythera Mechanism Research
Project (AMRP) includes as part of its supplementary material a new provisional text of
the Back Plate Inscription.®® For the part preserved on A-2, this text follows Stamires-Price
fairly closely, though adding a small number of new letters and correctly revertingin line 3
to the 1902-1903 reading INON (Stamires and Price apparently thought they saw HAION,
"Sun," with the lambda and iota fused). Moreover, through study of CT volumes, the AMRP

|

24 Price 1959, 64.

25 SeealsoWright 2005, 11, who reports being able to see only the upper left part of the
circle with parts of two of the radii, as well as traces of dial inscriptions visible in tomographic
images.

26 The sigma also appears in the drawing of B-1 in Price 1974, 17, Fig. 7. In the 1959
drawing the Games Dial is shown as a pair of concentric circles, whereas the 1974 drawing
correctly shows only ane circle.

27 Price 1959, 64-65.

28  Price 1974, 17,Fig. 7.

29  Price's collection of photographs relating to the Mechanism as well as his file of notes
on the inscriptions are at the Adler Planetarium, Chicago.

30 Freethetal. 2006, Supplementary Information 9-10.



researchers were able to add readings from inside Fragment E, which yielded earlier portions
of lines 5-8 (though due to a slight misalignment of the fragments they were erroneously
assigned to lines 4-7), and Fragment F, which yielded an entirely new run of thirteen lines
of the inscription some distance below the part preservedin A. Over the entire inscription,
about five letters out of six read in 2006 agree with our readings.

The AMRP researchers correctly read and recognized two new wind names in addition to
retaining Theofanidis's carrect AnnAiwTny and Price’s incorrect 1dnuyog, namely AiBa, “West
Wind," in Fragment E, line 6, and N6tov/Ndtou, "South Wind," in Fragment F, lines 5 and 12.
Unclear CT images misled them inta reading two place names, ®dpos, “Pharos” (Fragment
F, line 7) and lonaviag, “Spain” (Fragment F, line 13). Pointing out that the solar eclipses are
highly dependent on geographical location, and that ancient eclipse observations often
took note of wind directions during the eclipse —and perhaps also tacitly reasoning from
the location of the inscription next to the eclipse spiral — the researchers suggested that
the inscription had something to do with eclipses.

The 2006 paper also included provisional transcriptions of sixteen glyphs of the Saros Dial
scale, relying on CT for those in Fragments E, F, and the parts of A hidden behind the accretion
layer.3' These were the first published transcriptions to show the index letters, though their
function was not yet understood. The AMRP researchers were the first to identify the glyphs
as indications that eclipses of the Sun or Moon could occur in the months corresponding to
the inscribed cells, and they conjectured (unaware that Price had partially anticipated them)
that the glyphs also gave a prediction of the time of eclipse in seasonal hours.

In 2008 a group of researchers associated with the AMRP published a second paper de-
voted to the Back Dial Inscriptions.3? The revised transcriptions of the Saros Dial glyphs
now extended to eighteen cells, and the numerals of the Exeligmos Dial were described
and explained as time corrections for the predicted eclipse times. The index letters were
explained far the first time, and on their basis a revised conjectural reconstruction of the
distribution of glyphs was presented. This paper also provided the first transcriptions of
the Metonic Dial and Games Dial inscriptions (aside from the few letters that Price copied).
The calendar of the Metonic Dial scale was identified as that of Corinth, and a conjectural
restoration of the entire calendrical scale was offered.

Meanwhile in 2007, Yanis Bitsakis and Emmanouel Georgoudakis (then of the Cultural
Foundation of the National Bank of Greece, Center for History and Palaeography), who had
undertaken a revision of the reading of the Back Plate Inscription, discovered in the part of

|

31 Freeth et al 2006, 589, Fig. 4 and Supplementary Information 5. In this paper the
Saros Dial's spiral was incorrectly reconstructed with its beginning and end at the bottom.
32 Freeth, Jones, Steele, G Bitsakis 2008.
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the inscription in Fragment F terminology relating to colors, and on the basis of this as well
as the expressions previously read relating ta directions, Bitsakis identified the inscription
as an eclipse description text. Comparing their readings with his own (from PTM) of the
inscription on Fragment A, Alexander Jones established that the inscription comprised a
series of paragraphs with repetitive structure, and conjectured that these paragraphs were
linked to groups of the eclipse predictions in the Saros Dial scale by means of sets of index
letters. Bitsakis and Jones produced an augmented and substantially improved transcription
of the entire Back Plate Inscription in 2009. This transcription and the findings concerning
the contents and structure of the inscription provided the foundations for the treatment of
the Saros Dial and Back Plate Inscriptions in the present paper, which was drafted in 2012.

An extensive study of the eclipse predictions of the Mechanism was published by Tony Freeth
in 2014.3% This paper included revised copies of the glyphs as well as a transcription of the
Back Plate Inscription. The latter was prepared by Charles Crowther (Centre for the Study of
Ancient Documents, Oxford) on the basis of images and tracings provided to him by Freeth 34

33 Freeth 2014.

34 Freeth 2014, Note S2. Dr. Freeth had been provided by Bitsakis and Jones with their
transcriptions and translations of the Back Plate Inscription in 2009 and 2012; the 2012
version differs in only minar details from Dr. Crowther's transcription and translation, made
in November 2013 (according to personal communication from Dr. Crowther). In addition
toits original contributions to the subject, Freeth 2014 presents several research findings
relating to the Mechanism'’s eclipse inscriptions that had been communicated to Dr. Freeth
by Bitsakis and Jones between 2009 and 2012. These include the fundamental identification
of the Back Plate Inscription as eclipse descriptions organized in structurally repetitive
paragraphs with statements about colors and changing directions, the correct alignment
of the partial lines in Fragments E and A, the correlation of the paragraphs with the Saros
Dial glyphs through groups of index letters, the reference of all the surviving paragraphs to
solar eclipses, the probable division of the complete inscription into two halves pertaining
respectively to lunar and solar eclipses, and the fact that all eclipses grouped together in
each paragraph had the Moon within fixed zones of elongation from one of the lunar nodes.
Further findings relating to the Saros Dial glyphs communicated to Dr. Freethin 2012 include
demonstrations that the eclipse times in the glyphs probably indicate the times of true
syzygy, that the intervals between such times can be approximately modelled as the sum
of periodic solar and lunar components, and that the Saros Dial was normed so that the
Maaon was close to apogee at its first Full Moon, aligning the dial with the presumed marks
for the Full Maon Cycle inscribed inside the Saros Dial. Freeth 2014 makes no mention of
either Bitsakis or Jones except as authors of published works.



4.4 Transcriptions and translations

i. Inscriptions in the cells of the Metonic Dial

All remains of the Metonic Dial are in Fragment B, and have been read from CT. For discus-
sion, see section 5.

Transcription and translation

Cell
T (érog)a | ®[owr] | kalog Year 1 Phoinikaios
Kpa-| ver-| og Kraneios
Aavo-] | 1[poni-] | [og] Lanotropios
31 [Awb]e-| [ka-] | [Teu]C Dodekateus
32 EU-|KkAe-|og Eukleios
33 Apte-|uio-|o¢ Artemisios
34 Wy-|dpe-|[U]¢ Psydreus
35  no legible text [Gameilios]
36 Aypi-|avi-|og Agrianios
37 1d-|[val-|pog Panamos
38 Aneh-|Aaiog Apellaios
39 (£10Q) & | [on]v[I-]| [raT]og Year 4 Phoinikaios
40 Kpa-|veli-]|og Kraneios
41 Aavo-| Tpo-| niog Lanotropios
42 Maya-|veug Machaneus
43 Awbde-|Kka-|TEUC Dodekateus
44 E0-|Khe-|og Eukleios
45 Apte-|uiol- | o¢ Artemisios
46 Wu-|6peuc Psydreus
47 Tapeli]-| Nog Gameilios
48 Aypi-|aviog Agrianios
49 TNava-|poc Panamos
79  Maya- | veuc Machaneus
80  Awbde-|kate-|Ug Dodekateus
81 E0-| KAg[I1-] | oG Eukleios
82  Aprte-|ylioi-]|og Artemisios
83  no text visible [Psydreus]
84 [ NIl 1loc [Gameili]os
85  no text visible [Agrianios]

86  Mdva-|u[o]g Panamos
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87
88
89
90
91
92
93
94
95
96
97

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

174
175
176
177
178
179
180
181
182
183
184
185

Aneh-| AaTog

(€Tog)n "| Dowi- | kaiog

Kpa- | vel- | og
Aavo- [ Tpl]nr- oG
Maya- | veug
AwOe- | kaTe-| Ug
EG- | khel-| oG
ApTe- | iol- | o¢
Wu-| dpeug
rapei-| hiog
Ay[pr-] | dv[iog]

Aalvo-]|[t]po[ni-]| o[c]

Mfa]xa-| [veuc]
Maxa- | vedc

Aw[8e-] | kalTle- | U[c]
E0-| Khei- | og

Aplre-] | pior- | [o]g
[Wu-]| Bpeug
[Fa]u[ei-] [ Aog

AypI- | aviog

nava- | poc

Aneh- | Aaiog

(€10¢) 1B | DoIvI- | KaTOg

Kpave[-] | og
Aavo-| [Tponiog]
Maya- | vedc
AWOE- | KATEUC
E[0-] [ kA[e10¢]

no text visible

[(éT0g) 1]e | ®loi]vI- | aTog

Kpa-| vefog

[Aa]vo | [Tpd]n[i-]] [oc]

Mayxa- | veug
Awde-| KaTEYS
E0-| Kheiog
ApTe- | pialog
Yu-| [Spledc
rapei- | Aiog
Alypia-] [viog
[Ma]va- | pog

Apellaios
Year 8 Phoinikaios
Kraneios
Lanotropios
Machaneus
Dodekateus
Eukleios
Artemisios
Psydreus
Gameilios
Agrianios

Lanotropios
Machaneus
Machaneus
Dodekateus
Eukleios
Artemisios
Psydreus
Gameilios
Agrianios
Panamos
Apellaios
Year 12 Phoinikaios
Kraneios
Lanotropios
Machaneus
Dodekateus
Eukleios

[Apellaios]
Year 15 Phoinikaios
Kraneios
Lanotropios
Machaneus
Dodekateus
Eukleios
Artemisios
Psydreus
Gameilios
Agrianios
Panamos



186 AneA-|Adiog Apellaios
187 (£10G) 16| [Poivi-] | K[aioc] Year 16 Phoinikaios
188  Kpa-|[velog] Kraneios

189 Aav[o-]|Tpdni-| [0]g Lanotropios

225 [ ]log [Kranei]os
226 [AavoTpo-]|mog Lanotropios
227 [M]alxa-]|velg Machaneus
234 [Na-]| [vap]og Panamos
235 Aneh-|Aajog Apellaios

Apparatus

T (é70¢): L (likewise 39, 88, 138, 187) | ®: faint and indistinct | k: bottom half of letter,
indistinct | ¢: letter straddles division line between cells 1T and 2 | 2 €: faint and distorted | ¢:
indistinct | 3 1: faint | 34 Wu: faint | &p: faint | ¢: faint | 36 o: indistinct | 37 Ma: indistinct | 39
®: faint | o: faint | 40 Kp: faint | v: faint | o: faint | 41 A: indistinct | 44 K\ faint | ¢: indistinct |
47 ¢:indistinct | 80 kaT: faint | ug: faint | 81 &: horizontal stroke at baseline | 82 ApT: indistinct
| u: bottom half of letter | 86 Mava: indistinct | u[o]c: indistinct | 87 An: faint | 88 og: indis-
tinct | 90 Aav: indistinct | p: indistinct | o: indistinct | 93 o: indistinct | 97 y: complete, along
edge | 127 po: indistinct | 129 a: indistinct | ey: indistinct | 130 w: indistinct | €: indistinct | u:
indistinct | 131 Ey indistinct | 132 p: bottom of vertical | ¢: indistinct, along bottom edge of
cell| 134 \i: very faint | 139 ave: faint | 140 Aavo very faint | 141 ve: indistinct | 143 «A: faint
and indistinct | 175 @: faint | yi: indistinct | 176 1o¢ indistinct | 177 vo: top parts of letters |
n: indistinct | 178 ug: indistinct | 179 8e: indistinct | kaTeu: indistinct | 180 u: indistinct | k):
indistinct | 182 W: right half of letter | 187 J: indistinct | ¢: left and top of symbol | k: indistinct
| 188 Kpa: indistinct | 189 v: lower half of letter | p: indistinct | 226 n: faint | 10: indistinct |
227 a:indistinct | 235 jo: indistinct

ii. Inscriptions adjacent to the innermost turn of the Metonic Dial

The remains of these inscriptions are in Fragment B, and were read from CT. For discussion,
see section 4.5.

Transcription and translation

Cell

el a’ Ist
e33 B’ 2m
e35 - g

e37 a’ 77t

ul
~J
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e39 e’ 15t
e41 N 19t
e43 Ky’ 23
e45 Kk’ 27

Apparatus
e33 B: very faint

iii. Inscriptions of the Games Dial

The dial survives complete in Fragment B, and has been read from CT. For discussion, see
section 4.5.

Transcription and translation
Sector Location

1 interior (éTog) a”. Year 1

exterior ‘loBpia | OAUpNIa Isthmians | Olympics
2 interior (¢10¢) B Year 2

exterior Népea | Nda Nemeans | Naa
3 interior (éToc)y". Year 3

exterior ‘lo[8]wia | MuBia Isthmians | Pythians
4 interior (é100) 6. Year 4

exterior NEpea | ANgTa Nemeans | Halieia
Apparatus

Tinterior (€10¢): L (likewise 2, 3, 4) | exterior mia: indistinct | 2 exterior €q: indistinct | 3 exterior
y: indistinct | 10: right half of letter, indistinct | 1: indistinct | 4 exterior A: right descending
diagonal stroke | I indistinct

iv. Inscriptions in the cells of the Saros Dial

Theinscriptions ("glyphs”) in cells 61, 114, 119 (except for the last letter of its second line)
and 172 are preserved in Fragment E and were read from CT. Those in cells 20, 25, 26, 78,
79,131, 137,and 190 are in Fragment F and were read from CT. The remaining preserved
glyphs are in Fragment A. The glyph in cell 13 was read from CT and from a photograph
by Emile Seraf (see the "comments on readings” below). Those in cells 8, 67, 72, 119 (last
letter of line 2), and 120 were read from CT, and those in cells 125, 178, and 184 from the
PTMs. For the interpretation of the glyphs, see section 4.7 below.



Transcription

Cell

8 3.8

13 Hlop@a Il

200 5[ ]lép@)c’

25 Hlop@)¢"1zZ

26 rnuEpac)|ap@) ¢ | H

61 [ I 11[0]

67 T ]l@p@)n (N

72 Hvu(ktog) | p(a) | P

78  Hlwp@a'|T

79 InuEpag)|dp(@)r Y
114 TrpEpac)| dp(a) BT
119 Hvu(ktog) | dpla) 1B " | A
120 zrpEpac)|dp(q), | E
125 TruEpac) dp(a)n - [Hop(@)y " |Z
131 Zop(@) B’ |HvukTog) op(@) 8 " |H
137 TrpEpac) dp(a)e . [Hop(@) B |©
172 $dpa)c - [Hop@ B 1
178 Top(@)8 " |Hdp(@)6 " |P
184 TNp(épac) dp(a)6 . [Hdp(@) a [T
190 Irp(pac)|dp()8 " |T
Translation

Cell

8  Moon,...B

13 Sun, Tsthour.

20 Moon,[ ] 6thhour. E

25 Sun, 6th hour. Z

26 Moon, 7th hour of day. H

61  Moon, ... [0]

67  Moon,[  ]8thhour. M

72 un, ... hour of night. P

78  Sun, 1st(?) hour of day. T

79 Moon, 10th hour of day. Y
114 Moon, 12th hour of day. T
119 Sun, 12th hour of night. A
120 Moon, ... hour of day. E

1
o
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125 Moon, 8th hour of day. Sun, 3rd hour of day. Z
131 Moon, 2nd hour. Sun, 9th hour of night. H
137 Moon, 5th hour of day. Sun, 12th hour. ©

172 Moon, 6th hour. Sun, 12th hour. T

178  Moon, 9th hour. Sun, 9th hour. P

184 Moon, 4th hour of day. Sun, 1st hour. T
190 Moon, Sth hour of day. T

Apparatus

Throughout these inscriptions, ruépag is represented by a mu suspended directly above an
eta; vukTOC is represented by an upsilon suspended above a nu; and @pa is represented by
the digraph ¢b.

8 ¥ left side blurry, followed by indistinct traces to its right and on the following line | 20
right of Z, possibly a small raised mu to the right of the sigma but no visible trace of an eta
below it | 26 H: indistinct, scarcely visible trace | 67 nblurry | 72 : apparently the left half of
epsilon or beta, the remainder distorted and indistinct | 78 an apparent mark to the left of
alpha is probably not a letter | 120 : extremely faint and indistinct traces | 125 n? is written
to the right of the division between cells 125 and 126

Comments on readings

8: This glyph has not previously been reported. All plausible reconstructions of the distribution
of glyphs require a glyph in this cell, either for just a lunar eclipse possibility or for both lunar
and solar eclipse possibilities (see below, section 7). Hence the sigma at the beginning of the
top line, though blurred in the CT, is assured. The index letter beta in the third line is also in
agreement with all reconstructions. CT volume A6, which gives the best images for this cell,
appears to show at least two indistinct letters or symbols to the right of the sigma and at least
two letters or symbols in the second line, though the traces become increasingly faint in both
lines towards the right. These observations favor identifying the glyph as both lunar and solar.

