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Introduction

In November 2012, Ptolemaeus Arabus et Latinus (PAL) was established by 
the Union of the German Academies of Sciences and Humanities as an Acad-
emy Project with five researchers for a period of 25 years. This was the result 
of a long application journey whose idea first originated on a Saturday night 
of August 2009. In the course of 2013, the project became established at the 
premises of the Bayerische Akademie der Wissenschaften in Munich.

The initial impetus of the project was the realisation that the reception of 
Ptolemy was still to a large extent a terra incognita of the history of science. 
This seemed to us a rather odd fact considering that Ptolemy wrote perhaps 
the two most influential texts both in mathematical astronomy (the Almag-
est) and in astrology (the Tetrabiblos). From late Antiquity to the seventeenth 
century, Ptolemy was to the ‘science of the stars’ what Aristotle was to logic, 
natural philosophy and metaphysics, Euclid to geometry and Hippocrates and 
Galen to medicine in the Western tradition. Both the Almagest and the Tetra-
biblos were translated several times into Arabic and into Latin and were heavily 
discussed and commented upon in the Islamic world and in Christian Europe. 
Yet the Arabic and Latin versions of the Almagest and the Tetrabiblos were 
unavailable in modern editions, their manuscripts remained largely unexplored 
and, generally speaking, their history until the seventeeth century had never 
been systematically studied.

From the outset, it was clear to us that we could not limit ourselves to 
the Almagest and the Tetrabiblos. Ptolemy also produced several astronomical 
works of lesser importance, including the Planetary Hypotheses, the Phaseis, the 
Analemma, the Planispherium and the Handy Tables, all of which survive, in 
one form or another, in Arabic and/or Latin. Moreover, a number of works 
were falsely attributed to Ptolemy, the most famous of which is the Karpos 
(�*�H�S���A al-Thamara, Centiloquium), a collection of one hundred astrological 
aphorisms which enjoyed extraordinary popularity throughout the Middle 
Ages and whose ascription to Ptolemy was never questioned until the sixteenth 
century. Last but not least, the Almagest, the Tetrabiblos and the Karpos gave 
rise to a large number of commentaries in Arabic and Latin, which were an 
integral part of the Ptolemaic tradition and hence could not be ignored. As a 
result, our Corpus Ptolemaicum had considerably expanded. In view of the time 
restriction (25 years being the maximum granted by the Union of the German 
Academies), we had to limit the scope of the project and to make a number of 
choices. Already at an early point we had decided to focus on the science of the 
stars and to exclude from our enquiry the non-astronomical/astrological works, 
i.e. the Geography, the Optics and the Harmonics. Likewise, we were aware that 
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2	 INTRODUCTION

Arabic and Latin, however central, represent only two languages of the medi-
eval scientific tradition. The Ptolemaic corpus also has a history in Byzantine 
Greek, Syriac, Hebrew, Persian, Sanskrit and the European vernaculars, but 
taking these languages into account would have made the project unrealisable. 
We do, however, consider works in other languages when they have an imme-
diate bearing on the Arabic or Latin tradition. A  good example of this is the 
Syriac version of the Tetrabiblos, which may have served as an intermediary 
between the Greek and Arabic versions and which is in the process of being 
edited by Bojidar Dimitrov as part of the project.

Despite these restrictions and choices, we are confident that the project can 
significantly contribute to several research areas. First, we see it as an essential 
step towards a fuller and better understanding of medieval and early modern 
astronomy and astrology, and, more generally, of the worldview that dominated 
Islamic, Jewish and Christian cultures from the Middle Ages to the sev-
enteenth century. Contrary to received opinion, Arabic and Latin scholars 
deployed remarkable intelligence and creativity, as well as sharp criticism, in 
their enquiry into Ptolemy’s models and theories, in order to develop a good 
understanding of them, but also to question, improve on, or refute them. More-
over, research into medieval conceptions of the universe has suffered from the 
fact that astrology was for a long time neglected by historians of science on the 
grounds that it is irrelevant to modern science. But we should remember that 
most medieval astronomers were also astrologers and, in the context of Aristo-
telian natural philosophy, astrology was conceived as a science, both physical 
and mathematical, leading to the knowledge of man, nature and God. By con-
sidering astrology along with astronomy, this project stands in agreement with 
Ptolemy’s vision, as well as with Greek, Arabic and Latin mainstream science 
up to the time of Galileo and Kepler inclusively.

The project will also lay the foundations for a fresh approach to the Coper-
nican Revolution. Since the seminal studies of Alexandre Koyré and Thomas 
Kuhn, the Copernican Revolution has been the subject of intense scholarship 
around the world. Yet, this scholarship — including, remarkably, the most 
recent scholarship — has been carried out to a large extent in ignorance of 
the medieval tradition, partly because of methodological biases, partly because 
of the lack of studies and editions. The fact that the Copernican Revolution 
started with an attack launched against the Almagest (Copernicus’s De revo-
lutionibus orbium celestium, 1543) underlines the importance of studying the 
medieval Ptolemaic tradition, and makes it all the more remarkable that the 
very Latin text that Copernicus sought to replace is still today unavailable in 
a modern edition.

Last but not least, the retrieval of the Arabic and Latin Ptolemaic corpus will 
shed light on the authenticity, form and content of the Greek original texts. 
As is often the case for ancient scientific and philosophical texts, most extant 
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Greek manuscripts are late Byzantine copies which sometimes preserve incom-
plete or corrupt texts. Ptolemy’s works are no exception to this rule. Arabic and 
especially Latin manuscripts pre-date Greek manuscripts for all the texts dealt 
with in this project, with the exception of the Almagest. Moreover, three of 
them (Planetary Hypotheses, Analemma and planispherium) are for the most 
part lost in Greek and survive in Arabic and/or Latin only. Even though the 
Arabic and Latin texts are the result of translation — and hence, inevitably, 
of alteration —, it may be that some of them preserve a more authentic text 
than that of the extant Greek manuscripts. A  case in point is the Tetrabiblos. 
The Greek manuscript tradition of this text is problematic because the earliest 
complete witness (out of a total of 47 extant manuscripts) is a Byzantine copy 
dating from c.  1300 (Vatican, BAV, Vat. gr. 1038). The text has received four 
critical editions, by Franz Boll and Emilie Boer (1940), Frank Robbins (1940), 
Simonetta Feraboli (1985) and Wolfgang Hübner (1998), all of whom ignored 
the Syriac, Arabic and Latin traditions. Yet, the Tetrabiblos survives in a Syr-
iac translation, in at least three Arabic translations, dating from the ninth to 
the eleventh century, and thirteen Latin translations, six of which were made 
before 1300. In 2015, Gudrun Vuillemin-Diem and Carlos Steel published a 
critical edition of the Latin translation made directly from the Greek by Wil-
liam of Moerbeke between 1266 and 1269. The editors demonstrate that the 
Greek manuscript used by William of Moerbeke (now lost) is far better than 
all the surviving copies. As a result, while they confirmed 301 readings adopted 
or conjectured by Hübner in his edition of the Greek text, they also identified 
63 instances which definitely confirm ‘a reading not adopted by Hübner’, 143 
instances where they ‘propose to modify Hübner’s edition’ and 109 instances 
of a reading that ‘seems also possible’.1 It is also likely that the other Latin 
translations, and especially the Syriac and Arabic translations, will allow us to 
improve on the Greek text.

The primary aim of the project is to make the Arabic and Latin Ptolemaic 
corpus on the science of the stars available to research. The first step towards 
this aim is to establish the Corpus Ptolemaicum, survey the works and cata-
logue the manuscripts. The works are arranged in three categories as follows:

A.	 Authentic works: Almagest, Tetrabiblos, Planetary Hypotheses, Phaseis, 
Analemma, Planispherium and Handy Tables.

B.	 Pseudepigrapha: besides the Karpos, some thirty astronomical and 
astrological works falsely attributed to Ptolemy have been identified 
in Arabic and Latin.

1  Gudrun Vuillemin-Diem and Carlos Steel, Ptolemy’s Tetrabiblos in the Translation of 
William of Moerbeke. Claudii Ptolemaei liber iudicialium, Leuven: Leuven University Press, 
2015, pp. 95–129.
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C.	 Commentaries: commentaries are understood in the broad sense, so 
as to include epitomes, paraphrases, critiques, university lectures, etc., 
in fact all texts that derive their substance primarily and explicitly 
from one of the above works (categories A and B). The most influ-
�H�Q�W�L�D�O�� �F�R�P�P�H�Q�W�D�U�L�H�V�� �L�Q�F�O�X�G�H�� �7�K�Â�E�L�W�� �L�E�Q�� �4�X�U�U�D� �̂V���3�@�R�G� �K �@�K���,�@�I�H�R�p�  
�D�Q�G�� �-�Â�E�L�U�� �L�E�Q�� �$�I�O�D�æ� �̂V���(�n�K���l �@�K���,�@�I�H�R�p�  (both of which were translated 
into Latin), the anonymous Almagesti minor, Regiomontanus’s Epit-
ome Almagesti, �ò�$�O�ì�� �L�E�Q�� �5�L�Ö�Z�Â�Q� �̂V�� �F�R�P�P�H�Q�W�D�U�\�� �R�Q�� �W�K�H��Tetrabiblos and 
�$�E�,�� �-�D�ò�I�D�U�� �$�æ�P�D�G�� �L�E�Q�� �<�,�V�X�I�� �L�E�Q�� �D�O���'�Â�\�D� �̂V�� �F�R�P�P�H�Q�W�D�U�\�� �R�Q�� �W�K�H��Kar-
pos (both of which were also translated into Latin). Other works that 
relate to Ptolemy less directly (however important their Ptolemaic 
�F�R�P�S�R�Q�H�Q�W�� �P�L�J�K�W�� �E�H���� �K�D�Y�H�� �E�H�H�Q�� �H�[�F�O�X�G�H�G���� �I�R�U�� �H�[�D�P�S�O�H�� �D�O���)�D�U�J�K�Â�Q�ì� �̂V��
�*�H�S���A �I�@�V���L�H�v�� �v �H�K�L �@�K���M�T�I�>�L �V�@���T�n�>�K �@�K���l�@�Q�@�J���S �@�K���R�@�L���V�H�X�X�@ and 
the various Latin versions of the Theorica planetarum.

Altogether the corpus (A-B-C) amounts to over 80 works preserved in at least 
500 manuscripts for the Arabic and to c. 170 works preserved in c. 670 manu-
scripts and over 100 early printed editions for the Latin.

While it is not possible to prepare critical editions for all these works, we 
deemed it important to make the primary material available to scholars at a 
relatively early stage of the project. The editing of texts has therefore been 
designed in three steps. In the first place, each work (including each version in 
cases of multiple translations) receives an online digital reproduction in scanned 
form from one selected witness (manuscript or early printed edition). Next, 
the digital images are gradually linked with online standardised transcriptions 
based on the same selected witness, so as to make each text searchable. Finally, 
as a third step, the online transcriptions are gradually supplemented by proper 
critical editions based on examination of all extant witnesses. All authentic 
works (A) and pseudepigrapha (B) are expected to receive a critical edition. In 
cases of multiple translations, only the most influential versions will be edited. 
This includes, for example, two versions of the Arabic Almagest�� ���D�O���å�D�M�M�Â�M�� �D�Q�G��
�,�V�æ�Â�T�� �L�E�Q�� �å�X�Q�D�\�Q�� �U�H�Y�L�V�H�G�� �E�\�� �7�K�Â�E�L�W�� �L�E�Q�� �4�X�U�U�D���� �D�Q�G�� �W�Z�R�� �/�D�W�L�Q�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �R�I��
the Tetrabiblos (by Plato of Tivoli and Aegidius de Tebaldis). Likewise, only 
the most influential commentaries (C) will be edited, including at least those 
listed above.

Besides the Corpus Ptolemaicum, we also take into account a further cate-
gory of related material, namely astronomical tables, almanacs (or ephemerides) 
and horoscopes, insofar as these represent the main products of astronomical 
and astrological activity in the Ptolemaic tradition. The aim here will be to 
design a database of astronomical tables, almanacs and horoscopes, to produce 
a critical survey of them and to edit some of the most representative and/or 
influential ones. To this end, computer programs for editing and analysing 
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astronomical tables, almanacs and horoscopes will be written. First steps in 
this direction have been made by collaborating in the project of a database of 
tables and other materials from astronomical and astrological manuscripts led 
by Matthieu Husson of the Observatoire de Paris.

Another resource developed as part of the project is a glossary of Greek-Ara-
bic-Latin-English mathematical, astronomical and astrological terms. This glos-
sary is designed as a constantly growing tool based on the texts already edited 
in the project.

Finally, the project will inevitably give rise to new questions, the most 
important of which are the subject of international conferences and workshops 
organised by the project. Special attention is paid to three research areas: the 
reception of Ptolemy in the Arabic world and Western Europe up to 1700 AD; 
a comparative study of Arabic and Latin astronomy and astrology in their his-
torical contexts; and the place of Ptolemy in the Copernican Revolution.

The progress of the project can be followed on the PAL website (https://
ptolemaeus.badw.de), which has been active since December 2016 and updated 
almost on a daily basis since. The catalogue of texts and manuscripts, the crit-
ical editions and the studies will also appear in print in the new series Ptole-
maeus Arabus et Latinus published by Brepols. The first volume in the sub-
series Texts came out in 2018,2 whereas the present volume is the first in the 
subseries Studies.

One of the missions of the project is to organise an international confer-
ence or a workshop every three years. The first PAL conference was held at 
the Warburg Institute (University of London) from 5 to 7 November 2015 
and this book is the result of it. The title Ptolemy’s Science of the Stars in the 
Middle Ages (already the title of the conference) was deliberately kept wide in 
scope so as to encompass the reception of Ptolemaic astronomy and astrology 
in the Arabic world and in Western Europe up to 1700 AD. Our aim was to 
gather together leading scholars and younger researchers in Ptolemaic studies 
and, while obtaining as broad an overview as possible, we tried to keep some 
balance between Arabic and Latin, on the one hand, and between astronomy 
and astrology, on the other. Two speakers at the conference are not represented 
in this volume, because further research in their respective topics led them 
to considerable developments which deserve to be published separately: Flora 
Vafea on the �#�G���S �@�K���J�T�Q�R�  attributed to Ptolemy and Maria Mavroudi on the 
Greek and Arabic versions of the Karpos. At the same time, two contributions 
included here are by scholars who joined the project after the conference and 
who offered to contribute to the volume (José Bellver and Paul Hullmeine). 
With this volume, we therefore hope to present the state of the art of Ptole-

2  Henry Zepeda, The First Latin Treatise on Ptolemy’s Astronomy: The Almagesti minor 
(c. 1200).
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maic studies in the Islamic and Christian cultures in the long Middle Ages. 
The 15 articles are arranged roughly chronologically.

Alexander Jones establishes the corpus of Ptolemy’s authentic works, a task 
made arduous by our almost complete ignorance of his life and the circum-
stances of his writings, so much so that ‘anything that we can know of him has 
to come from his writings’. How do we know what Ptolemy wrote? Most texts 
that are attributed to Ptolemy either refer to the Almagest or bear the dedica-
tion to Syros, but this is no definite proof of their authenticity (the Karpos is 
also dedicated to Syros). Previous discussions about the authenticity of Ptol-
emy’s works have rested on doctrinal and stylistic comparison with his other 
works and on testimony of later authors, but these have their limitations too. 
Jones identifies a number of ‘verbal fingerprints’, that is, expressions used in 
two or more works attributed to Ptolemy, but (virtually) nowhere else before 
the end of the fourth century. This allows him to confirm Ptolemy’s author-
ship for most of the texts commonly attributed to him and to securely confirm 
the authenticity of On the Criterion. Jones also discusses works that are lost in 
Greek, as well as lost works known to us only through quotations by Ptolemy 
or others, and concludes with a reconstruction of the chronology of Ptolemy’s 
writings and an assessment of his scientific interests.

Nathan Sidoli reconstructs the mathematical methods found in Ptolemy’s 
Analemma, which is extant in full in Latin only, in the context of Greek math-
ematical practices. The analemma is a plane figure obtained by rotating and 
orthogonally projecting arcs, lines and points from the heavenly sphere into the 
plane, basically mimicking the operations that can be carried out with a com-
pass and a set square. In this process the magnitudes of lines and arcs on the 
sphere are preserved, and the same object may be represented in multiple ways. 
The analemma thus allows the determination of arc lengths on the sphere by 
means of plane trigonometry (or by direct measurement). Ptolemy uses it in 
particular to specify the solar position with respect to the horizon and the 
local meridian as a function of its declination, the geographical latitude and 
the time of day. After giving an explanatory table of contents of the 15 sections 
of Ptolemy’s Analemma, Sidoli explains in detail Ptolemy’s model of the world 
and his determination of one of the three analogous pairs of angles in which 
he expresses the local coordinates of the solar position.

Paul Hullmeine discusses the question whether the ninth sphere, which 
was commonly associated with the Ptolemaic cosmos in medieval Arabic, Latin 
and Hebrew descriptions of the universe, in fact originated with Ptolemy. The 
ninth sphere is a starless sphere beyond the eighth sphere of the fixed stars. 
Since the ninth sphere is not mentioned in the Almagest, Hullmeine carries 
out a detailed analysis of the extant Greek and Arabic versions of the Planetary 
Hypotheses, investigating both the vocabulary related to spheres, orbs and circles 
and other aspects of Ptolemy’s physical descriptions of the planetary models. 
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He concludes that Ptolemy did not intend to establish a nine-sphere cosmos 
and finds that John Philoponus (sixth century) was the first Greek scholar to 
associate the ninth sphere with Ptolemy. Finally, an interesting quotation from 
India (c. ������������ �E�\�� �D�O���%�ì�U�,�Q�ì���� �Z�K�R�� �Z�D�V�� �L�Q�W�L�P�D�W�H�O�\�� �I�D�P�L�O�L�D�U�� �Z�L�W�K�� �W�K�H��Almagest 
and the Planetary Hypotheses as well as Philoponus’s works, reveals that Philo-
ponus indeed introduced the ascription of the ninth sphere to Ptolemy into the 
medieval Arabic astronomical tradition.

In his doctoral dissertation, Bojidar Dimitrov edits the (incomplete) Syriac 
translation of the Tetrabiblos and compares it in detail with the Greek text as 
edited by Hübner (1998), the Latin version by William of Moerbeke as edited 
by Vuillemin-Diem and Steel, and the Arabic versions by �òUmar ibn al-Far-
�U�X�N�K�Â�Q�� �D�Q�G�� �å�X�Q�D�\�Q�� �L�E�Q�� �,�V�æ�Â�T�� �L�Q�� �W�K�H�� �S�U�H�O�L�P�L�Q�D�U�\�� �H�G�L�W�L�R�Q�� �E�\�� �W�K�H�� �O�D�W�H�� �.�H�L�M�L��
Yamamoto, visiting fellow at PAL in September 2014. The significant variants 
from all five sources are specified in the apparatus to the Syriac text. As a fore-
taste, Dimitrov here presents a linguistic comparison of ten cases in which the 
five versions show significant differences. He finds, among other results, that 
the Latin version of William of Moerbeke is generally closer to the Greek and 
Syriac than the two Arabic versions.

Johannes Thomann, who has previously published several articles on the 
Almagest�� �F�R�P�P�H�Q�W�D�U�\�� �E�\�� �D�O���)�Â�U�Â�E�ì�� ���W�H�Q�W�K�� �F�H�Q�W�X�U�\������ �K�H�U�H�� �P�D�N�H�V�� �X�V�H�� �R�I�� �D�� �V�K�R�U�W��
�F�U�L�W�L�T�X�H�� �E�\�� �,�E�Q�� �D�O�����D�O�Â�æ�� ���P�L�G�� �W�Z�H�O�I�W�K�� �F������ �R�Q�� �D�O���)�Â�U�Â�E�ì� �̂V�� �F�R�P�P�H�Q�W�D�U�\�� �W�R�� �L�G�H�Q-
tify passages from the otherwise lost early Arabic translation of the Alma- 
gest made for the caliph al-Ma�ñ�P�,�Q�� �E�H�I�R�U�H�� �W�K�D�W�� �R�I�� �D�O���å�D�M�M�Â�M���� �7�K�H�V�H�� �S�D�V�V�D�J�H�V�� �D�U�H��
�T�X�R�W�H�G�� �E�\�� �,�E�Q�� �D�O�����D�O�Â�æ�� �I�U�R�P�� �D�O���)�Â�U�Â�E�ì� �̂V�� �F�R�P�P�H�Q�W�D�U�\���� �%�\�� �F�R�P�S�D�U�L�Q�J�� �W�K�H�� �W�H�F�K�Q�L-
cal vocabulary in these passages with the Greek original of the Almagest, with 
�W�K�H�� �H�[�W�D�Q�W�� �S�D�U�W�V�� �R�I�� �D�O���)�Â�U�Â�E�ì� �̂V�� �F�R�P�P�H�Q�W�D�U�\���� �Z�L�W�K�� �W�K�H�� �$�U�D�E�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �E�\��
�D�O���å�D�M�M�Â�M�� �D�Q�G�� �,�V�æ�Â�T�� �L�E�Q�� �å�X�Q�D�\�Q�� ���U�H�Y�L�V�H�G�� �E�\�� �7�K�Â�E�L�W�� �L�E�Q�� �4�X�U�U�D������ �D�Q�G�� �Z�L�W�K�� �R�W�K�H�U��
early ninth-century astronomical works, he concludes that the passages can be 
assumed to be early and hence to most likely stem from the early Ma�ñ�P�,�Q�L�F��
Almagest translation.

In his article, Dirk Grupe identifies five Arabic and Persian sources that 
used the version of the Almagest�� �E�\�� �7�K�Â�E�L�W�� �L�E�Q�� �4�X�U�U�D�� �U�H�F�H�Q�W�O�\�� �L�G�H�Q�W�L�I�L�H�G�� �E�\��
�K�L�P�����F���������������W�R���E�H���G�L�V�W�L�Q�J�X�L�V�K�H�G���I�U�R�P���W�K�H���W�U�D�Q�V�O�D�W�L�R�Q���E�\���,�V�æ�Â�T���L�E�Q���å�X�Q�D�\�Q���W�K�D�W��
�Z�D�V�� �U�H�Y�L�V�H�G�� �E�\�� �7�K�Â�E�L�W������ �7�K�H�V�H�� �L�Q�F�O�X�G�H�� �D�Q�� �H�S�L�W�R�P�H�� �R�I�� �W�K�H��Almagest in a manu-
�V�F�U�L�S�W�� �I�U�R�P�� �D�� �S�U�L�Y�D�W�H�� �F�R�O�O�H�F�W�L�R�Q�� ���R�U�L�J�L�Q�D�O�O�\�� �L�Q�� �,�U�D�Q������ �,�E�Q�� �6�ì�Q�Â� �̂V���*�H�S���A �@�K���2�G�H�E���ñ, 
�D�Q�� �D�E�U�L�G�J�H�G�� �U�H�Z�R�U�N�L�Q�J�� �R�I�� �7�K�Â�E�L�W� �̂V��Almagest extant in the Senate Library in 
Tehran, the �3�@�K�J�G� �n �@�K���,�@�I�H�R�p� �� �E�\�� �4�X���E�� �D�O���'�ì�Q�� �D�O���6�K�ì�U�Â�]�ì�� �D�Q�G�� �D�� �F�R�P�P�H�Q�W�D�U�\��
on the Almagest�� �E�\�� �$�W�K�ì�U�� �D�O���'�ì�Q�� �D�O���$�E�K�D�U�ì���� �)�X�U�W�K�H�U�P�R�U�H�� �K�H�� �D�U�J�X�H�V�� �W�K�D�W�� �0�6��
20 of the Maharaja Sawai Man Singh Museum Library in Jaipur contains an 
�X�Q�V�K�R�U�W�H�Q�H�G�� �F�R�S�\�� �R�I�� �%�R�R�N�V�� �,���9�� �R�I�� �W�K�H�� �7�K�Â�E�L�W�� �Y�H�U�V�L�R�Q��
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Tzvi Langermann demonstrates the importance of the Islamic commen-
tary tradition by investigating in detail how three important authors from the 
Islamic world treated Ptolemy’s proof of the sphericity of the earth and of the 
heavenly motion in Almagest I.3. In his introduction he discusses in general 
terms the role of commentaries, which also took the form of epitomes or cri-
tiques, as perceived by their Islamic authors. Then he goes on to analyse the 
way in which Ptolemy’s treatment was explained and criticised in three works: 
Ibn al-Haytham’s Commentary on the Almagest (c. �������������� �-�Â�E�L�U�� �L�E�Q�� �$�I�O�D�æ� �̂V��
Book of Astronomy or Correction of the Almagest (early twelfth century) and 
�D�O���%�ì�U�,�Q�ì�̂ �V���Y� �I �@�K���0���M�>�M al-Mas�ò�>�C� .

José Bellver carries out a detailed comparison of the different extant versions 
�R�I�� �-�D�E�ì�U�� �L�E�Q�� �$�I�O�D�æ� �̂V��Book of Astronomy, which  was a very important reedition 
of Ptolemy’s  Almagest. He first establishes that the title by which it is gener-
ally known in modern scholarship–�(ṣ�Kā�G. �� �@�K�� �,�@�I�H�Rṭ�H  (Correction of the Alma
gest)–is probably not the original title, since it only appears on the title page of 
a manuscript far removed from the original work. Rather, the original title of 
the work was most likely to be  �*�H�Sā�A �@�K���'�@�X�ña  (Book of Astronomy). He then 
analyses the differences between the four extant Arabic manuscripts in Arabic 
characters, namely two at the Escorial, one in Berlin and one recently discov-
ered in the Parliament Library in Tehran, also taking into account the Latin 
translation by Gerard of Cremona from the late twelfth century, to determine 
the chronological order of the four different recensions and to find that at least 
�W�K�U�H�H�� �R�I�� �W�K�H�P�� �P�R�V�W�� �O�L�N�H�O�\�� �V�W�H�P�� �I�U�R�P�� �-�Â�E�L�U�� �L�E�Q�� �$�I�O�D�æ�� �K�L�P�V�H�O�I��

In the Arabic tradition, several mathematical methods applied to astrology 
are attributed to Ptolemy and Hermes. These methods concern the house sys-
tems (domification), the projection of rays and the progressions. Josep Casul-
leras reviews the various methods attributed to Ptolemy and Hermes and notes 
that these attributions are not justified by the extant works of either Ptolemy 
or Hermes.

It is commonly assumed that the Almagest was hardly read in Europe before 
the time of Peurbach and Regiomontanus. Evidence to the contrary is shown 
by over ten surviving Latin commentaries on the Almagest written between 
c. 1200 and 1450, as well as by glosses present in numerous manuscripts before 
1450. In his contribution, Henry Zepeda offers the first study of glosses found 
in the Latin manuscripts of the Almagest. After an overview based on an inti-
mate knowledge of the Almagest manuscripts, he presents the outstanding case 
of Paris, BnF, lat. 7256, a thirteenth-century manuscript displaying several lay-
ers of glosses, a good deal of which turn out to be by Campanus of Novara.

Carlos Steel examines Henry Bate of Mechelen’s views on three astronomi-
cal/astrological topics concerning the time for which the horoscope of the rev-
olution of the year should be cast (i.e. for the time of the entry of the Sun into 
Aries or for the time of the syzygy preceding it), the incertitude of astronom-
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ical observations and the commensurability of celestial motions. These views 
are found in the preface of, and additions to, Bate’s translation of Abraham 
Ibn Ezra’s Book of the World (completed in 1281), where Bate defends Ptolemy 
against a number of attacks by Abraham Ibn Ezra. The article is accompanied 
by an edition and a translation of Bate’s preface and additions.

With over 200 extant manuscripts, the Centiloquium is by far the most 
popular Ptolemaic work in the Latin tradition. Jean-Patrice Boudet, who is 
preparing a critical edition of the medieval Latin versions on the basis of the 
work left unfinished by the late Richard Lemay, offers here a survey of these 
medieval versions (of which six are identified, all translated from Arabic prob-
ably in the twelfth century) and evaluates their quality by comparing selected 
aphorisms.

Michael Shank explores the vivid controversy that surrounded the study of 
the Almagest between Regiomontanus and George of Trebizond in the second 
half of the fifteenth century. This controversy concerned the whole Almagest, 
of which George of Trebizond had produced a new translation from the Greek 
and an extensive commentary in 1451. Sometime after 1461, Regiomontanus 
embarked on a no less extensive and particularly sharp criticism of George’s 
commentary in his Defensio Theonis contra Trapezuntium, a text that has been 
very little studied. In this article, Shank conducts a detailed analysis of Regi-
omontanus’s discussion of Almagest IX.1 on planetary order and distances, a 
question which had been notoriously problematic — in fact unsolved — since 
Antiquity, in particular as regards the inferior planets (the Sun, Mercury and 
Venus). Some of Regiomontanus’s developments echo Copernicus’s treatment of 
the planetary order.

Copernicus was not the first to launch a frontal assault against Ptolemy’s 
science of the stars. Some fifty years earlier, Pico della Mirandola produced one 
of the most devastating refutations of astrology ever written, which was pub-
lished posthumously in 1496 under the title Disputationes adversus astrologiam 
divinatricem. Darrel Rutkin examines Pico’s multi-faceted use of Ptolemy, 
who features 376 times in the Disputationes, as the author of the Almagest, the 
Tetrabiblos and the Centiloquium, whose authenticity was not doubted by Pico. 
Rutkin shows in particular how Pico rebukes Ptolemy, whom he calls the ‘best 
of the bad ones’ (‘optimus malorum’), and at the same time uses his silence 
regarding a particular doctrine (e.g. the decans) to castigate other astrologers 
who expounded this doctrine, so making Ptolemy his ‘anti-astrological ally’.

Ptolemaic astronomy continued to be pursued after Copernicus and even 
after Kepler well into the seventeenth century. This is perhaps best exhibited 
by Longomontanus (Christian Sørensen Longberg), a former assistant of Tycho 
Brahe in Denmark and in Prague, who became professor of mathematics at 
the University of Copenhagen in 1605 and published in 1622 his Astronomia 
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Danica, a large volume of 550 pages which modern scholarship has called the 
‘Tychonian Almagest’. In this paper, Richard Kremer analyses and reconstructs 
the theory of Mars developed in several steps by Longomontanus. Proceeding 
step by step he shows how Longomontanus respectively solved the problems of 
the first and second anomaly (the latter with a highly original approach), the 
Mars-Sun and Earth-Sun distances, and finally the mean motions, for which 
he made use also of observations from Ptolemy’s Almagest.

The editors



I. The Greek and Near Eastern Traditions





The Ancient Ptolemy

Alexander JONEs

1.  Introduction

Before the medieval Ptolemy — Ptolemaeus Arabus and Ptolemaeus Latinus, 
not to forget Ptolemaeus Byzantinus — was the ancient Ptolemy. Or rather, 
there were ancient Ptolemies, starting with a man who composed a wide range 
of scientific texts and tables in Antonine Roman Egypt, and trailing after him, 
the shadowy Ptolemies who were the images of this author as he was known 
to people of the four remaining centuries of antiquity following his own career. 
For within a few decades of his time, a process of disintegration of Ptolemy’s 
unity had set in, because even his earliest readers, users, and commentators 
were unable to mirror the breadth of his scientific interests or grasp the phil-
osophical and didactic agenda that shaped his approach across his individual 
fields of study; even today, historians tend to specialize according to disciplines 
whose boundaries cut across Ptolemy’s œuvre. My object in the present essay is 
to explore the extent to which we can know the original, in-the-round Ptolemy, 
and to identify some aspects of his thought that become more apparent from 
consideration of the full breadth of his work and that might affect how we 
receive the specifically astronomical and astrological works that constitute the 
core of the ‘Ptolemaeus Arabus et Latinus’ project.

The crucial limitation to our knowledge of the historical Ptolemy is the lack 
of useful information independent of his writings. This should come as no sur-
prise to any student of antiquity, who knows how rare it is that a Greco-Roman 
scientific author whose works survived into the medieval manuscript tradition 
was also a personality traceable in references in literature or in archeologically 
recovered artifacts and documents from his own time. The case of Archime-
des, in which we have on the one hand a corpus of technical mathematical 
treatises preserved through three early minuscule Byzantine codices and on 
the other various anecdotes and legends pertaining to his life, is not really an 
exception, since the biographical reports are only known to us through such 
later writers as Cicero and Plutarch. A  more instructive comparand for Ptol-
emy is his contemporary Galen. The immense Galenic corpus contains enough 
autobiographical material for us to reconstruct a detailed if parti pris life of 
a figure whom Bowersock memorably and accurately describes as a lion of 

Ptolemy’s Science of the Stars in the Middle Ages, ed. by David Juste, Benno van Dalen, Dag Nikolaus Hasse and 
Charles Burnett, PALS 1 (Turnhout, 2020), pp. 11–34
© F  H  G 	 10.1484/M.PALS-EB.5.120172
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Roman society, yet contemporary and near-contemporary allusions to him are 
few and scarcely reflect the stature and strong personality conveyed by Galen’s 
self-references.1 Ptolemy’s virtues walked a narrower round, for second-century 
Alexandria was a provincial intellectual center compared to Galen’s Rome — 
and besides, by the standards of the so-called Second Sophistic movement that 
served as the gaudy public face of Antonine intellectual life, Ptolemy was an 
introvert.2 Perhaps Galen himself came into contact with Ptolemy during his 
youthful sojourn in Alexandria in the mid-150s (around when Ptolemy pub-
lished the Almagest), and perhaps many years later he included Ptolemy in a list 
of important but under-read astronomical authors in his commentary on Airs, 
Waters, Places — though the circumstance that in the extant Arabic trans-
lation of Galen’s commentary he appears as ‘Ptolemy king of Egypt’ invites 
suspicion that his presence here is the result of a medieval interpolation.3 
Otherwise any impact Ptolemy the man had on his contemporaries is invis-
ible to us. Effectively, anything that we can know of him has to come from  
his writings.

2.  Establishing the Ptolemaic corpus

How sure are we what were his writings were? The starting point, of course, is 
the presence of Ptolemy’s name at the header or footer of a text as preserved in 
the extant manuscripts. As we learn from Galen’s On My Own Books, however, 
an author — even of technical literature, for which the market was presumably 
somewhat restricted — could have the disconcerting experience of finding his 
own name attached fraudulently to a bookseller’s wares, to say nothing of false 
attributions from later times. And unlike Galen, Ptolemy left no catalogue of 
his literary production.

If we take the Almagest as par excellence the authentic Ptolemaic text, we can 
say of several others ascribed to Ptolemy that they must either be his or have 
been intentionally falsified so as to appear to be his, since they have either an 
opening address to Syros, the dedicatee of the Almagest, or an explicit back-ref-
erence to the Almagest, or both:

1  Moraux, Galien de Pergame; Bowersock, Greek Sophists, p.  66; Nutton, ‘Galen in the 
Eyes’.

2  It has been vigorously disputed whether Galen qualifies as a figure of the Second So-
phistic, e.g. Bowersock, Greek Sophists, pp.  59–75; Brunt, ‘The Bubble’, esp. pp.  43–46; von 
Staden, ‘Galen’. No one, to my knowledge, has associated Ptolemy with the movement.

3  Toomer, ‘Galen on the Astronomers’, esp. p. 204; Strohmaier, ‘Galen’s Not Uncritical 
Commentary’.
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Work Primary language Address Reference
of preservation to Syros to Almagest

Planetary Hypotheses Greek (parts Arabic) Yes Yes
Arr. and Comp. Handy Tables Greek Yes Yes
Tetrabiblos Greek Yes Yes
Karpos (Centiloquium) Greek/Arabic/Latin Yes No
Geography Greek No Yes
Analemma Latin (parts Greek) Yes No
Planispherium Arabic/Latin Yes Yes

Table 1. Authorship evidence from dedications and cross-references

The remaining texts ascribed to Ptolemy in the manuscripts and that recent 
scholarship has treated as plausible contenders for authenticity despite the 
absence of reference to the Almagest or dedication to Syros are the Phaseis, 
Canobic Inscription, Criterion, Harmonics, and Optics.

On the other hand, there exist many texts that, though ascribed to Ptolemy 
in the manuscripts, it is unlikely anyone would now make a case for as his 
work. In Greek, we have the Karpos of course, though it has been maintained 
that the Greek version is a translation of an Arabic original, and Musica, a 
short text partly adapted from the final cosmic-harmonies section of the Cano-
bic Inscription but otherwise devoted to musical terminology unrelated to Pto-
lemy’s Harmonics.4 Claudii Ptolomei [sic] de Speculis is William of Moerbeke’s 
Latin translation of a short treatise on catoptrics that was certainly present in 
Greek in one of the two lost codices from which William translated several 
works of Archimedes and Eutocius as well as Ptolemy’s (authentic) Analemma; 
the attribution has universally been rejected since the early nineteenth century, 
and modern editions present it either as a work of Heron of Alexandria or as 
anonymous.5 Additionally, numerous manifestly spurious astrological and astro-
nomical texts are extant in Latin or Arabic under Ptolemy’s name, for which 
there is no evidence of Greek originals.6

The foregoing discussion has not touched on the Handy Tables. In fact 
what we now understand to be Ptolemy’s Handy Tables is a modern recon-

4  On the Karpos and the Arabic and Latin traditions of the Centiloquium see Juste, ‘Pseu-
do-Ptolemy, Centiloquium’ and the article by Jean-Patrice Boudet in this volume. Musica is 
edited in von Jan, Musici Scriptores, pp.  411–20, and discussed by Swerdlow, ‘Ptolemy’s Har-
monics’, esp. pp. 176–78.

5  Jones, ‘Pseudo-Ptolemy De Speculis’. The manuscript in which William found the text is 
listed in the 1311 inventory of the papal Greek manuscripts as ‘undecim quaternos… in quibus 
est liber Tholomei de resumptione [i.e. the Analemma], perspectiua ipsius [i.e. the De Speculis], 
perspectiua Euclidis, et quedam figure Arcimenidis [sic]’; thus the ascription to Ptolemy was al-
ready in this manuscript, not a guess of William’s. See Jones, ‘William of Moerbeke’, esp. p. 19.

6  For Arabic pseudepigrapha see Sezgin, Geschichte, vol. VII, pp. 46–47; for Latin, https://
ptolemaeus.badw.de/works/.
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struction obtained as a subset of collections of astronomical tables preserved in 
numerous Byzantine manuscripts, in particular four dating from the ninth and 
tenth centuries, the selection being guided chiefly by Ptolemy’s Arrangement 
and Composition of the Handy Tables and Theon’s two commentaries on the 
Handy Tables.7 Most of the manuscripts in question present the tables anon-
ymously, and the occasional appearance of Ptolemy’s name in association with 
them (which of course would apply on the face of it to all tables in the col-
lection, not just the subset modern scholarship endorses) does not constitute a 
robust ascription.8

Since modern philological methods began to be systematically applied to 
ancient scientific texts, the works in the Ptolemaic canon whose authenticity 
has been the subject of serious discussion include the Tetrabiblos, the Karpos 
(Centiloquium), the Criterion, the Canobic Inscription, and the Optics. Follow-
ing Boll’s 1894 ‘Studien über Claudius Ptolemäus’, in which he argued exten-
sively for the authenticity of the Tetrabiblos and more briefly for the spurious-
ness of the Karpos, the status of those two works has effectively been settled.9 
Concerning the Criterion, however, Boll writes:10

Dass die Schrift nur dem Mathematiker Claudius Ptolemäus gehören kann, bedarf 
keines Beweises: Anschauung und Stil zeigen dies selbst dem flüchtigsten Blick.

But the very fact that he felt the need to make this assertion implies that the 
question of authorship was not entirely straightforward, and in this instance 
Boll’s authority failed to establish a consensus.11 Any doubts about the Canobic 
Inscription vanished following Hamilton’s demonstration that a certain passage 
in the Almagest (4.9) alluding to parts of Ptolemy’s lunar and planetary the-

7  Tihon, ‘Les Tables Faciles’.
8  For manuscripts identifying their contents as ‘Ptolemy’s Handy Tables�ˆ�� ���¡�Ä�¿�»�µ�¼�±�¯�¿�Å��

�À�Á�Ì�Ç�µ�¹�Á�¿�¹�� �º�±�½�Ì�½�µ�Â���� �V�H�H�� �+�H�L�E�H�U�J����Opera astronomica minora, pp. cxc–cciii. None of the earliest 
copies has such a heading, and in those that do, it is likely to be a Byzantine scholar’s conjec-
ture.

9  Boll, ‘Studien’, pp. 111–80 (Tetrabiblos) and 180–81 (Karpos).
10  Boll, ‘Studien’, p. 77.
11  Rose, De Aristotelis librorum, p.  45 had already baldly denied Ptolemy’s authorship of 

the Criterion (‘ad astronomum certe cui adscribit editor [scil. Boulliau] nihil pertinentem’). 
More recent dissenters include Toomer, ‘Ptolemy’, esp. p. 201 (‘There is nothing in its contents 
conflicting with Ptolemy’s general philosophical position, but the style bears little resemblance 
to his other works; and the ascription, while generally accepted, seems dubious’.); Taub, Ptole-
my’s Universe, p. 9 (‘a work whose attribution to Ptolemy has been questioned’); and Swerdlow, 
‘Ptolemy’s Harmonics’, pp. 179–80 (‘Concerning the short work on epistemology attributed to 
Ptolemy, On the Criterion, I have nothing to say except to doubt its authenticity, or at least its 
pertinence to the subjects considered here… It contains not a single reference to the subjects 
of Ptolemy’s other works, all in the mathematical sciences, and parallels that have been drawn 
with the Harmonics seem to me vague.’).
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ories that he had revised refer in fact to the parameters in the inscription.12 
Though the Optics has been regarded as authentic by most scholars from the 
nineteenth century to the present, Rome expressed doubts while more recently 
Knorr contended that the ascription to Ptolemy was sufficiently insecure that 
it would be preferable to take as a working hypothesis that it was by a different 
author.13

Arguments for or against the authenticity of writings attributed to Ptolemy 
have rested chiefly on three types of evidence: comparison of thought with 
other works accepted to be Ptolemy’s, comparison of style, and testimony of 
later authors. Boll’s discussion of the Tetrabiblos applies all three, and the abun-
dance and (in large part) the quality of the arguments render his case for Ptole-
my’s authorship thoroughly persuasive. The Criterion’s authorship is supported 
by no ancient testimony beyond the attribution in the work’s manuscript tradi-
tion, and Boll backs up his assertion, quoted above, that Ptolemy’s authorship 
is obvious merely by referring to arguments offered by Boulliau in his 1644 
editio princeps, which are in reality not particularly impressive. The Optics is 
transmitted minus its entire first book, the conclusion of the fifth, and perhaps 
further books if there were any, and only in an intermittently incoherent Latin 
translation of an Arabic translation, such that most stylistic traits of the orig-
inal Greek text can scarcely be discerned. The testimonia do not correspond 
to any passages in the extant work, leaving the question open whether they 
refer to material in the lost Book 1 or to another work entirely. Arguments 
regarding the Optics’s authorship have thus operated primarily at the level of 
thought, which is the most subjective of the criteria, especially considering that 
the subject matter of the Optics has little overlap with the accepted writings of 
Ptolemy.

Stylistic arguments that are adduced in favor of the common authorship of 
two or more texts often depend on similarities in vocabulary and idiom, and 
care must be taken to ensure that the presence of such shared expressions is 
truly significant. Boll’s long list of stylistic features shared by the Tetrabiblos 
and by Ptolemy’s acknowledged works includes some that are indeed specially 
characteristic of Ptolemy as well as others that are not. An example of the lat-
�W�H�U�� �L�V�� �W�K�H�� �T�X�D�O�L�I�\�L�Q�J�� �S�K�U�D�V�H�� �¿�â�� �Ä���� �Ä�Å�Ç�Ì�½�� ���L�Q�� �Z�K�D�W�H�Y�H�U�� �J�H�Q�G�H�U�� �D�Q�G�� �F�D�V�H�� �L�V�� �D�S�S�U�R-
priate), meaning ‘not just any,’ or effectively ‘significant’; Ptolemy is fond of it, 

12  Hamilton et al., ‘The Canobic Inscription’.
13  Rome, ‘Notes sur les passages’, esp. p.  36; Knorr, ‘Archimedes’, esp. pp.  96–104. (Knorr 

offers as a potential alternative author Ptolemy’s approximate contemporary, the peripatetic So-
sigenes.) Ptolemy’s authorship of the Optics had previously been put in question by Caussin de 
Perceval, ‘Mémoire sur l’Optique’, esp. pp. 26–29. See also now Siebert, Die ptolemäische Optik 
for an extended argument that the Optics is a work from late antiquity.
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but it turns up about as frequently in several other authors, including Athe-
naeus, Galen, and Lucian.

The availability of a near-comprehensive searchable corpus of ancient Greek 
texts preserved through the medieval manuscript tradition, the Thesaurus Lin-
guae Graecae (TLG), has made it possible to identify an unexpected trait of 
Ptolemy’s writing that allows a secure test of his authorship applicable to all 
the texts preserved in Greek that are attributed to him and that include a sig-
nificant quantity of prose, that is, everything but the Canobic Inscription and 
the Handy Tables. Ptolemy’s style is, by the standards of his time, not florid, 
but it is not exactly plain either. In particular, certain words and phrases that 
he used across multiple works — not specialized technical expressions con-
nected with his subject matter — turn out to be otherwise so rare that, in the 
TLG corpus, they occur in no other author before the fourth century, or in 
extremely few, and these are often authors who wrote under the strong influ-
ence of Ptolemy’s writings.

Consider for example the opening sentence of Almagest Book 2, a typical 
example of the transitional passages in which Ptolemy sums up retrospectively 
the contents of the preceding part of a work before announcing the topic to 
follow:

�´�¹�µ�¾�µ�»�¸�Ì�½�Ä�µ�Â���ª�½���Ä�{�� �À�Á�Î�Ä�x�� �Ä�P�Â���Ã�Å�½�Ä�¬�¾�µ�É�Â���Ä�¬���Ä�µ�� �À�µ�Á���� �Ä�P�Â���Ä�z�½���Û�»�É�½���Ã�Ç�­�Ã�µ�É�Â���º�±�Ä�þ��
�Ä���� �º�µ�Æ�±�»�±�¹�z�´�µ�Â�� �Ö�Æ�µ�¯�»�¿�½�Ä�±�� �À�Á�¿�»�·�Æ�¸�P�½�±�¹���� �º�±���� �Û�Ã�±�� �ž�½�� �Ä�¹�Â�� �Ä�z�½�� �ª�À�J�� �Ö�Á�¸�P�Â�� �Ä�P�Â�� �Ã�Æ�±�¯-
�Á�±�Â�� �Ç�Á�®�Ã�¹�¼�±�� �À�Á���Â�� �Ä���½�� �Ä�z�½�� �ã�À�¿�º�µ�¹�¼�­�½�É�½�� �¸�µ�É�Á�¯�±�½�� �·�³�®�Ã�±�¹�Ä�¿���� �À�µ�¹�Á�±�Ã�Ì�¼�µ�¸�±�� �º�±�Ä�þ�� 
�Ä���� �«�¾�P�Â�’
Having in the first [book] of the composition gone through in summary manner the 
matters concerning the arrangement of the universe that ought to be assumed before-
hand, and all the matters in the sphaera recta situation that one would suppose to be 
useful for the investigation of the subject at hand, we shall next try…

�7�K�H�� �S�K�U�D�V�H�� �º�±�Ä�þ�� �Ä���� �º�µ�Æ�±�»�±�¹�z�´�µ�Â���� �K�H�U�H�� �W�U�D�Q�V�O�D�W�H�G�� �‡�L�Q�� �V�X�P�P�D�U�\�� �P�D�Q�Q�H�U� �̂��� �W�X�U�Q�V��
up also in the Tetrabiblos in the retrospective part of four transitional passages 
(1.3.20, 2.4.1, 2.14.12, 3.14.9) as well as in one passage (3.4.4) that lists a series 
of ensuing topics unprefaced by a retrospection. For example, the transition in 
2.4.1 is as follows:

�±�Ç�� �¼���½�� �¿�è�½�� �Ã�Å�½�¿�¹�º�µ�¹�Î�Ã�µ�¹�Â�� �Ä�z�½�� �Ä�µ�� �š�Ã�Ä�­�Á�É�½�� �º�±���� �Ä�z�½�� �´�É�´�µ�º�±�Ä�·�¼�¿�Á�¯�É�½�� �À�Á���Â�� �Ä�þ�� �º�±�Ä�þ��
�¼�­�Á�¿�Â�� �®�¸�½�·�� �º�±���� �Ä�þ�� �ï�Â�� �ª�À�¯�À�±�½�� �±�â�Ä�z�½�� �Æ�´�¹�Î�¼�±�Ä�±�� �º�±�Ä�þ�� �Ä���� �º�µ�Æ�±�»�±�¹�z�´�µ�Â�� �Ä�¿�m�Ä�¿�½�� �·�¼�^�½��
�ã�À�¿�Ä�µ�Ä�Å�À�Î�Ã�¸�É�Ã�±�½�� �Ä���½�� �Ä�Á�Ì�À�¿�½���� �ª�º�¸�·�Ã�Ì�¼�µ�¸�±�� �´���� �º�±���’
Let the shared affinities of the stars [i.e. the Sun, Moon, and planets] and the zodi-
acal signs with respect to the individual peoples and their overall characteristics 
have been sketched by us in summary manner in this way. We shall also set out…

In the Criterion it occurs in the prospective part of a transitional passage (15.1):
�Ä�¿�Í�Ä�É�½�� �´���� �¿�ç�Ä�É�Â�� �ª�Æ�É�´�µ�Å�¼�­�½�É�½���� �Û�Ä�¹�� �¼���½�� �·�³�µ�¼�¿�½�¹�º���½�� �³�¯�½�µ�Ä�±�¹�� �Ä�¿�m�� �Ã�Î�¼�±�Ä�¿�Â���� �ª�½�� �3�� �Ä����
�·�³�µ�¼�¿�½�¹�º���½�� �Ä�P�Â�� �È�Å�Ç�P�Â���� �¿�â�´���� �µ�Í�Â�� �œ�½�� �š�À�¿�Á�­�Ã�µ�¹�µ�½���� �µ�Æ�� �´�J�� �±�â�Ä���� �Ä���� �·�³�µ�¼�¿�½�¹�º���½�� �¿�ç�Ä�É�Â��
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�›�À�»�z�Â�� �»�·�À�Ä�­�¿�½�� �º�±���� �¿�â�Ç�� �ï�Â�� �Ä�z�½�� �À�Á�Ì�Â�� �Ä�¹�� �Ú�½���� �ï�´�¯�� �À�É�Â�� �º�±�Ä�þ�� �Ä���� �º�µ�Æ�±�»�±�¹�z�´�µ�Â�� �´�¹�¿�Á�¹-
�Ã�Ä�­�¿�½��
Now that these things have been treated methodically, no one would have difficulty 
with the fact that there is a hêgemonikon of the body, in which is the hêgemonikon 
of the soul, but if this very hêgemonikon is to be taken thus absolutely and not as 
relative to something, one ought to draw distinctions in a summary manner in some-
thing like the following way.

What makes this instance of the phrase in the Criterion significant is the fact 
that, outside of the Almagest and Tetrabiblos, it is only attested in authors 
later than Ptolemy who were heavily influenced by him. In the TLG corpus it 
occurs only in two passages of the astrologer Hephaestion of Thebes (1.20  = 
Epitome IV 15, and 1.25) which respectively are close paraphrases of the pas-
sages from Tetrabiblos 2.4 and 2.14 cited above, and in section 6 of the anony-
mous ‘Geographiae expositio compendiaria’ (Müller, Geographi Graeci Minores 
2.494–509), an opuscule of uncertain but definitely late date for which Ptole-
my’s Geography was a major source.14

The transitional passage from Tetrabiblos 2.4 quoted above also contains the 
�S�H�U�I�H�F�W�� �S�D�V�V�L�Y�H�� �L�P�S�H�U�D�W�L�Y�H�� �Y�H�U�E�� �ã�À�¿�Ä�µ�Ä�Å�À�Î�Ã�¸�É�Ã�±�½���� �I�R�O�O�R�Z�L�Q�J�� �W�K�H�� �P�D�Q�X�V�F�U�L�S�W��
�U�H�D�G�L�Q�J�� �D�G�R�S�W�H�G�� �E�\�� �+�½�E�Q�H�U�� �D�Q�G�� �E�\�� �5�R�E�E�L�Q�V���� �R�U�� �ã�À�¿�Ä�µ�Ä�Å�À�Î�Ã�¸�É�� �I�R�O�O�R�Z�L�Q�J�� �W�K�H��
reading preferred by Boll and Boer (either form is grammatically admissible). 
�7�K�L�V�� �S�H�U�I�H�F�W�� �S�D�V�V�L�Y�H�� �L�P�S�H�U�D�W�L�Y�H�� �R�I�� �ã�À�¿�Ä�Å�À�Ì�É�� �W�X�U�Q�V�� �R�X�W�� �W�R�� �E�H�� �D�Q�R�W�K�H�U�� �V�S�H�F�L�D�O��
word for Ptolemy, occurring in the recapitulative parts of transitional passages 
in the Tetrabiblos (2.4 as already mentioned), the Harmonics (1.4, 2.3, 2.11, 
and 3.4), and the Geography (1.2.1, 1.18.1, and 2.1.1). And once again, there is 
an occurrence in the Criterion (3.3):

�ª�º�� �À�Ì�Ã�É�½�� �¼���½�� �¿�è�½�� �º�±���� �¿�Ë�É�½�� �º�±���� �Ä�¯�½�±�� �Ä�Á�Ì�À�¿�½�� �Ã�Å�½�­�Ã�Ä�·�º�µ�½�� �Ä���� �º�Á�¹�Ä�®�Á�¹�¿�½�� �ã�À�¿�Ä�µ�Ä�Å�À�Î-
�Ã�¸�É�� �´�¹�þ�� �Ä�z�½�� �ª�Æ�É�´�µ�Å�¼�­�½�É�½���� �ª�À�µ���� �´���’
Let [the questions] out of how many and what sort of things and in what manner 
the criterion is composed have been sketched by means of the things that have been 
treated methodically. But since…

The only other occurrence in a text from antiquity in the TLG corpus is in 
Hephaestion’s paraphrase (1.20) of Tetrabiblos 2.4.15

These are just two of many words and phrases that turn up in more than 
one work attributed to Ptolemy but hardly anywhere else — in some cases 

14 �$�O�W�K�R�X�J�K�� �W�K�H�� �S�K�U�D�V�H�� �º�±�Ä�þ�� �Ä���� �º�µ�Æ�±�»�±�¹�z�´�µ�Â�� �G�R�H�V�� �Q�R�W�� �R�F�F�X�U�� �L�Q�� �W�K�H��Geography, Ptolemy’s 
prose description of the known world and its principal features in Geography 7.4 is character-
�L�]�H�G�� �L�Q�� �W�K�H�� �F�K�D�S�W�H�U�� �W�L�W�O�H�� �D�V�� �Z�H�O�O�� �D�V�� �D�W�� �W�K�H�� �H�Q�G�� �R�I�� �W�K�H�� �S�U�H�F�H�G�L�Q�J�� �F�K�D�S�W�H�U�� �D�V�� �D�� �ã�À�¿�³�Á�±�Æ���� �º�µ�Æ�±�»�±�¹-
�Î�´�·�Â���� �‡�V�X�P�P�D�U�\�� �F�D�S�W�L�R�Q� �̂��� �W�K�L�V�� �P�L�J�K�W�� �K�D�Y�H�� �W�U�L�J�J�H�U�H�G�� �D�� �P�H�P�R�U�\�� �R�I�� �D�Q�� �H�[�S�U�H�V�V�L�R�Q�� �H�Q�F�R�X�Q�W�H�U�H�G�� �L�Q��
other works of Ptolemy’s.

15  There is an instance in the astrological dialogue Hermippus (ed. Kroll and Viereck, p. 57 
line 23), a work of disputed authorship but definitely of Byzantine date.
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nowhere — in texts written up to the end of the fourth century of our era. 
Table 2 summarizes the patterns of occurrence of fourteen such verbal finger-
prints (see the detailed discussion in the appendix to this paper). Every work of 
continuous prose surviving even partially in Greek in the accepted Ptolemaic 
corpus (i.e. excluding the Handy Tables and the Canobic Inscription) is linked 
by at least one shared expression to at least two other works. As one might 
expect, the Almagest has the largest number of shared expressions — eight 
of the fourteen — while the Tetrabiblos has seven; but the Criterion also has 
seven, making it in this peculiar sense one of the most characteristic works in 
the Ptolemaic corpus! This is the more remarkable, because the Almagest runs 
to more than 1150 Teubner pages, and the Criterion to just 23.

Either the Criterion is indeed by Ptolemy, then, or it was composed by some-
one after Ptolemy using a vocabulary that was strongly influenced, consciously 
or unconsciously, by Ptolemy’s. It is not a work to which Ptolemy’s name was 
accidentally attached, say, merely because it came after genuine works of Ptol-
emy in a manuscript or because it was written by a different Ptolemy. But the 
same apparent remoteness of its subject matter from that of Ptolemy’s ‘scientific’ 
treatises that has led many to doubt its authenticity argues against its being a 
deliberate forgery or a mistaken ascription of an imitator’s composition to the 
master. The Criterion is thus validated as an authentic work of Ptolemy’s, and 
the features of it — such as its very subject matter — that have given rise to 
doubts about its authorship actually broaden our understanding of Ptolemy’s 
system of thought and perhaps also its development.

The verbal fingerprint test is obviously inapplicable to works that come 
down to us only in languages other than Greek. In the case of two of the 
astronomical texts ascribed to Ptolemy, the Planetary Hypotheses and the Ana-
lemma, Greek text whose authenticity is confirmed by verbal fingerprints sur-
vives for less than half of each work as represented respectively in Arabic and 
in Latin. The Analemma’s Greek remnants reach us through palimpsest leaves 
(sixth century?) in the manuscript Ambrosianus L99sup that correspond to 
roughly the middle third of the ostensibly complete text in William of Moer-
beke’s translation; the parts not covered by the palimpsest were obviously pres-
ent in the lost Greek manuscript used by William, and there is no reason to 
suspect that they are inauthentic.16 The Greek Planetary Hypotheses, on the 
other hand, is roughly the first half of Book 1 as we know it from the Arabic, 
breaking off in mid-sentence, which suggests descent from a mutilated exem-

16  William’s autograph translation of the Analemma in Ottob. lat. 1850 cuts off abruptly at 
the bottom of the last page of a quire, with the first of what the text leads the reader to expect 
will be a set of tables, and, unlike the other translations in the manuscript, this one lacks a 
subscription giving the work’s title and the date of the translation’s completion. There may 
thus have been a continuation for which we have neither Greek nor Latin.
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plar; and there are changes of subject matter soon after this point as well as  
between Books 1 and 2 such that no one having just the part existing in Greek 
would have been able to predict how Ptolemy was going to continue through 
the rest of the work. But testimonia in Proclus and Simplicius correspond 
to passages in both Books 1 and 2 that survive only in Arabic, confirming 
their authenticity (or at a minimum, that these passages existed in Greek in 
late antiquity).17 The Planispherium seems to be adequately accredited by its 
references to the Almagest and dedication to Syros and by the consistency of 
its subject matter and mathematical methods with the authenticated astro-
nomical writings, notwithstanding that the only testimonium for it in Greek 
is its apparent listing in the Suda�� ���V���Y���� �¡�Ä�¿�»�µ�¼�±�^�¿�Â�� �×�� �›�»�±�Í�´�¹�¿�Â�� �Ç�Á�·�¼�±�Ä�¯�Ã�±�Â����
�E�\�� �W�K�H�� �W�L�W�O�H�� �Ÿ�À�»�É�Ã�¹�Â�� �ª�À�¹�Æ�±�½�µ�¯�±�Â�� �Ã�Æ�±�¯�Á�±�Â���� �‡�I�O�D�W�W�H�Q�L�Q�J�� �R�I�� �D�� �V�X�U�I�D�F�H�� �R�I�� �D�� �V�S�K�H�U�H� �̂�

The Optics confronts us with the least satisfactory evidence for its author-
ship among all the texts whose ascriptions to Ptolemy are not patently spurious. 
We have testimonia from Simplicius and Damianus in late antiquity and from 
Symeon Seth in the eleventh century to the existence in Greek of an Optics 
ascribed to Ptolemy, but they do not correspond to passages in the extant, 
mutilated Latin Optics. The Simplicius passage (In Arist. de Caelo, ed. Heiberg, 
Simplicius, p.  20) cites both Ptolemy’s Optics and another work of Ptolemy’s 
�‡�R�Q�� �W�K�H�� �H�O�H�P�H�Q�W�V�ˆ�� ���ª�½�� �Ä�{�� �À�µ�Á���� �Ä�z�½�� �Ã�Ä�¿�¹�Ç�µ�¯�É�½�� �²�¹�²�»�¯�x���� �I�R�U�� �D�� �Q�R�Q���$�U�L�V�W�R�W�H�O�L�D�Q��
principle that the elements — apparently including both the four ‘mundane’ 
elements and the fifth etherial one — have a natural rectilinear motion only 
when they are outside their natural places; the fact that this principle is also 
found in Planetary Hypotheses Book 2 strengthens the case that the Optics that 
Simplicius knew was indeed by Ptolemy.18 Arguments for the authenticity of 
the extant Optics, however, rest largely on a general sense that it exhibits an 
intellectual level, engagement with contemporary philosophical concerns, and 
empirical approach worthy of Ptolemy. Moreover, the extended mathematical 
discussion of the effect of refraction on observed positions of heavenly bodies 
in Optics 5.23–30 ties one aspect of the treatise’s subject to Ptolemy’s astro-
nomical interests. A still stronger indication that the author was an astrono-

17  The end of the authentic Greek text as given, e.g., in Vat. gr. 1594 is at Heiberg, Opera 
astronomica minora���� �S�� ���������� �O�L�Q�H�� ������ �D�I�W�H�U�� �‡�Æ�Ã�¿�Ä�±�Ç�z�Â�ˆ�� �L�Q�� �W�K�H�� �P�L�G�G�O�H�� �R�I�� �W�K�H�� �G�H�V�F�U�L�S�W�L�R�Q�� �R�I�� �W�K�H��
model for Saturn; the continuation in some manuscripts, which Heiberg retains in his edition, 
is a mechanical duplication of the preceding description of Jupiter’s model with the numerical 
parameters replaced by blank spaces. Proclus, In Timaeum 258a summarizes material from the 
later part of Planetary Hypotheses Book 1, whereas Simplicius, In Arist. de Caelo (ed. Heiberg, 
p. 456) paraphrases a passage in Book 2.

18  cf.  Nix’s translation in Heiberg, Opera astronomica minora, pp.  112–13. However, since 
Simplicius also cites the peripatetic Xenarchus and Plotinus in the same context, one cannot 
maintain that this principle of the rectilinear motion of displaced elements was exclusive to 
Ptolemy.
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mer is that the circular bronze plaque used for the measurements of angles of 
reflection and refraction in 3.8 and 5.8 is to be inscribed with a division of 
the circle into degrees, since this appears to be one of only two known ancient 
instances of use of degrees as a measure of arcs or angles outside of astronomy, 
astrology, and geography.19 Though one might wish for something in the Optics 
that marks it specifically as Ptolemy’s work, this is barely enough, I believe, to 
make the transmitted attribution to him convincing.

3.  Lost works

It is impossible to be certain how much of Ptolemy’s literary production is lost, 
but from the indications that we have, it is likely to have been significantly 
less than what survives. Leaving aside the portions known to be missing from 
extant works — the first book and the conclusion of the fifth of the Optics, 
the last three chapters of Harmonics Book 3, and the promised tables at the 
ends of the Analemma and Planetary Hypotheses — the only non-extant text 
explicitly mentioned in any of the surviving ones is the ‘dedicated treatise on 
�W�K�L�V�� �V�X�E�M�H�F�W�ˆ�� ���·�� �º�±�Ä�J�� �Ê�´�¹�±�� �Ã�Í�½�Ä�±�¾�¹�Â�� �Ä�P�Ã�´�µ�� �Ä�P�Â�� �À�Á�±�³�¼�±�Ä�µ�¯�±�Â���� �F�L�W�H�G�� �D�W�� �W�K�H�� �R�S�H�Q-
ing of the Phaseis, in which Ptolemy states that he provided a full mathemati-
cal treatment of the conditions determining the dates of first and last morning 
and evening risings of the fixed stars.20 Since the Suda lists among Ptolemy’s 
�Z�R�U�N�V�� �‡�W�Z�R�� �E�R�R�N�V�� �R�Q�� �S�K�D�V�H�V�� �D�Q�G�� �Z�H�D�W�K�H�U���V�L�J�Q�V�� �R�I�� �I�L�[�H�G�� �V�W�D�U�V�ˆ�� ���À�µ�Á���� �Æ�¬�Ã�µ�É�½�� 
�º�±���� �ª�À�¹�Ã�·�¼�±�Ã�¹�z�½�� �š�Ã�Ä�­�Á�É�½�� �š�À�»�±�½�z�½�� �²�¹�²�»�¯�±���²), whereas the extant Phaseis 
���W�U�D�Q�V�P�L�W�W�H�G�� �X�Q�G�H�U�� �D�� �V�O�L�J�K�W�O�\�� �G�L�I�I�H�U�H�Q�W�� �W�L�W�O�H���� �Æ�¬�Ã�µ�¹�Â�� �š�À�»�±�½�z�½�� �š�Ã�Ä�­�Á�É�½�� �º�±����
�Ã�Å�½�±�³�É�³���� �ª�À�¹�Ã�·�¼�±�Ã�¹�z�½���� �L�V�� �L�Q�� �M�X�V�W�� �R�Q�H�� �E�R�R�N���� �L�W�� �L�V�� �J�H�Q�H�U�D�O�O�\�� �D�V�V�X�P�H�G�� �W�K�D�W�� �Z�K�D�W��
we have is Book 2 of a work, the lost Book 1 of which is summarized in its 
opening sentence, but Ptolemy’s wording does not seem to fit a back-reference 
to a previous part of the same treatise.

A scholion in some manuscripts of the Almagest cites a work by Ptolemy ‘on 
paradoxical phases of Venus’.21 The ‘paradoxical’ phenomena in question clearly 
consist of Venus’s highly variable intervals of invisibility, in particular around 
inferior conjunction, which are a topic dealt with in Almagest 13.8.22 The scho-

19  The other instance is a circular plate graduated in degrees, which forms part of a set 
of surveyor’s instruments of unknown provenance and dating from late antiquity; see Turner, 
Mathematical Instruments, pp. 10–11 and fig. 12d.

20 �2�F�F�D�V�L�R�Q�D�O�O�\�� �3�W�R�O�H�P�\�� �H�P�S�O�R�\�V�� �À�Á�±�³�¼�±�Ä�µ�¯�±�� �L�Q�� �W�K�H�� �V�H�Q�V�H�� �R�I�� �‡�W�U�H�D�W�L�V�H�ˆ�� ���H���J����Almagest 13.11), 
�E�X�W�� �L�W�� �F�D�Q�� �K�D�U�G�O�\�� �K�D�Y�H�� �W�K�L�V�� �P�H�D�Q�L�Q�J�� �K�H�U�H�� �V�L�Q�F�H�� �Ã�Í�½�Ä�±�¾�¹�Â�� �D�O�U�H�D�G�\�� �G�H�V�L�J�Q�D�W�H�V�� �D�� �F�R�P�S�R�V�L�W�L�R�Q�� �L�Q��
its own right.

21  Jones, ‘A Posy’, esp. pp. 75–77.
22  The qualification ‘paradoxical’ does not appear in the Almagest, but is applied by Pro-

clus, Hypotyposis 1.17–22 and 7.9–18 to these phenomena and certain visibility phenomena of 
Mercury also treated in Almagest 13.8. Proclus may be making reference to the separate work 
cited in the scholion as well as to the Almagest.
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lion is not referring to Almagest 13.8, however, since it states that the work 
in question contained an explanation of positional terminology in Babylonian 
planetary observation reports, which is in fact not to be found anywhere in 
the Almagest. Like the lost work on stellar visibility, this seems to have been 
Ptolemy’s in-depth handling of a subject that he treated more cursorily in  
the Almagest.

In his commentary on the Almagest, Pappus supplements his discussion of 
the armillary astrolabe whose construction Ptolemy sets out in Almagest 5.1 
with information about a more complex version of the instrument, with nine 
rings instead of seven, derived from another work of Ptolemy’s that Pappus des-
ignates as ‘the constructed instrument that is called meteoroskopeion�ˆ�� ���ª�½�� �´���� �Ä�{��
�´�¹�±�º�±�Ä�±�Ã�º�µ�Å�±�Ã�¼�­�½�x�� �Ö�Á�³�¬�½�x�� �Ø�� �º�±�»�µ�^�Ä�±�¹�� �¼�µ�Ä�µ�É�Á�¿�Ã�º�¿�À�µ�^�¿�½����23 References to 
the meteoroskopeion also appear in Ptolemy’s Geography 1.3 and Proclus, Hypo-
typosis 6, though without citation of a specific lost writing.24

If the foregoing trio of lost astronomical writings could be classified under 
the heading, ‘more of the same,’ others that receive mostly glancing references 
in later authors hint at facets of Ptolemy’s intellectual activity that the extant 
works represent poorly if at all, especially concerning physics (in the ancient 
sense). The very first work of Ptolemy’s listed in his Suda article is Mechan-
ics�� ���•�·�Ç�±�½�¹�º�¬���� �L�Q�� �W�K�U�H�H�� �E�R�R�N�V���� �:�H�� �N�Q�R�Z�� �Q�R�W�K�L�Q�J�� �D�E�R�X�W�� �L�W�V�� �F�R�Q�W�H�Q�W�V�� �E�H�\�R�Q�G��
the implication of its title that it concerned manmade devices and machines, 
but, presuming it was authentic, it would have counted among Ptolemy’s major 
compositions, and one would imagine that it took at least as theoretical an 
approach as Heron’s Mechanics (which interestingly was also in three books). 
Works On the Elements�� ���À�µ�Á���� �Ä�z�½�� �Ã�Ä�¿�¹�Ç�µ�¯�É�½���� �D�Q�G��On Weights�� ���À�µ�Á���� �l�¿�À�z�½����
— or could they be a single work designated by two different descriptive quasi- 
titles? — are cited by Simplicius, In Arist. De Caelo (ed. Heiberg, pp.  20 and 
710 for discussions of the behavior of mundane material bodies in and out of 
their natural places, while Eutocius, In Archim. De Planorum Equil. (ed. Hei-
berg, p. 306) attributes to Ptolemy’s On Weights a definition of weight.

