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Pliny the Elder, Natural History, II, 26 
Hipparchus, who has never been sufficiently praised as the man who, more 
than anyone else, proved the affinity of  the stars with mankind and that our
souls are part of  the heavens, discovered a new and different star that came 
into being in his own age, and by its motion, where it glittered, he was led to 
doubt whether this might happen more and whether those stars, which we
regard as fixed, might not be in motion. Therefore, he tried to do a thing that
would be excessive even for a god, namely to number the stars for posterity
and enumerate the constellations by name, with the help of  instruments 
devised for that purpose, by means of  which he designated the position and 
magnitude of  each single star, so that it could easily be seen from his work, 
not only whether stars perish and come into being, but whether some actually
change their positions and are in motion. Thus he left the heavens as an 
inheritance to all men, if  anyone could be found to take over that inheritance.
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Coin Issued under the joint Reign of  Valerian and Gallienus ca. 253-260 CE. 
Reverse: Hipparchus with Globe. © American Numismatic Society.



Hipparchus in his observatory in Alexandria (modern reconstruction) 
Credit NEW YORK PUBLIC LIBRARY / SCIENCE 
SOURCE / SCIENCE PHOTO LIBRARY

https://www.sciencephoto.com/contributor/xxx/
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Courtesy of  Museum 
of  the Bible 
Collection. 
© Museum of  the 
Bible, 2021.

Codex Climaci rescriptus, f° 53v, beginning of  first 
column of  erased text. In yellow, tracing of  the erased
text by Emanuel Zingg (Sorbonne Université).

Publication: 
Gysembergh, Williams 
et Zingg, Journal for the 
History of  Astronomy
2022, 383-393.



Codex Climaci rescriptus, f° 53v, beginning of  the first 
column of  erased text. Color image by Early Manuscripts
Electronic Library, Lazarus Project of  the University of  
Rochester and Rochester Institute of  Technology.

Courtesy of  Museum of  
the Bible Collection. 
© Museum of  the Bible, 
2021.



Codex Climaci rescriptus, f° 53v, beginning of  the first column of  
erased text. Multispectral image by Early Manuscripts Electronic
Library, Lazarus Project of  the University of  Rochester and 
Rochester Institute of  Technology, processing by Keith Knox.

Courtesy of Museum of 
the Bible Collection. 
© Museum of the Bible, 
2021.
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Codex Climaci rescriptus, f° 53v, beginning of  first 
column of  erased text. In yellow, tracing of  the erased
text by Emanuel Zingg (Sorbonne Université).

Publication: 
Gysembergh, Williams 
et Zingg, Journal for the 
History of  Astronomy
2022, 383-393.



Corona Borealis, lying in the northern hemisphere, in length spans 9°1⁄4
from the first degree of Scorpius to 10°1⁄4 in the same zodiacal sign (i.e. in
Scorpius). In breadth it spans 6°3⁄4 from 49° from the North Pole to 55°3⁄4.
Within it, the star (β CrB) to the West next to the bright one (α CrB) leads
(i.e. is the first to rise), being at Scorpius 0.5°. The fourth star (ι CrB) to the
East of the bright one (α CrB) is the last (i.e. to rise, π CrB) [. . .] 49° from
the North Pole. Southernmost (δ CrB) is the third counting from the bright
one (α CrB) towards the East, which is 55°3⁄4 from the North Pole.
Ὁ στέφανος ἐν τῷ βορείῳ ἡµισφαιρίῳ κείµενος κατὰ µῆκος µὲν ἐπέχει µ ̊ θ̅ καὶ δ̅ ́ ἀπὸ
τῆς α̅ µ ̊ τοῦ σκορπίου ἕως ι̅ <καὶ> δ̅ ́ µ ̊ τοῦ αὐτοῦ ζῳδίου. Κατὰ πλάτος δ ̓ ἐπέχει µ ̊ ς̅ C 
καὶ δ̅ ́ ἀπὸ µ ̅θ̅ µ ̊ ἀπὸ τοῦ βορείου πόλου ἕως µ ̊ ν̅ε̅ C καὶ δ̅ .́ Προηγεῖται µὲν γὰρ ἐν αὐτῷ
ὁ ἐχόµενος τοῦ λαµπροῦ ὡς πρὸς δύσιν ἐπέχων τοῦ σκορπίου τῆς α̅ µ ̊ τὸ ἥµισυ. 
Ἔσχατος δὲ πρὸς ἀνατολὰς κεῖται ὁ δ′ ἐχόµενος ἐπ ̓ ἀνατολὰς τοῦ λαµπροῦ ἀστέρος [. . 
.] τοῦ βορείου πόλου µ ̊ µ ̅θ·̅ νοτιώτατος δὲ ὁ γ′ ἀπὸ τοῦ λαµπροῦ πρὸς ἀνατολὰς
ἀριθµούµενος ὃς ἀπέχει τοῦ πόλου µ ̊ ν̅ε̅ C καὶ δ̅ .́ 



Gysembergh et al. 387

the right ascension of β CrB, and must therefore be preferred. The figure 211° may easily 
have arisen through a copying error; and ensuingly, the East-West extension may have 
been corrected from an original 9°¾ to restore consistency with the position of the west-
ernmost boundary. Assuming this interpretation of the discrepancy regarding the west-
ernmost boundary, the boundaries of CrB are summarised in Table 1.

