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E. Mangou, M. Zafeiropoulou

Dr Eleni Mangou is the Head of the Chemistry Laboratory at the National Archaeological Museum in Athens. Mary Zafeiropoulou is a senior archaeologist and museologist at the Museum. In 2005 she made the crucial discovery of Fragment F and some unknown smaller fragments in the store of the Bronzes Section of the Museum. These members of staff were responsible for supervising the scientific investigations in 2005.
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Agamemnon Tselikas

Dr Agamemnon Tselikas is the director of the Centre for History and Palaeography at the National Bank of Greece Cultural Foundation. He is a leading philologist and palaeographer, who has worked on the Antikythera inscriptions.
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Alexander Jones

Professor Alexander Jones is a foremost world expert on the history of ancient astronomy, who is based at the Institute for the Study of the Ancient World in New York (USA). He is a co-Author of the latest paper in Nature.
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John M. Steele

Dr John Steele is a prominent expert on ancient astronomy—particularly Babylonian astronomy and its eclipse prediction schemes. He is currently at Durham University (UK) and is moving to Brown University, Rhode Island (USA). He is a co-Author of the latest paper in Nature.

©2008 John M. Steele

John Seiradakis

Professor John Seiradakis (Aristotle University of Thessaloniki, Greece) is a leading astronomer, who is part of the original academic team that carried out new investigations on the Antikythera Mechanism.
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Mike Edmunds

Professor Mike Edmunds (University of Cardiff, Wales—retired) is a prominent astronomer, who initiated and leads the research team, involved in the current upsurge in research on the Antikythera Mechanism.
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Tony Freeth

Dr Tony Freeth is a former mathematician and filmmaker, who was part of the original academic team on the Antikythera Mechanism and who has been involved with all the phases of research. He is Managing Director of the film & TV production company, Images First Ltd. He is a co-Author of the latest paper in Nature.
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Xenophon Moussas

Professor Xenophon Moussas is Director of the Astrophysics Laboratory of the National & Kapodistrian University of Athens. He is part of the original academic team that carried out new investigations on the Antikythera Mechanism.
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Yanis Bitsakis

Yanis Bitsakis is a former physicist and PhD student in history of science, who is an expert in deciphering ancient inscriptions. He is a member of the original research team and is based at Athens University and the Centre for History and Palaeography at the National Bank of Greece Cultural Foundation in Athens (Greece). He is a co-Author of the latest paper in Nature.

©2005 Tony Freeth

Computer Models

All images in this section have the following copyright credit:

©2008 Tony Freeth

Back Dials 1
This image is based on the latest research on the Back Dials of the Antikythera Mechanism. The main upper dial is a 19-year, 235-month Metonic calendar; the two subsidiary dials are an Olympiad and a Callippic Dial. The Olympiad Dial follows the four-year cycle of Panhellenic Games, including the Olympic Games. The Callippic Dial is a 76-year dial that improves on the Metonic Dial.

Back Dials 2
As for Back Dials 1.

Back Gears & Pointers
This shows the back gears and pointer of the Mechanism, without the plates or arbors. Elements surfaced in bronze are those for which there is direct evidence, elements in copper are those which are conjectured to complete the model.

Front Gears & Dials
The gears and pointers at the front of the Mechanism. There is a Zodiac scale, which displays the positions of the Sun and Moon; a Calendar scale, which shows the date in the Egyptian Calendar; and a Moon phase display.

Metonic, Olympiad & Callippic Dials
The upper back dials of the Mechanism. The main dial is a five-turn spiral dial that shows the 235 months of the 19-year Metonic period. The names of the months and the start of each years is inscribed between the scale divisions. The right-hand subsidiary dial is an Olympiad Dial and the left-hand a conjectured Callippic Dial.

Olympiad Dial
The right-hand subsidiary dial is an Olympiad Dial, showing the four-year cycle of Panhellenic Games. In Year 1 are the Isthmian Games in Corinth and the Olympic Games in Olympia; in year 2 are the Nemean Games in Nemea and the Naian Games in Dodona; in Year 3 are the Isthmian Games in Corinth and the Pithian Games in Delphi; in Year 4 are the Nemean Games in Nemea and an undeciphered game. 

Saros & Exeligmos Dials
The main lower back dial is an eclipse prediction dial based on the 223-lunar months Saros period. Eclipse predictions are shown as groups of characters and symbols, known as glyphs. The glyphs display eclipse times and the subsidiary Exeligmos Dial shows a necessary correction to these times for successive turns around the main dial.