13: The glyph of this cell survives but has been partially obscured, probably as a conse-
quence of the joining to it of a small fragment consisting of part of this turn of the spiral
scale and a portion of the accretion layer bearing offsets of the Back Cover Inscription. This
fragment had broken off Fragment A before Price's time and was reattached in the 1970s.
No significant part of cell 14, which ought to have been inscribed with a glyph according
to all reconstructed schemes, survives. The cell that now adjoins cell 13 is in fact cell 15,
so that the reattached fragment is not quite in its proper position, as can be confirmed by
comparing the inscription offsets with photographs from the early 20th century, when the
accretion layer in this region of Fragment A was intact. The glyph of cell 13 has previously
been transcribed on the basis of the CT volumes, in which the hour numeral is visible as an



apical letter, leaving it uncertain whether it is an alpha (1) or delta (4).33 Our reading of cell
13 with a definite alpha is based on the very clear appearance of the glyph in an undated
photograph (1950s to 1970s), one of a pair showing both sides of Fragments A, B, and C,
taken by the archeologjcal photographer Emile Seraf*®

20: A small mark is visible in CT to the right and above the sigma in the first line, close to
a crack.3” Although this could be reconciled with part of the raised mu of the abbreviation
of Nuépag, there is no trace of an eta below; we conclude that this is an accidental feature
rather than engraved lettering,

61: This glyph was not previously reported. Unfortunately, all that remains of it is the sigma at
the beginning of the first line, whose presence was predicted by all plausible reconstructions
of the glyph distribution.

67: This glyph was previously reparted from extremely indistinct images, on the basis of which
sigma at the beginning of the first line and pi as index letter were reported in agreement with
all plausible reconstructions.3® In both CT volumes A5 and A6, traces of the sigma are visible
though the letter could probably not be recognized if it was not expected; however, at the
beginning of the second line traces can be seen identifiable as the top part of the symbol for
®pa, followed by a faint but distinct eta. The index letter pi is also distinct.

72: The hour numeral was previously reported as an eta, based on traces interpreted as the left
vertical and left part of the mid-height horizontal strokes of that letter.® Closer examination
of the cellin CT volume A5 (which provides clearer images for this region than A6) shows a
vertical with what appear to be strokes going out from it to the right at top, mid height, and
baseline; depending on the plane selected for viewing, the strokes either appear to continue
horizontally rightwards as in an epsilon or to meet in indistinct loops as in beta. There is space
for, but no clear trace of, an iota immediately preceding this letter. Hence beta (2), epsilon
(5), or iota-beta (12) are credible readings.

35 Freeth, Jones, Steele, G Bitsakis 2008, Supplementary Notes (amended June 2, 2011)
25; Freeth 2014, Fig. S13 and Note S4, 2.

36 The negative of this photograph was acquired with the rest of Seraf’s collection by
the Athens department of the Deutsches Archdologisches Institut, whom we thank for
providing a scan.

37 We were alerted to this by C. Carman (personal communication).

38  Freeth, Jones, Steele, G Bitsakis 2008, Supplementary Notes (amended June 2, 2011)
26; Freeth 2014, Fig. S13.

39 Freeth, Jones, Steele, & Bitsakis 2008, Supplementary Notes (amended June 2,
2011) 26.
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78: The second line was previously reported as a Gpa symbol (malformed on its right side)
followed by a tiny raised vukToc abbreviation and the numeral alpha (1).4° This reading violates
the normal syntax of the glyphs, according to which an indication of day or night, if present,
precedes the Gpa symbol. In fact what was interpreted as the left vertical of the nu of vu(kT6()
is actually the right end of the wpa symbol, not malformed, and we take the remaining mark
between this symbol and the alpha to be an accidental feature.!

119: The cell is mostly preserved in Fragment E, but its rightmost portion is in A. Previously,
only images and readings from the portion in E have been reported.#? Since the hour numeral
as preserved in E is an iota close by the break, it was assumed that the numeral could have
been simply iota (10) or iota followed by alpha (11) or by beta (12). The last of these possi-
bilities is proved correct by a beta in the appropriate position clearly visible in CT volume A5.

120: All that can be seen of the hour numeral is a faint and doubtful vertical stroke in volume
A6, which would be consistent with any numeral except alpha (1), delta (4), or theta (9). The
2008 publication gave an “uncertain” reading of eta (8) in a rather low position; we consider this

to be a phantom reading *® More recently, iota-beta (12) has been offered as “very uncertain."#

125: The hour numeral in the first line was read as eta (8) in the 2008 publication.*® More
recently beta (2) has been proposed on the basis of a blurry CT image.*® We consider the eta
to be certain on the basis of PTM ak48a and CT volume AB, both of which show the letter
complete with all serifs.

172:Inthe 2008 publication the hour numeral in the first line was incorrectly read as epsilon (5).47

40  Freeth, Jones, Steele, G Bitsakis 2008, Supplementary Notes (amended June 2,
2011) 26.

41 Similarly Freeth 2014, Note S4, 2.

42  Freeth, Jones, Steele, & Bitsakis 2008, Supplementary Notes (amended June 2,
2011) 26; Freeth 2014, Fig. S13 and Note S4, 2.

43 Freeth, Jones, Steele, G Bitsakis 2008, Supplementary Notes (amended June 2, 2011)
26; the reading is judged “highly dubious” by Freeth 2014, Note S4, 2.

44 Freeth 2014, Fig. S13 and Note S4, 2.

45 Freeth, Jones, Steele, & Bitsakis 2008, Supplementary Notes (amended June 2,
2011) 27.

46 Freeth 2014, Fig. S13 and Note S4, 2.

47 Freeth, Jones, Steele, G Bitsakis 2008, Supplementary Notes (amended June 2, 2011)
27; corrected in Freeth 2014, Fig. S13 and Note S4, 2.



v. Inscriptions of the Exeligmos Dial

The dial survives nearly complete in Fragment A; sector 2 was read from PTM, sector 3 from
CT. For the interpretation of the inscribed numerals, see section 8 below.

Text and translation.
Sector

2 n 8
3 I 16

vi. Back Plate Inscription

The preserved text of lines 1-18 of the Back Plate Inscription, except for the leftmost por-
tions of 5-8, are in Fragment A. Fragment 25 duplicates parts of lines 9-16 of the Back Plate
Inscription (and actually has a bit of the surface of the Back Plate itself adhering to it at lines
15-16), while Fragment 24 duplicates parts of lines 14-17. The inscriptions in E preserve the
beginnings of lines 5-8. The inscriptions in F preserve lines 19-36. It is unlikely that there
existed any lines of the Back Plate Inscription lost in the interval between line 18 (in A) and
line 19 (in F), where the right rim of the Saros Dial comes very close to the right edge of the
plate. Much of this interval is present on A, and bears no detectable writing.

The mean baseline-to-baseline spacing of the Back Plate Inscription in Fragments A and F is
approximately 3.0 mm. The average letter height is about 1.6 mm in Fragment A as measured
from a phatograph, but about 2.0 mm in Fragment F as measured from CT images. The in-
terlinear space thus averages about 1.4 mm in Fragment A and about 1.0 mm in Fragment F.
Average harizontal letter spacing, from the leftmast paint of one letter to the leftmost point
of the next is about 2.1 mm in both fragments, though with considerable (roughly +15%)
variation from line to line.

Text and translation
0 [ano neplioTav-] [From... and they veer]
1 [rai & kai kata]Ajyo[ual] [about and] end up
2 [npog - uJikpai. 1[0 €] [towards.... S]mall. The
3 [xp@pa . ] vov.v [colar] uncertain.
4 Qv [ 10)
5  ano Polpeiou], neprigTavr(al] From boreas, and they veer about
6  6t«aj[kat]aAryoual np[og] and end up towards
7 AiBa.v[€loar. 1[0] 6¢ xp@- lips. [Inter]mediate. The co-
8  {uajpapérav.v lor black.
9 AvNv vBv® AQ)N ... B(?) D(?)
10 anoBpaiiav, ngfpi-] From thrakias, and they veer
" fotavrai §[¢ ai] about and

o
w
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12 xatahjyo[ual] end up

13 npocannii- towards apéli-

T4 Q. pleyar] Gtés. Large(?).

15 Av.108¢ The

16 ypdua color

17 nup[pov.] fiery red.

18 703 X Z6()%..X(2)

19 an[o e From ze-

20 ¢u[pou, ne-] phyros, and they

21 plioTav-] veer

22 T1arde [npoc] about towards

23 voTovk[ai] notos and

24 katahryou- end

25  awnpogalnn-] up towards apéli-

26 NoTnv. pé- Otés. Inter-

27 0al. 0 6E Xp&- mediate. The co-

28  papéhav.v lor black.

29 AZ(symbol)[KZ® _A=(symbolyTKz®

30 anovotou, nepi- From notos, and they veer

31 iotavtaidekai about and

32 katahrjyouaiv end up

33 npocannhioTny. towards apéliétés.

34 pikpai. 70 6¢ XpdLa Small(?). The color

35 péhav.v black.

36 VIVHVOVPVY THOPW()
Apparatus

1 Any: left ascending diagonal and top part of descending diagonal of apical letter, then a
serifed bottom of right vertical, then a vertical with bottom serif, meeting horizontal at top
height that extends very slightly to the left and farther to the right | 2 1: serifed left part of
horizontal and serifed bottom part of vertical | 3 : trace at baseline along edge | 4 Q: right
half of large, very wide loop, with small gap at the top | 5 In ecthesis | a: bottom end of
descending diagonal | nepi: indistinct traces | g: indistinct | 6 I vertical with serif at bottom,
along edge | y: indistinct | 7 v: one letter | |: trace at baseline along edge | w: left half of
letter, indistinct | 8 {pa}: faint, presumably effaced | y: complete but indistinct | 9 A: apical
letter with faint horizontal cross-stroke at mid height | : apparent ascending and descending
strokes of apical letter | B: small loop between mid and top height, traces below indistinct, to
the right near baseline an indentation resembling the serifed right extremity of omega (pos-
sibly an accidental feature) | ®: complete but distorted by damaged surface | 10 In ecthesis
| a: faint apical letter | L Bpaikias | 6: indistinct | €: vertical, indistinct | 11 &: indistinct | 12
0: left side of small loop, indistinct | 15 ¢: indistinct | 17 p: indistinct | 18 ©: most of a large
loop well preserved (a large omicron cannot be ruled out), bar over letter | : indistinct nar-



row letter (iota or rho), pitted surface, possibly a trace of a bar over the letter | X: complete
but indistinct | 19 In ecthesis | n: left vertical (?), faint and indistinct | 20 u: left descending
diagonal and vertical with serif at bottom | 21 T: trace at top level along edge | 24 u: small,
doubtful trace at top height along edge | 26 €: indistinct traces at baseline along edge | 27
w: indistinct, missing top of loop | 29 : apical letter | A: faint | =: apparently form with vertical
cross-stroke, bottom harizontal with serifs, clear traces of bottom end of vertical and left
end of top horizontal, faint traces of shorter middle horizontal | M: a faint trace of ascending
diagonal with serif at bottom, possible faint traces to right | 30 In ecthesis | 31 I faint | 34
IKp: indistinct traces, with a break running through the presumed rho; (p)ég(ar) cannot be
ruled out | g: faint | 36 v'"*: space for 1-2 letters | Y: faint and doubtful |

Comments on readings

1: Crowther®® reports ITO. The horizontal stroke of the second letter extends, so far as we
can tell, only a little way to the left of the vertical, but further to the right than would be
normal for tau; we believe gamma is the strongly preferable reading. What remains of the first
letter is a vertical serifed at top and bottom with the edge of the surviving engraved surface
immediately to its left. The combination of readings in lines 1-3, with a possible kataAriyouaiv
in 1, a highly probable pikpal in 2, and a termination possible for a color adjective followed
by vacant space in 3, provide a strong case for restoring lines 0-4 as a regularly structured
paragraph of the inscription followed by a line of index letters, rather than the “introductory”
section hesitantly suggested by Crowther.*®

4: We believe this ought to be a line of index letters, but the one letter or symbol partially
surviving is hard to identify. We agree with Crowther's observation that the loop appears to
be too broad for omicron, and as he notes, it also has a slight gap at the top. A semblance
of a vertical stroke descending from the loop is actually the edge of the break, though this
could in principle have followed the right edge of an engraved stroke had there been one
there. Phi is unlikely both because of the gap and because there is no trace of a serif where
the descending vertical should have ended. This leaves as the only plausible candidate the
cursive (open-topped) form of omega.

7:We are confident of péoa. Crowther reads [ _]QEAI on the basis of CT, but raises the possi-
bility that the supposed epsilon is actually a sigma so that (disregarding the doubtful omega)
[H€]aai would be possible. We see the entire sigma in PTM ak50a. The vacant space to the right

48  Crowther's transcription is the right part of Freeth 2014, 9, Fig. 8, supplemented by his
epigraphic notes at Note S2, 2-3. Crowther's notes say nothing about the index letter lines
9, 18, 29, and 36, whereas their readings are discussed in detail by Freeth 2014, Fig. S6, so
it would appear that these lines in Crowther's transcription are largely Freeth's readings
and restorations.

49 Freeth 2014,S2, 2.

(@)
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of AiBa accounts for the fact noted by Crowther that péoail would be shorter than the lacuna.

8: The engraver inscribed the beginning of line 5, the first line of this paragraph, in ecthesis
(i.e. hanging indentation) as he did for the other paragraphs, and then continued with lines
6-8 having a straight left margin. After writing pa in this position, which brought the text right
to the outer rim of the Saros Dial scale, he seems to have effaced the strokes and begun
the line again immediately to the right of them.

9: Crowther reports NAB®.* Freeth describes the last of these letters as "convincing” while
indicating that the barred lambda and beta are only apparent if one is expecting to find
these letters.®! In PTM ak50a and CT volume Ab we see a likely alpha to the left of nu, the
two sloping strokes of the presumed lambda (but no clear trace of a bar above), a plausible
beta (or conceivably omega), and a convincing phi (with no visible bar).

10: The ungrammatical reading ano Bpaixiav is not in doubt. On Fragment A the alpha of -av
is damaged at the top while only the bottom of the left and right sides of nu survive, but
Fragment 25 has clear offsets of both letters. Crowther reports 6paiki[ou] nep-, but to the
right of the epsilon the plate's surface has been lost to a depth probably greater than the
engraving reached, and we can see no further traces.

11: Crowther reports §¢ k[ai], but again to the right of the delta the plate’s surface is gone.

14: The traces of the mu, visible only in Fragment 25, support Crowther's restoration
[ueya-]IAnv, "large." In the corresponding parts of the other passages we have adjectives
indicating size in feminine nominative plural. We suspect that the accusative singular here
is a copying errar, likely through assimilation to the preceding anmAiotnv.

18: Crowther reports ZOPX. Freeth, however, indicates that no bar is visible over the theta, so
the bar in the transcription is presumably conjectural.3 In fact a bar is clearly visible in PTM
ak49a, whereas we can see none on the damaged surface over the sigma. Freeth characte-
rizes the identification of the letter reported as rho as “very likely" in contrast to the sigma
and chi for which he merely claims consistency with the data.3® On the basis of PTM ak43a
we would say that sigma is certain and chi highly probable, but for the letter in between we
can only see rough indentations in the surface and no definite remains of engraving. This
letter, however, must have been narrow, either rho or iota.

|

50 In Crowther's transcription, index letters without bars are indicated by a subscript 1,
and those with bars by a subscript 2.

51 Freeth 2014, Fig. S6.

52  Freeth 2014, Fig. S6 and tracings in Fig. 8.

53  Freeth 2014, Fig. S6.



19: The faint but complete alpha and small (uncertain) trace of pi survive in Fragment F
only because the line was engraved in ecthesis; Crowther does not report them (though in
his epigraphic notes he indicates “possible compatible traces of the left foot of alpha"), and
the accompanying tracing shows them restored too far to the right.

22: Crowther assumes a vacat following 6¢, and comments that voTov in line 23 has to be
understood adverbially as if it were votovde. There would have been enough room at the
end of 22, however, for the expected preposition npoc as we restore the line.

29: In our transcription and translation, “(symbol)" stands for a symbol, very clear in the
CT, consisting of an ascending and a descending stroke meeting at about half height, like a
broad, low lambda, with the left ascending stroke continuing upwards and curving in an arc
leftwards so that the top half of the symbol resembles that of a 2; following a suggestion
of Gregg Schwendner,** we believe this was the numeral for 1000 (drawn as a notional
alpha modified by a hooked stroke), though here functioning as a symbol supplementing
the letters of the Greek alphabet. Crowther reports the entire line as (symbol)[IKZ®. Freeth
states (in agreement with our observations) that there is no trace of a bar over the zeta, so
that the bar in the transcription is an editorial supplement.®® Freeth does not mention any
traces to the left of the barred pi. In fact, to the left of the pi, three further engraved letters
are present, the first (approximately aligned with the beginning of line 28) apparently an
apical letter, i.e. alpha, delta, or lambda, with no visible bar, the second a probable lambda,
and the third a probable xi of the old form with a vertical crossing the middles of the three
horizontal strokes (as also found in the Front Cover Inscription where xi is a numeral).

34: Crowther reports pikpdv. The right portion of line 34 is very indistinct in the CT, and
while the mu and alpha are sufficiently clear, the letters between them are a jumble of
disconnected and blurry marks. A vertical to the immediate right of the mu is probable, but
ane cannot be sure of a single other stroke until one gets to the alpha. The structure of the
inscription’s paragraphs leads us to expect either péoal, “intermediate,” or pikpai, “small.”
To our eyes, the hints offered by the CT slightly favor ikp over g, but either would fit the
space and could be reconciled with the traces. Of the final letter, all that can be made out
with certainty is a slightly sloping vertical, serifed at the bottom and, apparently, at the top,
though in Freeth's tracing this is interpreted as the top of the descending diagonal of nu.
Very indistinct marks to the right of this vertical could be interpreted as parts of a second
vertical, but this would be so close to the vertical of the following tau that the tau's horizontal

|

54 By comment posted at http://www.currentepigraphy.org/2009/03/18/peculiar-sym-
bol-in-hellenistic-inscription/. In Greek papyri the numeral 1000 is sometimes written almost
identically to the symbol in our inscription; see for example PLond 1.24 line 8 (Seider 1967,
plate 9). We know of no other epigraphic example.