These coordinates are accurate to within 1° for the epoch of Hipparchus’ star cata-
logue (ca. 129 BCE),11 as can be verified with planetarium software such as Stellarium 
or by checking against Dennis Duke’s and Gerd Graßhoff’s lists of equatorial coordi-
nates for the time of Hipparchus.12 Furthermore, they confirm that Hipparchus’ star cata-
logue was composed in equatorial, not ecliptical, coordinates, which has long been a 
matter of contention.13 It should be noted that the terminology of μῆκος (‘length’) and 
πλάτος (‘breadth’) is unusual for astronomical coordinates in an equatorial, not eclipti-
cal, frame of reference. The practice of expressing right ascension with the combination 
of an artificial zodiac sign and a number of degrees is also highly unusual, and attested 
only in Hipparchus’ Commentary.14 The matching astronomical epoch and terminology 
provide strong evidence that the coordinates in CCR originated with Hipparchus.

Reassessing the evidence for Hipparchus’ Star Catalogue in 
Aratus Latinus
By providing comparative material, the Greek text also allows a better understanding of 
the related sections in the Aratus Latinus (henceforth also AL). AL is an early medieval 
translation into Latin, made in Northern France (most probably in Corbie Abbey) in the  
8th c., of a Greek codex containing the Phenomena of Aratus and related material.15 In 
particular, AL contains sections on the boundaries of the circumpolar constellations, the 
Greek original of which now appears to have followed the same structure and terminol-
ogy as the section on Corona Borealis in the CCR text.16

Hipparchus had already been identified as the ultimate source of the coordinates in 
these sections of AL over a century ago by Georg Dittmann, based on the observation 
that the codeclination of β UMi matches the figure quoted by Ptolemy in his Geography 
(I, 7, 4).17 Emanuel Gürkoff and Otto Neugebauer further discussed the philological 
issues at hand.18 However, evidence from AL has only received passing mention in 
scholarly discussion of Hipparchus’ and Ptolemy’s Star Catalogues.19

It would go beyond the scope of this paper to discuss at length the philological issues 
in these passages, where the vagaries of textual transmission are compounded by the 
translator’s imperfect knowledge of Greek.20 But it is of interest to summarise the 

Table 1. Boundaries of Corona Borealis according to CCR.

α (right ascension) Δ (codeclination)

β CrB 210°30′  
π CrB 49°
δ CrB 55°45′
ι CrB 220°15′  

Corona Borealis, lying in the northern hemisphere, in length spans 9°1⁄4 from
the first degree of Scorpius to 10°1⁄4 in the same zodiacal sign (i.e. in
Scorpius). In breadth it spans 6°3⁄4 from 49° from the North Pole to 55°3⁄4.
Within it, the star (β CrB) to the West next to the bright one (α CrB) leads (i.e.
is the first to rise), being at Scorpius 0.5°. The fourth star (ι CrB) to the East
of the bright one (α CrB) is the last (i.e. to rise, π CrB) [. . .] 49° from the
North Pole. Southernmost (δ CrB) is the third counting from the bright one
(α CrB) towards the East, which is 55°3⁄4 from the North Pole.
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Biographical data about Hipparchus:
• Date of  birth and death unknown
• Born in Nicaea (today Iznik, Turkey)
• Earliest dated observation 26 June 158 BCE (known since 2014!, cf. 

Fournet-Tihon 2014)
• Latest dated observation 7 July 127 BCE
• All known observations made in Bithynia (probably Nicaea) and in Rhodes
• …?



Hipparchus’ main achievements:
• Table of chords (trigonometry)
• Schröder numbers (combinatorics – known since 2003!, cf. Acerbi 2003)
• Theory of the Sun and Moon’s motions (with underlying Babylonian