Simplicius, In Arist. De Caelo (ed. Heiberg, p.  9) also refers to a work in a 
�V�L�Q�J�O�H�� �E�R�R�N�� ���¼�¿�½�Ì�²�¹�²�»�¿�Â���� �F�D�O�O�H�G��On Dimension�� ���À�µ�Á���� �´�¹�±�Ã�Ä�¬�Ã�µ�É�Â������ �L�Q�� �Z�K�L�F�K��
Ptolemy presented the same argument as appears in the Analemma that there 
can be only three orthogonal dimensions. Lastly, we have no title for the text 
���‡�L�Q�� �V�R�P�H�� �E�R�R�N� �̂��� �®�½�� �Ä�¹�½�¹�� �²�¹�²�»�¯�x���� �L�Q�� �Z�K�L�F�K���� �D�F�F�R�U�G�L�Q�J�� �W�R�� �3�U�R�F�O�X�V����In Eucl. Ele-
menta�� ���H�G���� �)�U�L�H�G�O�H�L�Q���� �S�S�� �������� �D�Q�G�� �������…�������� �D�Q�G�� �D�O���1�D�\�U�ì�]�ì� �̂V�� �F�R�P�P�H�Q�W�D�U�\�� �R�Q�� �W�K�H��
Elements (ed. Besthorn & Heiberg, p.  118; ed. Curtze, pp.  65–66), Ptolemy 

23 �7�K�H�� �Y�H�U�E�� �´�¹�±�º�±�Ä�±�Ã�º�µ�Í�É�� �L�V�� �D�� �K�D�S�D�[�� �O�H�J�R�P�H�Q�R�Q���� �D�Q�G�� �S�H�U�K�D�S�V�� �W�K�H�� �S�D�V�V�D�J�H�� �L�V�� �F�R�U�U�X�S�W���� �E�X�W��
Pappus clearly has a text attributed to Ptolemy since he follows the phrase quoted above with 
�‡�K�H�� �V�D�\�V�ˆ�� ���»�­�³�µ�¹����

24  Rome, ‘L’Astrolabe’.
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attempted a proof of Euclid’s fifth postulate and applied this result to variant 
proofs of several propositions in Elements Book 1.

4.  Chronology of the works

Knowing the order in which Ptolemy wrote his works might cast some light 
on the development of his thought. The cross references to the Almagest in 
the majority of his surviving astronomical writings as well as in the Tetra-
biblos and Geography suffice to show that all these works were completed, if 
not entirely written, after the Almagest. This must also be true of the Phaseis 
and the lost book on the mathematical theory of stellar visibility phenomena 
summarized in the Phaseis’s introduction, since in Almagest 8.6 Ptolemy writes 
of stellar visibility theory as a complex and uncertain undertaking that he has 
�F�K�R�V�H�Q�� �W�R�� �G�L�V�S�H�Q�V�H�� �Z�L�W�K�� �‡�I�R�U�� �W�K�H�� �W�L�P�H�� �E�H�L�Q�J�ˆ�� ���ª�À���� �Ä�¿�m�� �À�±�Á�Ì�½�Ä�¿�Â������ �7�K�H��Alma-
gest in turn cites astronomical observations that Ptolemy asserts that he made 
over a span of years from 127 through 141, and even if some of these are not 
genuine and untampered observations, one can safely presume that he would 
not have claimed to make an observation at a date manifestly before he was 
capable of doing so. Moreover, the allusion in Almagest 4.9 to repudiated ear-
lier astronomical parameters that can be identified in the Canobic Inscription 
establishes that the treatise was not completed in the form we have it before 
the explicit date of the inscription’s erection, the tenth regnal year (according 
to the Egyptian calendar) of Antoninus Pius, or AD 146–147. Hence almost all 
Ptolemy’s other works on astronomical, astrological, and cartographical subjects 
are known to have been finished in the period after the Almagest, whereas only 
the Canobic Inscription, which is not a writing in the normal sense, can be 
dated with certainty to the twenty-year interval of Ptolemy’s career preceding 
the Almagest’s completion.

Certain developments in Ptolemy’s geographical knowledge and astronom-
ical theories make it possible to obtain a plausible sequence for some of the 
post-Almagest works. In Almagest 2.6, Ptolemy asserts that the regions around 
�W�K�H�� �(�D�U�W�K� �̂V�� �H�T�X�D�W�R�U�� �D�U�H�� �‡�X�Q�W�U�R�G�G�H�Q�ˆ�� ���ž�Ä�Á�¹�À�Ä�¿�¹���� �E�\�� �S�H�R�S�O�H�� �I�U�R�P�� �K�L�V�� �S�D�U�W�� �R�I�� �W�K�H��
�Z�R�U�O�G�� ���·�� �º�±�¸�J�� �·�¼�þ�Â�� �¿�Æ�º�¿�Å�¼�­�½�·���� �V�R�� �W�K�D�W�� �R�Q�H�� �F�D�Q�� �R�Q�O�\�� �J�X�H�V�V�� �Z�K�D�W�� �W�K�H�� �F�O�L�P�D�W�H��
there is like. The astrological geography and ethnography of Tetrabiblos 2.2 
likewise extends southward only as far as the equator. In the Geography, how-
ever, Ptolemy has learned (from the writings of Marinus of Tyre) of peoples 
and places located, so he believes, as far south as 16 5/12° south of the equa-
tor. Now the core of the Geography is a list of several thousand localities with 
their coordinates in longitude and latitude, grouped by ‘provinces and satra-
pies’ and ordered appropriately to provide the basis for systematically drawing 
a map of the known part of the world; a few hundred of these are singled 
o�X�W���D�V�� �‡�Q�R�W�H�Z�R�U�W�K�\�� �F�L�W�L�H�V�ˆ�� ���À�Ì�»�µ�¹�Â�� �ª�À�¯�Ã�·�¼�¿�¹������ �7�K�H�� �W�D�E�O�H�� �R�I�� �1�R�W�H�Z�R�U�W�K�\�� �&�L�W�L�H�V�� �L�Q��
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the Handy Tables turns out to comprise this same subset from the Geography, 
listed in the same order which had been determined by practical convenience 
for drawing the map. Turning now to astronomical considerations, the models 
and parameters built into the Handy Tables and presented in the Planetary 
Hypotheses occasionally differ from those of the Almagest and each other. In 
particular, the distinct models for the planets’ motions in latitude in the three 
works make best sense as resulting from a process of simplification in which 
the Planetary Hypotheses represents the final stage.25

The concluding section of the Canobic Inscription associates the heavenly 
bodies and the mundane elements one-to-one (or in a few cases two-to-one) 
with a scale of musical pitches, such that the pitches ascend with increasing 
distance from the center of the cosmos. This same correlation, which so far as 
we can tell was devised by Ptolemy himself, was discussed as a harmonic foun-
dation of astrological affinities between the heavenly bodies in Harmonics 3.16, 
one of the lost three closing chapters of the Harmonics; the evidence, which 
is compelling, is a surviving fragment either from the chapter itself or from a 
scholion or commentary.26 No trace of the scheme can be found in the Tetra-
biblos, though a different application of harmonics to astrological relations is 
introduced in Tetrabiblos 1.14. The Harmonics thus seems likely to have been a 
comparatively early work of Ptolemy’s, perhaps completed before the Almagest. 
More subjectively, the epistemological discussions of the Criterion impress one 
as both simpler and cruder than those of the Harmonics, suggesting that the 
Criterion could belong to the very beginning of Ptolemy’s career.27

For the remaining major treatise, the Optics, three considerations have 
been adduced as favoring a comparatively late date. First, there is the contrast 
between the extended discussion of refraction as affecting observed positions 
of heavenly bodies in Optics 5.23–30, which we have already mentioned, and 
the absence of anything comparable in the Almagest.28 Second, in Almagest 1.3 
and 9.2 Ptolemy refers to the phenomena that apparent sizes of heavenly bod-
ies, and apparent angular distances separating heavenly bodies, appear larger 
when they are near the horizon, but in one passage he mistakenly attributes 
the effect to refraction in the atmosphere while in the other he provides no 
cause; by way of contrast, in Planetary Hypotheses 1B.7 and in Optics 3.59 he 
explains the phenomena psychologically, which is essentially correct.29 Third, in 
Geography 1.1 Ptolemy seems to invoke the theory (familiar, e.g., from Euclid’s 

25  Swerdlow, ‘Ptolemy’s Theories’, pp. 41–71.
26  Swerdlow, ‘Ptolemy’s Harmonics’.
27  Feke, ‘Mathematizing the Soul’, offers further more or less subjective arguments that the 

Criterion antedated the Harmonics.
28  Smith, Ptolemy’s Theory of Visual Perception, p. 2.
29  Smith, Ptolemy’s Theory of Visual Perception, p. 2.
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Optics) that visual perception occurs through rectilinear visual rays fanning out 
from the eyes with gaps between the rays that enlarge with greater distance, 
whereas in Optics 2.50–51 he rejects the concept of discrete rays.30 However, 
none of these considerations constitutes a truly compelling argument for the 
sequence of the works in question.

Table 3 summarizes what we know or can plausibly guess about the sequence 
of Ptolemy’s writings, where the Canobic Inscription and Almagest serve as the 
chronological anchor.

Firmly dated Subjectively dated

On the Criterion
Harmonics

Canobic Inscription (AD 147/147)
Almagest
Tetrabiblos

Treatise on theory of stellar visibility
(possibly Book 1 of Phaseis)
Phaseis (possibly Book 2)

Handy Tables
Arr. and Comp. Handy Tables
Geography
Planetary Hypotheses

Optics

Table 3. A  plausible chronological sequence for some of Ptolemy’s works. The Planispherium 
is also firmly dated to after the Almagest, and the work describing the meteoroskopeion to be-
tween the Almagest and the Geography, but their places in the sequence cannot be further 
narrowed.

5.  Range and connectedness of Ptolemy’s interests

Table 4 groups Ptolemy’s works, both extant and lost, according to the dis-
ciplines by which one would most likely classify them on the basis of their 
overall subject matter. The primacy of astronomy — defined as the science 
concerning the nature, movements, and phenomena of the heavenly bodies in 
their own right — in this list is obvious, both by the number of the works 
and by their including the Almagest, the largest (by a considerable margin) and 
most highly structured treatise among them.31 Moreover, significant references 
to astronomy occur in the Harmonics, Tetrabiblos, Geography, and Optics. At 
the same time, taking the lost works into consideration reinforces the realiza-

30  Berggren and Jones, Ptolemy’s Geography, p. 57, n. 2.
31  The Geography comes next in bulk, but approximately five of its eight books consist sim-

ply of the cartographical data for constructing maps, and most of the eighth book is devoted 
to captions for the regional maps.
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tion that Ptolemy was also deeply interested in phenomena of the sublunary 
world, whether these phenomena were such as he believed to be amenable to 
mathematical modelling or not. Conspicuously absent from the list is any work 
on a strictly biological topic.

Discipline Work Preservation

Astronomy
Canobic Inscription Greek
Almagest (13 books) Greek
Arr. and Comp. Handy Tables Greek
Handy Tables Greek
Planetary Hypotheses (2 books) Greek (parts Arabic)
Phaseis (possibly Book 2) Greek
Treatise on theory of stellar visibility Lost
(possibly Book 1 of Phaseis)
On Paradoxical Phases of Venus Lost
Description of the meteoroskopeion Lost
Analemma Latin (parts Greek)
Planispherium Arabic/Latin

Astrology
Tetrabiblos (4 books) Greek

Cartography
Geography (8 books) Greek

Epistemology
On the Criterion Greek

Music theory
Harmonics (3 books) Greek

Optics
Optics (5 books) Latin

Physics and Mechanics
Mechanics (3 books) Lost
On the Elements Lost
On Weights Lost

Mathematics
On Dimension Lost
Work related to Euclid’s Elements Lost

Table 4. Ptolemy’s known works arranged by primary discipline

Cutting across classification by discipline are certain prevailing themes. One 
that is especially prominent in several of the more ambitious treatises is episte-
mology. Thus the Harmonics and the Almagest are both deeply concerned with 
appropriate strategies for applying sense perception (i.e. empirical observations 
and measurements with or without specially constructed apparatus) and reason 
(in particular mathematical analysis) to deduce knowledge of the ‘hypotheses’ 
or models underlying the phenomena respectively of musical pitch relations and 
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the apparent behavior of the heavenly bodies; the explicit discussions in the 
Harmonics of the complementary roles of sense perception and reason as crite-
ria (in the Greek philosophical sense) turn out to be highly relevant for grasp-
ing the more complex though largely unarticulated deductive structures of the 
Almagest. Book 1 of the Geography has an extended discussion of the relative 
value of different kinds of empirical data for determining absolute and relative 
locations of terrestrial places, and of methods for evaluating and correcting dis-
torted data. The Optics, as a systematic study applying empirical observation, 
experiment, and deductive analysis to the nature visual perception and the 
relations (which are often subject to error) between perceived bodies and our 
perceptions of them, could be described as a study in the scientific epistemol-
ogy of epistemology itself. In the light of these sophisticated treatments of the 
processes of acquiring knowledge about the external world, we might be less 
surprised that Ptolemy wrote a monograph largely devoted to the general topic 
of criteria than that this part of On the Criterion appears comparatively banal 
and disconnected from scientific applications.

The two central principles of Ptolemy’s cosmology are the (originally Aris-
totelian) four-plus-one elements theory and the division of the cosmos into an 
inner ‘sublunary’ sphere in which the four elements earth, water, air, and fire 
predominate and an outer celestial spherical shell composed of bodies of ether. 
In the Almagest these principles are mostly kept in the background, though 
Ptolemy does ground his assumption that the heavenly bodies move with eter-
nally uniform circular revolutions in a characterization of etherial bodies as 
eternal, unchanging, and divine (see for example 13.2). The three-dimensional 
geometry of these celestial bodies of ether, both visible and invisible, is the 
chief subject of Planetary Hypotheses Book 2, while the Tetrabiblos invokes the 
physical relationship between the celestial outer part of the cosmos and the 
enclosed sublunary sphere, such that the heavenly bodies are agents of gener-
ation and change in the complex, irregularly evolving sublunary world, as the 
rationale for the viability but inherent inexactness of astrological prediction. 
Among the non-astral-sciences works, the Criterion is particularly interesting 
for offering a materialistic theory of the composition of human souls, accord-
ing to which ether is present in the soul and responsible for its intellectual 
capacity. This would provide a bridge between Ptolemy’s notions of the human 
soul as having mathematical structures (Harmonics Book 3) and as having the 
power to introduce mathematically structured features into the external envi-
ronment — by making music (Harmonics Book 1) and even simply by seeing 
through the rectilinear emission of a visual ray (Optics) — and his belief that 
the coordinated motions of the celestial etherial bodies are generated by celes-
tial souls (Planetary Hypotheses Book 2).

Lastly, didactically appropriate, mathematically defined modes of represen-
tation of aspects of the cosmos are a broad concern of Ptolemy’s. The Plani-
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spherium, for example, is about representing celestial circles and revolutions 
in a single plane through stereographic projection, while in the Almagest and 
Planetary Hypotheses Ptolemy writes respectively about the formats of numeri-
cal tables and mechanical constructions as means of displaying underlying real-
ities behind astronomical phenomena. Ptolemy’s most extensive contribution to 
this theme, however, is the Geography, since this work is more or less entirely 
concerned with the best ways of displaying geographical information on planar 
surfaces and globes, in the latter case providing a terrestrial counterpart to the 
construction of a star globe in Almagest Book 8.

Appendix: Words and phrases characteristic of Ptolemy

The fourteen expressions discussed in this appendix are almost certainly not 
an exhaustive list of those that occur in more than one of Ptolemy’s works 
but rarely or never in other authors; they were found by reading the texts with 
an eye for candidate expressions, followed by a TLG search. Unless otherwise 
noted, occurrences of the expressions are according to the editions used in the 
TLG. Occurrences in authors later than Hephaestion are excluded.

�š�¼�µ�Ä�¬�À�¹�Ã�Ä�¿�Â���� �‡�Q�R�W�� �V�X�E�M�H�F�W�� �W�R�� �F�K�D�Q�J�H�� �R�I�� �E�H�O�L�H�I � �̂��� �:�K�L�O�H�� �š�¼�µ�Ä�¬�À�µ�¹�Ã�Ä�¿�Â���� �W�K�X�V��
spelled, is a frequent term in Aristotle and hence also in the Aristote-
lian commentators (as well as Plutarch and, with one instance, Diodorus), 
�š�¼�µ�Ä�¬�À�¹�Ã�Ä�¿�Â�� �D�S�S�H�D�U�V�� �W�R�� �E�H�� �G�L�V�W�L�Q�F�W�L�Y�H�� �W�R�� �3�W�R�O�H�P�\����Almagest 1.1, Crite-
rion 2.6 and 12.5. The two words are not identical in meaning, since 
�š�¼�µ�Ä�¬�À�µ�¹�Ã�Ä�¿�Â�� �L�V�� �D�S�S�O�L�F�D�E�O�H�� �W�R�� �D�� �E�H�O�L�H�I�� �R�U�� �D�� �E�H�O�L�H�Y�H�U�� �W�K�D�W�� �L�V�� �Q�R�W�� �V�X�E�M�H�F�W�� �W�R��
�D�O�W�H�U�D�W�L�R�Q���� �Z�K�H�U�H�D�V�� �š�¼�µ�Ä�¬�À�¹�Ã�Ä�¿�Â�� �F�K�D�U�D�F�W�H�U�L�]�H�V�� �D�Q�� �R�E�M�H�F�W�� �R�I�� �W�K�R�X�J�K�W��about 
which belief cannot be altered.

�ª�À�¹�À�¿�»�Å�À�Á�±�³�¼�¿�½�­�É���� �‡�W�R�� �E�X�V�\�� �R�Q�H�V�H�O�I�� �D�G�G�L�W�L�R�Q�D�O�O�\� �̂��� �8�Q�L�T�X�H�� �W�R�� �3�W�R�O�H�P�\����
Tetrabiblos 3.6.4, Criterion 8.3.

�µ�â�º�±�Ä�±�½�Ì�·�Ä�¿�Â���� �‡�H�D�V�L�O�\�� �F�R�P�S�U�H�K�H�Q�G�H�G� �̂��� �9�H�U�\�� �I�U�H�T�X�H�Q�W�� �L�Q�� �W�K�H��Almagest (28 
instances); also Tetrabiblos 1.11.5, Harmonics 1.1 and 1.11. Instances in 
texts not obviously influenced by Ptolemy: Polybius 18.30.11, Hipparchus 
In Arati et Eudoxi phaenomena 1.1.11 and 2.4.6, Serenus, De sectione coni 
ed. Heiberg p.  250 line 25. In texts influenced by Ptolemy: Porphyry, 
Commentary on Harmonics ed. Düring p. 20 line 9 (quoting Harmonics) 
and p.  133 line 13 (paraphrasing Harmonics), Pappus, Commentary on 
Almagest ed. Rome p.  98 line 27 (quoting Ptolemy), Theon of Alexan-
dria, Commentary on Almagest ed. Rome p.  502 line 17 (quoting Pto-
lemy), p.  564 line 7, and p.  569 line 7. Ptolemy may have picked up the 
word from familiarity with Hipparchus.

�µ�â�¼�µ�¸�Ì�´�µ�Å�Ä�¿�½���� �‡�H�D�V�L�O�\�� �F�D�U�U�L�H�G�� �R�X�W� �̂���Almagest 1.10 and 13.4, Planetary Hypo-
theses 1.2. Theon of Alexandria, Commentary on Almagest ed. Rome 
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p.  451 line 2 (quoting Ptolemy), p.  602 line 8, Great Commentary on 
Handy Tables ed. Mogenet and Tihon v. 1 p. 102 line 20.

�ª�Æ�É�´�µ�Å�¼�­�½�¿�Â���� �‡�Z�R�U�N�H�G�� �R�X�W�ˆ�� �R�U�� �‡�F�D�U�U�L�H�G�� �R�X�W� �̂��� �8�Q�L�T�X�H�� �W�R�� �3�W�R�O�H�P�\����Almagest 
2.13, 3.1, 3.4, 6.5, 12.9, 13.8, 13.11, Analemma ed. Heiberg p.  195 line 
8, Tetrabiblos 3.1.1, 3.12.1, 4.9.1, 4.10.1, Geography 8.1.2, Criterion 3.3, 
������������ �7�K�H�� �F�R�P�S�R�X�Q�G�� �À�Á�¿�µ�Æ�É�´�µ�Å�¼�­�½�¿�Â���� �‡�S�U�H�Y�L�R�X�V�O�\�� �Z�R�U�N�H�G�� �R�X�W� �̂��� �R�F�F�X�U�V�� �L�Q��
Almagest 3.4, 9.9, 12.2, 12.7, 12.9 (3 instances), 13.4 (2 instances), and 
otherwise only in Strabo 12.8.8.

�Æ�´�¹�¿�Ä�Á�¿�À�¯�±���� �‡�F�K�D�U�D�F�W�H�U�L�V�W�L�F�� �W�H�Q�G�H�Q�F�\� �̂��� �9�H�U�\�� �I�U�H�T�X�H�Q�W�� �L�Q�� �W�K�H��Tetrabiblos (35 
instances); also Almagest 1.1, 8.4, 9.2, Harmonics 3.7, Geography 2.1.8, 
Criterion 4.3. In texts not obviously influenced by Ptolemy: Aristides 
Quintilianus 3.26, Cleomedes 2.4, pseudo-Galen, Prognostica de decubitu, 
ed. Kühn (v. 19) p.  538 line 5. Influenced by Ptolemy: Hephaestion (18 
instances). In the Tetrabiblos (and hence also Hephaestion) the term takes 
on a quasi-technical status.

�º�±�Ä�þ�� �Ã�Å�½�µ�³�³�¹�Ã�¼�Ì�½�� ���� �J�H�Q�L�W�L�Y�H���� �‡�E�\�� �D�G�M�X�V�W�P�H�Q�W�� �W�R�� �I�L�W� �̂��� �,�Q�� �W�K�L�V�� �X�V�D�J�H���� �X�Q�L�T�X�H��
to Ptolemy: Planetary Hypotheses 1.5, Geography 1.13.1, 2.1.2. The only 
�R�W�K�H�U���R�F�F�X�U�U�H�Q�F�H�V���R�I�� �º�±�Ä�þ�� �Ã�Å�½�µ�³�³�¹�Ã�¼�Ì�½���� �Z�L�W�K�R�X�W���J�H�Q�L�W�L�Y�H���R�E�M�H�F�W���D�Q�G���Z�L�W�K��
the meaning ‘by way of approximation’, are in Hipparchus, In Arati et 
Eudoxi phaenomena 1.11.7 and 2.4.6.

�º�±�Ä�þ�� �Ä���� �º�µ�Æ�±�»�±�¹�z�´�µ�Â���� �‡�L�Q�� �V�X�P�P�D�U�\�� �P�D�Q�Q�H�U� �̂���Almagest 2.1, Tetrabiblos 
1.3.20, 2.4.1, 2.14.12, 3.14.9, 3.4.4, Criterion 15.1. Influenced by Pto-
lemy: Hephaestion 1.20.1 (paraphrasing Ptolemy), 1.25.25.

�º�±�Ä�þ�� �Ä���� �×�»�¿�Ã�Ç�µ�Á�­�Â���� �‡�L�Q�� �D�� �U�R�X�J�K�� �P�D�Q�Q�H�U� �̂���Almagest 9.5, Tetrabiblos 3.3.5. 
In texts not obviously influenced by Ptolemy: Geminus 2.20, 18.14. 
Influenced by Ptolemy: Hephaestion 1.1.13, 2.2.6 (paraphrasing Ptolemy). 
�º�±�Ä�þ�� �Ä���� �×�»�¿�Ã�Ç�µ�Á�­�Ã�Ä�µ�Á�¿�½���� �‡�L�Q���D�� �U�R�X�J�K�H�U���P�D�Q�Q�H�U� �̂���Almagest 6.11, 8.6, 10.6, 
11.5, Arrangement and Computation of the Handy Tables 1 (ed. Heiberg 
p. 161 line 1), Tetrabiblos 3.2.6.

�º�±�Ä�þ�� �Ä���½�� �›�Á�¼�Ì�¶�¿�½�Ä�±�’�� �»�Ì�³�¿�½���Ä�Á�Ì�À�¿�½���� �‡�L�Q�� �W�K�H�� �U�D�W�L�R�Q�D�O�H���P�D�Q�Q�H�U�� �I�L�W�W�L�Q�J�� �I�R�U�’�ˆ��
Unique to Ptolemy: Tetrabiblos 1.1.2, 3.7.1, 4.10.27alt,32 Harmonics 2.9.

�À�Á�¿�Ã�µ�½�Ä�¬�Ã�Ã�É���� �‡�W�R�� �L�Q�V�H�U�W�� �D�G�G�L�W�L�R�Q�D�O�O�\� �̂���Almagest 6.11, 8.3 (2 instances), 8.6, 
Phaseis 9 (ed. Heiberg p. 12 line 14). In texts not obviously influenced by 
Ptolemy: Heron, Metrica 2.15, Asclepiodotus 6.1, Philo Judaeus, In Flac-
cum 131.

32  This refers to the ‘alternate’ conclusion of the Tetrabiblos’s final chapter, which Boll and 
Hübner did not adopt but is now widely regarded as the authentic version.
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�À�Á�¿�Ã�À�±�Á�±�¼�Å�¸�­�¿�¼�±�¹���� �‡�W�R�� �U�H�P�D�U�N�� �D�G�G�L�W�L�R�Q�D�O�O�\� �̂��� �8�Q�L�T�X�H�� �W�R�� �3�W�R�O�H�P�\����Phaseis, 
ed. Heiberg p.  13 line 21, Arrangement and Computation of the Handy 
Tables, ed. Heiberg p. 185 line 6, Harmonics 3.4, Criterion 4.2, 6.1.

�Ã�Å�½�µ�Ç�µ�Ã�Ä�­�Á�±�� �À�±�Á�±�Ä�®�Á�·�Ã�¹�Â���� �‡�P�R�U�H�� �V�X�V�W�D�L�Q�H�G�� �R�E�V�H�U�Y�D�W�L�R�Q� �̂���Almagest 1.8, Pla-
netary Hypotheses 1.2. Influenced by Ptolemy: Theon, Commentary on 
Almagest, ed. Rome p. 338 line 15, p. 437 line 14 (quoting Ptolemy).

�ã�À�¿�Ä�µ�Ä�Å�À�Î�Ã�¸�É���ã�À�¿�Ä�µ�Ä�Å�À�Î�Ã�¸�É�Ã�±�½���� �‡�O�H�W�� �W�K�H�U�H�� �K�D�Y�H�� �E�H�H�Q�� �V�N�H�W�F�K�H�G� �̂���Tetra-
biblos�� ������������ ���%�R�O�O�� �D�G�R�S�W�V�� �W�K�H�� �Y�D�U�L�D�Q�W�� �U�H�D�G�L�Q�J�� �ã�À�¿�Ä�Å�À�¿�Í�Ã�¸�É������ ��������������
Harmonics 1.4, 2.3, 2.11, 3.4, Geography 1.2.1, 1.18.1, 2.1.1, Criterion 
���������� �,�Q�I�O�X�H�Q�F�H�G�� �E�\�� �3�W�R�O�H�P�\���� �+�H�S�K�D�H�V�W�L�R�Q�� ������������������ �À�Á�¿�Å�À�¿�Ä�µ�Ä�Å�À�Î�Ã�¸�É��
�À�Á�¿�Å�À�¿�Ä�µ�Ä�Å�À�Î�Ã�¸�É�Ã�±�½���� �‡�O�H�W�� �W�K�H�U�H�� �K�D�Y�H�� �E�H�H�Q�� �V�N�H�W�F�K�H�G�� �E�H�I�R�U�H�K�D�Q�G� �̂���Tetra-
biblos 1.3.20 (variant reading not adopted by Boll or Hübner), 4.10.13. 
Influenced by Ptolemy: Hephaestion 2.26.12 (quoting Ptolemy).
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Mathematical Methods in Ptolemy’s Analemma

Nathan Sidoli

1. Introduction

This paper is an attempt to understand the mathematical methods found in
Ptolemy’s Analemma in the context of Greek mathematical practices. I first
present an overview of the concepts we will need to read the text, followed by a
close reading of select passages, which provide a clear overview of the structure
of the argument and give examples of the mathematical methods involved.

In general terms, the Analemma provides a method for specifying the location
of the sun in three pairs of locally orientated coordinate arcs as a function
of three ostensibly empirical variables, namely the declination of the sun as a
function of its longitude, δ�λ�, the terrestrial latitude, φ, and the hour, η. The
key to the approach is to represent the solid configuration in a plane diagram
that Ptolemy calls the analemma. The mathematical argument begins with the
presentation of a general argument that the analemma figure, or model, can be
used to map arcs and lines of the solid configuration, through the example of
a proof that this mapping is sound for one of the angles in question. It then
proceeds to show that the analemma figure can be used to make computations
of arc lengths of the solid sphere through two different methods: chord-table
trigonometry, or what we can call analog, or nomographic, computation.1 The
final section of the received text details a series of physical manipulations
through which we can compute the values of three pairs of coordinate arcs
given the three variables δ�λ�, φ, and η.

The Analemma has been the subject of a number of important studies, upon
which I have drawn. The medieval Latin translation, accompanied by many
useful notes that make sense of the mathematical methods, was first printed by
F. Commandino in 1562, with no textual apparatus.2 J. L. Heiberg made use

1 The terminology of ‘analog computation’ is common in describing technical devices that
use physical manipulation to produce a numerical result—such as a slide rule, or an astrolabe.
The usage ‘nomographic computation’ follows that of Neugebauer, A History, pp. 839–856,
in denoting a tradition of graphic procedures through which line segments or arcs can be
physically measured.

2 Commandino, Ptolemaei Liber de analemmate. This publication also contains Commandi-
no’s own work, Liber de horologiorum descriptione, which explains how to use the analemma
methods set out in Ptolemy’s Analemma to produce sundials.

Ptolemy’s Science of the Stars in the Middle Ages, ed. by David Juste, Benno van Dalen, Dag Nikolaus Hasse and 
Charles Burnett, PALS 1 (Turnhout, 2020), pp. 35–77
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Figure 1: Analemma methods 1: (left) perspective diagram of a point A on a sphere to be
mapped to both a lesser circle orthogonal to the analemma and to the great circle joining it
with the poles of the analemma circle in the receiving plane, in solid gray; (right) representation
in the plane of the analemma of A, which appears in three different representations: (1) as
A �� A ′ in its orthogonal projection into the analemma, (2) as A �� A ′′ in its location on a
lesser circle orthogonal to the analemma, and (3) as A �� A ′′′ in its location on the great
circle joining point A with the pole of the analemma circle. The original point A does not
appear in the analemma representation, because, visually, it coincides with A ′.

2.1. Analemma methods

The key to the use of the analemma as a problem-solving device lies in the
application of four projective constructions, namely
(M.1) orthogonal projection of individual points into the receiving plane of

the analemma,
(M.2) orthogonal projection of great and lesser circles into the lines of their

diameters in the receiving plane of the analemma,
(M.3) orthogonal rotation of individual points into the receiving plane of the

analemma, and
(M.4) orthogonal rotation of great and lesser semicircles into semicircles in

the receiving plane of the analemma.

In all of these geometric transformations, the magnitudes of lines and arcs are
preserved, and in the analemma figure we find the same object represented in
multiple ways. Some examples will suffice to show the strategy.

A common way of mapping a point in two ways onto the analemma—which
we will see Ptolemy perform three times in this account—is seen in Figure 1.
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Figure 2: Analemma methods 1: (left) perspective diagram of two points A and B on a sphere,
and the great-arc distance between them, α, to be mapped to the receiving plane, in gray;
(right) representation in the analemma of A and B as orthogonally projected onto the analemma
such that A �� A ′ and B �� B ′, along with orthogonal rotation of the great circle into the
analemma such that A �� A ′′ and B �� B ′′. The original points A and B do not appear in the
analemma representation, because, visually, they coincide with A ′ and B ′.

and B ′B ′′, in the analemma, are equal to the perpendiculars dropped from A
and B into the receiving plane, in the sphere, and the length of arc α, the
great-arc distance between the two points, is preserved in the transformation.

In Figure 3 (left), if points A and B in the sphere lay on a lesser circle
perpendicular to the gray analemma circle, they can be mapped into the
plane of the analemma circle by rotating the lesser circle into the plane of
the analemma—or rather, folding it into two semicircles that are rotated into
the same position in the plane of the analemma. This is represented in the
analemma, Figure 3 (right), by dropping perpendiculars into the receiving
plane, such that A ′ and B ′ represent points A and B in the analemma (M.1),
and the line joining them is a diameter of the lesser circle and its orthogonal
projection into the analemma (M.2). The lesser circle is then folded and rotated
into the analemma by erecting a semicircle on the diameter of the lesser circle
(M.4). Arc α of the lesser circle is rotated into the plane of the analemma
by constructing perpendiculars at A ′ and B ′ meeting the semicircle, such that
A maps to A ′′ and B to B ′′ (M.3).11 Once again, lines A ′A ′′ and B ′B ′′, in
the analemma, are equal to the perpendiculars, AA ′ and BB ′, in the sphere,

11 The practice, in dealing with a solid configuration, of rotating one plane into another by
constructing the objects in the plane to be rotated directly in the receiving plane is common in
Greek geometry. See, for example, the solid constructions by Diodorus or Eutocius; Hogendijk,
‘The Geometrical Works’, pp. 56, 70–71, and Sidoli, ‘Review of The Works of Archimedes’,
pp. 160–61.



40	 NATHAN SIDOLI���� �/�"�5�)�"�/ �4�*�%�0�-�*

�

�
� �

� �
�

�

�
�

�� ����

�
�

�'�J�H�V�S�F ���� �"�O�B�M�F�N�N�B �N�F�U�I�P�E�T ���� �	�M�F���
 �Q�F�S�T�Q�F�D�U�J�W�F �E�J�B�H�S�B�N �P�G �U�X�P �Q�P�J�O�U�T�" �B�O�E�# �P�O �B �M�F�T�T�F�S
�D�J�S�D�M�F �P�G �B �T�Q�I�F�S�F�
 �B�O�E �U�I�F �M�F�T�T�F�S���B�S�D �E�J�T�U�B�O�D�F �C�F�U�X�F�F�O �U�I�F�N�
�1�
 �U�P �C�F �N�B�Q�Q�F�E �U�P �U�I�F �S�F�D�F�J�W�J�O�H
�Q�M�B�O�F�
 �J�O �H�S�B�Z�
 �X�I�J�D�I �N�V�T�U �C�F �Q�F�S�Q�F�O�E�J�D�V�M�B�S �U�P �U�I�F �M�F�T�T�F�S �D�J�S�D�M�F �B�O�E �Q�B�T�T �U�I�S�P�V�H�I �J�U�T �Q�P�M�F�T��
�	�S�J�H�I�U�
 �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�
 �J�O �U�I�F �B�O�B�M�F�N�N�B�
 �P�G �B �T�F�N�J�D�J�S�D�M�F �P�G �U�I�F �M�F�T�T�F�S �D�J�S�D�M�F �B�T �S�P�U�B�U�F�E �J�O�U�P �U�I�F
�Q�M�B�O�F �P�G �U�I�F �B�O�B�M�F�N�N�B�
 �T�V�D�I �U�I�B�U�" �� �" � �B�O�E�# �� �#� �
 �C�Z �P�S�U�I�P�H�P�O�B�M �Q�S�P�K�F�D�U�J�P�O�
 �B�O�E �U�P
�" �� �" �� �B�O�E�#�� �#�� �
 �C�Z �S�P�U�B�U�J�P�O��

�E�S�P�Q�Q�F�E �G�S�P�N�" �B�O�E�# �J�O�U�P �U�I�F �S�F�D�F�J�W�J�O�H �Q�M�B�O�F�
 �B�O�E �B�S�D�1 �J�T �F�R�V�B�M �U�P �U�I�F
�M�F�T�T�F�S���B�S�D �E�J�T�U�B�O�D�F �C�F�U�X�F�F�O �U�I�F �U�X�P �Q�P�J�O�U�T��

�*�O �U�I�J�T �T�F�D�U�J�P�O�
 �* �I�B�W�F �V�T�F�E �U�I�F �U�F�S�N�B�O�B�M�F�N�N�B�B�T �T�Z�O�P�O�Z�N�P�V�T �X�J�U�I �U�I�F
�S�F�D�F�J�W�J�O�H �Q�M�B�O�F �P�G �B �Q�S�P�K�F�D�U�J�P�O�
 �P�S �N�B�Q�Q�J�O�H�� ���J�T �V�O�E�F�S�T�U�B�O�E�J�O�H �P�G �U�I�F �U�F�S�N
�B�H�S�F�F�T �X�J�U�I �1�U�P�M�F�N�Z���T �V�T�B�H�F �J�O �I�J�T�"�O�B�M�F�N�N�B�
 �B�O�E�
 �B�T �&�E�X�B�S�E�T �I�B�T �B�S�H�V�F�E�
 �C�F�T�U
�D�P�O�G�P�S�N�T �X�J�U�I �U�I�F �W�B�S�J�P�V�T �G�V�O�D�U�J�P�O�T �P�G �U�I�F �U�F�S�N �J�O �B�O�D�J�F�O�U �T�P�V�S�D�F�T������ �)�F�O�D�F�

�U�I�F �B�O�B�M�F�N�N�B �J�T �U�I�F �S�F�D�F�J�W�J�O�H �Q�M�B�O�F �P�G �B �Q�S�P�K�F�D�U�J�P�O�
 �X�I�J�D�I �J�T �Q�F�S�G�P�S�N�F�E �C�Z
�D�B�S�S�Z�J�O�H �P�V�U �D�P�O�T�U�S�V�D�U�J�P�O�T �E�J�S�F�D�U�M�Z �J�O �U�I�F �Q�M�B�O�F������

�*�O �1�U�P�M�F�N�Z���T�"�O�B�M�F�N�N�B�
 �X�F �X�J�M�M �T�F�F �F�W�J�E�F�O�D�F �G�P�S �U�I�F�T�F �W�B�S�J�P�V�T �Q�S�P�K�F�D�U�J�W�F
�P�Q�F�S�B�U�J�P�O�T�� �"�M�U�I�P�V�H�I �I�F �F�Y�Q�M�J�D�J�U�M�Z �S�F�G�F�S�T �U�P �S�P�U�B�U�J�O�H �U�I�F �T�F�N�J�D�J�S�D�M�F�T �P�G �M�F�T�T�F�S
�D�J�S�D�M�F�T�
 �1�U�P�M�F�N�Z �I�B�T �O�P �T�Q�F�D�J�B�M �U�F�S�N�J�O�P�M�P�H�Z �G�P�S �P�S�U�I�P�H�P�O�B�M �Q�S�P�K�F�D�U�J�P�O �P�G �Q�P�J�O�U�T
�B�O�E �D�J�S�D�M�F�T�
 �B�O�E �U�I�F �U�F�Y�U �T�Q�F�B�L�T �P�O�M�Z �P�G �Q�S�P�E�V�D�J�O�H �Q�F�S�Q�F�O�E�J�D�V�M�B�S�T �B�O�E �P�G �U�B�L�J�O�H
�U�I�F �E�J�B�N�F�U�F�S�T �P�G �D�J�S�D�M�F�T �J�O �U�I�F �B�O�B�M�F�N�N�B�� �/�F�W�F�S�U�I�F�M�F�T�T�
 �B�T �X�F �S�F�B�E �U�I�S�P�V�H�I
�"�O�B�M�F�N�N�B���
 �C�F�M�P�X�
 �X�F �X�J�M�M �T�F�F �U�I�B�U �U�I�F �V�O�E�F�S�M�Z�J�O�H �T�P�M�J�E �D�P�O���H�V�S�B�U�J�P�O �J�T
�F�T�T�F�O�U�J�B�M�M�Z �U�I�B�U �E�F�T�D�S�J�C�F�E �J�O �U�I�J�T �T�F�D�U�J�P�O��

���� �&�E�X�B�S�E�T�
�1�U�P�M�F�N�Z���T�Œ�©�¹�ä �ª�´�¥�±�Ä�³�³�¥�»�¶�Ç�
 �Q�Q�� ���m������
���� ���J�T �X�B�Z �P�G �Q�S�P�E�V�D�J�O�H �Q�S�P�K�F�D�U�J�W�F �D�P�O�T�U�S�V�D�U�J�P�O�T �J�T �B�M�T�P �G�P�V�O�E �J�O �1�U�P�M�F�N�Z���T�1�M�B�O�J�T�Q�I�F�S�F��

�T�F�F �4�J�E�P�M�J �B�O�E �#�F�S�H�H�S�F�O�
 �A���F �"�S�B�C�J�D �7�F�S�T�J�P�O����



	 MATHEMATICAL METHODS IN PTOLEMY’S ANALEMMA	 41���� �/�"�5�)�"�/ �4�*�%�0�-�*

�

�
� �

� �
�

�

�
�

�� ����

�
�

�'�J�H�V�S�F ���� �"�O�B�M�F�N�N�B �N�F�U�I�P�E�T ���� �	�M�F���
 �Q�F�S�T�Q�F�D�U�J�W�F �E�J�B�H�S�B�N �P�G �U�X�P �Q�P�J�O�U�T�" �B�O�E�# �P�O �B �M�F�T�T�F�S
�D�J�S�D�M�F �P�G �B �T�Q�I�F�S�F�
 �B�O�E �U�I�F �M�F�T�T�F�S���B�S�D �E�J�T�U�B�O�D�F �C�F�U�X�F�F�O �U�I�F�N�
�1�
 �U�P �C�F �N�B�Q�Q�F�E �U�P �U�I�F �S�F�D�F�J�W�J�O�H
�Q�M�B�O�F�
 �J�O �H�S�B�Z�
 �X�I�J�D�I �N�V�T�U �C�F �Q�F�S�Q�F�O�E�J�D�V�M�B�S �U�P �U�I�F �M�F�T�T�F�S �D�J�S�D�M�F �B�O�E �Q�B�T�T �U�I�S�P�V�H�I �J�U�T �Q�P�M�F�T��
�	�S�J�H�I�U�
 �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�
 �J�O �U�I�F �B�O�B�M�F�N�N�B�
 �P�G �B �T�F�N�J�D�J�S�D�M�F �P�G �U�I�F �M�F�T�T�F�S �D�J�S�D�M�F �B�T �S�P�U�B�U�F�E �J�O�U�P �U�I�F
�Q�M�B�O�F �P�G �U�I�F �B�O�B�M�F�N�N�B�
 �T�V�D�I �U�I�B�U�" �� �" � �B�O�E�# �� �#� �
 �C�Z �P�S�U�I�P�H�P�O�B�M �Q�S�P�K�F�D�U�J�P�O�
 �B�O�E �U�P
�" �� �" �� �B�O�E�#�� �#�� �
 �C�Z �S�P�U�B�U�J�P�O��

�E�S�P�Q�Q�F�E �G�S�P�N�" �B�O�E�# �J�O�U�P �U�I�F �S�F�D�F�J�W�J�O�H �Q�M�B�O�F�
 �B�O�E �B�S�D�1 �J�T �F�R�V�B�M �U�P �U�I�F
�M�F�T�T�F�S���B�S�D �E�J�T�U�B�O�D�F �C�F�U�X�F�F�O �U�I�F �U�X�P �Q�P�J�O�U�T��

�*�O �U�I�J�T �T�F�D�U�J�P�O�
 �* �I�B�W�F �V�T�F�E �U�I�F �U�F�S�N�B�O�B�M�F�N�N�B�B�T �T�Z�O�P�O�Z�N�P�V�T �X�J�U�I �U�I�F
�S�F�D�F�J�W�J�O�H �Q�M�B�O�F �P�G �B �Q�S�P�K�F�D�U�J�P�O�
 �P�S �N�B�Q�Q�J�O�H�� ���J�T �V�O�E�F�S�T�U�B�O�E�J�O�H �P�G �U�I�F �U�F�S�N
�B�H�S�F�F�T �X�J�U�I �1�U�P�M�F�N�Z���T �V�T�B�H�F �J�O �I�J�T�"�O�B�M�F�N�N�B�
 �B�O�E�
 �B�T �&�E�X�B�S�E�T �I�B�T �B�S�H�V�F�E�
 �C�F�T�U
�D�P�O�G�P�S�N�T �X�J�U�I �U�I�F �W�B�S�J�P�V�T �G�V�O�D�U�J�P�O�T �P�G �U�I�F �U�F�S�N �J�O �B�O�D�J�F�O�U �T�P�V�S�D�F�T������ �)�F�O�D�F�

�U�I�F �B�O�B�M�F�N�N�B �J�T �U�I�F �S�F�D�F�J�W�J�O�H �Q�M�B�O�F �P�G �B �Q�S�P�K�F�D�U�J�P�O�
 �X�I�J�D�I �J�T �Q�F�S�G�P�S�N�F�E �C�Z
�D�B�S�S�Z�J�O�H �P�V�U �D�P�O�T�U�S�V�D�U�J�P�O�T �E�J�S�F�D�U�M�Z �J�O �U�I�F �Q�M�B�O�F������

�*�O �1�U�P�M�F�N�Z���T�"�O�B�M�F�N�N�B�
 �X�F �X�J�M�M �T�F�F �F�W�J�E�F�O�D�F �G�P�S �U�I�F�T�F �W�B�S�J�P�V�T �Q�S�P�K�F�D�U�J�W�F
�P�Q�F�S�B�U�J�P�O�T�� �"�M�U�I�P�V�H�I �I�F �F�Y�Q�M�J�D�J�U�M�Z �S�F�G�F�S�T �U�P �S�P�U�B�U�J�O�H �U�I�F �T�F�N�J�D�J�S�D�M�F�T �P�G �M�F�T�T�F�S
�D�J�S�D�M�F�T�
 �1�U�P�M�F�N�Z �I�B�T �O�P �T�Q�F�D�J�B�M �U�F�S�N�J�O�P�M�P�H�Z �G�P�S �P�S�U�I�P�H�P�O�B�M �Q�S�P�K�F�D�U�J�P�O �P�G �Q�P�J�O�U�T
�B�O�E �D�J�S�D�M�F�T�
 �B�O�E �U�I�F �U�F�Y�U �T�Q�F�B�L�T �P�O�M�Z �P�G �Q�S�P�E�V�D�J�O�H �Q�F�S�Q�F�O�E�J�D�V�M�B�S�T �B�O�E �P�G �U�B�L�J�O�H
�U�I�F �E�J�B�N�F�U�F�S�T �P�G �D�J�S�D�M�F�T �J�O �U�I�F �B�O�B�M�F�N�N�B�� �/�F�W�F�S�U�I�F�M�F�T�T�
 �B�T �X�F �S�F�B�E �U�I�S�P�V�H�I
�"�O�B�M�F�N�N�B���
 �C�F�M�P�X�
 �X�F �X�J�M�M �T�F�F �U�I�B�U �U�I�F �V�O�E�F�S�M�Z�J�O�H �T�P�M�J�E �D�P�O���H�V�S�B�U�J�P�O �J�T
�F�T�T�F�O�U�J�B�M�M�Z �U�I�B�U �E�F�T�D�S�J�C�F�E �J�O �U�I�J�T �T�F�D�U�J�P�O��

���� �&�E�X�B�S�E�T�
�1�U�P�M�F�N�Z���T�Œ�©�¹�ä �ª�´�¥�±�Ä�³�³�¥�»�¶�Ç�
 �Q�Q�� ���m������
���� ���J�T �X�B�Z �P�G �Q�S�P�E�V�D�J�O�H �Q�S�P�K�F�D�U�J�W�F �D�P�O�T�U�S�V�D�U�J�P�O�T �J�T �B�M�T�P �G�P�V�O�E �J�O �1�U�P�M�F�N�Z���T�1�M�B�O�J�T�Q�I�F�S�F��

�T�F�F �4�J�E�P�M�J �B�O�E �#�F�S�H�H�S�F�O�
 �A���F �"�S�B�C�J�D �7�F�S�T�J�P�O����

MATHEMATICALMETHODS IN PTOLEMY’S ANALEMMA 41

2.1.1. Geometrical constructions and instrumental practice
Although there are almost no synthetic theorems in analemma texts—and only
one in Ptolemy’s Analemma—there are constructions in all uses of the analemma
in geometric problem-solving, in both ancient and medieval texts. The types
of constructions employed, however, are clearly restricted. In fact, I am not
aware of any constructive step in an ancient or medieval analemma problem
that uses an operation that cannot be reduced to applications of Elements
I.posts.1–3, I.11, and 12—that is, the first three postulates of Euclid’s Elements
and the two problems that produce perpendicular lines.14 Even more, analemma
constructions can all be regarded as abstractions of the use of a compass and a
set square. Indeed, the three ancient texts that deal with the analemma make
explicit mention of various types of instrumental practice, indicating that the
mathematical methods of the analemma were closely associated with certain
instruments.

As well as referring to operations performed on instruments such as specially
prepared plates and hemispheres, analemma texts prescribe the instruments used
to carry out geometric constructions. The analemma described by Vitruvius,
Architecture IX.7, although not addressing a problem, is explicitly produced
with a compass,15 and Ptolemy, as we will see below, explicitly introduces both
the compass and the set square. It seems clear that constructions in analemma
texts were limited to abstractions of the operations that can be performed
with these instruments—that is, a finite set square whose side is just a bit
greater than the diameter of the great circle of the analemma, and a finite
compass whose radius is just a bit greater than that of the great circle of the
analemma, and which can be operated with a given radius.

In order to make this underlying instrumental practice explicit, in the
following I will note how each construction on the analemma can be performed
with either the compass or the set square.

2.2. Ptolemy’s notion of ‘model’

Ptolemy’s uses of the term hupothesis (ὑπόθεσις), and the cognate verb (ὑποτίθεται),
are far ranging. These terms often have the sense—implied by the basic meaning
of the words—of what is set down in the beginning to be built upon, and,
indeed, they are translated literally by Moerbeke, in his Latin translation of
the Analemma, with suppositio and supponere. They may also, however, indicate
the assumption of a fully elaborated depiction of the structure and function
of the objects under investigation.

14 As we will see below, the proof in Analemma 6 also requires Elements XI.12, but this is
a theorem, not a problem.

15 See Soubiran, Vitruve. De l’architecture, pp. 26–30.
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serves as the basis of the model, and also (b) to set out quantitative assumptions
that are, at least in principle, empirically decidable and which serve as a basis
for computation.24 Ptolemy, however, does not use hupothesis in this second
sense. For Ptolemy the hupothesis is only the general geometric configuration
of the model, whereas the quantitative parameters to be determined through
observation are not referred to by the term hupothesis.

Hence, by Ptolemy’s time, and probably for a long while before, there was a
fairly clear distinction between what we would think of as the model as a basis
for computation and the given values that are used in the computation. As we
will see in the Analemma, although there is no discussion of empirical practice
and both the geometric model and the quantitative parameters are simply
assumed in the course of the argument, there is a clear linguistic distinction
between the two—the model itself is asserted as assumed and the parameters
are asserted as fixed, or determined, although they may, of course, vary.

2.3. The two-sphere model

The two-sphere model is a name given by modern scholars to the model of
the cosmos found in texts such as Autolycus’ Moving Sphere and Risings and
Settings, Euclid’s Phenomena, and Theodosius’ Days and Nights and Habitations.
In this model, the sun is taken as located in varying positions on the ecliptic as
a great circle in the sphere of the cosmos, which contains the fixed stars. The
sphere of the cosmos, carrying the ecliptic, rotates about the celestial poles,
Pn and Ps, creating the celestial equator, to which the ecliptic is skew at the
angle known as the obliquity of the ecliptic, ε. The sphericity of the earth is
only accounted for by the fact that the horizon, which is also a great circle, is
generally skew to the ecliptic and the celestial equator, and divides the cosmos
into two hemispheres—above and below. In Figure 4, if the eastern point is
taken to be in the direction of the viewer, since the horizon is immobile, the
sphere of the cosmos is imagined to rotate clockwise. This configuration was
used by ancient mathematicians to model the phenomena we associate with
spherical astronomy—namely, the solar and stellar phenomena related to local
coordinates, determined by the horizon and the local meridian.

Whatever the mathematicians of the Hellenistic period may have thought
of this construction, by Ptolemy’s time it must certainly have been thought of
as a model in the sense discussed above—that is, as a simplified configuration
that was known to not be a strict representation of reality, but which could
be used mathematically without any significant loss of accuracy. Trivially, the
earth is not actually a point, but a sphere—which is what allows us to speak

24 Berggren and Sidoli, ‘Aristarchus’s On the Sizes and Distances ’, pp. 231–234; Carman, ‘Two
Problems’, pp. 55–58; Carman and Evans, ‘The Two Earths’; Sidoli, ‘Mathematical Discourse’.
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Figure 5: The analemma model

2.4. The analemma model

The analemma model can be found in three ancient sources—Vitruvius’
Architecture IX.7, Heron’s Dioptra 35, and Ptolemy’s Analemma—and a few
medieval Arabic sources. Although in medieval sources, analemma methods
are used to solve a range of problems in spherical astronomy, in the extant
ancient sources, they are almost always used on the analemma model described
in this section.26 The model itself is naturally suited to handle the seasonal
hours of Greco-Roman daily life, ηs, and hence was closely associated with
gnomonics (γνωμονική), the science of sundials. Here, I simply describe the
model, with no attempt to derive this description from the sources.

The ancient analemma model is orientated towards a coordinate system of
the local horizon and meridian, and can model the motion of the sun, on
both its annual and daily paths—that is, the model can be used to specify the
location of the sun, relative to local coordinates, given the terrestrial latitude,
φ, the declination of the sun as a function of its longitude, δ�λ�, and the time
of the day, in hours, η.

In Figure 5, the local meridian is the great circle of the analemma NBSA,
line NS is the orthogonal projection of the great circle of the horizon, line
CD is that of the great circle of the equator, and line PnPs is the line joining

26 An exception is Ptolemy’s Planisphere 18, which employs an analemma construction; see
Sidoli and Berggren, ‘The Arabic Version’, pp. 132–133.
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would also be possible to model the astronomer’s equinoctial hours, ηe, by
dividing the complete semicircle of the day-circle into twelve equals parts.

In fact, however, Ptolemy’s Analemma works with further simplifying
assumptions. In the first place, the circle FHGI, which is called the menaeus
(from μηναῖος, meaning ‘monthly’) by Vitruvius,29 is not found in Ptolemy’s
presentation. Instead, he simply takes δ as given at one of four solar declinations
corresponding to the beginnings of the twelve zodiacal signs—namely,

δ = 0° for λ � 0°, 180°,
δ = 11 2�3°(= 11;40°) for λ � 60°, 120°, 240°, 300°
δ = 20 1�2°(= 20;30°) for λ � 30°, 150°, 210°, 330°, and
δ = 23 1�2 1�3°(= 23;50°) for λ � 90°, 270°,

and refers to the semicircle constructed at a given declination as the ‘monthly
circle’ (μηνιαῖος κύκλος). Hence, in what follows, for the sake of explicating
his text, I will use Ptolemy’s terminology and refer to the day-circle of the
sun as its month-circle.

These three declinations may have been determined, for example, through
a table such as that in Almagest I.15, or they may have been values taken
by Ptolemy from previous work in gnomonics, having been computed using
chord-table trigonometry directly on the analemma model.30 Whatever the
case, although these declinations are those of evenly distributed longitudes of
30°, they are, as declinations themselves, rather unevenly distributed—since
their differences are 11;40°, 8;50°, and 3;20° respectively. This is perhaps an
indication that, in the Analemma, Ptolemy was more interested in the symmetry
of his presentation, and the role of symmetry in his instrumental practice,
than in the precision of any device that might be made with these methods.

As we have just seen, both Vitruvius and Ptolemy speak of a ‘monthly’
division of the annual solar cycle, presenting us with a kind of zodiacal month.
Of course, there is no discussion of the duration of these months, and given
the level of precision evident in Ptolemy’s presentation this is probably not
important, but these months are clearly a division of the sun’s annual progress
through the stars into twelve parts. The ancient tool that was used to track
the course of the sun through the stars, often noting its passage into each of
the twelve zodiacal signs, was the parapegma.31 Hence, the analemma appears
to have been directly related to the two most conspicuous devices used to

29 Soubiran, Vitruve. De l’architecture, p. 29.
30 It may be significant that Ptolemy states the declination using the proper parts (unit

fractions) of standard Greek arithmetical practice, not the sexagesimal fractions of his mathematical
astronomy. The values used in the Analemma are what we would get if we rounded the values
in the Almagest to the nearest 0;05°—see Almagest I.15, Heiberg, Syntaxis mathematica, vol. I,
p. 72. We do not know if Ptolemy derived these values in this way.

31 See Lehoux, Astronomy, especially pp. 70–97.
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Although the Greek manuscript numbers the text differently than Heiberg,
and the Latin manuscript presents the treatise in continuous prose, I will follow
Heiberg’s numbering in presenting a short outline of the text:37

1: A short dedication to Syrus, explaining that we will take the approach
‘of those men in lines’ (uirorum illorum in lineis),38 since there is
need of a more mathematical conception of natural theory and a more
natural-theoretic conception of mathematics.

2, 3: A discussion of the coordinate system from first principles, explaining that
three dimensions are used to measure a volume, both in magnitude and in
number, and that a point on a sphere can be determined by the motion of
three circles of the ‘world sphere’ (spera mundi)—the horizon, the meridian
and the vertical—about one of their own diameters as determined by
their intersections, producing three pairs of angles—hectemorius-meridian,
horarius-vertical, and descensivus-horizon.39 A description of the analemma
model using letter-names.

4: A description of the system of ‘the ancients’—which did not use the
hectemorius circle.

5: A few refinements to the conventions so that no coordinate arc need be
taken as greater than a quadrant.

6: (a) An introduction of the mathematical goal of the treatise—an instrumental
determination, using the analemma, of the six arcs set out in the introduction;
(b) followed by a synthetic proof that a certain angle in the analemma
diagram is equal to the hectemorius angle on the sphere.

7: Geometric construction of an analemma diagram containing all six angles,
with no proof, for the situation in which the sun is near an equinox.

8: Geometric construction of an analemma diagram containing the same for
any other longitudinal position of the sun.

9: (a) A short discussion of instrumental practice, in which Ptolemy points out
that on the analemma any of the six principal arcs can be determined using
‘linear demonstrations’—that is, computational, indeed, trigonometric
methods (διὰ τῶν γραμμῶν; per lineares demonstrationes, per numeros);40
(b) followed by a metrical analysis for the determination of all six arcs
in the case in which the sun is at an equinox.

37 Since not all of the numbers in the Greek fragments have been preserved, it is not
possible to be certain where all of the divisions were placed in this version of the text.

38 Presumably geometers.
39 These angles are defined below; see page 51.
40 See note 74 for a discussion of the meaning of the phrase διὰ τῶν γραμμῶν.
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Figure 6: The world sphere as described in Analemma 2 (modern figures)

Finally, we will follow through the nomographic calculation of the hectemorius
and meridian angles on the analemma plate in Analemma 13.

4. Ptolemy’s world sphere
In Analemma 2, Ptolemy explains that three dimensions are sufficient to
determine a volume (moles) in both magnitude and number, so that, in the
world sphere, we need only three great circles and their diameters, set at right
angles.42 Because the discussion in Analemma 2 concerns the world sphere itself,
it does not make reference to a lettered diagram—which makes it somewhat
difficult to follow. In order to explicate this section, however, we will describe
the objects that Ptolemy introduces using a modern diagram, Figure 6, which
does not correspond to anything in the manuscript sources.

In Figure 6 (left), the three great circles of the world sphere will be
taken as (a.1) the horizon, NESW, dividing the hemisphere above the earth
from that below, (a.2) the meridian, NBSA, dividing the eastern and western
hemispheres, and (a.3) the vertical, EBWΑ, dividing the northern and southern
hemispheres; and the diameters will be (b.1) the equatorial diameter, EW,
(b.2) the meridional diameter, SN, and (b.3) the gnomon, AB. Clearly, in this
context, we are describing the cosmos using local coordinates, orientated to
the position of the observer on the earth.

When these three circles are moved ‘with the sun’ (cum sole) about
their diameters, (c.1) the horizon produces the hectemorius, rotating about
the equatorial diameter, (c.2) the meridian produces the horarius, rotating

42 Moerbeke often uses moles to translate ὄγκος, which in this context would mean
‘volume’—see Clagett, Archimedes, p. 34.
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Figure 7: Analemma 3: (left) manuscript figure of the world sphere; (right) modern figure. All
of the elements in the diagram are on the eastern hemisphere, which faces us.

lettered diagram, Figure 7, of the meridian circle and the circles to the east.
Hence, Figure 7 depicts the eastern hemisphere of the model, such that all of
the lines we see are on the outer surface of the sphere, facing us. Circle ABGD
is the meridian, semicircle AEB is the horizon, and semicircle GED is the
vertical. The semicircles HZET, AZKB and GZLD are the hectemorius, the
horarius and the descensivus, respectively. Thus, the arcs which were mentioned
as determining the solar ray are �ZE,AH � as hectemorius-meridian, �ZA,GK �
as horarius-vertical, and �ZG,EL � as descensivius-horizon.

Analemma 3 is devoted to the description of a certain geometric object
and it does not deal with the world sphere, the real sun, or the actual solar
ray.45 Hence, the purpose of Analemma 3 is to describe a model—namely the
geometric object introduced—that will henceforth stand in for objects in the
real world. The rest of the Analemma deals only with this geometric model.

5. Themathematical approach

In order to understand the mathematical methods of the Analemma, we will
follow through the determination of a solar position in local coordinates for
one of the three angle pairs, namely the hectemorius-meridian pair.

Latin literally but have been guided by the fact that scilicet and various forms of qui, ipse,
idem, and so on, are used by Moerbeke to translate various functions of the definite article,
whose usage in Greek mathematical prose is well known; see Clagett, Archimedes, pp. 43–44;
Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos, p. 14, and Federspiel, ‘Sur l’opposition’.

45 The mention of the ‘ray’ that appears at the beginning of Analemma 3 is actually a
reference back to the solar ray introduced in Analemma 2, stating that point Z marks its
position in the model.
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gnomon is GD, and the center of the sphere of the sun is E,50 while ZHT is a
diameter of one of the monthly parallels north of the equator, upon which, in the
same plane let an eastern semicircle, ZKT, be imagined (νοείσθω).51
And let KH be produced upright upon ZT,52 such that section (τμῆμα) ZK of the
parallel [circle] is made to be above the earth, and with arc KL being cut off,53 let a
perpendicular, LM, be produced from L to ZT.54 And, with center M and distance
ML, let a point, X, be determined on the meridian,55 and let EL, MN, EX, and MX
be joined,56 and let EO be produced upright upon EN.57 I say that angle OEX is
equal to the sought angle.58

For, let semicircle ZLT be imagined (νοείσθω) as rotated (ἐπεστραμμένον) to its
proper position, that is, the perpendicular to the plane of the meridian. And let
a perpendicular, EP, be produced, as the equatorial diameter, to the same plane.59
Then, LM being a perpendicular to the meridian, it is obvious that straight lines
EN, ML, and EP are in a single plane perpendicular to ABGD.60 Likewise, [it is
obvious] that EN is the common section of the hectemorius circle and the meridian,61
while LE is in line with the solar ray,62 and the sought angle, which is contained by
the ray and the equatorial diameter, is LEP. For, since EL is equal to EX,63 and
ML to MX,64 and EM is common, therefore angle MEL is equal to angle MEX.65
But angle MEP is right, and angle MEO,66 therefore the remaining angle LEP 67

50 This is a clear indication that Ptolemy thinks of the analemma model as a simplifying
assumption, since by his time it was well known that the sun does not orbit the earth in a
simple sphere—although the model may have been developed at a time when this was still
held to be so.

51 The MS reads νοείσθαι, Heiberg corrects to νοείσθω.
52 Elements I.11; set square.
53 This is the arc of the seasonal hour, ηs.
54 Elements I.12; set square.
55 Elements I.post.3; compass. See the discussion of this construction below.
56 Elements I.post.1; side of set square.
57 Elements I.11; set square.
58 Namely, the hectemorius arc.
59 Elements XI.12. That is, the line about which the hectemorius rotates.
60 Elements XI.6, 7 and 18.
61 Elements XI.3.
62 Note the clear language of modeling here. Ptolemy does not assert that LE is the line of

the solar ray, but is in line with it—that is, models it.
63 They are both radii of the sphere.
64 By construction.
65 That is, because △MEX ∼� △MEL, by Elements I.8.
66 Following this, both the Greek and the Latin include the phrase ‘and since angle EML’

(έπει καὶ ἡ ὑπὸ τῶν ΕΜΛ, quoniam et qui sub EML), which appears to be an interpolation,
and has been noted as such by the modern editors.

67 Here the manuscript includes the phrase ‘to angle MEX, that is’ (τῇ ὑπὸ ΜΕΞ τουτέστιν,
ei qui sub MEX hoc est), which does not make sense and has been marked as an interpolation
by the modern editors.
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of the sun, δ�λ�, are given by the inclination of the pole and the declination of
the month-circle of the sun, TKLZ. Ptolemy makes no mention of this, simply
assuming that they are fixed by the geometry of the figure. With TKLZ as the
month-circle, section KLZ, being above the horizon, represents the motion of
the sun from sunrise in the east to midday. Hence, the seasonal hour, ηs, must
be taken as given along this arc, say as arc KL. This arc is taken as arbitrary
in the construction. Because Analemma 6 is a theorem of synthetic geometry,
however, there is no mention of any objects being given.70

Then, since L is the position of the sun and P is the east point of the
local horizon, the hectemorius is the great circle PLN passing through P and
L, and the hectemorius arc is PL. The construction then amounts to using
analemma methods to project these points onto the analemma plane, while
the proof amounts to showing that the arc that results from this projection is
equal to arc PL.

The hectemorius circle is first projected orthogonally onto the analemma
as line NMEN ′, such that P maps to E, and L to M (M.1, M.2). Next, the
location of L on the hectemorius is rotated into the plane of the analemma
in two ways, by the method set out in the first example treating analemma
methods above, Section 2.1. That is, L is mapped to the intersection of the
circle about center M with distance ML, which is perpendicular to line EN,
with the analemma circle, at point X. This construction is effected by taking
X as the intersection of a circle drawn about center M with distance ML. In
this way, L maps to X. The circle that produces X is not actually drawn in
the plane of the analemma—probably because arc lengths are not preserved
on it. Then, we project one of the endpoints of the diameter about which
the hectemorius rotates into the analemma by erecting a perpendicular to the
orthogonal projection of the hectemorius circle, NEN ′, at E, so that P maps
to O (M.3)—effectively, rotating the hectemorius circle into the plane of the
analemma (M.4). Ptolemy does not talk about the hectemorius circle as rotated,
he simply constructs the points X and O in the plane, first with the distance
of a circle that is not itself drawn and then by constructing a perpendicular.
The production of point X with distance ML is an interesting construction
because it differs from any construction performed in the problems of Elements
I–VI, insofar as the circle about center M is not actually drawn—only the
point that is cut off by the circle is produced. In the Elements, such points
are cut off on lines, as justified by Elements I.3, but not on circular arcs. We
may regard this construction as an analemma construction, and we will see

70 In general, Greek mathematicians only use the language of givens when treating problems,
or in theorems written to facilitate certain problem-solving practices—for example, we do not
read of objects being given in the synthetic theorems of the Elements; see Acerbi, ‘The Language’,
and Sidoli, ‘The Concept’.
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circle of radius ML about center M, or a perpendicular erected to NEN ′

at M, with the analemma, and we find O by taking the intersection of a
perpendicular to NEN ′ erected at E with the analemma (M.3).

Because the meridian circle is in the same plane as the figure, which is the
analemma plane, the analemma construction of the meridian arc is somewhat
simpler:
Mer.1: The diameter of the hectemorius circle is found, as before, by taking

the orthogonal projection of the solar position, L, onto the meridian
plane, M (M.1); and then joining this with the center, E, extended to
produce NMEN ′ (M.2).

Mer.2: The meridian arc is found by rotating the hectemorius circle about
NMEN ′, such that, as before, P, or E, maps to O, and the meridian arc is
cut off on the meridian circle between O and A—the south point (M.4).
Again, using analemma methods, we simply erect the perpendicular from
E to NEN ′ (M.3).

5.2. A metrical analysis

In Analemma 9, after introducing the methods of nomographic computation
discussed above, Ptolemy explains that each of the six principal arcs can also
be calculated using geometric, indeed trigonometric, means:73

Such a determination, for those who prefer, would also exist precisely by means
of lines (διὰ τῶν γραμμῶν),74 although it would be easily brought about through

73 Again, I have translated the Greek for this passage.
74 Διὰ τῶν γραμμῶν is a technical expression in Ptolemy’s writings; see Heiberg, Syntaxis

mathematica, vol. I, pp. 32, 42, 251, 335, 380, 383, 416, 439; vol. II, pp. 193, 198, 201,
210, 321, 426, 427, 429; Heiberg, Opera astronomica minora, pp. 202, 203. It designates the
geometric means through which a computation can be, or has been, carried out, either by
elementary geometry, or by chord-table trigonometry. When it is used in the Almagest, it is in
reference to either an actual calculation or to a metrical analysis, where the later is understood
as showing that the former is, in principle, possible. As Edwards, Ptolemy’s Περὶ ἀναλήμματος,
p. 107, n. 512, suggests, the phrase is closely related to chord-table trigonometry, and in a
number of places in the Almagest it clearly must indicate computation through chord-table
trigonometry; see Heiberg, Syntaxis mathematica, vol. I, pp. 251, 335, 380, 439; vol. II,
pp. 321, 426, 427. In a number of other places it refers to a computation, which, considering
the context, was almost certainly carried out through chord-table trigonometry; see Heiberg,
Syntaxis mathematica, vol. I, pp. 383, 416, 439; vol. II, p. 429. And, finally, in some cases it
refers to a metrical analysis that is intended to justify a computation; see Heiberg, Syntaxis
mathematica, vol. II, pp. 193, 198, 201, 426.