55 Freeth 2014, Fig. S6.
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would have to be curtailed on its left side, as indeed it is shown in Freeth's tracing. We are
confident that the letter is iota, followed by a properly formed tau of which the leftmost
extremity is indistinct in the CT.

36: Crowther reports W following P, and Freeth's tracing shows this letter about as far to the
right of the rho as the other letters in this line are spaced apart. The supposed letter is descri-
bed by Freeth as “hard to read, though definitely plausible”.® In the CT we see a faint serifed,
slightly sloping vertical, and possible but very slight traces of a V-shaped stroke crossing it.

56 Freeth 2014, Fig. S6.



4.5 Discussion of the Metonic
and Games Dial Inscriptions

As noted above, the Metonic Dial scale's cells are inscribed with a repeating cycle of twelve
month names (Table 4.1). Although very few of the cells are completely legible, the repetitions
of month names guarantee that the foregoing spellings are all correct. Where necessary, the
names were split into two or three lines within a cell according to proper division of syllables
(note the division -€]ug reflecting a vestigial digamma).

Table 4.1: The inscribed texts of the Metonic Dial

(€10C) n doIvIKATOG Year n Phoinikaios
Kpaveiog Kraneios
AavoTpdniog Lanotropios
Mayaveuc Machaneus
AwdekaTelg Dodekateus
EUKAeIOC Eukleios
ApTeliolog Artemisios
Wubdpeug Psydreus
rapeiiog Gameilios
AypIavIog Agrianios
Mavapog Panamos
AneMatog Apellaios

There were nineteen repetitions of the annual cycle covering the 235 cells of the scale, so
that seven intercalary months must have been inserted somewhere in agreement with the
requirements imposed by the Metonic cycle relation:

235 months = 19 calendar years = 19 x 12 months + 7 intercalary months

The legible cell sequences include a single instance of an intercalary month, a repeated
Machaneus (the fourth month) in year 11.37 It can be inferred from the surviving sequences
that two intercalary months must have occurred within years 1-3 of the cycle, one within
years 4-7, one within years 8- 10, one within years 12-14, and one in years 16-19. This is not
sufficient information to determine which years other than year 11 were intercalary. However,
if a pattern distributing the intercalary years as evenly as possible as assumed, the sequence
of ordinary (0) and intercalary (I) years must have been:

|

57  The cells in question had not been read in the 2008 edition, in which the calendar
cycle was reconstructed exempli gratia on the assumption that the intercalated month
was always the sixth, Eukleios.
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This is the cyclic permutation of the sequence of optimally spread intercalations such that
the beginning of year 1 falls earliest of the whole cycle relative to the solar year, e.g. rela-
tive to a solstice or equinox. We are confident that this is the correct sequence for the dial.

If the intercalary months were distributed with maximum evenness in terms of months,
they would have occurred at intervals of 33 or 34 months, and this is contradicted by the
absence of intercalations in cells 95-96 and 229-230. Hence either Machaneus was always
the intercalary month, or mare than one calendar month was occasionally duplicated but
not following a pattern of even distribution. The data are consistent with repetitions of
Machaneus in all intercalary years, but the confirmation of this hypothesis is not strong 58

The numerals in certain of the cells e1-e47 around the inner rim of the Metonic Dial indicate
day numbers to be skipped over in the count from 1 through 30 in all months radially aligned
with the inscribed cell. For example, the numeral 2 in cell e33 means that there is to be no day
number 6 in Artemisios in year 3 (cell 33), in Dodekateus in year 7 (cell 80), in Lanotropios
inyear 11 (cell 127), and so forth. The scheme must have distributed 22 skipped days over
47 months in accordance with the Metonic relation:

235 months = 5 x 47 months = 6940 days = 5 x (47 x 30 days — 22) days
The legible inscriptions are consistent with the following scheme, which maximizes the
evenness of distribution of skipped days (at intervals of 64 or 65 days) and of 29-day and

30-day months (Table 4.2).

Table 4.2: Reconstructed scheme of skipped days of the Metonic Dial

cells day cells day
1,48, 95,142,189 1 24,71,118,165,212 16
3,50, 97,144,191 5 26,73,120,167,214 20
5,52, 99,146, 193 9 28,75,122,169,216 24
7,54,101,148,195 13 30,77,124,171,218 28
9,56,103,150, 197 17 33,80,127,174,221 2
11,58,105,152,199 21 35,82,129,176, 223 6
13,60,107,154, 201 26 37,84,131,178,225 11
15,62,108,156, 203 30 39,86,133,180, 227 15
18,65,112,159, 206 4 41,88,135,182, 229 19
20,67,114,161,208 8 43,90,137,184, 231 23
22,69,116,163,210 12 45,92,139,186, 233 27

58 Anastasiou, Seiradakis, Carman, and Efstathiou 2014, Supplementary Appendix A.



Geminos, Introduction to the Phenomena chapter 8, describes a similar scheme in which days
are to be skipped over (¢€aipéaipon) at intervals of 64 days throughout a Metonic or Callippic
cycle. The ward €€aipgaipog, which occurs also in the Mechanism's Back Cover Inscription
(1 4),%° had the technical sense of a day to be omitted from a calendar month to maintain
correct astronomical alignment of the calendar, as is clear from Cicero, In Verr. 1.2.128:

"It is the custom of the Sicilians and the other Greeks, because they want their days and
months to be in agreement with the behavior of the Sun and Moon, from time to time, if
there was a discrepancy, to remove some single day or at most two days from a month,
which they call exairesimoi; likewise from time to time they make a month longer by one

day or two days" °

Cicero apparently describes a more haphazard practice than the schemes of Geminos and
the Mechanism, which would never deduct more than two days from a month or add days
to a month.®!

The Back Cover Inscription (Il 17-19) alludes to the 76-year Callippic period relation in terms
that strongly suggest that a subsidiary dial, no longer extant, displayed the number of the
current Metonic cycle within a 76-year cycle.®2 The Callippic period relation, being based on
a quadrupling of the Metonic cycle, does not alter the ratio of months to years or require
any change to the distribution of intercalary months, but it does change the ratio of days
to months and years:

76 years = 940 months = 27759 days = 4 x 6940 days — 1 day

Hence if the designer of the Mechanism held the Callippic period relation to be accurate,
it must have been intended that one further day was skipped over in every fourth Metonic
cycle. The extant inscriptions give no hint of which day was to be omitted.

The identification of the specific calendar of the Metonic Dial inscriptions depends on match-
ing its manth names and their sequence with evidence for local calendars, chiefly attested

|

59 IAM 54,

60 "Est consuetudo Siculorum ceterarumgque Graecorum, quod suos dies mensisque
congruere uolunt cum solis lunaeque ratione, ut non numquam, si quid discrepet, eximant
unum aliquem diem aut summum biduum ex mense, quos illi exaeresimos dies nominant;
itemn non numguam uno die longiorem mensem faciunt aut biduo”.

61  The only other instance of €€aipéaipiog in this calendrical sense is pseudo-Aristotle,
Economics 1351b15, recounting an anecdotal instance of a frugal general deducting a
portion of soldiers' pay proportional to the number of skipped calendar days.

62 1AM 5.4,
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in inscriptions. Inscriptional evidence from two geographical regions shows a significantly
high rate of matching with the Mechanism's months. On the one hand a set of Hellenistic
inscriptions from Tauromenion in Sicily provides an almost complete set of the month names
of the local calendar and their sequence, which was as follows, starting with the month that
began the year at Tauromenion (Table 4.3)53

Table 4.3: The calendar of Tauromenion

ApTEHITIOCS Artemitios
Aiovioiog Dionysios
EAOpeIog®s Heloreios
AapaTpiog Damatrios
navapog Panamos
Anehaioc®® Apellaios
1T@VIOC [tonios
Kapveiog Karneios
Aavotpanioc®” Lanotropios
ANOM®VIOG Apollonios
AUWOEKATEUC Dyodekateus
EUKAEIOC Eukleios

The seven italicized month names are in exact or near-exact agreement with the corre-
sponding ones of the Mechanism's calendar, if we align the first month of the Mechanism's
year, Phoinikaios, with the seventh of the Tauromenian calendar, Itonios. Hence it appears
that both calendars descended from a common ancestor, but that at least one of them had
undergone a process of substitution of new names for some of the months.

On the other hand, inscriptions from several localities in northwest Greece attest to month
names that exactly or nearly match those of the Mechanism, though these give little hard
evidence for the order of the months. The places in question were either colonies of Carinth
in Epirus or members of the Epirotic League, and it appears highly probable that their calen-

|

63  For Artemitios as the first month of the Tauromenian year, see Battistoni 2011, 183.
64  The termination -iTiog, lost from the Tauromenian inscriptional evidence, can be
restored from parallels in related Sicilian calendars (lversen 2015).

65 For this reading see Iversen 2015.

66 InIGXIV 423 we have an instance of AneAhalog 6euTepog, i.e. an intercalary Apellaios
following the normal one.

67 Battistoni 2011, 182 shows that the end of this name should probably be restored in
agreement with the Mechanism'’s spelling.



dars were variants of the calendar of Corinth, for which unfortunately the direct evidence is
slender. By 2007 Pierre Cabanes had identified the thirteen month names as belonging to
the putative calendar of Corinth as attested in Epirus (Table 4.4) 58

Table 4.4: Month names identified by Cabanes as belonging to the calendar of Corinth, listed
in his conjectural sequence

APTELITIOG/APTEUITIOC  Artemisios/Artemitios

Wubdpeug Psydreus
AypIavIiog Agrianios
dovikaiog Phoinikaios
ANOTPONIOC Haliotropios
AATUI0C Datyios
Kpaveiog Kraneios
Navapog Panamos
AneMatog Apellaios
rapiNiog Gamilios
Mayaveug Machaneus
Aeudekatelg Deudekateus
EUKAEIOC Eukleios

The degree of caincidence between the calendar in Epirus and the Mechanism'’s calendar
is in fact still greater than appears from the ten matching names italicized in the above
list. Datyios, attested in a single inscription from Dodona, probably does not belong to this
calendar, and in fact may not even be a month name.®® Eliminating Datyios makes room in
the expected set of twelve month names for Deudekateus (also attested as AuwdékaTo,
Dyodekatos), which Cabanes supposed to be a name specifically for an intercalated month
inserted in the twelfth place in an intercalary year; moreover, one inscription, 1G IX,1 694,
implies as a sequence of consecutive months Machaneus, Dyodekatos, Eukleios, Artemitios
in agreement with the Mechanism's order. “Haliotropios,” which supposedly signifies a month
approximately coinciding with a solstice, turns out to be an editorial phantom misread or
conjectured in inscriptions that variously appear to have had either AAoTpéniog, Alotropios, or
Aavotpdnios, Lanotropios, the month name attested on the Mechanism and in Tauromenion.”

68 Cabanes 2007. A few inscriptions are dated with a month simply named €ppoAipog,
“intercalary.”

69 Iversen 2013a.

70 Iversen 2013a. We concur with Iversen’s disagreement with Cabanes's more recent
effort to differentiate the calendar of Corinth (for which he adheres to his previous recon-
struction) from that of the Mechanism, Cabanes 2011.
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In the 2008 edition of the Metonic Dial inscriptions, it was suggested that the partial match
of the months at Tauromenion to those in Epirus could be explained through the fact that
Tauromenion had been refounded by Syracuse in the early fourth century BC as a colony of
mercenaries. The calendar of Syracuse, like that of its founder, Corinth, is extremely poorly
documented, but the authors of the 2008 edition hypothesized that Syracuse had sub-
stantially the same calendar as Epirus, and that the substitution of several different month
names had occurred in connection with the adoption of a variation of Syracuse’s calendar
at Tauromenion. However, Paul Iversen has demonstrated that at least one month in use in
Syracuse was different from those attested in Epirus and on the Mechanism, and that it is
far more probable that the calendar of Tauromenion is simply the calendar of Syracuse.”
We conclude, in agreement with Iversen, that the calendar of the Mechanism was intended
to be a version of the calendar of Corinth as it was practiced either at Corinth itself or in
some locality of Epirus.

The Games Dial's four quadrants bear inscriptions both inside and outside the circular out-
line of the dial. Inside the quadrants, in counterclockwise order, are inscribed year numbers
from 1 through 4. Outside each quadrant, two lines of inscription give the names of two
athletic festivals. It is noteworthy that this dial, the only one an the Mechanism for which
the prevailing sense of motion of the pointer going forward in time was counterclockwise,
is also the only one whose dial inscriptions are oriented with the tops of the letters towards
the center; that is, on all the dials, the direction in which the inscriptions would have been
read indicated the "forward in time" direction.

The names of six competitions appear in these inscriptions. Four of them are those of the
Panhellenic Games: the penteteric Olympics (in year 1) and Pythians (in year 3), and the
trieteric Isthmians (in years 1 and 3) and Nemeans (in years 2 and 4).”2 The arrangement of
these competitions shows that the years indicated by the dial were not those of the calendar
of Olympia or of Athens according to which the standard chronological Olympiad cycle was
reckoned. In the Olympiad cycle, the Nemean games, which took place in the summer, and
the Isthmians, which took place in the following spring, were assigned to the same years,
since the beginning of the calendar years of Olympia and Athens both fell in early summer.
The years of the Games Dial must have begun at some other time of year. It seems probable
that they were intended to be the same as the years of the Metonic Dial, though for me-
chanical reasons what the Games Dial actually displayed were solar years of uniform length

71 Iversen 2013a. Full documentation of Iversen’s contributions to the understanding
of the Mechanism's calendar and its relations to the various local calendars discussed here
will appear in Iversen (forthcoming, a) and (forthcoming, b).

72 "Penteteric" competitions were held every four years, “trieteric" competitions every two
years. The Greek terms literally mean “every five years" and “every three years," reflecting
the ancient practice of inclusive counting.



rather than lunisolar calendar years which could be either twelve or thirteen months long.

The lines demarcating the quadrants are inclined about 8° counterclockwise from horizontal
and vertical. In the 2008 study it was conjectured that, when the Mechanism was set to a
date coinciding with the beginning of the first year of its Callippic cycle, the pointers of the
Metonic and Games Dials would have been parallel, pointing straight down.” (This could also
have been true of the pointer of the presumed Callippic Dial.) If so, the division lines of the
Games Dial would have been approximately alisned with the latest possible beginnings of the
Metonic Dial's calendar years. lversen has persuasively argued that the Corinthian year began
in the late summer, and conjectured that the division lines were intended to mark an astral
phenomenon that was used to regulate the calendar on the assumption that it always fell
within Phoinikaios; this event would most probably have been either the autumnal equinox
or the morning rising of Arcturus.”*

The second competition named in the Dial inscription for year 2 is the Naa, which took place
at Dodona. An inscription from Dodona gives Apellaios as the month in which the Naa were
held.”® Year 4 too has a second competition whose name was not read in the 2008 edition
but has since been identified with strong probability as the Halieia of Rhodes.”® The order in
which the two competitions are listed for each year of the cycle could reflect the order in
which they were actually held in those years (assuming that the Halieia followed the Nemeans)
or simply that the designer chose to list the trieteric games before the penteteric ones.

73 Freeth, Jones, Steele G Bitsakis 2008, Supplementary Notes (amended June 2, 2011) 21.
74 Iversen (forthcoming a).

75 Cabanes 1976, 586, text 71, reprinted by Cabanes 1988, 58. The festival is also some-
times written Ndia, but Néa is the form found in local inscriptions.

76 lversen 2013b and (forthcoming b), and cf. Iversen 2011 and 2013; Zafeiropoulou
2012, 247.
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4.6 The Saros

The foundation of the Mechanism's eclipse predictions is the Saros, a period comprising 223
synodic months while approximating integer numbers of four other periodicities that play
a role in eclipse phenomena:””

223 synodic months = 238.992 periods of lunar anomaly
= 241.999 periods of lunar latitude
= 18.030 periods of solar anomaly
= 18.029 tropical years
= 6585.322 days

Hence if two syzygies are separated by 223 synodic months, the interval between them in
days is close to constant (because of the near integer numbers of lunar and solar anomalistic
periods), and the Moon will return to approximately the same elongation from the same
node, while also being at approximately the same distance from the Earth. If the earlier of
the two syzygies had a lunar eclipse, these circumstances suffice to ensure that the later
one will almost always have a lunar eclipse of roughly the same duration, magnitude, and
directions of obscuration as reckoned with respect to the ecliptic; the directions as reckoned
with respect to the celestial equator will also be preserved, though less accurately because
of the comparatively large error of the Saros as a period of tropical years. For any terrestrial
place of observation, the local times of the second eclipse's beginning, middle, and end will
be roughly 8 equinoctial hours later than those of the first eclipse. Thus it is possible for
both eclipses to fall within the nighttime and so to be in principle observable, but in many
cases an observable eclipse will be followed after a Saros by an unobservable, diurnal one.
A triple Saros, called an Exeligmos (¢€ehypdc, “turn of a wheel," a name cited by Geminus
18 and Ptolemy, Almagest 4.2), will normally bring a recurrence of lunar eclipses having
approximately the same characteristics and approximately the same local times, though the
cumulative effect of the not-quite-integer numbers of the various periods in three successive
Saros cycles will result in some degradation in the repetition of the characteristics.