Data Gathering

G. Makris & Fragment A
Gerasimos Makris, Head Conservator at the National Archaeological Museum in Athens, adjusts Fragment A in X-Tek Systems’ X-ray machine for microfocus X-ray computed tomography (CT).
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Hewlett-Packard Team
From left to right, Bill Ambrisco, Tom Malzbender (Team Leader), Dan Gelb. The Hewlett-Packard (USA) team brought a special digital imaging technique called Polynomial Texture Mapping (PTM) to study the surface inscriptions and other features of the Antikythera Mechanism.
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P. Feleris & Fragment A
Pandelis Feleris, Assistant Conservator at the National Archaeological Museum, adjusts Fragment A for digital radiography in X-Tek Systems’ X-ray machine.
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Roger Hadland
Roger Hadland, formerly proprietor of X-Tek Systems Ltd (UK) (now part of Metris (NL)). He led the team of specialists who came to Athens in the autumn of 2005 to make high resolution 3-D X-rays of the Antikythera Mechanism.
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Tom Malzbender & Dome
Tom Malzbender (Hewlett-Packard (USA)) focuses on Fragment B, which is surrounded by a special dome for making interactive surface images, using a technique called Polynomial Texture Mapping.
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X-ray machine into Museum
An eight-tonne X-ray machine from X-Tek Systems (UK) is coaxed into the basement of the National Archaeological Museum in Athens. The machine uses microfocus X-ray computed tomography to make high-resolution 3-D X-rays.
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X-Tek Team & Museum staff

David Bate and Roger Hadland (Team Leader) from X-Tek Systems monitor a microfocus X-ray tomography scan in progress. From the National Archaeological Museum in Athens, Dr Eleni Mangou (Head of Chemistry) and Mary Zafeiroploulou (Senior Archaeologist) watch the scan.
©2005 Tony Freeth

Fragments Photos
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All Fragments
There are seven lettered fragments, Fragments A – G and 75 numbered fragments, Fragments 1 – 75. One side of Fragment A is designated A-1 and the other A-2 and similarly for all the other fragments.

Fragment A-1
The front of the main surviving fragment of the Mechanism. It contains 27 gears. The large gear with four spokes at the front is the Mean Sun Wheel.
Fragment A-2

The rear of the main surviving fragment of the Mechanism. At the back is the large gear pair that drive the Saros eclipse prediction dial. Attached to this are the ‘epicyclic’ gears that calculate the variable motion of the Moon.
Fragment B-1
Part of Fragment B-1 shows the scales of the five-turn spiral Metonic calendar dial. Most of the rest is covered in inscriptions in mirror writing that have been impressed from original inscriptions on the back cover of the Mechanism. Underneath these inscriptions are the month names on the Metonic spiral that are of the Corinthian family.
Fragment B-2

Fragment B-2 shows the back of the Metonic Dial, which is crossed by bracing members. A single gear with 60 teeth can be seen on the axis of the Metonic pointer and this gear drives the Olympiad Dial by engaging with a 57-tooth gear.
Fragment C-1
Fragment C-1 contains the earliest known scientific scales. These are a Zodiac scale with the Greek names of the signs of the Zodiac and a calendar scale that shows the Egyptian calendar and is moveable to accommodate leap years.
Fragment C-2

The back of Fragment C shows the Moon phase display mechanism identified by Michael Wright. This showed the phase of the Moon on a semi-silvered ball.
Fragment F-1
This shows the inside face of Fragment F, which is part of the lower back dial system.
Fragment F-2

Fragment F contains evidence of the four-turn spiral eclipse prediction dial, based on the 223-lunar month Saros cycle. It also contains eclipse prediction glyphs and other inscriptions that can only be seen with X-ray CT.
Fragments D-1, E-1
Fragments D-2, E-2
In both pictures, Fragment D is on the left, E on the right. Fragment D contains the only gear (with 63 teeth) that is not explained by the AMRP model. Fragment E contains evidence for the Saros eclipse prediction dial as well as inscriptions that refer to the organization of the Metonic Calendar.