We find two uses of the phrase διὰ τῶν γραμμῶν in reference to the same metrical analysis,
which, taken together, make it clear that we must understand this metrical analysis as justifying,
or standing in for, trigonometric calculation; see Heiberg, Syntaxis mathematica, vol. II, pp. 426,
427, and Nathan Sidoli, ‘Mathematical Tables’, pp. 25–26.
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As for the remaining monthly [circles],78 let meridian ABGD be set out along with
the diameters upright upon one another and axis EZ. And let a diameter, HTK, of
any of the southern monthly parallels to the equator be produced through, upon
which let semicircle HLK imagined (νοούμενον)79 to the east be drawn.80 And let axis
EZL be extended,81 obviously bisecting diameter HTK at T and semicircle HK at L.82
And let line MN be produced through [as a perpendicular] to HT,83 dividing the
section, HN, of the semicircle above the earth from that below the earth. And with
arc NX being determined as the given hours,84 let a perpendicular, XO be produced
from X to HM.85 And through O let perpendiculars upon AE, POR, and upon GE,
SOC, be produced through.86

Then, since arc HTK of the meridian is given,87 and the double of line ET
subtends its remainder in the semicircle, the ratio of HTK and ET to the diameter of
the meridian will be given.88 Likewise, since arc AZ, of the elevation [of the pole], is
given,89 angle MET of right-triangle MET will also be given. So, the ratio of ET to
each of EM and MT will also be given,90 and, moreover, that of diameter HK to each
of them.91 But, the double of line MT subtends the double of arc LN, so arc LN will

78 That is, besides the month-circle at the equinoxes.
79 The use of ‘imagined’ is a reminder that, in order to understand the analemma diagram,

we must consider it as a representation of a solid configuration.
80 The assumption of this configuration produces the first two given magnitudes: φ and δ(λ).
81 Elements I.post.2; side of the set square.
82 Elements III.3, I.def.17.
83 Elements I.11; set square. The location of M on the horizon is specified in the phrase that

follows. The fact that this line must be perpendicular is made explicit in Moerbeke’s Latin.
84 This is the final given magnitude, ηs.
85 Elements I.12; set square.
86 Elements I.12; set square.
87 In terms of the Data, this is so because both meridian ADBG and line HK are assumed

to be given in position, so that, by Data 25 and 26, line HK is given in position and in
magnitude, so that, by Data Def.8, arc HTK is given in position and magnitude. Edwards,
Ptolemy’s Περὶ ἀναλήμματος, p. 111, n. 537, points out that computationally this follows since
arc HZK = 180°−2δ(λ).

88 That is (HTK : diameterm) and (ET : diameterm) are given. The first ratio is given by
Data 1. The second ratio is given because, by Data 88, ̸ HEK is given, so that, by Data 2, half
of it, ̸ HET is given. Then, by Elements I.32 and Data 4, the angles of △HET are given, so
that, by Data 40, △HET is given in form. Then, by Data Def.3, (ET : EH ) = (ET : radiusm)
is given, so that, by Data 8, (ET : diameterm) is given. In terms of computation, the use of
Data 88 would involve entering into a chord-table, as would the computation of ratios based
on angles implied by the use of Data 40.

89 This is φ—assumed to be given by the geometric configuration, or by taking the meridional
altitude of the pole, in degrees.

90 That is, since by Elements I.32 and Data 4, the angles of △MET are given, by Data 40,
(ET : EM ) and (ET : MT ) are given. The computation of these ratios would involve entering
into a chord-table.

91 That is, by Data 8, (EM : diameterm) and (MT : diameterm) are given.
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Figure 10: Analemma 10: Partial diagram of the analemma. Objects which do not concern
the hectemorius-meridian angle pair have been omitted. Elements in grey do not appear in the
manuscript diagram.

As before, in Figure 10, the solar position is projected into the analemma in
two ways. Since O is the orthogonal projection of the solar position, X, onto
the plane of the meridian—produced by dropping a perpendicular from X to
the diameter of the solar month-circle, HK (M.1)—the line OE, joining O
with the orthogonal projection of the east point, E, will be the diameter of the
hectemorius circle (M.2). Hence, the hectemorius arc, YE ′′, will be produced by
rotating the hectemorius circle into the meridian (M.4)—that is, by taking Y
on the analemma circle such that OY � OX, and erecting EE ′′ perpendicular
to OE (M.3). Since, by Elements I.29, ̸ YEE ′′� ̸ EYO, Ptolemy will simply
work with ̸ EYO—probably to avoid having to produce EE ′′ in an already
cluttered diagram. The meridian arc is found by extending the diameter of the
hectemorius circle, OE, to meet the meridian at E ′, and taking the arc between
this intersection and the south point, arc AE ′. Since arc AE ′� ̸ PEO, Ptolemy
simply works with this angle—again to avoid producing any unnecessary lines.

Up to this point in the metrical analysis, Ptolemy has dealt with all lines
in terms of ratios to other lines. This practice agrees with that found in the
Almagest for plane trigonometry, and derives from the fact that when we
enter into a chord table with an angle, the resulting chord is always given in
terms of the radius of the circumscribing circle—that is, as a ratio.107 In what

107 This is the reason why Acerbi, ‘I codici stilistici’, pp. 204–208, has gone too far in
attributing to Ptolemy claims about given lines in his rewriting of the ancient text.
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trigonometric, methods.118 In the context of this treatise, this is contrasted
with the analog computations that will be outlined below. The determinations,
and likewise computations, ‘by means of lines’ are said to be more precise than
those of the nomographic procedures to which we now turn.

5.3. An analog computation

In Analemma 11, Ptolemy describes the production of an analemma plate, on
which ‘with only the compass and the set square’ (διὰ μόνου τοῦ τε καρκίνου
καὶ τοῦ ὀρθογωνίου πλατύσματος)119 constructions of the six principal arcs can
be carried out.120 The plate is a ‘drum-shaped plane’ (τυμπανοειδὲς ἐπίπεδον) on
which certain, permanent lines are drawn. Ptolemy gives instructions for how
this plate should be made using a lettered diagram that serves as a sort of
mathematical recipe for a physical construction. The finished plate, however,
would probably not have had labels on it, as in Figure 11.

The plate may be made of inscribed lines on bronze or stone, or colored
lines drawn on wood, which is then covered with wax so that the horizon and
gnomon can be drawn in the wax.121 The wooden tablet—which we will treat
here—is inscribed with red lines for the meridian and the diameter of the
equator and black for three month-circles. Quadrants, graduated at 1° intervals,
are produced on one or both sides of the equator, as well as in one of the
quadrants of the outer circle. In each quadrant of the outer circle a set of seven
marks is drawn for the elevation of the pole at seven well-known latitudes, φ, of
Greco-Roman geography: 16 1/3 1/12°, 23 1/2 1/3 °, 30 1/3 °, 36°, 40 1/2 1/3 1/12°, 45°,
and 48 1/2°.122 Three month-circles are inscribed corresponding to the following
solar declinations, δ�λ�: 23 1/2 1/3°, 20 1/2°, and 11 2/3°.123 The first month-circle
is used when the sun is at the tropics, in the signs of Cancer or Capricorn
(λ � 90°, 270°); the second is used when the sun is in Gemini, Leo, Sagittarius
or Aquarius (λ � 60°, 120°, 240°, 300°); the third is used when the sun is
in Taurus, Virgo, Scorpio or Pisces (λ � 30°, 150°, 210°, 330°); while the
equator is used when the sun is in Aries or Libra (λ � 0°, 180°). The wooden
plate is orientated by rotating it such that the elevation corresponding to the
given terrestrial latitude, φ, is in the zenith and drawing the horizon and the
gnomon in the wax. In the operations to be described below, arcs will be set

118 See note 74 for a discussion of the meaning of the phrase ‘by means of lines’ (διὰ τῶν
γραμμῶν).

119 Literally, ‘crab’ and ‘rectangular plate’.
120 Heiberg, Opera astronomica minora, p. 212.
121 Presumably working with bronze or stone involved having a number of different sets of

plates for the different latitudes.
122 These latitudes should be compared with those in Almagest II.6 and Geography I.23.
123 These should be compared with the declinations in Almagest I.5.
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Figure 11: Analemma 11: The wooden analemma plate, rotated to carry out computations at
the latitude of Rhodes, φ � 36°. Red lines are shown in gray, dotted lines are to be drawn in
the wax.

out on the meridian. These arcs can then be measured by carrying them, with
the compass, to one of the graduated quadrants at the side, which have the
same diameter as the meridian.

In order to follow the method of the analog computation, we will read
Analemma 13 closely, with a new diagram for each step of the procedure.124
Analemma 13, in which Ptolemy describes the analemma-plate computation
for the six principal angles, begins as follows:125

Again, [1] let a diameter of any one of the monthly circles be modeled, and let it be
ZHTK, upon which is the eastern semicircle ZLK.126 [2a] And with center T and

124 Luckey, ‘Das Analemma’, cols 32–39, gives a complete account of the nomographic
computation for all of the angles. See also the account by Guerola Olivares, El Collegio Romano,
pp. 122–131.

125 There is no Greek text for this part of the treatise; I translate Moerbeke’s Latin—omitting
those passages unnecessary to the computation of the hectemorius-meridian pair.

126 L has not actually been produced yet, so at this point it serves as an unspecified name
for the semicircle. The positioning of L and M in the diagram provided by Heiberg, Opera
astronomica minora, p. 219, which accurately reflects that on O f. 64v, is incorrect.
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Figure 12: Analemma 13: Computing on the analemma plate, steps [1] and [2]: (left) initial
set up, determination of δ�λ� and φ; (right) determination of L, the position of the horizon
on the month-circle.

distance TA, let a point of the meridian, L, be determined,127 by which ZL—the
semicircle above the earth—and LK—below the earth—are separated. [2b] But point
L is determined with the set square (per platinam rectangulam) if the angle will have
been brought to H such that the other side is fitted to ZK—for what the remaining
side cuts on the semicircle will be the point [L ], because the perpendicular produced
from H of HK will be the [common] section of the planes of the horizon and the
monthly circle.128

In the first step, [1], we orientate the plate to the given latitude—say
φ � 36°, the latitude assumed for Rhodes—and draw the horizon, AB, and the
gnomon, GD, into the wax on the plate. In the actual procedure, we would
not need to label these lines, but we label them in Figure 12 for the sake of
clarity. We then chose one of the month-circles, which will determine H and
T—the plate can be rotated 180° so that any month circle can be taken in
the northern or southern direction.

The second step, [2], can be carried out in two ways. We determine the
point on the month-circle that divides between day- and night-time, L, by [2a]
either using the compass to take the intersection of a length TL � TA on the
month-circle, [2b] or using the set square to take the perpendicular from H,
the intersection of the diameter of the month-circle and the horizon. That we
must set TL � TA is clear from considering the solid configuration—as hinted

127 The fact that TA � TL can be shown by considering the solid configuration—see below.
128 Heiberg, Opera astronomica minora, p. 219; Edwards, Ptolemy’s Περὶ ἀναλήμματος,

pp. 68–69.
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Figure 14: Analemma 13: Computing on the analemma plate, steps [5] and [6]: (left)
determination of the solar position, M, and its projection onto the diameter of the month-circle;
(right) determination of the solar position on the hectemorius circle in the plane of the
meridian, X.

• we transfer the daytime arc to this auxiliary circle with the compass,
such that one endpoint falls on the axis that bounds the outer graduated
quadrant,

• we project the other endpoint onto the outer graduated quadrant with
the set square,

• we read off the angle measure on the graduated quadrant and divide this
value by six,

• we mark this value off on the graduated quadrant and project this arc
back onto the auxiliary circle, and

• we transfer this arc back to the month-circle with the compass and mark
it off six times.

Since both the geometrical and analemma plate methods of producing the
hours are non-trivial, it seems likely that Ptolemy took his readers to have
some familiarity with these sorts of constructive procedures.

Step four, [4], is carried out by lining up one side of the set square on
the diameter of the month-circle such that the other side passes through the
hour points—as is made explicit in the text. The points on the diameter of
the month-circle are then marked at the angle of the set square.

The text continues, as follows:
But, [5] let one of them that is above the earth be that at M,132 and the ordinate

132 This is the given hour, ηs.
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In step seven, [7], we determine the diameter of the hectemorius circle by
placing the angle of the set square at the center of the figure and passing one
side over point O so that the other side falls above the earth, at point F.

In the final step, [8], we note that XF is the hectemorius arc and AO is the
meridian arc. These can be measured by placing the compass points at their
endpoints and then transferring them to the graduated quadrant at the equator.

By following a series of physical manipulations of this sort, each of the six
principal arcs can be computed nomographically.

6. Conclusion

Following the details of Ptolemy’s presentation of the Analemma, as we have
done in this paper, has made it clear that the analemma methods, as a loose
collection of problem-solving methods in the science of gnomonics, were closely
associated with various instrumental practices. We have seen both a restriction
to operations that can be performed by abstractions of realizable instruments
and explicit instructions for the production and use of an analemma plate as
a tool for analog computations. This basis in instrumental practice, and its
justification through metrical analysis, appears to have been a significant part
of Ptolemy’s mathematical bequest to scholars of the mathematical sciences in
the late ancient and medieval periods. This explicitly instrumental approach,
which is not found in the extant writings of authors like Euclid or Diophantus,
was, nevertheless, an important aspect of the Greek mathematical sciences.136

Although there is one theorem in the Analemma, the analemma methods,
as they are preserved in ancient and medieval sources, were clearly focused
around problem-solving—based on operations that can be performed with a
real compass and set square. This provides us with an interesting example of a
mathematical practice that is clearly the articulation and abstraction of an actual
instrumental practice. In fact, the contrast between the constructive methods
of gnomonics and those of Euclid’s Elements, allows us to cast the Euclidean
problems in a new light. It is often claimed that Euclid’s postulates derive from
the operations of a compass and a straightedge,137 but in fact they are more
abstract than this. For example, Elements I.post.1 can be used to join points
that are any distance apart, such as in Elements I.2, which a straightedge cannot
do. Of course, one could argue that the postulates in the Elements suppose
an indefinitely long straightedge—but there is no such thing. Again, Elements
I.16 requires that Elements I.post.2 be used to extend a line to any assumed
length, which a straightedge cannot do, since every actual straightedge is finite.

136 I have used this interpretation of Ptolemy’s Analemma as both computational and
instrumental to give an interpretation of the mathematical methods underlying Heron’s Dioptra
35 as an application of analemma methods; see Sidoli, ‘Heron’s Dioptra 35’.

137 See, for one of many examples, Mueller, Philosophy, pp. 15–16.
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explanation we have of the mathematical conceptions underlying analemma
methods, and since these methods were so fruitfully applied in the classical
Islamic period, if we want to fully understand the medieval development of
analemma methods, we should begin with a firm basis in Ptolemy’s text. The
key features of the Analemma that should inform our reading of the medieval
sources are (1) its essentially projective approach and (2) its interest in the
mathematical justification of the methods of analog computation.

Finally, the Analemma provides a well-contained example of the approach to
mathematical astronomy developed in the Hellenistic period and still practiced
by Ptolemy and others in the Roman Imperial period.

• A geometric model is posited, with relatively little attempt to argue that
it is a sound representation of the physical world.

• The model itself becomes the object of geometrical investigation and
geometrical claims that can be made about the model are assumed,
without comment, to apply also to the world.

• Numerical values, which are ostensibly empirical, enter into the model
as given parameters for computation.

• The mathematical methods of computation (λογιστική) are mixed with
the constructive methods of geometry, with no evidence for the division
of these two areas of mathematics that we find, for example, in the
Elements and certain philosophical authors.

• The geometrical methods of the Data are used as a theoretical basis for
a computational practice that is understood as producing measurements
of various aspects of the underlying geometric model.

Mathematical scholars of the late ancient and medieval periods, who read
Ptolemy as a mathematician, found in these aspects of his approach various
methods to articulate, critique and revise in their effort to further develop the
mathematical sciences.
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Indian sources, but there is no Indian source that clearly contains an analemma construction
and the spherical methods in Indian sources can also be explained through other approaches
to spherical geometry; see Mimura, The Tradition, pp. 36–55.
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Was there a Ninth Sphere in Ptolemy?�


Paul HULLMEINE

An important part of ancient and medieval cosmology was the determination 
of the total number of spheres needed for any given astronomical model to 
account for the celestial phenomena.1 Notorious in this respect is Aristotle’s 
conclusion in Metaphysics XII.8 that there are up to 55 spheres, exceeding the 
amount reckoned by his predecessors Callippus and Eudoxus. Aristotle arrives 
at this large number for two reasons. First, he needs to account for the complex 
motions of the stars and planets. Second, he strives in his cosmological setup to 
adhere to the presuppositions and foundations of his physics.2 Without delving 
too deeply into the various pre-Ptolemaic systems, the core idea of the Aristo-
telian model is the following. All celestial bodies, namely, the Sun, Moon, and 
the five planets visible to the naked eye — Mercury, Venus, Mars, Jupiter, and 
Saturn — are fixed in a sphere homocentric with the centre of the universe, 
the immobile earth. Since one sphere through itself can only move with one 

*  I am grateful to the editors for allowing me to publish this article in the present volume 
although I did not attend the conference in 2015. I want to thank Charles Burnett and Peter 
Adamson for their careful reading of a previous version of this text and for their ongoing sup-
port. My gratitude goes also to the anonymous referee for helpful comments and references. 

1  See Lloyd, ‘Saving the Appearances’, and especially the discussion of Ptolemy’s Planetary 
Hypotheses on pp. 215–17. There, Lloyd discusses the question whether Ptolemy aims at estab-
lishing a functioning physical picture of the universe in addition to his mathematical calcula-
tions. He concludes (p. 217): ‘But the fundamental point remains that to represent Ptolemy in 
general as interested purely in the mathematics of his problems cannot be right given first the 
appeal to physical arguments in chs. 3 and 7 of the Syntaxis and second in the straightforward-
ly realist account offered in the second book of the Planetary Hypotheses.’

2  The main passage on the number of spheres and celestial movers is Metaph. XII.8, 1073b3–
���������D�������� �6�H�H�� �I�R�U�� �H�[�D�P�S�O�H�� �/�O�R�\�G���� �‡�0�H�W�D�S�K�\�V�L�F�V�� �œ�� ��� �̂��� �D�Q�G�� �%�H�H�U�H���� �‡�&�R�X�Q�W�L�Q�J�� �W�K�H�� �8�Q�P�R�Y�H�G�� �0�R�Y-
ers’. The physical foundations underlying his astronomical system are spread throughout the 
De caelo, for example the nature of the fifth element, the aether (I.3), the nature of the circular 
motion (I.4), the spherical motion of the heavens and the stars (II.3–8), and the sphericity of 
the earth (II.14). The fragments by Eudoxus are collected in Eudoxus of Cnidus, Die Frag-
mente. For the relationship between the astronomical models by Eudoxus, Callippus and Aris-
totle and their different calculations of the total numbers of spheres and celestial movers, see 
Neugebauer, A History, pp.  675–89; Heglmeier, ‘Die griechische Astronomie’; Yavetz, ‘On the 
Homocentric Spheres’; Mendell, ‘The Trouble with Eudoxus’. Additionally, a brief but concise 
overview is offered by Alberto Jori in his commentary added to his German translation of the 
De caelo, see Aristotle, Über den Himmel, pp. 296–301.

Ptolemy’s Science of the Stars in the Middle Ages, ed. by David Juste, Benno van Dalen, Dag Nikolaus Hasse and 
Charles Burnett, PALS 1 (Turnhout, 2020), pp. 79–96
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motion, further orbs need to be added to account for the complex motion of 
the planets. Above all these spheres lies the sphere of the fixed stars, which is 
moved by the Prime Mover. This sphere, in turn, transmits the diurnal west-
wards rotation to every planet below it. In order to make certain that only this 
diurnal rotation is transmitted to, for example, Jupiter, the combined motion 
for Saturn must be cancelled, which happens by means of Aristotle’s notorious 
‘counter-acting’ spheres. This results in a model that assigns multiple spheres to 
every planet, thereby generating the 55 or 49 spheres posited by Aristotle.

However, one could also reduce the number of spheres by assigning one 
‘main sphere’ to every planet, which then consists of a variable number of orbs 
responsible for the seemingly irregular motion of the planets. This approach 
results in assuming eight ‘main spheres’, one for each of the five planets, one 
for the Sun, one for the Moon, and one for the fixed stars. Such a reduced 
version can be found in Alexander of Aphrodisias.3 In this context, István  M. 
Bodnár has posed the question whether Alexander actually argued only for the 
existence of eight spheres in total or of eight ‘bundles’ of spheres (i.e. what 
I called ‘main spheres’), deciding for the latter option.4 Subsequently, Damien 
Janos argued that a model similar to that of Alexander can be found in two 
of the most important representatives of the medieval Arabic philosophical 
�W�U�D�G�L�W�L�R�Q���� �D�O���)�Â�U�Â�E�ì�� �D�Q�G�� �$�Y�L�F�H�Q�Q�D���� �,�Q�W�H�U�H�V�W�L�Q�J�O�\���� �D�O���)�Â�U�Â�E�ì�� �D�V�� �Z�H�O�O�� �D�V�� �$�Y�L�F�H�Q�Q�D��
adopt a model that consists not of eight, but rather of nine such ‘bundles’ 
of spheres, each of these carrying within itself a certain number of eccen-
trics and epicycles.5 In fact, this model of nine concentric main spheres was 
widespread in medieval Arabic philosophy.6 To put forward one telling exam-
ple, the metaphysical part of Avicenna’s �*�H�S���A �@�K���¹�H�E���ñ (Book on the Healing) 
addresses the number of celestial movers. Already for Aristotle and Alexander 
the question of the number of spheres was not only a purely astronomical one 
to account for the phenomena, but rather had some severe philosophical con-
�V�H�T�X�H�Q�F�H�V�� �U�H�J�D�U�G�L�Q�J�� �W�K�H�� �I�X�U�W�K�H�U�� �T�X�H�V�W�L�R�Q�� �R�Q�� �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �8�Q�P�R�Y�H�G�� �0�R�Y�H�U�V����
since they assigned one celestial mover to every celestial motion. Leaving aside 
the philosophical background of this question, Avicenna tells us that there 

3  Alexander of Aphrodisias, On the Cosmos, pp. 10 and 93–95. Genequand refers to a sim-
ilar passage in Alexander’s Quaestiones, I.25, see Alexander of Aphrodisias, Quaestiones, p.  40: 
23–26, tr. Sharples, Quaestiones 1.1–2.15, p. 85.

4  See Bodnár, ‘Alexander on Celestial Motions’, pp. 196–98.
5 �)�R�U�� �D�O���)�Â�U�Â�E�ì���� �V�H�H�� �-�D�Q�R�V����Method, Structure, and Development, pp. 119–28 (and for a pos-

sible influence by Alexander, pp. 152–53); for Avicenna, see Janos, ‘Moving the Orbs’, p. 174.
6 �$�Q�R�W�K�H�U�� �H�[�D�P�S�O�H�� �I�U�R�P�� �W�K�H�� �S�K�L�O�R�V�R�S�K�L�F�D�O�� �V�L�G�H�� �D�U�H�� �W�K�H�� �,�ê�Z�Â�Q�� �D�O�����D�I�Â�ñ���� �V�H�H�� �,�ê�Z�Â�Q�� �D�O�����D�I�Â�ñ, 

On the Natural Sciences, epistle 16, ch. 3, where they pose a system of nine spheres and connect 
this system to the Qur�ñ�Â�Q�L�F�� �U�H�S�R�U�W�� �W�K�D�W�� �H�L�J�K�W�� �D�Q�J�H�O�V���� �Z�K�L�F�K�� �W�K�H�\�� �F�R�P�S�D�U�H�� �W�R�� �W�K�H�� �H�L�J�K�W�� �V�S�K�H�U�H�V��
of the planets and the fixed stars, carry God’s throne, which they compare to the outermost 
ninth, starless sphere (Qur�ñ���M 69:17). Thereby, they provide the ninth sphere with a theological 
fundament.
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are two opinions about the nature of the first sphere (al-kura �@�K���>�K��). Before  
Ptolemy, according to Avicenna, the first sphere was thought to be the sphere 
of the fixed stars (kurat �@�K���¶�@�V���A�H�S). However, the scientists following Ptolemy 
claimed the existence of a starless sphere outside that of the fixed stars.7 Thus, 
Avicenna reports that it was Ptolemy who first introduced an additional sphere 
above the fixed stars, a move which the majority of the later tradition followed. 
The fact that the departing point of this report is the debate on the number 
of celestial movers highlights the philosophical importance of this question. 
In addition, the acceptance of a starless outermost sphere contradicts Aristo-
telian cosmology. Aristotle emphasizes that there is no body outside the realm 
of the cosmos, which means outside the sphere of the fixed stars.8 In addition, 
he poses the question why it is that the single primary motion carries a huge 
mass of stars, whereas the inner spheres carry only one planet each. Of the two 
arguments Aristotle puts forward, the stronger is that the fact that the outer-
most sphere carries all the fixed stars is an indication for its superiority above 
the others.9 This argument leads Averroes to reject a ninth sphere, thereby con-
sciously pitting himself against Ptolemy, since Ptolemy described the precession 
that is additional to the diurnal motion.10 This critique stands in the context 
of a development in al-Andalus that tried to replace Ptolemaic cosmology with 
a system that was compatible with Aristotelian physics.11 Finally, the discussion 
about the number of spheres is also found in Jewish thought, where we like-
wise find traces of the ascription of a ninth sphere to Ptolemy.12

While these implications belong to the philosophical reception of a ninth 
sphere, we also have evidence for its mathematical-astronomical reception 

7  Avicenna, The Metaphysics, p.  317:9–13. Marmura’s translation reads as follows: ‘[The 
first sphere,] for those who preceded Ptolemy, is the sphere of the fixed stars; and for those 
who learned the sciences that became manifest to Ptolemy, [it] is a sphere outside the [for- 
mer] which surrounds it and is without stars’. On pp. 328:28 and 331:8, this sphere is called 
�@�K���à�H�Q�L �@�K���@�P�n�� and al-falak �@�K���@�P�n��, i.e. ‘the utmost body/sphere’. It may be noted here that 
Avicenna does not enumerate the different spheres or movers. He does not call this ‘the ninth 
sphere’. Nevertheless, since the topic of the ninth sphere was so common in the Islamic world 
from the early ninth century onwards, Avicenna surely must have an independent main sphere 
in mind.

8  De caelo I.9, 279a11-b3, II.10, 291a34-b9 and Metaph. XII.6–7.
9  De caelo II.12,  292a10–15 and 292b25–293a12. See also Metaph. XII.8,  1074a26–28, 

where Aristotle writes that all motions exist for the sake of the stars.
10  See his account in his Epitome of Aristotle’s Metaphysics, in Averroes, On Aristotle’s 

Metaphysics, p. 146, and further Endress, ‘Averroes’ De caelo’, pp. 43–44.
11  See Sabra, ‘The Andalusian Revolt’.
12  See Tanenbaum, ‘Nine Spheres or Ten?’, esp. p.  310. The author addresses mostly the 

philosophical and theological implications. The ascription of nine spheres to Ptolemy can be 
found in a gloss on Ibn Ezra, which also gives evidence for a reception of Ptolemy’s Planetary 
Hypotheses���� �6�H�H�� �D�O�V�R�� �6�H�O�D���� �‡�0�D�L�P�R�Q�L�G�H�V�� �D�Q�G�� �0�Â�V�K�D�ñ�D�O�O�Â�K�ˆ�� �R�Q�� �W�K�H�� �Q�L�Q�W�K�� �V�S�K�H�U�H�� �L�Q�� �D�� �P�R�U�H�� �D�V�W�U�R-
logical context in medieval Jewish thought.
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already in the early �ò�$�E�E�Â�V�L�G�� �S�H�U�L�R�G���� �$ �Y�H�U�\�� �H�D�U�O�\���� �Q�L�Q�W�K���F�H�Q�W�X�U�\�� �F�U�L�W�L�T�X�H�� �R�I�� �W�K�H��
ninth sphere that deals with the problem of how two concentric orbs interact 
�Z�L�W�K�� �H�D�F�K�� �R�W�K�H�U���� �V�X�U�Y�L�Y�H�V�� �L�Q�� �D�� �F�L�W�D�W�L�R�Q�� �E�\�� �4�X���E�� �D�O���'�ì�Q�� �D�O���!�ì�U�Â�]�ì��13 It is interest-
ing that the author of this cited treatise, whom Saliba identified with one of 
�W�K�H�� �%�Â�Q�,�� �0�,�V�Â���� �Q�D�P�H�O�\�� �0�X�æ�D�P�P�D�G�� �L�E�Q�� �0�,�V�Â���� �V�H�H�P�V�� �W�R�� �F�R�Q�V�L�G�H�U�� �K�L�P�V�H�O�I�� �D�V��
�E�H�O�R�Q�J�L�Q�J�� �W�R�� �W�K�H�� �3�W�R�O�H�P�D�L�F�� �W�U�D�G�L�W�L�R�Q���� �7�K�H�� �F�L�W�D�W�L�R�Q���� �D�V�� �L�W�� �V�X�U�Y�L�Y�H�V�� �L�Q�� �D�O���!�ì�U�Â�]�ì����
begins with two references to Ptolemy’s Almagest�� �W�K�D�W�� �0�X�æ�D�P�P�D�G�� �L�E�Q�� �0�,�V�Â��
uses to strengthen his point that the first universal motion is produced by a 
deity and not by a bodily ninth sphere.14�� �7�K�H�� �I�D�F�W�� �W�K�D�W�� �D�O���!�ì�U�Â�]�ì�� �G�U�D�Z�V�� �R�Q�� �W�K�L�V��
�W�U�H�D�W�L�V�H�� �S�U�R�Y�L�G�H�V�� �H�Y�L�G�H�Q�F�H�� �W�K�D�W�� �W�K�H�� �D�V�W�U�R�Q�R�P�L�F�D�O�� �W�U�D�G�L�W�L�R�Q�� �L�Q�� �0�D�U�Â�â�D�� �D�O�V�R�� �G�H�D�O�W��
with the question of the ninth sphere’s existence.15

So far, I have shown that the doctrine of a ninth sphere was, firstly, adopted 
as well as rejected in medieval Arabic and Jewish philosophy and astronomy 
and, secondly, that its introduction is sometimes ascribed to Ptolemy. However, 
the puzzle is that there is no information on a ninth sphere in Ptolemy’s most 
important astronomical work, the Almagest. In Almagest I.8, Ptolemy discusses 
the first two primary motions, the precession of the equinoctial points and the 
diurnal rotation of the heavens.16 Although from antiquity onwards the discov-
ery of precession was considered as the reason for introducing a ninth sphere, 
as we will see, Ptolemy does not mention anything along these lines in the 
Almagest. Instead, modern scholars have referred to the Planetary Hypotheses, 
which is extant in its entirety only in an Arabic and a Hebrew version,17 in 

13  This citation is edited and translated in Saliba, ‘Early Arabic Critique’, pp. 130–37.
14  Saliba, ‘Early Arabic Critique’, p. 131.
15 �$�W�� �W�K�L�V�� �S�R�L�Q�W�� �R�Q�H�� �F�D�Q�� �U�H�I�H�U�� �W�R�� �1�D���ì�U�� �D�O���'�ì�Q�� �D�O�����,�V�ì���� �D�O���!�ì�U�Â�]�ì� �̂V�� �W�H�D�F�K�H�U���� �Z�K�R�� �L�Q�F�O�X�G-

ed a ninth sphere in his description of the physical arrangements of the celestial spheres in 
his �@�K���3�@�¬�J�H�Q�@ �E�  �òilm al-hay�ña (Memoir on Astronomy), see Ragep, �@�K���o�>�R� �w�R Memoir, vol. I, 
pp. 108–11 and 124–25, and vol.  II, pp. 389–90 (in the same book, Ragep gives some valuable 
insights into questions of the relationship between the eighth and ninth sphere and the trans-
mission of motion in his commentaries, see Ragep, �@�K���o�>�R� �w�R Memoir, vol.  II, pp.  400–10). On 
�W�K�H�� �U�H�F�H�S�W�L�R�Q�� �R�I�� �W�K�H�� �Q�L�Q�W�K�� �V�S�K�H�U�H�� �Z�L�W�K�L�Q�� �W�K�H�� �0�D�U�Â�â�D���W�U�D�G�L�W�L�R�Q�� �D�Q�G�� �L�W�V�� �G�H�S�H�Q�G�H�Q�F�H�� �R�Q��falsafa, 
�V�H�H�� �0�R�U�U�L�V�R�Q���� �‡�)�D�O�V�D�I�D�� �D�Q�G�� �$�V�W�U�R�Q�R�P�\� �̂��� �S�S�� �������…�������� �%�X�W�� �D�O�V�R�� �D�V�W�U�R�Q�R�P�H�U�V�� �R�X�W�V�L�G�H�� �R�I�� �0�D�U�Â�â�D��
�G�L�G�� �H�P�S�O�R�\�� �D�� �Q�L�Q�W�K�� �V�S�K�H�U�H�� �L�Q�� �W�K�H�L�U�� �D�V�W�U�R�Q�R�P�L�F�D�O�� �Z�R�U�N�V���� �I�R�U�� �H�[�D�P�S�O�H�� �W�K�H�� �$�Q�G�D�O�X�V�L�D�Q�� �D�O���%�L���U�,�Z�ì��
���V�H�H�� �0�D�Q�F�K�D���� �‡�$�O���%�L���U�,�M�ì� �̂V�� �7�K�H�R�U�\� �̂��� �S�S�� �������…�������� �Z�K�R�� �E�H�F�D�P�H�� �Z�H�O�O���N�Q�R�Z�Q�� �L�Q�� �W�K�H�� �/�D�W�L�Q�� �W�U�D�G�L�W�L�R�Q����
Thus, Pierre Duhem’s account that this conception was adopted by nearly all Islamic astron-
omers of the Middle Ages might generally speaking still be true, see Duhem, Le système du 
monde, vol.  II, p. 204.

16  For Ptolemy’s report of the discovery of precession, see Ptolemy, Almagest, VII.2 and 3. 
Further, see Neugebauer, A History, pp. 292–98.

17  The extant Greek text of the Planetary Hypotheses only covers the first part of the first 
book, see Ptolemy, �'�X�O�N�S�G�D�R�D�0�M (an English translation is available in Hamm, Ptolemy’s Plane-
tary Theory, pp. 44–64). An English translation (from the Arabic) of the second part of Book I  
can be found in Goldstein, The Arabic Version, pp.  5–9, and an edition of the Arabic version 
of the entire Book I with a French translation in Morelon, ‘La version arabe’.
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order to show that Ptolemy might have argued for such a ninth sphere.18 Inter-
estingly, there are indeed some passages that seem to justify this course of the 
story.

In order to look for the textual basis of this claim, in what follows I will 
investigate the terminology Ptolemy uses throughout the Planetary Hypotheses 
for referring to the different kinds of spheres, orbs, and circles.19 The first part 
of the first book, which is also extant in Greek, deals with the mathemati-
cal models and the basic data of the motions of the planets. Before he gives 
detailed numerical values for the revolutions of the different planets, Ptolemy 
provides short introductory statements. In chapter I.3,20 he introduces different 
spheres and circles with their specific names. For example, he starts as follows:

�½�¿�µ���Ã�¸�É�� �¼���³�¹�Ã�Ä�¿�Â�� �º�	�º�»�¿�Â�� �À�µ�Á���� �Ä���� �º���½�Ä�Á�¿�½�� �Ä�P�Â�� �Ä�¿�m�� �º���Ã�¼�¿�Å�� �Ã�Æ�±���Á�±�Â�� �¼���½�É�½�� �º�±����
�º�±�»�µ���Ã�¸�É�� �Æ�Ã�·�¼�µ�Á�¹�½���Â
Let there be imagined a stationary great circle that is centered on the center of the 
sphere of the cosmos and let it be called the ‘equator’ […]21

�­�Ž�ì�ç�ß�• ���Ý�÷�©�Ì�ã ���Ù�à�Ó ���÷�á�³�—�ß�í ���”�—�‘�Ž�› ���á�ß�Ž�Ì�ß�• ���¯�Û�­�ã ���ð�à�Ë ���”�Á�í�Á�§�ã ���á�Ž�Å�Ì�ß�• ���­�‹�•�í�©�ß�• ���å�ã ���“�­�‹�•�© ���á�÷�ë�í�—�ç�à�Ó
Let us imagine one of the great circles drawn about the center of the world, fixed, 
and it shall be called the ‘circle of the equator’ […]22

Besides the minor point that the Arabic does not translate the Greek sphaira 
here, it is interesting to point at the way in which the Arabic translator ren-
ders the Greek kyklos (‘circle’). As one would expect, the corresponding Arabic 
term is �C���ñira, which is the usual term for a geometrical circle. However, where 
the Greek omits a reiteration of the term kyklos as reference for the adjective 
�H�R���L�D�Q�H�M�N�R (‘equator’), the translator choses to render this as falak mu�òaddal 
�@�K���M�@�G���Q (which can mean both, ‘orb’ or ‘circle of the equator’).23 Thus, falak 

18  See, for instance, Saliba, ‘Early Arabic Critique’, pp.  118 and 121, and Janos, Method, 
Structure, and Development, p. 120, n. 16. On the other hand, scholars did point out that there 
might be some problems with this ascription, for example Richard Sorabji, see Sorabji, ‘Adras-
tus’, p.  588, and also Damien Janos in Janos, ‘Moving the Orbs’, p.  168, n. 7, where he writes 
that ‘the remarks on the ninth orb in this work [i.e. the Planetary Hypotheses] are somewhat 
ambiguous’.

19  The most accurate analysis of the Planetary Hypotheses can be found in Murschel, ‘Struc-
ture and Function’.

20  I follow the chapters suggested in the edition and German translation in Ptolemy, Hy-
�O�N�S�G�D�R�D�0�M.

21  Ptolemy, �'�X�O�N�S�G�D�R�D�0�M, p. 74:3–4; English translation in Hamm, Ptolemy’s Planetary The-
ory, p. 46.

22  Morelon, ‘La version arabe’, p.  19:4–5, the English translation is my own. Morelon, ‘La 
version arabe’, p.  18 translates as follows: ‘Représentons-nous l’un des grands cercles traces au
tour du centre du monde, fixe, appelé orbe de l’équateur’.

23  One finds a parallel passage in Ptolemy, Almagest, I.8. There, Ptolemy writes that ‘the 
greatest of these circles is called the equator’ (tr. Toomer, Ptolemy’s Almagest, p. 45). The Greek 
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is used here as in the rest of the first seven chapters to describe circles. The 
same pattern, namely translating falak when the Greek text does not specify 
an adjective any further, is also used in the case of a moving circle, which is 
simply �O�G�D�Q�0�M in the Greek and al-falak �@�K���L�T�l�@�Q�Q�H�J in the Arabic.24 Also, in 
these first seven chapters, the Arabic term kura (‘sphere’) is only used for the 
sphere of the fixed stars, translating literally sphaira.25

From I.8 onwards, Ptolemy discusses the geometrical models and the math-
ematical data of the revolutions in more detail with respect to every planet. In 
these chapters, he describes the sphere (sphaira in Greek and kura in Arabic) 
of the planet, which in its entirety contains all the various circles needed for 
describing the course of the planet. Take I.10 on Mercury as an example:

�ª�À���� �´���� �Ä�P�Â�� �Ä�¿�m�� �±�Á�¼�¿�m�� �Ã�Æ�±���Á�±�Â�� �½�¿�µ���Ã�¸�É�� �º�	�º�»�¿�Â�� �×�¼���º�µ�½�Ä�Á�¿�Â�� �Ä�{�� �¶�x�´�¹�±�º�{�� �>�’�@��
�Æ�µ�Á���Ä�É�� �´���� �¿�é�Ä�¿�Â�� �×�� �º�	�º�»�¿�Â�� �­�Ä�µ�Á�¿�½�� �º�	�º�»�¿�½�� �ª�³�º�µ�º�»�¹�¼���½�¿�½�� �À�Á���Â�� �±���Ä���½
Concerning the sphere of Mercury, let there be imagined a concentric circle with the 
zodiac circle  […] Let this circle carry another circle inclined to it  […]26

�•�«�ë ���Ù�÷�­�£�ó�ß�í ��]...[���•�í�­�‘�ß�• ���Ù�à�Ó ���¯�Û�­�ã ���é�¯�Û�­�ã ���Ž�ñ�Û�à�Ó ���ê�—�­�Û ���ò�Ó ���á�÷�ë�í�—�ç ���Ž�ô�ç�ˆ�Ó ���©�­�Ž�Á�Ë ���Ž�÷�ã�ƒ�í ���©�­�Ž�Á�Ë ���Ù�ü�Ó�ƒ ���Ý�Ž�£
���ê�ç�Ë ���ñل�‹�Ž�ã ���­�§�• ���Ž�ñ�Û�à�Ó ���ê�—�Û�­�£�‘ ���Ù�à�Ô�ß�• ������

The situation of the circles of Mercury. Regarding Mercury, we imagine in its sphere 
a circle, the center of which is the center of the zodiac  […] By its motion, this circle 
shall move another circle that is inclined to it.27

The Arabic manuscripts add the phrase ‘the situation of the spheres of ’ at the 
beginning of the discussion of every planet. In the case of the Sun, this is �l���K 
falak al-šams, where the singular is used, since in what follows only one eccen-
tric circle is described to account for the Sun’s motion.28 For all other planets, 
the Arabic has the plural, �@�E�K���J, just as in the above cited example. Afterwards, 
in the Greek phrase stating ‘concerning the sphere of ’ sphaira is always trans-
lated as kura, and the various circles, Greek kyklos, are rendered as falak. We 

text has �G�0�M ho megistos kyklos �H�R���L�D�Q�H�M�N�R kaleitai (Ptolemy, Syntaxis, p.  26:19–20), which is 
analogous to the text from the Planetary Hypotheses. However, the Arabic reads �V�@���X�T�R�@�L�L�� 
a�ò�Ÿ�@�L �G���¬�H�G�H �K���C�@�V���ñir mu�òaddal �@�K���M�@�G���Q�����F�L�W�H�G���I�U�R�P���W�K�H���W�U�D�Q�V�O�D�W�L�R�Q���E�\�� �,�V�æ�Â�T���L�E�Q���å�X�Q�D�\�Q���D�Q�G��
���Â�E�L�W�� �L�E�Q�� �4�X�U�U�D���� �H�[�W�D�Q�W�� �L�Q�� �W�K�H�� �P�D�Q�X�V�F�U�L�S�W�� �7�X�Q�L�V���� �1�D�W�L�R�Q�D�O�� �/�L�E�U�D�U�\���� ������������ �I�R�O�� ���Y������������ �7�K�H�U�H����
the translator did not use the additional falak as in the Planetary Hypotheses.

24  See Ptolemy, �'�X�O�N�S�G�D�R�D�0�M, p. 74:11 and Morelon, ‘La version arabe’, p. 19:8.
25  Compare, for example, the edition in Ptolemy, �'�X�O�N�S�G�D�R�D�0�M, pp.  76:28, 78:3–4 and 

78:17–18 with Morelon, ‘La version arabe’, p. 21:17, p. 23:2, and p. 23:16.
26  Ptolemy, �'�X�O�N�S�G�D�R�D�0�M, p.  84:24–29; English translation in Hamm, Ptolemy’s Planetary 

Theory, p. 53.
27  Morelon, ‘La version arabe’, p.  33:1–4, the French translation (ibid., p.  32) reads as fol-

lows: ‘Situation des orbes de Mercure. Quant à Mercure, nous nous représentons dans sa sphère 
un orbe dont le centre est celui de l’écliptique  […]; que, par son mouvement, cet orbe meuve 
un autre orbe incliné’.

28  See Morelon, ‘La version arabe’, p. 27:1.
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can infer two important details from these descriptions. First, Ptolemy (in this 
case the Greek version, which is available to us for this chapter) indicates that 
there is a sphere for every planet, in which the reader is supposed to imag-
ine the various geometrical circles. Second, the Arabic translator now choses 
to translate kyklos as falak rather than �C���ñira.29 For the five planets Mercury, 
Venus, Mars, Jupiter and Saturn, there is another expression that might deserve 
our attention. When it comes to the construction of the epicycle, he calls this 
the ‘sphere of the epicycle’, both in Greek as well as in the Arabic, �G�� epikyklou 
sphaira and kurat falak �@�K���S�@�C�V� �Q. This indicates that Ptolemy uses the term 
sphaira, rendered in Arabic as kura, to describe the entirety of the epicycle, 
which then consists of different circles.30

From this point onwards, the remainder of the Greek text has not survived.31 
Consequently, the possibility to compare the Arabic translation to the Greek 
text also comes to an end here. The upshot of the comparison drawn so far 
is the following: In these first chapters of the Arabic translation of Ptolemy’s 
Planetary Hypotheses, in which Ptolemy deals with the geometrical representa-
tion of the model of the planets and with the numerical values of their motions, 
the term falak is exclusively used for geometrical circles. These circles, on the 
other hand, are integrated into the spheres of the planets. For the spheres, the 
Arabic translator uses kura, always corresponding to the Greek sphaira. Kura is 
used in a similar way in the following, last chapters of the first book.32 In I.16 
to 18, Ptolemy turns to the order and distances of the planets.33 He signifies 
their order by referring to ‘the sphere of the Moon’, ‘the sphere of the Sun’, etc. 
Thereby, he means the main sphere, carrying with it the planet, whereas it may 
contain all these aforementioned circles. It is interesting to highlight that Ptol-
emy does not mention the ninth sphere at this point, although this might eas-
ily be explained by the fact that it was supposed to be starless.34

29  On the different meanings of falak�� �L�Q�� �,�E�Q�� �D�O���+�D�\���D�P���� �V�H�H�� �/�D�Q�J�H�U�P�D�Q�Q���� �‡�$�� �1�R�W�H�� �R�Q�� �W�K�H��
�8�V�H�̂ ��

30  A discussion of the mathematical values given in the description of these models can be 
found in Neugebauer, A History, pp. 901–13.

31  In fact, the text stops in the middle of a description of Saturn. Some extant Greek man-
uscripts complete the text for Saturn so that it is analogous to the previous models. However, 
they leave empty spaces for the numerical data, which Heiberg fills in with the data that are 
found in the Arabic manuscripts. See Ptolemy, �'�X�O�N�S�G�D�R�D�0�M, pp. 104–07.

32  These chapters, which are neither part of Heiberg’s edition nor of Nix’s German trans-
lation, were first discovered and translated by Bernard R. Goldstein, see Goldstein, The Arabic 
Version. They are included in Morelon’s edition, see Morelon, ‘La version arabe’, pp. 56–85.

33  See Morelon, ‘La version arabe’, pp.  62–81. In Goldstein, The Arabic Version, these are 
chapters 2 to 4.

34  The only hints towards the first motion are at Morelon, ‘La version arabe’, pp. 57:4 and 
69:8.
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Ptolemy devotes the second book of the Planetary Hypotheses to the ques-
tion of how to physically represent the mathematical model of the heavens. The 
first nine chapters discuss the physical and metaphysical foundations of Aristo-
telian cosmology, such as the existence of aether and Aristotle’s counter-acting 
spheres.35 In II.10, Ptolemy lays the ground for the following presentation of 
his own physical models by clarifying his terminology.36 Among other things, 
he explains how the term ‘mover’ appears:37

�å�Ž�Û�í ���­�Ž�ì�ç�ß�• ���Ý�÷�©�Ì�ã ���Ù�à�Ó ���•�Ž�Á�×�ƒ ���ð�à�Ë ���•�­�Ð�ã�ß�• ���ð�ß�‡ ���Õ�­�·�ã�ß�• ���å�ã ���Ž�ñ�Û�÷�­�£�—�ã ���á�Ž�³�Ÿ�÷�• ���å�ã ���å�Ž�Û ���Ž�ã ���ð�÷�ã�³�ó�í��
�é�«�ë ���Ý�÷�í�ƒ�í ���Ù�÷�­�£�ã�ß�• ���í�ë�í ���ê�ß ���÷�á�Ž�Ë ���á�³�Ž�‘ ���“�­�í�­�¿�ß�Ž�‘ ���÷�Ý�Û�ß�• ���”�Û�­�£ ���”�ó�£�Ž�ç ���ð�ß�‡ ���ê�‘ ���Á�ó�£�ó ���Ž�ã ���Ê�ó�ã�Ÿ�‘ ���•�ë�«�ó��
�ñ�«�ß�• ���™�ß�Ž�›�ß�•�í ���”�Ÿ�­�Ž�§�ß�• ���Ý�£�¯ ���“�­�Û ���Ù�÷�­�£�ó ���ñ�«�ß�• ���ò�ç�Ž�›�ß�•�í ���”�—�‘�Ž�›�ß�• ���•�Û�•�í�Û�ß�• ���“�­�Û ���Ù�÷�­�£�ó ���ñ�«�ß�• ���í�ë ���á�Ž�³�Ÿ�÷�•

38�ï�û�ö�í�ß�• ���ð�à�Ë ���•�«�ë ���•�í�à�—�ó ���Ž�ã ���Ù�ß�«�Û�í ���”�Ÿ�­�Ž�§�ß�• ���ñ�­�—�·�ã�ß�• ���“�­�Û ���Ù�÷�­�£�ó ��
The bodies that move from east to west on the poles of the equator and that nec-
essarily carry along with them everything that they encompass in the direction of 
the motion of the cosmos, are called by a general name, namely ‘mover’. The first 
of these bodies is that which moves the sphere of the fixed stars, the second that, 
which moves the outer sphere of Saturn, the third that which moves the outer sphere 
of Jupiter, and so likewise [for the rest of the spheres] according to [their] sequence.

At first glance, one might take the Arabic Ptolemy here as arguing for a sphere 
above that of the fixed stars, which one could consider as the (in)famous ninth 
sphere. However, this passage unambiguously contradicts such a reading. As 
Ptolemy points out, every sphere belonging to a planet (or to the fixed stars, 
respectively) has a body that moves it from east to west, i.e. which transmits 
the diurnal rotation to it. Each of these movers is called jism, ‘body’, whereas 
kura is the term used to signify the outer spheres of the planets. As he describes 
later and makes clear with every particular model for each planet, all the orbs39 
below this outer sphere, are referred to by their specific terms, such as falak 
�@�K���S�@�C�V� �Q for epicycle (a fixed technical term).40 Following this, in the next 
chapter he explains his model for the first motion of the cosmos. This model 
includes three spheres (ukar, the plural of kura) that are concentric with the 

35  Valuable summaries can be found in Murschel, ‘The Structure and Function’, pp. 37–41; 
Taub, Ptolemy’s Universe, pp. 112–23, and Feke, Ptolemy’s Philosophy, pp. 187–200.

36  The fact that he again turns to an explanation of terminology indicates the start of 
a new topic within the Planetary Hypotheses, namely the transmission from the geometrical 
models in Book I to their physical representation in Book II.

37  For the unedited passages of Book II, I  refer to the facsimile of the London manuscript 
(London, British Library, Add. 7473, fols  81v–102v) in Goldstein, The Arabic Version. The 
second book can be found on pp.  36–55, and descriptions of the Arabic manuscripts on p.  5. 
Translations of these passages are my own.

38  Goldstein, The Arabic Version, p. 42:9–13.
39  Instead of ‘circle’, which I used with regard to the geometrical representation, I now shift 

my translation of falak to ‘orb’. Thereby, I  intend to capture the three-dimensional figure of 
these �@�E�K���J when it comes to the physical functioning of Ptolemy’s models.

40  See for example Goldstein, The Arabic Version, p. 42:20.



	 WAS THERE A NINTH SPHERE IN PTOLEMY?	 87

centre of the cosmos: 1) the body moving the sphere of the fixed stars, 2) the 
sphere of the fixed stars itself, and 3) the body moving the outer sphere of 
Saturn.41 Thus, Ptolemy uses here the term kura for the movers as well as for 
the sphere of the fixed stars and the outer sphere of Saturn itself. All of them 
share the same centre, which is the centre of the cosmos, and are thus con-
centric.42 This is important to highlight, because it is the first indication that  
Ptolemy did not introduce a system of only nine spheres that are designated by the  
term kura.

The following chapters, II.12 to II.16, describe these physical models for 
each of the planets. By doing so, he occasionally reminds the reader of the hier-
archy and number of the moving spheres. In the chapter about the model of 
Saturn, for example, he writes that the moving sphere for the model of Saturn 
is the second of the moving spheres (after the one that moves the fixed stars) 
and that the third of these moving spheres belongs to Jupiter.43 These mov-
ing spheres are similar to the first one, which means that they are responsible 
for the diurnal rotation of every set of spheres belonging to a planet. Ptolemy 
keeps counting until he arrives at the physical model of Mercury, below which 
is the eighth moving sphere belonging to the Moon.44

This means not only that there is a sphere above that of the fixed stars, 
which is responsible for its diurnal rotation, but also that there is an outer 
moving sphere at the level of every planet. This is again emphasized towards 
the end of the Planetary Hypotheses, where Ptolemy provides us with a sum-
mary of the motions and spheres:

�•�Û�•�í�Û�à�ß ���“�­�Û�í ���”�Û�÷�­�£�ã ���­�Û�ƒ ���ò�ç�Ž�ã�› ���Ù�ß�« ���å�ã ���“�­�Û ���å�í�Ì�‘�­�ƒ�í ���ï�©�£�‡ ���Ý�÷�í�÷�• ���ê�Ÿ�í�ß�• ���ð�à�Ë ���­�Û�÷�• ���Ê�ó�ã�Ÿ�Ó��
�­�Û�ƒ ���±�ã�§ ���“�­�ë�¯�ß�•�í ���¦�ó�÷�­�ã�ß�•�í ���ñ�­�—�·�ã�ß�•�í ���Ý�£�¯ ���å�ã ���©�£�•�í ���÷�Ý�Û�ß�í ���­�ã�Ø�à�ß ���Ê�‘�­�ƒ�í ���±�ã�·�ß�• ���“�­�Û�í ���”�—�‘�Ž�›�ß�•��
�©�­�Ž�Á�Ì�ß�í ���Ž�ì�Ó�ü�§ ���ð�à�Ë ���Ù�÷�­�£�—�— ��45�“�­�Û�í ���”�ç�­�Ž�Ø�ã ���“�­�Û ���•�Û�•�í�Û�ß�• ���å�ã ���©�£�•�í ���÷�Ý�Û ���ò�Ó ���­�Û�÷�• ���é�«�ë ���ò�Ó�í

47�“�­�Û ���å�í�Ì�‘�­�ƒ�í ���ï�©�£�‡ ���Ù�ß�« ���Ê�ó�ã�Ÿ�Ó ���Ž�ì�Ó�ü�§ ���ð�à�Ë ���Ù�÷�­�£�—�— ��46�“�©�£�•�í�í ���”�ç�­�Ž�Ø�ã ���“�©�£�•�í ���Ž�ì�ó�Ó ���­�Û�ƒ ���Ê�‘�³ ��
Thus, on account of the first way48 all the spheres are 41: Of these, eight are mov-
ing spheres, one is for the fixed stars, one for the Sun, four for the Moon, and five 
spheres each for Saturn, for Jupiter, for Mars, and for Venus. Among these spheres, 
for every one of the planets there is one accompanying sphere and one that moves 

41  See Goldstein, The Arabic Version, pp. 42:26–43:2.
42  In his analysis of this chapter, Neugebauer, A History, p. 923, does not mention that this 

moving sphere was interpreted as ninth sphere. This strengthens my point that a literal analysis 
of the extant material does not indicate that Ptolemy argued for nine main spheres.

43  cf. Goldstein, The Arabic Version, p. 45:16–18.
44  cf. Goldstein, The Arabic Version, p. 50:1–4.
45  The London manuscript printed in Goldstein’s article has �V�@���J�@�X�E�@. The manuscript 

�I�U�R�P�� �/�H�L�G�H�Q�� ���/�H�L�G�H�Q���� �8�%���� �2�U���� ���������� �I�R�O�� �����U�������� �K�D�V���V�@���J�T�Q�@, the reading here adopted.
46  The London manuscript omits �L�T�P���Q�H�M�@ �V�@���V���l�H�C�@���� �Z�K�L�F�K�� �L�V�� �L�Q�F�O�X�G�H�G�� �L�Q�� �/�H�L�G�H�Q���� �8�%����

Or. 180, fol. 42r:6.
47  Goldstein, The Arabic Version, p. 53:14–18.
48  By this, Ptolemy refers to the configuration of the cosmos by means of complete spheres.
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contrary to it. Mercury has seven spheres, among them one accompanying and one 
that moves contrary to it. Therefore, all of these are 41 spheres.

From all the passages collected here, it becomes clear that the moving spheres 
cannot be counted as ‘individual spheres’, which must be added to the num-
ber of the eight main spheres. Otherwise, we would not end up with nine, 
but sixteen spheres or sets of spheres, respectively. For counting the outermost 
moving sphere as independent from the sphere of the fixed stars would lead 
to the need of counting every moving sphere for every planet independently 
as well. However, there is one additional problem that we should address here. 
In the second book of the Planetary Hypotheses, Ptolemy expounds his theory 
of the so-called sawn-off pieces (�L�@�M�Ö�>�Q���S). He contrasts the Aristotelian cos-
mological model with his assumption of a combination of two different kinds 
of spheres. The first kind are the complete spheres, which we know from the 
classical pre-Ptolemaic system, which are assigned to the outer spheres of the 
cosmos, since the fixed stars are dispersed throughout the heaven. The second 
kind are only rings or sawn-out pieces of the inner spheres for the five wander-
ing planets and the Sun and the Moon, since they only move against a part of 
the heavens.49 Since the space between the inner surface of the outer complete 
spheres and the inner rings are filled with aether, which transmits the diurnal 
rotation to every one of the rings, Ptolemy needs fewer spheres in this second 
model than before:

�”�Ó�÷�í�Ÿ�ã ���­�Û�ƒ ���™�ü�› ���Ù�ß�« ���å�ã ���Ž�ñ�ã�³�Ÿ ���å�ó�­�·�Ë�í ���”�Ì�³�— ���å�í�Û�— ���á�Ž�³�Ÿ�÷�• ���Ê�ó�ã�Ÿ ���÷�å�ˆ�Ó ���ò�ç�Ž�›�ß�• ���Ê�¿�í�ß�• ���ð�à�Ë ���Ž�÷�ã�ƒ�í��
�å�í�­�·�Ë�í ���”�—�³�í ���­�ó�›�÷�• ���å�ã ���ò�Ø�‘�ó ���Ž�ã ���“�­�Û�í ��50�”�—�‘�Ž�›�ß�• ���•�Û�•�í�Û�ß�• ���“�­�Û�í ���”�—�‘�Ž�›�ß�• ���•�Û�•�í�Û�à�ß ���”�Û�÷�­�£�ã�ß�• ���“�­�Û�ß�• ���ò�ë�í��
�÷�Ý�Û�ß�í ���•�•�­�í�·�ç�ã ���Ê�‘�­�ƒ ���­�ã�Ø�à�ß�í ���©�£�•�í ���­�í�·�ç�ã ���±�ã�·�à�ß ���å�í�Û�ó ���Ž�ñ�¿�ó�ƒ ���Ù�ß�«�Û�í ���­�Û�÷�• ���•�•�­�í�·�ç�ã ���å�ã ���•�ñ�­�í�·�ç�ã
51�Ž�ñ�ã�³�Ÿ���å�í�­�·�Ë�í ���”�Ì�³�—���Ù�ß�«���Ê�ó�ã�Ÿ�Ó���”�³�ã�§ ���©�­�Ž�Á�Ì�ß�í ���”�Ì�‘�­�ƒ ���“�­�ë�¯�ß�•�í ���¦�ó�÷�­�ã�ß�•�í ���ñ�­�—�·�ã�ß�•�í ���Ý�£�¯ ���å�ã ���©�£�•�í ��

On account of the second model, all bodies are [only] 29. Of these, three spheres 
are hollow, namely the sphere moving the fixed stars, the sphere of the fixed stars 
[itself], and the sphere of what remains of the aether. 26 are sawn-off pieces of the 
spheres. Likewise, the Sun also has one sawn-off piece, the Moon four, and every one 
of Saturn, Jupiter, Mars, and Venus have four, and Mercury has five. Therefore, the 
total of these are 29 bodies.

But also in this picture, if we decided to think of the first moving sphere as the 
ninth sphere, we would need to consider the ‘rest of aether’ as well, and would 
arrive at 10 sets of spheres. In short, the discussion revolves around the problem 
of the status of the outermost sphere, for which Ptolemy undoubtedly argued. 
However, it is not the case (contrary to what the Arabic tradition supposes) 

49  For the best analysis up to this day, see Murschel, ‘The Structure and Function’, esp. 
pp. 41–52.

50  The London manuscript omits �V�@���J�T�Q�@�S �@�K���J�@�V���J�H�A �@�K���¶���A�H�S�@, which is included in 
�0�6 �/�H�L�G�H�Q���� �8�%���� �2�U���� ���������� �I�R�O�� �����U������

51  Goldstein, The Arabic Version, p. 53:18–22.
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that he conceived the outermost starless sphere as being independent from the 
others below it. Rather, it simply induces the diurnal westwards rotation for 
the sphere of the fixed stars, which by itself moves eastwards to account for 
precession. As the model for the complete spheres reveals, there is an analogous 
moving sphere for every planet, which no one (neither in Neoplatonic, Arabic, 
or modern scholarship) added to the number of main spheres or sets of spheres.

The investigation of the Greek and Arabic terminology underlying the Plan-
etary Hypotheses reveals, most importantly, that kura or sphaira do not indicate 
these eight superordinate spheres specifically. On the one hand, in the mathe-
matical part of Book I of the Planetary Hypotheses a set of spheres belonging 
to a planet is called kura, which translates the Greek sphaira.52 On the other 
hand, the translator chose to use falak to translate circles, which are the tools 
for computing the motion of the planets. In the second book, Ptolemy turns 
to the physical representation of these spheres. The Arabic translator continued 
to use da�ñira (probably kyklos) for describing the geometrical figure. When it 
comes to describing the physical explanation of the motion of the planets, the 
eccentrics and epicycles are referred to as falak �@�K���S�@�C�V� �Q and al-falak �@�K���x���Q�H�à 
al-markaz. On the other hand, the term kura receives a wider meaning than in 
the mathematical part before. It indicates concentric spheres, whether they are 
just ‘movers’ for the spheres of the planets or not. Thus, kura also has, at least 
in the Planetary Hypotheses, a twofold meaning. First, it can describe a ‘set of 
spheres’, of which there are only eight, and second, concentric spheres within 
this set of spheres. This means that it is not wrong to think of sets of spheres 
or main spheres, carrying a certain number of concentric, eccentric, and epicy-
clic spheres within them, as already Alexander of Aphrodisias had done. Since 
Ptolemy only enumerates the moving spheres together with the overall number 
of spheres needed for the motions of the planets, he never calls the outermost 
sphere the ninth. This argumentum ex silentio taken together with the textual 
evidence gathered from the Planetary Hypotheses shows that Ptolemy did not 
intend to establish a nine-sphere-cosmos.

The outcome of this investigation is that we can definitely state that Ptol-
emy was only concerned with enumerating the various orbs in order to show 
that his model of sawn-off pieces is more economic than the model of com-

52 �7�K�L�V���P�H�D�Q�L�Q�J���F�D�Q���E�H���I�R�X�Q�G���L�Q�����Â�E�L�W���L�E�Q���4�X�U�U�D���D�V���Z�H�O�O���� �7�K�L�V���L�V���U�H�P�D�U�N�D�E�O�H���� �V�L�Q�F�H�����Â�E�L�W���L�V��
said to have revised the translation of the Planetary Hypotheses (though Murschel, ‘The Struc-
ture and Function’, p. 34 doubts that on the basis of the poor quality of the translation). The 
work in question is the short treatise Presentation of the Orbs of the Heavenly Bodies, in Mo-
relon, �3�G���A�H�S ibn Qurra���� �S�S�� �����…�������� �7�K�H�U�H���� �R�Q�� �S�� �������� ���Â�E�L�W�� �Z�U�L�W�H�V���� �‡�7�K�H�V�H�� �V�S�K�H�U�H�V�� ��ukar) that 
belong to the planets contain (�E� �G��) various circles (�@�E�K���J �L�T�x�S�@�K�H�E�@), which move in various 
ways, …’ Since this treatise is usually referred to as being a reprise to the first part of the first 
book of the Planetary Hypotheses, this should be read in the same way as being a description 
of the geometrical figures.
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plete spheres. However, he does not enumerate what we have called ‘bundles 
of spheres’ above, because it is not important for the physical functioning of 
his model whether the outermost orb belongs to the sphere of the fixed stars 
as a mover or whether it is regarded as an individual ninth one. Since it is 
now safe to say that Ptolemy himself did not argue for a ninth sphere, the 
question can be raised where this report, which seems to have been widespread 
in the Middle Ages, ultimately comes from. From what we have seen before, 
at the basis there seems to have been a misunderstanding. To my knowledge, 
it is not before John Philoponus and Simplicius in the sixth century AD that 
Ptolemy is reported to have argued for a ninth sphere. For example, Proclus 
argued against Ptolemy regarding precession, but did not mention the theory 
of a ninth sphere.53 Thus, John Philoponus is the first author who wrote about 
the existence of a ninth sphere with reference to Ptolemy.54 In his De opificio 
mundi, he defends the Biblical report about a heaven above the fixed stars by 
alluding to Hipparchus and Ptolemy.

If someone does not believe the prophet [i.e. Moses], who supposes another heaven 
outside the so-called sphere of the fixed stars, because there would be no proof of its 
existence, he shall have in mind that no one of the mathematicians before Ptolemy 
and Hipparchus knew the ninth and starless sphere, the utmost of all. Plato, together 
with the others, believed that only eight exist, but on the basis of some observations, 
about which we do not need to speak now, Hipparchus and Ptolemy introduced 
the ninth and starless [sphere]. It is not necessary that things that are completely 
unknown to some do not exist. So far, I only pointed out here that Ptolemy and 
before him Hipparchus were in agreement with Moses in supposing the utmost of 
all spheres as starless. Even more so, they took the beginning of [their] findings from 
him [i.e. Moses].55

Philoponus connects the hypothesis of a ninth sphere with some newly under-
taken observations by Hipparchus and Ptolemy, by which he alludes to the 
discovery of precession. However, he does not directly refer to a specific Ptole-
maic work. Although Philoponus argues that there cannot be any proof for the 

53  Proclus, �'�X�O�N�S�X�O�0�R�H�R, p.  234:7–23. See  Siorvanes, Proclus, pp.  290–93. Proclus knew the 
Planetary Hypotheses, as is evident from his commentaries, see Proclus, In rep., II, p. 230:14–15 
and Proclus, In tim., III, p. 60:31–63:30, and see further Hartner, ‘Medieval Views’, pp. 260–
61.

54  The evidence for a similar thought in Asclepius, as pointed out by Maróth, ‘The 
Ten Intellects Cosmology’, pp. 110–11, is rather vague. Commenting on Aristotle Metaph. 
V.11,  1018b9–29, he adds to the example of prior in the sense of prior in space (topos) the ex-
ample that the sphere of the fixed stars is prior since it is close to the starless (�@�M�@�R�S�Q�0) sphere. 
See Asclepius, In metaph., p.  323:26–27. In addition, Asclepius does not say from where he 
takes the teaching of a starless sphere.

55  Philoponus, De opificio mundi, I.7, pp. 15:17–16:8, the translation is my own from the 
Greek. Compare to the German translation by Scholten, Über die Entstehung der Welt, p. 103.
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astronomers’ models,56 he nevertheless seems to favour the nine-sphere-model, 
since it is in agreement with the Biblical report of the first heaven. Thus, 
Philoponus’ motivation to accept the existence of a sphere above the fixed stars 
and to give it the status of an independent main sphere derives most impor-
tantly from theological, not astronomical reasons. He does not add an astro-
nomical proof for this theory, but only singles out that one could find support 
for the Biblical text in astronomical sources. He even writes that Moses might 
have been a motive for Ptolemy’s discovery, as he calls it. Simplicius, as well, 
favoured the theory of a sphere above that of the fixed stars, which he thinks 
to be Ptolemaic. He writes:

So perhaps it would be truer to say that the starless sphere which contains all [the 
spheres], of which it seems there was no knowledge at the time of Aristotle, carries 
around all the other [spheres] with its single simple motion from the east; that the 
sphere which we call fixed has two motions, one which is from the east and is that 
of the universe, the other which is from the west and is its own.57

Like Philoponus, Simplicius also regards the discovery of precession to be the 
reason for the postulation of a sphere above the fixed stars. He recognizes this 
to be a departure from the Aristotelian model and tries to excuse Aristotle for 
not considering its existence, by saying that the starless sphere was a mathe-
matical discovery after the time of Aristotle. However, Simplicus’ remark refers 
only to a starless sphere above the fixed stars. This is a correct rendition of 
Ptolemy’s account, since Ptolemy’s first moving sphere was indeed no part of 
the Aristotelian cosmos. It is important to note that Simplicius does not call it 
‘the ninth sphere’, as Philoponus did, because it might indicate that also Sim-
plicius did not consider this outermost sphere to be a ninth ‘main sphere’. Fur-
thermore, one should bear in mind that also the Neoplatonic sources did not 
allude to the Planetary Hypotheses while ascribing the ninth sphere or, gener-
ally speaking, the starless sphere to Ptolemy. Therefore, the vague way in which 
the Arabic tradition commented upon the question on the number of spheres 
in Ptolemy is also reminiscent of the Neoplatonic commentators, with the dif-
ference that it was more common to speak of a ninth sphere. This opens up 
the possibility that the Arabic tradition was acquainted with post-Ptolemaic 

56  See the more detailed passage in Philoponus, De opificio mundi, III.3, pp. 113:15–116:17. 
Already Duhem pointed at this passage, see Duhem, Le système du monde, vol.  II, pp. 496–97. 
See also Philoponus, De aeternitate mundi, XIII.18, p.  537:7–10. Since the De opificio mundi 
was not translated into Arabic, the latter work is more important in terms of Philoponus’ im-
pact on the Arabic tradition. See further Philoponus, In meteor., p. 110:14–15, where he writes 
about the whole substance moving in a circle as including ‘eight or perhaps nine spheres, as 
Ptolemy thinks’.

57  Simplicius, In de caelo, p. 462:12–31, tr. Mueller, On the Heavens 2.1–9, p. 119. Another 
reference can be found in Simplicius, In phys., p.  643:31–36, where he ascribes this theory to 
the astronomers in general.
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sources ascribing this theory to Ptolemy, but were themselves unable to detect 
the exact Ptolemaic passage.