During a Saros, the Sun passes each lunar node 19 times, so that there will be 38 con-
junctions and 38 oppositions when the Moon is closer to a node than at the preceding and
following syzygies of the same kind. A lunar eclipse can only occur at such an opposition,
and—uwith exceptions observable only at extreme terrestrial latitudes—a solar eclipse can
only occur at such a canjunction. These syzygies are thus known as lunar and solar eclipse
possibilities ("EPs"). The 38 EPs of a single kind (lunar or solar) are spaced at intervals of
six manths, with five intervals of five months interspersed among them, so that a Saros

77  Foradiscussion of the Saros as an eclipse cycle, with particular bearing on Mesopo-
tamian eclipse prediction, see Steele 2000a, esp. 422-424 and 431-432.



contains three series of eight EPs and two series of seven EPs separated by six month
intervals, in a cyclic permutation of 8-7-8-7-8. These intervals reflect the fact that five
and six synodic months are close to but respectively less than and greater than an integer
and a half periods of latitude:

5 mean synodic months = 5.43 periods of latitude
6 mean synodic months = 6.51 periods of latitude

The EPs of each kind strictly alternate between the two nodes, with the signed lunar elonga-
tion from the nearer node increasing in a six-month interval and decreasing in a five-month
interval. Since in the course of any of the groups of EPs at six-month intervals the Moon
approaches the node from behind and then recedes from it in advance, lunar eclipses tend
to have greater magnitudes around the middle of the series, and the EPs flanking the five-
month intervals may not be accompanied by umbral lunar eclipses. Solar eclipses behave less
regularly because of the parallactic component in the Moan's apparent latitude as observed
from a particular locality, but the conditions for eclipses are also more favorable towards the
middle of each group of solar EPs.

The 38 solar EPs occur half a month away from the 38 lunar EPs. Because of the phase dif-
ference of half a synodic manth between conjunctions and oppositions, in a group of seven
or eight lunar EPs separated by six-month intervals, the solar EPs will follow immediately
after the lunar EPs for the first half of the group, and immediately precede them for the last
half of the group. In other words, in a group of eight lunar EPs, the first four will be followed
by their solar counterparts and the last four will be preceded; and in a group of seven lunar
EPs, the first three will be followed and the last three preceded by solar EPs, while the middle
one may go either way depending on the precise alignment of the group with the nodes.
Thus the groups of seven or eight solar EPs at six-month intervals are symmetrically out of
phase with the groups of lunar EPs, with the five-month intervals between solar EPs falling
in the middle of the lunar EP groups.

Seven six-month intervals followed by a five-month interval amount to 47 months, a sort of
“poor man's Saros" that returns the Moon to just over the same elongation from the same
node though not to the same stage in the lunar and solar anomalistic periods:

47 mean synodic months = 51.004 periods of latitude

Thus lunar eclipses occurring at the nth EP in an eight-EP group and in the following group
will be similar in their characteristics, though not as similar as lunar eclipses separated by a
Saras. On the other hand, six six-month intervals followed by a five-maonth interval, amounting

to 41 months, bring the Moon to just short of the same elongation from the opposite node:

41 mean synodic months = 44.493 periods of latitude
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Thus lunar eclipses occurring in the nth EP of a seven-EP group and in the following group will
have similar magnitudes and durations, but the directions of obscuration are not preserved:
if the Moon is obscured from its north side in one eclipse, it will be obscured from the south
side in the other, and vice versa.

As we have already remarked, solar eclipses are highly contingent on the effects of parallax
because the conditions for a solar eclipse depend on the apparent position of the Moon
as seen from a point on the Earth's surface, and this can differ from the position as seen
(notionally) from the Earth's center by an amount on the order of a degree, i.e. twice the
Sun's apparent diameter. Both the magnitude and the timing of a solar eclipse are extremely
sensitive ta differences in parallax such as arise from the imprecisions of the Saros period
relation. Consequently, the pattern of solar eclipses observable in a particular locality during
one Saros will not be repeated in subsequent Saros cycles.”® The Saros only allows one to
predict which conjunctions are solar EPs, which even when diurnal may or may not be accom-
panied by observable eclipses, and to predict the approximate time of true conjunction, which
might be taken as a very crude approximation of the time of mid-eclipse if an eclipse occurs.

|

78 Animportant difference between the treatment of solar eclipse prediction in ancient
and modern astronomy is that, instead of investigating the path travelled by the shadow
on the Earth’s surface, ancient predictive methods sought to forecast the circumstances
of the eclipse as observed from a specific locality.



4.7 The eclipse glyphs and their distribution

In the Antikythera Mechanism, eclipses were not displayed or predicted through a mechani-
cal modelling of the relative configurations of the Earth, Moon, and Sun, comparable to the
visual display of lunar phases by means of a rotating black-and-white ball on its front face.”
Rather, eclipses were predicted schematically, by means of a dial representing an ostensibly
repeating Saros cycle of EPs, which was established somehow prior to the construction of the
Mechanism 2 In this respect they were treated in the same way as the dates of first and last
visibility of fixed stars: the conditions of stellar visibility were not mechanically modelled, but
an annually repeating cycle of the phenomena, derived from observations or from a model
of stellar visibility, was represented on the front Zodiac Dial.®!

Roughly a third of the Saros Dial is preserved in Fragments A, E, and F. Its unusual spiral
structure was essentially the same as that of the Metonic Dial situated directly above it;??
in both cases the object appears to have been to enable a clear display of the current stage
of a cycle lasting more than two hundred months, allowing sufficient space for each month
on the dial's scale to inscribe a short text. As we have seen, the Saros Dial had a spiral slot
of four turns perforating the Back Plate. A revolving pointer-follower tracked this groove
clockwise from beginning (inside) to end (outside) as the Mechanism's input drive was
cranked forward a number of turns corresponding to 223 synodic months as displayed, for
example, by the motions of the solar and lunar pointers on the Zodiac Dial.®® The spiral scale
running along the outside of the groove was divided into 223 divisions or “cells” standing for
the 223 months of the Saros. The months were evidently considered to begin with the first
visibility of the new Maon, so that apposition would correspond to a position of the pointer
close to the middle of a cell, and conjunction to a position close to its end.

Cells corresponding to months containing either a solar EP or a lunar EP or both were inscribed
with a highly abbreviated text or “glyph’; the other cells were left vacant.® All 38 lunar EPs
appear to have been inscribed, whereas some of the solar EPs were omitted.

79  For the Moon phase display see Wright 2006.

80 Freeth etal. 2006, 589.

81  Price 1974, 18; 1AM 3.

82  The spiral structure of the back dials was deduced by Wright 2005.

83  Freeth etal. 2006, 589 with Fig. 3.

84  Ourdiscussion of the distribution and contents of the glyphs follows Freeth et al. 2006,
589 (with Fig. 4) and Supplementary Information 5 and Freeth, Jones, Steele, G Bitsakis
2008, Supplementary Notes (amended June 2, 2011) 24-41.
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The following are examples of the three kinds of glyph that a cell could contain:

lunar EP solar EP lunar and solar EPs
M
T H H 1 po
¢ H $b H o
E Z P

In the lunar EP glyph, the initial sigma identifies the EP as lunar (ZeAfjvn, "Moon," or perhaps
oeAnviak, “lunar”). The eta-mu monogram indicates a diurnal EP (fuépac, “of day"); in the
case of a nocturnal one (the "normal” situation for a lunar eclipse) it would be simply omit-
ted.® The omega-rho monogram stands for @pg, “at hour" 8 and the eta is the numeral 8,
for the eighth hour. Lastly, epsilon is an index letter labelling the inscribed cell. The solar
EP glyph begins with eta (H\iog, "Sun,” or \Aiakr, “solar"), then the hour monogram and
the numeral 6 (digamma), for the sixth hour. In this instance the EP is diurnal, the "normal”
situation for a solar eclipse; if it was nocturnal, the hour monogram would be preceded by
a nu-upsilon monogram (vukTog, “of night"). Zeta is the index letter. The third example of
a glyph contains a lunar EP (ninth hour of night) followed by a solar EP (ninth hour of day),
and the index letter rho with a bar over it.

Every cell containing an EP or EPs had an index letter, and as the third example shows, a cell
bore only a single index letter even if it contained two EPs. This will be an important con-
sideration when we come to investigate the structure of the text to which the index letters
refer, since it implies that the text must have been arranged in such a way that no ambiguity
arose about whether the indexed text referred to a lunar or a solar EP. The inscribed cells were
indexed in alphabetic order, running twice through the complete 24-letter standard Greek
alphabet, and apparently through two or three further letters or symbols, making probably
50 or 51 indexed glyphs in all. The index letters of the second alphabet were distinguished
from those of the first by bearing a horizontal stroke above the letter.”

85  Similar abbreviations by suspension of juépag and vukTog in seasonal hour indications
accur in astronomical papyri of the Roman period, e.g. the ephemeris POxy astron. 4179
from A.D. 348, for which see Jones 1999, 2.188-191.

86  This symbol is common in papyrus horoscopes and other astronomical papyri from
the 2nd century AD onwards, e.g. PFouad 6, a horoscope for someone bornin AD 125 (Neu-
gebauer G van Hoesen 1959, 38-39). The earliest instance known to us, other than those
on the Saros Dial, is a birthdate in AD 88 inscribed in horoscopic format, from Tremithos,
Cyprus (Mitford 1961, 118-119).

87  Contrary to Freeth, Jones, Steele, G Bitsakis 2008, Supplementary Notes (amended
2012) 28, we are now convinced that the entire second alphabet was marked with bars
above the letters (though some cannot now be discerned), as reported in Steele 2011, 464.



Since the 2008 publication of the glyphs detectable through surface imaging and CT in the
surviving parts of the Saros Dial scale, two further glyphs have been detected. One occupies
cell 8, which was reliably predicted to contain either a lunar or a lunar plus solar glyph, and
unfortunately the glyph is not legible enough to determine which kind it was with certainty.
The otherisin cell 61, where a lunar glyph was predicted. Hence no further information has
been obtained about the complete scheme of glyphs. In the 2008 publication, a model was
also proposed for reconstructing the complete scheme in agreement with the attested glyphs,
the principal challenge being to find a criterion for the omitted solar EPs that accounts for the
attested glyphs, vacant cells, and index letters. This was not a unique solution,® and in the
following we prefer to limit ourselves to certain assumptions about the scheme’s structure
that we consider to be very plausible:

(1) There was a complete set of lunar EPs in an 8-7-8-7-8 pattern.® Two alignments of the
8-7-8-7-8 pattern are possible consistent with the attested lunar glyphs. In one alignment
the first EP of the first group of 8 was in cell 172, while in the other the first EP of the first
group was in cell 37. The only difference between these distributions is that, starting with
cell 172, we obtain a lunar EP in cell 214, but if we start with cell 37, the EP moves to cell
213. (The 2008 reconstruction started with cell 172.)

(2) The solar EPs were an incomplete but nearly complete subset of an 8-7-8-7-8 pattern.®®

88 In Freeth, Jones, Steele, G Bitsakis 2008, Supplementary Notes (amended 2012)
32 it was asserted that only one alignment of the 8-7-8-7-8 groups for the lunar EPs was
consistent with the preserved readings. We are grateful to Christian Carman for painting
out to us that a second solution is possible.

89  Every surviving cell that ought to contain a lunar EP if the set was complete does in
fact contain one. The evidence would be consistent with having some lunar EPs (in lost
cells) omitted, but some of these would have to be in the middle of the lunar EP groups,
where eclipses of larger magnitudes are expected. We consider the omission of such EPs
to be highly unlikely.

90 Seven 8-7-8-7-8 patterns are consistent with the attested solar glyphs, with the first
set of 8 starting respectively at cell 60, 148, 13, 101, 189, 54, or 142, listed in increasing
order of the total number of solar EPs that must be assumed skipped in cells preceding
lunar EPs. (The existence of seven solutions was established by Christian Carman.) The first
three of this list conform to the symmetry rule set out above if the lunar 8-7-8-7-8 began
with cell 37, and the first two conform if the lunar pattern began with cell 172. Freeth 2014,
Note S3, 2 proposes a model according to which the solar EPs are supposedly a subset of
an 8-8-8-7-7 pattern, but the actual pattern resulting after the omissions (Freeth 2014,
5 Fig. 4) turns out to be almost identical to the reconstruction we present below in Table
4.6 which is based on an 8-7-8-7-8 sequence for both solar and lunar EPs, with the lunar
sequence starting with cell 172. The only divergence is in cell 149, for which Freeth's re-
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The distribution of the complete set of solar EPs, including the omitted ones, was out of
phase with the lunar EPs in such a way that in a group of 8 lunar EPs at six-month intervals,
the first four have solar EPs in the same cell and the last four have them in the preceding
cell, while in a group of 7, the first three have solar EPs in the same cell and the last three
have them in the preceding cell (leaving the middle EP undetermined by this symmetry rule).

(3) The omitted solar EPs were spread fairly evenly among the five groups composing the
Saros.”! This implies that the total number of glyphs was either 50 or 51, that is, there were
either two or three additional letters or symbols following the two complete alphabets of
index letters.

On this basis, we obtain the reconstruction presented in Table 4.5. In the table, an asterisk
indicates an omitted solar EP or a vacant cell with no index letter, a slash means “or," and
surviving glyphs or vacant cells are enclosed in boxes. Double horizontal strokes show the
five-month intervals on the hypothesis that the first group of the 8-7-8-7-8 pattern begins
with cell 172, and a broken horizontal stroke shows the slightly earlier placement of one five-
month interval on the hypothesis that the first group begins with cell 37. The choice between
these hypotheses only affects the glyphs and their index letter possibilities in cells 202-214;
the glyphs and possible index letters resulting from starting in cell 37 are in parentheses.

mmts a solar EP as well as the lunar EP. Neither this cell nor the solar eclipse
paragraph of the Back Plate Inscription that would have referred to it if it contained a solar
EP is extant. (Freeth's diagrams illustrating his reconstruction of the Saros Dial, e.g. p. 5,
Fig. 4, also show the non-extant cell 143 as containing both a lunar and solar EP, but this
appears to be an oversight since his Fig. S9, representing the derivation of his scheme of
EPs, indicates that a solar EP is excluded in this cell.)

91  Wefurther believe that the omitted solar EPs were probably all either adjacent to one of
the five-month gaps or one EP away from a five-month gap, since the EPs in the middles of
the groups often do correspond to observable solar eclipses. We do not use this hypothesis
in the following analysis; if itis correct, the 8-7-8-7-8 pattern of solar EPs must have started
with cell 60 since otherwise the omitted EP in cell 113 would be the third in its group.



Table 4.5: Provisional reconstruction of the glyph distribution of the Saros Dial

Cell EP index Cell EP index
2 TH/S* A 143 TH/S* \
8 TH/T* B 148 H/* */K
13 H r 149 3 K/A
14 3 A 154 H/* *INM
19 * * 155 3 NM/N
20 3 E 160 H/* */M/N
25 H z 161 3 N/=
26 T H 166 H/* */=
31 H €] 167 3 0
32 s e
----------------------------------- 172 sH n
37 SH/S* K 178 SH P
43 TH/L* A 184 sH 3
49 SH/T* M 190 T* T
55 TH/T* N 195 H/* Y
60 H/* /= 196 3 Y/o
61 )3 /0 201 H/* */D/X
66 H/* */0 202 ¥ O/X/W (X/W)
67 3 n 207 H/* */X/9/Q (*/9/Q)
72 H P 208 )3 W/Q/symbol (Q/symbol)
73 3 T | e
78 H T 213 H/*(EH)  */Q/symbol (symbol)
79 b Y 214 ¥ (no glyph) symbol (no glyph)
84 TH/T* o} 219 TH symbol
90 TH/S* X
96 SH/T* W
102 TH/S* Q
107 H A
108 T B
13 * *
114 2 T
119 H A
120 3 E
125 SH 7
131 TH H
137 TH e
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4.8 The times in the glyphs

In the 2008 publication, the precise meaning of the times recorded in the glyphs as well
as their method of computation remained unsolved problems. A recansideration of the
evidence, including revised readings of a few times in the glyphs, suggests that at least a
partial solution is possible. In our efforts to analyse these times, as in our examination of the
Back Plate Inscription later in this paper, we adopt the broad principle that the designers of
the Mechanism possessed a level of understanding of the astronomy of the Sun and Moon
such that a competent astronomer of the time, say Hipparchos, would not have rejected
their theoretical treatment of eclipses as grossly incompetent, whatever imprecisions there
may have been in the execution. The mechanism for lunar anomaly seems ample justifica-
tion for this confidence.

The time statements in the glyphs represent an abbreviated form of the conventional Greek
formula for a time expressed in seasonal hours of day or night, “at hour n of day/night”, where
n is always a whole number from 1 through 12. In principle, "hour n of day” means a time
within the interval between (n — 1)D/12 and nD/12 counted from the moment of sunrise,
where D is the duration of day from sunrise to sunset expressed in any constant time units,
since the duration of one seasonal hour of day is defined as D/12. "Hour n of night" has
the corresponding meaning in terms of the duration of night from sunset to sunrise. Two
considerations, however, make it very unlikely that the times in the glyphs have precisely
this meaning,

First, the Saros period is in excess of a whole number of years by more than ten days. Because
of this, the lengths of daytime and nighttime will be significantly different for the dates of
two eclipse possibilities separated by a Saros. This means that the time units would not
remain constant for any particular glyph.

Secondly, because the Saros was not close to a whole number of days long, a time correction
would be needed when forecasting any time associated with an eclipse on the basis of an
eclipse one Saros back. The assumed overrun was one-third of a day, so that a triple Saros,
called an Exeligmos, would make a whole number of days. The numerals 8 and 16 inscribed
in twa of the three sectors of the Exeligmos Dial are the numbers of hours to be added to
the times in the glyphs for the second and third Saros of each Exeligmos cycle.®? Hence they
must be understood as equinoctial hours if they are to be applicable day and night throughout
the year. The glyph times are thus in all probability idealized seasonal hours, reckoned as if
there was no annual variation in the lengths of day and night, and so counted in equinoctial
hours from 6 AM. and 6 PM. This convention is exactly paralleled in Greek lunar tables and

92  Freeth, Jones, Steele, G Bitsakis 2008, 615, Fig. 2 caption.



astronomical ephemerides from Roman Egypt.®3

The division lines of the Exeligmos Dial are aligned so that the division marking the beginning
of the third Saros of the Exeligmos (16 hours correction) radiates approximately horizontally
to the left of the dial's center, and thus the division marking the beginning of the first Saros
(0 hours correction) is approximately 30° clockwise of pointing straight upwards. We will
return ta this nonintuitive alignment at the end of this section.