parameters)
• Sizes, Distances and Parallax of the Sun and Moon
• Eclipse table (descriptive? predictive?)
• Commentary on the Phenomena of Eudoxus and Aratus
• Catalogue of fixed stars (≥ 692 entries, cf. Gysembergh 2019)
• Determination of precession of equinoxes (> 1/100° per year)
• Observation of a nova (presumably Nova Scorpii, 134 BCE)
• Mathematization of geography
• Meteorology
• Optics
• Astrology
• Theory of Gravitation?
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To obtain even better readings from the manuscripts, 
the limitations of the human visual system in terms of 
wavelength and sensitivity must be overcome. In other 
words, it is necessary to render subjectively imperceptible 
information so that it becomes visible to the eye. The need 
for better renderings has long been recognized and led to 
attempts to enhance the legibility of manuscripts by applying 
the very earliest imaging technologies. Chiara di Sarzana 
has presented an excellent history of photography applied 
to manuscripts.1 In 1840, only one year after the accepted 
date of the first photograph, Jean Baptiste Biot reported that 
William Henry Fox Talbot had made images on sensitized 
paper of a Hebrew psalm, a Persian newspaper, and a 13th-
century charter in Latin.2 Apart from this early work, the 
use of photography to document historical writings did 
not become common until the technology of monochrome 
emulsion imaging matured in the 1880s, when flexible 
cellulose film substrates became available, thus eliminating 
the requirement for fragile glass plates. James Rendel Harris 
was an early imaging experimenter, having photographed 
manuscripts at St. Catherine’s Monastery in Sinai in 1888.3 
Harris also assisted the Scottish twin sisters Agnes Smith 
Lewis and Margaret Dunlop Smith Gibson when they 
imaged the Codex Sinaiticus Syriacus on a subsequent visit 
to St. Catherine’s in 1892.4 It is interesting to note that the 
thousand or so film sheets exposed during that trip to the 
monastery were not processed until the travelers returned to 
England several months later, which prevented them from 

1 Di Sarzana 2006. 

2 Biot 1839-1840, Chronique of Bibliothèque de l’École des Chartes I, p. 
408.

3 Harris and Harris 1891.

4 Gibson 1893.

Abstract
Imaging techniques for recovering historical writings 
that have been deliberately erased to make palimpsests or 
otherwise damaged have a long history. These writings 
often may be recovered from images collected under 
different illuminations over a range of wavelength bands. 
These spectral images are combined in subsequent image 
processing to enhance the visibility of the desired text. 
This paper considers the application of several processing 
algorithms based on the spectral statistics of the image data. 
These methods may be tailored to the specific condition of 
the manuscript and may enhance erased or damaged writings 
better than other techniques.

1. Introduction
Many historical manuscripts have been damaged by a variety 
of mechanisms: the ravages of natural processes over time, 
inappropriate storage, and deliberate action. Inks fade, 
manuscripts may have been scorched or charred by fire 
or damaged by animal excretions, parchments were often 
deliberately erased and reused to make palimpsests, etc. 
These faded, erased, or otherwise damaged manuscripts may 
be impossible to read without artificial aids to human vision. 
Moreover, simple devices (such as optical magnifiers to 
enlarge the text) and more complicated tools (e.g. ultraviolet 
lights to enhance the contrast of erased text relative to the 
background parchment) only improve the appearance to the 
human eye. The ultimate limit to the success of these visual 
aids is the human vision system itself, which is limited by the 
capability of the eye lens, the photochemical mechanism for 
sensing light, and the perception of images by the brain. One 
example of the constraint of the visual system is its narrow 
range of spectral sensitivity, which is limited to wavelengths 
between approximately 400 nm (blue) and 700 nm (red). 
Significant information is often present at wavelengths 
outside this range. 

Article

Statistical Processing of Spectral Imagery to Recover 
Writings from Erased or Damaged Manuscripts
Roger L. Easton and David Kelbe | Rochester
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Hoku image processing software, developed by Keith Knox of the Early Manuscripts Electronic Library

http://www.cis.rit.edu/~ktkpci/
Hoku.html





NEWLY DISCOVERED ILLUSTRATED TEXTS OF ARATUS AND
ERATOSTHENES WITHIN CODEX CLIMACI RESCRIPTUS*

ABSTRACT

This article presents texts recovered by post-processing of multispectral images from the
fifth- or sixth-century underwriting of the palimpsest Codex Climaci Rescriptus. Texts
identified include the Anonymous II Proemium to Aratus’ Phaenomena, parts of
Eratosthenes’ Catasterisms, Aratus’ Phaenomena lines 71–4 and 282–99 and previously
unknown text, including some of the earliest astronomical measurements to survive in
any Greek manuscript. Codex Climaci Rescriptus also contains at least three astronomical
drawings. These appear to form part of an illustrated manuscript, with considerable
textual value not merely on the basis of its age but also of its readings. The manuscript
undertexts show significant overlap with the Φ Edition, postulated as ancestor of the
various Latin Aratea.