I want to conclude by presenting one more passage from the Arabic tra-
dition which also questions Ptolemy’s connection to the argument for the 
existence of a ninth sphere. In his astronomical opus magnum, �@�K���0���M�>�M 
al-mas�ò�>�C�  (Masudic Canon������ �$�E�,�� �D�O���5�D�\�æ�Â�Q�� �D�O���%�ì�U�,�Q�ì�� �H�Q�J�D�J�H�V�� �Z�L�W�K�� �3�W�R�O�H�P�D�L�F��
astronomy and its reception in his time. He also makes use of the Planetary 
Hypotheses, criticizing Ptolemy’s conception of the above mentioned sawn-off 
pieces (�L�@�M�Ö�>�Q���S).58 However, in his compendium on Indian beliefs and their 
relationship to ancient Greek sources, one can find an argument against the 
belief in a ninth sphere which he connects with the Hinduistic belief of the 
�A�Q�@�l�L���M�C�@, the world-egg that encompasses the entire world. After a compli-
cated refutation of the existence of the ninth sphere, for the sake of which 
�D�O���%�ì�U�,�Q�ì�� �E�R�U�U�R�Z�V�� �D�U�J�X�P�H�Q�W�V�� �I�U�R�P�� �$�U�L�V�W�R�W�H�O�L�D�Q�� �S�K�\�V�L�F�V�� �D�Q�G�� �P�H�W�D�S�K�\�V�L�F�V����
�D�O���%�ì�U�,�Q�ì�� �J�L�Y�H�V�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J�� �U�H�S�R�U�W��

Thus, the theory of the ninth sphere leads to an impossibility. To the same effect 
are the words of Ptolemy in the preface of his Almagest: ‘The first cause of the first 
motion of the universe, if we consider the motion to be simply, is according to our 
opinion an invisible and motionless god, and we call the study of this subject a divine 
one. We perceive his action in the highest heights of the world, but as an altogether 
different one from the action of those substances, which can be perceived by the 
senses’.59 These are the words of Ptolemy on the first mover, without any reference 
to the [ninth] sphere, on which John the Grammarian60 reports in his refutation of 
Proclus. He says: ‘Plato did not know the ninth sphere, which has no stars and the 
conception of which Ptolemy claimed’.61

�,�Q���W�K�L�V���S�D�V�V�D�J�H�����D�O���%�ì�U�,�Q�ì���J�L�Y�H�V���X�V���W�K�H���I�R�O�O�R�Z�L�Q�J���S�L�F�W�X�U�H���R�I���K�R�Z���K�H���J�R�W���D�F�T�X�D�L�Q�W�H�G��
with this topic. He read Philoponus’ De aeternitate mundi contra Proclum, 
where he found the remark that Ptolemy argued for the existence of the ninth 
sphere. Obviously surprised by this, he went through the Almagest but was not 

58 �6�H�H�� �D�O���%�ì�U�,�Q�ì�����*�H�S���A �@�K���0���M�>�M, vol.  II, pp. 633–35.
59  cf.  Ptolemy, Syntaxis, I.1, p.  5:13–19, tr. Toomer, Ptolemy’s Almagest, pp.  35–36. Al-

�%�ì�U�,�Q�ì�� �F�L�W�H�V�� �W�K�H�� �$�U�D�E�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q�� �E�\�� �,�V�æ�Â�T�� �L�E�Q�� �å�X�Q�D�\�Q�� �D�Q�G�� ���Â�E�L�W�� �L�E�Q�� �4�X�U�U�D�� �O�L�W�H�U�D�O�O�\��
60  Of course, this refers to John Philoponus.
61 �$�O���%�ì�U�,�Q�ì�����*�H�S���A �E�  �3�@�l�P� �P, pp. 183:16–184:15, tr. Sachau, Alberuni’s India, vol. I, 

pp.  225–26, modified. Sachau translates the last sentence as follows: ‘“Plato did not know 
a ninth, starless sphere”. And, according to John, it was this, i.e. the negation of the ninth 
sphere, which Ptolemy meant to say’. This is obviously wrong, both from the Arabic text as 
�Z�H�O�O�� �D�V�� �I�U�R�P�� �W�K�H�� �V�R�X�U�F�H�� �I�U�R�P�� �Z�K�L�F�K�� �D�O���%�ì�U�,�Q�ì�� �F�L�W�H�V���� �Q�D�P�H�O�\�� �3�K�L�O�R�S�R�Q�X�V����De aeternitate mundi, 
XIII.18, p. 537:7–10.

�,�W�� �P�D�\�� �E�H�� �Q�R�W�H�G�� �W�K�D�W�� �L�Q�� �Z�K�D�W�� �S�U�H�F�H�G�H�V�� �W�K�H�� �F�L�W�H�G�� �S�D�V�V�D�J�H���� �D�O���%�ì�U�,�Q�ì�� �D�U�J�X�H�V�� �D�J�D�L�Q�V�W�� �W�K�H�� �F�R�U-
poreality of the mover of the sphere of the fixed stars. This is an approach similar to that 
�G�H�V�F�U�L�E�H�G�� �D�E�R�Y�H�� �E�\�� �0�X�æ�D�P�P�D�G�� �L�E�Q�� �0�,�V�Â���� �D�V�� �F�L�W�H�G�� �E�\�� �D�O���!�ì�U�Â�]�ì���� �V�H�H�� �D�J�D�L�Q�� �6�D�O�L�E�D���� �‡�(�D�U�O�\�� �$�U�D�E�L�F��
Critique’, p. 131.
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able to find any clue in support of Philoponus’ claim. It is important to high- 
�O�L�J�K�W�� �W�K�D�W�� �D�O���%�ì�U�,�Q�ì�� �N�Q�H�Z�� �W�K�H��Planetary Hypotheses quite well and referred to 
it in his �0���M�>�M.62 To emphasize once more, the Planetary Hypotheses are often 
cited as being the ultimate source for the ascription of the theory of the ninth 
sphere to Ptolemy. The above cited passage taken together with the evidence 
�W�K�D�W�� �D�O���%�ì�U�,�Q�ì�� �Z�D�V�� �I�D�P�L�O�L�D�U�� �Z�L�W�K�� �W�K�H��Planetary Hypotheses clearly shows that he 
was unable to find any argument for the existence of this ninth sphere either in 
Ptolemy’s Almagest, as he explicitly informs us, or in the Planetary Hypotheses. 
�7�K�X�V���� �L�Q���W�K�H���V�S�H�F�L�D�O���F�D�V�H���R�I�� �D�O���%�ì�U�,�Q�ì���� �3�K�L�O�R�S�R�Q�X�V�� �L�V�� �W�K�H���R�U�L�J�L�Q���R�I�� �W�K�H���D�V�F�U�L�S�W�L�R�Q��
of a ninth sphere to the Ptolemaic universe. Therefore, it may be either the 
case that Philoponus was the source for other Arabic authors as well, or that 
there is some other unknown line of transmission. It might be that Ptolemy’s 
ninth sphere was already such a common topos in Late Antiquity that it easily 
entered the Arabic debates through many different sources. Be that as it may, 
the concept of a ninth sphere, to which a tenth or even an eleventh sphere 
was added in the Latin and Jewish tradition, is not of genuine Ptolemaic ori-
gin. Rather, I  have clearly identified one concrete source for this ninth sphere, 
namely, John Philoponus, who compares this sphere to the first heaven from 
the Old Testament and who, therefore, had no astronomical reason to make 
the outermost moving sphere a ninth independent one. This is in line with 
the impact Philoponus had on the medieval Arabic tradition regarding other 
issues such as the eternity of the world as well.63�� �7�K�X�V���� �D�O���%�ì�U�,�Q�ì� �̂V�� �D�E�R�Y�H�� �F�L�W�H�G��
account adds another indication not only of how Ptolemy’s works were read in 
the Middle Ages, but also of how Philoponus altered the way in which medie-
val astronomers and philosophers thought about the Ptolemaic cosmos.
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‘Fort. recte’: Witnesses to the Text of Ptolemy’s Tetrabiblos 
in Its Near Eastern Transmission

Bojidar DIMITROV

Claudius Ptolemy’s Tetrabiblos is among the fortunate cases of Graeco-Arabic 
textual transmission where extant versions of the text in Greek, Syriac, Arabic, 
Latin and Hebrew present scholars with the opportunity to examine in detail 
the history of an extremely influential astrological treatise’s dissemination in 
the Near East and Europe.

The manuscript Paris, BnF, syr. 346 contains a fragmentarily preserved, pos-
sibly pre-Islamic,1 Syriac translation of the Tetrabiblos. In the context of the 
project Ptolemaeus Arabus et Latinus, my research aims at editing the Syriac 
translation and establishing its significance for the Tetrabiblos’ chain of trans-
mission. This objective is to be achieved by comparing the content of the Syr-
iac text with that of the Arabic translations and the Greek source text.

There are two major Arabic versions of the Tetrabiblos.2 According to the 
introductory paragraph in the Uppsala manuscript, the older version was pre-
pared by the Persian astrologer �ò�8�P�D�U�� �E�� �D�O���)�D�U�U�X�ê�Â�Q�� �L�Q�� ������ AD.3 �òUmar was 
involved in the translation of astrological material available in Pahlavi into 
Arabic during the early �ò�$�E�E�Â�V�L�G�� �S�H�U�L�R�G��4 However, according to the tenth-cen-
�W�X�U�\�� �E�L�E�O�L�R�J�U�D�S�K�H�U�� �,�E�Q�� �D�Q���1�D�G�ì�P���� �W�K�H��Tetrabiblos was not translated by �òUmar, 
�E�X�W�� �R�Q�� �K�L�V�� �E�H�K�D�O�I���� �E�\�� �D�O���%�L���U�ì�T��5�� �$�O���%�L���U�ì�T�� �Z�D�V�� �D�� �F�R�Q�W�H�P�S�R�U�D�U�\�� �S�U�L�P�D�U�L�O�\�� �N�Q�R�Z�Q��
for translations of medical texts from Greek into Arabic.6 David Pingree dis-
�D�J�U�H�H�V�� �Z�L�W�K�� �,�E�Q�� �D�Q���1�D�G�ì�P�� �R�Q�� �W�K�H�� �V�W�U�H�Q�J�W�K�� �R�I�� �W�K�H�� �L�Q�G�L�F�D�W�L�R�Q�� �S�U�R�Y�L�G�H�G�� �E�\�� �W�K�H��
Uppsala manuscript, and argues that the older Arabic Tetrabiblos is a para-
phrase which was probably derived from a Pahlavi source.7 As we shall see, the 
content of �òUmar’s version appears to support Pingree’s hypothesis to a certain 

1  Villey, Les textes astronomiques, p. 350.
2  The late Prof Keiji Yamamoto generously shared his draft editions of the two texts with 

me.
3  cf. Uppsala, Universitätsbiblioteket, MS 203, fol. 2r.
4  Dodge, The Fihrist���� �Y�R�O�� �,�,���� �S�� ���������� �*�X�W�D�V����Greek Thought���� �S�S�� �������…������
5  Dodge, The Fihrist���� �Y�R�O�� �,�,���� �S�S�� �������…������
6  Müller, �ò�4�X�>�M �T�K���@�M�A���ñ���� �Y�R�O�� �,���� �S�� ���������� �'�X�Q�O�R�S���� �‡�7�K�H�� �7�U�D�Q�V�O�D�W�L�R�Q�V� �̂��� �S�S�� �������…�������� �3�R�U�P�D�Q�Q����

�‡�7�K�H�� �'�H�Y�H�O�R�S�P�H�Q�W� �̂��� �S�S�� �������…������
7  Pingree, ‘�ò�8�P�D�U�� �,�E�Q�� �D�O���)�D�U�U�X�N�K�Â�Q� �̂�

Ptolemy’s Science of the Stars in the Middle Ages, ed. by David Juste, Benno van Dalen, Dag Nikolaus Hasse and 
�&�K�D�U�O�H�V�� �%�X�U�Q�H�W�W���� �3�$�/�6�� ���� ���7�X�U�Q�K�R�X�W���� �������������� �S�S���� �����…������
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extent, because it often differs significantly from the Greek text and the other 
translations.

The second Arabic translation of the Tetrabiblos is said to have been made 
�E�\�� �,�E�U�Â�K�ì�P�� �E�� �D�������D�O�W�� �D�Q�G�� �V�X�E�V�H�T�X�H�Q�W�O�\�� �L�P�S�U�R�Y�H�G�� �E�\�� �å�X�Q�D�\�Q�� �E�� �,�V�æ�Â�T���� ���������…
������ AD������ �,�W�� �L�V�� �L�P�S�R�U�W�D�Q�W�� �W�R�� �Q�R�W�H�� �W�K�D�W�� �,�E�U�Â�K�ì�P�� �W�U�D�Q�V�O�D�W�H�G�� �I�U�R�P�� �*�U�H�H�N�� �L�Q�W�R�� �E�R�W�K��
�6�\�U�L�D�F�� �D�Q�G�� �$�U�D�E�L�F���� �E�H�O�R�Q�J�H�G�� �W�R�� �å�X�Q�D�\�Q� �̂V�� �F�L�U�F�O�H�� �D�Q�G�� �Z�R�U�N�H�G�� �X�Q�G�H�U�� �K�L�V�� �G�L�U�H�F�W��
supervision.���� �7�K�L�V�� �I�D�F�W�� �L�P�S�O�L�H�V�� �W�K�D�W�� �,�E�U�Â�K�ì�P�� �D�Q�G�� �å�X�Q�D�\�Q�� �D�U�H�� �O�L�N�H�O�\�� �W�R�� �K�D�Y�H��
�X�V�H�G�� �W�K�H�� �V�D�P�H�� �V�R�X�U�F�H�� �W�H�[�W���V������ �E�X�W�� �O�H�D�Y�H�V�� �R�S�H�Q�� �W�K�H�� �T�X�H�V�W�L�R�Q�� �D�V�� �W�R�� �Z�K�D�W�� �W�K�H�� �O�D�Q-
guage of the source text(s) may have been, and respectively, whether the Tetra-
biblos was translated in two stages (Greek-Syriac, Syriac-Arabic), as was often 
the case,10 or in one (Greek-Arabic, possibly Syriac-Arabic).

The evidence contained in the Syriac and the Arabic translations of the 
Tetrabiblos can also provide vital clues for our understanding of the Greek 
source text.11 Moreover, the recent publication of William of Moerbeke’s 
Tetrabiblos translation from Greek into Latin by Gudrun Vuillemin-Diem 
and Carlos Steel,12 and their comparison of Moerbeke’s Tetrabiblos with Wolf-
gang Hübner’s authoritative edition of the Greek source text, have posed many 
�T�X�H�V�W�L�R�Q�V��13 William of Moerbeke had access to a Greek manuscript that was 
older than the ones which Hübner used for his edition.14 Just like William of 
Moerbeke’s translation, the Syriac and the Arabic texts are much older than 
Hübner’s witnesses, and might therefore contain valuable variant readings that 
support some of Vuillemin-Diem and Steel’s conclusions.

This essay aims to compare a number of significant readings, which have 
been identified by Vuillemin-Diem and Steel, with corresponding material from 
the above-mentioned Near Eastern translations of the Tetrabiblos. Furthermore, 
this essay demonstrates the relevance of the Semitic translations for the over-
all transmission history of the treatise, and for the re-assessment of Hübner’s 
Greek text in particular. For the reader’s convenience, passages or phrases con-

��  Dodge, The Fihrist���� �Y�R�O���� �,�,���� �S�� ���������� �0�½�O�O�H�U�� �D�Q�G�� �/�L�S�S�H�U�W����Ta�ñ�Q� �J�G �@�K���l�T�J�@�L���ñ���� �S�� ������
��  Bergsträsser, �k�T�M�@�H�M ibn �(�R�l���P���� �S�S�� ������ �D�Q�G�� �����…������
10 �L�E�L�G������ �S�� ������ �…�� �å�X�Q�D�\�Q�� �U�H�O�D�W�H�V���� �I�R�U�� �L�Q�V�W�D�Q�F�H���� �K�R�Z�� �K�H�� �U�H�Y�L�V�H�G�� �Z�L�W�K�� �W�K�H�� �K�H�O�S�� �R�I�� �D�� �*�U�H�H�N��

manuscript and afterwards translated into Arabic a Galenic treatise, which had initially been 
translated from Greek into Syriac by one of his associates.

11  Hübner, ���ñ�ð�õ�æ�ì�æ�ô�í�â�õ�ê�ë�Ý.
12  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos.
13  Vuillemin-Diem and Steel’s thorough analysis groups the variant readings offered by 

Hübner’s and Moerbeke’s sources in several categories. The majority of the readings discussed 
in this essay belong to a category the scholars have designated with the symbol (-*) ‘  = the 
�U�H�D�G�L�Q�J�� �F�R�Q�I�L�U�P�H�G�� �E�\�� �*�� ���L���H���� �0�R�H�U�E�H�N�H� �̂V�� �P�D�L�Q�� �Z�L�W�Q�H�V�V�� �…�� �%�'���� �V�H�H�P�V�� �E�H�W�W�H�U�� �W�R�� �X�V���� �Z�H�� �S�U�R�S�R�V�H�� �W�R��
�P�R�G�L�I�\�� �+�½�E�Q�H�U� �̂V�� �H�G�L�W�L�R�Q� �̂��� �…�� �F�I�� �9�X�L�O�O�H�P�L�Q���'�L�H�P�� �D�Q�G�� �6�W�H�H�O����Ptolemy’s Tetrabiblos���� �S�� ������

14 �L�E�L�G������ �S�S�� �����…������
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taining the variants �L�Q�� �T�X�H�V�W�L�R�Q�� �Z�L�O�O�� �E�H�� �S�U�H�V�H�Q�W�H�G�� �L�Q�� �V�\�Q�R�S�W�L�F�� �W�D�E�O�H�V�� ���Z�K�H�U�H�� �*��
�G�H�V�L�J�Q�D�W�H�V�� �+�½�E�Q�H�U� �̂V�� �H�G�L�W�L�R�Q���� �Z�L�W�K�� �E�R�R�N�� �D�Q�G�� �O�L�Q�H�� �Q�X�P�E�H�U���� �/���� �:�L�O�O�L�D�P�� �R�I�� �0�R�H�U-
beke’s Latin translation with the book and line number of Vuillemin-Diem 
�D�Q�G�� �6�W�H�H�O� �̂V�� �H�G�L�W�L�R�Q���� �6���� �W�K�H�� �6�\�U�L�D�F�� �Y�H�U�V�L�R�Q�� �L�Q�� �P�\�� �H�G�L�W�L�R�Q���L�Q���S�U�H�S�D�U�D�W�L�R�Q���� �Z�L�W�K�� �W�K�H��
�I�R�O�L�R�� �D�Q�G�� �O�L�Q�H�� �Q�X�P�E�H�U�� �R�I�� �W�K�H�� �3�D�U�L�V�� �P�D�Q�X�V�F�U�L�S�W���� �)���� �W�K�H�� �H�D�U�O�L�H�U�� �$�U�D�E�L�F�� �Y�H�U�V�L�R�Q��
attributed to �ò�8�P�D�U�� �E�� �D�O���)�D�U�U�X�ê�Â�Q���� �D�Q�G�� �+���� �W�K�H�� �Y�H�U�V�L�R�Q�� �D�W�W�U�L�E�X�W�H�G�� �W�R�� �å�X�Q�D�\�Q��
�E�� �,�V�æ�Â�T���� �E�R�W�K�� �Z�L�W�K�� �W�K�H�� �S�D�J�H�� �D�Q�G�� �O�L�Q�H�� �Q�X�P�E�H�U���� �7�K�H�� �F�R�P�S�D�U�L�V�R�Q�� �D�Q�G�� �W�K�H�� �H�Y�D�O-
uation of the readings will follow below the tables. The tables also contain 
transcriptions (for the Semitic languages) and literal renditions provided for 
analytical purposes, with Robbins’ standard English translation15 of the rele-
vant passages added in the footnotes where this is deemed necessary.

Reading  1

G L S F H

�,�,�,���� III.10 ���Y�����O�O�� ���…��p. 266, l. 17 p. 266, l. 13 

�À�µ�Á�����š�Á�Á�µ�½�¹�º�z�½
�º�±�����¸�·�»�Å�º�z�½��
�³�µ�½�­�Ã�µ�É�½

(‘of the nativities 
of males and 
females’)

De masculinis et 
femininis

(‘of males and 
females’)

�f�¦�i �ò� �Œ�-���g�Ô�ƒ�*���ˆ�•
�òal �C�D�®�Q��
�V���M�D�P�A���¶��

(‘of males and 
females’)

	«	ì	Ù	ª	Ý	‹��	ð	Ñ
�E� ���¬���¬�T�J�>�Q�H

(‘of males’)

	—	Œ	å	÷	‹	ë��	«	ì	Ù	ª	Ý	‹��	ð	Ñ
�E� ���¬���¬�T�J�>�Q�H wa-l- 
�ñ�H�M���¶�H

(‘of males and 
females’)

The seventh�� �F�K�D�S�W�H�U�� �L�Q�� �W�K�H�� �*�U�H�H�N�� �W�H�[�W� �̂V�� �F�R�Q�W�H�Q�W�V�� �R�I�� �%�R�R�N�� �,�,�,�� �U�H�D�G�V�� �À�µ�Á����
�š�Á�Á�µ�½�¹�º�z�½�� �º�±���� �¸�·�»�Å�º�z�½�� �³�µ�½�­�Ã�µ�É�½�� ���‡�R�I�� �W�K�H�� �Q�D�W�L�Y�L�W�L�H�V�� �R�I�� �P�D�O�H�V�� �D�Q�G�� �I�H�P�D�O�H�V�ˆ������
According to Hübner’s apparatus criticus, ‘�ä�æ�î�Þ�ô�æ�ú�î om. YM fort. recte’.16 In 
�R�W�K�H�U�� �Z�R�U�G�V���� �+�½�E�Q�H�U�� �V�X�S�S�R�V�H�V�� �W�K�D�W�� �W�K�H�� �R�P�L�V�V�L�R�Q�� �R�I�� �³�µ�½�­�Ã�µ�É�½�� ���‡�Q�D�W�L�Y�L�W�L�H�V�ˆ���� �L�Q��
the contents may be correct, because some witnesses provide the same vari-
ant for the title of the actual chapter, and he accordingly adopted it.17 Vuil-
lemin-Diem and Steel’s text also supports this omission.���� Moreover, the two 
�D�X�W�K�R�U�V�� �S�R�L�Q�W�� �R�X�W�� �W�K�D�W�� �‡�W�K�H�� �W�H�[�W�� �R�I�� �F�K�D�S�W�H�U�� �H�L�J�K�W�� �V�S�H�D�N�V�� �R�I�� �š�Á�Á�µ�½�¿�³�¿�½�¯�±�� �D�Q�G��
�¸�·�»�Å�³�¿�½�¯�±�� ��procreatio)’, that is to say ‘male and female procreation’, and ‘not of 
�³�­�½�µ�Ã�¹�Â�ˆ�� ���L���H���� �‡�Q�D�W�L�Y�L�W�\�ˆ��������

As we can see on the above table, the Syriac translation confirms the evi-
dence obtained from William of Moerbeke’s Latin rendering, and so does 
�å�X�Q�D�\�Q� �̂V�� �Q�L�Q�W�K�� �F�H�Q�W�X�U�\�� �$�U�D�E�L�F�� �W�H�[�W���� �2�G�G�O�\�� �H�Q�R�X�J�K���� �W�K�H�� �H�D�U�O�L�H�U�� �$�U�D�E�L�F�� �W�U�D�Q�V-
lation associated with �ò�8�P�D�U�� �E�� �D�O���)�D�U�U�X�ê�Â�Q�� �R�P�L�W�V���ñ�H�M���¶ (‘females’) — this 

15  Robbins, Ptolemy. Tetrabiblos.
16  Hübner, ���ñ�ð�õ�æ�ì�æ�ô�í�â�õ�ê�ë�Ý���� �,�,�,������
17 �L�E�L�G������ �,�,�,������������ �‡�À�µ�Á���� �’�� �¸�·�»�Å�º�z�½��
Ù�$ Heph.’
����  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos, p. 115.
����  ibid.
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�R�P�L�V�V�L�R�Q�� �U�H�T�X�L�U�H�V�� �I�Xrther examination because it does not occur in any of the 
witnesses, on which the transmission of the other versions of the Tetrabiblos is 
based. It might well be due to a scribal error, illegible handwriting or, perhaps, 
a damaged manuscript, and not an actual variant reading.

Reading 2

G L S F H

III.23 III.24 ���Y�����O�O�� �����…���� �… �S�� �����������O�O�� ���…��

�õ�½���Ä�����À�Á�¿�³��
�½�É�Ã�Ä�¹�º���½���¼�­�Á�¿�Â��
�³�µ�½�µ�¸�»�¹�±�»�¿�³�¯�±�½��
�º�±�»�¿�m�¼�µ�½

(‘the prognostic 
part of which
we call 
genethlialogy’)

�T�X�R�U�X�P��
pronosticam 
partem uocamus 
geneaticum 
sermonem

(‘the prognostic 
part of which
we call 
genethlialogy’)

�f�¦�•�‰�*���¢�‰�õ�d�Œ

���A�t�‰�q� �‰�*���¢�€�k��

�g�*�,���…�•�%�*�*���f�¦�•�q�•��

�g�q�†�t�‰���A�t�‡�‡�Š�‰

nemar �C�@���L�M���¶��
ger �C�@���L�P�@�¬�L�>�S 
ida�ò�¶�� �¬���C���@�® 
�G���¬��
�L�L�@�K���K�>�¶ 
�L�@�V�K���¬��

(‘we say that a 
prognostication 
part such as this 
is the study of 
nativity’)

	ç	ª	é��	ä	á��	~	®	ž	Ý	‹��	‹	ª	é	ë 
	’	á	¨	Ö	•��	î�Ö	â	²	•��	’	É	Œ	æ	º	Ý	‹ 

	¨	ò	Ý	‹	ì	â	Ý	‹��	«	ì	á	õ	Œ	•��	’	Ñ	¬	Ê	â	Ý	‹
wa �G���¬�� �K���à�T�Y�ñu min 
�G���¬�H�G�H �n�� �n�H�M���òati 
�S�T�R�@�L�L�� taqdimatu 
l-ma�òrifati bi- 
�ñ�T�L�>�Q�H �K���L�@�V���K� �C�H

(‘this part from 
this art is called 
prognostication of 
the matters
of nativities’ [i.e. 
studies dealing
with nativities’
genethlialogy])20

With the next entry we have an instance where William of Moerbeke’s editors 
�D�J�U�H�H�� �Z�L�W�K�� �+�½�E�Q�H�U� �̂V�� �F�K�R�L�F�H���� �7�K�H�� �*�U�H�H�N�� �U�H�O�D�W�L�Y�H�� �F�O�D�X�V�H�� �õ�½�� �Ä���� �À�Á�¿�³�½�É�Ã�Ä�¹�º���½��
�¼�­�Á�¿�Â�� �³�µ�½�µ�¸�»�¹�±�»�¿�³�¯�±�½�� �º�±�»�¿�m�¼�µ�½�����‡�W�K�H�� �S�U�R�J�Q�R�V�W�L�F�� �S�D�U�W���R�I�� �Z�K�L�F�K�� �Z�H�� �F�D�O�O���J�H�Q�H�W�K-
�O�L�D�O�R�J�\�ˆ���� �L�Q�F�O�X�G�H�V�� �W�K�H�� �Q�H�X�W�H�U�� �Q�R�X�Q�� �Ä���� �¼�­�Á�¿�Â�� ���‡�S�D�U�W�ˆ���� �W�K�D�W�� �D�S�S�H�D�U�V�� �W�R�� �K�D�Y�H�� �O�H�G��
�V�R�P�H�� �V�F�U�L�E�H�V�� �W�R�� �D�G�R�S�W�� �D�� �F�R�Q�J�U�X�H�Q�W�� �Q�H�X�W�H�U�� �D�G�M�H�F�W�L�Y�H�� �L�Q�V�W�H�D�G�� �R�I�� �³�µ�½�µ�¸�»�¹�±�»�¿�³�¯�±�½��
���‡�J�H�Q�H�W�K�O�L�D�O�R�J�\�ˆ���� �…�� �³�µ�½�µ�¸�»�¹�±�»�¿�³�¹���½�� ���L���H���� �‡�W�K�H�� �S�U�R�J�Q�R�V�W�L�F�� �S�D�U�W�� �R�I�� �Z�K�L�F�K�� �Z�H�� �F�D�O�O��
genethlialogical’).21�� �+�½�E�Q�H�U�� �R�S�W�H�G�� �I�R�U�� �³�µ�½�µ�¸�»�¹�±�»�¿�³�¯�±�½���� �\�H�W�� �K�H�� �G�L�G���� �K�R�Z�H�Y�H�U���� 

20  cf. �©�ó�ß�•�í�ã�ß�• ���”�Ë�Ž�ç�» (�n�H�M���òatu �K���L�@�V���K� �C�H���� �‡�W�K�H�� �D�U�W�� �R�I�� �Q�D�W�L�Y�L�W�L�H�V�ˆ���� �D�Q�G�� �³�µ�½�µ�¸�»�¹�±�»���³�¿�¹�� �L�Q�� �8�O�O-
mann, Wörterbuch���� �S�� ��������

21  Hübner, ���ñ�ð�õ�æ�ì�æ�ô�í�â�õ�ê�ë�Ý, III.23.
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honour the alternative variant with another ‘fort. recte’,22 which Vuillemin- 
Diem and Steel have taken into consideration as well.23

The evidence presented by the transmission of the Tetrabiblos in the Near 
�(�D�V�W���V�S�H�D�N�V���D�J�D�L�Q�V�W���W�K�H���D�G�M�H�F�W�L�Y�H���³�µ�½�µ�¸�»�¹�±�»�¿�³�¹�Ì�½���D�Q�G���+�½�E�Q�H�U� �̂V���‡�I�R�U�W���� �U�H�F�W�H� �̂��� �7�K�H��
�6�\�U�L�D�F�� �W�U�D�Q�V�O�D�W�L�R�Q�� �I�R�O�O�R�Z�V�� �W�K�H�� �Z�R�U�G�� �R�U�G�H�U�� �R�I�� �W�K�H�� �*�U�H�H�N�� �V�H�Q�W�H�Q�F�H�� �T�X�L�W�H�� �F�O�R�V�H�O�\����
�,�W�� �U�H�Q�G�H�U�V�� �³�µ�½�µ�¸�»�¹�±�»�¿�³�¯�±�� �Z�L�W�K�� �W�K�H�� �J�H�Q�L�W�L�Y�H�� �F�R�Q�V�W�U�X�F�W�L�R�Q���L�L�@�K���K�>�¶ �L�@�V�K���¬�� 
(‘study of nativity’), where the term �L�L�@�K���K�>�¶�� is the exact semantic pendant 
�R�I�� �»�¿�³�¯�±���� �G�H�V�L�J�Q�D�W�L�Q�J�� �D�� �V�F�L�H�Q�W�L�I�L�F�� �G�L�V�F�L�S�O�L�Q�H�� ���F�I�� �L�L�@�K���K�>�¶ �J�@�V�J�A���� �…�� �‡�V�W�X�G�\�� �R�I��
the stars’, i.e. astrology).24 The translator resorted to the same approach in 
order to tackle the other terminus technicus in the sentence — the adjective 
�À�Á�¿�³�½�É�Ã�Ä�¹�º�Ì�½�� ���‡�S�U�R�J�Q�R�V�W�L�F�ˆ������ �,�Q�V�W�H�D�G�� �R�I�� �D�Q�� �D�G�M�H�F�W�L�Y�H���� �W�K�H�� �6�\�U�L�D�F�� �H�P�S�O�R�\�V��mqa-
�¬�L�>�S ida�ò�¶�� — a genitive construction with the meaning ‘preceding knowl-
edge’, functioning as an adjective, which the genitive particle d- links to  
�L�M���¶�� (‘part’).

�7�K�L�V�� �S�D�V�V�D�J�H�� �L�V�� �W�U�D�Q�V�O�D�W�H�G�� �T�X�L�W�H�� �I�U�H�H�O�\�� �L�Q�� �W�K�H�� �H�D�U�O�L�H�U�� �$�U�D�E�L�F�� �Y�H�U�V�L�R�Q���� �D�Q�G��
�S�U�R�Y�L�G�H�V�� �Q�R�� �F�R�Q�F�O�X�V�L�Y�H�� �H�Y�L�G�H�Q�F�H�� �F�R�Q�F�H�U�Q�L�Q�J�� �W�K�H�� �Y�D�U�L�D�Q�W�� �U�H�D�G�L�Q�J�� �L�Q�� �T�X�H�V-
�W�L�R�Q���� �å�X�Q�D�\�Q� �̂V�� �W�U�D�Q�V�O�D�W�L�R�Q���� �R�Q�� �W�K�H�� �F�R�Q�W�U�D�U�\���� �L�V�� �Y�H�U�\�� �F�O�R�V�H�� �W�R�� �W�K�H�� �6�\�U�L�D�F�� �D�Q�G��
�D�O�V�R�� �K�D�V�� �D�� �J�H�Q�L�W�L�Y�H�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �I�R�U�� �³�µ�½�µ�¸�»�¹�±�»�¿�³�¯�±���� �D�V�� �R�S�S�R�V�H�G�� �W�R�� �D�Q�� �D�G�M�H�F-
tive. What it adds to the passage is the phrase min �G���¬�H�G�H �n�� �n�H�M���òati (‘from 
this art’), apparently for the purpose of greater clarity — this detail can be 
interpreted as a case of explicitation, i.e. the ‘spelling out’ of implicit source 
text content in the target text, a feature that has been ascribed to the trans-
�O�D�W�L�R�Q�� �V�W�\�O�H�� �R�I�� �å�X�Q�D�\�Q�� �D�Q�G�� �K�L�V�� �V�F�K�R�R�O��25 The other genitive construction, 
taqdimatu l-ma�òrifati, is the usual Arabic astrological term for ‘prognostica-
tion’, and as far as its semantic value is concerned, the construction is ety-
mologically identical with the Syriac �L�P�@�¬�L�>�S ida�ò�¶�� (‘preceding knowl-
�H�G�J�H�ˆ������ �8�Q�O�L�N�H�� �W�K�H�� �6�\�U�L�D�F���� �K�R�Z�H�Y�H�U���� �å�X�Q�D�\�Q� �̂V�� �S�H�Q�G�D�Q�W�� �I�R�U�� �À�Á�¿�³�½�É�Ã�Ä�¹�º�Ì�½�� �L�V��
not intended to define �à�T�Y�ñ (‘part’) as an adjective. Instead, it is linked with 
the other genitive construction (�ñ�T�L�>�Q�T �K���L�@�V���K� �C�H���� �L���H���� �³�µ�½�µ�¸�»�¹�±�»�¿�³�¯�±���� �E�\��
way of the preposition bi. Thus we end up with the phrase �S�T�R�@�L�L�� taqdi-
matu l-ma�òrifati bi-�ñ�T�L�>�Q�H �K���L�@�V���K� �C�H�� ���‡�’�� �L�W�� �L�V�� �F�D�O�O�H�G�� �S�U�R�J�Q�R�V�W�L�F�D�W�L�R�Q�� �R�I�� �W�K�H��
matters of nativities’), which represents a slight deviation from the Greek and  
the Syriac.

22  ibid.
23  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos, III.24.
24  Sokoloff, A Syriac Lexicon, p. 777.
25  cf. Pormann, ‘The Development’, p. 154.
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Reading 3 

G L S F H

�,�,�,�������…���� III.46 ���U�����O�� ���� �S�� �����������O�O�� ���…���S�� �����������O�O�� ���…��

�¢�Á�Ç�P�Â���´����
�Ç�Á�¿�½�¹�º�P�Â��
�ã�À�±�Á�Ç�¿�Í�Ã�·�Â��
�Ä�z�½���š�½�¸�Á�É�À�¯�½�É�½��
�Ä�­�¾�µ�É�½���Æ�Í�Ã�µ�¹���¼���½��
�Ä�P�Â���º�±�Ä�ˆ���±�â�Ä���½��
�Ä���½
�Ã�À�¿�Á�¬�½

(‘since the 
chronological 
beginning 
of human 
procreations is by 
nature according 
to conception 
itself ’)26

Temporali 
autem principio 
generationum 
hominum 
existente per 
naturam
�T�X�L�G�H�P���H�R��
�T�X�R�G���V�H�F�X�Q�G�X�P��
seminationem

(’the temporal 
beginning of the 
procreations of 
men being by 
nature that which 
is according to 
the conception)

�f�¦�€�¤�•�?���Ž�•�*���q�ƒ��

�e�•�h�.�*���f�¦�€�•�‡�ƒ

���¦�€�ƒ���e�•�?�.���ˆ�•��

�g�q�†�t�ñ�‰�*��*�e�h�.�-��

�g�q�†�t�‰�*���ñ�,�¦�•�%

�e�•�€�„�h���e�¤�•�€�ò�„�h�*

���e�•�h�.���Ž�‰���Ž�ñ�‰��

�e�•�?�.�*���,�¦�€�‰�?�A�*

�J�@�¬ den �Q� �Ö� �¶��
�J�T�K�K���M���X�¶�� �¬���Y�@�ª��
�M�� �òal �Y�Q���ò�� �J���¶
�V���Y�@�A��* [sic = 
�]�D�E�Q�Â�@���¬���L�@�V��
�K���¬�� �H�¶���D�G
�¬���L�@�V�K���¬��
�¬�@���A�M�@�X���M���Ö��
�ª���®�X���M�� man men 
�Y�@�A�M�� �¬���¶�@�Q�L� �¶��
�¬���Y�@�Q��

(‘since the total
chronological 
beginning is 
upon conception 
[lit. sowing, 
�F�I�� �Ã�À�¿�Á�¬�@�����W�K�D�W��
is to say the time 
of nativity, the 
nativity of men 
is, indeed, by 
nature from the 
time of the seed’s 
sowing’)

	‘�Ö	ì	Õ	ë��	§	ì	Ý	ì	â	Ý	‹��	È	‰	Œ	•	Á 
	’	É	Œ	±��	ä	á��	Ï	¬	Ê	ñ��	è	å	Œ	ò	Ù 

	’	Ò	Â	æ	Ý	‹��	À	Ö	²	á
�p�@�A���ñi�òu
�K���L�@�V�K�>�C�H wa-
quwwatu �J�H�X���M�H��
hi yu�òrafu min
�R���òati �L�@�R�P�@�p�H
�M���M�T�p�E�@�S�H

(‘the natures of 
the newborn and 
the strength of 
his [pl.!] being 
are known from 
the hour of
conception [lit. 
fall of sperm]’)

	¯	Œ	æ	Þ	Ý��	ã	ì	Ú	Ý��	ã	Œ	Ù��	Œ�Ö	â	Ý   
	ã	Œ	Ù	ë��	ð	å	Œ	á	­��	~	‹	¨	–	•	‹ 

	È	•	Â	Ý	Œ	•��	Œ�Ö	á	…��	~	‹	¨	–	•	ù	‹��	‹	ª	é 
	¨	æ	É��	ã	ì	Ú	ñ��	ï	ª	Ý	Œ	Ñ 

	’	Ò	Â	æ	Ý	‹��	¿	ì	Ö	±
�K�@�L�L�� �J���M�@ li-
kawni �K�H���M���M���R�H
�ñ�H�A�S�H�C���ñun 
�Y�@�L���M�H�X�X�T�M 
�V�@���J���M�@ �G���¬�� 
l-�ñ�H�A�S�H�C���ñu �ñ�H�L�L�� 
�A�H���p���p�@�A�H�òi
�E�@���K���K�@�¬�  �X�@�J�>�M
�òinda �R�T�P�>�p�H
�M���M�T�p�E�@�S�H�M

(‘since being born 
into mankind has 
a chronological 
beginning, this 
beginning is, 
by nature, that 
which is
according to the 
conception [lit. 
fall of sperm]’)

26  I would like to express my gratitude to Prof Charles Burnett and Prof Martin Heide for 
�W�K�H�L�U�� �Y�D�O�X�D�E�O�H�� �V�X�J�J�H�V�W�L�R�Q�V�� �F�R�Q�F�H�U�Q�L�Q�J�� �W�K�L�V�� �D�Q�G�� �R�W�K�H�U�� �S�D�V�V�D�J�H�V���� �F�I�� �5�R�E�E�L�Q�V����Ptolemy. Tetrabiblos, 
p.  223: ‘Since the chronological starting-point of human nativities is naturally the very time 
of conception’.
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Vuillemin-Diem and Steel propose to replace Hübner’s semantically more con-
�F�U�H�W�H�� �Ä���¾�µ�É�½�� ���O�L�W���� �‡�F�K�L�O�G���E�H�D�U�L�Q�J�V ���� �S�U�R�F�U�H�D�W�L�R�Q�V�ˆ���� �Z�L�W�K�� �W�K�H�� �S�U�R�S�H�U�� �D�V�W�U�R�O�R�J�L�F�D�O��
terminus technicus���³�µ�½���Ã�µ�É�½�����‡�Q�D�W�L�Y�L�W�L�H�V�ˆ�������Z�K�L�F�K���L�V���V�R�P�H�Z�K�D�W���F�O�R�V�H�U���W�R���W�K�H���/�D�W�L�Q��
text’s generationum.27 The Syriac version employs the standard term �L�@�V�K���¬�� 
(‘nativity’) that we already encountered above.

A problem in the Syriac rendition arises from the substitution of the 
�*�U�H�H�N�� �D�G�M�H�F�W�L�Y�H�� �Ç�Á�¿�½�¹�º�P�Â�� ���‡�F�K�U�R�Q�R�O�R�J�L�F�D�O�ˆ���� �I�R�U�� �W�K�H�� �Q�R�X�Q���Y�@�ª�M�� (‘time’). The 
resulting genitive construction �Q� �Ö� �¶���� �’���¬���Y�@�ª�M�� can thus mean both ‘the 
beginning of time’ and ‘chronological beginning’, the former being the more 
natural interpretation in Syriac. It is very similar to the adjectival genitive 
construction S has in the previous entry: cf.  �L�M���¶���� �’���C�@���L�P�@�¬�L�>�S ida�ò�¶�� 
(lit. ‘part of the prognostication’, intended to mean ‘prognostication part’, 
�L���H���� �‡�S�U�R�J�Q�R�V�W�L�F�� �S�D�U�W�ˆ � �� �¼�­�Á�¿�Â�� �³�µ�½�µ�¸�»�¹�±�»�¿�³�¹���½������ �7�K�H�� �D�G�G�L�W�L�R�Q�� �R�I�� �W�K�H�� �D�G�M�H�F-
tive �J�T�K�K���M���X�¶�� (‘universal, total, absolute’) appears to be an attempt to ren-
�G�H�U�� �W�K�H�� �*�U�H�H�N�� �ã�À�±�Á�Ç�¿�Í�Ã�·�Â���� �,�Q�� �W�K�L�V�� �S�D�U�W�L�F�X�O�D�U�� �F�D�V�H�� �3�W�R�O�H�P�\�� �X�V�H�V�� �W�K�H�� �Y�H�U�E��
�ã�À�¬�Á�Ç�É�� �L�Q�� �L�W�V�� �V�H�F�R�Q�G�D�U�\�� �P�H�D�Q�L�Q�J���� �D�V�� �D�� �P�R�U�H�� �V�R�S�K�L�V�W�L�F�D�W�H�G�� �Z�D�\�� �W�R�� �G�H�V�L�J�Q�D�W�H��
existence, i.e. ‘the chronological beginning is’, cf.  ‘existente’ in the Latin text. 
�6�L�Q�F�H�� �W�K�H�� �S�U�L�P�D�U�\�� �P�H�D�Q�L�Q�J�� �R�I�� �ã�À�¬�Á�Ç�É�� �L�V�� �‡�W�R�� �E�H�J�L�Q���� �W�R�� �P�D�N�H�� �D�� �E�H�J�L�Q�Q�L�Q�J� �̂���
�W�K�H�� �6�\�U�L�D�F�� �W�U�D�Q�V�O�D�W�R�U�� �P�D�\�� �K�D�Y�H�� �X�Q�G�H�U�V�W�R�R�G�� �ã�À�±�Á�Ç�¿�Í�Ã�·�Â�� �W�R�� �G�H�V�L�J�Q�D�W�H�� �D�� �W�R�W�D�O���� 
absolute beginning.

If there are variant readings in this passage that the Latin, the Syriac and 
�W�K�H�� �å�X�Q�D�\�Q�� �W�U�D�Q�V�O�D�W�L�R�Q�� �X�Q�D�Q�L�P�R�X�V�O�\�� �D�J�U�H�H�� �D�J�D�L�Q�V�W���� �Z�H�� �R�X�J�K�W�� �W�R�� �S�R�L�Q�W�� �D�W��
�W�K�H�� �*�U�H�H�N� �̂V�� �X�V�H�� �R�I�� �D�Q�� �D�G�M�H�F�W�L�Y�H�� �G�H�U�L�Y�L�Q�J�� �I�U�R�P�� �ž�½�¸�Á�É�À�¿�Â�� ���‡�K�X�P�D�Q�ˆ���� �D�Q�G�� �Q�R�W��
�ž�½�¸�Á�É�À�¿�Â�� �L�W�V�H�O�I������ All the other texts (except the early Arabic version) have 
genitive constructions with a noun: cf.  generationum hominum (‘of humans’ 
nativities’), �¬���L�@�V�K���¬�� �¬�@���A�M�@�X���M���Ö�� (‘of humans’ nativity’), li-kawni �K�H���M���M���R�H 
(‘to the nativity into mankind’).

All translations except the early Arabic one exhibit an awareness of, and an 
�H�I�I�R�U�W�� �W�R�� �S�U�H�V�H�U�Y�H�� �W�K�H�� �V�\�Q�W�D�F�W�L�F�D�O�� �V�W�U�X�F�W�X�U�H�� �R�I�� �W�K�H�� �L�Q�Y�H�U�W�H�G�� �*�U�H�H�N�� �¼�­�½�� �’�� �´�­��
�F�O�D�X�V�H�� ���‡�R�Q�� �W�K�H�� �R�Q�H�� �K�D�Q�G�’�R�Q�� �W�K�H�� �R�W�K�H�U�� �K�D�Q�G�ˆ�� �R�U�� �‡�L�Q�G�H�H�G�’�E�X�W�ˆ������ �F�I�� �D�X�W�H�P�� �’
�T�X�L�G�H�P�� ���/�������J�@�¬ den�� �’��men (S), �K�@�L�L�����’���ñ�H�L�L�� (H).

27  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos, p. 115.
����  cf. Hübner, ���ñ�ð�õ�æ�ì�æ�ô�í�â�õ�ê�ë�Ý, III.53: ‘53 ���î�é�ò�ú�ñ�à�î�ú�î �7
Ë�%
Û�����î�é�ò�ú�ñ�æ�à�ú�î 
Í�.�4 ’.
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Reading 4

G L S F H

�,�,�,���������…������ III.242 ���Y�����O�O�� �����…�����S�� �����������O�O�����>���@���…���S�� �����������O�O�����>���@���…��

�¸�±�½�¬�Ä�¿�Å�Â���Ä�¿���Â��
�¼�·�Ä�Á�¹�º�¿���Â��
�±�Æ�Æ�½�¹�´�¯�¿�Å�Â���º�±����
�Ä�þ���Ã�¯�½�·���À�µ�Á�����Ä�þ�Â��
�Ú�È�µ�¹�Â���À�¿�¹�µ�^

(‘makes sudden 
motherly deaths 
and injuries 
around the eyes’)

mortes matrum 
efficit repentine 
et lesuram circa 
oculos

(‘suddenly 
effectu-ates 
mothers’ deaths 
and injury 
around the eyes’)

�e�•�ò�€�–�h���q�i�ñ�•���e�‰�t�‰��
�ˆ�l�–�h�-�����f�A�s�ò�‰�%�*

�Ž�•�s�†���e�z�•
�L�>�L�� �ò���ª�D�¬ 
b-�ò�@�X�M�� d�ñ�D�L�G���¶��
�V�ý���ª���ò�@���@�K�ò���p�D
l-hen

(‘makes infirmity 
to
the eyes of the 
mothers and 
swiftly destroys 
them’)

	ð	Ñ��	~	‹	§��	î	Þ	É���Ö	Û	§ 
	Ø	Þ	ê	ñ	ë��	“	Œ	ê�Ö	á	õ	‹��	ã	ì	ò	É 

�Ð	Œ	Ê	ñ	¬	±��	Œ	é	¬	º	•
dalla �ò�@�K�� �C���ñin 
�E� �ò�T�X�>�M�H
l-�ñ�T�L�L�@�G���S�H
wa-yuhlik �A�@�n�@�Q�@��
�G�� �R�@�Q� �òan

(‘leads to illness
in the eyes of the 
mothers and
swiftly destroys
their sight’)

	“	ì	á��	Ø	Ý	©��	ä	É��	—	¨	¡ 
	ë	•��	‘	‚	ž	Ñ��	“	Œ	ê�Ö	á	õ	‹ 

	ð	Ñ���Ö	ä	ê	Ý��	»	¬	Ê	•��	’	Ñ	• 
	ä	ò	É	õ	‹

�l�@�C�@�¶�@�òan �¬�@�K�H�J�@ 
mawtu
l-�ñ�T�L�L�@�G���S�H
�E�@�à�ñatan �ñaw
�ñ���E�@�S�T�M tu�ò�Q�H�r�@ 
lahunna �E� 
l-�ña�òyuni

(‘from this 
suddenly occurs
the death of 
the mothers, or 
illness befalls 
them in the 
 eyes’)

An adverbial readin�J�� �R�I�� �W�K�H�� �D�G�M�H�F�W�L�Y�H�� �±�Æ�Æ�½�¹�´�¯�¿�Å�Â�� ���‡�V�X�G�G�H�Q�ˆ���� �Z�R�X�O�G�� �S�U�H�V�H�Q�W�� �D��
lectio difficilior in this passage,������ �L���H���� �‡�V�X�G�G�H�Q�O�\�� ���±�Æ�Æ�½�¹�´���É�Â���� �P�D�N�H�V ���� �F�D�X�V�H�V�� �W�K�H��
deaths of mothers’, as opposed to ‘sudden deaths’. This adverbial reading is con-
firmed by all Semitic versions: S has �ª���ò�@���@�K�� ���‡�V�Z�L�I�W�O�\�ˆ������ �)�� �…���R�@�Q� �òan (‘promptly’), 
�+�� �…���E�@�à�ñatan�� ���‡�V�X�G�G�H�Q�O�\�ˆ������ �W�K�H�� �O�D�W�W�H�U�� �E�H�L�Q�J�� �S�D�U�W�L�F�X�O�D�U�O�\�� �F�O�R�V�H�� �W�R�� �±�Æ�Æ�½�¹�´���É�Â��

�7�K�H�� �D�G�M�H�F�W�L�Y�H�� �¼�·�Ä�Á�¹�º�¿���Â�� ���O�L�W���� �‡�P�R�W�K�H�U�O�\ ���� �P�D�W�H�U�Q�D�O�ˆ�� �G�H�D�W�K�V���� �L�Q�� �*�� �W�H�F�K�Q�L�F�D�O�O�\��
presents another lectio difficilior, which no other text supports — L and H 
offer the closest renditions and both employ genitive constructions, cf.  ‘mortes 
matrum’ (‘mothers’ deaths’) and mawtu l-�ñ�T�L�L�@�G���S�H (‘mothers’ death’).

The relationship of the ‘mothers’ and the ‘eyes’ is of critical importance for 
the passage. S and F do not mention death in connection with the mothers. 
And while the Syriac phrase �ò���p�D l-hen (‘he destroys them’, the accusative object 
being feminine) is somewhat ambiguous and can refer to both the mothers and 
the eyes, �òUmar’s translation clearly mentions the mothers’ sight (�A�@�n�@�Q�@���G��). 
�å�X�Q�D�\�Q���� �R�Q�� �W�K�H�� �R�W�K�H�U�� �K�D�Q�G���� �U�H�W�D�L�Q�V�� �W�K�H�� �W�Z�R�� �H�O�H�P�H�Q�W�V�� �V�H�S�D�U�D�W�H�O�\���� �M�X�V�W�� �D�V�� �W�K�H��
Greek and the Latin texts do, but uses the conjunction �ñaw (‘or’) between them 

����  cf.  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos���� �S�� ���������� �‡�’�±�Æ�Æ�½�¹�´���¿�Å�Â�� �’�� �±�� �²�³�@�� �’��
�±�Æ�Æ�½�¹�´���É�Â�� �’�� �9�� ���� �*�� ���P�R�U�W�H�V�� �’�� �H�I�I�L�F�L�W�� �U�H�S�H�Q�W�L�Q�H�� �’���� �3�U�R�F�O���ˆ
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�L�Q�V�W�H�D�G�� �R�I�� �‡�D�Q�G�ˆ�� ���F�I�� �º�±������ �H�W������ �7�K�L�V�� �F�U�H�D�W�H�V�� �W�K�H�� �L�P�S�U�H�V�V�L�R�Q�� �W�K�D�W�� �0�D�U�V�� �F�D�Q�� �E�U�L�Q�J��
about either sudden death or eye illness, but not both — a possibility we do 
not find in G and L. S, F, and H specify that it is the mothers’ eyes that are 
concerned, something left unspecified in GL.

Reading 5

G L S F H

�,�,�,�������� �,�,�,���������…�� 10v, l. 22 �S�� �����������O�����>���@���S�� �����������O�����>�������@��

�À�±�Á�±�º�¿�»�¿�Å�¸�µ�^�½��
�´�����µ�Ê�É�¸�µ���Ä�¿�m�Ä�¿��
�Ä�����Ã�Í�¼�À�Ä�É�¼�±��
�À�±�Á�þ���Ä�þ�Â��
�Ã�Å�³�º�Á�¬�Ã�µ�¹�Â

(‘it is usual 
for this event 
to follow 
along with the 
minglings30 
together’)

�F�R�Q�V�H�T�X�L���H�Q�L�P��
consueuit
tale simptoma 
circa commix-
tiones

(‘such an event 
is accustomed to 
follow around 
minglings’)

�…�•�%�*���e�£�q�k���Ž�•�*���š� �R�Œ��
�e�k �.�t�‰���A�t�†���e�Œ�,

�M���P�D�O�G den �F�D�¬�Ö�� 
�¬���@�® �G���M�� �K�V���¶ 
�L�>�Y������

(‘an event like 
this follows along 
with the mixture’)

	ã	ì	Ú	ñ��	Ø	Ý	©��	¬	š	Ù	•���Ö	ã	õ   
	›	‹	®	â	Ý	‹��	ð	Ñ

li-�ñanna �ñ�@�J�¶�@�Q�@ 
�¬���K�H�J�@ �X�@�J�>�M�@ �E� 
�K���L�H�Y���à�H

(‘because that 
�R�F�F�X�U�V���I�U�H�T�X�H�Q�W�O�\
in the mixture’)

	»	¬	Ê	ñ��	ã	…��	¬	á	õ	‹��	‹	ª	é 
	“	Œ	•	ò	Ù	¬	–	Ý	‹��	¨	æ	É

�G���¬�� l-�ñamr�ñinna 
ya�ò�Q�H�r�T �òinda t- 
�S�@�Q�J� �A���S�H

(‘indeed, this 
matter occurs 
along with the 
compoundings’)

The Latin and the Syriac confirm that in the earlier stages of the transmission 
�W�K�H�� �*�U�H�H�N�� �Ã�Í�¼�À�Ä�¿�¼�±�� ���‡�H�Y�H�Q�W�ˆ���� �Z�D�V�� �S�U�R�E�D�E�O�\�� �G�H�I�L�Q�H�G�� �E�\�� �W�K�H�� �D�G�M�H�F�W�L�Y�H�� �Ä�¿�¹�¿�m�Ä�¿�½��
(‘such as this’, cf.  tale, �¬���@�® �G���M��), as opposed to the demonstrative pronoun 
�Ä�¿�m�Ä�¿�� ���‡�W�K�L�V�ˆ����31 It is important to note that the Latin also uses ‘simptoma’ as a 
loan word and an astrological terminus technicus. William of Moerbeke’s ren-
�G�H�U�L�Q�J�� �D�O�V�R�� �U�H�W�D�L�Q�V�� �W�K�H�� �S�O�X�U�D�O�� �I�R�U�P�� �R�I�� �Ã�Å�³�º�Á�¬�Ã�µ�¹�Â�� �…�� �F�R�P�P�L�[�W�L�R�Q�H�V�� ���‡�P�L�Q�J�O�L�Q�J�V��
together’). The Near Eastern transmission seems to have introduced the singu-
lar form early on, because it is attested by the Syriac as well as the earlier Ara-
�E�L�F�� �Y�H�U�V�L�R�Q���� �F�I�� �6�� �…���L�>�Y�������� ���‡�P�L�[�W�X�U�H�ˆ���� �D�Q�G�� �)�� �…���L�H�Y���à�H (‘mixture’) as opposed 
�W�R�� �+�� �…���S�@�Q�J� �A���S�H�� ���‡�F�R�P�S�R�X�Q�G�L�Q�J�V�ˆ������ �:�K�L�O�H�� �å�X�Q�D�\�Q� �̂V�� �S�H�F�X�O�L�D�U�� �X�V�H�� �R�I�� �D�� �Q�R�X�Q��
based on the verbal root rkb V deviates from the semantic pendants presented 
by S and F, his text has also preserved the plural form �S�@�Q�J� �A���S�H, which corre-
sponds to the Latin and the Greek and was thus chosen by Yamamoto as the 
better reading.

Of course, the singular form in Syriac could have resulted from a common 
phenomenon: the plural form �L�>�Y������ is virtually homographous with the sin-
gular �L�>�Y������, the only difference being the addition of the diacritical �R�D�X���L�� 

30  Robbins, Ptolemy. Tetrabiblos�� �S�U�H�I�H�U�V�� �W�R�� �W�U�D�Q�V�O�D�W�H�� �W�K�H�� �*�U�H�H�N�� �S�O�X�U�D�O�� �I�R�U�P�� �Ä�þ�Â�� �Ã�Å�³�º�Á�¬�Ã�µ�¹�Â��
�D�V�� �‡�L�Q�W�H�U�P�L�[�W�X�U�H� �̂��� �F�I�� �S�� ���������� �K�H�� �U�H�Q�G�H�U�V�� �W�K�H�� �Z�K�R�O�H�� �S�K�U�D�V�H�� �D�V�� �I�R�O�O�R�Z�V���� �‡�)�R�U�� �V�X�F�K�� �D�Q�� �H�Y�H�Q�W�� �L�V�� �D�S�W��
to attend the intermixture’.

31  cf.  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos���� �S�� ���������� �‡�Ä�¿�m�Ä�¿�� �Ä���� �Ã�Í�¼�À�Ä�É�¼�±�� �9�@�� �Ä����
�Ä�¿�¹�¿�m�Ä�¿�½�� �Ã�	�¼�À�Ä�É�¼�±�� �±�� �²�³�� ���� �*�� ���W�D�O�H�� �V�L�P�S�W�R�P�D������ �F�I�� �+�H�S�K���ˆ
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points, designating the plural form (cf. �e�k �.�t�‰ and �e�k�ö�.�t�‰). The occasional 
omission of the �R�D�X���L�� points is one of the most common features occurring 
in Syriac manuscripts. It would be interesting to speculate whether the reading 
variants with the singular form in the Arabic versions of the text have resulted 
from this Syriac translation.

The Syriac text is the only Semitic source to retain the verb ‘to follow’ 
(cf. �M���P�D�O�G). Moreover, the Syriac also provides a very precise pendant for 
�Ã�Í�¼�À�Ä�¿�¼�± ���� �V�L�P�S�W�R�P�D���� �L���H���F�D�¬�Ö��� � � ��‡�H�Y�H�Q�W�ˆ��� � �…���V�R�P�H�W�K�L�Q�J�� �)� � � ��¬���K�H�J�@, i.e. ‘that’) and 
H (�G���¬�� l-�ñamr, i.e. ‘this matter’) do not.

Reading 6

G L S F H

�,�,�,���������…�������� �,�,�,���������…������ �����Y�����O�O�� ���…��p. 312,
�O�O�����>���@�����…����

p. 312,
�O�O�����>�������@���…��

�¼�·�´�µ�½���Â���¼���½��
�¼�±�Á�Ä�Å�Á�¿�m�½�Ä�¿�Â��
�Ä�¿�^�Â���Æ�É�Ã���½��
�š�³�±�¸�¿�À�¿�¹�¿�m����
�š�»�»�þ���Ä�z�½��
�º�±�º�¿�À�¿�¹�z�½

(‘if no beneficent 
one [i.e. planet] 
bears witness to 
the luminaries, 
but the 
maleficent ones 
do’)

sed nullo 
�T�X�L�G�H�P���E�H�Q�H�I�L�F�R��
luminaribus 
testimonium
reddente

(‘but if no 
beneficent one 
bears witness to 
the luminaries’)

�q�ƒ ���e�i�y ���q�ƒ ���§�%��
�g�Ô�•�s�•�† ���*�s�•�Œ

�ñ�D�K�� �J�@�¬ �p���ª�� �J�@�¬ 
�M�R�@�G�D�¬ �K���M�@�G� �Q��

(‘for unless a 
good one is to 
bear witness to 
the luminaries’)

	ä	á��	~	ð	µ��	ä	Ú	ñ��	à	Ý��	ã	†	Ñ 
	ä	ñ	¬�Ö	ò	æ	Ý	‹��	ð	Þ	ñ��	¯	ì	¢	æ	Ý	‹

fa-�ñin lam yakun 
�Ö�@�X�ñun min 
�M���M�T�l�>�R�H �X�@�K�  
n-nayyirayni

(‘but if none of 
the misfortunate 
ones follows the 
two luminaries’)

	ä	á��	~	ð	µ��	¨	ê	¶	ñ��	à	Ý��	ã	†	Ñ
	ä	ñ	¬�Ö	ò	æ	Ý	‹��	‘	¨	Ê	²	â	Ý	‹�� 

	’	²	¢	æ	â	Ý	‹��	Œ	â	ê	Ý��	“	¨	ê	µ	ë
fa-�ñin lam �X�@�Ö�G�@�C 
�Ö�@�X�ñun min l- 
mus�òadatin li n.-
nayyirayni wa-
�Ö�@�G�H�C�@�S �K�@�G�T�L�� 
�K���L�T�M�l�H�R�@�S�T

(‘but if none of 
the fortunate 
ones bears 
witness to the 
two luminaries, 
and the 
misfortunate one 
bears witness to 
them’)

�$�F�F�R�U�G�L�Q�J�� �W�R�� �9�X�L�O�O�H�P�L�Q���'�L�H�P�� �D�Q�G�� �6�W�H�H�O���� �‡�7�K�H�� �U�H�D�G�L�Q�J�� �R�I�� �W�K�H�� �D�U�F�K�H�W�\�S�H�� ���É����
�L�Q�� �������q�����q�� �F�R�X�O�G�� �K�D�Y�H�� �E�H�H�Q�� �V�L�P�S�O�\���� �š�»�»�þ�� �¼�·�´�µ�½���Â�� �¼�±�Á�Ä�Å�Á�¿�m�½�Ä�¿�Â�� �Ä�¿�^�Â�� �Æ�É�Ã���½��
�š�³�±�¸�¿�À�¿�¹�¿�m� �̂�32 i.e. ‘but if no beneficent one bears witness to the luminaries’. 
The Syriac translation confirms this conclusion with the conditional clause �ñ�D�K�� 
(‘unless, if not’) which, in combination with the positive adjective �p���ª�� (‘good’), 
�P�R�U�H�� �R�U�� �O�H�V�V�� �F�R�U�U�H�V�S�R�Q�G�V�� �W�R�� �W�K�H�� �/�D�W�L�Q�� �‡�V�H�G�� �Q�X�O�O�R�� �’�� �E�H�Q�H�I�L�F�R� �̂�

The earlier Arabic text introduces a negative conditional clause, fa-�ñin lam 
yakun (lit. ‘if it is not’), whose meaning is similar to the one in the Syriac. The 
verbal root wly, from which the finite form �X�@�K�  derives, can mean anything 

32  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos���� �S�� ��������
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from ‘to be close’ �R�U�� �‡�W�R�� �I�R�O�O�R�Z�ˆ�� �W�R�� �‡�W�R�� �J�R�Y�H�U�Q ���� �P�D�Q�D�J�H�ˆ�� �R�U�� �‡�W�R�� �S�U�R�W�H�F�W� �̂�33 At 
face value, none of wly� �̂V�� �P�H�D�Q�L�Q�J�V�� �L�V�� �V�L�P�L�O�D�U�� �W�R�� �W�K�H�� �*�U�H�H�N�� �¼�±�Á�Ä�Å�Á�¿�m�½�Ä�¿�Â�� ���O�L�W����
‘bearing witness’), the key verb in the sentence, but this may have been F’s 
�L�Q�W�H�Q�G�H�G�� �X�V�D�J�H���� �S�D�U�W�L�F�X�O�D�U�O�\�� �L�I�� �Z�H�� �F�R�Q�V�L�G�H�U�� �W�K�H�� �V�H�Q�V�H�� �‡�W�R�� �I�R�O�O�R�Z� �̂��� �å�X�Q�D�\�Q� �̂V�� �W�H�[�W����
on the other hand, not only employs šhd (cf.  lam �X�@�Ö�G�@�C, ‘it does not bear wit-
ness’) — the verbal pendant of the Syriac �T�I�E��(cf. �M�R�@�G�D�¬, ‘it bears witness’) — 
but also preserves, as does the Syriac, the positive definition characterising the 
planet (cf.  �Ö�@�X�ñun min mus�òadatin���� �O�L�W���� �‡�V�R�P�H�W�K�L�Q�J�� �I�R�U�W�X�Q�D�W�H�ˆ������ �å�X�Q�D�\�Q� �̂V�� �Y�H�U�V�L�R�Q��
also contains the clarification �V�@���Ö�@�G�H�C�@�S �K�@�G�T�L�� �K���L�T�M�l�H�R�@�S�T (‘the misfortu-
�Q�D�W�H�� �R�Q�H�� �E�H�D�U�V�� �Z�L�W�Q�H�V�V�� �W�R�� �W�K�H�P�ˆ������ �Z�K�L�F�K�� �F�R�U�U�H�V�S�R�Q�G�V�� �W�R�� �W�K�H�� �*�U�H�H�N�� �S�K�U�D�V�H�� �š�»�»�þ��
�Ä�z�½�� �º�±�º�¿�À�¿�¹�z�½�� ���‡�E�X�W�� �W�K�H�� �P�D�O�H�I�L�F�H�Q�W�� �R�Q�H�V�� �G�R�ˆ���� �W�K�D�W�� �9�X�L�O�O�H�P�L�Q���'�L�H�P�� �D�Q�G�� �6�W�H�H�O��
consider to be a redundant later addition.34

Reading 7

G L S F H

�,�,�,���������…������ III.366 �����Y���������…���� �S�� �����������>���@���…���S�� �����������>�������@���…��

�¼�·�´�����µ�Í�Â���Ä�z�½
�š�³�±�¸�¿�À�¿�¹�z�½��
�š�Ã�Ä���Á�É�½��
�À�Á�¿�Ã�¼�±�Á�Ä�Å�Á�Q

(‘not one of 
the beneficent 
planets bears 
witness’)

nullus
beneficorum 
contestificetur

(‘no one of the 
beneficent ones
calls to witness’)

�§���f�¦�ò�i�y���2�ò�q�i�S�•���Ž�‰��
�f�A�-�*�s�•���Ž�ñ�‰���f�õ�-�,�A

men �ò���ª�C�@�X 
�p���ª���¶�� �K�� �S�D�G�V�� 
men �R�@�G�C�>�¶��

(‘from the
beneficent 
ones will be no 
testimony’)

	ä	á��	~	ð	µ���’	¬	Æ	æ	ñ��	à	Ý	ë 
	§	ì	Ê	²	Ý	‹

wa-lam �X�T�M�Ÿ�@�Q���’��
�Ö�@�X�ñun min
as-su�ò�>�C�H

(‘if none of the 
fortune [planets] 
is observed’) 

	~	ð	µ���’	¨	ê	¶	ñ��	à	Ý��	ã	†	Ñ 
	‘	¨	Ê	²	â	Ý	‹��	ä	á

fa-�ñin lam �X�@�Ö�G�@�C 
�’���Ö�@�X�ñun min al-
mus�òadatin

(‘if none of the 
fortune [planets] 
bear witness’)

The first problem in the above passage is the combination of the indeclinable 
�S�D�U�W�L�F�O�H���¼�·�´�������‡�D�Q�G���Q�R�W�ˆ�����¼�®�������´�������D�Q�G���W�K�H���P�D�V�F�����Q�X�P�H�U�D�O���µ�Í�Â�����‡�R�Q�H�ˆ�������7�K�H���/�D�W�L�Q��
variant ‘nullus’ (‘nobody, not one, not even one’) prompts Vuillemin-Diem and 
�6�W�H�H�O�� �W�R�� �I�D�Y�R�X�U�� �L�W�V�� �*�U�H�H�N�� �S�H�Q�G�D�Q�W�� �¼�·�´�µ���Â�� ���‡�Q�R�� �R�Q�H�ˆ�� �R�U�� �‡�Q�R�E�R�G�\�ˆ���� �D�V�� �W�K�H�� �P�R�U�H��
sensible option.35 The Arabic versions address this reading by combining par-
titive constructions (cf.  �Ö�@�X�ñun min���� �O�L�W���� �‡�V�R�P�H�W�K�L�Q�J�� �R�I�� �’� �̂��� �L���H���� �‡�V�R�P�H�W�K�L�Q�J�� �G�L�V�D�V-
trous’, ‘something fortunate’ etc.) with negated finite verbs.36 The two texts 
confirm Vuillemi�Q���'�L�H�P�� �D�Q�G�� �6�W�H�H�O� �̂V�� �F�R�Q�F�O�X�V�L�R�Q�� �W�K�D�W�� �W�K�H�� �‡�D�G�G�L�W�L�R�Q�� �R�I�� �š�Ã�Ä���Á�É�½��

33  cf. Kazimirski, Dictionnaire arabe-français, vol. 2, p. 1606.
34  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos���� �S�� ��������
35  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos���� �,�,�,������������ �‡�Q�X�O�O�X�V���� �¼�·�´�µ���Â��
Ë�� 
Ú�� 
Û Heph.] 