Since the times are expressed in a consistent manner throughout the dial, it is only reason-
able to assume that they should refer to the same stage of an eclipse or eclipse possibility
in all the statements, whether they refer to lunar or solar EPs. This consideration limits us
to just one candidate, the moment of syzygy. In a complete set of 38 lunar EPs in a Saros,
some of the EPs will necessarily not be accompanied by umbral eclipses, so it would not be
meaningful to give, say, a time for the beginning of obscuration. In the case of solar EPs, the
situation is more extreme: because of the effects of parallax, the Saros does not enable one
to make forecasts of the times or durations or even of the mere occurrence of solar eclipses
visible in one geographical region on the basis of past eclipses. Hence unless the Saros Dial
reflects a level of ignorance of the nature and behavior of solar eclipses that we would be
reluctant to impute to a competent Hellenistic astronomer, the anly meaningful times that
could be associated with solar EPs in a repeating Saros cycle are the moments of syzygy.

We thus have a strong expectation simply from their mode of expression and their presence
on the Saros Dial that the glyph times represent moments of syzygy counted in equinoctial
hours from 6 AM. for "day” or 6 PM. for "night." It is easily established that the time interval
between any pair of these times is not consistently the number of intervening lunar months
(always an integer or an integer plus a half) times the length of a mean synodic month, so
that the times must be of true syzysy, taking some account of the varying apparent speeds
of the Sun and Moon.

In the kinematic approach to astranomy embadied by Ptolemy's Almagest, the time of
true syzygy must be computed by an iterative process, taking the mean syzygy as a first
approximation and repeatedly adjusting the time by the computed elongation of the Moon
from the Sun divided by the estimated speed of the Moon relative to the Sun. A surprisingly
good approximation can be obtained more directly by modelling the difference between the
time of true and mean syzygy as the sum of two periodically varying components, one having
as its period the anomalistic month and the other the solar year. In the Babylonian System
A and System B lunar theories, time of true syzysgy is calculated by algorithms equivalent
to this kind of model, employing arithmetical functions to represent the periodic lunar and
solar components.

—
93 Jones 1997, 27-28; Jones 1999, 1.14-15, 1.180, 1187, 1.205.
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We can illustrate this using the 446 syzygies within an arbitrary Saros cycle computed by
madern theory. In Fig, 4.6 we plot (hollow markers) the difference between the times of true
and mean syzysy (modulo 12 hours to simulate a situation in which times but not dates are
given) against the stage of the anomalistic month. Obviously the predominant component
of the time difference is a sinusoidally varying element dependent on lunar anomaly and
having an amplitude of roughly 10 hours, while the values spread within a range of about 5
hours of this component. The gray curve models this component as a scaled sine function
with amplitude 9.7 hours.

©MNa solar correction
* Model

Stage of anomalistic month (days)

Figure 4.6: Time of true syzygy minus time of mean syzygy plotted against stage of the
anomalistic month, for syzygies of one Saros cycle computed by modern theory

12

]

| Mo lunar correctian
~ Modal

c of salr year (days)

Figure 4.7: Time of true syzygy minus time of mean syzygy plotted against stage of the solar
year, for syzygies of one Saros cycle computed by modern theory



In Fig, 4.7 we plot the same time differences (hollow markers) against the stage of the solar
year, revealing that the values spread within a £10 hour range around a component dependent
on solar anomaly and with amplitude about 4 hours. If we correct the time difference by our
sine-function model for the lunar component (Fig. 4.8), the residues (solid markers) cluster
within roughly 1 hour of a scaled sine function (gray line) having amplitude 4.2 hours.
The solid markers in Fig. 4.9 similarly show how the data plotted in Fig. 4.6 are affected by
carrecting the time differences by the model for the solar component.

*Lunar Correction

Stage of solar year (days)

Figure 4.8: Data from Figure 4.7 corrected by the sinusoidal lunar model of Figure 4.6

#Solar comection

Stage of anomalistic month (days)

Figure 4.9: Data from Figure 4.6 corrected by the sinusoidal solar model of Figure 4.7
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We now turn to the 22 reasonably secure times from the glyphs.® Since we do not have
complete dates, but only times of day or night, we must estimate the alignment of the times
relative to the times of mean syzygy. We have done this by assigning an arbitrary time of mean
syzygy to any one of the syzygies, which determines the times of all the remaining mean
syzygies in the Saros cycle, and adjusting the chosen time to see if a more or less symmetrical
pattern of time differences can be obtained that could make sense as a sinusoidally varying
lunar component blurred by a smaller solar component or other elements. We obtained the
best results by assigning to the opposition of cell 1 a mean time of syzygy at 3 PM.

Fig. 4.10 shows the differences between the times in the glyphs and our estimated times of
mean syzygy plotted against the stage of the anomalistic month, where we have arbitrarily
set the opposition of cell 1's month as day 0. Seventeen of the data points conform rea-
sonably well, say within £5 hours, to a sinusoidal model of appropriate amplitude, while five
(corresponding to the lunar EPs of cells 125, 172, and 184 and the solar EPs of cells 13 and
119) do not. We believe that this is satisfactory confirmation that we are dealing with times
of true syzygy computed by a method reflecting the influence of lunar anomaly, though a
rate of one grossly discrepant value in five is unsettling.
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Stage of ancmalistic month (days)

Figure 4.10: Glyph time minus normed mean syzygy plotted against stage of the anomalistic
month

It deserves note that the lunar component appears to be near zero and increasing for the
stage of the anomalistic month that we have defined as day 0. This implies that the Moon
was close to its apogee at the opposition of cell 1. The Saros Dial is believed to have been
calibrated to show the stage of the so-called Full-Moon Cycle, the beat period of the anom-

94 We assume that cell 20 did not indicate a diurnal hour.



alistic and synodic months, by means of four fiducial marks at 90° intervals immediately
inside the dial and aligned so that the first of the marks was at cell 1; one of these marks
survives.®® Taken together, these considerations suggest that the Mechanism's Saros cycle
may have been chosen so that cell 1's opposition was exactly at the lunar apogee. This would
explain why the EPs do not start in cell 1.

We now plot in Fig, 4.11 the time differences corrected by our sinusoidal model against the
stage of the solar year. The data points corresponding to the grossly discrepant time differ-
ences found in Fig. 4.9, circled in the present graph, should probably be disregarded. What
remains shows less sign of a component dependent on solar anomaly than one might expect.

ols © |
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g ®
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Stage of solar year (days)

Figure 4.11: Glyph time minus normed mean syzygy, corrected by lunar model from Fig. 4.10,
plotted against stage of the solar year

Our initial inference from the foregoing investigations was that the times in the glyphs were
computed as times of true syzygy with a solar model that assumed either a small anomaly
or none at all (i.e. effectively conjunctions and oppositions of the true Moon with the mean
Sun) and that the calculations were comparatively sloppy to account for the remaining noise
after the sinusoidal lunar correction was applied. However, in 2013 Christian Carman and
James Evans, with whom we had shared our provisional conclusions, demonstrated that the
glyph times could be successfully approximated, with significantly smaller errors than we
found, by combining an optimized lunar model based on the assumption that lunar velacity
behaves as a Babylonian-style linear zigzag function with an optimized solar model based

95 Freeth, Jones, Steele, and Bitsakis 2008, Supplementary Notes (amended June 2,
2011) 39-40.
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on the assumption that solar equation behaves as a linear zigzag function.?®

Without recapitulating their more sophisticated analysis, we can confirm their deduction of
a solar anomaly component. In Fig. 4.12 we reproduce the data of Fig. 4.11 together with
a hypothetical sinusoidal solar component with amplitude £3 hours, normed so that cell
1's opposition caincides with solar apogee, which appears to fit the data from the glyphs,
aside from the outliers already identified, reasonably well. Fig. 4.13 shows the original data
from Fig. 4.10 corrected by subtracting the sinusoidal solar component, plotted against
the stage of the anomalistic month. The improvement of the fit to the hypothetical lunar
component is obvious.

Stage of solar year (days)

Figure 4.12: Data from Figure 4.11 compared with a hypothetical sinusoidal solar component

We conclude, then, that the times in the glyphs were calculated as times of true syzysy
according to solar and lunar models that bath involved anomaly. Carman, Evans, and Freeth
suggest that these models were based on arithmetical functions rather than a trigono-
metrical representation of geometrical models.%” The cycle of predictions on the Saros Dial
was apparently normed such that at the opposition of its first month (cell 1) the Moon was
assumed to be at its apogee.

96 Carman G Evans 2013; the research was subsequently published as Carman G Evans
2014. Freeth 2014, Note S4 similarly models the glyph times using Babylonian-style ar-
ithmetical functions, representing the time from one syzygy to the next as the sum of a
zigzag function for the lunar companent plus a zigzag function for the solar component,
which is closer to the methods known from Babylonian astronomy.

97  We abstain here from appraising the merits of the specific models proposed in Carman
G Evans 2014 and in Freeth 2014.



Carman and Evans have systematically deduced that this opposition was probably meant
to be that of May 12, 205 BC, so that the epoch of the Saros Dial would have been the New
Moon of April 29, 205 BC.%8 We note, that if we accept both the April 29, 205 BC epoch date
and Iversen's conjecture that the epach of the Mechanism's Callippic cycles was four lunar
months later, August 23, 205 BC,* then when the Mechanism was set to the latter date, not
only would the pointers of the calendrical upper dials have been parallel, pointing straight
down, but also the pointers of the Saros and Exeligmos Dials would have been very nearly
parallel, pointing about 30° clockwise of straight up. This seems likely to be the explanation
why the Exeligmos Dial was normed so that its painter had this orientation at the beginning
of each cycle. It would be beyond the scope of the present paper to discuss at greater length
the question of how these epoch dates relate to that of the construction of the Mechanism,
beyond the obvious point that at @ minimum it provides us with a terminus post quem.

C ® ® .

Stage of anomalistic month (days)

Figure 4.13: Data from Figure 4.10 corrected by subtracting the solar component of Figure 4.12

|

98 Freeth 2014, 11 and Note S5 arrives at the identical epoch date by methods that he
asserts (Note S5, 2) are “entirely different” from those of Carman and Evans (citing Carman
G Evans 2013), though many of the same considerations are taken into account.

99 Iversen (forthcoming, a).
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4.9 Overview of the Back Plate Inscription

The Back Plate Inscription consists of a series of rigidly patterned sections or paragraphs,
each comprising three parts. The first part is a sentence asserting that some unstated plural
subject starts (present tense) from a certain direction, "veers about" —in one instance,
"veers about towards" a certain direction— and “ends up towards" a certain direction. The
terms used to specify directions are the names of winds such as boreas and apéliétés, which
were conventionally employed to designate directions on the horizon according to various
“‘windrose" schemes. This sentence about directions is followed by a stand-alone adjective
(nominative plural, feminine).'®® The last part is a statement that “the color is" a certain hue.
Following each paragraph is a single line consisting of a series of alphabetic letters (and at
least one nonalphabetic symbol) that do not spell out recognizable words, with horizontal
bars over some of the letters.

These letters with and without bars immediately suggest a connection with the index letters
of the Saros Dial. To understand the function of the index letters, it is helpful to consider the
other place on the Mechanism where such index letters are found.' The Zodiac Dial at the
center of the front face had a graduated scale representing the twelve zodiacal signs and 360
degrees of the ecliptic. Certain degree marks are labelled with letters, running in alphabetic
order. These letters associated their degrees with letter-indexed lines in an inscription else-
where on the front face listing annually repeating astronomical phenomena, namely the first
and last morning and evening visibilities of stars and constellations, solstices and equinoxes,
and the Sun's entry into zodiacal signs. When a revolving pointer representing the Sun’s
longitude on the central dial indicated a labelled degree, the corresponding phenomenon
in the indexed inscription was predicted. The index letters of the Saros Dial surely had an
analogous function, linking the glyphs to a text, inscribed somewhere else on the Mechanism,
that gave fuller information about the predicted eclipses. We may identify the Back Plate
Inscription as this text, and the lines of letters alternating with the paragraphs as the index
letters that link the preceding paragraphs to the corresponding glyphs. Thus it appears that
the predictions in a single paragraph were applicable to several eclipses in the Saros cycle.

Taking Fragment A (some of whaose lines are supplemented by Fragment E) and Fragment F
together, we appear to have a continuous run of five paragraphs and their associated index
letter lines, concluding near the bottom of the Back Plate. We can infer that the index lines
belong with the paragraphs that precede them because the final index line (36) is close
enough to the lower edge of the plate so that there would be no room for further text. The

——
100 Inoneinstance, lines 14-15, we appear to have an accusative singular feminine ad-
jective; we think this is a textual error.

101 Price 1974, 18; 1AM 3. For the principle of alphabetical indexing, and parallels on some
Greek sundials, see Steele 2011, 461-465.



smaller triangular spaces at the four carners of the Back Plate had room for just two para-
graphs each, while the two larger spaces at the middles of the plate’s right and left sides
had room for four. Thus the inscription potentially comprised sixteen paragraphs. One might
guess provisionally that paragraphs referring to lunar EPs ran down one side of the plate,
and paragraphs referring to solar EPs down the other; "% such an arrangement would explain
why nothing in the surviving part of the inscription seems to identify which kind of eclipses
the paragraphs relate to, and why a single index letter was considered as an unambiguous
reference for both a lunar and a solar EP when both fell within the same month. We shall
see later on, however, that the solar EP paragraphs would not have required all the space
available along the right side of the plate.

|

102 Freeth 2014, 7-8, proposes an arrangement with the lunar paragraphs on the two
sides of the Metonic Dial and the solar anes on the twa sides of the Saros Dial. However,
the first preserved paragraph straddles the line of division between the upper and lower
halves of the Back Plate, so the arrangement we propose here appears preferable.
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4.10 The groups of index letters«

Three index lines are partly preserved on Fragment A, but because of surface damage many
of the letters are uncertain. The two index lines in Fragment F, however, are largely legible,
and it is with these that we begin our attempt to recover the principle according to which
the EPs were grouped. In line 29, we have the letters A, K, Z, and ® with no visible bar over
them, M and (uncertainly) =, and a symbol that resembles a notation for the numeral 1000
found in Greek papyri. In line 36, we have T and © with no visible bar, and H and P with bars.
In comparing these letters with the reconstructed Saros Dial scheme (Table 4.5), we need
to keep in mind that a bar over a letter may simply have been engraved too slightly to be
detectable in the CT. Nevertheless we initially take the readings at face value.

Three securely read barred letters (H, 1, P) are associated with cells that contained both
lunar and solar glyphs. Of the securely read letters with no visible bar, two (K, ®) are also
associated with cells containing both lunar and solar glyphs; A has a cell that could have
had both kinds or just lunar; but the other three (Z, ©,T) are associated with cells containing
only solar glyphs. It is unlikely that all three of these were really barred letters whose bars
are escaping detection, so we can conclude that the part of the inscription that we possess
was not entirely concerned with lunar EPs, whereas it may have been entirely concerned
with solar EPs.

Now three letters in line 29, K, ®, and I, turn out to be associated with cells 37, 84, and
172, which cantain not only solar EPs but also the first lunar EPs of three of the five groups
of seven or eight lunar EPs at six-month intervals. The remaining twa of these lunar groups
begin with cell 125, which is indexed with Z, and either cell 219 or cell 213, which was in-
dexed with one of the undetermined additional letters or symbols that followed the second
complete alphabet. When we further observe that a securely read, definitely unbarred Z has
already appeared in line 18 of the inscription, the conclusion seems inescapable that the Z
in line 29 was actually supposed to be barred —a scribal error seems likely here rather than
a defect of the CT— while the special symbol was one of the additional notations following
the complete alphabets. Thus all five cells containing the first lunar EPs of the 8-7-8-7-8
groups were indicated in line 29.

This is a very important result, because it implies that the elongation of the Moon from the
node was in some way involved in the groupings of EPs in the inscription. If it is lunar EPs that
these five letters in line 29 are referring to, then the Moon was near the maximum negative
elongation from the node that is possible for an EP, whereas if the line refers to solar EPs,

|

103 Some findings in this section confirm conjectures explored, with generally inconclusive
results, by T. Freeth in collaboration with some of the present authors (Steele, Jones, and
Bitsakis) in 2009. See also Freeth 2014, Notes S2 and S3.



then the Moon had a very small elongation, in the immediate vicinity of the node; either way,
we can speak of a comparatively narrow zone of nodal elongation that accounts for most,
perhaps all, of the EPs in line 29. The EPs in this group were not, however, all at the same
node, since the intervals between them form a cycle of 47-41-47-41-47 synodic months,
and as we have seen, an interval of 41 months brings about a change of node.

Turning to the group of index letters in line 36, we observe that one pair among them, H
and P, designated a pair of cells (131 and 178) that contain both lunar and solar glyphs and
that come immediately after cells 125 and 172 whose index letters are in line 29. The other
pair, B and T, designated cells 31 and 78, which contain only solar glyphs and which, in the
sequence of solar EPs, come immediately before cells 37 and 84 whose index letters are again
in line 29. The fact that the two groups are related in this way leads us to two conclusions:
first, that all the letters in both groups probably refer to the solar EPs in the corresponding
cells, and secondly, that line 36's group contained solar EPs falling with two small zones of
nodal elongation flanking the zone of nodal elongation associated with line 29.