Keywords: Aratus; Catasterisms; Codex Climaci Rescriptus; Eratosthenes; palimpsest

* The authors are grateful to many people for their assistance in bringing these texts to publication
and, in particular, to the sponsors of the research—namely, Museum of the Bible, Washington, DC,
and its founders, the Green family of Oklahoma City. Simeon R. Burke, Elspeth R. Darley, Jamie
Klair and Jacob L. Madin were undergraduate students when they identified key texts while doing
internships at Tyndale House, Cambridge. Together with Anne Burberry, Filip Sylwestrowicz and
Douglas Thomas, students who joined the team later, they contributed hundreds of hours to the
decipherment of the palimpsest. Christian Askeland, Michael Holmes, Brian D. Hyland, Bethany
Jensen, Lauren McAfee, Jerry Pattengale, Daniel Stevens, Amy Van Dyke and Jonathan Wilken
have supported the project in many ways. Various stages of imaging have contributed to our
understanding of the manuscript: multispectral imaging by Alexander Kovalchuk, Joy Giroux and
Lindy Johnson (2010); colour scans by Sarah Zaman (2010); multispectral imaging by Gene Ware
(2010); colour photography by Ardon Bar-Hama (2012) and Brittney Brown (2013); Reflectance
Transformation Imaging by Bruce Zuckerman, Ken Zuckerman and Marilyn Lundberg of the West
Semitic Research Project (2013); multispectral imaging of select folios by Gregory Heyworth and
the Lazarus Project (2015); in 2017 the Early Manuscripts Electronic Library and the Lazarus
Project captured and provided the most recent processed images which took decipherment to a new
level. Their team consisted of Di Bai, Ken Boydston, Helen Davies, Josephine Dru, Roger
L. Easton, Christos Georgiades, Gregory Heyworth, Kyle Huskin, Damian Kasotakis, Vasilis
Kasotakis, David Kelbe, Keith Knox, Mike Phelps, Nicole Polglaze, Dale Stewart, Sarah Zaman
and Alexander Zawacki. At different points in the project Valeria Annunziata, Elly Dekker, Klaus
Geus, Kristen Lippincott, Jordi Pàmias, Emma Perkins, Anna Santoni, Liba Taub and Helen Van
Noorden have kindly provided academic advice. Victor Gysembergh and Emanuel Zingg provided
crucial input on several folios during the final stages of decipherment. Peter M. Head checked
some transcriptions and undertook autopsy of the manuscript which contributed to our understanding
of its codicology. Williams directed the project and is responsible for the final version of this article,
including the final transcriptions. Klair was responsible for the first draft of the article. Malik and
James improved transcriptions, and the latter both identified texts and provided some of the textual
comment. Zaman has been involved at all stages in the project and helped bring the article to
completion.

© The Author(s), 2022. Published by Cambridge University Press on behalf of The Classical Association. This
is an Open Access article, distributed under the terms of the Creative Commons Attribution licence (https://
creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution, and reproduction in any
medium, provided the original work is properly cited.

The Classical Quarterly (2022) 1–28 1
doi:10.1017/S0009838822000726
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Courtesy Museum of the Bible 
CollecGon. © Museum of the 
Bible, 2021. Image shared under
CreaGve Commons BY-SA 4.0 
license, 2022. All condiGons 
apply. Spectral imaging by the 
Early Manuscripts Electronic
Library and the Lazarus Project 
of the University of Rochester. 
Image processing by Vasilis
Kasotakis.

Codex Climaci rescriptus, f° 48v



Verona, Biblioteca Capitolare, 
ms. XL (38), f° 334v.
Top: color image.
Middle: multispectral image 
by Early Manuscripts
Electronic Library, Lazarus
Project of the University of 
Rochester and Rochester 
Institute of Technology; 
processing by Roger Easton.
Bottom: tracings by Emanuel 
Zingg.

© Fondazione Biblioteca Capitolare di Verona.
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Ptolemy’s treatise on the meteoroscope recovered
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Abstract1

The eighth-century Latin manuscript Milan, Veneranda Biblioteca Ambrosiana, L 992

Sup. contains fifteen palimpsest leaves previously used for three Greek scientific texts:3

a text of unknown authorship on mathematical mechanics and catoptrics, known as4

the Fragmentum Mathematicum Bobiense (three leaves), Ptolemy’s Analemma (six5

leaves), and an astronomical text that his hitherto remained unidentified and almost6

entirely unread (six leaves). We report here on the current state of our research on7

this last text, based on multispectral images. The text, incompletely preserved, is a1 8

treatise on the construction and uses of a nine-ringed armillary instrument, identifi-9

able as the “Meteoroscope” invented by Ptolemy and known to us from passages in10

Ptolemy’s Geography and in writings of Pappus and Proclus. We further argue that11

the author of our text was Ptolemy himself.12

Communicated by Jed Buchwald.
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Ptolemy’s “Meteoroscope”
Reconstruction from the Milan 
palimpsest
Drawing: Alexander Jones (NYU)
Publication: Gysembergh, Jones and 
Zingg, Archive for the History of the 
Exact Sciences 2023
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