�¼�·�´���� �µ�Í�Â���7��(Hüb.)’.
36  cf. Ullmann, Wörterbuch���� �S�� ��������



������	 BOJIDAR DIMITROV

is not needed’,37�� �D�Q�G�� �V�R�� �G�R�H�V�� �W�K�H�� �6�\�U�L�D�F���� �2�I�� �F�R�X�U�V�H���� �š�Ã�Ä���Á�É�½�� �F�R�X�O�G�� �K�D�Y�H�� �E�H�H�Q�� �D��
gloss — a possibility that should not be excluded.

The Syriac rendition �ò���ª�C�@�X �p���ª���¶�� (lit. ‘doers of good things’) provides a 
�V�H�P�D�Q�W�L�F�� �H�T�X�L�Y�D�O�H�Q�W�� �R�I�� �E�R�W�K�� �š�³�±�¸�¿�À�¿�¹�z�½�� �D�Q�G�� �‡�E�H�Q�H�I�L�F�R�U�X�P� �̂��� �å�X�Q�D�\�Q� �̂V�� �X�V�H�� �R�I��
the verbal root �Ø�I�E��(‘to witness’) brings his text closer to the Syriac, the Latin 
and the Greek, as opposed to the passive form of �O�À�S���� (‘to observe, perceive, 
look at’) employed by F.

�5�H�D�G�L�Q�J�� ��

G L S F H

�,�,�,���������…������ �,�,�,���������…������ �����Y���������…���� �S�� �����������>�������@���…���S�� �����������>�������@���…��

�µ�Æ���´�����º�±�����×��
�Ä�¿�m���±�Á�¼�¿�m��
�¼�±�Á�Ä�Å�Á�®�Ã�µ�¹�µ��
�’���¼�Ì�½�¿�Â���´�����×��
�Ä�¿�m���±�Á�¼�¿�m���’��
�š�À�µ�Á�³�¬�¶�µ�Ä�±�¹

(‘if Mercury 
should bear 
�Z�L�W�Q�H�V�V���’�E�X�W��
when alone, 
Mercury makes 
�>�W�K�H�P�@���’�ˆ��

si autem 
Mercurius 
�W�H�V�W�L�I�L�F�H�W�X�U���’
�V�R�O�X�V���D�X�W�H�P���’
efficit

(‘if Mercury 
should bear 
�Z�L�W�Q�H�V�V���’���E�X�W��
when alone, he 
�P�D�N�H�V���>�W�K�H�P�@���’�ˆ��

�*�s�•�Œ���”�€�‰�?�%���Ž�•�q�Œ�%��
�7�-�-�s�Œ��������

�ñen-den�ñ�D�Q�L� �R 
�M�D�R�G�@�¬���’��nehwon

(‘but if Mercury 
bears witness 
�’���W�K�H�\���Z�L�O�O��
become’)

�©�­�Ž�Á�Ë���­�Å�ç���å�ˆ�Ó����
�����������ê�à�Ì�Ÿ������

fa-�ñin �M�T�Ÿ�H�Q�@ 
�ò�T�p���Q�H�C �à�@�òala-
hu���’

(‘but if Mercury 
is observed, he 
�P�D�N�H�V���K�L�P���’�ˆ����

�©�­�Ž�Á�Ë���©�ì�·���å�ˆ�Ó��
�å�Ž�Û��������

fa-�ñin �Ö�@�G�H�C�@ 
�ò�T�p���Q�H�C���’���J���M�@�’

(‘but if Mercury 
�E�H�D�U�V���Z�L�W�Q�H�V�V���’��
he is’)

This entry examines another variant reading where Hübner thought it neces-
sary to add a ‘fort. recte’ comment.���� William of Moerbeke’s version confirms 
the omission of Mercury’s name in the last phrase of the sentence.40 Adding 
the name, perhaps for the sake of clarity, could have been a measure dictated 
by the Greek language’s propensity for verbal indulgence.

The Syriac and the two Arabic texts support the omission of the name. In 
all of them Mercury is mentioned only once, at the beginning of the sentence. 
A  key difference is exhibited in the way the texts present Mercury’s influ-
ence on human fates — the earlier Arabic version follows the Greek and the 
Latin by using an active verb, i.e. the planet ‘makes’ people dumb, deaf,  etc. 
���F�I�� �š�À�µ�Á�³�¬�¶�µ�Ä�±�¹���� �H�I�I�L�F�L�W�� �D�Q�G���à�@�òala-hu, the latter’s literal meaning being ‘he 
�P�D�N�H�V�� �K�L�P�ˆ������ �7�K�H�� �6�\�U�L�D�F�� �W�U�D�Q�V�O�D�W�L�R�Q�� �D�Q�G�� �å�X�Q�D�\�Q�� �F�K�R�R�V�H�� �D�� �G�L�I�I�H�U�H�Q�W�� �D�S�S�U�R�D�F�K��

37  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos���� �S�� ���������� �‡�š�³�±�¸�¿�À�¿�¹�z�½�� �š�Ã�Ä���Á�É�½�� �9�� �'�� �³��
�3�U�R�F�O���@�� �š�³�±�¸�¿�À�¿�¹�z�½�� �±�� �0�� �6�� ���� �*�� ���E�H�Q�H�I�L�F�R�U�X�P���� �+�H�S�K���ˆ

����  However, this verb can mean ‘being in aspect’ in the astrological sense — cf. Dozy, Sup-
plément���� �Y�R�O�� ������ �S�� ��������

����  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos���� �S�� ���������� �‡�×�� �Ä�¿�m�� �±�Á�¼�¿�m�� �³�@�� �×�� �±�Á�¼�¿�m�� �9�� �'����
om���� �±�� �0�� �6�� ���� �*�� ���‡fort. recte�ˆ��� �̂��� �F�I�� �+�½�E�Q�H�U�������ñ�ð�õ�æ�ì�æ�ô�í�â�õ�ê�ë�Ý���� �,�,�,����������

40  ibid.



	 WITNESSES TO THE TEXT OF PTOLEMY’S TETRABIBLOS	 ������

— people ‘become’ (cf.  nehwon, �J���M�@) various things as a result of Mercury 
bearing witness. Moreover, the two Arabic versions refer to the subject of the 
planet’s influence in the singular (cf. �à�@�òala-hu�����‡�K�H���>�L���H�����0�H�U�F�X�U�\�@���P�D�N�H�V���K�L�P �����L�W�ˆ�� 
and �J���M�@���� �‡�K�H ���� �L�W�� �E�H�F�R�P�H�V�ˆ����

The earlier Arabic text’s choice of the verbal root �O�À�S�� ���F�I�� �Q�� ������ �V�X�S�U�D���� �D�V�� �D��
�S�H�Q�G�D�Q�W�� �R�I�� �W�K�H�� �*�U�H�H�N�� �¼�±�Á�Ä�Å�Á�­�É�� ���‡�W�R�� �E�H�D�U�� �Z�L�W�Q�H�V�V�ˆ���� �D�Q�G�� �L�W�V�� �G�H�U�L�Y�D�W�L�Y�H�V�� �D�S�S�H�D�U�V��
to be persistent. In fact, this version stands out as the only one which does not, 
at least in the cases that have been examined so far, employ a closer semantic 
�H�T�X�L�Y�D�O�H�Q�W�� �R�I�� �¼�±�Á�Ä�Å�Á�­�É��

�5�H�D�G�L�Q�J�� ��

G L S F H

�,�,�,���������…������ �,�,�,���������…������ �����Y�����O�O�� �����…�����S�� ��������
�O�O�����>���������@���…��

�S�� ��������
�O�O�����>�������@���…��

�¸���×���¼���½���¯�Ä�µ�Á�¿�Â��
�´�¹�±�¼�µ�Ä�Á�z�½�����×���´����
�¯�Ä�µ�Á�¿�Â���ª�À�±�½�±��
�Æ�µ�Á�Ì�¼�µ�½�¿�Â

(‘or the one is 
opposing, the 
other one is 
ascending’)

�X�H�O���D�O�W�H�U���T�X�L�G�H�P��
diametralis sit, 
alter autem 
superallatus

(‘or one would 
be opposite, 
the other one 
is exalted [lit. 
brought up]’)

�Ž�‰���q�v���ñ�-�,���q�ƒ���ñ�-�%��
�Ž�•�*���e�Œ�¢�v�%�����7�-�¢�z�‰�d�•�*��

�g�?�t�˜�d�Œ�d�h
�ñaw �J�@�¬ haw �l�@�C 
men �C�H���L�D�p�Q�N�M
�>���´�¹�¬�¼�µ�Ä�Á�¿�Â�@��
�l�Q�H�M�� �¬�D�M 
b-�ñ�@�M�@�O�G�N�Q��
�>���š�½�±�Æ�¿�Á�¬�����F�I����
�ª�À�±�½�±�Æ�µ�Á�Ì�¼�µ�½�¿�Â�@

(‘or when this one 
is [diametrically] 
opposed, the 
other one is on 
the ascent’)

a very vague 
paraphrase

	ú	•	Œ	Ö	á��	Œ	â	é	¨	¡	•��	ã	Œ	Ù	ë	• 
	¬	¥	ó	‹	ë��	¬	Â	Ö	Ý	‹��	î	Þ	É 
	È	½	ì	á��	î	Ý	…��	‹	¨	É	Œ	¹ 

	¬�Ö	ò	æ	Ý	‹
�ñaw �J���M�@ 
�ñ�@�l�@�C�G�T�L�� 
�L�T�P���A�H�K�@�M �ò�@�K�� 
�K���P�T�p�Q�H wa-l-
�ñ���x�@�Q �n���òidan �ñ�H�K�� 
�L�@�V�r�H�òi n-nayyiri

(‘or one of them 
is opposite to 
the diameter and 
the other one 
ascending to the 
location of the 
luminary’)

�+�½�E�Q�H�U� �̂V�� �H�G�L�W�L�R�Q�� �S�U�H�I�H�U�V�� �W�K�H�� �S�D�U�W�L�F�L�S�O�H�� �´�¹�±�¼�µ�Ä�Á�z�½�� ���‡�R�S�S�R�V�L�Q�J�ˆ���� �W�R�� �W�K�H�� �D�G�M�H�F-
�W�L�Y�H�� �‡�´�¹�¬�¼�µ�Ä�Á�¿�Â�ˆ�� �Z�K�L�F�K�� �9�X�L�O�O�H�P�L�Q���'�L�H�P�� �D�Q�G�� �6�W�H�H�O�� �S�U�R�S�R�V�H�� �R�Q�� �W�K�H�� �V�W�U�H�Q�J�W�K��
of the evidence provided by the Latin translation.41 The Syriac text presents 
a rendition almost identical with that of Moerbeke and confirms the use of 
an adjective, as opposed to a participle. What can be somewhat misleading is 
that the loan word used in Syriac is derived from the accusative form of the 
Greek term, i.e. �C�H���L�D�p�Q�N�M�� �F�R�U�U�H�V�S�R�Q�G�V�� �W�R�� �W�K�H�� �D�G�M�H�F�W�L�Y�H�� �´�¹�ÿ�¼�µ�Ä�Á�¿�Â���� �Q�R�W�� �W�R�� �W�K�H��
�K�R�P�R�S�K�R�Q�R�X�V�� �´�¹�±�¼�µ�Ä�Á�z�½��42

41  cf. Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos���� �S�� ���������� �‡�´�¹�±�¼�µ�Ä�Á�z�½�� �±�� �²�³�@�� �´�¹�ÿ�¼�µ�Ä�Á�¿�Â��
�"�� �9�� ���� �*�� ���G�L�D�P�H�W�U�D�O�L�V�� �V�L�W������ �F�I�� �+�H�S�K���ˆ

42  cf. Villey, Les textes astronomiques, p. 405.
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�å�X�Q�D�\�Q�� �P�Dkes an effort to improve and clarify the passage which results 
in a more scientific language. The phrase �L�T�P���A�H�K�@�M �ò�@�K�� �K���P�T�p�Q�H (‘opposite 
according to the diameter’) is another case of explicitation,43 building upon 
�W�K�H�� �*�U�H�H�N�� �´�¹�¬�¼�µ�Ä�Á�¿�Â���� �8�Q�O�L�N�H�� �W�K�H�� �6�\�U�L�D�F�� �W�U�D�Q�V�O�D�W�R�U���� �Z�K�R�� �V�L�P�S�O�\�� �W�U�D�Q�V�F�U�L�E�H�G�� �W�K�H��
�W�H�U�P���� �å�X�Q�D�\�Q�� �Q�R�W�� �R�Q�O�\�� �H�P�S�O�R�\�V�� �D�� �O�L�W�H�U�D�O�� �$�U�D�E�L�F�� �S�H�Q�G�D�Q�W�� �E�X�W�� �D�O�V�R�� �D�X�J�P�H�Q�W�V�� �L�W��
with the explanation �ò�@�K�� �K���P�T�p�Q�H (lit. ‘according to the diameter’) in order to 
�D�U�U�L�Y�H�� �D�W�� �W�K�H�� �P�H�D�Q�L�Q�J�� �‡�G�L�D�P�H�W�U�L�F�D�O�O�\�� �R�S�S�R�V�H�G� �̂��� �Z�K�L�F�K�� �´�¹�¬�¼�µ�Ä�Á�¿�Â�� �D�O�U�H�D�G�\�� �F�R�Q-
tains, in a mathematical sense. The same approach is applied in the case of 
�ª�À�±�½�±�Æ�µ�Á�Ì�¼�µ�½�¿�Â�� ���‡�D�V�F�H�Q�G�L�Q�J�ˆ������ �W�R�R���� �:�H�� �H�Q�F�R�X�Q�W�H�U�� �D�Q�R�W�K�H�U�� �D�X�J�P�H�Q�W�H�G�� �S�K�U�D�V�H��
where the participle �n���òidan (‘ascending’) is accompanied by �ñ�H�K�� �L�@�V�r�H�òi 
n-nayyiri (‘to the location of the luminary’), which specifies the implicit direc-
tion of the ascent.

Reading 10

G L S F H

�,�,�,�������� III.617 �����U������ �… not applicable

�Ä�z�½���À�Á�¿�º�µ�¹��
�¼���½�É�½

(‘above 
mentioned’)

presuppositarum �t �õ�Š�€�•�A�A�% ���•�‰�ò�q�Ÿ�*
�C���P�@�¬�L�@�X �ñetsim

(‘which were 
established 
beforehand’)

The last variant reading the present survey examines concerns Ptolemy’s use of 
�W�K�H���S�H�F�X�O�L�D�U���G�R�X�E�O�H���S�U�H�I�L�[���À�Á�¿�Ë�À�R����44���+�½�E�Q�H�U� �̂V���G�H�F�L�V�L�R�Q���W�R���F�K�R�R�V�H���À�Á�¿�º�µ�¹�¼���½�É�½��
�L�Q�V�W�H�D�G�� �R�I�� �À�Á�¿�Ë�À�¿�º�µ�¹�¼���½�É�½�� �Z�D�V�� �L�Q�I�R�U�P�H�G�� �E�\�� �W�K�H�� �V�F�K�R�O�D�U� �̂V�� �S�K�L�O�R�O�R�J�L�F�D�O�� �D�F�X�P�H�Q��
�D�Q�G�� �H�[�S�H�U�L�H�Q�F�H���� �7�K�H�� �S�D�U�W�L�F�L�S�O�H�� �À�Á�¿�º�µ�¹�¼���½�É�½�� �L�V�� �G�H�U�L�Y�H�G�� �I�U�R�P�� �W�K�H�� �P�H�G�L�R���S�D�V-
�V�L�Y�H�� �Y�H�U�E�� �À�Á�Ì�º�µ�¹�¼�±�¹�� �D�Q�G�� �F�D�Q�� �P�H�D�Q�� �‡�V�H�W�� �E�H�I�R�U�H�ˆ�� �R�U�� �‡�V�H�W�� �I�R�U�W�K�ˆ�� �L�Q�� �W�K�H�� �V�H�Q�V�H�� �R�I��
‘proposed’ or ‘established’ (hence Robbins’ translation ‘above mentioned’). The 
fact that William of Moerbeke made an effort to translate Ptolemy’s double 
prefix into Latin speaks for meticulous attention to detail. The Latin reading 
‘presuppositarum’ appears to emphasise the temporal aspect of the participle, 
and maybe this was the reason why Ptolemy resorted to the unusual double 
prefix in the first place. The Syriac translator appears to have made an effort 
�W�R�� �F�D�S�W�X�U�H�� �W�K�H�� �V�H�Q�V�H�� �R�I�� �À�Á�¿�Ë�À�¿�º�µ�¹�¼���½�É�½�� �D�V�� �Z�H�O�O���� �W�K�X�V�� �F�R�Q�I�L�U�P�L�Q�J�� �W�K�H�� �U�H�D�G�L�Q�J��
found in Moerbeke’s text. He combined a finite medio-passive verb (�ñetsim, i.e. 
‘they were established’) and a participle (�P�@�¬�L�@�X, i.e. ‘they precede’) in order to  
do so.

43  cf. Pormann, ‘The Development’�ê���� �S�� ���������� �Q�� ������ �V�X�S�U�D��
44  cf.  Vuillemin-Diem and Steel, Ptolemy’s Tetrabiblos���� �S�� ���������� �‡�À�Á�¿�º�µ�¹�¼���½�É�½�� �±�� �²�³���� �F�I�� �3�U�R-

�F�O���� ���À�Á�¿�Ã�Ä�¹�¸���½�Ä�¿�Â���@�� �À�Á�¿�Ë�À�¿�º�µ�¹�¼���½�É�½�� �9�� ���� �*�� ���S�U�H�V�X�S�S�R�V�L�W�D�U�X�P������ �7�K�H�� �G�R�X�E�O�H�� �S�U�H�I�L�[�� �À�Á�¿�Ë�À�R���� �L�V��
�X�V�H�G���V�H�Y�H�U�D�O���W�L�P�H�V���,�,�,�������������������,�9���������������������V�H�H���D�O�V�R���À�Á�¿�Ë�Æ���Ã�Ä�·�º�±���,�9�����������D�Q�G���À�Á�¿�Ë�À�¿�Ä�Å�À���¿�¼�±�¹��
�,�9���������̂ ��
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�$�P�O�D�M�V�T�J�P�O

Comparing the variant readings suggested by Vuillemin-Diem and Steel with 
the Syriac and the Arabic texts has shown that in almost all cases at least one 
of the Near Eastern translations confirms the evidence provided by Moerbeke’s 
Latin version. The Syriac translation backs the Latin readings in eight out of 
�W�H�Q�� �L�Q�V�W�D�Q�F�H�V���� �å�X�Q�D�\�Q�� �G�R�H�V�� �V�R�� �L�Q�� �I�L�Y�H���� �2�I�� �S�D�U�W�L�F�X�O�D�U�� �L�Q�W�H�U�H�V�W�� �D�U�H�� �W�K�H�� �R�F�F�D�V�L�R�Q�V��
�Z�K�H�U�H�� �å�X�Q�D�\�Q� �̂V�� �U�H�D�G�L�Q�J�V�� �F�R�Q�I�L�U�P�� �+�½�E�Q�H�U�� �D�J�D�L�Q�V�W�� �W�K�H�� �6�\�U�L�D�F�� �Y�H�U�V�L�R�Q�� �D�Q�G�� �0�R�H�U-
�E�H�N�H�� ���F�I�� �W�K�H�� �R�P�L�V�V�L�R�Q�� �R�I�� �Ä�z�½�� �º�±�º�¿�À�¿�¹�z�½���� �L���H���� �‡�W�K�H�� �P�D�O�H�I�L�F�H�Q�W�� �R�Q�H�V�ˆ�� �L�Q�� �5�H�D�G�L�Q�J��
6). The earlier Arabic text, despite its tendency to paraphrase, nevertheless fol-
lows the Syriac and the Latin on three occasions, two of them being important 
omissions.45

Keeping in mind the fact that Moerbeke’s version practically serves as the 
earliest extant recension of the Greek text, its proximity to the Syriac, both 
in terms of context as well as particular variant readings, speaks for a general 
affiliation with the older stages of the Tetrabiblos’ transmission. The Syriac 
remains closer to the Latin and the Greek than the Arabic translations in the 
majority of the cases, generally confirms the improvements proposed by Vuil-
lemin-Diem and Steel, tends to use Greek astrological terminology or lexical 
pendants, displays awareness of Greek syntax and in some instances attempts 
to emulate it. The Semitic nature of the language, along with minor omis-
sions and deviations, may account for the impression that the Syriac transla-
�W�L�R�Q�� �V�R�P�H�K�R�Z�� �F�R�P�S�U�H�V�V�H�V�� �W�K�H�� �*�U�H�H�N�� �W�H�[�W���� �E�X�W�� �F�D�V�H�V�� �V�X�F�K�� �D�V�� �5�H�D�G�L�Q�J�V�� ���� ���� �D�Q�G��
especially 10 clearly appear to refute the possibility of the Syriac text being a 
mere paraphrase, ‘and a poor one at that’.46�� �7�K�H�� �R�Y�H�U�D�O�O�� �T�X�D�O�L�W�\�� �R�I�� �W�K�L�V�� �Y�H�U�V�L�R�Q��
of the Tetrabiblos���� �L�W�V�� �D�X�W�K�R�U� �̂V�� �D�G�H�T�X�D�W�H�� �V�R�O�X�W�L�R�Q�V�� �D�Q�G�� �D�W�W�H�Q�W�L�R�Q�� �W�R�� �G�H�W�D�L�O�� �H�Y�D�G�H��
the somewhat polarised concepts of ‘free’ (i.e. paraphrastic) and ‘literal’ transla-
tion methods.47 The Syriac passage in Reading 3 resorts to additional explana-
tions in order to clarify the Greek content, and does that in a fashion which is 
�Q�R�W�� �D�O�O�� �W�K�D�W�� �G�L�I�I�H�U�H�Q�W���� �D�O�E�H�L�W�� �O�H�V�V�� �U�H�I�L�Q�H�G���� �I�U�R�P�� �å�X�Q�D�\�Q� �̂V��explicitation approach 
���F�I�� �5�H�D�G�L�Q�J�V�� ���� �D�Q�G�� ������

The readings from the older Arabic text appear to confirm Pingree’s hypoth-
esis of �ò�8�P�D�U�� �E�� �D�O���)�D�U�U�X�ê�Â�Q�� �D�V�� �W�U�D�Q�V�O�D�W�R�U������ The omissions and the tendency to 
simplify the technical nature of Ptolemy’s treatise and its astrological termi-
nology are, in fact, more deserving of a definition such as ‘paraphrase’. More-
�R�Y�H�U���� �W�K�H�� �F�R�Q�W�H�Q�W�� �R�I�� �W�K�H�� �R�O�G�H�U�� �W�U�D�Q�V�O�D�W�L�R�Q�� �U�H�Q�G�H�U�V�� �,�E�Q�� �D�Q���1�D�G�ì�P� �̂V�� �D�W�W�U�L�E�X�W�L�R�Q��

45 �F�I�� �5�H�D�G�L�Q�J�� ������ �P�H�Q�W�L�R�Q�H�G���D�E�R�Y�H���� �D�Q�G���5�H�D�G�L�Q�J�� ������ �Z�K�H�U�H�� �W�K�H�� �D�G�G�L�W�L�R�Q���R�I�� �0�H�U�F�X�U�\� �̂V�� �Q�D�P�H�� �L�V��
�F�R�Q�F�H�U�Q�H�G���� �5�H�D�G�L�Q�J�� ���� �L�V�� �D�O�V�R�� �V�L�J�Q�L�I�L�F�D�Q�W�� �E�H�F�D�X�V�H�� �)�� �L�V�� �W�K�H�� �R�Q�O�\�� �1�H�D�U�� �(�D�V�W�H�U�Q�� �W�U�D�Q�V�O�D�W�L�R�Q�� �Z�K�L�F�K��
�W�U�D�Q�V�O�D�W�H�V�� �š�À�µ�Á�³�¬�¶�µ�Ä�±�¹ ���� �H�I�I�L�F�L�W�� ���‡�W�R�� �P�D�N�H�ˆ������ �F�I�� �à�@�òala-hu (‘he makes him’).

46  cf. Saliba, Islamic Science, p. 12.
47  cf. Gutas, Greek Thought���� �S�S�� �������…�������� �3�R�U�P�D�Q�Q���� �‡�7�K�H�� �'�H�Y�H�O�R�S�P�H�Q�W� �̂��� �S�� ��������
����  cf. n. 7 supra.
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�W�R�� �D�O���%�L���U�ì�T���� rather problematic, because Pormann’s analysis of another transla-
�W�L�R�Q���D�W�W�U�L�E�X�W�H�G���W�R���D�O���%�L���U�ì�T50�� �S�R�L�Q�W�V���R�X�W���W�K�H���O�D�W�W�H�U� �̂V�� �I�U�H�T�X�H�Q�W���X�V�H���R�I�� �W�U�D�Q�V�O�L�W�H�U�D�W�H�G��
�*�U�H�H�N���W�H�U�P�V���†�� �D���I�H�D�W�X�U�H���Z�H���K�D�Y�H���H�Q�F�R�X�Q�W�H�U�H�G���I�U�H�T�X�H�Q�W�O�\�� �L�Q���W�K�H���6�\�U�L�D�F���W�H�[�W���� �E�X�W��
�Q�R�W�� �L�Q�� �)���� �2�I�� �F�R�X�U�V�H���� �D�� �V�F�K�R�O�D�U� �̂V�� �W�U�D�Q�V�O�D�W�L�R�Q�� �V�N�L�O�O�V�� �F�D�Q�� �H�Y�R�O�Y�H���� �D�Q�G�� �W�K�H�� �T�X�D�O�L�W�\�� �R�I��
his work may vary substantially, depending on the circumstances surrounding 
each particular translation.

Since �ò�8�P�D�U�� �E�� �D�O���)�D�U�U�X�ê�Â�Q� �̂V�� �W�H�[�W���� �E�\�� �Y�L�U�W�X�H�� �R�I�� �E�H�L�Q�J�� �D�� �S�U�R�E�D�E�O�H�� �S�D�U�D�S�K�U�D�V�H����
�G�L�I�I�H�U�V�� �I�U�R�P�� �å�X�Q�D�\�Q� �̂V�� �W�U�D�Q�V�O�D�W�L�R�Q�� �W�R�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �G�H�J�U�H�H���� �L�W�� �Z�R�X�O�G�� �E�H�� �W�H�P�S�W-
ing to deduce that the two are not directly related. H’s readings contain many 
reference points which can be associated with the Greek, Latin and Syriac ver-
�V�L�R�Q�V���� �D�Q�G�� �P�D�\�� �L�Q�G�L�F�D�W�H�� �W�K�H�� �D�Y�D�L�O�D�E�L�O�L�W�\�� �R�I�� �J�R�R�G�� �V�R�X�U�F�H�� �W�H�[�W�V���� �5�H�D�G�L�Q�J�� ������ �L�Q�� �S�D�U-
ticular, attests that the translator had at his disposal a more precise technical 
vocabulary in Arabic, a fact which speaks for a more sophisticated translation 
�W�H�F�K�Q�L�T�X�H��

The comparisons and analyses presented in this essay demonstrate that the 
three Near Eastern translations of the Tetrabiblos have the potential to make 
significant contributions to the research on the treatise’s complex transmission, 
which the evidence from William of Moerbeke’s Latin translation has clearly 
advanced to a new level.
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�,�E�Q���D�O�����D�O�Â�æ� �̂V���&�U�L�W�L�T�X�H���R�Q���D�O���)�Â�U�Â�E�ì� �̂V���&�R�P�P�H�Q�W�D�U�\

Johannes ThOMANN

1.  �-�J�G�F���B�O�E���U�J�N�F�T���P�G���*�C�O���B�M���·�B�M�v�¬���	�E�� �������� CE)

�7�K�H�� �I�L�U�V�W�� �K�D�O�I�� �R�I�� �W�K�H�� �W�Z�H�O�I�W�K�� �F�H�Q�W�X�U�\�� �Z�D�V�� �D�� �S�L�Y�R�W�D�O�� �W�L�P�H�� �L�Q�� �:�H�V�W�H�U�Q�� �(�X�U�R�S�H����
�,�Q�� �W�K�D�W�� �S�H�U�L�R�G�� �W�U�D�Q�V�O�D�W�L�R�Q�� �D�F�W�L�Y�L�W�L�H�V�� �I�U�R�P�� �$�U�D�E�L�F�� �L�Q�W�R�� �/�D�W�L�Q�� �E�H�F�D�P�H�� �D�� �F�R�P�P�R�Q��
�H�Q�W�H�U�S�U�L�V�H�� �R�Q�� �D�� �O�D�U�J�H�� �V�F�D�O�H�� �L�Q�� �U�H�F�H�Q�W�O�\�� �F�R�Q�T�X�H�U�H�G�� �W�H�U�U�L�W�R�U�L�H�V���� �R�I�� �Z�K�L�F�K�� �W�K�H�� �F�H�Q-
�W�U�H�V�� �Z�H�U�H�� �7�R�O�H�G�R���� �3�D�O�H�U�P�R�� �D�Q�G�� �$�Q�W�L�R�F�K���� �7�K�L�V�� �L�V�� �D�� �Z�H�O�O�� �N�Q�R�Z�Q�� �S�D�U�W�� �R�I�� �Z�K�D�W�� �Z�D�V��
�F�D�O�O�H�G�� �W�K�H�� �5�H�Q�D�L�V�V�D�Q�F�H�� �R�I�� �W�K�H�� �7�Z�H�O�I�W�K�� �&�H�Q�W�X�U�\��1�� �/�H�V�V�� �N�Q�R�Z�Q�� �L�V�� �W�K�H�� �V�L�W�X�D�W�L�R�Q��
�L�Q�� �W�K�H�� �,�V�O�D�P�L�F�� �:�R�U�O�G�� �G�X�U�L�Q�J�� �W�K�H�� �V�D�P�H�� �S�H�U�L�R�G���� �7�U�D�G�L�W�L�R�Q�D�O�O�\�� �L�W�� �Z�D�V�� �G�H�Q�R�X�Q�F�H�G��
�D�V�� �S�R�V�W���F�O�D�V�V�L�F�D�O���� �L�P�S�O�\�L�Q�J�� �V�R�P�H�� �N�L�Q�G�� �R�I�� �G�H�F�D�G�H�Q�F�H���� �3�R�O�L�W�L�F�D�O�O�\�� �L�W�� �Z�D�V�� �W�K�H�� �W�L�P�H��
�Z�K�H�Q�� �W�K�H�� �6�H�O�M�X�T�V�� �K�D�G�� �V�X�U�S�D�V�V�H�G�� �W�K�H�L�U�� �D�S�R�J�H�H�� �R�I�� �S�R�Z�H�U���� �E�X�W�� �V�W�L�O�O�� �G�R�P�L�Q�D�W�H�G�� �W�K�H��
�,�V�O�D�P�L�F�� �(�D�V�W�� �I�U�R�P�� �6�\�U�L�D�� �W�R�� �&�H�Q�W�U�D�O�� �$�V�L�D���� �7�K�H�� �&�K�U�L�V�W�L�D�Q�� �N�L�Q�J�G�R�P�� �R�I�� �-�H�U�X�V�D�O�H�P��
�L�Q�� �W�K�H�� �U�H�F�H�Q�W�O�\�� �F�R�Q�T�X�H�U�H�G�� �W�H�U�U�L�W�R�U�L�H�V�� �Z�D�V�� �D�� �]�R�Q�H�� �R�I�� �S�H�U�P�D�Q�H�Q�W�� �F�R�Q�I�O�L�F�W�V���� �E�X�W��
�I�R�U�P�H�G�� �R�Q�O�\�� �S�D�U�W�� �R�I�� �W�K�H�� �S�H�U�L�S�K�H�U�\���� �7�K�H�� �W�H�U�U�L�W�R�U�\�� �R�I�� �W�K�H�� �)�D�W�L�P�L�G�V�� �Z�D�V�� �U�H�G�X�F�H�G��
�W�R���(�J�\�S�W���� �,�Q���W�K�H���:�H�V�W���W�K�H���$�O�P�R�U�D�Y�L�G�V���Z�H�U�H���D�E�R�X�W���W�R���H�[�W�H�Q�G���W�K�H�L�U���H�P�S�L�U�H���L�Q���W�K�H��
�0�D�J�K�U�H�E�� �W�R�Z�D�U�G�V�� �D�O���$�Q�G�D�O�X�V��2

�&�R�Q�F�H�U�Q�L�Q�J�� �W�K�H�� �P�D�W�K�H�P�D�W�L�F�D�O�� �G�L�V�F�L�S�O�L�Q�H�V���� �W�K�H�� �I�L�U�V�W�� �K�D�O�I�� �R�I�� �W�K�H�� �W�Z�H�O�I�W�K�� �F�H�Q-
�W�X�U�\�� �K�D�V�� �E�H�H�Q�� �F�D�O�O�H�G�� �W�K�H�� �D�J�H�� �R�I�� �2�P�D�U�� �.�K�D�\�\�D�P��3�� �+�L�V�� �Z�R�U�N�V�� �R�Q�� �J�H�R�P�H�W�U�L�F�D�O��
�V�R�O�X�W�L�R�Q�V�� �R�I�� �D�O�J�H�E�U�D�L�F�� �S�U�R�E�O�H�P�V�� �D�U�H�� �I�D�P�R�X�V���� �D�Q�G�� �D�� �Q�X�P�E�H�U�� �R�I�� �R�W�K�H�U�� �W�U�H�D�W�L�V�H�V��
�G�R�F�X�P�H�Q�W�� �D�� �E�U�R�D�G�� �I�L�H�O�G�� �R�I�� �V�F�L�H�Q�W�L�I�L�F�� �D�F�W�L�Y�L�W�L�H�V��4�� �+�H�� �Z�D�V�� �D�F�W�L�Y�H�� �L�Q�� �&�H�Q�W�U�D�O�� �$�V�L�D��
�L�Q�� �W�K�H�� �(�D�V�W�H�U�Q�� �S�D�U�W�� �R�I�� �W�K�H�� �6�H�O�M�X�N�� �(�P�S�L�U�H��5� � � ,� Q� � � W� K� L� V� � � D� U� H� D� � � D� � � J� U� H� D� W� � � Q� X� P� E� H� U� � � R� I� � � O� H� V� V-
�H�U���N�Q�R�Z�Q�� �P�D�W�K�H�P�D�W�L�F�L�D�Q�V�� �Z�H�U�H�� �D�F�W�L�Y�H���� �D�Q�G�� �L�W�� �P�X�V�W�� �E�H�� �V�H�H�Q�� �D�V�� �R�Q�H�� �R�I�� �W�K�H�� �W�Z�R��
main centers of mathematical science at the time.6 The other center was al-An-
�G�D�O�X�V���� �Z�K�H�U�H�� �D�Q�� �H�Y�H�Q�� �J�U�H�D�W�H�U�� �Q�X�P�E�H�U�� �R�I�� �P�D�W�K�H�P�D�W�L�F�L�D�Q�V�� �Z�H�U�H�� �D�F�W�L�Y�H��7�� �$�P�R�Q�J��

1 �+�D�V�N�L�Q�V����The Renaissance���� �S�S�� �������…��������
2 �.�H�Q�Q�H�G�\����An Historical Atlas���� �S�� ������
3 �6�D�U�W�R�Q����Introduction���� �Y�R�O�� �,���� �S�S�� �������…������
4  MAOSIC���� �S�S�� �������…������ ���1�R�� ����������
5 �$�P�L�Q�U�D�]�D�Y�L����The Wine of Wisdom���� �S�S�� �����…������
6  MAOSIC���� �S�S�� �������…������ ���1�R�V ���������� �������…�������� ���������� �������…�������� ���������� ���������� ���������� �������…�������� ���������� ����������

���������� ���������� �������…�������� ���������� ����������
7  MAOSIC���� �S�S�� �������…������ ���1�R�V ���������� ���������� ���������� �������…�������� ���������� �������…�������� �������…�������� ���������� ����������

���������� ���������� ���������� ���������� �������…�������� ���������� ����������

Ptolemy’s Science of the Stars in the Middle Ages���� �H�G���� �E�\�� �'�D�Y�L�G�� �-�X�V�W�H���� �%�H�Q�Q�R�� �Y�D�Q�� �'�D�O�H�Q���� �'�D�J�� �1�L�N�R�O�D�X�V�� �+�D�V�V�H�� �D�Q�G��
�&�K�D�U�O�H�V�� �%�X�U�Q�H�W�W���� �3�$�/�6�� ���� ���7�X�U�Q�K�R�X�W���� �������������� �S�S���� �������…������
© F  H  G��	 �����������������0���3�$�/�6���(�%������������������
T h I s I s A N  OPE N ACCEss  Ch A P T E R DI sT R I bU T E D U N DE R A CC bY-NC -N D  4 .0 I N T E R NAT IONA L  L ICE NsE
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�W�K�H�V�H�� �R�Q�O�\�� �-�Â�E�L�U�� �L�E�Q�� �$�I�O�D�æ�� �E�H�F�D�P�H�� �I�D�P�R�X�V���� �V�L�Q�F�H�� �K�L�V�� �F�R�P�P�H�Q�W�D�U�\�� �R�Q�� �W�K�H��
Almagest�� �Z�D�V�� �W�U�D�Q�V�O�D�W�H�G�� �L�Q�W�R�� �/�D�W�L�Q����

�%�D�J�K�G�D�G�� �K�D�G�� �O�R�V�W�� �L�W�V�� �S�R�V�L�W�L�R�Q�� �D�V�� �W�K�H�� �S�U�L�P�D�U�\�� �S�O�D�F�H�� �R�I�� �O�H�D�U�Q�L�Q�J�� �L�Q�� �W�K�H�� �,�V�O�D�P�L�F��
�Z�R�U�O�G���� �+�R�Z�H�Y�H�U���� �L�W�� �D�W�W�U�D�F�W�H�G�� �V�W�L�O�O�� �V�R�P�H�� �V�W�X�G�H�Q�W�V�� �R�I�� �W�K�H�� �V�F�L�H�Q�F�H�V���� �(�Y�H�Q�� �W�K�R�X�J�K��
�L�W�� �Z�D�V�� �Q�R�W�� �W�K�H�� �K�R�P�H�� �R�I�� �H�P�L�Q�H�Q�W�� �V�F�K�R�O�D�U�V���� �W�K�H�U�H�� �P�X�V�W�� �K�D�Y�H�� �E�H�H�Q�� �H�[�F�H�S�W�L�R�Q�D�O�O�\��
�U�L�F�K�� �D�Q�G�� �Y�D�O�X�D�E�O�H�� �W�U�H�D�V�X�U�H�V�� �R�I�� �E�R�R�N�V�� �D�Y�D�L�O�D�E�O�H���� �2�Q�H�� �R�I�� �W�K�R�V�H�� �Z�K�R�� �W�R�R�N�� �S�U�R�I�L�W��
�R�I�� �W�K�H�V�H�� �W�U�H�D�V�X�U�H�V�� �Z�D�V�� �$�E�,�� �O���)�X�W�,�æ�� �$�æ�P�D�G�� �L�E�Q�� �0�X�æ�D�P�P�D�G�� �L�E�Q�� �D�O���6�D�U�ì����
�F�D�O�O�H�G�� �,�E�Q�� �D�O�����D�O�Â�æ������ �$�F�F�R�U�G�L�Q�J�� �W�R�� �K�L�V�� �E�L�R�J�U�D�S�K�H�U�V�� �K�H�� �Z�D�V�� �D�� �3�H�U�V�L�D�Q���� �E�R�U�Q�� �L�Q��
�+�D�P�D�G�Â�Q�� �L�Q�� �:�H�V�W�H�U�Q�� �,�U�D�Q���� �Z�K�R�� �F�D�P�H�� �W�R�� �%�D�J�K�G�D�G�� �D�Q�G�� �K�D�G�� �J�D�L�Q�H�G�� �D�� �U�H�S�X�W�D-
�W�L�R�Q�� �D�V�� �D�� �S�K�\�V�L�F�L�D�Q�������� �,�Q�� �W�K�L�V�� �T�X�D�O�L�W�\�� �K�H�� �Z�H�Q�W�� �W�R�� �W�K�H�� �F�R�X�U�W�� �R�I�� �7�H�P�½�U�� �7�Â�V�K�� �L�E�Q��
�ë�O�� �*�K�Â�]�ì���� �W�K�H�� �$�U�W�X�T�L�G�� �U�X�O�H�U�� �D�W�� �0�Â�U�G�ì�Q�� ���U�� ���������…�������� CE������ �7�R�Z�D�U�G�V�� �W�K�H�� �H�Q�G�� �R�I��
�K�L�V�� �O�L�I�H�� �K�H�� �P�R�Y�H�G�� �W�R�� �'�D�P�D�V�F�X�V���� �Z�K�L�F�K�� �Z�D�V�� �U�X�O�H�G�� �E�\�� �W�K�H�� �%�·�U�L�G�� �$�W�D�E�H�J�� �$�E�D�T��
���U�� ���������…�������� CE����11�� �7�K�H�U�H�� �D�U�H�� �G�L�I�I�H�U�H�Q�W�� �V�W�D�W�H�P�H�Q�W�V�� �F�R�Q�F�H�U�Q�L�Q�J�� �W�K�H�� �G�D�W�H�� �R�I�� �,�E�Q��
�D�O�����D�O�Â�æ� �̂V�� �G�H�D�W�K�� �L�Q�� �W�K�H�� �V�R�X�U�F�H�V���� �$�F�F�R�U�G�L�Q�J�� �W�R�� �D�O���4�L�I���ì�� �K�H�� �G�L�H�G�� �D�W�� �W�K�H�� �H�Q�G�� �R�I�� �W�K�H��
�\�H�D�U�� �������� ���0�D�U�F�K�� �������� CE������ �D�Q�G�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �,�E�Q�� �$�E�ì�� �8���D�\�E�ì�ò�D�� �L�Q�� �W�K�H�� �\�H�D�U�� �‡��������
�R�G�G�̂ ��12�� �$�� �P�D�Q�X�V�F�U�L�S�W�� �R�I�� �W�K�H��Conics�� �R�I�� �0�H�Q�H�O�D�R�V�� �D�W�� �W�K�H�� �%�U�L�W�L�V�K�� �/�L�E�U�D�U�\�� �F�R�Q�W�D�L�Q�V��
�D�� �F�R�O�R�S�K�R�Q�� �Z�L�W�K�� �W�K�H�� �G�D�W�H�� �‡�0�R�Q�G�D�\�� ���� �5�D�E�ì�ò�� �,�,�� �������ˆ�� �������� �-�X�Q�H�� �������� CE������ �L�Q�� �Z�K�L�F�K��
�,�E�Q�� �D�O�����D�O�Â�æ�� �L�V�� �P�H�Q�W�L�R�Q�H�G��13�� �7�K�H�� �I�R�U�P�X�O�D���@�p���K�@ �K�K���G�T �A�@�P���G�T�� ���‡�P�D�\�� �*�R�G�� �P�D�N�H��
�K�L�V�� �O�L�I�H�� �O�R�Q�J�ˆ���� �D�I�W�H�U�� �K�L�V�� �Q�D�P�H�� �L�Q�G�L�F�D�W�H�V�� �W�K�D�W�� �K�H�� �Z�D�V�� �V�W�L�O�O�� �D�O�L�Y�H�� �D�W�� �W�K�D�W�� �G�D�W�H���� �7�K�L�V��
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������ �I�R�U�� �D�� �G�L�I�I�H�U�H�Q�W�� �Y�L�H�Z��



������	 �-�2�+�$�1�1�(�6�� �7�+�2�0�$�1�1

�7�K�H�� �I�L�U�V�W�� �D�V�W�U�R�Q�R�P�H�U�� �Z�K�R�� �Z�D�V�� �D�E�O�H�� �W�R�� �S�U�R�Y�L�G�H�� �D�Q�� �H�[�D�F�W�� �D�Q�G�� �Y�D�O�L�G�� �V�R�O�X�W�L�R�Q�� �R�I��
�W�K�H�� �V�D�P�H�� �S�U�R�E�O�H�P�� �Z�D�V�� �å�D�E�D�V�K�� �D�O���å�Â�V�L�E�� �L�Q�� �W�K�H�� �P�L�G�� �Q�L�Q�W�K�� �F�H�Q�W�X�U�\��22 He based 
�K�L�V�� �F�D�O�F�X�O�D�W�L�R�Q�V�� �Q�R�W�� �R�Q�� �*�U�H�H�N�� �W�U�L�J�R�Q�R�P�H�W�U�\�� �Z�L�W�K�� �F�K�R�U�G�V�� �E�X�W�� �R�Q�� �,�Q�G�L�D�Q�� �W�U�L�J�R-
�Q�R�P�H�W�U�\�� �Z�L�W�K�� �V�L�Q�H�� �D�Q�G�� �F�R�V�L�Q�H�� �D�Q�G�� �X�V�H�G�� �I�R�U�� �K�L�V�� �V�R�O�X�W�L�R�Q�� �E�R�W�K�� �W�K�H�� �F�R�V�L�Q�H�� �U�X�O�H��
�D�Q�G�� �W�K�H�� �V�L�Q�H�� �U�X�O�H�� �I�R�U�� �V�S�K�H�U�L�F�D�O�� �W�U�L�D�Q�J�O�H�V���� �,�Q�� �W�K�L�V�� �F�D�V�H�� �D�W�� �O�H�D�V�W�� �,�Q�G�L�D�Q�� �V�W�\�O�H�� �W�U�L�J�R-
�Q�R�P�H�W�U�\�� �Z�D�V�� �V�X�S�H�U�L�R�U�� �W�R�� �*�U�H�H�N�� �V�W�\�O�H�� �W�U�L�J�R�Q�R�P�H�W�U�\��

�,�E�Q�� �D�O�����D�O�Â�æ�� �Z�U�L�W�H�V�� �D�W�� �W�K�H�� �E�H�J�L�Q�Q�L�Q�J�� �R�I�� �K�L�V�� �W�U�H�D�W�L�V�H��23

�,�� �K�D�G�� �D�� �O�R�R�N�� �D�W�� �D�� �E�R�R�N�� �E�\�� �W�K�H�� �R�X�W�V�W�D�Q�G�L�Q�J�� �$�Eū�� �1�Dṣ�U�� �D�O���)ā�Uā�Eī�� �F�D�O�O�H�G��Commentary 
on the �!�N�N�J by Ptolemy Known as the Almagest���� �, �V�W�X�G�L�H�G�� �L�W�� �W�K�R�U�R�X�J�K�O�\�� �L�Q�� �I�X�O�O�� �F�O�D�U�L�W�\��
�D�Q�G�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �R�I�� �L�W�V�� �F�R�Q�F�H�S�W�V�� �X�S�� �W�R�� �W�K�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �L�Q�� �&�K�D�S�W�H�U�� ������ �R�I�� �%�R�R�N�� �9��
�,�� �I�R�X�Q�G�� �W�K�D�W�� �K�H�� �Z�D�Q�W�H�G�� �W�R�� �H�V�W�D�E�O�L�V�K�� �W�K�H�� �S�U�R�R�I�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �U�H�O�D�W�L�R�Q�� �Z�K�L�F�K�� �Z�D�V�� �W�K�H�U�H��
�L�Q�� �F�R�Q�Q�H�F�W�L�R�Q�� �Z�L�W�K�� �D�� �F�R�P�S�O�H�W�H�� �F�R�P�P�H�Q�W�D�U�\�� �R�Q�� �W�K�H�� �F�K�D�S�W�H�U���� �%�X�W�� �W�K�H�� �S�U�H�P�L�V�H�V�� �Z�K�L�F�K��
�K�H�� �X�V�H�G�� �L�Q�� �W�K�H�� �F�R�P�S�R�V�L�W�L�R�Q�� �R�I�� �K�L�V�� �S�U�R�R�I�� �Z�H�U�H�� �L�P�S�R�V�V�L�E�O�H�� �D�Q�G�� �I�D�O�O�D�F�L�R�X�V��

�7�K�X�V�� �W�K�H�� �F�U�L�W�L�T�X�H�� �R�I�� �,�E�Q�� �D�O�����D�O�Â�æ�� �L�V�� �Q�R�W�� �G�L�U�H�F�W�H�G�� �W�R�Z�D�U�G�V�� �3�W�R�O�H�P�\�� �K�L�P�V�H�O�I�� �E�X�W��
�W�R�Z�D�U�G�V�� �D�O���)�Â�U�Â�E�ì� �̂V��Commentary on the Almagest���� �7�K�L�V�� �Z�R�U�N�� �K�D�V�� �R�Q�O�\�� �U�H�F�H�Q�W�O�\��
�E�H�H�Q�� �G�L�V�F�R�Y�H�U�H�G���� �D�Q�G�� �V�R�P�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �L�V�� �D�S�S�U�R�S�U�L�D�W�H�� �K�H�U�H��

3.  �"�M���'�v�S�v�C�£���T���D�P�N�N�F�O�U�B�S�Z���P�O���U�I�F��Almagest

�7�K�H�� �J�U�H�D�W�� �S�K�L�O�R�V�R�S�K�H�U�� �D�O���)�Â�U�Â�E�ì�� ���G�� ������ CE������ �Z�K�R�� �K�D�G�� �W�K�H�� �K�R�Q�R�U�D�U�\�� �W�L�W�O�H�� �R�I��
�‡�W�K�H�� �6�H�F�R�Q�G�� �7�H�D�F�K�H�U�ˆ�� ���V�F���� �D�I�W�H�U�� �$�U�L�V�W�R�W�O�H������ �L�V�� �P�R�V�W�� �I�D�P�R�X�V�� �I�R�U�� �K�L�V�� �Z�R�U�N�V�� �R�Q��
�O�R�J�L�F���� �P�H�W�D�S�K�\�V�L�F�V�� �D�Q�G�� �S�R�O�L�W�L�F�D�O�� �S�K�L�O�R�V�R�S�K�\���� �%�X�W�� �K�H�� �Z�U�R�W�H�� �D�O�V�R�� �R�Q�� �P�D�W�K�H�P�D�W-
�L�F�D�O�� �G�L�V�F�L�S�O�L�Q�H�V���� �6�L�Q�F�H�� �W�K�H�� �W�L�P�H�V�� �R�I�� �0�R�U�L�W�]�� �6�W�H�L�Q�V�F�K�Q�H�L�G�H�U�� �L�W�� �K�D�V�� �E�H�H�Q�� �N�Q�R�Z�Q��
�W�K�D�W�� �D�O���)�Â�U�Â�E�ì�� �Z�U�R�W�H�� �D�� �F�R�P�P�H�Q�W�D�U�\�� �R�Q�� �W�K�H��Almagest.24 It is mentioned in the 
�E�L�R�J�U�D�S�K�L�H�V�� �L�Q�� �D�O���4�L�I���ì���� �,�E�Q�� �$�E�ì�� �8���D�\�E�L�ò�D�� �D�Q�G�� �D�O�����D�I�D�G�ì���� �D�Q�G�� �L�W�� �D�S�S�H�D�U�V�� �L�Q�� �D�� �O�L�V�W��
of commentaries on the Almagest�� �E�\�� �D�O���1�D�V�D�Z�ì�� ���H�O�H�Y�H�Q�W�K�� �F�H�Q�W�X�U�\��CE����25� � � $� � �V�X�S-
�S�R�V�H�G�� �F�R�S�\�� �L�Q�� �W�K�H�� �%�U�L�W�L�V�K�� �/�L�E�U�D�U�\�� �W�X�U�Q�H�G�� �R�X�W�� �W�R�� �E�H�� �W�K�H���3�@�K�J�G� �n� � � E� \� � � ,� E� Q� � � 6� ì� Q� Â� �26 
�D�Q�G�� �W�K�H�� �Z�R�U�N�� �Z�D�V�� �F�R�Q�V�L�G�H�U�H�G�� �W�R�� �E�H�� �O�R�V�W��27�� �,�Q�� ���������� �W�K�H�� �G�L�V�F�R�Y�H�U�\�� �R�I�� �D�� �S�D�U�W�� �R�I�� �D��
�F�R�P�S�U�H�K�H�Q�V�L�Y�H�� �F�R�P�P�H�Q�W�D�U�\�� �R�Q�� �W�K�H��Almagest���� �S�U�R�E�D�E�O�\�� �D�O���)�Â�U�Â�E�ì� �̂V�� �F�R�P�P�H�Q�W�D�U�\����
�Z�D�V�� �D�Q�Q�R�X�Q�F�H�G������� � � 7� K� H� � � 0� 6   � 7� H� K� U� D� Q� �� � � 0� D� M� O� L� V� � � /� L� E� U� D� U� \� �� � � �� �� �� �� � � K� D� V� � � D� � � P� R� G� H� U� Q� � � W� L� W� O� H� �
�S�D�J�H�� �Z�L�W�K�� �W�K�H�� �Q�D�P�H�� �R�I�� �D�O���)�Â�U�Â�E�ì���� �7�K�H�� �E�H�J�L�Q�Q�L�Q�J�� �R�I�� �W�K�H�� �R�U�L�J�L�Q�D�O�� �P�D�Q�X�V�F�U�L�S�W��
�L�V�� �P�L�V�V�L�Q�J���� �D�Q�G�� �D�W�� �W�K�H�� �H�Q�G�� �L�W�� �K�D�V�� �Q�R�� �F�R�O�R�S�K�R�Q���� �7�K�X�V�� �W�K�H�� �W�H�[�W�� �L�V�� �W�U�D�Q�V�P�L�W�W�H�G��

22 �.�H�Q�Q�H�G�\���� �‡�3�D�U�D�O�O�D�[�� �7�K�H�R�U�\� �̂��� �S�S�� �����…������
23 �0�6 �0�D�V�K�K�D�G���� �+�R�O�\�� �6�K�U�L�Q�H�� �/�L�E�U�D�U�\���� ������������ �S�� �������� �I�R�U�� �W�K�H�� �$�U�D�E�L�F�� �W�H�[�W�� �V�H�H�� �$�S�S�H�Q�G�L�[�� �,�,��
24 �6�W�H�L�Q�V�F�K�Q�H�L�G�H�U����Al-Farabi���� �S�� ������
25 �/�L�S�S�H�U�W����Ta�ñ�Q� �x �@�K���l�T�J�@�L������ �S�� ���������� �0�½�O�O�H�U�����ò�4�X�>�M �T�K���@�M�A���ñ���� �Y�R�O�� �,�,���� �S�� ���������� �5�L�W�W�H�U�����*�H�S���A 

�@�K���6���E� ���� �Y�R�O�� �,���� �S�� ���������� �I�R�U�� �D�O���1�D�V�D�Z�ì�� �V�H�H�� �/�R�U�F�K�����3�G���A�H�S ibn Qurra���� �S�� ��������
26 �*�R�O�G�V�W�H�L�Q���� �E�R�R�N�� �U�H�Y�L�H�Z�� �R�I�� �6�H�]�J�L�Q���� �S�� ��������
27 �-�D�Q�R�V���� �‡�$�O���)�Â�U�Â�E�ì� �̂��� �S�� ���������� �-�D�Q�R�V����Method���� �S�S�� �����…������
���� �3�D�S�H�U�� �S�U�H�V�H�Q�W�H�G�� �D�W�� �W�K�H�� �F�R�Q�I�H�U�H�Q�F�H�� �‡�&�R�Q�W�H�[�W�V�� �R�I�� �/�H�D�U�Q�L�Q�J�� �L�Q�� �%�D�J�K�G�D�G�� �I�U�R�P�� ��th�…����th cen-

�W�X�U�L�H�V� �̂��� �8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �*�·�W�W�L�Q�J�H�Q���� �6�H�S�W�H�P�E�H�U�� �����…�������� ������������ �S�X�E�O�L�V�K�H�G�� �O�D�W�H�U�� �D�V���� �7�K�R�P�D�Q�Q���� �‡�)�U�R�P��
�/�\�U�L�F�V� �̂��� �S�S�� �������…�������� �I�L�U�V�W�� �S�X�E�O�L�F�D�W�L�R�Q���� �7�K�R�P�D�Q�Q���� �‡�(�L�Q�� �D�O���)�Â�U�Â�E�ì�� �]�X�J�H�V�F�K�U�L�H�E�H�Q�H�U�� �.�R�P�P�H�Q�W�D�U� �̂���
�S�S�� �����…������
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�D�Q�R�Q�\�P�R�X�V�O�\���� �,�W�� �F�R�Q�W�D�L�Q�V�� �D�� �F�R�P�P�H�Q�W�D�U�\�� �R�Q�� �W�K�H��Almagest�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �,�V�æ�Â�T��
�W�U�D�Q�V�O�D�W�L�R�Q���� �D�Q�G�� �F�R�Y�H�U�V�� �S�D�U�W�V�� �R�I�� �%�R�R�N�� �,�;�� �D�Q�G�� �D�O�O�� �R�I�� �%�R�R�N�V�� �;�� �W�R�� �;�,�,�,���� �,�Q�� ����������
�D�Q�R�W�K�H�U�� �P�D�Q�X�V�F�U�L�S�W�� �Z�L�W�K�� �W�K�H�� �V�D�P�H�� �W�H�[�W�� �Z�D�V�� �I�R�X�Q�G�� ���0�6 �7�H�K�U�D�Q���� �0�D�M�O�L�V���� ��������������
�E�X�W�� �D�J�D�L�Q�� �Z�L�W�K�� �Q�R�� �L�Q�G�L�F�D�W�L�R�Q�V�� �R�I�� �W�K�H�� �D�X�W�K�R�U�������� �$�W�� �W�K�H�� �E�H�J�L�Q�Q�L�Q�J�� �V�H�Y�H�U�D�O�� �S�D�J�H�V��
�D�U�H�� �P�L�V�V�L�Q�J���� �E�X�W�� �L�W�� �F�R�Y�H�U�V�� �V�O�L�J�K�W�O�\�� �P�R�U�H�� �W�H�[�W�� �W�K�D�Q�� �W�K�H�� �I�L�U�V�W�� �P�D�Q�X�V�F�U�L�S�W���� �)�X�U�W�K�H�U��
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V�� �P�D�G�H�� �D�Q�� �D�W�W�U�L�E�X�W�L�R�Q�� �R�I�� �W�K�L�V�� �F�R�P�P�H�Q�W�D�U�\�� �W�R�� �D�O���)�Â�U�Â�E�ì�� �P�R�U�H�� �D�Q�G��
�P�R�U�H�� �O�L�N�H�O�\���� �,�W�� �L�V�� �H�Y�L�G�H�Q�W�� �W�K�D�W�� �L�W�� �Z�D�V�� �Z�U�L�W�W�H�Q�� �E�\�� �D�� �S�K�L�O�R�V�R�S�K�H�U�� �U�D�W�K�H�U�� �W�K�D�Q�� �E�\�� �D��
�S�U�R�I�H�V�V�L�R�Q�D�O�� �D�V�W�U�R�Q�R�P�H�U�������� �7�K�L�V�� �O�L�P�L�W�V�� �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �F�D�Q�G�L�G�D�W�H�V�� �I�R�U�� �E�H�L�Q�J�� �W�K�H��
�D�X�W�K�R�U�� �R�I�� �W�K�H�� �7�H�K�U�D�Q�� �F�R�P�P�H�Q�W�D�U�\�� �F�R�Q�V�L�G�H�U�D�E�O�\���� �)�X�U�W�K�H�U���� �W�K�H�U�H�� �D�U�H�� �V�R�P�H�� �F�K�D�U�D�F-
�W�H�U�L�V�W�L�F�V�� �L�Q�� �W�K�H�� �Y�R�F�D�E�X�O�D�U�\�� �Z�K�L�F�K�� �F�R�L�Q�F�L�G�H�� �Z�L�W�K�� �)�Â�U�Â�E�ì�D�Q�� �X�V�D�J�H��31

�7�K�H�� �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �7�H�K�U�D�Q�� �P�D�Q�X�V�F�U�L�S�W�V�� �D�V�� �D�O���)�Â�U�Â�E�ì� �̂V�� �F�R�P�P�H�Q�W�D�U�\�� �R�Q��
the Almagest�� �I�L�Q�D�O�O�\�� �E�H�F�D�P�H�� �E�H�\�R�Q�G�� �G�R�X�E�W�� �Z�K�H�Q�� �W�K�H�� �W�U�H�D�W�L�V�H�� �R�I�� �,�E�Q�� �D�O�����D�O�Â�æ�� �R�Q��
�W�K�H�� �F�U�L�W�L�T�X�H�� �R�I�� �D�O���)�Â�U�Â�E�ì� �̂V�� �F�R�P�P�H�Q�W�D�U�\�� �Z�D�V�� �V�W�X�G�L�H�G�� �I�R�U�� �W�K�H�� �I�L�U�V�W���W�L�P�H��32�� �7�K�H�� �W�H�[�W��
�R�I�� �,�E�Q�� �D�O�����D�O�Â�æ�� �F�R�Q�V�L�V�W�V�� �I�R�U�� �D�� �O�D�U�J�H�� �S�D�U�W�� �R�I�� �O�L�W�H�U�D�O�� �T�X�R�W�D�W�L�R�Q�V�� �I�U�R�P�� �D�O���)�Â�U�Â�E�ì� �̂V��
�F�R�P�P�H�Q�W�D�U�\���� �)�R�U�� �W�K�H�� �I�L�U�V�W�� �W�L�P�H�� �G�R�F�X�P�H�Q�W�H�G�� �R�U�L�J�L�Q�D�O�� �S�D�U�W�V�� �R�I�� �D�O���)�Â�U�Â�E�ì� �̂V�� �Z�R�U�N��
�Z�H�U�H���D�W���K�D�Q�G���� �6�L�Q�F�H���W�K�H���T�X�R�W�H�G���W�H�[�W�V���E�H�O�R�Q�J�� �W�R���%�R�R�N���9�� �R�I�� �W�K�H��Almagest a direct 
�F�R�P�S�D�U�L�V�R�Q�� �Z�L�W�K�� �W�K�H�� �W�Z�R�� �7�H�K�U�D�Q�� �P�D�Q�X�V�F�U�L�S�W�V���� �Z�K�L�F�K�� �F�R�Y�H�U�� �%�R�R�N�V�� �,�;�� �W�R�� �;�,�,�,����
�Z�D�V�� �Q�R�W�� �S�R�V�V�L�E�O�H���� �%�X�W�� �W�K�H�� �U�H�O�D�W�L�Y�H�� �T�X�D�Q�W�L�W�\�� �R�I�� �W�H�[�W�� �R�I�� �D�O���)�Â�U�Â�E�ì� �̂V�� �F�R�P�P�H�Q�W�D�U�\��
�L�Q�� �F�R�P�S�D�U�L�V�R�Q�� �W�R�� �U�H�O�D�W�H�G�� �W�H�[�W�� �R�I�� �3�W�R�O�H�P�\�� �F�R�X�O�G�� �E�H�� �H�V�W�L�P�D�W�H�G�� �D�Q�G�� �F�R�Q�V�S�L�F�X-
�R�X�V�� �W�H�U�P�L�Q�R�O�R�J�\�� �F�R�X�O�G�� �E�H�� �F�R�P�S�D�U�H�G���� �7�K�H�U�H�� �L�V�� �R�Q�H�� �Q�R�W�H�Z�R�U�W�K�\�� �D�E�Q�R�U�P�D�O�L�W�\�� �L�Q��
�W�K�H�� �S�D�U�W�V�� �T�X�R�W�H�G�� �E�\�� �,�E�Q�� �D�O�����D�O�Â�æ���� �,�Q�� �W�K�H�� �W�H�[�W�� �R�I�� �D�O���)�Â�U�Â�E�ì�� �W�K�H�� �W�H�U�P�� �I�R�U�� �S�D�U-
�D�O�O�D�[�� �L�V�� �D�O�Z�D�\�V���H�M�l�H�Q���E �@�K���L�@�M�Ÿ�@�Q���� �Z�K�L�O�H�� �W�K�H�� �V�W�D�Q�G�D�U�G�� �W�H�U�P���� �D�O�V�R�� �I�R�X�Q�G�� �L�Q�� �W�K�H��
translations of the Almagest���� �L�V���H�J�G�S�H�K���E �@�K���L�@�M�Ÿ�@�Q.33�� �7�K�H�� �U�H�D�V�R�Q�� �Z�K�\�� �D�O���)�Â�U�Â�E�ì��
�F�K�R�V�H�� �W�K�L�V�� �Q�R�Q���V�W�D�Q�G�D�U�G�� �W�H�U�P�� �P�D�\�� �E�H�� �K�L�V�� �S�U�R�S�H�Q�V�L�W�\�� �W�R�� �E�H�� �S�K�L�O�R�O�R�J�L�F�D�O�O�\�� �S�U�H-
�F�L�V�H���� �D�Q�G�� �L�Q�G�H�H�G�����H�M�l�H�Q���E�� �‡�G�H�Y�L�D�W�L�R�Q�ˆ�� �L�V�� �V�H�P�D�Q�W�L�F�D�O�O�\�� �F�O�R�V�H�U�� �W�R�� �*�U�H�H�N��parallaxis 
than �H�J�G�S�H�K���E���� �Z�K�L�F�K�� �P�H�D�Q�V�� �V�L�P�S�O�\�� �‡�G�L�I�I�H�U�H�Q�F�H� �̂�34�� �,�Q�� �D�Q�\�� �F�D�V�H���� �W�K�H�� �R�F�F�X�U�U�H�Q�F�H�� �R�I��
�W�K�L�V�� �D�E�Q�R�U�P�D�O�L�W�\�� �L�Q�� �W�K�H�� �W�H�[�W�� �R�I�� �W�K�H�� �W�Z�R�� �7�H�K�U�D�Q�� �P�D�Q�X�V�F�U�L�S�W�V�� �Z�R�X�O�G�� �S�U�R�Y�L�G�H�� �D��
�S�H�U�I�H�F�W�� �W�H�U�P�L�Q�R�O�R�J�L�F�D�O�� �W�H�V�W���� �7�K�H�U�H�� �L�V�� �R�Q�O�\�� �R�Q�H�� �S�D�V�V�D�J�H�� �L�Q�� �%�R�R�N�V�� �,�;�� �W�R�� �;�,�,�,�� �R�I��
the Almagest�� �Z�K�H�U�H�� �S�D�U�D�O�O�D�[�� �L�V�� �P�H�Q�W�L�R�Q�H�G��35�� �7�K�H�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �F�R�P�P�H�Q�W�D�U�\�� �L�V��
�R�Q�O�\���S�U�H�V�H�U�Y�H�G���L�Q���W�K�H���V�H�F�R�Q�G���7�H�K�U�D�Q���P�D�Q�X�V�F�U�L�S�W�����Z�K�H�U�H���S�D�U�D�O�O�D�[���L�V���L�Q�G�H�H�G���F�D�O�O�H�G��
�H�M�l�H�Q���E �@�K���L�@�M�Ÿ�@�Q.36�� �7�K�H�U�H�I�R�U�H�� �W�K�H�U�H�� �F�D�Q�� �K�D�U�G�O�\�� �E�H�� �D�Q�\�� �G�R�X�E�W�� �W�K�D�W�� �W�K�H�� �S�D�V�V�D�J�H�V��
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�Z�K�L�F�K�� �D�O���)�Â�U�Â�E�ì�� �F�R�P�P�H�Q�W�V��37�� �,�E�Q�� �D�O�����D�O�Â�æ�� �G�R�H�V�� �Q�R�W�� �V�D�\�� �D�Q�\�W�K�L�Q�J�� �D�E�R�X�W�� �W�K�H��
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�7�K�H�� �W�K�U�H�H�� �$�U�D�E�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q�V���� �W�K�H�� �*�U�H�H�N�� �W�H�[�W�� �D�Q�G�� �W�K�H�� �/�D�W�L�Q�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I��
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�7�K�H�� �I�D�F�W�� �W�K�D�W�� �W�K�H�� �V�H�F�R�Q�G�� �W�D�E�O�H�� �L�V�� �W�K�H�� �O�D�U�J�H�V�W�� �L�Q�G�L�F�D�W�H�V�� �W�K�D�W�� �W�K�H�� �$�Q�R�Q�\�P�R�X�V��
�G�L�I�I�H�U�V�� �P�R�U�H�� �I�U�R�P�� �W�K�H�� �W�Z�R�� �R�W�K�H�U�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �W�K�D�Q�� �D�O���å�D�M�M�Â�M�� �D�Q�G�� �,�V�æ�Â�T���7�K�Â�E�L�W��
�G�L�I�I�H�U�� �I�U�R�P�� �H�D�F�K�� �R�W�K�H�U���� �7�K�L�V�� �O�H�D�G�V�� �W�R�� �W�K�H�� �T�X�H�V�W�L�R�Q�� �L�I�� �W�K�H�� �$�Q�R�Q�\�P�R�X�V�� �Y�H�U�V�L�R�Q�� �L�V��
�D�� �J�H�Q�X�L�Q�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �I�U�R�P�� �W�K�H�� �*�U�H�H�N���� �R�U�� �D�� �S�D�U�D�S�K�U�D�V�H�� �R�I�� �R�Q�H�� �R�I�� �W�K�H�� �W�Z�R�� �R�W�K�H�U��
Arabic translations.������ �7�K�H�U�H�� �D�U�H�� �W�K�U�H�H�� �F�D�V�H�V�� �L�Q�� �W�K�H�� �$�Q�R�Q�\�P�R�X�V�� �Z�K�H�U�H�� �N�Q�R�Z�O-
�H�G�J�H�� �R�I�� �W�K�H�� �*�U�H�H�N�� �R�U�L�J�L�Q�D�O�� �L�V�� �H�Y�L�G�H�Q�W���� �,�Q�� �W�K�H�� �$�Q�R�Q�\�P�R�X�V���� �*�U�H�H�N�� �´�¹�±�º�Á�¯�½�É�¼�µ�½��
���‡�Z�H�� �G�L�V�W�L�Q�J�X�L�V�K���� �Z�H�� �V�H�W�� �D�S�D�U�W�ˆ���� �L�V�� �D�W�� �I�L�U�V�W�� �W�U�D�Q�V�O�D�W�H�G�� �E�\���M�T�E�@�n�n�H�K�T�� ���‡�Z�H�� �G�L�Y�L�G�H�ˆ������
�/�D�W�H�U�� �L�Q�� �W�K�H�� �V�H�Q�W�H�Q�F�H�� �L�W�� �L�V�� �V�S�H�F�L�I�L�H�G�� �E�\�� �W�K�H�� �H�[�S�U�H�V�V�L�R�Q���V�@���M�@�E�n�H�K�@ �J�T�K�K�@ �V���l�H�C�H�M 
�L�H�M�G�T�L�� �òani �K�����J�G�@�Q�H�� ���‡�D�Q�G�� �Z�H�� �V�H�S�D�U�D�W�H�� �H�D�F�K�� �R�I�� �W�K�H�P�� �I�U�R�P�� �W�K�H�� �R�W�K�H�U�ˆ������ �7�K�L�V��
�L�V�� �D�� �S�U�H�F�L�V�H�� �S�D�U�D�S�K�U�D�V�H�� �R�I�� �W�K�H�� �O�L�W�W�H�U�D�O�� �P�H�D�Q�L�Q�J�� �R�I�� �´�¹�±�º�Á�¯�½�É�� �D�Q�G�� �F�R�X�O�G�� �Q�R�W�� �K�D�Y�H��
�E�H�H�Q�� �G�H�U�L�Y�H�G�� �I�U�R�P�� �R�Q�H�� �R�I�� �W�K�H�� �W�Z�R�� �R�W�K�H�U�� �W�U�D�Q�V�O�D�W�L�R�Q�V���� �$�O���å�D�M�M�Â�M�� �Z�U�L�W�H�V��na�òdilu  
or nu�òaddilu�� �‡�Z�H�� �Q�R�U�P�D�O�L�]�H�� �W�K�H�� �S�D�U�D�O�O�D�[�� �’� �̂��� �D�Q�G�� �,�V�æ�Â�T��nuqawwimu�� �‡�Z�H�� �D�U�U�D�Q�J�H��
�W�K�H�� �S�D�U�D�O�O�D�[� �̂��� �7�K�L�V�� �V�X�J�J�H�V�W�V�� �W�K�D�W�� �W�K�H�� �D�Q�R�Q�\�P�R�X�V�� �W�U�D�Q�V�O�D�W�L�R�Q�� �L�V�� �E�D�V�H�G�� �R�Q�� �W�K�H��
�*�U�H�H�N�� �W�H�[�W���� �D�Q�G�� �W�K�D�W�� �L�W�� �L�V�� �Q�R�W�� �M�X�V�W�� �D�� �S�D�U�D�S�K�U�D�V�H�� �R�I�� �R�Q�H�� �R�I�� �W�K�H�� �W�Z�R�� �R�W�K�H�U�� �W�U�D�Q�V-
lations. A  second case is the translation �V�@���J�@�S�@�A�M���G�T�� ���‡�Z�H�� �K�D�Y�H�� �Z�U�L�W�W�H�Q�� �L�W�ˆ����
�R�I�� �*�U�H�H�N�� �š�À�¿�³�Á�±�È�Ì�¼�µ�¸�±�� ���‡�Z�H�� �K�D�Y�H�� �Z�U�L�W�W�H�Q�� �R�I�I �ˆ������ �$�O���å�D�M�M�Â�M�� �D�Q�G�� �,�V�æ�Â�T���7�K�Â�E�L�W��
translate it with �@�S�G�A�@�S�M���G���� ���‡�Z�H�� �K�D�Y�H�� �P�D�G�H�� �L�W�� �I�L�[�H�G�ˆ������ �Z�K�L�F�K�� �G�R�H�V�� �Q�R�W�� �S�U�H�V�H�U�Y�H��

���� �7�K�H�U�H�� �L�V�� �Q�R�� �Q�H�H�G�� �W�R�� �F�R�Q�V�L�G�H�U�� �D�� �W�U�D�Q�V�O�D�W�L�R�Q�� �I�U�R�P�� �W�K�H�� �6�\�U�L�D�F�� �V�L�Q�F�H�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �,�E�Q�� �D�O��
���D�O�Â�æ�� �D�O�O�� �$�U�D�E�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �Z�H�U�H�� �P�D�G�H�� �I�U�R�P�� �W�K�H�� �*�U�H�H�N���� �F�I�� �.�X�Q�L�W�]�V�F�K����Ibn �@�n���m�@�K���l���� �S�� ����������
�O�L�Q�H�V�� �����…������ ���$�U�D�E�L�F�� �W�H�[�W���� �D�Q�G�� �S�� ������ ���*�H�U�P�D�Q�� �W�U�D�Q�V�O�D�W�L�R�Q����
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�W�K�H�� �P�H�D�Q�L�Q�J�� �R�I�� �‡�Z�U�L�W�L�Q�J� �̂������� �$�� �W�K�L�U�G�� �F�D�V�H�� �L�V�� �W�K�H�� �*�U�H�H�N�� �Z�R�U�G�� �ª�º�º�µ�¹�¼�­�½�·�½�� ���‡�O�\�L�Q�J��
�R�X�W�V�L�G�H�ˆ������ �Z�K�L�F�K�� �L�V�� �W�U�D�Q�V�O�D�W�H�G�� �E�\�� �W�K�H�� �$�Q�R�Q�\�P�R�X�V�� �D�V��allatayni �S�@�K�H�X���M�H�� ���‡�Z�K�L�F�K��
�D�U�H�� �D�G�M�D�F�H�Q�W�ˆ������ �7�K�H�� �R�W�K�H�U�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �D�U�H�� �O�H�V�V�� �S�U�H�F�L�V�H���� �$�O���å�D�M�M�Â�M�� �W�U�D�Q�V�O�D�W�H�V�� �D�V��
�@�K�K�@�S�  �ò�@�K���� ���‡�Z�K�L�F�K�� �D�U�H�� �R�Q�ˆ���� �D�Q�G�� �,�V�æ�Â�T���7�K�Â�E�L�W��allatayni �E� �� ���‡�Z�K�L�F�K�� �D�U�H�� �L�Q�ˆ������ �7�K�H�V�H��
�W�K�U�H�H�� �H�[�D�P�S�O�H�V�� �V�K�R�Z�� �F�O�H�D�U�O�\�� �W�K�D�W�� �W�K�H�� �$�Q�R�Q�\�P�R�X�V�� �L�V�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �*�U�H�H�N�� �W�H�[�W��
�L�Q�G�H�S�H�Q�G�H�Q�W�O�\�� �I�U�R�P�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �R�I�� �D�O���å�D�M�M�Â�M�� �D�Q�G�� �,�V�æ�Â�T���7�K�Â�E�L�W��

�,�Q�� �D�� �Q�H�[�W�� �V�W�H�S���� �V�R�P�H�� �F�R�Q�V�S�L�F�X�R�X�V�� �H�[�S�U�H�V�V�L�R�Q�V�� �X�V�H�G�� �E�\�� �W�K�H�� �$�Q�R�Q�\�P�R�X�V�� �Z�L�O�O��
�E�H�� �F�R�P�S�D�U�H�G�� �W�R�� �R�W�K�H�U�� �D�V�W�U�R�Q�R�P�L�F�D�O�� �W�H�[�W�V�� �L�Q�� �R�U�G�H�U�� �W�R�� �G�H�U�L�Y�H�� �D�U�J�X�P�H�Q�W�V�� �I�R�U�� �D��
�F�K�U�R�Q�R�O�R�J�L�F�D�O�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q��

�7�K�H�� �*�U�H�H�N�� �D�G�M�H�F�W�L�Y�H�� �¼�µ�Ã�·�¼�²�Á�¹�½�Ì�Â�� �P�H�D�Q�V�� �O�L�W�H�U�D�O�O�\�� �‡�E�H�O�R�Q�J�L�Q�J�� �W�R�� �Q�R�R�Q� �̂��� �F�R�P-
�S�R�V�H�G�� �R�I�� �W�K�H�� �D�G�M�H�F�W�L�Y�H�� �¼�­�Ã�¿�Â�� ���‡�P�L�G�G�O�H�ˆ������ �W�K�H�� �V�X�E�V�W�D�Q�W�L�Y�H�� �·�¼�­�Á�±�� ���‡�G�D�\�ˆ���� �D�Q�G�� �W�K�H��
�V�X�I�I�L�[�� ���¹�½�¿�Â�� ���I�R�U�� �E�X�L�O�G�L�Q�J�� �D�G�M�H�F�W�L�Y�H�V������ �,�Q�� �D�Q�� �D�V�W�U�R�Q�R�P�L�F�D�O�� �F�R�Q�W�H�[�W���×�� �¼�µ�Ã�·�¼�²�Á�¹�½�Ì�Â��
�º�Í�º�»�¿�Â�� ���‡�W�K�H�� �F�L�U�F�O�H�� �E�H�O�R�Q�J�L�Q�J�� �W�R�� �Q�R�R�Q�ˆ���� �L�V�� �W�K�H�� �W�H�F�K�Q�L�F�D�O�� �W�H�U�P�� �I�R�U�� �‡�P�H�U�L�G�L�D�Q� �̂��� �D�Q�G��
�¼�µ�Ã�·�¼�²�Á�¹�½�Ì�Â�� �F�D�Q�� �E�H�� �X�V�H�G�� �D�O�R�Q�H�� �D�V�� �D�� �Q�R�X�Q�� �W�R�� �G�H�Q�R�W�H�� �‡�P�H�U�L�G�L�D�Q� �̂��� �D�V�� �L�V�� �W�K�H�� �F�D�V�H��
�L�Q�� �W�K�H�� �W�H�[�W�� �K�H�U�H���� �$�O���å�D�M�M�Â�M�� �X�V�H�V���E�@�K�@�J �M�H�n�E �@�K���M�@�G���Q�� ���‡�V�S�K�H�U�H�� �R�I�� �K�D�O�I�� �G�D�\�ˆ���� �D�Q�G��
�,�V�æ�Â�T���7�K�Â�E�L�W���C���ñirat �M�H�n�E �@�K���M�@�G���Q�� ���‡�F�L�U�F�O�H�� �R�I�� �P�L�G�G�D�\�ˆ������ �,�Q�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I��
the � �M�@�O�G�N�Q�H�J�N�R�� �E�\�� �+�\�S�V�L�N�O�H�V���� �P�D�G�H�� �H�L�W�K�H�U�� �E�\�� �4�X�V���Â�� �L�E�Q�� �/�,�T�Â�� �R�U�� �,�V�æ�Â�T�� �L�E�Q��
�å�X�Q�D�\�Q���� �¼�µ�Ã�·�¼�²�Á�¹�½�Ì�Â�� �L�V�� �W�U�D�Q�V�O�D�W�H�G�� �D�O�V�R�� �D�V���M�H�n�E �@�K���M�@�G���Q���� �7�K�H�� �H�[�S�U�H�V�V�L�R�Q�V���E�@�K�@�J 
�M�H�n�E �@�K���M�@�G���Q�����C���ñirat �M�H�n�E �@�K���M�@�G���Q and �J�G�@�p�p �M�H�n�E �@�K���M�@�G���Q�� ���‡�O�L�Q�H�� �R�I�� �P�L�G�G�D�\�ˆ����
�E�H�F�D�P�H�� �V�W�D�Q�G�D�U�G�� �D�Q�G�� �Z�H�U�H�� �X�V�H�G�� �L�Q�W�H�U�F�K�D�Q�J�H�D�E�O�\�� �L�Q�� �D�V�W�U�R�Q�R�P�L�F�D�O�� �W�H�[�W�V�� �R�I�� �G�L�I-
�I�H�U�H�Q�W�� �H�S�R�F�K�V���� �å�D�E�D�V�K�� �D�O���å�Â�V�L�E�� ���G�� c. ������ CE���� �X�V�H�V���E�@�K�@�J �M�H�n�E �@�K���M�@�G���Q and 
�J�G�@�p�p �M�H�n�E �@�K���M�@�G���Q�� �D�V�� �W�H�F�K�Q�L�F�D�O�� �W�H�U�P�V�� �I�R�U�� �‡�P�H�U�L�G�L�D�Q� �̂�41�� �$�O���%�ì�U�,�Q�ì�� ���������…������������
�X�V�H�V���E�@�K�@�J �M�H�n�E �@�K���M�@�G���Q�� �I�R�U�� �‡�P�H�U�L�G�L�D�Q�ˆ�� �L�Q�� �K�L�V�� �L�Q�W�U�R�G�X�F�W�R�U�\�� �Z�R�U�N�� �R�Q�� �D�V�W�U�R�Q�R�P�\��
�D�Q�G�� �D�V�W�U�R�O�R�J�\��42 The term �C���ñirat �M�H�n�E �@�K���M�@�G���Q�� �L�V�� �I�R�X�Q�G�� �L�Q�� �W�K�H�� �W�H�U�P�L�Q�R�O�R�J�L�F�D�O��
�G�L�F�W�L�R�Q�D�U�\�� �E�\�� �D�O���7�D�K�Â�Q�D�Z�ì�� ���H�L�J�K�W�H�H�Q�W�K�� �F�H�Q�W�X�U�\����43�� �'�L�I�I�H�U�H�Q�W�� �I�U�R�P�� �W�K�H�V�H�� �F�R�P-
�P�R�Q�� �W�U�D�Q�V�O�D�W�L�R�Q�V���� �W�K�H�� �$�Q�R�Q�\�P�R�X�V�� �W�U�D�Q�V�O�D�W�H�V�� �¼�µ�Ã�·�¼�²�Á�¹�½�Ì�Â�� �D�V���V�@�R�@�p �@�K���R�@�L���ñ 
���‡�P�L�G�G�O�H�� �R�I�� �W�K�H�� �K�H�D�Y�H�Q�ˆ������ �,�W�� �L�V�� �F�R�Q�V�S�L�F�X�R�X�V�� �W�K�D�W�� �L�Q�� �R�Q�H�� �R�I�� �W�K�H�� �R�O�G�H�V�W�� �H�[�W�D�Q�W��
�$�U�D�E�L�F�� �D�V�W�U�R�Q�R�P�L�F�D�O�� �W�H�[�W�V����On the Use of the Astrolabe�� �E�\�� �D�O���.�K�Z�Â�U�L�]�P�ì�����J�G�@�p�p 
�V�@�R�@�p �@�K���R�@�L���ñ�� ���‡�O�L�Q�H�� �R�I�� �W�K�H�� �P�L�G�G�O�H�� �R�I�� �K�H�D�Y�H�Q�ˆ���� �L�V�� �X�V�H�G�� �D�V�� �W�K�H�� �W�H�F�K�Q�L�F�D�O�� �W�H�U�P��
�I�R�U�� �‡�P�H�U�L�G�L�D�Q� �̂�44�� �%�H�V�L�G�H�V�� �W�K�D�W�� �W�K�H�� �H�[�S�U�H�V�V�L�R�Q���V�@�R�@�p �@�K���R�@�L���ñ�� �L�V�� �X�V�H�G�� �I�R�U�� �D�� �G�L�I-
ferent notion. In contrast to �J�G�@�p�p �V�@�R�@�p �@�K���R�@�L���ñ���� �Z�K�L�F�K�� �G�H�Q�R�W�H�V�� �D�� �O�L�Q�H�����V�@�R�@�p 

���� �1�R���H�[�D�P�S�O�H���I�R�U��athbata�� �L�Q���/�D�Q�H� �̂V�� �/�H�[�L�F�R�Q���U�H�I�H�U�V���W�R���‡�Z�U�L�W�L�Q�J� �̂��� �V�H�H���/�D�Q�H����An Arabic-English 
Lexicon���� �S�� ��������

41 �0�6 �,�V�W�D�Q�E�X�O���� �6�½�O�H�\�P�D�Q�L�\�H�� �/�L�E�U�D�U�\���� �<�H�Q�L�� �&�D�P�L�� ���������� �I�R�O�V �������Y���� �������U���� �������U���� �������U�…�Y���� �������Y����
�������Y���� �������Y���� �������U�…�Y�� ���E�@�K�@�J �M�H�n�E �@�K���M�@�G���Q������ �I�R�O�V �������Y���� �������Y���� �������Y���� �������Y�…�������Y���� �������U�…�Y���� �������U���� �������U����
�������U���� �������Y���� �������Y���� �������Y���� �������Y���� �������Y���� �������U���� �������Y���� �������U�� ���J�G�@�p�p �M�H�n�E �@�K���M�@�G���Q����

42 �:�U�L�J�K�W����The �!�N�N�J of Instruction���� �S�� ������ ���h ����������
43 �'�D�æ�U�,�M�����*�@�R�G�R�G���E���� �S�� ��������
44 �&�K�D�U�H�W�W�H�� �D�Q�G�� �6�F�K�P�L�G�O���� �‡�$�O���.�K�Z�Â�U�L�]�P�ì� �̂��� �S�� �������� ���h ���F������ �S�� �������� ���h ���G������ �S�� �������� ���h ������ �H�W�� �S�D�V-

sim.
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�@�K���R�@�L���ñ�� �G�H�Q�R�W�H�V�� �D�� �S�R�L�Q�W�� �G�H�I�L�Q�H�G�� �E�\�� �W�K�H�� �L�Q�W�H�U�V�H�F�W�L�R�Q�� �R�I�� �W�K�H�� �P�H�U�L�G�L�D�Q�� �Z�L�W�K�� �W�K�H��
�H�F�O�L�S�W�L�F���� �7�K�L�V�� �E�H�F�R�P�H�V�� �H�Y�L�G�H�Q�W�� �Z�K�H�Q�� �D�O���.�K�Z�Â�U�L�]�P�ì�� �Z�U�L�W�H�V��45

�>�7�K�H�Q�� �O�R�R�N�� �D�W�� �Z�K�L�F�K�� �G�H�J�U�H�H�@�� �L�V�� �F�X�W�� �E�\�� �W�K�H�� �O�L�Q�H�� �R�I�� �P�L�G�K�H�D�Y�H�Q�� ���J�G�@�p�p �V�@�R�@�p �@�K���R�@�L���ñ������
�D�Q�G�� �W�K�L�V�� �Z�L�O�O�� �E�H�� �W�K�H�� �G�H�J�U�H�H�� �R�I�� �P�L�G�K�H�D�Y�H�Q�� ���C�@�Q�@�I�@�S �V�@�R�@�p �@�K���R�@�L���ñ����

�7�K�H�� �H�[�S�U�H�V�V�L�R�Q���C�@�Q�@�I�@�S �V�@�R�@�p �@�K���R�@�L���ñ�� �L�Q�� �W�K�H�� �V�H�Q�V�H�� �R�I�� �‡���H�F�O�L�S�W�L�F�D�O���� �G�H�J�U�H�H�� �R�I�� �W�K�H��
�P�H�U�L�G�L�D�Q�ˆ�� �L�V���X�V�H�G���E�\�� �å�D�E�D�V�K���W�R�R��46�� �/�D�W�H�U���W�K�H���P�H�D�Q�L�Q�J���R�I���V�@�R�@�p �@�K���R�@�L���ñ became 
�U�H�V�W�U�L�F�W�H�G�� �W�R�� �‡�W�K�H�� �S�R�L�Q�W�� �R�I�� �L�Q�W�H�U�V�H�F�W�L�R�Q�� �R�I�� �W�K�H�� �H�F�O�L�S�W�L�F�� �Z�L�W�K�� �W�K�H�� �P�H�U�L�G�L�D�Q� �̂��� �%�X�W��
�R�E�Y�L�R�X�V�O�\�� �W�K�H�� �$�Q�R�Q�\�P�R�X�V�� �L�P�L�W�D�W�H�V�� �W�K�H�� �*�U�H�H�N�� �H�[�S�U�H�V�V�L�R�Q�� �×�� �¼�µ�Ã�·�¼�²�Á�¹�½�Ì�Â�� �D�V�� �D�Q��
�D�E�E�U�H�Y�L�D�W�H�G�� �I�R�U�P�� �R�I�� �×�� �¼�µ�Ã�·�¼�²�Á�¹�½�Ì�Â�� �º�Í�º�»�¿�Â�� �E�\�� �Z�U�L�W�L�Q�J���V�@�R�@�p �@�K���R�@�L���ñ as an 
�D�E�E�U�H�Y�L�D�W�H�G�� �I�R�U�P�� �R�I���J�G�@�p�p �V�@�R�@�p �@�K���R�@�L���ñ.

�$�Q�R�W�K�H�U�� �D�E�Q�R�U�P�D�O�L�W�\�� �F�R�Q�F�H�U�Q�V�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �W�K�H�� �*�U�H�H�N�� �F�R�Q�M�X�Q�F�W�L�R�Q�� �Ë�½�±��
���‡�W�K�D�W���� �L�Q�� �R�U�G�H�U�� �W�K�D�W�ˆ������ �$�O���å�D�M�M�Â�M�� �W�U�D�Q�V�O�D�W�H�V�� �L�W�� �D�V���V�@���K���J�H�M�� ���‡�K�R�Z�H�Y�H�U���� �\�H�W���� �E�X�W�ˆ������
�D�Q�G�� �,�V�æ�Â�T���7�K�Â�E�L�W�� �P�R�U�H�� �O�L�W�H�U�D�O�O�\�� �D�V���V�@���K�H�J�@�X�L���� ���‡�W�K�D�W���� �L�Q�� �R�U�G�H�U�� �W�K�D�W�ˆ������ �7�K�H��
�$�Q�R�Q�\�P�R�X�V�� �G�H�S�D�U�W�V�� �F�R�Q�V�L�G�H�U�D�E�O�\�� �I�U�R�P�� �W�K�H�� �*�U�H�H�N�� �W�H�[�W�� �D�Q�G�� �V�W�D�U�W�V�� �W�K�H�� �V�H�Q�W�H�Q�F�H��
�E�\���V�@���H�C�G�� �@�Q�@�C�M�� an na�òrifa�� ���‡�Z�K�H�Q�� �Z�H�� �Z�D�Q�W�� �W�R�� �N�Q�R�Z�ˆ������ �$ �V�L�P�L�O�D�U�� �H�[�S�U�H�V-
�V�L�R�Q�� �L�V�� �I�R�X�Q�G�� �R�Q�O�\�� �R�Q�F�H�� �L�Q�� �W�K�H�� �*�U�H�H�N��Almagest���� �&�K�D�S�W�H�U�� �,�,�,������ �E�H�J�L�Q�V�� �Z�L�W�K�� �W�K�H��
�H�[�S�U�H�V�V�L�R�Q�� �Ý�Ã�¬�º�¹�Â�� �¿�è�½�� �œ�½�� �ª�¸�­�»�É�¼�µ�½�� �’�� �ª�À�¹�³�¹�³�½�Î�Ã�º�µ�¹�½�� ���‡�6�R�� �Z�K�H�Q�H�Y�H�U�� �Z�H�� �Z�D�Q�W��
�W�R�� �N�Q�R�Z�ˆ����47�� �7�K�H�U�H�� �P�X�V�W�� �W�K�X�V�� �K�D�Y�H�� �E�H�H�Q�� �D�Q�R�W�K�H�U�� �V�R�X�U�F�H�� �R�I�� �L�Q�V�S�L�U�D�W�L�R�Q�� �I�R�U�� �W�K�H��
�$�Q�R�Q�\�P�R�X�V�� �W�R�� �X�V�H�� �W�K�L�V�� �H�[�S�U�H�V�V�L�R�Q���� �,�Q�G�H�H�G���� �L�Q�� �D�O���.�K�Z�Â�U�L�]�P�ì� �̂V�� �W�U�H�D�W�L�V�H�� �‡�2�Q�� �W�K�H��
�8�V�H�� �R�I�� �W�K�H�� �$�V�W�U�R�O�D�E�H�ˆ�� ������ �S�D�U�D�J�U�D�S�K�V�� �R�X�W�� �R�I�� ������ ������������ �V�W�D�U�W�� �H�L�W�K�H�U�� �Z�L�W�K���H�C�G�� 
aradta an ta�òrifa�� ���‡�Z�K�H�Q�� �\�R�X�� �Z�D�Q�W�� �W�R�� �N�Q�R�Z�ˆ�������H�C�G�� aradta an ta�òlama�� ���G�L�W�W�R������in 
aradta an ta�òrifa�� ���G�L�W�W�R������ �R�U���H�C�G�� aradta�� ���‡�Z�K�H�Q�� �\�R�X�� �Z�L�V�K�ˆ���� �I�R�O�O�R�Z�H�G�� �E�\�� �D�� �Q�R�X�Q��
�L�Q�� �W�K�H�� �D�F�F�X�V�D�W�L�Y�H���� �7�K�H�� �V�H�F�R�Q�G�� �S�H�U�V�R�Q�� �V�L�Q�J�X�O�D�U�� �Z�D�V�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �V�W�\�O�H�� �R�I�� �6�D�Q-
�V�N�U�L�W�� �D�V�W�U�R�Q�R�P�L�F�D�O�� �Z�R�U�N�V���� �Z�K�L�O�H�� �W�K�H�� �I�L�U�V�W�� �S�H�U�V�R�Q�� �S�O�X�U�D�O�� �Z�D�V�� �W�K�H�� �V�W�\�O�H�� �R�I�� �*�U�H�H�N��
�Z�R�U�N�V�������� �7�K�H���$�Q�R�Q�\�P�R�X�V���N�H�H�S�V���W�K�H���I�L�U�V�W���S�H�U�V�R�Q���S�O�X�U�D�O���I�U�R�P���W�K�H���*�U�H�H�N���W�H�[�W���� �E�X�W��
�X�V�H�V�� �W�K�H�� �F�R�Q�G�L�W�L�R�Q�D�O�� �S�K�U�D�V�H�� �W�K�D�W�� �Z�D�V�� �W�K�H�� �V�W�D�Q�G�D�U�G�� �V�W�D�U�W�� �R�I�� �D�� �S�D�U�D�J�U�D�S�K�� �L�Q�� �D�V�W�U�R-
�Q�R�P�L�F�D�O���W�U�H�D�W�L�V�H�V���R�I���K�L�V���W�L�P�H�����7�K�H���S�K�U�D�V�H���H�C�G�� aradta an ta�òrifa�����‡�Z�K�H�Q���\�R�X���Z�D�Q�W��
�W�R���N�Q�R�Z�ˆ���� �D�Q�G���L�W�V���V�\�Q�R�Q�\�P�V�� �D�U�H���I�R�X�Q�G���L�Q���O�D�W�H�U���D�V�W�U�R�Q�R�P�L�F�D�O���W�H�[�W�V���W�R�R���� �E�X�W���Q�H�Y�H�U��
�D�J�D�L�Q�� �D�V�� �U�L�J�R�U�R�X�V�O�\�� �D�V�� �L�Q�� �W�K�H�� �D�V�W�U�R�Q�R�P�L�F�D�O�� �Z�U�L�W�L�Q�J�V�� �R�I�� �D�O���.�K�Z�Â�U�L�]�P�ì���� �,�Q�� �W�K�H���9� �I 
�R�I�� �å�D�E�D�V�K�� �D�O���å�Â�V�L�E�� �L�W�� �R�F�F�X�U�V�� �R�Q�O�\�� �W�Z�H�O�Y�H�� �W�L�P�H�V������ In the �9� �I�� �R�I�� �D�O���%�D�W�W�Â�Q�ì�� �V�W�L�O�O��
������ �F�K�D�S�W�H�U�V�� �D�Q�G�� �V�X�E�F�K�D�S�W�H�U�V�� �R�X�W�� �R�I�� ������ ������������ �V�W�D�U�W�� �Z�L�W�K�� �V�X�F�K�� �D�� �S�K�U�D�V�H������ and in 

45 �&�K�D�U�H�W�W�H�� �D�Q�G�� �6�F�K�P�L�G�O���� �‡�$�O���.�K�Z�Â�U�L�]�P�ì� �̂��� �S�� �������� ���h ������
46 �0�6 �,�V�W�D�Q�E�X�O���� �6�½�O�H�\�P�D�Q�L�\�H�� �/�L�E�U�D�U�\���� �<�H�Q�L�� �&�D�P�L�� ���������� �I�R�O�V �������U���� �������U���� �������U�…�������Y����

�������U�…�������Y��
47 �+�H�L�E�H�U�J����Syntaxis mathematica���� �Y�R�O�� �,���� �S�� ���������� �O�L�Q�H�V�� �����…�������� �7�R�R�P�H�U����Ptolemy’s Almagest����

�S�� ��������
���� �7�K�R�P�D�Q�Q���� �‡�)�U�R�P�� �/�\�U�L�F�V� �̂��� �S�S�� �������…������
���� �0�6 �,�V�W�D�Q�E�X�O���� �6�½�O�H�\�P�D�Q�L�\�H�� �/�L�E�U�D�U�\���� �<�H�Q�L�� �&�D�P�L�� ���������� �I�R�O�V �����Y���� �����U���� �������Y�� �����[������ �������Y���� �������U����

�������Y���� �������U�� �����[������ �������Y��
���� �1�D�O�O�L�Q�R����� �K���!�@�S�S���M� ���� �Y�R�O�� �,�,�,���� �S�� ������ �O�L�Q�H�� ������ �S�� ������ �O�L�Q�H�� ������ �S�� ������ �O�L�Q�H�� �������� �S�� ������ �O�L�Q�H�� �������� �S�� ������

�O�L�Q�H�� �������� �S�� ������ �O�L�Q�H�� ������ �H�W�� �S�D�V�V�L�P��
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�F�R�Q�W�U�D�V�W���� �7�K�Â�E�L�W�� �L�E�Q�� �4�X�U�U�D�� �X�V�H�V�� �W�K�H�� �S�K�U�D�V�H�� �U�D�U�H�O�\��51�� �$�O���%�ì�U�,�Q�ì�� �X�V�H�V�� �W�K�H�� �S�K�U�D�V�H��
�R�Q�O�\�� �R�F�F�D�V�L�R�Q�D�O�O�\���� �)�R�U�� �H�[�D�P�S�O�H���� �L�Q�� �%�R�R�N�� �9�� �R�I�� �K�L�V���0���M�>�M�� �W�K�H�� �S�K�U�D�V�H�� �R�F�F�X�U�V�� �D�W��
�W�K�H�� �E�H�J�L�Q�Q�L�Q�J�� �R�I�� �W�K�U�H�H�� �F�K�D�S�W�H�U�V�� �R�X�W�� �R�I�� ������ ������������52

�$�� �W�K�L�U�G�� �Q�R�W�H�Z�R�U�W�K�\�� �F�D�V�H�� �L�V�� �W�K�H�� �W�H�U�P�L�Q�R�O�R�J�\�� �I�R�U�� �‡�W�D�E�O�H� �̂��� �‡�U�R�Z�ˆ�� �D�Q�G�� �‡�F�R�O�X�P�Q� �̂���
In the Almagest�� �W�K�H�� �*�U�H�H�N�� �H�[�S�U�H�V�V�L�R�Q�V�� �D�U�H�� �º�±�½�z�½�� ���O�L�W�H�U�D�O�O�\�� �‡�V�W�U�D�L�J�K�W�� �U�R�G���� �E�D�U�ˆ������
�Ã�Ä�¯�Ç�¿�Â�����‡�U�R�Z���R�I���V�R�O�G�L�H�U�V� �̂����D�O�V�R���‡�O�L�Q�H���R�I���S�R�H�W�U�\�ˆ�������D�Q�G���Ã�µ�»�¯�´�¹�¿�½�����G�L�P�L�Q�X�W�L�Y�H���R�I���Ã�µ�»�¯�Â��
���‡�F�U�R�V�V���E�H�D�P� �̂��� �D�O�V�R�� �‡�F�R�O�X�P�Q�� �L�Q�� �D�� �S�D�S�\�U�X�V�� �R�U�� �D�� �P�D�W�K�H�P�D�W�L�F�D�O�� �W�D�E�O�H�ˆ������ �$�O���å�D�M�M�Â�M��
translates these terms as �I�@�C���V�H�K��53�� �S�O�X�U�D�O�� �R�I���I�@�C�V�@�K�� ���O�L�W�W�H�U�D�O�\�� �‡�F�U�H�H�N���� �E�U�R�R�N�ˆ������
�R�@�p�Q�� ���‡�O�L�Q�H�ˆ��54 and �I�@�C�V�@�K���� �,�Q�� �,�V�æ�Â�T���7�K�Â�E�L�W�� �W�K�H�\�� �D�U�H�� �W�U�D�Q�V�O�D�W�H�G�� �D�V���I�@�C�V�@�K�����R�@�p�Q55 
and �n�@�E�E�� ���‡�U�R�Z���� �O�L�Q�H�ˆ������ �,�Q�� �W�K�H�� �W�H�U�P�V�� �I�R�U�� �‡�W�D�E�O�H�ˆ�� �D�� �V�K�L�I�W�� �I�U�R�P�� �W�K�H�� �S�O�X�U�D�O���I�@�C���V�H�K 
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�D�O���.�K�Z�Â�U�L�]�P�ì� �̂V��On the Construction of the Astrolabe.56�� �,�W�� �L�V�� �D�O�V�R�� �I�R�X�Q�G�� �L�Q�� �<�D�æ�\�Â��
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�L�Q�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �D�O���å�D�V�D�Q�� �L�E�Q�� �4�X�U�D�\�V�K�� �I�R�U�� �D�O���0�D�ñ�P�,�Q���� �I�U�R�P�� �*�U�H�H�N�� �L�Q�W�R�� �$�U�D�E�L�F���� �D��
�W�K�L�U�G�� �F�R�S�\�� �L�Q�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �D�O���å�D�M�M�Â�M�� �L�E�Q�� �<�,�V�X�I�� �L�E�Q�� �0�D���D�U�� �D�Q�G�� �+�L�O�ì�\�Â�� �L�E�Q�� �6�D�U�M�,�Q����
also for al-Ma�ñ�P�,�Q�� �I�U�R�P�� �*�U�H�H�N�� �L�Q�W�R�� �$�U�D�E�L�F���� �D�� �I�R�X�U�W�K�� �F�R�S�\�� �L�Q�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �,�V�æ�Â�T��
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�L�V�� �W�K�H�� �R�U�L�J�L�Q�D�O�� �D�U�F�K�H�W�\�S�H�� ���C�T�R�S�>�Q���� �R�I�� �,�V�æ�Â�T�� �D�Q�G�� �L�Q�� �K�L�V�� �K�D�Q�G�Z�U�L�W�L�Q�J���� �D�Q�G�� �D�� �I�L�I�W�K�� �F�R�S�\��
�Z�L�W�K�� �W�K�H�� �F�R�U�U�H�F�W�L�R�Q�� �R�I�� �7�K�Â�E�L�W�� �L�E�Q�� �4�X�U�U�D�� �R�I�� �W�K�L�V�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �,�V�æ�Â�T�� �L�E�Q�� �å�X�Q�D�\�Q��
�I�R�U�� �$�E�,�� �D�O�����D�T�U�� �L�E�Q�� �%�X�O�E�X�O���� �,�W�� �D�J�U�H�H�V�� ���L�T�V���E�H�P���� �Z�L�W�K�� �,�V�æ�Â�T� �̂V�� �W�U�D�Q�V�O�D�W�L�R�Q�� �H�[�F�H�S�W�� �I�R�U��
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�Q�R�W�� �L�Q�� �W�K�H�� �F�R�S�\�� �R�I�� �7�K�Â�E�L�W���� �$�O�O�� �W�K�H�V�H�� �F�R�S�L�H�V�� �Z�H�U�H�� �G�L�I�I�H�U�L�Q�J�� �D�Q�G�� �I�D�X�O�W�\��
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�G�L�V�S�R�V�D�O���� �Z�K�L�F�K�� �K�H�� �O�L�V�W�V�� �L�Q�� �F�K�U�R�Q�R�O�R�J�L�F�D�O�� �R�U�G�H�U���� �$ �W�U�D�Q�V�O�D�W�L�R�Q�� �E�\�� �D�O���å�D�V�D�Q�� �L�E�Q��
�4�X�U�D�\�V�K���� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �E�\�� �D�O���å�D�M�M�Â�M���� �W�K�H�� �R�U�L�J�L�Q�D�O�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �,�V�æ�Â�T�� �L�Q�� �D�Q��
�D�X�W�R�J�U�D�S�K�� �Z�L�W�K�� �P�D�U�J�L�Q�D�O�� �Q�R�W�H�V���� �D�Q�G�� �W�K�H�� �,�V�æ�Â�T���7�K�Â�E�L�W�� �W�U�D�Q�V�O�D�W�L�R�Q���� �7�K�H�� �O�D�V�W��
�W�K�U�H�H�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �D�U�H�� �Z�H�O�O�� �N�Q�R�Z�Q���� �D�Q�G�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �R�I�� �D�O���å�D�M�M�Â�M�� �D�Q�G�� �R�I��
�,�V�æ�Â�T���7�K�Â�E�L�W�� �H�[�L�V�W�� �L�Q�� �D�� �Q�X�P�E�H�U�� �R�I�� �P�D�Q�X�V�F�U�L�S�W�V��63�� �/�D�W�H�U�� �R�Q�� �L�Q�� �W�K�H�� �W�H�[�W���� �,�E�Q��
�D�O�����D�O�Â�æ�� �F�D�O�O�V�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �E�\�� �D�O���å�D�V�D�Q�� �L�E�Q�� �D�O���4�X�U�D�\�V�K�� �‡�W�K�H�� �0�D�ñ�P�,�Q�L�F�� �W�U�D�Q�V-
�O�D�W�L�R�Q�� �E�\�� �D�O���å�D�V�D�Q�ˆ�� ��al-ma�ñ�L�>�M�  bi-naql �@�K���k�@�R�@�M����64�� �R�U�� �V�L�P�S�O�\�� �‡�D�O���å�D�V�D�Q� �̂V��
�W�U�D�Q�V�O�D�W�L�R�Q�ˆ�� ��naql �@�K���k�@�R�@�M����65�� �R�U�� �R�F�F�D�V�L�R�Q�D�O�O�\�� �D�O�V�R�� �‡�W�K�H�� �0�D�ñ�P�,�Q�L�F�� �>�W�U�D�Q�V�O�D�W�L�R�Q�@�ˆ��
��al-ma�ñ�L�>�M� ����66�� �7�K�H�U�H�� �L�V�� �D�� �S�D�V�V�D�J�H�� �L�Q�� �,�E�Q�� �D�O���1�D�G�ì�P� �̂V��Fihrist on a translation 
of the Almagest�� �P�D�G�H�� �E�H�I�R�U�H�� �D�O���å�D�M�M�Â�M���� �E�X�W�� �D�O���å�D�V�D�Q�� �L�E�Q�� �4�X�U�D�\�V�K�� �L�V�� �Q�R�W�� �P�H�Q-
�W�L�R�Q�H�G�� �W�K�H�U�H��67�� �Q�R�U�� �L�V�� �K�H�� �P�H�Q�W�L�R�Q�H�G�� �L�Q�� �,�E�Q�� �D�O���1�D�G�ì�P� �̂V�� �O�L�V�W�� �R�I�� �W�U�D�Q�V�O�D�W�R�U�V�� �I�U�R�P��
�*�U�H�H�N�� �L�Q�W�R�� �$�U�D�E�L�F�������� �7�K�H�� �R�Q�O�\�� �E�L�R�J�U�D�S�K�L�F�D�O�� �V�R�X�U�F�H�� �Z�K�L�F�K�� �P�D�N�H�V�� �D�� �U�H�I�H�U�H�Q�F�H��
�W�R�� �K�L�P�� �L�V�� �,�E�Q�� �$�E�ì���ò�8���D�\�E�ì�ò�D�� �L�Q�� �K�L�V�� �E�L�R�J�U�D�S�K�\�� �R�I�� �W�K�H�� �S�K�\�V�L�F�L�D�Q�� �6�D�K�O�� �D�O���.�D�Z�V�D�M����
�Z�K�H�U�H�� �D�O���å�D�V�D�Q�� �L�E�Q�� �4�X�U�D�\�V�K�� �L�V�� �O�L�V�W�H�G�� �D�P�R�Q�J�� �W�K�H�� �F�R�O�O�H�D�J�X�H�V�� �R�I�� �6�D�K�O������
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�V�H�H�P�� �S�H�U�I�H�F�W�O�\�� �U�H�D�V�R�Q�D�E�O�H�� �L�I�� �K�H�� �Z�R�X�O�G�� �T�X�R�W�H�� �W�K�H��Almagest in the Ma�ñ�P�,�Q�L�F��
translation at other occasions as well.
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�K�L�P�V�H�O�I���� �%�X�W�� �L�W�� �K�D�V�� �D�O�U�H�D�G�\�� �E�H�H�Q�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�K�D�W�� �W�K�H�� �W�H�U�P�L�Q�R�O�R�J�\�� �X�V�H�G�� �E�\��
�,�E�Q�� �D�O�����D�O�Â�æ�� �L�Q�� �K�L�V�� �R�Z�Q�� �Z�R�U�N�V�� �G�R�H�V�� �Q�R�W�� �F�R�U�U�H�V�S�R�Q�G�� �W�R�� �W�K�H�� �$�Q�R�Q�\�P�R�X�V��74

�%�H�V�L�G�H�V�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �P�H�Q�W�L�R�Q�H�G�� �E�\�� �,�E�Q�� �D�O�����D�O�Â�æ���� �W�K�H�U�H�� �Z�D�V�� �D�Q�R�W�K�H�U�� �W�U�D�Q�V-
�O�D�W�L�R�Q�� �P�D�G�H�� �E�\�� �7�K�Â�E�L�W�� �L�E�Q�� �4�X�U�U�D�� �D�I�W�H�U�� �K�D�Y�L�Q�J�� �I�L�Q�L�V�K�H�G�� �K�L�V�� �F�R�U�U�H�F�W�L�R�Q�V�� �I�R�U�� �W�K�H��
�,�V�æ�Â�T�� �W�U�D�Q�V�O�D�W�L�R�Q��75�� �(�Y�H�Q�� �W�K�R�X�J�K�� �X�Q�O�L�N�H�O�\���� �L�W�� �F�D�Q�Q�R�W�� �E�H�� �H�[�F�O�X�G�H�G�� �W�K�D�W�� �7�K�Â�E�L�W� �̂V��
�R�Z�Q�� �W�U�D�Q�V�O�D�W�L�R�Q�� �E�H�F�D�P�H�� �D�Y�D�L�O�D�E�O�H�� �W�R�� �,�E�Q�� �D�O�����D�O�Â�æ�� �R�Q�O�\�� �D�I�W�H�U�� �K�H�� �K�D�G�� �I�L�Q�L�V�K�H�G�� �K�L�V��
�Z�R�U�N�� �R�Q�� �W�K�H�� �V�W�D�U�� �F�R�R�U�G�L�Q�D�W�H�V���� �D�Q�G�� �W�K�H�Q�� �K�H�� �X�V�H�G�� �L�W�� �L�Q�� �K�L�V�� �F�U�L�W�L�T�X�H�� �R�Q�� �D�O���)�Â�U�Â�E�ì����
�+�R�Z�H�Y�H�U���� �W�K�H�U�H�� �D�U�H�� �H�[�D�P�S�O�H�V�� �Z�K�L�F�K�� �V�K�R�Z�� �W�K�D�W�� �W�K�H�� �W�H�U�P�L�Q�R�O�R�J�\�� �L�Q�� �W�K�H�� �$�Q�R�Q�\-
�P�R�X�V�� �G�R�H�V�� �Q�R�W�� �F�R�U�U�H�V�S�R�Q�G�� �W�R�� �7�K�Â�E�L�W� �̂V�� �W�H�U�P�L�Q�R�O�R�J�\�� �L�Q�� �K�L�V�� �R�Z�Q�� �Z�R�U�N�V��76

�$�W�� �W�K�L�V�� �S�R�L�Q�W���� �W�K�H�� �R�Q�O�\�� �R�S�W�L�R�Q�� �U�H�P�D�L�Q�V�� �W�R�� �L�G�H�Q�W�L�I�\�� �W�K�H�� �$�Q�R�Q�\�P�R�X�V�� �Z�L�W�K�� �W�K�H��
old Ma�ñ�P�,�Q�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q���� �7�K�L�V�� �L�V�� �F�R�P�S�D�W�L�E�O�H�� �Z�L�W�K�� �W�K�H�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �F�R�Q�F�H�U�Q�L�Q�J��
�L�W�V�� �W�H�U�P�L�Q�R�O�R�J�\���� �Z�K�L�F�K�� �S�R�L�Q�W�� �U�D�W�K�H�U�� �W�R�� �D�Q�� �H�D�U�O�\�� �H�S�R�F�K���� �Z�K�H�Q�� �W�H�F�K�Q�L�F�D�O�� �W�H�U�P�V�� �L�Q��
�D�V�W�U�R�Q�R�P�\�� �Z�H�U�H�� �Q�R�W�� �\�H�W�� �D�V�� �V�W�D�Q�G�D�U�G�L�]�H�G�� �D�V�� �W�K�H�\�� �E�H�F�D�P�H�� �O�D�W�H�U���� �0�R�U�H�R�Y�H�U���� �W�K�H�U�H��
�L�V�� �Q�R�W�K�L�Q�J�� �L�Q�� �W�K�H�� �W�H�[�W�� �Z�K�L�F�K�� �S�U�H�F�O�X�G�H�V�� �I�U�R�P�� �D�V�V�X�P�L�Q�J�� �D�Q�� �H�D�U�O�\�� �G�D�W�H�� �L�Q�� �W�K�H�� �I�L�U�V�W��
�W�K�L�U�G�� �R�I�� �W�K�H�� �Q�L�Q�W�K�� �F�H�Q�W�X�U�\��CE.

�,�Q���W�K�H���I�R�U�P�H�U���V�H�F�W�L�R�Q���R�Q���W�K�H���W�H�U�P�L�Q�R�O�R�J�\�� �R�I�� �W�K�H���$�Q�R�Q�\�P�R�X�V���L�W���Z�D�V���R�E�V�H�U�Y�H�G��
�W�K�D�W�� �V�R�P�H�� �R�I�� �L�W�V�� �S�H�F�X�O�L�D�U�L�W�L�H�V�� �D�U�H�� �I�R�X�Q�G�� �D�O�V�R�� �L�Q�� �W�K�H���9� �I�� �R�I�� �D�O���%�D�W�W�Â�Q�ì���� �7�K�L�V�� �F�D�Q��
�E�H�� �H�[�S�O�D�L�Q�H�G�� �Q�R�Z���� �V�L�Q�F�H�� �3�D�X�O�� �.�X�Q�L�W�]�V�F�K�� �I�R�X�Q�G�� �W�K�D�W�� �D�O���%�D�W�W�Â�Q�ì� �̂V�� �V�W�D�U�� �F�D�W�D�O�R�J�X�H��
�Z�D�V�� �P�D�L�Q�O�\�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �0�D�ñ�P�,�Q�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q��77�� �7�K�H�U�H�I�R�U�H�� �L�W�� �L�V�� �O�L�N�H�O�\�� �W�K�D�W��
�D�O���%�D�W�W�Â�Q�ì�� �D�G�R�S�W�H�G�� �V�R�P�H�� �R�I�� �W�K�H�� �W�H�U�P�L�Q�R�O�R�J�\�� �R�I�� �W�K�H�� �0�D�ñ�P�,�Q�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q�� �W�R�R��

�$�� �I�L�Q�D�O�� �S�U�R�E�O�H�P�� �U�H�P�D�L�Q�V�� �W�R�� �E�H�� �G�L�V�F�X�V�V�H�G���� �7�K�H�� �V�W�D�W�H�P�H�Q�W�� �R�I�� �W�K�H�� �D�X�W�K�R�U�V�K�L�S��
of the Ma�ñ�P�,�Q�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q�� �G�R�H�V�� �Q�R�W�� �F�R�U�U�H�V�S�R�Q�G�� �W�R�� �W�K�H�� �S�D�V�V�D�J�H�� �R�Q�� �W�K�H�� �H�D�U�O�\��
translation of the Almagest�� �L�Q�� �,�E�Q�� �D�O���1�D�G�ì�P� �̂V��Fihrist������

The first �S�H�U�V�R�Q�� �W�R�� �E�H�F�R�P�H�� �L�Q�W�H�U�H�V�W�H�G�� �L�Q�� �W�U�D�Q�V�O�D�W�L�Q�J�� �L�W�� �D�Q�G�� �L�V�V�X�L�Q�J�� �L�W�� �L�Q�� �$�U�D�E�L�F�� �Z�D�V��
�<�D�æ�\�Â�� �L�E�Q�� �.�K�Â�O�L�G�� �L�E�Q�� �%�D�U�P�D�N���� �$ �J�U�R�X�S�� �R�I�� �S�H�R�S�O�H�� �H�[�S�O�D�L�Q�H�G�� �L�W�� �I�R�U�� �K�L�P�� �E�X�W���� �D�V�� �W�K�H�\��
�G�L�G�� �Q�R�W�� �X�Q�G�H�U�V�W�D�Q�G�� �L�W�� �S�H�U�I�H�F�W�O�\���� �K�H�� �Z�D�V�� �Q�R�W�� �V�D�W�L�V�I�L�H�G�� �Z�L�W�K�� �L�W���� �V�R�� �K�H�� �F�D�O�O�H�G�� �X�S�R�Q�� �$�E�,��
�å�D�V�V�Â�Q�� �D�Q�G�� �6�D�O�P���� �W�K�H�� �G�L�U�H�F�W�R�U�� �R�I�� �W�K�H�� �%�D�\�W�� �D�O���å�L�N�P�D�K���� �I�R�U�� �L�W�V�� �H�[�S�O�D�Q�D�W�L�R�Q���� �7�K�H�\��
�P�D�G�H�� �V�X�U�H�� �>�R�I�� �L�W�V�� �P�H�D�Q�L�Q�J�@�� �D�Q�G�� �S�H�U�V�H�Y�H�U�H�G�� �L�Q�� �P�D�N�L�Q�J�� �L�W�� �D�F�F�X�U�D�W�H���� �D�I�W�H�U�� �K�D�Y�L�Q�J�� �V�X�P-

74  See Section 4.
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�W�L�F�O�H�� �L�Q�� �W�K�L�V�� �Y�R�O�X�P�H��
76  See Section 4.
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�P�R�Q�H�G�� �W�K�H�� �E�H�V�W�� �W�U�D�Q�V�O�D�W�R�U�V���� �W�H�V�W�L�Q�J�� �W�K�H�L�U�� �W�U�D�Q�V�O�D�W�L�R�Q���� �D�Q�G�� �P�D�N�L�Q�J�� �V�X�U�H�� �R�I�� �L�W�V�� �J�R�R�G��
�O�L�W�H�U�D�U�\�� �V�W�\�O�H�� �D�Q�G�� �D�F�F�X�U�D�F�\��

�7�K�H�� �Q�D�P�H�� �R�I�� �D�O���å�D�V�D�Q�� �L�E�Q�� �4�X�U�D�\�V�K���� �W�R�� �Z�K�R�P�� �,�E�Q�� �D�O�����D�O�Â�æ�� �D�W�W�U�L�E�X�W�H�G�� �W�K�H��
Ma�ñ�P�,�Q�L�F���W�U�D�Q�V�O�D�W�L�R�Q���� �L�V���Q�R�W���P�H�Q�W�L�R�Q�H�G���K�H�U�H���� �+�R�Z�H�Y�H�U���� �W�K�L�V���L�V���Q�R���F�R�Q�W�U�D�G�L�F�W�L�R�Q����
�V�L�Q�F�H�� �W�K�H�� �W�H�[�W���� �W�D�N�H�Q�� �D�W�� �I�D�F�H�� �Y�D�O�X�H���� �G�R�H�V�� �Q�R�W�� �P�H�Q�W�L�R�Q�� �W�K�H�� �Q�D�P�H�V�� �R�I�� �W�K�H�� �W�U�D�Q�V�O�D-
�W�R�U�V���� �E�X�W�� �R�Q�O�\�� �W�K�R�V�H�� �R�I�� �W�K�H�� �V�X�S�H�U�Y�L�V�R�U�V���� �Z�K�R�� �G�L�G�� �Q�R�W�� �W�U�D�Q�V�O�D�W�H�� �W�K�H�P�V�H�O�Y�H�V���� �7�K�H��
�G�D�W�H�� �R�I�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �L�Q�G�L�F�D�W�H�G�� �E�\�� �,�E�Q�� �D�O���1�D�G�ì�P�� �G�L�I�I�H�U�V�� �I�U�R�P�� �W�K�H�� �R�Q�H�� �L�Q�G�L-
�F�D�W�H�G�� �E�\�� �,�E�Q�� �D�O�����D�O�Â�æ���� �Z�K�R�� �Z�U�R�W�H�� �W�K�D�W�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �Z�D�V�� �P�D�G�H�� �I�R�U�� �D�O���0�D�ñ�P�,�Q��
���G�� ������ CE������ �$�F�F�R�U�G�L�Q�J�� �W�R�� �,�E�Q�� �D�O���1�D�G�ì�P�� �W�K�H�� �L�Q�L�W�L�D�W�R�U�� �Z�D�V�� �+�Â�U�,�Q�� �D�O���5�D�V�K�ì�G� �̂V��
�I�D�P�R�X�V�� �9�L�]�L�H�U�� �<�D�æ�\�Â�� �L�E�Q�� �.�K�Â�O�L�G�� �L�E�Q�� �%�D�U�P�D�N�� ���������� �R�U�� �������…������ CE������ �+�H�� �Z�D�V��
�U�H�V�S�R�Q�V�L�E�O�H�� �I�R�U�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �R�I�� �O�L�W�H�U�D�U�\�� �D�Q�G�� �V�F�L�H�Q�W�L�I�L�F�� �W�H�[�W�V�� �L�Q�W�R�� �$�U�D�E�L�F���� �E�X�W�� �K�L�V��
�P�D�L�Q�� �I�R�F�X�V�� �Z�D�V�� �R�Q�� �Z�R�U�N�V�� �L�Q�� �6�D�Q�V�N�U�L�W�������� �7�K�L�V�� �R�U�L�H�Q�W�D�W�L�R�Q�� �W�R�Z�D�U�G�V�� �,�Q�G�L�D�Q�� �Z�R�U�N�V��
�Z�D�V�� �D�� �F�R�Q�V�H�T�X�H�Q�F�H�� �R�I�� �K�L�V�� �%�X�G�G�K�L�V�W�� �I�D�P�L�O�\�� �E�D�F�N�J�U�R�X�Q�G�� �I�U�R�P�� �%�D�O�N�K���� �*�U�H�H�N��
�Z�R�U�N�V�� �Z�H�U�H�� �W�U�D�Q�V�O�D�W�H�G�� �W�R�R���� �E�X�W�� �Q�R�W�� �I�U�R�P�� �*�U�H�H�N���� �E�X�W�� �I�U�R�P�� �0�L�G�G�O�H�� �3�H�U�V�L�D�Q�� �R�U��
�6�\�U�L�D�F���� �D�Q�G�� �W�K�L�V�� �Z�R�X�O�G�� �D�O�V�R�� �K�R�O�G�� �I�R�U�� �D�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �W�K�H��Almagest.����

�7�K�H�U�H�� �L�V�� �D�� �V�K�D�U�S�� �F�R�Q�W�U�D�V�W�� �E�H�W�Z�H�H�Q�� �W�K�H�� �U�H�S�R�U�W�V�� �R�I�� �,�E�Q�� �D�O���1�D�G�ì�P�� �D�Q�G�� �R�I�� �,�E�Q��
�D�O�����D�O�Â�æ�� �R�Q�� �W�K�H�� �H�D�U�O�L�H�V�W�� �$�U�D�E�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �W�K�H��Almagest���� �3�D�X�O�� �.�X�Q�L�W�]�V�F�K��
�F�K�D�U�D�F�W�H�U�L�]�H�G�� �W�K�L�V�� �L�Q�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J�� �Z�D�\������

�7�K�L�V�� �Z�L�W�Q�H�V�V�� �>�R�I�� �,�E�Q�� �D�O�����D�O�Â�æ�@�� �L�V�� �R�I�� �W�K�H�� �X�W�P�R�V�W�� �L�P�S�R�U�W�D�Q�F�H�� �E�H�F�D�X�V�H�� �R�I�� �L�W�V�� �D�X�W�K�H�Q�W�L�F-
�L�W�\���� �D�Q�G�� �L�W�� �P�H�U�L�W�V�� �W�R�� �E�H�� �S�O�D�F�H�G�� �R�Q�� �W�K�H�� �V�D�P�H�� �O�H�Y�H�O�� �D�V�� �W�K�H�� �G�L�U�H�F�W�� �W�U�D�Q�V�P�L�V�V�L�R�Q���� �:�L�W�K�� �L�W�V��
�E�U�L�H�I�� �R�E�M�H�F�W�L�Y�L�W�\�� �D�Q�G�� �X�Q�D�P�E�L�J�X�L�W�\�� �L�W�� �G�L�V�W�L�Q�J�X�L�V�K�H�V�� �L�W�V�H�O�I�� �L�P�S�U�H�V�V�L�Y�H�O�\�� �I�U�R�P�� �W�K�H�� �Y�D�J�X�H��
�R�U�� �Y�H�U�E�R�V�H�� �E�L�E�O�L�R�J�U�D�S�K�L�F�D�O�� �Q�R�W�H�V�� �R�I�� �W�K�H�� �R�W�K�H�U�� �D�X�W�K�R�U�V���� �Z�K�L�F�K�� �L�Q�� �J�H�Q�H�U�D�O�� �G�R�� �Q�R�W�K�L�Q�J��
�H�O�V�H�� �W�K�H�Q�� �W�R�� �T�X�R�W�H�� �V�H�F�R�Q�G���K�D�Q�G�� �L�Q�I�R�U�P�D�W�L�R�Q�� �Z�L�W�K�R�X�W�� �Y�H�U�L�I�\�L�Q�J�� �L�W���� �D�Q�G�� �W�R�� �F�D�U�U�\�� �L�W�� �R�Q��
�I�U�R�P�� �E�R�R�N�� �W�R�� �E�R�R�N��

�(�Y�H�Q�� �L�I�� �W�K�L�V�� �P�D�\�� �E�H�� �V�R�P�H�Z�K�D�W�� �H�[�D�J�J�H�U�D�W�H�G���� �,�E�Q�� �D�O�����D�O�Â�æ�� �K�D�V�� �E�H�H�Q�� �S�U�R�Y�H�Q�� �W�R�� �E�H��
�D�� �P�H�W�L�F�X�O�R�X�V�� �D�Q�G�� �V�F�U�X�W�L�Q�L�]�L�Q�J�� �V�F�K�R�O�D�U�� �Z�K�R�� �E�D�V�H�G�� �K�L�V�� �M�X�G�J�P�H�Q�W�� �R�Q�� �I�L�U�V�W���K�D�Q�G��
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q���� �7�K�H�U�H�I�R�U�H�� �L�W�� �L�V�� �W�K�H�� �S�U�H�I�H�U�D�E�O�H�� �R�S�W�L�R�Q�� �W�R�� �D�F�F�H�S�W�� �K�L�V�� �D�W�W�U�L�E�X�W�L�R�Q�� �R�I��
the Ma�ñ�P�,�Q�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q�� �W�R�� �D�O���å�D�V�D�Q�� �L�E�Q�� �4�X�U�D�\�V�K���� �D�Q�G�� �W�R�� �F�R�Q�V�L�G�H�U�� �,�E�Q�� �D�O���1�D-
�G�ì�P� �̂V�� �Q�D�U�U�D�W�L�Y�H�� �Z�L�W�K�� �J�U�H�D�W�� �F�D�X�W�L�R�Q���� �7�K�H�� �D�W�W�U�L�E�X�W�L�R�Q�� �R�I�� �D�X�W�K�R�U�V�K�L�S�� �W�R�� �D�O���å�D�V�D�Q��
�L�E�Q�� �4�X�U�D�\�V�K�� �F�D�Q�� �F�O�D�L�P�� �W�R�� �E�H�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �P�R�V�W�� �W�U�X�V�W�Z�R�U�W�K�\�� �V�R�X�U�F�H���� �D�Q�G�� �W�R�� �E�H��
�D�W�� �S�U�H�V�H�Q�W�� �Z�L�W�K�R�X�W�� �D�O�W�H�U�Q�D�W�L�Y�H�V��

���� �Y�D�Q�� �%�O�D�G�H�O���� �‡�%�D�U�P�D�N�L�G�V� �̂��� �S�� ������
���� �Y�D�Q�� �%�O�D�G�H�O���� �‡�7�K�H�� �%�D�F�W�U�L�D�Q�� �%�D�F�N�J�U�R�X�Q�G� �̂��� �S�� ������
���� �.�X�Q�L�W�]�V�F�K����Der Almagest���� �S�� �������� �‡�'�L�H�V�H�V�� �=�H�X�J�Q�L�V�� �L�V�W�� �Z�H�J�H�Q�� �V�H�L�Q�H�U�� �$�X�W�K�H�Q�W�L�]�L�W�¥�W�� �Y�R�Q�� �D�O�O�H�U-

�J�U�·� �W�H�U�� �%�H�G�H�X�W�X�Q�J�� �X�Q�G�� �Y�H�U�G�L�H�Q�W�� �H�V���� �P�L�W�� �G�H�U�� �G�L�U�H�N�W�H�Q�� �•�E�H�U�O�L�H�I�H�U�X�Q�J�� �D�X�I�� �H�L�Q�H�� �6�W�X�I�H�� �J�H�V�W�H�O�O�W�� �]�X��
�Z�H�U�G�H�Q���� �(�V�� �K�H�E�W�� �V�L�F�K�� �L�Q�� �V�H�L�Q�H�U�� �N�Q�D�S�S�H�Q�� �6�D�F�K�O�L�F�K�N�H�L�W�� �X�Q�G�� �(�L�Q�G�H�X�W�L�J�N�H�L�W�� �H�L�Q�G�U�X�F�N�V�Y�R�O�O�� �Y�R�Q�� �G�H�Q��
�Y�D�J�H�Q�� �R�G�H�U�� �Z�H�L�W�V�F�K�Z�H�L�I�L�J�H�Q�� �E�L�E�O�L�R�J�U�D�S�K�L�V�F�K�H�Q�� �1�R�W�L�]�H�Q�� �G�H�U�� �½�E�U�L�J�H�Q�� �$�X�W�R�U�H�Q�� �D�E���� �G�L�H�� �L�P�� �D�O�O�J�H-
�P�H�L�Q�H�Q�� �Q�L�F�K�W�V�� �D�Q�G�H�U�H�V�� �W�X�Q���� �D�O�V�� �$�Q�J�D�E�H�Q�� �]�Z�H�L�W�H�U�� �+�D�Q�G�� �R�K�Q�H�� �H�L�J�H�Q�H�� �1�D�F�K�S�U�½�I�X�Q�J�� �]�X�� �]�L�W�L�H�U�H�Q��
�X�Q�G�� �Y�R�Q�� �%�X�F�K�� �]�X�� �%�X�F�K�� �Z�H�L�W�H�U�]�X�V�F�K�O�H�S�S�H�Q� �̂�
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7.  �$�P�O�D�M�V�T�J�P�O�T

The translation of the Almagest�� �T�X�R�W�H�G�� �E�\�� �,�E�Q�� �D�O�����D�O�Â�æ�� �L�Q�� �K�L�V�� �F�U�L�W�L�T�X�H�� �R�I��
�D�O���)�Â�U�Â�E�ì� �̂V�� �F�R�P�P�H�Q�W�D�U�\�� �F�R�Q�W�D�L�Q�V�� �N�Q�R�Z�O�H�G�J�H�� �R�I�� �W�K�H�� �*�U�H�H�N�� �W�H�[�W�� �Z�K�L�F�K�� �F�R�X�O�G�� �Q�R�W��
�K�D�Y�H�� �E�H�H�Q�� �G�H�U�L�Y�H�G�� �I�U�R�P�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �R�I�� �D�O���å�D�M�M�Â�M�� �D�Q�G�� �,�V�æ�Â�T���7�K�Â�E�L�W���� �,�W�� �V�K�R�Z�V��
�P�R�U�H�� �G�L�I�I�H�U�H�Q�F�H�V�� �I�U�R�P�� �E�R�W�K�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �D�O���å�D�M�M�Â�M�� �D�Q�G�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I��
�,�V�æ�Â�T���7�K�Â�E�L�W�� �W�K�D�Q�� �W�K�H�� �O�D�W�W�H�U�� �W�Z�R�� �D�P�R�Q�J�� �W�K�H�P�V�H�O�Y�H�V���� �%�H�V�L�G�H�V�� �W�K�D�W���� �L�W�� �K�D�V�� �P�R�U�H��
�L�Q�� �F�R�P�P�R�Q�� �Z�L�W�K�� �D�O���å�D�M�M�Â�M�� �W�K�D�Q�� �Z�L�W�K�� �,�V�æ�Â�T���7�K�Â�E�L�W���� �,�W�V�� �W�H�U�P�L�Q�R�O�R�J�\�� �D�J�U�H�H�V�� �E�H�V�W��
�Z�L�W�K�� �V�R�P�H�� �R�I�� �W�K�H�� �H�D�U�O�L�H�V�W�� �S�U�H�V�H�U�Y�H�G�� �$�U�D�E�L�F�� �D�V�W�U�R�Q�R�P�L�F�D�O�� �W�H�[�W�V�� �E�\�� �D�O���.�K�Z�Â�U�L�]�P�ì����
�D�Q�G�� �W�K�H�U�H�I�R�U�H�� �D�Q�� �H�D�U�O�\�� �F�K�U�R�Q�R�O�R�J�L�F�D�O�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q���� �S�R�V�V�L�E�O�\�� �D�W�� �W�K�H�� �E�H�J�L�Q�Q�L�Q�J��
�R�I�� �W�K�H�� �Q�L�Q�W�K�� �F�H�Q�W�X�U�\��CE���� �L�V�� �S�U�R�E�D�E�O�H���� �)�U�R�P�� �W�K�H�� �I�R�X�U�� �$�U�D�E�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q�V�� �R�I�� �W�K�H��
Almagest�� �Z�K�L�F�K�� �,�E�Q�� �D�O�����D�O�Â�æ�� �X�V�H�G�� �L�Q�� �K�L�V�� �Z�R�U�N�� �R�Q�� �W�K�H�� �V�W�D�U�� �F�R�R�U�G�L�Q�D�W�H�V�� �R�Q�O�\��
the Ma�ñ�P�,�Q�L�F�� �W�U�D�Q�V�O�D�W�L�R�Q�� �E�\�� �D�O���å�D�V�D�Q�� �L�E�Q�� �4�X�U�D�\�V�K�� �F�R�X�O�G�� �E�H�� �W�K�H�� �R�Q�H�� �Z�K�L�F�K��
�K�H�� �T�X�R�W�H�G�� �L�Q�� �K�L�V�� �F�U�L�W�L�T�X�H�� �R�I�� �D�O���)�Â�U�Â�E�ì� �̂V�� �F�R�P�P�H�Q�W�D�U�\���� �D�Q�� �D�W�W�U�L�E�X�W�L�R�Q�� �Z�K�L�F�K�� �L�V��
�V�X�S�S�R�U�W�H�G�� �E�\�� �R�X�U�� �W�H�U�P�L�Q�R�O�R�J�L�F�D�O�� �D�Q�D�O�\�V�L�V���� �2�Q�O�\�� �V�F�D�W�W�H�U�H�G�� �V�S�O�L�Q�W�H�U�V�� �R�I�� �W�K�L�V�� �W�U�D�Q�V-
�O�D�W�L�R�Q�� �K�D�Y�H�� �K�L�W�K�H�U�W�R�� �E�H�H�Q�� �D�Y�D�L�O�D�E�O�H���� �1�R�Z�� �D�� �V�P�D�O�O���� �E�X�W�� �L�Q�W�D�F�W�� �Z�L�Q�G�R�Z�� �L�Q�W�R�� �L�W�V��
�W�H�[�W�� �K�D�V�� �E�H�H�Q�� �R�S�H�Q�H�G��

�"�Q�Q�F�O�E�J�Y���*�����5�F�Y�U���B�O�E���5�S�B�O�T�M�B�U�J�P�O�T���P�G��Almagest V.19.2