To develop this idea, we calculated nodal elongations for all 38 solar EPs in the Saros cycle,
neglecting the effects of solar and lunar anomaly, and hypothetically assigning to the EP of
cell 125 a small positive nodal elongation so that the EPs are distributed according to the
pattern derived above in which the first lunar EP of the 8-7-8-7-8 cycle is that of cell 172.
Fig. 4.14 plots the recomputed nodal elongations, and shows by horizontal lines hypothetical
boundaries for a 5° wide zone of nodal elongation (from —1° to +4°, between the solid lines)
which takes in most of the identified EPs of line 29 and two 2.5° wide zones (from —3.5° to
—1°and from +4° to +6.5°, between the broken and solid lines) which take in most of the
EPs of line 36.'® The graph shows that the EPs of both cells 213 and 219 fall within the
central zone; one of these presumably was indexed with the special nonalphabetic symbol
in line 29. On the other hand, it cannot be the case that the inscription’s groups comprised
all solar EPs falling within a particular zane as shown in this graph, since by that criterion
cell 43's index letter (A) ought to be in line 36, rather than line 29.

104 Inthe graph, double letters AA, BB stand for additional symboals used after the com-
pletion of the second alphabetic sequence.
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Figure 4.14: Schematic calculation of nodal elongations of the solar EPs. Asterisks indicate
definite or possible omission of a solar glyph according to the reconstructed glyph distribution

Bringing line 18's index letters into consideration helps to bring out a pattern. This line begins
with Z, a probable ©, and £. Like the Zin line 29, the ¥ in line 18 ought to have a bar though
we cannot see it. For it cannot be an accident that we have the following pattern for sets
of three consecutive cells:

line 36

O (cell 31, solar)

H (cell 131, lunar-solar)
P (cell 178, lunar-solar)

line 29

K (cell 37, solar)

Z (cell 126, lunar-solar)
M (cell 172, lunar-solar)

line 18

Z (cell 25, solar)

O (cell 137, lunar-solar)
T (cell 184, lunar-salar)

It appears that, in the progression from the group of line 29 to that of line 36 and then to
that of line 18, we are picking successively earlier solar EPs in some series, but successively
later ones in others. Hence we may predict that line 18 ought also to contain the index let-
ter P (cell 72, preceding T in line 36), and this is consistent with the space for and doubtful
traces of an indeterminate but narrow letter (thus likely | or P) between ¥ and the uncertain X.

Summing up, a partial condition for inclusion in a group appears to have been that the Moon's
nodal elongation fell within one of two ranges of values symmetrically situated with respect
to the range of line 29's group; three series of solar EPs use the ranges on one side of the
“central” range, and two series use the ranges on the other side. However, our analysis has
not revealed the rationale for the order in which the groups were presented in the inscription,
or for the order of the index letters within each group. We can partially confirm the three
groups that we have so far discussed as follows, with barring of some letters supplementing
what is visible in the images:

(line 29) (symbol)-219 M-172 K-37Z-125 ©-84
(line 36) T-78 H-131 ©-31 P-178
(line 18) Z-25 ©-137 £-184 P-72



This is as far as we had succeeded in understanding the index letter groupings by 2012.

A significant advance has been made subsequently by Freeth, by demonstrating that nodal
elongation is not the immediate criterion for inclusion in a group, but rather the lunar latitude,
which, though functionally dependent on nodal elongation, depends for its sign on both the
sign of the elongation and whether the nearby node is the ascending or descending node.'™
In addition to clarifying the principles of inclusion or exclusion of EPs in the groups of the
inscription, this hypothesis also satisfactorily explains the order of the index letters in each
group. In the following, we adopt this hypothesis in carrying forward our own line of analy-
sis of the data. Our results confirm Freeth's proposal while also showing that his detailed
reconstruction of the scheme of EP groupings and their rationale requires amendment.

The hypothetical zones of nodal elongation drawn in Fig. 4.13, which we chose so as to re-
produce as well as possible the allotment of index letters in lines 29 and 36 of the inscription,
are not symmetrical with respect to positive and negative elongation. Hence if we wish to
preserve the grouping while replacing nodal elongation with lunar latitude as the measure,
we have to introduce a small negative shift in the assumed elongations. Fig. 4.15 shows the
lunar latitudes for the EPs, using elongations reduced by 1.5° from the values assumed in
Fig. 4.13, an amount chosen by trial and error. We have drawn horizontal lines as before to
demarcate zones (now of lunar latitude) grouping together the index letters in lines 9, 18,
29, and 36. The match of these zones to the evidence of the inscription is now excellent,
both in terms of which index letters fall in each group and in terms of the order of the letters,
which approximately corresponds to order of decreasing latitude.'®
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Figure 4.15: Schematic calculation of lunar latitudes of the solar EPs. Asterisks indicate
definite or possible omission of a solar glyph according to the reconstructed glyph distribution
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105 Freeth 2014, Notes S2 and S3.

106 Small discrepancies in the order of letters may be attributed to uncertainties about
precisely how the nodal elongations and latitudes were computed.
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Freeth noted that the inscription paragraphs to which lines 9, 18, 29, and 36 belong cor-
respond to solar EPs for which the lunar latitude is respectively farther north, north, close
to zero, and south. Not being aware of the first three index letters in line 29, however, he
conjectured a paragraph with EPs with a range of northerly latitude intermediate between
the ranges of lines 18 and 29, placing this in the lost lower left corner of the Back Plate.
We can now see that the EPs indexed A (cell 43) and = (cell 166, restoring a bar over the
letter) were part of the line 29 group, which must therefore have extended further north of
the ecliptic than it did south. The first index letter of line 29 must have been A (again, the
bar cannot be seen in the CT), and this establishes an approximate upper bound for the line
29 group's latitudes since the EP labelled X (cell 90), which had close to the same latitude,
is confirmed for the line 18 group.

Revising Freeth's reconstruction of the inscription, we propose that the solar EPs were all
described in a series of five paragraphs running down the right side of the Back Plate, with
the paragraphs as well as the individual EPs within each paragraph ordered from most north-
erly to most sautherly lunar latitude. The paragraph of line 36 was the last one, and in fact
all EPs below the southern boundary of line 36's zone in Fig. 4.14 could have had no solar
glyph according to our reconstructed distribution. This confirms the hypothesis proposed in
the 2008 publication that the omission of solar EPs from the full set of 38 was intended to
reflect the effect of parallax, which for an observer in the northern hemisphere makes the
Moon's apparent latitude more southerly than its true latitude (calculated as if seen from
the center of the Earth)."”

The exclusion of the EPs with lunar latitude more southerly than the boundary of line 36's
zone means that there would have been just 27 solar EPs with glyphs. The complete set of
paragraphs for the solar EPs clearly required less than half the available space around the
dials on the Back Plate, so we raise the possibility that the paragraphs for the 38 lunar EPs
were more detailed and took up all the spaces along the left side as well as the space in
the top right corner.

We are now in a pasition to narrow down the possibilities for reconstructing the glyph distri-
bution of the Saros Dial and the index lines of the Back Plate Inscription’s solar paragraphs.
We take as principles (1) that all solar EPs that fell within the five more northerly zones
in Fig, 4.14 had solar glyphs indexing to the appropriate paragraphs of the inscription (this
allows us some restorations and resolutions of unclear letters),'®® and (2) that all solar EPs

—
107 Freeth, Jones, Steele, G Bitsakis 2008, 616.

108 Lostindex line corresponding ta northernmost zone restored as = Q. Line 9 restored
asANABO®. Line 18 restored asZ© 3 P X (though ¥ should properly be in either first or
second place). Line 29 restored as AA= (symbol) TKZ ®. Line 36 requires no restorations:
THOPW.



that fell in the southernmost zone did not have solar glyphs. The first of these principles
gives us the following restorations of the index lines of the inscription:

R T=0
9 ANABO®
18 ZOIPX
29 AAZ (symbol)TTKZ ®
36 THOPW

The paragraph for the most nartherly solar EPs ought to have been the one represented by
the very damaged lines 1-4 if the solar paragraphs were all together and in appropriate order
from north to south; that there was a paragraph for these EPs is certain since the extant
solar glyph in cell 13 (') belongs in it. We suggest that the clear but fragmentary trace of a
single letter in line 4 was the right half of omega in its cursive (open-topped) form.'® The
barred sigma in line 18 should, as Freeth already noted, be the first index letter in the line;
we agree with him that this is probably a copying error.""

The principles turn out to eliminate all uncertainties in the Saros Dial's glyph sequence except
for whether the second last lunar EP was in cell 213 or 214 (Table 4.6). If the lunar 8-7-8-7-8
sequence began with cell 172, cell 213 was a solar-lunar glyph, cell 214 was vacant, and only
cells 213 and 219 were indexed by nonalphabetic symbols; if the sequence began with cell
37, cell 213 was solar, 214 lunar, and the three cells 213, 214, and 219 had nonalphabetic
symbols. Thirdly, according to our reconstruction both cells 213 and 219 ought to be refer-
enced in line 29, one after the other in the list. Since there is only one nonalphabetic symbol
in this line, we think it is possible that the same symbol served for both cells.

I

109 The cursive omega is not attested elsewhere in the Mechanism's inscriptions as a
letter in its own right, but the symbol for opa in the glyphs is based on this form.

110 Freeth 2014, Note S3, 3.
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Table 4.6: Revised glyph sequence reconstruction for the Saros Dial

Cell EP index
2 vF A
8 sH B
13 H r
14 b3 A
19 . .
20 Y E
25 H Z
26 Y H
31 H €]
32 b3 I
37 TH K
43 TH A
49 b M
55 TH N
60 H =
61 )3 0
66 “ “
67 Y m
72 H P
73 b3 b3
78 H T
79 b3 Y
84 YH )
90 sH X
96 v* Y
102 H Q
107 H A
108 b3 B
113 *
114 b3 T
119 H A
120 b3 E
125 TH z
131 YH H
137 YH 0

Cell EP index
143 T* T

148 * *

149 b3 K

154 H A

155 )3 M

160 * *

161 3 N

166 H H

167 )3 o)

172 TH n

178 TH P

184 TH T

190 o* T

195 * *

196 )3 Y

201 H [6)

202 3 X

207 H 1]

208 b3 Q

213 H (ZH) symbol
214 symbol

(no glyph)  (no glyph)

219 TH symbol



4.11 The direction statements

What would the information in the paragraphs have meant in relation to eclipses? To anyone
familiar with the treatment of eclipses in ancient Near Eastern and Greco-Roman astronomy
and astrology, the statements about directions will suggest two possible meanings: either
the directions from which the lunar or solar disk appears to be abscured at the various stages
of the eclipse, or the changing directions of actual winds blowing during the eclipse. The
adjectives and adjectival phrases seem to be a qualitative indication of the eclipse magnitude.
Lastly, the colors would be descriptive of the appearance of the lunar or solar disk during the
eclipse. We will explore these interpretations at greater length below.

From a modern point of view, no natural connection is to be expected between the occurrence
of an eclipse and the blowing of winds in a locality where it is observable, except for the
marginally verified phenomenan of winds induced by total solar eclipses.'"* Nevertheless there
was a strong tradition in Mesopotamian and Greek astronomy, astrology, and meteorology
regarding "eclipse winds" as observable and significant phenomena. The tablets of lunar
eclipse omens in the Babylonian series Endma Anu Enlil (composed before the 7" century
BC) contain many omen texts in which the directions from which the lunar disk is obscured
at the beginning and end of the eclipse, or the direction of the wind blowing during the
eclipse, or both are factors in the "if" clause of the omen."'? Babylonian eclipse observations
from the first millennium BC also regularly include reports of the directions of obscuration
at the eclipse’s beginning and end as well as the wind direction prevailing during the eclipse
(occasionally it is noted that the wind direction was different at the beginning and end of the
eclipse)."™ We have no evidence that Babylonian astronomers made predictions of directions
of obscurations or wind directions during eclipses.'"

The Greeks definitely believed that wind directions were to some degree predictable. Many
of the annually recurring weather phenomena recorded in parapégmata in relation to stellar
first and last visibilities, solstices, and equinoxes were specific directional winds. Nor did this
presumed annual cycle preclude other intermittent weather signs predicting winds; non-annual
phenomena, both meteorological and astral, could also act as weather signs. Shooting stars,
for example, were signs predicting winds blowing from the quarter to which they were seen

111 For the apparent reality of the solar “eclipse wind" see Gray G- Harrison 2013.

112 Rochberg-Halton 1988, 51-55 and 57-60. Interestingly, the solar eclipse omens do
not incorporate winds or directions of obscuration in their “if" clauses (Francesca Rochberg
by personal communication).

113 Huber G De Meis 2004; Gautschy 2012.

114 Cuneiform texts survive containing schemes for predicting weather through correlation
with planetary periods, but they make no reference to specific wind directions or eclipses;
see Hunger 1976.
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heading;'"® if the northern or southern stars of Cancer called Aselli (vol, y and & Cnc) become
invisible, it is a sign respectively for the north or south wind;'"® ebb tide signified a north wind
and flood tide a south wind;'"” frequent flashes of lightning in one part of the sky signified
wind from that direction.® Ptolemy attributes to both the planets and the zodiacal signs a
power to set particular winds in motion.""® The unknown author of the book on weather signs
conventionally attributed to Theophrastos mentions that weather changes are carrelated with
the Moon’s phases,'?

onset of a wind from the quarter corresponding to the orientation of the gap.

and that a gap observed in a halo around the Moon or Sun indicated the
121

A connection between eclipses and winds is mentioned by Aristotle, Meteorologica 367b25-
32, where it is asserted that an onset of wind occurs before a lunar eclipse (at sunset for a
midnight eclipse, at midnight for a dawn eclipse).'” Otherwise we know of no instances in
Greco-Roman sources of either specific predictions of winds, and particularly of wind directions,
during eclipses, or methods of making such predictions, though we shall presently see that
Ptolemy was probably aware of the existence of such methods. The astrologer Hephaistion
of Thebes (c. AD. 400) attributes to the "Egyptians of old" a doctrine that the direction from
which the wind blows at the onset of an eclipse indicates the country that will be adversely
affected by it, whereas the direction at the end of the eclipse indicates the country that
will be favorably affected; thus a change of wind direction was considered normal during
an eclipse.'” Hephaistion's "Egyptians” were almost certainly Greco-Egyptian astrological
authorities dating from the Hellenistic period, so they are not very remote chronologically
or culturally from the builders of the Antikythera Mechanism.'*

The verb in the Back Plate Inscription translated as "t veer," nepiiotac8ai, is not especially
common, and a search of ancient Greek literature by means of the Thesaurus Linguae Graecae
fails to turn up any passage in which the verb is used in connection with eclipse phenomena.

There are, however, instances of its use in connection with shifting wind directions,' in-

115 [Aristotle], Problemata 26.23; Pseudo-Theophrastas, De Signis 37; Ptolemy, Tetrabiblos
2.14.10 (Hubner).

116 Ptolemy, Tetrabiblos 2.14.9 (Hubner) —possibly an interpolated sentence— and
Hephaistion, Apotelesmatica 1.3 (Pingree 33).

117 Pseudo-Theophrastos, De Signis 29.

118 Pseudo-Theophrastos, De Signis 32.

119 Ptolemy, Tetrabiblos 2.13.4 (Hubner).
120 Pseudo-Theophrastos, De Signis 5-8.
12
1

1

1

1

Pseudo-Theophrastos, De Signis 31.

N
N

A close parallel to this passage is in [Aristotle], Problemata 26.18.
Hephaistion, Apotelesmatica 1.21.

Pingree 1974.

For others, see [Aristotle], Problemata 26.31 (943b29) and 26.56 (347a3).
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cluding a striking parallel to the formula of our inscription in Aristotle, Meteorologica 365a6:

‘01 & "éTnaial neplioTavral Toig pev nepi SuopAg oikoUaov €k TRV AnapkTiwy €i¢ Bpaokiag kal
apyéatac kai epupouc... Tl Oe Npoc £w neplioTavTal Lexp! ToU annAioTou'.
("For peaple who live in the west, the Etesian winds veer from aparktias to thraskias and

argestés and zephyros... while for those who live in the east, they veer to apéliétés".)

Aristotle's use of this construction enables us to dismiss an objection that has been raised
against interpreting the inscription's wind-directions as references to actual winds, namely that
the horizon directions associated with Greek wind names were (as in English) the directions
from which the winds blow, so that the preposition npds, “towards,” would never be used with
awind-direction name to mean the wind bearing that name.'?® One would indeed never write
that a wind blows npo¢ annhiwtny, “towards apéliétés" meaning towards the east, since the
wind that blows in that direction is called zephyros, the west wind. But it does make sense in
Greek, as in English, to write that the wind direction shifts from south to east (Gno véTou npog
annNiwTny, or using Aristotle’s equivalent expressions, €igammAi®Tnv or PExpI AaMNAIKTOU) meaning
that what was initially a south wind (blowing north) has become an east wind (blowing west).

However, before hastening to the conclusion that the vocabulary of our inscription was associated
with winds but not with eclipse obscurations, we ought to take note of POxy. astron. 4137, afirst
century AD Greek papyrus fragment fram Oxyrhynchus that, like most literary and “paraliterary”
papyri, is not at present in the Thesaurus Linguae Graecae.'® This preserves part of a canon of
predictions of lunar eclipses dating to the mid first century AD, the only such text in Greek that
we currently possess. The predicted data include the date of the eclipse, its magnitude and
duration, the directions of obscuration (npooveloelc, “inclinations") at the beginning, middle, and
end of the eclipse, and the Moon's position relative to a fixed star. The directions of obscuration
of the partial lunar eclipse of December 10/11, AD 56 are described thus in lines 4-9:

T} pév o[ Ov npdov(euaic) npwTou] éyA(eroindToc) éaTal HeTaél pleonuBpiac kai] AvaToA(ig)
nepioTrioe(1 5€ NAeioTov] EyAehoInOg NpAov(euaiv) [wg npog peonpB(piav)] éoxatov 6 ‘avan[in-
poupevov WG] peTagu peanp(Bpiag) kai 5[Uoewg.]"