Gear Diagrams
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General Plan of Gears
This shows the complexity of the gearing. Gears in black are seen in the X-ray evidence; gears in red are conjectured in order to complete the model. There is evidence that there may have been many more gears than this in the original machine.
Sectional Gear Diagram
This shows the logical design of the gearing. The new model introduced in 2006 by the AMRP explains the tooth counts of all the surviving gears (except for one). These tooth counts can be derived from two ancient cycles of the Solar System, the Metonic and Saros cycles.

Nature Figures
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Nature Fig1
The ‘instruction manual’. Previously identified inscriptions reveal remnants of an instruction manual, describing the Mechanism’s cycles, dials and functions, as seen in two examples from the Mechanism’s back door.
Nature Fig2

The back dials. Text in red is traced from X-ray CT; text in blue is reconstructed. Top, the Metonic dial is the main upper dial: a 19-year calendar with 235 months round a five-turn spiral. Top Right, the Olympiad dial is identified here for the first time. It is a four-year dial, representing the cycle of the Panhellenic Games, a central part of ancient Greek culture and a common basis for chronology. Top Left, the hypothetical Callippic dial, which follows a 76-year cycle, indicated on the back door inscriptions. Bottom, the Saros dial is the main lower dial: an 18-year (223-lunar month) scale over a four-turn spiral, for predicting eclipses. Predictions are shown in the relevant months as glyphs, which indicate lunar and solar eclipses and their predicted times of day. Within the Saros dial is shown a subsidiary dial, the Exeligmos dial: this is a 54-year triple Saros dial, whose function is to correct the glyph times in hours for successive turns of the Saros dial.
Nature Fig3

Deciphering the Metonic and Olympiad dials. a, Representative CT slice of fragment B, showing part of the Metonic dial. The scales are 7 mm wide and the text 1.7 mm high (Supplementary Notes 3). b, Text in red was traced from the CT—just enough being deciphered to discover all the month names; text in blue is reconstructed. c, CT slice through fragment B, showing the Olympiad dial. L and  can be seen faintly on the left-hand side. d, The four sectors of the Olympiad dial are labelled L, L, L and L—years 1, 2, 3 and 4. Outside are the Panhellenic Games: year 1: , ; year 2: , ; year 3: , ; and year 4: , and undeciphered text.
Nature Fig4

The glyphs. A selection of the 18 known eclipse prediction glyphs on the Saros Dial, representing eclipse possibilities. The text characters in these glyphs tell us if the eclipse is lunar or solar and the time of the eclipse in hours. At the bottom are alphabetical index letters that have had profound consequences for how the dial is organized.

Polynomial Texture Mappings (PTMs)
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Fragment 19 and Text
Hewlett-Packard’s digital surface imaging involves Polynomial Texture Mapping to produce beautiful interactive images showing fine surface details. Fragment 19 is part of the front cover of the Mechanism and contains numbers (highlighted in red) relating to three critical cycles of the Solar System: ‘76 years’ refers to the Callippic cycle, ’19 years’ to the Metonic cycle; and ‘223’ to the Saros cycle.
Glyph 178
Glyph 178 shows the prediction of eclipse possibilities of a lunar and a solar eclipse, both occurring at the ninth hour. The index letter is  and the little bar over this character is as yet unexplained.

X-rays
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Fragment A Radiograph
Radiograph of Fragment A, showing the complexity of the gearing.
Fragment A X-ray CT 1
Microfocus X-ray CT of Fragment A seen in a false-colour CT slice.
Fragment A X-ray CT 2

Microfocus X-ray CT of Fragment A seen in a false-colour CT slice.
Fragment A X-ray CT 3

Microfocus X-ray CT of Fragment A seen in a false-colour CT slice.
Fragment B CT inscriptions 1
A CT slice of Fragment B. Text in red has been deciphered from multiple CT slices and has revealed all the month names on the calendar. Text in blue has been reconstructed, based on the likely structure of the calendar.
Fragment B CT inscriptions 2

A close-up of a CT slice of Fragment B. This shows the text (about 1.7 mm high) of some of the month names of the Metonic calendar.
Olympiad Dial – NEMEA
X-ray CT slice of Fragment B, showing the four sectors of the Olympiad Dial. The bottom sector is labelled “LD”, which means “Year 4” and below this is NEMEA for the Nemean games. Other games can be read round the dial, including  (Olympia), but this can only be read in many CT slices.

X-rays of Back Dials
Montage showing X-ray CT of Fragments B, E and F against the background of a radiograph of Fragment A. These are the fragments involved in the Back Dials and the scales of these can be seen in the X-rays.
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