�*�U�H�H�N���W�H�[�W������

�Ë�½�±�� �¿�è�½�� �º�±���� �Ä���½�� �À�Á���Â�� �Ä���½�� �´�¹�þ�� �¼�­�Ã�É�½�� �Ä�z�½�� �¶�x�´�¯�É�½�� �Ä�Ì�Ä�µ�� �³�¹�½�¿�¼�­�½�·�½�� �À�±�Á�¬�»�»�±-
�¾�¹�½�� �´�¹�±�º�Á�¯�½�É�¼�µ�½�� �º�±�Ä�¬�� �Ä�µ�� �¼�P�º�¿�Â�� �º�±���� �º�±�Ä�þ�� �À�»�¬�Ä�¿�Â���� �Ä�þ�Â�� �±�â�Ä�þ�Â�� �À�¬�»�¹�½�� �Æ�Ã�·�¼�µ�Á�¹-
�½�þ�Â�� �ó�Á�±�Â���� �•�Â�� �š�À�­�Ç�µ�¹�� �Ä�¿�m�� �¼�µ�Ã�·�¼�²�Á�¹�½�¿�m�� �·�� �Ã�µ�»�®�½�·���� �µ�Æ�Ã�µ�½�µ�³�º�Ì�½�Ä�µ�Â�� �µ�Æ�Â�� �Ä���� �±�â�Ä����
�¼�­�Á�¿�Â�� �Ä�¿�m�� �Ä�z�½�� �³�É�½�¹�z�½�� �º�±�½�Ì�½�¿�Â�� �ª�À�¹�Ã�º�µ�È�Ì�¼�µ�¸�±�� �Ä�þ�Â�� �À�±�Á�±�º�µ�¹�¼�­�½�±�Â�� �Ä�{�� �š�Á�¹�¸�¼�{��
�Ä�z�½�� �ï�Á�z�½�� �¼�¿�¯�Á�±�Â���� �ª�þ�½�� �¼���½�� �À�Á���� �Ä�¿�m�� �¼�µ�Ã�·�¼�²�Á�¹�½�¿�m�� �"�� �·�� �Ã�µ�»�®�½�·���� �Ä�þ�Â�� �ª�½�� �Ä�{�� �³�ƒ��
�Ã�µ�»�¹�´�¯�x���� �ª�þ�½�� �´���� �¼�µ�Ä�þ�� �Ä���½�� �¼�µ�Ã�·�¼�²�Á�¹�½�Ì�½���� �Ä�þ�Â�� �ª�½�� �Ä�{�� �´�ƒ���� �º�œ�½�� �¼���½�� �ª�½�Ä���Â�� �Ä�z�½���� 
�¼�¿�¹�Á�z�½���ô�Ã�¹�½���� �±�â�Ä�þ�Â���š�À�¿�³�Á�±�È�Ì�¼�µ�¸�±���� �ª�þ�½���´�ˆ�� �ã�À���Á���Ä�þ�Â�������� �Ä�þ�Â���»�µ�¹�À�¿�Í�Ã�±�Â���µ�Æ�Â���Ä�þ�Â��
�Á�À�x�� �Ä�¿�Ã�¿�Í�Ä�É�½�� �³�þ�Á�� �®�Ã�Ä�±�¹�� �·�� �ª�»�¬�Ã�Ã�É�½�� �Ä�z�½�� �À�µ�Á���� �Ä���½�� �ª�º�º�µ�¹�¼�­�½�·�½�� �Ä�¿�¼���½�� �³�É�½�¹�z�½����
�¿�Ë�É�½���·�� �¼�¯�±�� �Ö�Á�¸���������� �Ä�þ�Â���š�À�¿�³�µ�³�Á�±�¼�¼�­�½�±�Â���¿�è�½���¼�¿�¯�Á�±�Â���´�¹�À�»�Î�Ã�±�½�Ä�µ�Â���µ�Æ�Ã�¿�¯�Ã�¿�¼�µ�½��
�µ�Æ�Â�� �Ä���� �Ä�z�½�� �ª�½�� �º�Í�º�»�x�� �µ�â�¸�µ�¹�z�½�� �º�±�½�Ì�½�¹�¿�½�� �±�â�Ä�¬�Â�� �Ä�µ�� �º�±���� �Ä�þ�Â�� �»�µ�¹�À�¿�Í�Ã�±�Â�� �µ�Æ�Â�� �Ä�þ�Â��
�Á�À���� �º�±���� �Ù�½�� �œ�½�� �®�Ç�N�� �»�Ì�³�¿�½�� �·�� �Ä���½�� �Ä�z�½�� �´�µ�´�¹�À�»�É�¼�­�½�É�½�� �¼�¿�¹�Á�z�½�� �À�µ�Á�¹�Æ�­�Á�µ�¹�±�½�� �ã�À�¿-
�Ä�µ�¯�½�¿�Å�Ã�±�� �µ�â�¸�µ�^�±�� �À�Á���Â�� �Ä���½�� �ã�À�¿�Ä�µ�¯�½�¿�Å�Ã�±�½�� �Ä���½�� �»�µ�¯�À�¿�Å�Ã�±�½�� �µ�Æ�Â�� �Ä���� �·�¼�¹�º�Í�º�»�¹�¿�½����
�Ä�¿�m�Ä�¿�½�� �¯�¾�µ�¹�� �Ä���½�� �»�Ì�³�¿�½�� �·�� �º�±�Ä�þ�� �À�»�¬�Ä�¿�Â�� �À�±�Á�¬�»�»�±�¾�¹�Â�� �À�Á���Â�� �Ä���½�� �º�±�Ä�þ�� �¼�P�º�¿�Â����
�ª�À�µ�¹�´�®�À�µ�Á�� �±�Ç�� �Ä�·�»�¹�º�±�m�Ä�±�¹�� �Ä�z�½�� �º�Í�º�»�É�½�� �À�µ�Á�¹�Æ�­�Á�µ�¹�±�¹�� �š�´�¹�±�Æ�¿�Á�¿�m�Ã�¹�½�� �µ�â�¸�µ�¹�z�½����
�À�¿�»�Å�À�»�±�Ã�¹�¬�¶�¿�½�Ä�µ�Â�� �¿�è�½�� �Ä���½�� �š�Á�¹�¸�¼���½�� �Ä�z�½�� �À�±�Á�±�º�µ�¹�¼�­�½�É�½�� �µ�â�¸�µ�¹�z�½�� �ª�À���� �Ä���½�� �µ�ã�Á�¹-
�Ã�º�¿�¼�­�½�·�½�� �ï�Â�� �ª�À���� �Ä�¿�m�� �´�¹�þ�� �Ä�¿�m�� �º�±�Ä�þ�� �º�¿�Á�Å�Æ���½�� �Ã�·�¼�µ�¯�¿�Å�� �³�Á�±�Æ�¿�¼�­�½�¿�Å�� �º�Í�º�»�¿�Å��
�À�±�Á�¬�»�»�±�¾�¹�½�� �º�±���� �Ä�þ�� �³�¹�½�Ì�¼�µ�½�±�� �¼�µ�Á�¯�¶�¿�½�Ä�µ�Â�� �µ�Æ�Â�� �Ä���½�� �Á�º�� �Ç�É�Á���Â�� �Ä�þ�� �ª�º�� �Ä�¿�m�� �¼�µ�Á�¹-
�Ã�¼�¿�m�� �Ã�Å�½�±�³�Ì�¼�µ�½�±�� �¼�Ì�Á�¹�±�� �¯�¾�¿�¼�µ�½�� �Ä�P�Â�� �¿�Æ�º�µ�¯�±�Â�� �À�±�Á�±�»�»�¬�¾�µ�É�Â��
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�(�Q�J�O�L�V�K���W�U�D�Q�V�O�D�W�L�R�Q������

�1�R�Z���� �L�Q�� �R�U�G�H�U�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �W�K�H�� �S�D�U�D�O�O�D�[�� �Z�L�W�K�� �U�H�V�S�H�F�W�� �W�R�� �W�K�H�� �H�F�O�L�S�W�L�F���� �L�Q�� �E�R�W�K��
�O�R�Q�J�L�W�X�G�H�� �D�Q�G�� �O�D�W�L�W�X�G�H���� �D�W�� �W�K�H�� �J�L�Y�H�Q�� �W�L�P�H���� �Z�H�� �D�J�D�L�Q�� �H�Q�W�H�U���� �Z�L�W�K�� �W�K�H�� �V�D�P�H�� �G�L�V-
�W�D�Q�F�H�� �R�I�� �W�K�H�� �P�R�R�Q�� �I�U�R�P�� �W�K�H�� �P�H�U�L�G�L�D�Q�� �L�Q�� �H�T�X�L�Q�R�F�W�L�D�O�� �K�R�X�U�V�� �>�D�V�� �E�H�I�R�U�H�@���� �L�Q�W�R��
�W�K�H�� �V�D�P�H�� �S�D�U�W�� �R�I�� �W�K�H�� �7�D�E�O�H�� �R�I�� �$�Q�J�O�H�V�� �>�,�,�������@���� �D�Q�G�� �W�D�N�H�� �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �G�H�J�U�H�H�V��
�F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �W�R�� �W�K�D�W�� �K�R�X�U���� �L�Q�� �W�K�H�� �W�K�L�U�G�� �F�R�O�X�P�Q�� �L�I�� �W�K�H�� �P�R�R�Q�� �L�V�� �W�R�� �W�K�H�� �H�D�V�W�� �R�I��
�W�K�H�� �P�H�U�L�G�L�D�Q���� �R�U�� �L�Q�� �W�K�H�� �I�R�X�U�W�K�� �F�R�O�X�P�Q�� �L�I�� �L�W�� �L�V�� �W�R�� �W�K�H�� �Z�H�V�W�� �R�I�� �W�K�H�� �P�H�U�L�G�L�D�Q���� �:�H��
�H�[�D�P�L�Q�H�� �W�K�H�� �U�H�V�X�O�W���� �D�Q�G�� �L�I�� �L�W�� �L�V�� �O�H�V�V�� �W�K�D�Q�� �����q�� �Z�H�� �Z�U�L�W�H�� �G�R�Z�Q�� �W�K�H�� �Q�X�P�E�H�U�� �L�W�V�H�O�I����
�E�X�W�� �L�I�� �L�W�� �L�V�� �J�U�H�D�W�H�U�� �W�K�D�Q�� �����q���� �Z�H�� �Z�U�L�W�H�� �G�R�Z�Q�� �L�W�V�� �V�X�S�S�O�H�P�H�Q�W���� �V�L�Q�F�H�� �W�K�D�W�� �Z�L�O�O�� �E�H��
�W�K�H�� �V�L�]�H�� �L�Q�� �G�H�J�U�H�H�V�� �R�I�� �W�K�H�� �O�H�V�V�H�U�� �R�I�� �W�K�H�� �W�Z�R�� �D�Q�J�O�H�V�� �D�W�� �W�K�H�� �L�Q�W�H�U�V�H�F�W�L�R�Q�� �>�R�I�� �H�F�O�L�S-
�W�L�F�� �D�Q�G�� �D�O�W�L�W�X�G�H�� �F�L�U�F�O�H�@�� �L�Q�� �T�X�H�V�W�L�R�Q���� �:�H�� �G�R�X�E�O�H�� �W�K�H�� �Q�X�P�E�H�U�� �Z�U�L�W�W�H�Q�� �G�R�Z�Q���� �D�Q�G��
�H�Q�W�H�U�� �Z�L�W�K�� �W�K�L�V�� �>�G�R�X�E�O�H�G�@�� �Q�X�P�E�H�U���� �D�Q�G�� �D�O�V�R�� �Z�L�W�K�� �L�W�V�� �V�X�S�S�O�H�P�H�Q�W���� �L�Q�W�R�� �W�K�H�� �7�D�E�O�H��
�R�I�� �&�K�R�U�G�V�� �>�,�������@���� �7�K�H�� �U�D�W�L�R�� �R�I�� �W�K�H�� �F�K�R�U�G���R�I�� �W�K�H�� �G�R�X�E�O�H�G�� �Q�X�P�E�H�U�� �W�R�� �W�K�H�� �F�K�R�U�G�� �R�I��
�W�K�H���V�X�S�S�O�H�P�H�Q�W���Z�L�O�O���J�L�Y�H���W�K�H���U�D�W�L�R���R�I�� �W�K�H���O�D�W�L�W�X�G�L�Q�D�O���S�D�U�D�O�O�D�[�� �W�R���W�K�H���O�R�Q�J�L�W�X�G�L�Q�D�O��
�S�D�U�D�O�O�D�[�� ���I�R�U�� �F�L�U�F�X�O�D�U�� �D�U�F�V�� �R�I�� �V�X�F�K�� �V�P�D�O�O�� �V�L�]�H�� �D�U�H�� �Q�R�W�� �Q�R�W�L�F�H�D�E�O�\�� �G�L�I�I�H�U�H�Q�W�� �I�U�R�P��
�V�W�U�D�L�J�K�W�� �O�L�Q�H�V������ �6�R�� �Z�H�� �P�X�O�W�L�S�O�\�� �W�K�H�� �D�P�R�X�Q�W�V�� �R�I�� �W�K�H�� �F�K�R�U�G�V�� �L�Q�� �T�X�H�V�W�L�R�Q�� �E�\�� �W�K�H��
�S�D�U�D�O�O�D�[�� �G�H�W�H�U�P�L�Q�H�G���Z�L�W�K���U�H�V�S�H�F�W���W�R���W�K�H���D�O�W�L�W�X�G�H���F�L�U�F�O�H���� �D�Q�G���G�L�Y�L�G�H���W�K�H���S�U�R�G�X�F�W�V����
�H�D�F�K�� �V�H�S�D�U�D�W�H�O�\���� �E�\�� ���������� �7�K�H�� �U�H�V�X�O�W�V�� �R�I�� �W�K�H�� �G�L�Y�L�V�L�R�Q�� �J�L�Y�H�� �X�V�� �W�K�H�� �V�H�S�D�U�D�W�H�� �F�R�P�S�R-
�Q�H�Q�W�V�� �R�I�� �W�K�H�� �S�D�U�D�O�O�D�[��

Old Ma�ñ�P�,�Q�L�F���W�U�D�Q�V�O�D�W�L�R�Q������

	ä	á ��	Œ	ê	ò	Ñ ��	ì	é ��	ð	–�Ö	Ý	‹ ��	’	Â	Ö	æ	Ý	‹ ��	ä	É ��	¬	â	Ö	Ý	‹ ��	ð	æ	Ê	ñ ��	è	• ��	Ï	¬	¢	æ	ñ ��	ï	ª�Ö	Ý	‹�á 	¬	Æ	æ	â	Ý	‹ 	Ï	ú	–	¥	‹ 	Ï	¬	Ê	å ��	ã	• ��	Œ	å	§	«	• ��	‹	©	†	Ñ 
	“	Œ	É	Œ	²	Ý	‹ ��	Œ	¾	ñ	• ��	ª	¥	‚	å ��	Œ�Ö	å	†	Ñ ��	¬	¥	ó	‹ ��	ä	É ��	Œ	â	ê	æ	á ��	¨	¡	‹	ë ���Ö	Ü	Ù ��	Ü	º	Ò	å	ë ��	»	¬	Ê	Ý	‹	ë ��	Û	ì	Â	Ý	‹ ��	ð	Ñ ���à	›	ë	¬	•	Ý	‹ ��	Ø	Þ	Ñ
	ç	Œ	æ	Þ	¥	§	•��	Œ�Ö	æ	Ù��	ï	ª�Ö	Ý	‹��	È	½	ì	â	Ý	‹��	î	Ý	…��	Œ	ñ	‹	ë	®	Ý	‹��	Û	ë	‹	¨	• ��	î	Ý	…��	Œ	ê	Þ	¥	¨	æ	Ñ��	~	Œ	â	²	Ý	‹��	À	±	ë��	ä	ò	•	ë��	¬	â	Ö	Ý	‹��	ä	ò	•��	ð	–�Ö	Ý	‹��	’	Ý	¨	–	Ê	â	Ý	‹ 
	ã	…	ë ��	~	Œ	â	²	Ý	‹ ��	¬	â	Ö	Ý	‹ ��	À�Ö	±	ì	• ��	Ü	•	Õ��	ð	Ñ��	“	Œ	É	Œ	²	Ý	‹ ��	”	å	Œ	Ù��	ã	…��	˜	Ý	Œ	š	Ý	‹ ��	¬	Â	²	Ý	‹ ��	ð	Ñ��	è	Ý	Œ	ò	¢	• ��	Œ	á ��	ª	¥	‚	å	ë ��	ß�Ö	¨	Ö	• ��	Œ	â	ò	Ñ��	è	• 
	ç	Œ	æ	•	–	Ù	ë��	ç	Œ	å	ª	¥	•��	ä	ñ	¬	Â	²	Ý	‹��	ï	•��	Œ	å	¨	•	ë��	Œ	â	Ñ��	È	•	‹	¬	Ý	‹��	¬	Â	²	Ý	‹��	ð	Ñ��	Œ	â	á��	~	Œ	â	²	Ý	‹��	¬	â	Ö	Ý	‹��	À	±	ì	•��	¨	Ê	•��	“	Œ	É	Œ	²	Ý	‹��	”	å	Œ	Ù 
	ä	ò	æ	â	™	ë��	’	‰	Œ	á��	ä	É��	¸	Ö	å��	Œ	á��	Œ	æ	•	–	Ù��	‹	~	®	•��	ä	ò	Ê	²	•��	ä	á���Ö	Ü	Õ	•��	ä	Ú	ñ��	à	Ý��	ã	…	ë��	‹	~	®	•��	ä	ò	Ê	²	•��	ä	á���Ö	Ü	Õ	•��	è	ò	Ñ��	Œ	á��	ã	Œ	Ù��	ã	… 
	¯	ì	Ö	Ý	‹ ��	’	Ê	Â	Õ ��	ã	Œ	ò	Þ	• ��	ä	ò	–	Þ	Ý	‹ ��	ä	ò	–	ñ	ë	‹	®	Ý	‹ ��	ä	á ��	í	¬	Î	º	Ý	‹ ��	’	ñ	ë	‹	®	Ý	‹ ��	Œ	å	ª	¥	• ��	¨	Õ ��	Œ�Ö	æ	Ù ��	Ø	Ý	© ��	Œ	æ	Þ	Ê	Ñ ��	‹	©	… ��	Œ�Ö	å	†	Ñ ��	‹	~	®	•
�Ö	à	™ ��	‹	~	®	• ��	ä	ò	Ê	²	• ��	’	â	‰	Œ	Ö	Ý	‹ ��	’	ñ	ë	‹	®	Ý	‹ ��	è	• ��	ã	ì	Ú	• ��	ï	ª�Ö	Ý	‹ ��	«	‹	¨	Ö	â	Ý	Œ	• ��	¬	â	Ö	Ý	‹ ��	È	½	ì	á	ë ��	¯	ë]	ƒ[	¬	Ý	‹ ��	”	â	± ��	ä	ò	• ��	ð	–�Ö	Ý	‹ 
	”	º	Ö	å��	Œ	á��	¬	•	ë	ë��	«	Œ	•]	ë[	õ	‹	ë ��	ð	²	Ö	Ý	‹ ��	Û	ë	‹	¨	• ��	ä	á ��	È	â	–	ž	ñ��	Œ	á��	¬	•	ë ��	ª	¥	‚	å ��	ë ��	Œ	æ	•	–	Ù��	ð	–�Ö	Ý	‹ ��	~	‹	®	•	õ	‹ ��	Ð�Å]�Å	Ê�Å[�Å	¾	å 
	è	–	º	Ö	å��	Œ	á��	¬	•	ë ��	î	Ý	…��	”	Ò	Ê	½	• ��	ð	–�Ö	Ý	‹ ��	~	‹	®	•	õ	‹ ��	¬	•	ë ��	’	•	²	å ��	Œ	æ	Ý��	ã	ì	Ú	ò	Ñ��	‹	~	®	• ��	ä	ò	å	Œ	â	™	ë��	’	‰	Œ	á��	ä	É��	~	‹	®	•	õ	‹ ��	ç	ª	é 
	Ï	ú	–	¥	‹��	î	Ý	…��	»	¬	Ê	Ý	‹��	ð	Ñ��	ï	ª�Ö	Ý	‹��	¬	Æ	æ	â	Ý	‹��	Ï	ú	–	¥	‹��	’	•	²	æ	Ù��	‹	~	®	•��	ä	ò	å	Œ	â	™	ë��	’	‰	Œ	á��	î	Þ	É��	’	Ò	Ê	¾	â	Ý	‹��	~	‹	®	•	õ	‹��	Ø	Þ	• 
	Û	Œ	¢	Ý	‹ ��	ç	ª	é��	¨	æ	É��	Œ	é	«	Œ	•	ë	• ��	Û	Œ	â	Ê	–	±	‹ ��	ä	ò	•	ë��	ð	²	Ö	Ý	‹ ��	Û	Œ	â	Ê	–	±	‹ ��	ä	ò	• ��	Ó	¬	Ñ��	ù��	ã	Œ	Ù��	Œ�Ö	â	Þ	Ñ��	Û	ì	Â	Ý	‹ ��	ð	Ñ��	ï	ª�Ö	Ý	‹ ��	¬	Æ	æ	â	Ý	‹ 
	¬	Æ	æ	á��	Ï	ú	–	¥	‹ ��	ð	Ñ��	ç	Œ	æ	•	¬	¾	Ñ��	ä	ñ	¬	•	ì	Ý	‹ ��	ä	ñ	ª	é ��	ä	á ��	¨	¡	‹	ë ���Ö	Ü	Ù��	Œ	å	ª	¥	• ��	î�Ö	–	á��	Œ�Ö	æ	Ù��	‹�Ö	¨	• ��	«	Œ	Î	¹ ��	Œ	æ	ê	é��	ð	²	Ö	Ý	‹ ���Ö	ã	õ 
	ç	Œ	æ	â	²	Õ��	Œ	â	ê	æ	á��	¨	¡	‹	ë���Ö	Ü	Ù��	ä	á��	È	â	–	•	‹ ��	Œ	â	Ñ��	¯	ë]	ƒ[	¬	Ý	‹��	”	â	²	•���Ö	¬	â	•��	ð	–�Ö	Ý	‹��	‘	¬	‰	‹	¨	Ý	‹��	ä	á��	ç	Œ	æ	Þ	º	¡��	¨	Õ��	ï	ª�Ö	Ý	‹��	¬	â	Ö	Ý	‹

	»	¬	Ê	Ý	‹	ë ��	Û	ì	Â	Ý	‹ ��	ð	Ñ ��	¬	Æ	æ	â	Ý	‹ ��	Ï	ú	–	¥	‹ ��	à	Ù ��	’	â	²	Ö	Ý	‹ ��	ä	á ��	›	¬	¦	ñ ��	Œ	â	• ��	Œ	æ	â	Þ	É ��	‹	~	®	• ��	ä	ñ	¬	¶	É	ë ��	’	‰	Œ	á ��	î	Þ	É ��

���� �7�R�R�P�H�U����Ptolemy’s Almagest���� �S�� ��������
���� �0�6 �0�D�V�K�K�D�G���� �+�R�O�\�� �6�K�U�L�Q�H�� �/�L�E�U�D�U�\���� ������������ �S�S�� �����…������



	 �7�+�(�� �2�/�'�(�6�7�� �7�5�$�1�6�/�$�7�,�2�1�� �2�)�� �7�+�(�� �$�/�0�$�*�(�6�7	 133

�(�Q�J�O�L�V�K���W�U�D�Q�V�O�D�W�L�R�Q��

�,�I�� �Z�H�� �Z�D�Q�W�� �W�R�� �N�Q�R�Z�� �W�K�H�� �S�D�U�D�O�O�D�[�²���� �Z�L�W�K�� �Z�K�L�F�K�� �L�W�� �G�H�Y�L�D�W�H�V���� �W�K�D�W�� �L�V�� �W�R�� �V�D�\�� �W�K�H��
�P�R�R�Q�� �I�U�R�P�� �W�K�H�� �S�R�L�Q�W�� �R�Q�� �Z�K�L�F�K�� �L�W�� �L�V�� �R�Q�� �W�K�H�� �H�F�O�L�S�W�L�F���³�� �L�Q�� �O�R�Q�J�L�W�X�G�H�� �D�Q�G�� �O�D�W�L�W�X�G�H����
�D�Q�G�� �W�R�� �V�S�O�L�W�� �D�S�D�U�W�� �H�D�F�K�� �R�I�� �W�K�H�� �W�Z�R�� �I�U�R�P�� �W�K�H�� �R�W�K�H�U���� �Z�H�� �W�D�N�H�� �D�J�D�L�Q�� �>�D�V�� �E�H�I�R�U�H�@�� �W�K�H��
�H�T�X�L�Q�R�F�W�L�D�O�� �K�R�X�U�V�� �Z�K�L�F�K�� �D�U�H�� �E�H�W�Z�H�H�Q�� �W�K�H�� �P�R�R�Q�� �D�Q�G�� �P�L�G�K�H�D�Y�H�Q���� �:�H�� �H�Q�W�H�U�� �Z�L�W�K��
�W�K�H�P�� �W�K�H�� �W�D�E�O�H�V�� �R�I�� �D�Q�J�O�H�V�� �D�W�� �W�K�H�� �>�V�D�P�H�@�� �S�O�D�F�H�� �D�W�� �Z�K�L�F�K�� �Z�H�� �K�D�G�� �H�Q�W�H�U�H�G�� �Z�L�W�K��
�W�K�H�P�� �L�Q�� �Z�K�D�W�� �Z�D�V�� �D�O�U�H�D�G�\�� �P�H�Q�W�L�R�Q�H�G�� �E�H�I�R�U�H���� �,�I�� �W�K�H�� �K�R�X�U�V�� �D�U�H�� �E�H�I�R�U�H�� �>�W�K�H�� �W�L�P�H��
�Z�K�H�Q�@�� �W�K�H�� �P�R�R�Q�� �L�V�� �L�Q�� �P�L�G�K�H�D�Y�H�Q���� �Z�H�� �W�D�N�H�� �L�Q�� �W�K�H�� �W�K�L�U�G�� �F�R�O�X�P�Q�� �>�W�K�H�� �Y�D�O�X�H�@�� �W�K�D�W��
�L�V�� �R�S�S�R�V�L�W�H���� �,�I�� �W�K�H�� �K�R�X�U�V�� �D�U�H�� �D�I�W�H�U�� �>�W�K�H�� �W�L�P�H�� �Z�K�H�Q�@�� �W�K�H�� �P�R�R�Q�� �L�V�� �L�Q�� �P�L�G�K�H�D�Y�H�Q����
�Z�H�� �W�D�N�H�� �L�Q�� �W�K�H�� �I�R�X�U�W�K�� �F�R�O�X�P�Q�� �>�W�K�H�� �Y�D�O�X�H�@�� �W�K�D�W�� �L�V�� �R�S�S�R�V�L�W�H���� �:�H�� �W�D�N�H�� �Z�K�D�W�� �Z�H��
�I�L�Q�G�� �L�Q�� �H�L�W�K�H�U�� �R�I�� �W�K�H�� �W�Z�R�� �F�R�O�X�P�Q�V�� �D�Q�G�� �Z�U�L�W�H�� �L�W�� �G�R�Z�Q���� �L�I�� �L�W�� �L�V�� �O�H�V�V�� �W�K�H�Q�� �Q�L�Q�H�W�\��
�G�H�J�U�H�H�V���� �,�I�� �L�W�� �L�V�� �Q�R�W�� �O�H�V�V�� �W�K�D�Q�� �Q�L�Q�H�W�\�� �G�H�J�U�H�H�V���� �Z�H�� �Z�U�L�W�H�� �G�R�Z�Q�� �>�W�K�H�� �D�P�R�X�Q�W�� �E�\�@��
�Z�K�L�F�K�� �L�W�� �L�V�� �O�H�V�V�� �W�K�D�Q�� �K�X�Q�G�U�H�G�� �H�L�J�K�W�\�� �G�H�J�U�H�H�V���� �:�K�H�Q�� �Z�H�� �K�D�Y�H�� �G�R�Q�H�� �W�K�L�V���� �Z�H�� �K�D�Y�H��
�W�D�N�H�Q�� �W�K�H�� �V�P�D�O�O�H�U�� �R�I�� �W�K�H�� �W�Z�R�� �D�Q�J�O�H�V�� �Z�K�L�F�K�� �D�U�H�� �D�G�M�D�F�H�Q�W�� �W�R�� �W�K�H�� �G�L�Y�L�V�L�R�Q�� �E�\�� �W�K�H��
�D�U�F���E�H�W�Z�H�H�Q���W�K�H���]�H�Q�L�W�K���D�Q�G���W�K�H���S�R�V�L�W�L�R�Q���R�I�� �W�K�H���P�R�R�Q���� �X�V�L�Q�J���D���P�H�D�V�X�U�H���L�Q���Z�K�L�F�K��
�D�� �U�L�J�K�W�� �D�Q�J�O�H�� �K�D�V�� �Q�L�Q�H�W�\�� �G�H�J�U�H�H�V���� �1�H�[�W�� �Z�H�� �G�R�X�E�O�H�� �W�K�H�� �G�H�J�U�H�H�V�� �Z�K�L�F�K�� �Z�H�� �K�D�Y�H��
�Z�U�L�W�W�H�Q�� �G�R�Z�Q���� �D�Q�G�� �Z�H�� �W�D�N�H�� �W�K�H�� �F�K�R�U�G�� �Z�K�L�F�K�� �L�V�� �F�R�O�O�H�F�W�H�G�� �L�Q�� �W�K�H�� �W�D�E�O�H�V�� �R�I�� �D�U�F�V��
�D�Q�G�� �F�K�R�U�G�V���� �D�Q�G�� �>�Z�H�� �W�D�N�H�@�� �W�K�H�� �F�K�R�U�G�� �R�I�� �>�W�K�H�� �D�P�R�X�Q�W�� �E�\�@�� �Z�K�L�F�K�� �L�W�� �L�V�� �O�H�V�V�� �W�K�D�Q��
�K�X�Q�G�U�H�G���H�L�J�K�W�\�� �G�H�J�U�H�H�V���� �7�K�X�V���Z�H���Z�L�O�O���K�D�Y�H���W�K�H���U�D�W�L�R���R�I�� �W�K�H���F�K�R�U�G���R�I�� �W�K�H���G�H�J�U�H�H�V��
�Z�K�L�F�K�� �Z�H�U�H�� �G�R�X�E�O�H�G�� �W�R�� �W�K�H�� �F�K�R�U�G�� �R�I�� �W�K�H�� �F�R�P�S�O�H�P�H�Q�W�� �R�I�� �W�K�H�V�H�� �G�R�X�E�O�H�G�� �Q�X�P�E�H�U�V��
�I�U�R�P�� �K�X�Q�G�U�H�G�� �D�Q�G�� �H�L�J�K�W�\�� �G�H�J�U�H�H�V���� �>�7�K�L�V�� �U�D�W�L�R�@�� �L�V�� �O�L�N�H�� �W�K�H�� �U�D�W�L�R�� �R�I�� �W�K�H�� �S�D�U�D�O�O�D�[��
�L�Q�� �O�D�W�L�W�X�G�H�� �W�R�� �W�K�H�� �S�D�U�D�O�O�D�[�� �L�Q�� �O�R�Q�J�L�W�X�G�H���� �V�L�Q�F�H�� �W�K�H�U�H�� �L�V�� �Q�R�� �G�L�I�I�H�U�H�Q�F�H�� �L�Q�� �W�K�H�� �X�V�H��
�R�I�� �D�Q�J�O�H�V�� �D�Q�G�� �W�K�H�� �X�V�H�� �R�I�� �W�K�H�L�U�� �F�K�R�U�G�V�� �L�Q�� �W�K�L�V�� �V�L�W�X�D�W�L�R�Q���� �E�H�F�D�X�V�H�� �W�K�H�� �D�U�F�V�� �K�H�U�H�� �D�U�H��
�Y�H�U�\�� �V�P�D�O�O���� �:�K�H�Q�� �Z�H�� �W�D�N�H�� �H�D�F�K�� �R�I�� �W�K�H�V�H�� �W�Z�R�� �F�K�R�U�G�V���� �P�X�O�W�L�S�O�\�� �W�K�H�P�� �Z�L�W�K�� �W�K�H��
�S�D�U�D�O�O�D�[�� �R�I�� �W�K�H�� �P�R�R�Q���� �Z�K�L�F�K�� �Z�H�� �K�D�Y�H�� �D�O�U�H�D�G�\�� �R�E�W�D�L�Q�H�G�� �R�Q�� �W�K�H�� �F�L�U�F�O�H�� �W�K�U�R�X�J�K��
�W�K�H�� �]�H�Q�L�W�K���� �D�Q�G�� �G�L�Y�L�G�H�� �H�D�F�K�� �R�I�� �W�K�H�� �W�Z�R�� �U�H�V�X�O�W�V�� �E�\�� �K�X�Q�G�U�H�G�� �D�Q�G�� �W�Z�H�Q�W�\�� �S�D�U�W�V����
�W�K�H�Q�� �Z�H�� �N�Q�R�Z�� �I�U�R�P�� �W�K�H�� �U�H�V�X�O�W�V�� �R�I�� �W�K�H�� �G�L�Y�L�V�L�R�Q�� �K�R�Z�� �P�X�F�K�� �W�K�H�� �S�D�U�D�O�O�D�[�� �L�V�� �L�Q��
�O�R�Q�J�L�W�X�G�H�� �D�Q�G�� �L�Q�� �O�D�W�L�W�X�G�H��

�7�U�D�Q�V�O�D�W�L�R�Q���R�I���D�O���å�D�M�M�Â�M������

	“	Œ	É	Œ	²	Ý	‹ ��	Ø	Þ	• ��	ª	¥	‚	å ��	»	¬	Ê	Ý	‹	ë ��	Û	ì	Â	Ý	‹ ��	ð	Ñ ��	”	Õ	ì	Ý	‹ ��	Ø	Ý	© ��	ð	Ñ ��	ã	ì	Ú	ñ ��	ï	ª�Ö	Ý	‹ ��	¬	Æ	æ	â	Ý	‹ ��	Ï	ú	–	¥	‹ ��	Û	¨	Ê	å ��	ð	Ú	Ý	ë 
����	Û	ë	‹	¨	• ��	ä	á ��	È	½	ì	â	Ý	‹ ��	Ø	Ý	© ��	ð	Ñ ��	Œ	ê	Þ	¥	¨	æ	Ñ ��	«	Œ	ê	æ	Ý	‹ ��	Ð	º	å ��	Ø	Þ	Ñ ��	ä	á ��	¬	â	Ö	Ý	‹ ��	¨	Ê	• ��	ð	é ��	ð	–�Ö	Ý	‹ ������	Œ	¾	ñ	• ��	Û	¨	–	Ê	â	Ý	‹ 
	«	Œ	ê	æ	Ý	‹ ��	Ð	º	å ��	Ü	•	Õ ��	¬	â	Ö	Ý	‹ ��	È	½	ì	á ��	ã	Œ	Ù ������	ã	†	Ñ ������	“	Œ	É	Œ	²	Ý	‹ ��	§	¨	É ��	Ü	•	Œ	Ö	• ��	ð	–�Ö	Ý	‹ ��	~	‹	®	•	õ	‹ ��	Ž	Þ	Â	å	ë ��	Œ	ñ	‹	ë	®	Ý	‹ 
	ð	–�Ö	Ý	‹ ��	~	‹	®	•	õ	‹ ��	Œ	å	ª	¥	• ��	«	Œ	ê	æ	Ý	‹ ��	Ð	º	å ��	¨	Ê	• ��	è	Ê	½	ì	á ��	ã	Œ	Ù ��	ã	…	ë ��	˜	Ý	Œ	š	Ý	‹ ��	Û	ë	¨	ž	Ý	‹ ��	ð	Ñ ��	ð	–�Ö	Ý	‹ ��	~	‹	®	•	õ	‹ ��	Œ	å	ª	¥	•

���� �7�H�[�W�� �R�I�� �0�6 �/�H�L�G�H�Q���� �8�Q�L�Y�H�U�V�L�W�H�L�W�V�E�L�E�O�L�R�W�K�H�H�N���� �2�U���� ���������� �I�R�O�� �����Y���� �Y�D�U�L�D�Q�W�� �U�H�D�G�L�Q�J�V�� �R�I��
�0�6 �/�R�Q�G�R�Q���� �%�U�L�W�L�V�K�� �/�L�E�U�D�U�\���� �$�G�G���� ������������ �I�R�O�� �������U�…�Y�� �L�Q�� �W�K�H�� �I�R�R�W�Q�R�W�H�V��

����  	“	Œ	É	Œ	²	Ý	‹ ��	Œ	¾	ñ	• ��	ª	¥	‚	æ	Ñ.
����  	Û	ë	¨	•.
����  	«	Œ	ê	æ	Ý	‹ ��	Ð	º	å ��	Ø	Þ	Ñ��	ä	á ��	¬	â	Ö	Ý	‹ ��	¨	Ê	• ��	ð	é ��	ð	–�Ö	Ý	‹ ��	“	Œ	É	Œ	²	Ý	‹.
����  	Ü	•	Õ ��	¬	â	Ö	Ý	‹ ��	È	½	ì	¥.
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����	ä	ò	Ê	²	–	Ý	‹ ��	ä	á ��	¬	š	Ù	• ��	”	å	Œ	Ù ��	ã	…	ë ��	Œ	é	Œ	æ	–	•	™	• ������	ä	ò	Ê	²	–	Ý	‹ ��	ä	á ���Ö	Ü	Õ	• ��	~	‹	®	•	õ	‹ ��	”	å	Œ	Ù ��	ã	†	Ñ ��	È	•	‹	¬	Ý	‹ ��	Û	ë	¨	ž	Ý	‹ ��	ð	Ñ  
	ä	á ��	í	¬	Î	º	Ý	‹ ��	’	ñ	ë	‹	®	Ý	‹ ��	«	¨	Õ ��	ì	é ��	Ø	Ý	©	ë ��	‹	~	®	• ������	ä	ò	å	Œ	â	™	ë ��	’	‰	Œ	á ��	ß	Œ	â	• ��	ä	É ��	¸	Ö	æ	• ��	ð	–�Ö	Ý	‹ ��	~	‹	®	•	õ	‹ ��	Œ	æ	–	•	™	•   
	ª	¥	‚	æ	Ñ ��	‹	~	®	• ������	ä	ò	Ê	²	• ��	’	â	‰	Œ	Ö	Ý	‹ ��	’	ñ	ë	‹	®	Ý	‹ ��	ã	ì	Ú	• ��	è	• ��	ï	ª�Ö	Ý	‹ ��	«	‹	¨	Ö	â	Ý	Œ	• ��	’	Ê	Â	Ö	Ý	‹ ��	ç	ª	é ��	î	Þ	É ��	ð	–�Ö	Ý	‹ ������	Œ	ñ	‹	ë	®	Ý	‹ 
	Œ	ê	æ	ò	Ê	• ��	~	‹	®	•	õ	‹ ��	Ø	Þ	• ��	Ü	¥	¨	å ��	ð	²	Ö	Ý	‹ ��	«	Œ	•	ë	• ��	Û	ë	¨	• ��	ð	Ñ ��	È	â	–	•	‹ ��	Œ	á ��	Ü	¥	¨	å	ë ��	Œ	ê	Ò�Ö	Ê	¾	æ	Ñ ��	Œ	æ	–	•	™	• ��	ð	–�Ö	Ý	‹ ��	~	‹	®	•	õ	‹ 
	~	‹	®	•	õ	‹ ��	ç	ª	é ��	Ð	Ê	½��	ð	é ��	ð	–�Ö	Ý	‹ ��	¯	ì	Ö	Ý	‹ ��	¬	•	ë ��	’	•	²	å ��	ã	ì	Ú	ò	Ñ������	‹	~	®	• ��	ä	ò	å	Œ	â	™	ë ��	’	‰	Œ	á��	ß	Œ	â	• ������	ä	á ��	¸	Ö	å ������	Œ	á	ë 
	ð	Ñ ��	¬	â	Ö	Ý	‹ ��	¬	Æ	æ	á ��	Ï	ú	–	¥	‹ ��	’	•	²	æ	Ù ��	‘	¬	‰	‹	¨	Ý	‹ ��	Ð	º	å ��	ß	Œ	â	• ��	ä	É ��	’	º	Õ	Œ	æ	Ý	‹ ��	¯	ì	Ö	Ý	‹ ������	¬�Ö	•	ì	• ��	ï	ª�Ö	Ý	‹ ��	¬	•	ì	Ý	‹ ��	î	Ý	… 
	Œ	é	«	Œ	•	ë	• ��	ã	ì	Ú	• ����	ù�! ��	×	ú	Ñ	õ	‹ ��	ä	á ��	ð	²	Ö	Ý	‹ ��	ç	ª	é ��	Ü	š	á ��	«	‹	¨	Õ	• ���Ö	ã	õ ��	Û	ì	Â	Ý	‹ ��	ð	Ñ ��	è	Ñ	ú	–	¥	‹ ��	î	Ý	… ��	»	¬	Ê	Ý	‹ 
	¬	Æ	æ	â	Ý	‹ ��	Ï	ú	–	¥	‹ ��	ð	²	Õ ��	«	Œ	•	ë	• ��	§	¨	É ��	ð	Ñ ��	«	Œ	•	ë	õ	‹ ��	ç	ª	é ��	§	¨	É ��	ð	Ñ ��	«	Œ	•	ë	õ	‹ ��	ç	ª	é ��	§	¨	É ������	•	¬	¾	ò	Ñ ��	’	Ò	Þ	–	¦	á 
	à	²	Ö	å ���Ö	à	™��	¯	ë	ƒ	¬	Ý	‹ ��	”	â	± ��	’	Â	Ö	å ��	î	Þ	É ��	¿	ì	Â	¦	â	Ý	‹ ��	Ø	Þ	Ò	Ý	‹ ��	ð	Ñ ��	ã	ì	Ú	ñ ��	ï	ª�Ö	Ý	‹ ��	¬	Æ	æ	â	Ý	‹ ��	Ï	ú	–	¥	‹ ��	Ü	š	â	Ù ��	§	ì	•	ì	â	Ý	‹ 

	¬	Æ	æ	â	Ý	‹ ��	Ø	Ý	©��	Ï	ú	–	¥	‹ ��	ì	ê	Ñ ��	~	‹	®	•	õ	‹ ��	ä	á ��	’	â	²	Ö	Ý	‹ ��	ä	á ��	›	¬	¥ ��	Œ	â	Ñ��	ä	ñ	¬	¶	É	ë ��	’	‰	Œ	á ��	î	Þ	É ��	È	â	–	•	‹ ��	Œ	á 

�7�U�D�Q�V�O�D�W�L�R�Q���R�I���,�V�æ�Â�T���7�K�Â�E�L�W��������

	ð	Ñ ��	›	ë	¬	•	Ý	‹ ��	Ø	Þ	Ñ ��	î	Ý	… ��	¯	Œ	ò	Ö	Ý	Œ	• ��	Ø	Ý	© ��	¨	æ	É ��������	ã	ì	Ú	ñ ��	ï	ª�Ö	Ý	‹ ��	¬	Æ	æ	Ý	‹ ��������	Ï	ú	–	¥	‹ ��	Œ	¾	ñ	• ��������	ß�Ö	ì	Ö	å ��������	Œ	â	ò	Ù	ë 
	ä	á ��	¬	â	Ö	Ý	‹ ��	¨	Ê	• ��	ð	é ��	ð	–�Ö	Ý	‹ ��	Œ	ê	å	Œ	ò	É	‚	• ��	’�Ö	ò	‰	‹	ì	–	±	ù	‹ ��	“	Œ	É	Œ	²	Ý	‹ ��	Ø	Þ	• ��	Œ	¾	ñ	• ��	Ü	¥	¨	å ��	Œ�Ö	å	†	Ñ ��	»	¬	Ê	Ý	‹ ��	ð	Ñ	ë ��	Û	ì	Â	Ý	‹ 
	ä	á ��	§	¨	Ê	Ý	‹ ��	Ø	Ý	© ��������	Û	Œ	ò	¡ ��	Œ	á ��	¬	Æ	æ	å ���Ö	à	™ ��	Œ	ñ	‹	ë	®	Ý	‹ ��	Û	ë	¨	• ��	ä	á ��	è	æ	ò	Ê	• ��	à	²	Ö	Ý	‹ ��	Ø	Ý	© ��	ð	Ñ ��	«	Œ	ê	æ	Ý	‹ ��	Ð	º	å ��	‘	¬	‰	‹	§ 
������	è	Ý	Œ	ò	¡ ��	~	‹	®	•	ù	‹ ��	ä	á ��	ã	Œ	Ù ��	Œ	â	Ñ ��	«	Œ	ê	æ	Ý	‹ ��	Ð	º	å ��	‘	¬	‰	‹	§ ��	Ü	•	Õ ��	¬	â	Ö	Ý	‹ ��	ã	Œ	Ù ��	ã	… ��	Œ�Ö	á	• ��������	~	‹	®	•	• ��	ä	á ��	“	Œ	É	Œ	²	Ý	‹ 
�Ö	Ð	º	Ý	‹ ��	ð	Ñ ��������	è	Ý	Œ	ò	¡ ��	~	‹	®	•	õ	‹ ��	ä	á ��	ã	Œ	Ù ��	Œ	â	Ñ ��	«	Œ	ê	æ	Ý	‹ ��	Ð	º	å ��	‘	¬	‰	‹	§ ��	¨	Ê	• ��	ã	Œ	Ù ��	ã	… ��	Œ�Ö	á	•	ë ��	˜	Ý	Œ	š	Ý	‹ ���Ö	Ð	º	Ý	‹ ��	ð	Ñ 
	Œ	á ��	Œ	æ	–	•	™	• ��	ä	ò	Ê	²	–	Þ	Ý ��	‘	­	ë	Œ	ž	á ��	”	å	Œ	Ù ��	ã	…	ë ��������	Œ	é	Œ	æ	–	•	™	• ��	Ø	Ý	© ��	ã	ë	§ ��������	Œ	á	ë ��	ä	ò	Ê	²	• ��	~	‹	®	•	õ	‹ ��	”	å	Œ	Ù ��	ã	†	Ñ ��	È	•	‹	¬	Ý	‹ 
	ð	–�Ö	Ý	‹ ��	~	‹	®	•	õ	Œ	• ��	È	Á	Œ	Ö	–	Ý	‹ ��	‹	ª	é ��	ð	Ñ ��	ä	ò	–	Þ	Ý	‹ ��	ä	ò	–	ñ	ë	‹	®	Ý	‹ ��	¬	Î	¹	• ��	Ì	Þ	•	á ��	‹	ª	é ��	ã	†	Ñ ��	ä	ò	å	Œ	â	™	ë ��	’	‰	Œ	á ��	î	Ý	… ��	Œ	é	¨	Ê	• ��	î	Ö	•	ñ 
111	Œ	â	á ��	ç	Œ	æ	–	•	™	• ��	Œ	á	ë ��	è	æ	ò	Ê	• ��	~	‹	®	•	õ	‹ ��	ä	á ��	ç	Œ	æ	–	•	™	• ��	Œ	á ��	Ð�Ö	Ê	¾	å ���Ö	à	™ ��	‹	~	®	• ��	ã	ì	Ê	²	• ��	’	â	‰	Œ	Õ ��	‘	¨	¡	‹	ë ��	’	ñ	ë	‹	­ ��	Œ	ê	• 
	’	•	²	å ���Ö	ï	‚	Ñ ��	‘	¬	‰	‹	¨	Ý	‹ ��	ð	Ñ ��	ð	–�Ö	Ý	‹ ��	«	Œ	•	ë	õ	‹ ��	Û	ë	¨	• ��	ð	Ñ ��	è	Þ	¥	¨	å	ë ��	ä	ò	å	Œ	â	™	ë ��	’	‰	Œ	á ��	î	Ý	… ��	ä	ò	Ê	²	–	Ý	‹ ��	¨	Ê	• ��	î	Ö	•	ñ ��	Œ	á ��	ì	é 
	î	Ý	… ��	’	ò	Õ	Œ	•	Ý	‹ ��	¯	ì	Ö	Ý	‹ ��	¬�Ö	•	ì	ñ ��	ï	ª�Ö	Ý	‹ ���Ö	À	¦	Ý	‹ ��	î	Ý	… ��	’	Ò�Ö	Ê	¾	â	Ý	‹ ��	~	‹	®	•	õ	‹ ��	¯	ì	Õ ��	¬�Ö	•	ì	ñ ��	ï	ª�Ö	Ý	‹ ��	à	ò	Ö	–	²	â	Ý	‹ ���Ö	À	¦	Þ	Ý ��	”	å	Œ	Ù 
	Ü	•	Õ ��	ä	á ��	Û	ì	Â	Ý	‹ ��	ð	Ñ ��	¬	Æ	æ	â	Ý	‹ ��	Ï	ú	–	¥	‹ ��	î	Ý	… ��	»	¬	Ê	Ý	‹ ��	ð	Ñ ��	¬	Æ	æ	â	Ý	‹ ��	Ï	ú	–	¥	‹ ��	’	•	²	å ��	ð	Ö	•	Ñ ��	‘	¬	‰	‹	¨	Ý	‹ ��	Ð	º	å 
	Ð	É	Œ	¾	ò	Ñ ��113	ã	Œ	Õ	¬	Ñ ��	’	â	ò	Ö	–	²	â	Ý	‹ ��	¿	ì	Â	¦	Ý	‹ ��	ä	ò	•	ë ��	è	æ	ò	• ��	°	ò	Þ	Ñ ��112	’	ò	Ý	ë	¨	Ý	‹ ��	ð	²	Õ ��	ä	á ��	ç	«	‹	¨	Ö	á ��	‹	ª	é ��	ã	Œ	Ù ��	Œ	á ��	ã	• 
	à	±	¬	• ��	ð	–�Ö	Ý	‹ ��	î	â	Æ	Ê	Ý	‹ ��	‘	¬	‰	‹	¨	Ý	‹ ��	ð	Ñ ��	¨	•	ì	ñ ��	ï	ª�Ö	Ý	‹ ��	¬	Æ	æ	â	Ý	‹ ��	Ï	ú	–	¥	Œ	• ��	Œ	ê	‰	‹	­	†	• ��	ð	–�Ö	Ý	‹ ��	’	â	ò	Ö	–	²	â	Ý	‹ ��	¿	ì	Â	¦	Ý	‹ ��	§	¨	É 
	ä	ñ	§	¨	Ê	Ý	‹ ��	ä	á ��	¨	¡	‹	ë ���Ö	Ü	Ù ��	ä	ñ	¬	¶	É	ë ��	’	‰	Œ	á ��	î	Þ	É ��	È	â	–	•	‹ ��	Œ	á ��	à	²	Ö	ñ	ë ��114	¯	•	¬	Ý	‹ ��	”	â	± ��	î	Þ	É ��	ð	–�Ö	Ý	‹ ��	’	Â	Ö	æ	Ý	Œ	• ��	‘�Ö	§	Œ	á 
	ß	ì	²	Ö	â	Ý	‹ ��	§	¨	Ê	Ý	‹ ��	Ž	²	¡ ��	î	Þ	É ��	¬	Æ	æ	â	Ý	‹ ��	Ï	ú	–	¥	‹ ��	ì	ê	Ñ ��	’	â	²	Ö	Ý	‹ ��	¨	æ	É ��	~	‹	®	•	õ	‹ ��115	ä	á ��	Ü	º	¡ ��	Œ	â	Ñ ��	è	Ý	Œ	ò	¡ ��	î	Þ	É 
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	Ï	ë	¬	Ê	â	Ý	‹ ��	¯	ì	ò	â	Þ	Â	• ��	•	Œ	–	Ù ��	Ÿ	¬	¶	• ��	Œ	á	ì	±	ì	á ��	ð	•	‹	«	Œ	Ò	Ý	‹ ��	¬	º	å ��	ð	•	• ��	Ü	½	Œ	Ò	Þ	Ý ��	Œ	•	Œ	–	Ù ��	“	¬	Æ	å ��	”	æ	Ù 
	Ü	º	Ò	Ý	‹ ��	~	Œ	•	å	‹ ��	î	Ý	… ��	”	ò	ê	–	å	‹ ��	˜	ò	¢	• ��	è	ò	å	Œ	Ê	â	• ��	à�Ö	ê	Ò	–	Ý	‹	ë ��	~	Œ	Ò	¹�Úل	‹ ���Ö	Ô	¡ ��	Œ	ò	Ñ	ì	–	²	á ��	è	–	¢�Ö	Ò	º	–	Ñ ��	ð	Â	²	ž	â	Ý	Œ	• 
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�(�Q�J�O�L�V�K���W�U�D�Q�V�O�D�W�L�R�Q��

�1�R�Z�� �L�W�� �U�H�P�D�L�Q�V�� �W�R�� �H�[�W�U�D�F�W�� �I�R�U�� �W�K�D�W�� �N�Q�R�Z�Q�� �S�D�U�D�O�O�D�[�� ���H�Mḥ�H�Qā�E �@�K���L�@�Mẓ�@�Q���� �W�K�H��
�O�D�W�L�W�X�G�L�Q�D�O�� �S�D�U�D�O�O�D�[�� ���H�Mḥ�H�Qā�E �@�K���L�@�Mẓ�@�Q �Eī l-�ò�@�Qḍ���� �D�Q�G�� �W�K�H�� �O�R�Q�J�L�W�X�G�L�Q�D�O�� �S�D�U�D�O�O�D�[��
���H�Mḥ�H�Qā�E �@�K���L�@�Mẓ�@�Q �Eī �K��ṭū�K������ �7�K�H�� �P�H�D�Q�V�� �I�R�U�� �W�K�D�W�� �D�U�H�� �W�K�D�W�� �Z�H�� �W�D�N�H�� �W�K�R�V�H�� �H�T�X�L-
�Q�R�F�W�L�D�O�� �K�R�X�U�V�� �W�K�H�P�V�H�O�Y�H�V���� �R�U�� �W�K�H�� �>�V�H�D�V�R�Q�D�O�@�� �K�R�X�U�V�� �D�Q�G�� �Z�K�D�W�� �>�G�L�I�I�H�U�H�Q�F�H�@�� �R�F�F�X�U�V��
in them. These are the distance of the moon from the circle of the meridian in 
�W�K�D�W�� �V�D�P�H�� �W�D�E�O�H�� �L�Q�� �Z�K�L�F�K�� �Z�H�� �K�D�G�� �H�Q�W�H�U�H�G�� �W�K�R�V�H�� �K�R�X�U�V�� �>�D�O�U�H�D�G�\�� �E�H�I�R�U�H�@��
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�(�Q�J�O�L�V�K�� �W�U�D�Q�V�O�D�W�L�R�Q��
�:�H�� �F�R�Q�I�L�U�P�H�G���W�K�H���S�R�V�L�W�L�R�Q���R�I�� �W�K�H���P�R�R�Q���L�Q���D�O�O���G�L�U�H�F�W�L�R�Q�V�� �L�Q���W�K�D�W���K�R�X�U�� �D�Q�G���Z�L�W�K��
�L�W�V�� �S�D�U�D�O�O�D�[�� ���V�@���A�H���Mḥ�H�Qā�E�H �L�@�Mẓ�@�Q�H�G�H����

�"�D�L�O�P�X�M�F�E�H�F�N�F�O�U

�,�� �W�K�D�Q�N�� �6�R�Q�M�D�� �%�U�H�Q�W�M�H�V�� �I�R�U�� �K�H�U�� �Y�D�O�X�D�E�O�H�� �V�X�J�J�H�V�W�L�R�Q�V�� �D�Q�G�� �1�D�W�D�O�L�D�� �%�D�F�K�R�X�U�� �I�R�U�� �K�H�U�� �K�H�O�S�� �L�Q��
�U�H�D�G�L�Q�J�� �D�� �G�L�I�I�L�F�X�O�W�� �S�D�V�V�D�J�H�� �L�Q�� �W�K�H�� �0�D�V�K�K�D�G�� �0�6��

�#�J�C�M�J�P�H�S�B�Q�I�Z

�$�P�L�Q�U�D�]�D�Y�L���� �0�H�K�G�L����The Wine of Wisdom. The Life����Poetry and Philosophy of Omar 
Khayyam���� �2�[�I�R�U�G���� �2�Q�H�Z�R�U�O�G���� ����������

�D�O���%�ì�U�,�Q�ì���� �$�E�,�� �5�D�\�æ�Â�Q�� �0�X�æ�D�P�P�D�G�� �L�E�Q�� �0�X�æ�D�P�P�D�G�����@�K���0���M�T�M�T�ñl-Mas�ò�>�C� �� ���"�@�M�N�M��
Masudicus). An Encyclopaedia of Astronomical Sciences���� �� �Y�R�O�V���� �+�\�G�H�U�D�E�D�G���� �2�V�P�D-
�Q�L�D�� �2�U�L�H�Q�W�D�O�� �3�X�E�O�L�F�D�W�L�R�Q�V�� �%�X�U�H�D�X���� ���������…����������

�&�K�D�U�H�W�W�H���� �)�U�D�Q�¨�R�L�V���� �D�Q�G�� �3�H�W�U�D �*���� �6�F�K�P�L�G�O���� �‡�$�O���.�K�Z�Â�U�L�]�P�ì�� �D�Q�G�� �3�U�D�F�W�L�F�D�O�� �$�V�W�U�R�Q�R�P�\�� �L�Q��
�1�L�Q�W�K���&�H�Q�W�X�U�\�� �%�D�J�K�G�D�G���� �7�K�H�� �(�D�U�O�L�H�V�W�� �(�[�W�D�Q�W�� �&�R�U�S�X�V�� �R�I�� �7�H�[�W�V�� �L�Q�� �$�U�D�E�L�F�� �R�Q�� �W�K�H��
�$�V�W�U�R�O�D�E�H�� �D�Q�G�� �2�W�K�H�U�� �3�R�U�W�D�E�O�H�� �,�Q�V�W�U�X�P�H�Q�W�V� �̂���SCIAMVS� � � �   � �� �� �� �� �� �� �� � �S�S� �   � �� �� ��…� �� �� �

�'�D�æ�U�,�M�����ò�$�O�ì�����,�T�l�@�L�L�@�C A�ò�K�� ibn �ò� �K�  �@�K���3�@�G���M�@�V� . �*�@�R�G�R�G���E �H�n�p�H�K�@�l���S �@�K���E�T�M�>�M���� �%�D�\�U�,�W����
�0�D�N�W�D�E�D�W�� �/�X�E�Q�Â�Q�� �1�Â�V�K�L�U�,�Q���� ����������

�'�R�G�J�H���� �%�D�\�D�U�G����The Fihrist �N�E�� �@�K���-�@�C� �L�
�� �  �3�D�M�S�G���"�D�M�S�T�Q�X�� �2�T�Q�U�D�X of Muslim Culture�� 
���� �Y�R�O�V���� �1�H�Z�� �<�R�U�N���/�R�Q�G�R�Q���� �&�R�O�X�P�E�L�D�� �8�Q�L�Y�H�U�V�L�W�\�� �3�U�H�V�V���� ����������

117 �0�6 �0�D�V�K�K�D�G���� �+�R�O�\�� �6�K�U�L�Q�H�� �/�L�E�U�D�U�\���� ������������ �S�� ������
������ �0�6 �7�H�K�U�D�Q���� �0�D�M�O�L�V�� �/�L�E�U�D�U�\���� ������������ �I�R�O�� �����Y��



136	 �-�2�+�$�1�1�(�6�� �7�+�2�0�$�1�1

�*�R�O�G�V�W�H�L�Q���� �%�H�U�Q�D�U�G�� �5������ �E�R�R�N�� �U�H�Y�L�H�Z�� �R�I�� �)�X�D�W�� �6�H�]�J�L�Q����Geschichte des arabischen Schrift-
tums���� �Y�R�O�� �9�,����Astronomie bis ca. 430 H.����Isis� � � �� �� � � �� �� �� �� �� �� �� � �S�S� �   � �� �� ��…� �� �� �

�*�U�X�S�H���� �'�L�U�N���� �‡�7�K�H�� �Š�7�K�Â�E�L�W���9�H�U�V�L�R�Q�‹�� �R�I�� �3�W�R�O�H�P�\� �̂V��Almagest�� �L�Q�� �0�6 �'�U�H�V�G�H�Q�� �'�E������� �̂���
Suhayl� � � �� �� � � �� �� �� �� �� �� �� � �S�S� �   � �� �� ��…� �� �� �

�+�D�V�N�L�Q�V���� �&�K�D�U�O�H�V�� �+�R�P�H�U����The Renaissance of the Twelfth Century���� �&�D�P�E�U�L�G�J�H�� ���0�D�V�V��������
�+�D�U�Y�D�U�G�� �8�Q�L�Y�H�U�V�L�W�\�� �3�U�H�V�V���� ����������

�+�H�L�E�H�U�J���� �-�R�K�D�Q�� �/�X�G�Y�L�J����Syntaxis mathematica���� �� �Y�R�O�V���� �/�H�L�S�]�L�J���� �7�H�X�E�Q�H�U���� ���������…����������
�>Claudii Ptolemaei opera quae exstant omnia���� �Y�R�O���� �,�@��

�-�D�Q�R�V���� �'�D�P�L�H�Q���� �‡�$�O���)�Â�U�Â�E�ì�� �R�Q�� �W�K�H�� �0�H�W�K�R�G�� �R�I�� �$�V�W�U�R�Q�R�P�\� �̂���Early Science and Medicine 15 
���������������� �S�S�� �������…������

�-�D�Q�R�V���� �'�D�P�L�H�Q����Method����Structure����and Development in �@�K���%���Q���A� �w�R Cosmology���� �/�H�L�G�H�Q����
�%�U�L�O�O���� ����������

�.�H�Q�Q�H�G�\���� �(�G�Z�D�U�G�� �6������ �‡�3�D�U�D�O�O�D�[�� �7�K�H�R�U�\�� �L�Q�� �,�V�O�D�P�L�F�� �$�V�W�U�R�Q�R�P�\� �̂���Isis� � � �� �� � � �� �� �� �� �� �� �� � �S�S� �   � �� ��…� �� �� �

�.�H�Q�Q�H�G�\���� �+�X�J�K����An Historical Atlas of Islam���� �/�H�L�G�H�Q���� �%�U�L�O�O���� ���������� �>�V�H�F�R�Q�G���� �U�H�Y�L�V�H�G�� �H�G�L-
�W�L�R�Q�� �R�I�� �W�K�H�� �D�W�O�D�V�� �E�\�� �:�L�O�O�L�D�P �&���� �%�U�L�F�H�� �R�I�� ���������@��

�.�X�Q�L�W�]�V�F�K���� �3�D�X�O����Der Almagest. Die Syntaxis mathematica des Claudius Ptolemäus in 
arabisch-lateinischer Überlieferung���� �:�L�H�V�E�D�G�H�Q���� �+�D�U�U�D�V�V�R�Z�L�W�]���� ����������

�.�X�Q�L�W�]�V�F�K���� �3�D�X�O����Ibn �@�n���m�@�K���l�
�� �9�T�Q�� �*�Q�H�S�H�J�� �C�D�Q�� �*�N�N�Q�C�H�M�@�S�D�M�Ù�A�D�Q�K�H�D�E�D�Q�T�M�F�� �H�L�� �2�S�D�Q�M�J�@�S�@�K�N�F��
des Almagest. Arabischer Text nebst deutscher Übersetzung, Einleitung und Anhang����
�*�·�W�W�L�Q�J�H�Q���� �9�D�Q�G�H�Q�K�R�H�F�N�� �	�� �5�X�S�U�H�F�K�W���� ����������

�.�X�Q�L�W�]�V�F�K���� �3�D�X�O����Claudius Ptolemäus. Der �2�S�D�Q�M�J�@�S�@�K�N�F des Almagest. Die arabisch-mit-
telalterliche Tradition���� ���� �Y�R�O�V���� �:�L�H�V�E�D�G�H�Q���� �+�D�U�U�D�V�V�R�Z�L�W�]���� ���������…����������

�.�X�Q�L�W�]�V�F�K���� �3�D�X�O���� �‡�$�� �+�L�W�K�H�U�W�R�� �8�Q�N�Q�R�Z�Q�� �$�U�D�E�L�F�� �0�D�Q�X�V�F�U�L�S�W�� �R�I�� �W�K�H�� �$�O�P�D�J�H�V�W� �̂���Zeitschrift 
�E�Ù�Q Geschichte der arabisch-islamischen Wissenschaften� � � �� �� � � �� �� �� �� �� �� �� � �S�S� �   � �� ��…� �� �� �

�/�D�Q�H���� �(�G�Z�D�U�G�� �:�L�O�O�L�D�P����An Arabic-English Lexicon���� �/�R�Q�G�R�Q���� �:�L�O�O�L�D�P�V�� �D�Q�G�� �1�R�U�J�D�W�H����
���������…����������

�/�L�S�S�H�U�W���� �-�X�O�L�X�V����Ibn �@�K���0�H�E�p� �w�R Ta�ñ�Q� �x �@�K���l�T�J�@�L������ �/�H�L�S�]�L�J���� �'�L�H�W�H�U�L�F�K���� ����������

�/�R�U�F�K���� �5�L�F�K�D�U�G���� �‡�,�E�Q�� �D�O�����D�O�Â�æ� �̂V�� �7�U�H�D�W�L�V�H�� �R�Q�� �3�U�R�M�H�F�W�L�R�Q���� �D�� �3�U�H�O�L�P�L�Q�D�U�\�� �6�X�U�Y�H�\� �̂��� �L�Q�� �0�H�Q�V�R��
�)�R�O�N�H�U�W�V�� �D�Q�G�� �5�L�F�K�D�U�G�� �/�R�U�F�K�� ���H�G�V������Sic itur ad astra. Studien zur Geschichte der 
�,�@�S�G�D�L�@�S�H�J���T�M�C���-�@�S�T�Q�V�H�R�R�D�M�R�B�G�@�E�S�D�M�
���%�D�R�S�R�B�G�Q�H�E�S���E�Ù�Q���C�D�M��� �Q�@�A�H�R�S�D�M���/�@�T�K���*�T�M�H�S�Y�R�B�G 
zum 70. Geburtstag���� �:�L�H�V�E�D�G�H�Q���� �+�D�U�U�D�V�V�R�Z�L�W�]���� ������������ �S�S�� �������…������
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1.  Introduction

�6�L�Q�F�H�� �3�D�X�O�� �.�X�Q�L�W�]�V�F�K� �̂V�� �J�U�R�X�Q�G���E�U�H�D�N�L�Q�J�� �V�W�X�G�\�� �R�I�� �W�K�H�� �$�U�D�E�L�F�� �D�Q�G�� �/�D�W�L�Q�� �W�U�D�Q�V��
�P�L�V�V�L�R�Q�� �R�I�� �&�O�D�X�G�L�X�V�� �3�W�R�O�H�P�\� �̂V��Syntaxis��mathematica���� �E�H�W�W�H�U�� �N�Q�R�Z�Q�� �E�\�� �L�W�V�� �$�U�D��
�E�L�F�� �W�L�W�O�H����Almagest���� �L�W�� �K�D�V�� �E�H�H�Q�� �W�K�H�� �F�R�P�P�R�Q�� �E�H�O�L�H�I�� �R�I�� �K�L�V�W�R�U�L�D�Q�V�� �R�I�� �,�V�O�D�P�L�F�� �V�F�L��
�H�Q�F�H�� �W�K�D�W�� �D�� �W�R�W�D�O�� �R�I�� �I�R�X�U�� �G�L�I�I�H�U�H�Q�W�� �$�U�D�E�L�F�� �Y�H�U�V�L�R�Q�V�� �R�I�� �W�K�H��Almagest�� �Z�L�W�K�� �Q�R�W�D�E�O�H��
�L�Q�I�O�X�H�Q�F�H�� �Z�H�U�H�� �S�U�R�G�X�F�H�G�� �G�X�U�L�Q�J�� �W�K�H�� �Q�L�Q�W�K�� �F�H�Q�W�X�U�\�� �D�V�� �S�D�U�W�� �R�I�� �W�K�H�� �$�U�D�E�L�F�� �D�F�T�X�L��
�V�L�W�L�R�Q�� �R�I�� �+�H�O�O�H�Q�L�V�W�L�F�� �D�V�W�U�R�Q�R�P�\������ �7�K�H�� �N�H�\�� �Z�L�W�Q�H�V�V�� �I�R�U�� �W�K�L�V�� �D�V�V�X�P�S�W�L�R�Q�� �K�D�V�� �E�H�H�Q��
�D�� �U�H�S�R�U�W�� �I�U�R�P�� �W�K�H�� �W�Z�H�O�I�W�K�� �F�H�Q�W�X�U�\�� �E�\�� �W�K�H�� �S�K�\�V�L�F�L�D�Q�� �,�E�Q�� �D�O�����D�O�Â�æ�� ���G�� �������� CE����
�'�D�P�D�V�F�X�V������ �$�O�W�K�R�X�J�K�� �R�W�K�H�U���� �S�D�U�W�O�\�� �G�H�Y�L�D�W�L�Q�J�� �D�F�F�R�X�Q�W�V�� �R�Q�� �$�U�D�E�L�F�� �Y�H�U�V�L�R�Q�V�� �R�I��
�W�K�H��Almagest�� �Z�H�U�H�� �N�Q�R�Z�Q���� �.�X�Q�L�W�]�V�F�K�� �J�D�Y�H�� �W�K�H�� �P�R�V�W�� �F�U�H�G�L�E�L�O�L�W�\�� �W�R�� �,�E�Q�� �D�O�����D�O�Â�æ����
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Ut scierimus duorum arcuum duas cordas circuli alicuius, corda superhabundantis 
quod est inter duos arcus nobis scietur��

Sit��medietas��circuli��ABcD����sitque��diametrum��ipsum��AD����sintque��prescite��due��corde��AB Ac��

Excopulemus��lineam��Bc��

Dico��quia��Bc��scietur��

Racio.��Copulabimus��enim��duas��lineas��BD cD����sed��est��manifestum��quia��ipse��due��linee��
sunt��prescite����Diximus namque quia quando fuerit alicuius arcus corda prescita,��corda��
minoritatis��illius��arcus��a��medietate��circuli��erit��scita����Et��ipse��circulus��est��circuicio��fig-
ure��quatuor��laterum��et��est��figura��ABcD��unde��quod��est��ex��multiplicacione��AB��in��cD��et��
quod��est��ex��multiplicacione��AD��in��Bc��est��equale��ei��quod��ex��multiplicacione��Ac��in��BD��hoc��
quod est ostensum in figura huic precedenti����Et��quod��est��ex��multiplicacione��AB��in��cD��est��
prescitum��et��quod��est��ex��multiplicacione��Ac��in��BD��est��prescitum����Igitur��remanet��quod��est��
ex��multiplicacione��AD��in��Bc��scitum��et��diametrum��AD��est��prescitum����igitur��Bc��est��scita��

Igitur��cum��fuerint��due��corde��duorum��arcuum��alicuius��circuli��prescite����corda��super-
habundantis��quod��est��inter��ipsos��duos��arcus��erit��scita��

Et hoc est <quod> demonstrare voluimus.
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Racio����Sit��centrum��circuli��D��et��copulemus��cB��DA��et��faciamus��exire��rectas��utrasque��
Aut��enim��erunt��paralellice��nusquam��convenientes��aut��erunt��sibi��obviantes��
Si vero sunt paralellice erit arcus AB medietas diminucionis arcus Bc presciti de medi-
etate circuli, ideoque est scitus.
Sed��si��non��sunt��due��linee��DA Bc��paralellice����sint��sibi��obviantes��super��punctum��e� � � ’
�>�F�R�Q�W�L�Q�X�H�V�� �Z�L�W�K�� �D�� �G�L�V�F�X�V�V�L�R�Q�� �R�I�� �W�K�H�� �‡�I�L�U�V�W�ˆ�� �F�D�V�H�� �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �3�W�R�O�H�P�\�@
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Revamping Ptolemy’s Proof for the Sphericity of the  
Heavens: Three Arabic Commentaries on Almagest I.3

Y. Tzvi LANgERMANN

1.  Introduction

In this project I finally return to one of my first projects in the history of 
science, one that I now know to have been constructed on false premises. The 
project was to search commentaries on the Almagest in order to see if and how 
thinkers may have challenged head on the cosmological principles that Ptolemy 
enunciates at the beginning of his work — the six principles, including the 
spherical shape of the cosmos and the rotation of the heavens about a fixed 
earth — that form the core of the so-called Ptolemaic system. But I should 
have known better; I  had already learned from Thomas Kuhn that the Ptole-
maic system was undermined not by a frontal assault on its basic principles, but 
rather by the painstaking efforts of astronomers to solve various specific, tech-
nical issues which resisted solution; and when this simply could not be done, 
the path to alternative models was opened. I  know that Kuhn and his philos-
ophy are now a very elaborate field of study, whose intricacies and complexities 
are beyond my comprehension. Nonetheless, as a simple historian I retain the 
insights I gained from Kuhn, and in the course of decades of research I see 
them hold well for cultural contexts (Islamic and Jewish) that he did not study.