("The [inclination of the beginning] of obscuration will be between s[outh and] east; at
[greatest] obscuration it will cause the inclination to veer [towards the south]; at final

cle[aring] towards south and w(est.]")

Although some uncertainty may adhere to the exact wording of the gaps between the preserved
part-lines, it is certain that the incomplete word nepiotnae in line 6 is either nepiothoetal,
the future tense of nepifotacBan, “it will veer” or (as restored here), nepiatricel, the future

126 Papathanassiou 2010, 546.
127 Jones 1999, 1.87-94, and 2.16-17.
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of the verb's transitive form, “it will cause to veer" with the direction of obscuration being
either the subject or the direct object.

The terminology of “inclinations” found in this papyrus is only intelligible to us because Ptolemy
explains it in Almagest 6.11, where as part of the subject of eclipse theory and prediction
he provides a mathematical treatment of “inclinations,” interpreted as meaning the point
on the horizon intersected by the great circle passing through the centers of the lunar disk
and the Earth's shadow (for lunar eclipses) or the centers of the solar and lunar disks (for
solar eclipses). He remarks that the reason for determining these directions is that they
are regarded as having a certain “signification” (¢énionpaoia), a term that had the technical
meaning of a "weather-prediction sign” or a change in the weather associated with such a
sign.'28 Although Ptolemy offers no details, it is tempting to conjecture that some correlation
was presumed to exist between the directions of obscuration and the wind directions at the
various stages of the eclipse. Such a scheme would explain why the Hephaistion's "Egyptian”
scheme involves interpreting wind directions at both the start and the finish of an eclipse.

Thus we cannot decide simply on the basis of the wording of the "directions” sentences in
the Back Plate Inscription whether their predictions refer to directions of obscuration or to
winds. Prima facie the interpretation as directions of obscuration seems to be favored by
the fact that these directions are an objectively valid, “astronomical” consequence of the
conditions giving rise to an eclipse, whereas forecasts of wind directions would imply a
physical (or even divinatory) framework that is otherwise not explicit in what we know of the
Mechanism'’s displays and functions; for although parapegmata were instruments of weather
prediction, the Mechanism's Parapegma Inscription did nat contain explicit statements of
weather changes but only the astronomical phenomena on which such predictions could
have been based. But these considerations that weigh on the side of obscuration directions
will count for nothing unless the specific content of the statements as well as the index
letters associated with them turn out to make sense in terms of the actual characteristics
of a series of eclipses occurring in the course of a Saros cycle.

As a first step in testing the hypothesis that the sentences refer to obscuration directions,
we consider the meaning of the directional terms in the inscription. In technical contexts
Greek wind names were associated with "windroses,” that is, systems of either eight or
twelve equally distributed horizontal directions.'?® Though several variations on windroses
are attested in Greco-Roman sources, it is probable that the one assumed in the Back Plate
Inscription was close to one of the following reconstructions (the twelvefold one being
essentially the windrose ascribed to the Hellenistic geographer Timosthenes) (Fig. 4.16)."3°
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128 Neugebauer 1975, 1.141-142; Lehoux 2004.

129 Rehm 1916.

130 As Crowther (Freeth 2014, Note S2, 2) points out, the presence of 6paikiac among



Eightfold Windrose N Twelvefold Windrose
[ANAPKTIAE?] [ANAPKTIAE?]
BPAIKIAT
OPAIKIAT sopear W E
§ [APTELTHII] [KAIKIAZT)
-g ZEQYPOL AMHAMITHE  ZEDYPOE AMHAIOTHE
L [EYPOE7]
g [EYPOE]
[NBONOTOET] [EYPONOTOL?
NOTOE NOTOE TOINIEY

Figure 4.16: Reconstructed eight-direction and twelve-direction windroses for the directions
attested in the Back Plate Inscription

Of course if one is applying such a scheme to the solar or lunar disk as seen from below, the
diagrams have to be mirror-reversed (Fig. 4.17).

N

[AMAPKTIAZ?] [ANAPKTIAZ?)
E w
BOPEAS OPAIKIAS
- s [KAIKIAZ?] [APTEETHE?]
z
;l'i AMHAIOTHE ZEGYPOL  AMMAICITHE ZEQYPOL
L]
E
[EYPOEL?] A
AN
[EYPOE?]
[EYPONOTOE? famiBoNOTOZ?)
NOTOE QOINIZY]  NOTOE

Figure 4.17: Reconstructed windroses oriented for celestial directions

Now if we number the preserved paragraphs of the inscription 1 through 5, the directions of
the statement in paragraph 1 are both lost, while the remainder would map on the windroses
as shown in Fig, 4.18.

[ATAPKTIAZ?)

w
- s [KAIKIAZ?] [APTEETHE?]
z
;i'; AMHAINTHE ZEQYPOL
=
E

[EYPOEL?] A

[EYPONOTOE? famiBoNOTOZ?)

DOINIEY] NOTOE

Figure 4.18: The shifts of direction in the Back Plate Inscription

|
the wind directions in the inscription favors a twelve-direction windrose since attested
eight-direction systems did not include this wind.
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The diagrams incidentally explain why an intermediate direction is specified in paragraph 4
only: whereas in most cases —all cases for the twelve-direction system— one may presume
that the “veering" sweeps out the shorter arc around the circle, here the starting and finishing
directions are diametrically opposite so that the sense of the shift has to be explicitly stated.

A basic rule is that the obscuration in lunar eclipses tends westward, but eastward in solar
eclipses. Hence paragraphs 3-5 would refer to solar eclipses, but paragraph 2 would have
to refer to lunar eclipses. Aside from being in conflict with our analysis of the index letter
groups, this is troubling for two reasons. First, in an inscription encompassing both lunar
and solar eclipses, one would expect the two kinds to be dealt with in separate sections,
whereas here we seem to have both kinds treated in what, according to its position on the
plate, would seem to be the last quarter of the inscription. And more seriously, solar eclipses
do not repeat their directions of obscuration after 223 months — as we have already re-
marked with respect to eclipse times, the Saros is only meaningful as a period of repetition
for solar eclipse possibilities, not actual solar eclipses visible from a particular regjon of the
Earth because of the effects of parallax. Predictions of directions of obscuration for solar
eclipses based on a repeating Saros cycle could only refer to a highly idealized model in
which the effect of parallax is ignored or grossly simplified and the diameter of the lunar
disk considerably exaggerated. Such predictions would have scarcely any relation to actual
eclipses observable in any locality.

If, notwithstanding these difficulties, the paragraphs are describing the shifting directions of
obscuration of eclipses, one would have to conclude that they cannot be in an ecliptic frame
of reference, that is, east and west are not reckoned as parallel to the ecliptic. Since the Moon
is always close to one of its nodes at an eclipse, the obscuration always crosses the eclipsed
body in a direction inclined approximately 5° from the ecliptic, whereas our diagrams would
imply much mare deviant paths. The ecliptic frame of reference is the only one that preserves
directions of obscuration in the long term through a series of eclipses —properly, just lunar
eclipses!— at Saros intervals, because the relative orientation of the Sun and Moon would
not stay the same relative to the celestial equator or the observer's horizon. Since the Saros
exceeds 18 solar years by just about 11 days, however, the configuration would not change
by much in an equatorial frame of reference after a single Saros. One might contemplate the
possibility that the directions in the text are reckoned such that east and west are parallel
to the celestial equator, and that the predictions were at best valid for a run of a few Saros
cycles around the epach for which they were calibrated. For eclipses occurring close to the
equinoxes and at the right node, the path of abscuration deviates from the equator by almast
30°, perhaps enough to make a predicted course “from notos to apéliétés” or “from boreas
to lips" credible. Ptolemy’s hypersophisticated “inclinations” projected by great circles upon
the harizon are out of the question.

Mareover, we cannot reconcile the groupings of letters in the index lines, as we have recon-
structed them, with any rational prediction of obscuration directions according to even an



idealized, parallax-free eclipse theory. The trend of the abscuration, at least in an ecliptic frame
of reference, should be northward for all eclipses having the Moon near the ascending node,
and southward for all eclipses having it near the descending node. We have seen, however,
that solar EPs near opposite nodes are grouped together in the inscription’s paragraphs. !

We may sum up as follows. (1) Any competent Hellenistic astronomer would have known
that it does not make astronomical sense to offer predictions of obscuration paths of solar
eclipses following a Saros cycle, yet if the statements in the inscription are about obscura-
tion paths, the surviving ones are for solar eclipses. (2) To the extent that a Saros cycle is
a suitable framework for predicting abscuration paths —i.e. for lunar eclipses— it works
best if the frame of reference is the ecliptic, because the Saros is not close enough to an
integer number of solar years to preserve paths relative to the equator over more than one
or two cycles, while the configurations relative to the horizon are not preserved at all. Yet
the pairs of directions in some of the paragraphs of the inscriptions deviate too far from
due east-west orientation to be obscuration paths in an ecliptic frame of reference. (3) The
cells indicated by the index letter groups would not have corresponded to eclipses with
similar obscuration paths.

Taking into consideration the level of astronomical knowledge reflected in the mechani-
cal design of the Mechanism, it is difficult to believe that the astronomer-mathematician
responsible for the scientific content of its inscriptions would have bungled the prediction
of obscuration paths so badly. We are therefore led to prefer the alternative interpretation
of the statements in the inscription as predictions of winds attending the eclipses. While of
course a correlation between nodal elongations at eclipses (or EPs) and changes of wind
direction does not really exist, ancient meteorological theories made such a carrelation

perfectly reasonable.?

131 Freeth 2014, Note S2, 4-6 attempts, unconvincingly in our view, to maintain that
the predictions of the inscription are of eclipse obscurations. In this context he does not
mention the fact that the prediction associated with the EPs in line 9 gives an impossible
direction for solar eclipses.

132 Montelle 2011, 152 draws attention to how Hellenistic astrological authors mutated the
Mesopotamian practice of treating directions of eclipse obscurations as data for interpreting
eclipse omens into one using wind directions, and suggests that this tendency may have
been motivated by the fact that directions of obscuration do not have a very wide range
of variation, limiting their prognostic usefulness.
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4.12 Sizes and colors

The paragraphs of the inscriptions may be summarized as follows:

Paragraph Directions Size Color
1 (lines 0-4) ? small ?
2 (lines 5- 9) NNE to WSW intermediate black
3 (lines 10-18) NNW to E large? red
4 (lines 19-29) WviaStoE intermediate black
5 (lines 30-36) StoE small? black

The directions, as already noted, do not reveal any obvious pattern. The sizes, however, show,
if the readings for the third and fifth paragraphs are correct, a symmetrical progression from
small to large to small again.'® The unstated subject to which these characteristics are
attributed is grammatically feminine plural, so €kheipeic (“eclipses”) is possible but “winds"
(Gvepor) is not. While it is tempting to think of magnitudes or durations of obscuration,
once again we run into the problem that the Saros does not bring about repetitions of these
aspects of solar eclipses because they are strongly affected by parallax.'** We suppose that
they may be understood as a qualitative “upper bound” for both magnitudes and durations.

The readiest interpretation of the color predictions is that they refer to the appearance of
the Sun's disk during the eclipse. For the third color in paragraph 1, possibilities that we can
think of that have the surviving -ivov termination include npdaivov ("light green”), okoTeivoy
("dark"), and kokkivov (“scarlet”). In the other paragraphs, the colors seem to correlate
with the size predictions in that the “large” eclipses are assigned red and the “medium" and
southerly "small" eclipses are assigned black.

Babylonian lunar eclipse omen texts frequently cite the color of the eclipsed luminary as an
element in the protases ("if* clauses), and this, like eclipse winds, passed into the treatment
of eclipses in Hellenistic astrology."®® Hephaistion (1.21) tells us that his "Egyptians of old"

assigned various dire consequences to total eclipses —he does not discriminate between lunar
and solar— according as the color is "black” (uéhav), “red” (€puBpov), “whitish” (UndAeukov),
"violet" (ioe16¢¢), or “golden” (xpuooeidéc).'*® Ptolemy (Tetrabiblos 2.10 Hibner) does not

|

133 This was noticed by Freeth 2014, Note S2, 6, though he assumes a six paragraph
reconstruction with another “large” paragraph between our numbers 3 and 4.

134 Freeth 2014, Note S2, 6 interprets them as magnitudes.

135 Rochberg-Halton 1988, 55-57. Francesca Rochberg informs us by personal commu-
nication that colors are less prominent in the Babylonian solar eclipse omens, though the
color of the Sun's light (e.g. “red" or “cool") is sometimes a factor in the omen.

136 In 1.23 Hephaistion gives okoTelvov as one of the possible colors of Sirius at its first



restrict the relevance of colors to total eclipses, and in fact he attributes the same significance
not only to the color of the luminary itself but to that of nearby optical phenomena such as
rods and halos. His colors include "black” (péhav), “greenish yellow" (Undyhwpov), “white”
(Aeukav), “ruddy” (Unokippog), “yellow" (€avBov), and “variegated” (noikihov).

Outside of the Back Plate Inscription, we are not aware of any Greco-Roman source that
offers predictions of eclipse colars or indeed states that such colors are predictable. It is
conceivable that certain schemes found in Indian astronomical texts for predicting changing
colors through the course of an eclipse derive from Greek astronomy.™” Much more relevant
to our inscription, however, are medieval Arabic and Hebrew tables that predict colors of both
solar and lunar eclipses as a function of nodal elongation, that is, a criterion closely related to
the one determining the EP groups in our inscription.® The color schemes tend to run from
black at the nodes themselves through reddish, yellowish, and grayish hues as the absolute
elongation increases, in other words a similar pattern to the one apparent in our inscription.
Goldstein offers remarks that have equal bearing to the color predictions in our inscription: 39

"From a modern point of view, there should not be a table for colors of solar eclipses; for
lunar eclipses, the modern theory bears little relationship to the medieval table... Although
the entries in the medieval tables do not conform to modern data, this tradition may well
have affected the perception of reality by those who accepted it".

Following Pingree, Goldstein conjectures that the earliest tables for predicting eclipse colors
were in the zjj of al-Khwarizmi (c. AD. 830) and that the doctrine had an Indian origin. It now
appears plausible that the ultimate source was Greek, and if there was an Indian intermediary,
it was different from the known Indian schemes that prescribe changing colors to different
stages of an eclipse.

L

morning appearance.

137 Montelle 2011, 219 and 241-242.

138 Goldstein 2005.

139 Goldstein 2005, 12; Pingree 1976, 166.
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4.13 General remarks on the inscriptions
of the Mechanism’s back face

The layout of the back face of the Antikythera Mechanism seems to have been designed to
give immediate visual impact to a parallelism between the information displayed in its top
and bottom halves: each spiral represents an astronomically meaningful cycle of comparable
length comprising whole numbers of synodic months, in one case equated to a whole num-
ber of solar years, and in the other, to whole numbers of anomalistic and dracontic months.
If the conjectural Callippic Dial was present, then a second parallelism subsisted between
subsidiary dials within each spiral representing the smallest multiple of the spiral's cycles
that contained a whole number of days; and the Games Dial too is a representation of the
smallest multiple of solar years comprising a whole number of days.

The inscriptions, on the other hand, add quite contrasting overlays of meaning to each half.
The Metonic Spiral translates a purely astronomical relation between mean lunar and solar
longitudinal periods into a calendar, and moreover a regjonal calendar that had no distinctive
role in Greek astronomy (as the Athenian and Egyptian calendars did) and that would not
have been well known outside the specific localities where it was in use at the time that the
Mechanism was made. Geminos's chapter "On Months" (Introduction to the Phenomena 8)
is illuminating here for its treatment of calendars as human inventions based on astronomi-
cal facts but fundamentally determined by the requirements set by the societies that use
them. Again, the inscriptions of the Games Dial refer to athletic competitions, that is, social
phenomena that had four-year and two-year periadicities unconnected with astronomy; for
example, the fact that a competition was held at Olympia every four years had nothing to
do with the 365 1/4 day solar year.

The inscriptions of the lower dials, on the other hand, relate them not to social but to natural
phenomena, namely eclipses. The decision to represent the Saros cycle as, above all, a cycle
of eclipse possibilities was not as obvious as it might at first appear.’*® Among the three
ancient Greco-Roman writers on astronomy who discuss the Saros or the Exeligmos, it is
only the encyclopedist Pliny the Elder (Naturalis Historia 2.56) who explicitly characterizes
the Saros as an eclipse period, whereas Geminos (Introduction to the Phenomena 18) and

|

140 We do not know of another Greco-Roman text or artefact that definitely employs a
subdivision of the Saros into a fixed arrangement of eclipse possibilities at 6-month and
5-month intervals, though the principle was likely applied in a first century BC canon of
predicted lunar eclipses fragmentarily preserved in a Demoatic Egyptian papyrus (Steele
2000b, 89). An anonymous third-century AD commentator on Ptolemy (Jones 1990, 22-23)
and Plutarch, De facie in orbe lunae 20, 933 E both discuss such a distribution with the more
accurate 5458-month lunar anomalistic period of the Babylonian System B lunar theary,
which was known to Hipparchus.



Ptolemy (Almagest 4.2) speak of the Saros and Exeligmos as periods of synodic months
that approximately comprise whole numbers of anomalistic and dracontic months, in other
words, theoretically meaningful period relations for the Moon's mation rather than periods
of lunisolar phenomena. In designing the Mechanism'’s gearwork, its inventors exploited the
Ptolemy-Geminos interpretation of the Saros as the basis for reproducing lunar anomaly,
but the exterior makes only a slight gesture towards this theoretical side of the Saros in the
form of the unlabelled fiducial marks inscribed along the inner rim of the Saros Dial that
apparently indicate the Full Moon cycle."!

The fact that every cell of the Saros Dial that contains a glyph has an index letter implies
that the complete Back Plate Inscription contained information supplementing both lunar
and solar eclipse possibilities; however, we have only a little over half of the text from the
lower right side of the plate, which, as we have seen, appears to have been devoted entirely
to solar eclipse possihilities. Whether the descriptions of lunar eclipses had the same format
and contents as the solar paragraphs, and whether they were likewise grouped solely ac-
cording to the criterion of lunar latitude without taking into account which node the Moon
was near have to remain open questions.

Knowing, as they surely did, that the Saros could not predict whether a solar eclipse possibil-
ity would be accompanied by an observable eclipse, let alone its duration and magnitude,
the designers could simply have left the predictions of solar eclipse possibilities as bare
statements with at most a time of syzygy. Instead, they appear to have offered predictions
of optical or meteorologjcal circumstances that they expected would accompany a solar
eclipse if an eclipse occurred at an eclipse possibility. The correspondences between these
predictions and the eclipse phenomena invoked in the astrological literature are surely not
accidental. We see it as an indication that the Mechanism was fashioned to represent and
simulate a Hellenistic cosmology in which astronomy, meteorology, and astral divination
were intertwined.

141 Freeth, Jones, Steele, and Bitsakis 2008, Supplementary Notes (amended June 2,
2011) 39-40.

No

M. Anastasiou, Y. Bitsakis, A. Jones, ). Steele, M. Zafeiropoulou: IAM 4. The Back Dial and Back Plate Inscriptions ‘



_ ‘ M. Anastasiou, Y. Bitsakis, A. Jones, ). Steele, M. Zafeiropoulou: IAM 4. The Back Dial and Back Plate Inscriptions

Acknowledgements

The authors acknowledge Dr. Tony Freeth's involvement in earlier stages (up to 2012) of the
study of the inscriptions published in the present paper, including provision of some CT images
and comments on the structure of the Back Cover Inscription. We believe we have carefully
acknowledged in the text of the paper any work on the inscriptions to which he particularly
contributed. The reading of the Back Plate Inscription builds on earlier work by Emmanouel
Georgoudakis in collaboration with Yanis Bitsakis at the Cultural Foundation of the National
Bank of Greece, Center for History and Palaeography. Christidn Carman shared with the
authors his wark on the readings and original distribution of the eclipse glyphs. The authors
also thank the National Archaeological Museum of Athens, the Deutsches Archéologisches
Institut (Athens Department), the Bayerische Staatsbibliothek, and the Adler Planetarium
for access to photographs and archival materials. They are also very grateful for discussion
with, and support from, other members of the Antikythera Mechanism Research Project.



- Anastasiou, M., Seiradakis, ) H,, Carman, C.C, Efstathiou, K. (2014), “The Antikythera Mechanism:
The Construction of the Metonic Pointer and the Back Plate Spirals”, Journal for the History
of Astronomy 45: 1-26. Supplementary Appendices A and B accompanying online version.

- Battistoni, F. (2011), “Time(s) for Tauromenion: The Pilaster with the List of the Stratagoi
(IG XIV 421) - The Antikythera Mechanism", Zeitschrift fir Papyrologie und Epigraphik
179:171-188.

- Britton, J.P (2007), “Calendars, Intercalations and Year-Lengths in Mesopotamian Astronomy”,
in Steele, JM. (ed.), Calendars and Years: Astronomy and Time in the Ancient Near East.
Oxford, 115-132.

- Cabanes, P. (1976), L'Epire de la mort de Pyrrhos & la conquéte romaine (272-167 av.
J.C.). Paris.

- Cabanes, P (1988), “Les concours des Naia de Dodone", Nikephoros 1: 43-84.

. Cabanes, P. (2007), “Recherches sur le calendrier corinthien en Epire et dans les régions
voisines”, in Cabanes, P, Drini, F, Corpus des inscriptions grecques de ['lllyrie méridionale
et d'Epire 2. Inscriptions de Bouthrétos. Etudes épigraphiques 2 : 275-288.

- Cabanes, P (2011), "Le Mécanisme d'Anticythére, Les NAA de Dodone, et Le Calendrier
Epirote”, Tekmeria 10: 249-260. http://tekmeria.org/index.php/tekmiria/article/view/278

- Carman, C.C, Evans, J. (2013), "On the Epoch of the Antikythera Mechanism”, Paper presented
at workshop on The Antikythera Mechanism: Science and Innovation in the Ancient World,
Lorentz Center, Leiden, June 17-21, 2013. http://www.conicet.gov.ar/new_scp/detalle.php
?keywords=Gid=21332Gcongresos=yesGdetalles=yesGcongr_id=2064637

- Carman, C.C, Evans, J. (2014),."On the Epoch of the Antikythera Mechanism and its Eclipse
Predictor”, Archive for History of Exact Sciences 68: 693-774.

- Freeth, T. (2014), “Eclipse Prediction on the Antikythera Mechanism”, PLOS One (Public
Library of Science) 9.7.e103275. http://dx.plos.org/10.1371/journal.pone.0103275

- Freeth, T., Bitsakis, Y., Moussas, X, Seiradakis, J.H., Tselikas, A, Mangou, H., Zafeiropoulou, M.,
Hadland, R., Bate, D., Ramsey, A, Allen, M., Crawley, A, Hockley, P, Malzbender, T., Gelb, D.,
Ambrisco, W, Edmunds, M.G. (2006), “Decoding the ancient Greek astronomical calculator
known as the Antikythera Mechanism", Nature 444: 587-591. Supplementary information,
http://www.nature.com/nature/journal/v444/n7119/suppinfo/nature05357 html.

- Freeth, T, Jones, A, Steele, JM,, Bitsakis, Y. (2008), "Calendars with Olympiad display and
eclipse prediction on the Antikythera Mechanism®, Nature 454: 614-617. Supplementary
Notes (amended June 2, 2011), http://www.nature.com/nature/journal/v454/n7204/extref/
nature07130-s1.pdf.

- Gautschy, R. (2012), "Directions of Obscuration in Babylonian Eclipse Records", Journal for
the History of Astronomy 43: 479-489.

- Goldstein, B.R. (2005), “Colors of Eclipses in Medieval Hebrew Astronomical Tables", Aleph
5:11-34.

- Gray, S.L, Harrison, R.G. (2013), “Diagnosing Eclipse-Induced Wind Changes", Proceedings of
the Royal Society A. : Mathematical, Physical and Engineering Sciences 468: 1839-1850..

M. Anastasiou, Y. Bitsakis, A. Jones, . Steele, M. Zafeiropoulou: IAM 4. The Back Dial and Back Plate Inscriptions ‘ B —



e ‘ M. Anastasiou, Y. Bitsakis, A. Jones, ). Steele, M. Zafeiropoulou: IAM 4. The Back Dial and Back Plate Inscriptions

« Huber, P, Meis, S. De (2004), Babylonian Eclipse Observations from 750 BC to 1 B.C. Milan.
« Hunger, H. (1976), "Astrologische Wettervorhersagen”, Zeitschrift fir Assyriologie 66: 234-260.
- Iversen, P (2011), "A Clockwork Bronze: The Calendar and the ‘Olympiad Dial' on the

Antikythera Mechanism”. Paper presented at History of Science Society annual meeting,
Cleveland, November 2-5, 2011. http://hssonline.org/meetings/annual-meeting-archive/

- Iversen, P (2013a), "The Antikythera Mechanism and the Corinthian Family of Calendars".

Paper presented at American Philological Assaciation annual meeting, Seattle, January 3-6,
2013. http://apaclassics.org/annual-meeting/144/144th-annual-meeting

- lversen, P. (2013b), "The Antikythera Mechanism and Rhodes". Paper presented at workshop

on The Antikythera Mechanism: Science and Innovation in the Ancient World, Lorentz Center,
Leiden, June 17-21, 2013. http://www.lorentzcenter.nl/lc/web/2013/570/abstracts. php3?
wsid=570Gtype=presentationsGvenue=0ort

- Iversen, P. (2015), "The Heloreia Festival at Halaisa Archonideia, Tauromenion, and Syracuse”.

Paper presented at Society for Classical Studies annual meeting, New Orleans, January 8-11,
2015. http://apaclassics.org/annual-meeting/146/146th-annual-meeting

- Iversen, P. (forthcoming, a), “The Calendar on the Antikythera Mechanism and the Corinthian

Family of Calendars".

- Iversen, P. (forthcoming, b), “The Antikythera Mechanism, Rhodes and Epeiros”.
- Jones, A. (1990), Ptolemy's First Commentator. Transactions of the American Philosophical

Saciety 80.7.

- Jones, A. (1997), “Studies in the Astronomy of the Roman Period. I. The Standard Lunar

Scheme”, Centaurus 39: 1-36.

- Jones, A. (1999), Astronomical Papyri from Oxyrhynchus. Memoirs of the American Philo-

sophical Saciety 233. 2 vols in 1. Philadelphia.

- Lehoux, D., “Impersonal and Intransitive EMIZHMAINEI", Classical Philology 99: 78-85.
- Mitford, T.B. (1961), “Further Contributions to the Epigraphy of Cyprus', American Journal

of Archaeology 65: 93-151.

- Montelle, C. (2011), Chasing Shadows. Mathematics, Astronomy, and the Early History of

Eclipse Reckoning. Baltimore.

- Neugebauer, 0. (1957), The Exact Sciences in Antiquity. 2nd ed. Providence.
- Neugebauer, 0. (1975), A History of Ancient Mathematical Astronomy. 3 vols. Berlin.
- Neugebauer, 0., Hoesen, H.B. van (1959), Greek Horoscopes. Memoirs of the American

Philosophical Society 48. Philadelphia.

- Papathanassiou, M.K. (2010), “Reflections on the Antikythera Mechanism Inscriptions”,

Advances in Space Research 46: 545-551.

« Pingree, D. (1974), “Petosiris, pseudo-", Dictionary of Scientific Biography 10: 547-549.
- Pingree, D. (1976), “The Indian and Pseudo-Indian Passages in Greek and Latin Astronomical

and Astrological Texts", Viator 7: 141-195.

- Price, D. (1959), "An Ancient Greek Computer”, Scientific American June 1959: 60-67.
- Price, D. (1974), Gears from the Greeks. Transactions of the American Philosophical Society

N.S. 64.7.

- Rehm, A. (1916), “Griechische Windrosen", Sitzungsberichte der Bayerischen Akademie



der Wissenschaften, Philosophisch-historische Klasse 1916.3.

« Rochberg-Haltan, F. (1988), Aspects of Babylonian Celestial Divination: The Lunar Eclipse
Tablets of Endma Anu Enlil. Archiv fir Orientforschung Beiheft 22. Horn.

- Seider, R. (1967), Paléographie der griechischen Papyri, Band I Tafeln, Erster Teil: Urkun-
den. Stuttgart.

- Steele, JM. (2000a), "Eclipse Prediction in Mesopotamia®, Archive for History of Exact
Sciences 54: 421-454.

- Steele, J M. (2000b), Observations and Predictions of Eclipse Times by Early Astronomers.
Archimedes 4. Dordrecht.

- Steele, JM. (2011), “Visual Aspects of the Transmission of Babylonian Astronomy and its
Reception into Greek Astronomy”, Annals of Science 68: 453-465.

- Svoronos, |.N. (1903a), O @noaupoc T@v Avtikubripwv. Athens. Republished in Svoronos,
I.N. (1908), To év ABrvaic EAvikov Mouaeiov. Athens.

- Svoronos, IN. (1903b), Die Funde von Antikythera, Athens, 1903. Republished in Svoronos,
I.N. (1908), Das Athener Nationalmuseum. Athens.

- Theofanidis, I. [1927-1930], "Ayiou Mathou (MAodc)", MeydAn TpatiwTiki] kai NauTiki] Eyku-
KAomaibeia 1: 83-96 [pp.. 89-96 are erroneously numbered 97-104].

- Theofanidis, I. (1934), “Sur linstrument en cuivre dont les fragments se trouvent au Musée
Archéologique d'Athénes et qui fut retiré du fond de la mer d'Anticythere en 1902, MpakTika
Tfic Akadnpiac ABnvav 9 : 140-149.

- Wright, M.T. (2004), "The Scholar, the Mechanic and the Antikythera Mechanism: Comple-
mentary Approaches to the Study of an Instrument”, Bulletin of the Scientific Instrument
Society 80: 4-11.

- Wright, M.T. (2005), "Counting Months and Years: The Upper Back Dial of the Antikythera
Mechanism", Bulletin of the Scientific Instrument Society 87: 8-13.

- Wright, M.T. (2006), “The Antikythera Mechanism and the Early History of the Moon-Phase
Display", Antiquarian Horology 29: 319-329.

- Zafeiropoulou, M. (2006), "LuAhoyr) XaAKk®v: O MnxavioGpuoc Twv AVTIKUBKpwV', 2° AlEBVEC
Suvédpio Apyaiac EAAnvikric Texvodoyiac, MpakTikd (2" International Conference on Ancient
Greek Technology Proceedings). Athens, 829-832.

- Zapheiropoulou [Zafeiropoulou], M. (2012), “Old and New Fragments of the Antikythera
Mechanism and Inscriptions”, in Kaltsas, N., Vlachogianni, E., Bouyia, P (eds), The Antikythera
Shipwreck: the ship, the treasures, the mechanism. Exhibition catalogue. Athens, 241- 248.

No
Ul

M. Anastasiou, Y. Bitsakis, A. Jones, . Steele, M. Zafeiropoulou: IAM 4. The Back Dial and Back Plate Inscriptions ‘



4200CcWly



D

299
Supplementary

Illustrations

Supplementary Illustations ‘

This is an open access chapter distributed under a CC BY-NC 4.0 International
License.



‘ Supplementary Illustations

300

Figure S1. Fragment A-2. Offset remains of the Back Cover Inscription covers part of the
lower right. Remains of the Back Plate Inscription and Saros Dial scale are exposed in the
extreme right center, and part of the Exeligmos Dial at the bottom, slightly right of center
(Image: National Archaeological Museum, Athens, photographer: Kostas Xenikakis, copyright:
Hellenic Ministry of Culture and Sports/Archaeological Receipts Fund)
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Figure S2. Fragment B-1. Offset remains of the Back Cover Inscription cover the left two-
thirds, with a small fragment of the Back Cover plate adhering at the extreme lower left.
Parts of the Metonic Dial scale inscriptions are exposed to the right

(Image: National Archaeological Museum, Athens, photographer: Kostas Xenikakis, copyright:
Hellenic Ministry of Culture and Sports/Archaeological Receipts Fund)



Figure S3. Fragment C-1. Parts of the Zodiac Scale (inner ring) and Eqyptian Calendar Scale
(outer ring) are exposed at the top and lower right. Covering them are parts of Parapegma
Plate 1 (PP1, top) with a portion of the Parapegma Inscription exposed and of Parapegma
Plate 2 (PP2, bottom)

(Image: National Archaeological Museum, Athens, photographer: Kostas Xenikakis, copyright:
Hellenic Ministry of Culture and Sporta/Archaeological Receipts Fund)
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Figure S4. Fragment C-2. Part of Parapegma Plate 2 with a portion of the Parapegma In-
scription is exposed at the bottom. The large circular feature is the apparatus for the Moon
phase display, seen from what would have been the Mechanism's interior

(Image: National Archaeological Museum, Athens, photographer: Kostas Xenikakis, copyright:
Hellenic Ministry of Culture and Sports/Archaeological Receipts Fund)



Figure S5. Fragment G, bearing part of the Front Cover Inscription
(Image: National Archaeological Museum, Athens, photographer: Kostas Xenikakis, copyright:
Hellenic Ministry of Culture and Sports/Archaeological Receipts Fund)
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Figure S6. Fragment A-2 in 1902-1903, before conservation. Less of the Back Plate Inscription
was exposed at the extreme right center than at present, and none of the Saros Dial and
Exeligmos Dial inscriptions could be seen. Part of the Back Cover plate (incorporating the
present Fragments 19 and 67), with the inscribed face inwards, was still attached in the
lower right, concealing the offset remains of the Back Cover Inscription that are now exposed
(Image: Svoronos 1903a/1903b, Plate X)



Figure S7. Fragment A-2 in 1918 (?), after the c. 1905 conservation, which involved the
separation of Fragments 19 and 67. The Back Plate Inscription and a part of the Saros
Dial scale were exposed in the extreme right, as at present. The offset remains of the
Back Cover Inscription were more extensive than at present. The Exeligmos Dial was still
concealed under patina

(Image: Bayerische Staatsbibliothek, Rehmiana Il 9)
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Figure S8. Fragment B-1in 1902-1903, before the c. 1905 conservation. The remains of the
Back Cover offsets and plate were essentially indistinguishable from their present state,
though parts of the offsets are more legible now following removal of patina in 1953. The
Metonic Dial inscriptions on the right were entirely concealed by accreted material, which
was removed in 1905.

Image: (Svoronos 1903a/1903b, Plate IX)



Figure S9. Fragment C-1 in 1902-1903, before the c. 1905 conservation. The Zodiac and
Egyptian Calendar scales were entirely concealed behind parts of the Front Cover plate

(incorporating the present Fragments G, 26, and 29), which in turn was mostly concealed
behind accreted material (incorporating numerous present small fragments bearing offsets).
The letters b probably indicate a place where some of the Front Cover Inscription could be
seen by autopsy, though it is not visible in the photograph

(Image: Svoronos 1903a/1903b, Plate X)
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Figure S10. Fragment C-1 in 1905, after the c. 1905 conservation, involving the removal of
Fragments G, 26, 29, and the offset fragments of the Front Cover Inscription. Part of the
Egyptian Calendar scale was exposed, but the Zodiac Scale was still entirely concealed.
Parapegma Plates 1 and 2 were now exposed, and were more extensively preserved than at
present. The exposed portion of the Parapegma Inscription on PP1 was mostly if not entirely
legible. The 1905 photograph of (-2 shows the inward-oriented inscribed face of PP? —at
that time incorporating the present fragments 20 and 22— as entirely hidden behind patina
(Image: Bayerische Staatsbibliothek, Rehmiana Il 9)
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