The second false premise concerns the nature of the commentary in medi-
eval Islamicate civilization.1 It was expressly not a vehicle for criticism, but 
rather for elucidating issues that the author had not explained well enough (in 
the view of the commentator). This conception of the genre is elaborated by 
Maimonides in the introduction to his commentary on Hippocrates’ Apho-
risms. Maimonides observes:

‘If most of what the book contains is in error, then the later composition 
which exposes those confusions is called radd [“rejection”, “retort”], rather than 
�R�G�@�Q�l [commentary]’.2 Hence, a commentary would not be the place to present 
a rejection of Ptolemy’s cosmological principles.

1  Wisnovsky, ‘The Nature and Scope’, pp. 149–91. Jamil Ragep made excellent use of sev-
�H�U�D�O�� �F�R�P�P�H�Q�W�D�U�L�H�V�� �W�R�� �D�O�����,�V�ì� �̂V��Tadhkira in his �-�@�n� �Q �@�K���#� �M �@�K���o�>�R� �w�R Memoir.

2  I translate from the Judaeo-Arabic text in Kafih, Iggerot, p. 143.

�/�S�N�K�D�L�X�w�R�� �2�B�H�D�M�B�D�� �N�E�� �S�G�D�� �2�S�@�Q�R�� �H�M�� �S�G�D�� �,�H�C�C�K�D�� � �F�D�R, ed. by David Juste, Benno van Dalen, Dag Nikolaus Hasse and 
Charles Burnett, PALS 1 (Turnhout, 2020), pp. 159–180
© F  H  G 	 10.1484/M.PALS-EB.5.120178
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With some adjustments, though, my project may still yield some informa-
tion of interest. To begin with, it seems that writers of commentaries did not 
view the literary categories to be as rigid as Maimonides describes them. Fakhr 
�D�O���'�ì�Q�� �D�O���5�Â�]�ì�� �V�K�D�U�S�O�\�� �F�U�L�W�L�F�L�]�H�G�� �,�E�Q�� �6�ì�Q�Â�� �L�Q�� �K�L�V�� �F�R�P�P�H�Q�W�D�U�L�H�V�� �W�R���@�K���(�R�G���Q���S 
and �@�K���0���M�>�M �E�  �@�K���o�H�A�A.3 In his commentary on the Almagest, Ibn al-Hay-
tham says clearly that he will be both a commentator (�L�T�E�@�R�R�H�Q) and a writer 
of a précis (�L�T�K�@�J�G�J�G�H�n).4 In the lists of his writings that same work is called 
�3�@�G�C�G� �A �@�K���,�@�I�H�R�p� , ‘The Improvement of the Almagest’, and �2�G�@�Q�l �@�K���,�@�I�H�R�p�  
�V�@���S�@�K�J�G� �n�T�G�T, ‘Commentary and Summary of the Almagest’.5 Ibn al-Haytham 
refers more than once to the multifarious nature of his exposition. Even if 
commentaries (in the limited sense of the term) do not take issue with Pto-
lemy, they will critically engage other commentaries; Ibn al-Haytham will do 
�W�K�L�V�� �Z�L�W�K�� �D�O���1�D�\�U�ì�]�ì��

More importantly, as a member of the so-called ‘academy’ I need not be 
beholden to the medieval Arabic literary conception of the commentary. 
Instead, I will operate on the basis of a wider understanding of the genre, and 
I will include in my presentation works that in one way or another present 
the Almagest or parts of it, restating Ptolemy’s remarks, reorganizing them, and 
also criticizing them.

In this paper I will confine myself to just one of the cosmological princi-
ples, the sphericity of the heavens, which Ptolemy presents in Almagest I.3 and 
offers arguments on its behalf. The chapter in the Almagest bears the title (in 
Toomer’s translation, bracketed), ‘That the heavens move like a sphere’. Toomer 
remarks that the chapter titles in Greek are all interpolations; Ptolemy did not 
use any chapter divisions at all.6 Even so, the chapter title in Arabic does not 
�U�H�I�O�H�F�W�� �W�K�H�� �*�U�H�H�N�� �L�Q�W�H�U�S�R�O�D�W�L�R�Q���� �,�Q�� �W�K�H�� �,�V�æ�Â�T���7�K�Â�E�L�W�� �Y�H�U�V�L�R�Q�� �R�I�� �W�K�H�� �$�U�D�E�L�F����
Ptolemy announces here two topics (I consulted MS  Paris, BnF, arabe 2482): 
�(�M�M�@ �@�K���R�@�L���ñ �J�T�Q�H�X�X�@�S �T�M �V�@���l�@�Q�@�J�@�S�T�G�� �@�X�r�@�M �J�T�Q�H�X�X�@�S �T�M ‘That the heavens 
are spherical and that their motion is also spherical’.7 On the other hand, the 

3  Langermann, ‘Criticism of Authority’.
4  The passage will be cited in full below. Concerning this commentary see Sezgin, �&� �2 VI, 

p. 91, no. 19, and the extensive description in Sabra, ‘One Ibn al-Haytham’, pp. 33–39.
5  Sabra, ‘One Ibn al-Haytham’, p.  33. For some reason, Sabra translates �S�@�G�C�G� �A as ‘com-

mentary’.
6  Toomer, �/�S�N�K�D�L�X�w�R Almagest, p.  5. Kunitzsch, Der Almagest, pp.  130–35, discusses the 

naming of the sections of the book in Arabic (�L�@�P���K�@, qawl, �M�@�V�v) and exhibits the incipits 
of some sections of Book I; however, he does not address the chapter titles that are found in 
Arabic. I  know of only one study of the Hebrew versions, which were translated from the Ar-
abic: Zonta, ‘La tradizione Ebraica’, pp. 325–50. Zonta finds that the translator Jacob Anatoli 
would consult the Latin version of Gerard of Cremona when tackling difficult passages.

7  The Arabic text has not been edited; the Paris text that I utilized is Kunitzsch’s manu-
script q���� �D�� �0�D�J�K�U�H�E�L�� �F�R�S�\�� �R�I�� �W�K�H�� �,�V�æ�Â�T���7�K�Â�E�L�W�� �Y�H�U�V�L�R�Q�� �G�D�W�H�G�� ������������������ �Z�K�L�F�K�� �K�H�� �G�H�V�F�U�L�E�H�V�� �R�Q��
pp. 42–43.
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�W�L�W�O�H�� �L�Q�� �W�K�H�� �å�D�M�M�Â�M�� �Y�H�U�V�L�R�Q�� �V�W�D�W�H�V�� �D�� �S�U�R�E�O�H�P�� �W�R�� �E�H�� �V�R�O�Y�H�G�����*�@�X�E�@ yu�òlamu �@�M�M�@ 
�l�@�Q�@�J�@�S�T �@�K���R�@�L���ñi �J�T�Q�H�X�X�@�S �T�M�� 8 ‘How is it known that the motion of the 
heaven is spherical?’ These differences in the headings already suggest different 
understandings as to what the chapter sets out to accomplish.

The present foray will be limited to three commentaries, in the wider sense 
�R�I�� �W�K�H�� �W�H�U�P���� �W�K�D�W�� �R�I�� �,�E�Q�� �D�O���+�D�\�W�K�D�P���� �D�O�U�H�D�G�\�� �P�H�Q�W�L�R�Q�H�G���� �W�K�H�� �Z�R�U�N�� �R�I�� �-�Â�E�L�U��
�L�E�Q�� �$�I�O�D�æ���� �Z�K�L�F�K�� �V�K�R�X�O�G�� �S�U�R�E�D�E�O�\�� �E�H�� �F�R�Q�V�L�G�H�U�H�G�� �W�R�� �E�H�� �E�R�W�K�� �D�Q�� �H�S�L�W�R�P�H�� �D�Q�G��
�D�� �F�U�L�W�L�T�X�H�� �R�U�� �‡�F�R�U�U�H�F�W�L�R�Q�ˆ�� ���H�n�K���l); and the section on Ptolemy’s ‘cosmological 
�S�U�L�Q�F�L�S�O�H�V�ˆ�� �D�W�� �W�K�H�� �E�H�J�L�Q�Q�L�Q�J�� �R�I�� �$�E�,�� �5�D�\�æ�Â�Q�� �D�O���%�ì�U�,�Q�ì� �̂V���@�K���0���M�>�M al-Mas�ò�>�C� . 
Inspection of additional commentaries, and especially the untouched Hebrew 
commentarial tradition, must be left for another occasion.

2.  Ibn Al-Haytham (965–1040)

�,�E�Q�� �D�O���+�D�\�W�K�D�P� �̂V�� �F�R�P�P�H�Q�W�D�U�\�� �L�V�� �S�U�H�V�H�U�Y�H�G�� �X�Q�L�T�X�H�O�\�� �L�Q�� �0�6 �,�V�W�D�Q�E�X�O���� �7�R�S�N�D�S�L��
Library, Ahmet  III 3329; the codex contains other commentaries as well. Ibn 
al-Haytham introduces his commentary with a relatively long essay in which he 
has some interesting things to say about the Almagest, the genre and tradition 
of the commentary, the way astronomy was studied in his own day, and the 
envisioned contribution of his work, which, as noted, is both a commentary 
and an epitome. Note in particular Ibn al-Haytham’s criticism of the commen-
�W�D�U�\�� ���D�W�� �S�U�H�V�H�Q�W�� �F�R�Q�V�L�G�H�U�H�G�� �O�R�V�W���� �R�I�� �D�O���1�D�\�U�ì�]�ì��9 to some degree his commentary 
was meant to be a better alternative to that of his predecessor. I present here a 
liberal citation from his preface:10

[38v] I have found that the main intent of all who have commented upon this book 
has been to explicate the ways of computation and their ramifications, as well as not-
ing other aspects that Ptolemy did not take notice of, without, however, shedding 
�O�L�J�K�W�� �R�Q�� �W�K�R�V�H�� �F�R�Q�F�H�S�W�V�� �W�K�D�W�� �D�U�H�� �R�E�V�F�X�U�H�� �W�R�� �W�K�H�� �E�H�J�L�Q�Q�H�U���� �$�O���1�D�\�U�ì�]�ì�� �G�L�G�� �V�R�P�H�W�K�L�Q�J��
like this, burdening his book by greatly increasing the examples of the computational 
methods, and placing in this his hope for glorification and honor for what he writes.
Therefore, I have seen it fit in commenting on this book to give an account in which 
my main approach is to facilitate for students the understanding of those concepts 
(ma�ò���M� ) that are subtle. I add to it some commentary that appertains to the compu-
tation of the astronomical tables (�Y� �I/�@�Y�X���I), things that were neglected by Ptolemy. 
In omitting to mention them he was being concise, relying upon commendable minds 
to derive (�H�R�S�H�J�G�Q���I) them. The principles which Ptolemy did record in his book are 

8 �0�6 �/�R�Q�G�R�Q�����%�/�����$�G�G�����������������I�R�O�� ���D�����R�Q�O�L�Q�H���D�W�����K�W�W�S�������Z�Z�Z���T�G�O���T�D���H�Q���D�U�F�K�L�Y�H���������������Y�G�F�B 
100023514339.0x000011>, visited 25 May 2016.

9 �2�Q�� �W�K�H�� �F�R�P�P�H�Q�W�D�U�\�� �R�I�� �D�O���1�D�\�U�ì�]�ì�� �V�H�H�� �6�H�]�J�L�Q�����&� �2 VI, p. 192, no. 4.
10  After having prepared my own translation of this passage, I  found that Sabra had trans-

lated most of it in ‘One Ibn al-Haytham’, p.  35. My translation is much more literal and far 
less elegant than his, but I have decided to nonetheless present here my own version. My single 
disagreement with Sabra is discussed in the following note.
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more than enough [literally: ‘sufficient and enough’] for someone who possesses the 
barest talent to be able to derive them. In doing so I shall be explicating (�L�T�E�@�R�R�H�Q) 
and giving a précis of (�L�T�K�@�J�G�J�G�H�n) the concept about which I intend to speak, bas-
ing [myself] on his words, that is, that which he recorded in the book [called] the 
Almagest. In this way, should the person seeking to know the Almagest hit upon the 
word for that concept, he may refer for commentary (�R�G�@�Q�l) and a précis to what I 
have recorded in this book of mine. Combining the two books [the Almagest and 
my commentary/précis], he will understand it; both the words and the concepts will 
become clear. Indeed, had I done this book the way the commentators to books do, 
which is to cite the word and follow it with an explication of the concept, there 
would have been no benefit in it.11 For then I would have been transcribing a book 
which is famous and available. I  will endeavor to be brief, confidently abandoning 
�S�U�R�O�L�[�L�W�\�� �D�Q�G�� �O�H�Q�J�W�K�L�Q�H�V�V���� �(�O�R�T�X�H�Q�F�H�� ���A�@�K���F�G�@) does not consist in expressing a few 
�F�R�Q�F�H�S�W�V�� �Z�L�W�K�� �P�D�Q�\�� �Z�R�U�G�V���� �,�Q�V�W�H�D�G���� �H�O�R�T�X�H�Q�F�H�� �L�V�� �W�K�H�� �F�O�D�U�L�I�L�F�D�W�L�R�Q�� �R�I�� �P�D�Q�\�� �F�R�Q�F�H�S�W�V��
with measured (�X�@�R� �Q) words, because excessive verbiage leads comprehensions astray, 
and terseness falls short of encompassing the concepts. Moreover, that which this 
commentary and précis records will be by way of proof, as well as solving (�H�J�G�Q���I) 
�I�R�U�� �W�K�D�W�� �Z�K�L�F�K�� �U�H�T�X�L�U�H�V�� �D�� �V�R�O�X�W�L�R�Q�� �E�\�� �F�R�P�S�X�W�D�W�L�R�Q���� �F�R�Q�F�L�V�H�� �U�D�W�K�H�U�� �W�K�D�Q�� �G�U�D�Z�Q�� �R�X�W����
shortening and not lengthening.

�+�D�G�� �,�� �L�Q�V�W�H�D�G�� �G�R�Q�H�� �D�V�� �D�O���1�D�\�U�ì�]�ì�� �G�L�G���� �W�K�H�� �F�R�P�P�H�Q�W�D�U�\�� �Z�R�X�O�G�� �K�D�Y�H�� �E�H�H�Q�� �O�R�Q�J���� �L�Q�G�H�H�G��
it would have become twice [the size] of Ptolemy’s book. It would have made it more 
difficult than obtaining knowledge from [Ptolemy’s] book directly. My sole purpose 
in what I am doing is make knowledge more accessible and practice easier. None-
theless, I  aim for [the same goal] as do most of those who set their minds upon 
knowledge of the Almagest, namely the knowledge by means of which one grasps the 
reasons underlying the operations (a�ò�L���K), which is the [true] subject for the person 
�L�Q�� �T�X�H�V�W�� �R�I�� �W�K�L�V�� �D�U�W���� �0�D�Q�\�� �S�H�R�S�O�H�� �G�R�� �L�W���� �W�K�H�\�� �K�D�Y�H�� �L�Q�W�U�R�G�X�F�H�G�� �D�S�S�U�R�[�L�P�D�W�L�R�Q�V12 that 
facilitate the operations for the practitioners.

Recall that Ibn al-Haytham, even if his ultimate goal is to clarify Ptolemy’s 
text, explicitly rejects the format of citation followed by commentary. In this 
respect, his book has the form of an epitome. In keeping with this plan, the 
chapter of interest (‘On clarifying that the heavens are spherical’, beginning on 
fol. 39v) is, indeed, a newly written chapter that takes as its starting and refer-

11  Sabra here adds in brackets the word ‘without’, which significantly alters the meaning: 
�‡�,�I�� �,�� �K�D�G�� �I�R�O�O�R�Z�H�G�� �W�K�H�� �S�U�D�F�W�L�F�H�� �R�I�� �W�K�H�� �F�R�P�P�H�Q�W�D�W�R�U�V�� �R�I�� �E�R�R�N�V�� �E�\�� �T�X�R�W�L�Q�J�� �W�K�H�� �Z�R�U�G�V�� ���Z�L�W�K�R�X�W����
following them with an explanation…’ This seems to me to be too severe an intervention; 
moreover, do commentators simply cite from the book they are glossing without explaining? 
I believe that Ibn al-Haytham announces here his rejection of the usual form of the commen-
tary, which consists in citing the text (�L�@�S�@�M, often copied in red ink and/or larger letters; Ibn 
al-Haytham eschews that term, using instead �@�K�E���Ÿ, ‘words’) followed by a commentary (�S�@�E�R� �Q). 
Indeed, that form is not employed in his commentary.

12  �3�@�P�Q� �A���S; ‘shortcuts’ is a possible alternative translation.
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ence points the corresponding section of the Almagest. Ibn al-Haytham offers a 
logical, well-organized exposition, drawing alternatively on astronomical, math-
�H�P�D�W�L�F�D�O���� �R�S�W�L�F�D�O�� �D�Q�G�� �S�K�L�O�R�V�R�S�K�L�F�D�O�� �D�U�J�X�P�H�Q�W�V���� �D�V�� �W�K�H�� �L�V�V�X�H�� �P�D�\�� �U�H�T�X�L�U�H��

Ibn al-Haytham begins with a demonstration that the heavens must be a 
body and that this body must maintain a daily rotation about a pole with-
out, however, producing any apparent variation in the sizes of the stars to the 
observer on earth. These considerations (and others, such as the accuracy of 
sundials that are constructed on the basis of a spherical model) lead already to 
the selection of the sphere. Next, a series of subtle philosophical arguments are 
mustered in order to show that the cosmos is the largest body in existence but 
also finite. As such, it will be bounded by a body that ‘encompasses but is not 
encompassed’. Now it remains to show which geometrical shape will give the 
greatest volume for a given surface area. In fact, it has already been shown that 
the cosmos must be a sphere; we are retracing, or, to use an anachronism, we 
are checking this finding by showing that the sphere, in addition to meeting 
�W�K�H�� �R�E�V�H�U�Y�D�W�L�R�Q�D�O�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �W�K�D�W�� �L�W�� �K�D�V�� �D�O�U�H�D�G�\�� �E�H�H�Q�� �V�K�R�Z�Q�� �W�R�� �P�H�H�W���� �Z�L�O�O��
also answer this new demand, i.e., of providing the greatest volume for a given 
surface area. To do this Ibn al-Haytham returns to the cone and the cylinder, 
which had already been rejected on other grounds. He easily shows, on the 
basis of formulae for volumes that were available to him, that for the cone, 
sphere, and cylinder constructed on the same circle, the sphere will have the 
greatest volume.

On the other hand, Ibn al-Haytham totally ignores Ptolemy’s arguments 
against the theory that the stars move in a straight line toward infinity, or that 
they are kindled and extinguished every day. Those ancient theories, which 
Ptolemy had to refute, had no currency in Islamic civilization, and Ibn al-Hay-
tham felt that he could safely ignore them. More generally, Ptolemy’s chapter, 
which has at times the appearance of a series of unconnected arguments, takes 
on a greater deal of coherence, organization, and relevance for the science of 
the period in Ibn al-Haytham’s commentary.

Let us look a bit more closely at some highlights from Ibn al-Haytham’s epit-
ome of the chapter. He first proves that the heavens are a body. His argument 
is that the planets carry out different motions in the east-west and north-south 
directions simultaneously. This can be true only if they are joined to bodies 
that are joined to other bodies. His discussion begins as follows [fol. 39v]:

Now, as for [the statement that] the heavens are spherical, it must have been pre-
ceded by the knowledge that the heavens exist as a body. This is known by means of 
what I shall describe.
That is to say, sensation perceives the corporeal sensibilia through the intermedi-
ary of a certain thing. For example, sensation perceives the body possessing color 
through the intermediary of the color, and sensation perceives the body of the air, 
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which does not possess color, through the intermediary of the propulsion of the sen-
sible body from its place. Now it is apparent to sensation that the swift stars move 
with two motions, one to the west, the other to north and south, [both happening] 
at the same time; but it is not possible for a single body to perform two different 
motions simultaneously. Hence these two motions that belong to the stars must be 
due to that to which they [the stars] are joined. But bodies join one to another only 
by contact, only by body touching body. Hence it is clear to sensation, through the 
intermediary of transpositional motion, that the heavens exist as a body.

Ibn al-Haytham then notes that in their daily rotation, the stars all appear to 
move about a single point, tracing parallel circles that get larger the more one 
moves away from that point. This indicates that there is a pole about which 
the stars rotate; only three models can account for this. To be more specific, 
only three ‘surfaces’ (�A�@�R���w�H�p) should be considered: the cylinder, the double 
cone, and the sphere. Autolycus has already shown how the ‘moving sphere’ 
can account for the motions.13 The other two options will not work; since 
the radii, or distances from the center of the solid to stars moving on differ-
ent circles (which are parallel to the circle around the pole) are different, the 
distances of the heavenly bodies from the center, i.e. the earth, will vary and 
so also their apparent sizes; but no such variation is observed. Another proof 
comes from sundials, which would not work if the cosmos had a non-spheri-
cal shape. In these arguments, which I will pass over, Apollonius’ �"�N�M�H�B�R and 
Euclid’s �/�G�@�D�M�N�L�D�M�@ are cited.

Ibn al-Haytham (41v  ff.) then presents extended, subtle philosophical argu-
ments that ‘reality’ (�V�T�I�>�C) must be finite, and at its outer exterior there must 
be a body that encompasses but is not itself encompassed; this must be the 
greatest body. Starting then with the knowledge that the cosmos is the greatest 
body (in volume), we prove that it must be a sphere.

Four shapes are to be considered: the cylinder, the cone, the sphere, and 
the polyhedron (with planar faces). First the polyhedron is eliminated from the 
competition by means of some geometrical proofs. Ibn al-Haytham shows that 
�W�K�H�� �D�U�H�D�� �R�I�� �D�� �F�L�U�F�O�H�� �Z�K�R�V�H�� �S�H�U�L�P�H�W�H�U�� �L�V�� �H�T�X�D�O�� �W�R�� �W�K�D�W�� �R�I�� �D�� �J�L�Y�H�Q�� �S�R�O�\�J�R�Q�� �Z�L�O�O��
be greater than that of the polygon. Consider circle K and polygon A whose 
�S�H�U�L�P�H�W�H�U�V�� �D�U�H�� �H�T�X�D�O���� �1�R�Z�� �L�Q�V�F�U�L�E�H�� �F�L�U�F�O�H�� �:�� �L�Q�� �W�K�H�� �S�R�O�\�J�R�Q���� �7�K�H�� �U�D�G�L�X�V�� �R�I��
the inscribed circle will be less than that of circle K, because its perimeter is 
smaller. Now the area of the circle K is (radius K) ×  (half the perimeter), and 
that of the polygon is (radius W)  ×  (half the perimeter). But the perimeters 
�K�D�Y�H�� �E�H�H�Q�� �D�V�V�X�P�H�G�� �W�R�� �E�H�� �H�T�X�D�O���� �V�L�Q�F�H�� ���U�D�G�L�X�V�� �.���!�� ���U�D�G�L�X�V�� �:������ �W�K�H�� �D�U�H�D�� �R�I�� �F�L�U�F�O�H��
K is greater than the area of the polygon.

13  On the Arabic translations of Autolycus see Sezgin, �&� �2 VI, pp. 73–74.
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Here is the diagram in the manuscript and the proof displayed in simple 
modern notation:
Circle K 					     Polygon A with circle W inscribed

Area (circle K) = rK × (perimeterK)/2
Area (polygon A) = rW ×  (perimeterA)/2
perimeterK = perimeterA

rK> rW

�? Area (circle K)> Area (polygon A)

Moving now to three dimensions, Ibn al-Haytham writes:
This can also be proven by means of a geometrical demonstration. We take a sphere 
�V�X�F�K�� �D�V�� �V�S�K�H�U�H�� �.���� �D�Q�G�� �D�� �S�R�O�\�K�H�G�U�R�Q�� �V�X�F�K�� �D�V�� �S�R�O�\�K�H�G�U�R�Q�� �$�%�&�'�(���� �W�K�H�� �W�Z�R�� �K�D�Y�H�� �H�T�X�D�O��
surfaces. We inscribe in this [polyhedral] body a sphere whose center is W [as in the 
example of the sphere and the pentagon]. The diameter of sphere K is greater than 
the diameter of sphere W. Since this is so, the same holds true for the surface areas 
of the solids as held true for the areas of the planar figures.

Ptolemy did not give a proof for his statement that the sphere has the greatest 
volume of any solid possessing the same surface area. However, Zenodorus did, 
and his proof is cited by Theon, who inserts the entire monograph on isope-
rimetry into his commentary to Book I of the Almagest; it is also found in 
the medieval tract known as De isoperimetris, which was published by Busard 
and studied further by Knorr, along with the text cited by Theon.14 Knorr ele-
gantly summarizes the proof as follows: Inscribe the sphere within the solid 

14  Busard, ‘Der Traktat’; Knorr, Textual �2�S�T�C�H�D�R, pp. 689–752.
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(Euclid shows that this can be done). The sphere and solid will have the same 
radius, but the surface of the solid will be greater. Hence one must extend the 
radius of the sphere in order to have the sphere have the same surface as the 
solid. The volume of both objects is obtained by multiplying one-third of the 
radius by the surface; since the radius of the sphere is larger, its volume will 
also be larger than that of the solid.15

Theorem 6 in De isoperimetris proves the proposition for planar figures in 
the same way that Ibn al-Haytham does. Comparing the texts, however, I  do 
not find that Ibn al-Haytham is citing a direct translation of the same text. 
Following Yushkevich, Busard, the editor of De isoperimetris, remarks that the 
Latin text was not based on an Arabic version.16 The inclusion of this proof in 
�W�K�H�� �F�R�P�P�H�Q�W�D�U�L�H�V�� �R�I�� �,�E�Q�� �D�O���+�D�\�W�K�D�P�� �D�Q�G�� ���D�V�� �Z�H�� �V�K�D�O�O�� �V�H�H�� �O�D�W�H�U���� �-�Â�E�L�U�� �L�E�Q�� �$�I�O�D�æ��
raises the possibility that the text, or portions of it, was available in Arabic.

Ibn al-Haytham continues [fol. 42v]:
It has thus been shown that, since the heavens are the largest body, prima �E�@�B�H�D it must 
be the case that the heavens are a cylinder, a cone, or a sphere. But it is impossible 
that heavens be cylindrical or conical, because the first mover of the heavens, which, 
as Aristotle showed in the Metaphysics, has no magnitude (�v�T�Ÿ�L) at all, moves them 
by means of an infinite power.17 That which acts by means of an infinite power per-
forms the utmost action within the realm of possibility (�L�� huwa �E�  �@�K���F�G���X�@ �L�H�M 
�T�M�n�T�Q �@�K���H�L�J���M �L�H�M �@�K���@�E �v���K)…

Since the motion of the heavens is the swiftest of all motions, the body that 
carries out this motion must allow for the smoothest, most fluid and compliant 
motion. Superlatives such as these are included in the notion of the ‘ultimate 
action in the realm of possibility’. This phase of the argument again rules out 
the cylinder and the cone — they have already been eliminated at least twice 
on other grounds — by the criterion of ‘smoothness’ (�R�@�K���R�@). Only a body that 
is round on all sides can meet this criterion.

‘Smoothness’ is mentioned by Ptolemy — that the motion of the stars must 
be ‘the most unhampered and free of all motions’ — before he states that the 
sphere will offer the greatest surface, as one of the additional considerations 
that lead to the sphericity of the heavens, the strongest being the ‘revolution 
of the ever-visible stars’ and their unvarying sizes and mutual distances in the 
course of their revolutions.18 It seems that Ibn al-Haytham sees in Ptolemy’s 
‘smoothness’ of motion an allusion to Aristotle’s description of the prime 
mover, and its imparting to the heavens the swiftest motion possible; this can 
only be the case if the heavens have the shape of a sphere, round on all sides.

15  Knorr, Textual �2�S�T�C�H�D�R, p. 716.
16  Busard, ‘Der Traktat’, p. 62, with the reference to Juschkewitsch in note 2.
17  Aristotle, �,�D�S�@�O�G�X�R�H�B�R XII, 1073a 6, states that the first mover has no magnitude 

(megethos).
18  Toomer, �/�S�N�K�D�L�X�w�R Almagest, p. 39.
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Ibn al-Haytham is ready to sum up. He mentions again what seems to have 
been regarded as the strongest argument in favor of the sphere: any other shape 
would cause variation in the apparent sizes of the stars, something that is not 
observed. Finally, to those who claim that the heavens have the form of a poly-
hedron with elastic faces — this is how I must interpret the phrase ‘shakl … 
�C�G�> �@�r�K���ò�� �K�H�p���E’ — such that the sizes of the stars will not vary, Ibn al-Hay-
tham responds: this theory demands that there be a vacuum beyond the heav-
ens, to provide room for the ‘angles’ of the polyhedron to move. However, that 
has already been shown to be impossible [fol.  42v]. A  few more pages contain 
some arguments from the science of optics, but I will stop here.

3.  �+�v�C�J�S���*�C�O���"�G�M�B�¬���	�G�M�� c. 1100)

�-�Â�E�L�U�� �L�E�Q�� �$�I�O�D�æ� �̂V�� �E�R�R�N���� �Z�K�L�F�K�� �,�� �Z�L�O�O�� �W�D�N�H�� �X�S�� �Q�H�[�W���� �L�V�� �R�Q�H�� �R�U�� �P�R�U�H�� �V�W�H�S�V�� �U�H�P�R�Y�H�G��
from a gloss on Ptolemy’s book. The textual issues, and the manuscript tra-
ditions in three languages (Arabic — including Arabic in Hebrew characters, 
Hebrew, and Latin) have been studied, though perhaps not exhaustively. I have 
profited in particular from the publications of Richard Lorch and Josep Bell-
ver.19 In the present state of our knowledge, it emerges that the book (or books) 
is known under two titles, �*�H�S���A al-Hay�ña, which would be appropriate for a 
basic textbook on astronomy, and �(�n�K���l �@�K���,�@�I�H�R�p� , ‘Correction of the Almagest’.  
�$�V�� �W�K�H�� �V�H�F�R�Q�G�� �W�L�W�O�H�� �L�P�S�O�L�H�V���� �,�E�Q�� �$�I�O�D�æ�� �K�D�V�� �V�R�P�H�� �V�H�U�L�R�X�V�� �F�U�L�W�L�F�L�V�P�V�� �R�I�� �3�W�R�O�H�P�\����
However, unlike Ibn al-Haytham’s �2�G�T�J�>�J, which is limited to a series of criti-
cisms on specific points (and not limited to the Almagest, but addressing other 
writings of Ptolemy too), �)���A�H�Q�w�R book is a rather thorough reworking of the 
Almagest, both in terms of content and organization, which contains some crit-
icisms as well.

�-�Â�E�L�U� �̂V�� �E�R�R�N�� �K�D�V�� �X�Q�G�H�U�J�R�Q�H�� �V�R�P�H�� �U�H�Y�L�V�L�R�Q���� �S�H�U�K�D�S�V�� �R�Q�� �W�K�H�� �S�D�U�W�� �R�I�� �W�K�H�� �D�X�W�K�R�U����
certainly on the part of Moses Maimonides, perhaps both. There are some 
substantive differences between the manuscripts, but just if and how these 
differences reflect the revisions remains unclear. Specifically, Richard Lorch 
has found the Arabic text that is labelled �(�n�K���l �@�K���,�@�I�H�R�p�  on the front leaf 
of MS  Berlin, SBPK, Landberg 132 (Ahlwardt 5652) differs from the version 
found in two Escorial manuscripts, árabe 910 and 930.20 In any event, all ver-
�V�L�R�Q�V�� �R�I�� �-�Â�E�L�U� �̂V�� �E�R�R�N�� �P�H�H�W�� �W�K�H�� �Z�L�G�H�U�� �G�H�I�L�Q�L�W�L�R�Q�� �R�I�� �F�R�P�P�H�Q�W�D�U�\�� �W�K�D�W�� �,�� �V�H�W�� �G�R�Z�Q��
at the beginning of this paper.

�+�R�Z�� �G�R�H�V�� �-�Â�E�L�U�� �K�D�Q�G�O�H�� �W�K�H�� �T�X�H�V�W�L�R�Q�� �R�I�� �W�K�H�� �V�S�K�H�U�L�F�L�W�\�� �R�I�� �W�K�H�� �K�H�D�Y�H�Q�V�"�� �,�Q��
Book I, which is dedicated to the geometry needed for the study of the Almag-

19  Lorch, ‘The Astronomy’; Bellver, ‘The Role’. See also Bellver’s article in this volume. I have 
inspected some of the manuscripts myself, without, however, carrying out a systematic study.

20 �/�R�U�F�K���� �‡�7�K�H�� �$�V�W�U�R�Q�R�P�\� �̂��� �S�� �������� �W�K�H�� �K�L�V�W�R�U�L�D�Q�� �,�E�Q�� �D�O���4�L�I���ì�� �P�H�Q�W�L�R�Q�V�� �0�D�L�P�R�Q�L�G�H�V�ˆ�� �Z�R�U�N��
on this text, see Lorch, ‘The Astronomy’, p. 89.
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est���� �-�Â�E�L�U��offers a proof for Ptolemy’s unsubstantiated statement concerning the 
�J�U�H�D�W�H�V�W�� �H�T�X�D�O���V�X�U�I�D�F�H�� �S�U�R�S�H�U�W�\�� �R�I�� �W�K�H�� �V�S�K�H�U�H���� �-�Â�E�L�U�� �O�L�P�L�W�V�� �K�L�P�V�H�O�I�� �W�R�� �F�R�P�S�D�U�L�Q�J��
the sphere with the five Platonic solids, declaring that ‘there can be no regu-
lar solid other than them’. His proof is the same as that of De isoperimetris, 
which we have already met in the commentary of Ibn al-Haytham; however, 
that text, or rather, the different traditions within which that text was trans-
�P�L�W�W�H�G���� �H�[�W�H�Q�G�V�� �W�K�H�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �W�R�� �R�W�K�H�U�� �V�R�O�L�G�V�� �D�V�� �Z�H�O�O���� �D�V�� �G�R�H�V�� �3�D�S�S�X�V���� �-�Â�E�L�U��
apparently thought all of these extra proofs to be superfluous. Note further 
that the Hellenistic treatise on isoperimetry goes through the proof for each of 
�W�K�H�� �I�L�Y�H�� �V�R�O�L�G�V���� �-�Â�E�L�U�� �F�R�Q�V�L�G�H�U�V�� �W�K�L�V�� �W�R�R�� �W�R�� �E�H�� �X�Q�Q�H�F�H�V�V�D�U�\��

�+�H�U�H�� �L�V�� �-�Â�E�L�U� �̂V�� �S�U�R�R�I���� �I�U�R�P�� �%�R�R�N�� �,�� �R�I�� �K�L�V�� �W�U�H�D�W�L�V�H���� �Z�K�L�F�K�� �,�� �W�U�D�Q�V�O�D�W�H�� �I�U�R�P��
�R�Q�H�� �R�I�� �W�K�H�� �+�H�E�U�H�Z�� �Y�H�U�V�L�R�Q�V�� ���0�6 �3�D�U�L�V���� �%�Q�)���� �K�ª�E�U���� ������������ �-�Â�E�L�U���6�K�P�X�ñel of Mar-
seilles), fol. 16a:

After this has been shown, it will now be easily shown that the measure (scil. vol-
ume) of any sphere is greater than the measure of any regular solid whose surface 
�D�U�H�D�� �L�V�� �H�T�X�D�O�� �W�R�� �W�K�H�� �V�X�U�I�D�F�H�� �D�U�H�D�� �R�I�� �W�K�D�W�� �V�S�K�H�U�H��
�/�H�W�� �X�V�� �W�D�N�H�� �V�S�K�H�U�H�� �$�%�� �Z�K�R�V�H�� �V�X�U�I�D�F�H�� �D�U�H�D�� �L�V�� �H�T�X�D�O�� �W�R�� �W�K�H�� �V�X�U�I�D�F�H�� �D�U�H�D�� �R�I�� �U�H�J�X�O�D�U�� �V�R�O�L�G��
C. I say that sphere AB is greater than solid C.
Proof: Regular solid C must be one of the five solids mentioned by Euclid, because 
there can be no regular solid other than them. Imagine a figure similar to solid C 
so that sphere AB is [inscribed] in it. The surface area of this figure will be greater 
than the surface area of sphere AB, and so it will be greater than the surface area of 
solid C. Hence its height, which is the radius of sphere AB, is greater than the height 
of figure C.  But multiplying the radius of sphere AB by one-third the surface area 
of sphere AB gives its volume; and multiplying the height of figure C by one-third 
of its surface area gives its volume. The surface area of the sphere has been assumed 
�W�R�� �E�H�� �H�T�X�D�O�� �W�R�� �W�K�H�� �V�X�U�I�D�F�H�� �D�U�H�D�� �R�I�� �V�R�O�L�G�� �&�� �7�K�H�U�H�I�R�U�H���� �V�S�K�H�U�H�� �$�%�� �L�V�� �J�U�H�D�W�H�U�� �W�K�D�Q�� �V�R�O�L�G��
C. Q. E. D.

�-�Â�E�L�U�� �W�D�N�H�V�� �X�S�� �K�L�V�� �S�D�U�D�S�K�U�D�V�H�� �R�I�� �W�K�H��Almagest in Book II of his work [MS Ber-
lin, fol.  17r, bottom]. Following Ptolemy, he first discusses ‘the order of the 
theorems’ (Almagest 1.2), before proceeding to the six cosmological principles 
(Almagest�� �,�����…�������� �$�F�F�R�U�G�L�Q�J�� �W�R�� �-�Â�E�L�U�� �W�K�H�� �S�U�R�S�H�U�� �R�U�G�H�U�� �L�V�� �D�V�� �I�R�O�O�R�Z�V��

The first thing that we ought to examine in this book is the general issue of the 
earth as a whole relative to the heavens as a whole. After that we should try to learn 
the situation of the inclined orb and the inhabited places on earth, and the gradual 
difference of their horizons, which is due to the latitude. If we first learn the things 
that we have mentioned, the investigation into other issues will be easier.
The second thing that we ought to seek to know is the motions of the sun and the 
moon, and all that they entail; until this knowledge has been attained, it is impossi-
ble to attain full knowledge of the stars. The final thing to be achieved according to 
what seems to be the [proper] order is the chapter on the stars, However, the chapter 
on the sphere of the fixed stars must come first… [ibid., fols 17r-v]
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As we shall see, there seems to have developed a consensus of sorts among the 
Islamic astronomers that the discussion ought to begin with the most demon-
strable of the principles, which is the earth and its shape. This provides a solid 
base for the other theorems, which are more speculative — even if their verac-
�L�W�\�� �L�V�� �Q�R�W�� �F�D�O�O�H�G�� �L�Q�W�R�� �T�X�H�V�W�L�R�Q���� �+�R�Z�H�Y�H�U���� �D�V�� �-�Â�E�L�U�� �H�[�S�O�D�L�Q�V���� �3�W�R�O�H�P�\�� �W�D�N�H�V�� �X�S�� �W�K�H��
topics in a different order:

But the proposition that we ought to begin with would show that the heavens are 
spherical, and that their motion is spherical; that the shape of the earth in all of its 
parts is sensibly spherical; that its place is in the middle of the whole heaven, as its 
center; that it is, as far as distance and size are concerned, point-like relative to the 
fixed stars; and that it has no translational motion. Now let us first present a bit of 
the teaching concerning the proof of each one of the [items] that we have mentioned. 
[ibid.]

�:�K�H�Q�� �K�H�� �F�R�P�H�V�� �W�R�� �G�L�V�F�X�V�V�� �W�K�H�� �V�S�K�H�U�L�F�D�O�� �V�K�D�S�H�� �R�I�� �W�K�H�� �K�H�D�Y�H�Q�V���� �-�Â�E�L�U�� �O�D�X�Q�F�K�H�V��
a virulent attack on Ptolemy’s chain of reasoning leading to the inference, or 
�F�R�Q�F�O�X�V�L�R�Q���� �W�K�D�W�� �W�K�H�� �K�H�D�Y�H�Q�V�� �D�U�H�� �W�K�H�� �J�U�H�D�W�H�V�W�� �E�R�G�\�� �L�Q�� �Y�R�O�X�P�H���� �-�Â�E�L�U�� �K�D�V�� �V�H�Q�V�H�G��
something awkward in Ptolemy’s text. He senses that the problem is not due 
to faulty expression alone; poor reasoning also must share in the blame. As we 
�V�K�D�O�O�� �V�H�H�� �S�U�H�V�H�Q�W�O�\���� �W�K�H�� �S�U�R�E�O�H�P�D�W�L�F�V�� �F�R�Q�F�H�U�Q�L�Q�J�� �Z�K�L�F�K�� �-�Â�E�L�U�� �F�R�P�S�O�D�L�Q�V�� �U�H�P�D�L�Q��
in the Arabic translation. He writes:

Said the author: His [Ptolemy’s] saying that, regarding different figures that have the 
same surface area,21 that which has the most angles has the greatest volume, and, 
therefore, the circle must be the greatest among plane figures and the sphere among 
solids, is a statement that is as brief and general as can be, and as contrary [to fact] as 
can be. This is the first place where his insufficiency in the science of geometry can 
be seen. Let us now set out to interpret his statement, to explain what he intended, 
and then explain why it is contrary [to fact]. We say: what is to be understood from 
his statement — though the words do not convey this, the idea (ma�ò�M��) that he is 
aiming at explaining does get it across — is [the following] … [ibid.]

One can get a good idea of the problematic nature of Ptolemy’s text from 
Toomer’s translation, where we find not a few words added in brackets, most 
notably the word ‘likewise’, which indicates an inference:

�>�6�@�L�P�L�O�D�U�O�\���� �V�L�Q�F�H�� �R�I�� �G�L�I�I�H�U�H�Q�W�� �V�K�D�S�H�V�� �K�D�Y�L�Q�J�� �D�Q�� �H�T�X�D�O�� �E�R�X�Q�G�D�U�\�� �W�K�R�V�H�� �Z�L�W�K�� �P�R�U�H��
angles are greater [in area or volume], the circle is greater than [all other] surfaces, 
and the sphere greater than [all other] solids; [likewise] the heavens are greater than 
all other bodies.22

21  The critical phrase ‘that have the same surface area’ is missing in the Berlin manuscript, 
fol. 18b, top line; it is found in the Hebrew translations, e.g. MS Paris, BnF, hébr. 1025, 
fol.  25v. It is hard to imagine that the omission in the Berlin manuscript — the one carrying 
the title, �(�n�K���l �@�K���,�@�I�H�R�p�  — is anything but a scribal error.

22  Toomer, �/�S�N�K�D�L�X�w�R Almagest, p. 40.
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�-�Â�E�L�U���O�D�X�Q�F�K�H�V���L�Q�W�R���D���O�H�Q�J�W�K�\���G�L�D�W�U�L�E�H�����Z�K�L�F�K���,�� �G�L�V�S�O�D�\���E�H�O�R�Z���L�Q���$�U�D�E�L�F�����+�H�E�U�H�Z����
and English. The gist of his remarks seems to be that Ptolemy ought to have 
�V�K�R�Z�Q�����D�V�� �-�Â�E�L�U�� �G�L�G���L�Q���W�K�H���I�L�U�V�W���V�H�F�W�L�R�Q���R�I�� �K�L�V�� �E�R�R�N���� �W�K�D�W���W�K�H���V�S�K�H�U�H���L�V�� �J�U�H�D�W�H�U���L�Q��
volume than any (regular) polyhedron having the same surface area. Instead, he 
talks about figures having ‘more angles’ and jumps from this to his conclusion 
about the heavens. Such reasoning is a �R�G�H�M�@�ò�� — a word which, in mathemat-
ics, means ‘absurdity’; but it also conveys an aesthetic or even moral judgement, 
namely ‘abomination’, ‘something repulsive’, and the like.23

Here are the texts: first Heiberg’s Greek text, and the Arabic Almagest, 
�W�K�H�Q�� �-�Â�E�L�U� �̂V�� �W�H�[�W�� �L�Q�� �+�H�E�U�H�Z�� �D�Q�G�� �$�U�D�E�L�F���� �2�Q�F�H�� �D�J�D�L�Q���� �, �K�D�Y�H�� �Q�R�W�� �V�F�R�X�U�H�G�� �D�O�O�� �R�I��
the manuscripts; the versions that I copy are good and may serve the purpose 
of this paper. The primary sources are followed by my translation of Jabir’s  
�F�U�L�W�L�T�X�H��

From the edition in Heiberg, �2�X�M�S�@�W�H�R���L�@�S�G�D�L�@�S�H�B�@, vol. I, p. 13

�’�� �Ä�z�½�� �Ê�Ã�·�½�� �À�µ�Á�¯�¼�µ�Ä�Á�¿�½�� �ª�Ç�Ì�½�Ä�É�½�� �Ã�Ç�·�¼�¬�Ä�¿�½�� �ª�À�µ�¹�´���� �¼�µ�¯�¶�¿�½�¬�� �ª�Ã�Ä�¹�½�� �Ä�þ�� �À�¿�»�Å�³�É�½�¹-
�Î�Ä�µ�Á�±���� �Ä�z�½�� �¼���½�� �ª�À�¹�À�­�´�É�½�� �×�� �º�Í�º�»�¿�Â�� �³�¯�½�µ�Ä�±�¹�� �¼�µ�¯�¶�É�½���� �Ä�z�½�� �´���� �º�±���� �×�� �¿�â�Á�±�½���Ã�� �Ä�z�½��
�ž�»�»�É�½�� �Ã�É�¼�¬�Ä�¿�½��

From MS Paris, BnF, arabe 2482, fol. 3v

	Ž	•	ë ��	Ø	Ý	ª	Ý	ë ��	‹	«	¨	Õ ��	à	Æ	É	• ��	ì	ê	Ñ ��	Œ	ñ	‹	ë	­ ��	¬	š	Ù	• ��	Œ	ê	æ	á ��	ì	é ��	Œ	á ��	’	ñ	ë	Œ	²	–	á ��	Œ	ê	–	Á	Œ	¡	‹ ��	ð	–	Ý	‹ ��	’	Ò	Þ	–	¦	â	Ý	‹ ��	Û	Œ	Ú	µ	õ	‹ ��	ã	‹	ë�’
	ß	Œ	²	•	õ	‹ ��	ä	á ��	Œ	é	‹	ì	± ��	Œ	â	á ��	à	Æ	É	• ��	~	Œ	â	²	Ý	‹	ë ��	“	Œ	â	²	ž	â	Ý	‹ ��	à	Æ	É	• ��	‘	¬	Ú	Ý	‹	ë ��	Ÿ	ì	Â	²	Ý	‹ ��	à	Æ	É	• ��	‘	¬	‰	‹	¨	Ý	‹ ��	ã	ì	Ú	• ��	ã	• ��

�)�U�R�P���-�Â�E�L�U� �̂V���F�U�L�W�L�T�X�H�����+�H�E�U�H�Z�����3�D�U�L�V�����%�Q�)�����K�ª�E�U�����������������I�R�O�� �����Y���U��

�ß�Æ�Ý���Ý�ß�Ê�Î ���Ò�É�Ó���Å�Î�É�Þ ���É�Ó���Ò�Î�Ê�Þ ���Ò�Ù�Î�Ü�É ���Ý�Þ�Å ���ß�Ê�Ù�Ñ�Ì�ß�Ó�É���ß�Ê�Õ�Ê�Ó�ß�É�Þ ���Ê�Ý�Ó�Å���Ò�Ñ�Ê�Å���Ý�Æ�Ì�Ó�É���Ý�Ó�Å
�Ñ�Ê�È�Ç ���Ý�Ê�È�Ð�É�Ê ���Ò�Î�Ì�Í�Þ�É ���Ñ�Ê�È�Ç ���Ý�ß�Ê�Î ���Ñ�Ê�Ç�×�É�Þ ���Æ�Î�Ì�ß�É ���Ô�Ð�Ñ�Ê ���Ý�Ê�×�Î�Þ ���ß�Ñ�Ê�È�Ç ���Ý�ß�Ê�Î ���Å�Î�É ���É�Õ�É ���ß�Ê�Î�Ê�Ë��
�ß�Ê�Ó�Ê�Ü�Ó�Æ�Þ ���Ô�Ê�Þ�Å�Ý�É ���É�Ë�Ê ���Ø�Ê�Ñ�Ì�É ���ß�Î�Ñ�Ð�ß�Æ�Ê ���Ý�Ê�Û�Ü�É�Ê ���ß�Ê�Ñ�Ñ�Ð�É ���ß�Î�Ñ�Ð�ß�Æ ���Ý�Ê�Æ�È ���Å�Ê�É ���Ò�Î�Ó�Þ�Ç�Ê�Ó�Æ�Þ
�Ý�Ì�Å�Ê ���É�Û�Ý�Þ ���É�Ó ���Ý�Å�Æ�Õ�Ê ���Ê�Ý�Ê�Æ�È ���Þ�Ê�Ý�Î�Ù ���Ñ�Å ���É�ß�× ���Ô�Î�Ê�Ð�Õ�Ê ���É�Ö�È�Õ�É�É ���ß�Ó�Ð�Ì�Æ ���Ê�Ý�Ê�Û�Ü ���Ê�Æ ���É�Å�Ý�Î�Þ

� �� É� Æ � �� Ê� Ù� Ê� Ñ� Ì � �� Ý� Å� Æ� Õ � �� É� Ë � �

�Ê�É�Õ�ß�Î ���Ñ�Æ�Å ���É�Û�Î�Ñ�Ó�É ���Ê�É�Õ�ß�ß ���Å�Ñ�Þ ���Ù�]�×�Å�Ê ���É�Ë ���>�Ê�Ý�Ê�Æ�È�Ó ���Æ�]�Õ�@ ���Ê�Ý�Ó�Å�Ó�Ó ���Ô�Æ�Ê�Î ���Ý�Þ�Å�Þ ���Ý�Ó�Å�Õ�Ê]25v[��
�Ü�Î�Ë�Ì�Î�Þ�Ê ���Ñ�Ê�Ñ�Ð�Î�Þ ���Ñ�Ç�Ñ�Ç�É ���Ô�Ó ���Ô�Ê�Ê�Ð�Ó�É ���ß�Î�Ñ�Ð�ß�É ���É�Î�É�Þ ���Î�Õ�Ù�Ó ���Å�Ê�É�Þ ���Ê�Ý�Å�Æ�Ñ ���Ý�ß�Ì ���Ý�Þ�Å ���Ô�Î�Õ�×�É��
�É�Õ�Ê�Ó�ß�É���Å�Î�É�Ê���É�Ë���Ê�Ñ���Ô�ß�ß���É�Õ�Ê�Ó�ß���Ê�ß�Õ�Ê�Ó�ß���É�Î�É�Î�Þ���Æ�Î�Î�Ì�ß�É���Ý�Þ�Ù�Å�Þ���É�Ó���Ý�ß�Ê�Î���Ò�Î�Î�Ó�Î�Ó�Þ�É���Ò�Î�Ó�Ý�Ç�É�Ó��
�ß�Ù�Ü�É�Ñ ���Ò�Î�Ê�Þ ���Ò�É�Î�Ù�Ü�É ���Ý�Þ�Å ���ß�Ê�Î�Ê�Ë�É ���ß�Ê�Æ�Ý�É ���ß�Ê�Õ�Ê�Ó�ß�É�Ó ���ß�Ì�Å ���Ñ�Ð�Ó ���Ñ�Ê�È�Ç ���Ý�Ê�È�Ð�É�Þ ���Î�Ù�Ñ ���ß�Î�Ý�Ê�È�Ð�É��

�Ò�Î�Ó�Þ�Ç�É�Ó ���Ò�ß�Ñ�Ê�Ë�Þ ���É�Ó�Ó ���Ò�Î�Ñ�Ê�È�Ç ���Ò�Î�Ó�Þ�É�Ê ���Ò�Î�Ó�Þ�Ç�Ê�Ó�É ���Ñ�Ê�È�Ç ���Ý�ß�Ê�Î ���Ý�Ê�È�Ð�É�Ê ���Ý�Ó�Å ���Ô�Ð�Ñ�Ê ���Ý�Ê�È�Ð�É

�Ê�ß�Ê�Å ���Ø�Ü�É�Ñ ���Ò�Î�Ê�Þ ���Ò�É�Î�Ù�Ü�É ���Ý�Þ�Å ���ß�Ê�Î�Ê�Ë�É ���ß�Ê�Æ�Ý�É ���ß�Ê�Õ�Ê�Ó�ß�É ���Ñ�Ê�È�Ç ���Ý�Ê�È�Ð�É�Þ ���Ñ�]�Ý ���Ô�Î�Õ�×�É ���É�Ë ���Ý�Ê�Å�Î�Æ�Ê��
�Î�Ù�Ð ���Ê�Ý�Ê�Å�Î�Æ ���Ñ�Å ���Å�Ê�É ���Ï�Ý�È�Ê ���Ý�Ù�Ö�É ���É�Ë�Ó ���Ô�Ê�Þ�Å�Ý�É ���Ý�Ó�Å�Ó�Æ ���Ê�Õ�Ý�Ð�Ë�Þ ���É�Ó ���Î�Ù�Ð ���É�Ì�Î�Ü�Ñ�É ���Æ�Ê�Ý�Ü ���Ý�Ê�È�Ç�É��
�Å�Ê�É�Þ ���É�Ó ���Î�Ð ���É�Ù�Ü�É�É ���ß�Ê�Ê�Þ�É ���ß�Ê�Î�Ê�Ë�É ���ß�Ê�Æ�Ý�É ���ß�Ê�Õ�Ê�Ó�ß�Æ ���É�Ñ�Ì�ß ���Ý�Å�Æ�Î�Þ�Ð ���Ê�ß�Û�Î�Ñ�Ó ���Ê�É�Õ�ß�ß�Þ ���É�Ó

� Ý� Ê� ×� Î� Þ� É � �� ß� Ñ� Ê� È� Ç � �� Å� Î� É � �� É� Õ� É � �� ß� Ê� Î� Ê� Ë � �� ß� Æ� Ý � �� Ý� ß� Ê� Î � �� Ò� É� Ó � �

23  On the meanings of this word see Langermann, ‘The Translation’.
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�Æ�Î�Î�Ì�ß�Î ���Ô�Ð�Ñ�Ê ���Ê�Ý�Ó�Ê�Å ���Å�Û�Î ���Ï�Î�Å ���Å�Ñ ���Ò�Å�Ê ���Ý�Ê�È�Ð�É ���Ñ�Å�Ê ���Ñ�Ê�Ç�×�É ���Ñ�Å ���Í�Ù�Þ�Ó�É ���Ü�Î�ß�×�É ���É�Ë ���Ý�Å�Æ�ß�É�Þ�Ð�Ê��
�ß�Ê�Õ�Ê�Ó�ß�Æ ���É�Ë ���Ý�Ê�Å�Æ�Þ ���×�È�Î ���Ê�Ñ�Å�Ê ���Ò�Î�Ó�Þ�Ç�Ê�Ó�É ���Ñ�Ð�Ó ���Ñ�Ê�È�Ç ���Ý�Ê�È�Ð�É�Ê ���Ò�Î�Ì�Í�Þ�É ���Ñ�Ð�Ó ���Ñ�Ê�È�Ç ���Ñ�Ê�Ç�×�É�Þ��
�Ñ�Å ���Ô�Î�Ê�Ð�Î ���Å�Ñ ���Ý�Ê�È�Ð�É�Ê ���ß�Ê�Î�Ê�Ë�É ���ß�Ê�Æ�Ý ���ß�Ê�Õ�Ê�Ó�ß�Æ ���Ê�Ý�Ê�Å�Î�Æ�Æ ���É�Æ�Ý�É ���É�Þ�Ü ���Ý�ß�Ê�Î ���ß�Û�Ü ���Ò�× ���Ò�ß�Û�Ü��
�É�Õ�Ê�Ó�ß ���Ò�× ���Ý�Ê�È�Ð�É ���Ô�Î�Õ�× ���Å�Î�É ���Ò�Õ�Ó�Å ���ß�Õ�Ê�Ê�Ð�Ó�É ���É�Õ�Ê�Ê�Ð�É ���Ý�Þ�Å�Ó ���ß�Û�Ü ���Ò�× ���Ò�ß�Û�Ü ���ß�Ê�Õ�Ê�Ó�ß�É ���Ô�Ê�Ý�Ð�Ë

� É� Õ� Ê� Ó� ß � �� Ò� × � �� É� Õ� Ê� Ó� ß � �� Ô� Î� Õ� × � �� Å� Ñ � �� ß� Ê� Î� Ê� Ë� É � �� ß� Ê� Æ� Ý � �
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English translation:
Said the author: His [Ptolemy’s] saying that, regarding different figures that have 
the same surface area, that which has the most angles has the greatest volume, and, 
therefore, the circle must be the greatest among plane figures and the sphere among 
solids, is a statement that is as brief and general as can be, and as contrary [to fact] as 
can be. This is the first place where his insufficiency in the science of geometry can 
be seen. Let us now set out to interpret his statement, to explain what he intended, 
and then explain why it is contrary [to fact].

We say: what is to be understood from his statement — though the manner of 
expression does not convey this, but the issue that he is aiming at explaining does 
convey it — is [the following]. Since the intended purpose of the orb is to encom-
pass and hold within as many bodies as possible, it was necessary that its figure be a 
figure that will allow this, and that is the spherical figure. Indeed, the sphere is the 
greatest of all multiangular24 figures that have the same surface area as the sphere. 

24  I do not use ‘polygonal’ since in English usage, ‘polygon’ is generally used to describe a 
two-dimensional figure.
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For this reason he said, ‘and the sphere is the greatest of the solids, and the heavens 
are greater than other solids’.

The explanation of this issue, i.e., that the sphere is the greatest of all multiangular 
figures that have the same surface area as the sphere is readily comprehensible, as we 
mentioned in the first book of this treatise. He approached its proof, as his manner 
of expression delivers it, by showing first that for multiangular figures having the 
same surface area, that with the most angles has the greatest volume. When this was 
shown, he transferred the theorem to the circle and the sphere. Otherwise, how can 
his statement, ‘and therefore, the circle is the greatest of the planar [figures], and the 
sphere is the greatest of the solids’, result?

Had he known that showing [that] this [holds true] for figures [in relation] one to 
another is much more difficult than it is to show it for the sphere and the figure,25 
he would not have intended the issue of the [relation of multi-angular] figures one to 
another, but would rather [have limited himself] to the issue of the sphere and the 
multi-angular figures, but not [the issue of] figure to figure.

Moreover, it emerges from the implications of his remarks about transferring the the-
orem from the figures to the circle and the sphere, that the circle is full of planar 
angles, and that the sphere is full of solid angles. The absurdity of this cannot be 
missed.

�5�L�F�K�D�U�G�� �/�R�U�F�K�� �H�[�S�O�D�L�Q�V�� �-�Â�E�L�U� �̂V�� �R�E�M�H�F�W�L�R�Q�� �D�V�� �I�R�O�O�R�Z�V���� �‡�:�K�D�W�� �3�W�R�O�H�P�\�� �V�D�L�G�� �Z�D�V����
�W�K�D�W���R�I�� �G�L�I�I�H�U�H�Q�W���I�L�J�X�U�H�V���R�I�� �H�T�X�D�O���S�H�U�L�P�H�W�H�U���� �W�K�R�V�H���Z�L�W�K���P�R�U�H���D�Q�J�O�H�V���K�D�Y�H���J�U�H�D�W�H�U��
capacity, and so the circle is the greatest of the plane figures — and similarly 
the sphere is the greatest of the solid figures. Jabir reasonably complains that 
this implies that circles and spheres are full of angles, and that it would be far 
�H�D�V�L�H�U�� �W�R�� �F�R�P�S�D�U�H�� �W�K�H�� �V�S�K�H�U�H�� �Z�L�W�K�� �D�� �S�R�O�\�K�H�G�U�R�Q�� �R�I�� �H�T�X�D�O�� �V�X�U�I�D�F�H�� �G�L�U�H�F�W�O�\�� ���D�V�� �K�H��
does himself in book I)’. Lorch then remarks, ‘But in its context in the Almagest  
the point is a small one: Ptolemy’s slight clumsiness does not merit such a vio-
lent reaction’.26

�-�Â�E�L�U���� �L�Q�� �V�X�P���� �E�R�W�K�� �S�U�R�Y�H�V�� �3�W�R�O�H�P�\�� �U�L�J�K�W�� �D�Q�G�� �U�H�E�X�I�I�V�� �K�L�P���� �+�H�� �S�U�R�Y�L�G�H�V�� ���D�W��
least a partial) geometrical demonstration for the claim that the sphere has 
the greatest volume. In the next section he castigates Ptolemy’s own schematic 
presentation of the argument that the shape of the heavens must be that of 
a sphere; Ptolemy’s theorem that the heavens are spherical is correct, but he 
ought to have made a better case for this.

4.  �"�M���#�£�S�Î�O�£���	�������m���������


�$�E�,�� �5�D�\�æ�Â�Q�� �D�O���%�ì�U�,�Q�ì�� �G�L�G�� �Q�R�W�� �Z�U�L�W�H�� �D�� �F�R�P�P�H�Q�W�D�U�\�� �W�R�� �W�K�H��Almagest. Moreover, 
�D�V�� �*�H�R�U�J�H�� �6�D�O�L�E�D�� �K�D�V�� �S�R�L�Q�W�H�G�� �R�X�W���� �‡�%�ì�U�,�Q�ì�� �G�R�H�V�� �Q�R�W�� �D�S�S�H�D�U�� �W�R�� �K�D�Y�H�� �E�H�H�Q�� �L�Q�W�H�U-

25 �6�L�F�� �-�Â�E�L�U�� �P�H�D�Q�V�� �K�H�U�H�� �D�Q�\�� �S�R�O�\�K�H�G�U�R�Q�� �R�W�K�H�U�� �W�K�D�Q�� �W�K�H�� �V�S�K�H�U�H��
26  Lorch, ‘The Astronomy’, p. 96. The comparison that Lorch refers to in Book I is found, 

e.g., in MS Paris, BnF, hébr. 1025, fol. 19r-v.
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ested in the genre of astronomical writing in which Ptolemaic planetary mod-
els were considered as describing both the apparent motion of the planets and 
the physical spheres responsible for the kinematic forces acting upon them’.27 
�,�� �D�J�U�H�H�� �W�K�D�W�� �D�O���%�ì�U�,�Q�ì�� �H�Y�L�Q�F�H�G�� �Q�R�� �L�Q�W�H�U�H�V�W�� �L�Q�� �S�D�U�D�P�H�W�U�L�]�H�G�� �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O��
models for the heavens, of the type Ptolemy takes up in the �/�K�@�M�D�S�@�Q�X Hypo
theses and to which the so-called Maragha astronomers made their landmark 
contributions. However, this is not to say that he had no interest at all in the 
cosmological principles enunciated by Ptolemy at the beginning of the Almagest;  
far from it. In the second chapter of the first book of his comprehensive text-
book, �@�K���0���M�>�M al-Mas�ò�>�C� , he critically reviews, in order, each one of the six 
cosmological principles that are established in Book I of the Almagest. He calls 
these subchapters �L�@�A���l�H�S�G���� �‡�L�Q�T�X�L�U�L�H�V�ˆ�� �R�U�� �‡�U�H�V�H�D�U�F�K�� �S�U�R�M�H�F�W�V� �̂��� �+�L�V�� �U�H�P�D�U�N�V�� �R�Q��
the possibility of the earth’s rotation were signaled a generation ago in a paper 
by Shlomo Pines.28

�$�V�� �Z�H�� �V�K�D�O�O�� �V�R�R�Q�� �V�H�H���� �W�K�H�� �T�X�H�V�W�L�R�Q�� �Z�K�H�W�K�H�U�� �W�K�H�� �F�R�V�P�R�V�� �K�D�V�� �W�K�H�� �V�K�D�S�H�� �R�I�� �W�K�H��
sphere troubled him for decades. He claimed all along that he believed the 
heavens to be spherical, and that this could be proven. Nonetheless, I sense that 
he never freed himself from the doubt that closely related alternatives, such as 
�W�K�H�� �R�Y�R�L�G�� �R�U�� �O�H�Q�W�L�F�X�O�D�U�� �V�K�D�S�H�V���� �Z�R�X�O�G�� �D�O�V�R�� �P�H�H�W�� �W�K�H�� �E�D�V�L�F�� �R�E�V�H�U�Y�D�W�L�R�Q�D�O�� �U�H�T�X�L�U�H-
ments. Aristotle briefly mentions these shapes, along with the cone, polyhe-
dron, and cylinder in De Caelo II.4 (287a:16–22), but dismisses them on the 
�J�U�R�X�Q�G�V�� �W�K�D�W�� �L�Q�� �W�K�H�L�U�� �U�H�Y�R�O�X�W�L�R�Q���� �W�K�R�V�H�� �V�K�D�S�H�V�� �Z�R�X�O�G�� �U�H�T�X�L�U�H�� �P�R�U�H�� �V�S�D�F�H�� �W�K�D�Q��
their volume; in other words, one would need empty space beyond the body of 
the cosmos. (Note that Ptolemy, to the best of my knowledge, pays no atten-
tion to De Caelo in Almagest I.) Aristotle’s argument, however, is flawed; this 
was pointed out already by Alexander of Aphrodisias.29�� �,�W�� �V�H�H�P�V�� �W�K�D�W�� �D�O���%�ì�U�,�Q�ì��
would have rejected out of hand the cone and cylinder — models that were 
considered by Ptolemy, if only heuristically, and refuted several times by Ibn 
al-Haytham — because their boundaries include flat surfaces; on the other 
hand, an ovoid or lenticular rotating on its major axis ought to answer all the 
�R�E�V�H�U�Y�D�W�L�R�Q�D�O�� ���E�X�W�� �Q�R�W�� �W�K�H�� �D�H�V�W�K�H�W�L�F�� �R�U�� �S�K�L�O�R�V�R�S�K�L�F�D�O���� �U�H�T�X�L�U�H�P�H�Q�W�V��

�$�O���%�ì�U�,�Q�ì�� �W�K�R�X�J�K�W�� �W�K�H�� �H�O�O�L�S�V�R�L�G�� �W�R�� �E�H�� �D�� �V�H�U�L�R�X�V�� �H�Q�R�X�J�K�� �D�O�W�H�U�Q�D�W�L�Y�H�� �W�K�D�W�� �K�H��
�L�Q�F�O�X�G�H�G�� �L�W�� �D�P�R�Q�J�� �W�K�H�� �T�X�H�U�L�H�V�� �K�H�� �V�H�Q�W�� �W�R�� �K�L�V�� �F�R�Q�W�H�P�S�R�U�D�U�\���� �W�K�H�� �J�U�H�D�W�� �S�K�L�O�R�V�R-
pher — and himself author of a revision of sorts of the Almagest�� �†�� �$�E�,���ò�$�O�ì��
�,�E�Q�� �6�ì�Q�Â�� ���$�Y�L�F�H�Q�Q�D������ �'�L�P�L�W�U�L�� �*�X�W�D�V�� �G�D�W�H�V�� �W�K�H�L�U�� �H�[�F�K�D�Q�J�H�� �W�R�� �F�L�U�F�D�� ���������� �Z�L�W�K��
considerable certainty.30�� �$�O���%�ì�U�,�Q�ì�� �L�Q�T�X�L�U�H�V��

The Sixth Question: He [Aristotle] said in Book II [of De Caelo] the ovoid and 
�O�H�Q�W�L�F�X�O�D�U�� �V�K�D�S�H�V�� �Z�R�X�O�G�� �U�H�T�X�L�U�H�� �D�� �Y�D�F�X�X�P�� �D�Q�G�� �H�P�S�W�\�� �V�S�D�F�H���� �Z�K�H�U�H�D�V�� �W�K�H�� �V�S�K�H�U�H�� �G�R�H�V��

27 �6�D�O�L�E�D���� �‡�%�ì�U�,�Q�ì� �̂��� �S�� ��������
28  Pines, ‘La théorie’, pp. 301–06.
29  Pellegrin, ‘The Argument’, pp. 174–76.
30  Gutas, � �U�H�B�D�M�M�@, pp. 99, 449–50.
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not; but the matter is not as he stated. In fact, the ovoid is generated by the rotation 
of an ellipse about its major axis, and the lenticular is generated by rotation about 
its minor axis. As there is no difference with regard to the rotation around the axes 
by which they are generated,31 nothing of what Aristotle mentions would occur. The 
essential attributes of the sphere alone would follow necessarily [for all three]. If the 
axis of rotation of the ovoid is its major axis and if the axis of rotation of the lentic-
�X�O�D�U�� �L�V�� �L�W�V�� �P�L�Q�R�U�� �D�[�L�V���� �W�K�H�\�� �Z�R�X�O�G�� �U�R�W�D�W�H�� �O�L�N�H�� �W�K�H�� �V�S�K�H�U�H���� �Q�H�L�W�K�H�U�� �Z�R�X�O�G�� �U�H�T�X�L�U�H�� �H�P�S�W�\��
space [exterior to the figure]. This would be the case, however, if the axis of [rotation 
of] the ovoid were its minor axis and the axis of [rotation of] the lenticular were its 
major axis. Then what he [Aristotle] states would necessarily follow. Even so, the 
ovoid may rotate around its minor axis and the lenticular around its major axis, both 
moving consecutively (ta�ò���P�P�T�A�@�M)32 without need of a vacuum. It would be like the 
motion of individual entities (�@�R�G�J�G���n) in the interior of the orb, which contains no 
vacuum according to the opinion of many people. And I am not saying this in the 
conviction that the sphere of the orb33 is not spherical, but rather ovoid or lenticular. 
I  have tried hard to refute that theory. However, I  am bewildered by the reasons 
offered by the master of logic (�n���l�H�A �@�K���L�@�M�p�H�P).34

�2�E�V�H�U�Y�H�� �K�R�Z�� �D�O���%�ì�U�,�Q�ì�� �L�V�� �F�D�U�H�I�X�O�� �W�R�� �V�W�D�W�H�� �W�K�D�W�� �K�H�� �U�H�P�D�L�Q�V�� �F�R�P�P�L�W�W�H�G�� �W�R�� �W�K�H��
spherical model; nonetheless, he is stupefied by the poor reasoning in its 
defense on the part of the great logician, Aristotle.35

�,�E�Q�� �6�ì�Q�Â�� �L�Q�� �K�L�V�� �U�H�S�O�\�� �Q�R�W�H�V�� �W�K�D�W�� �D�O���%�ì�U�,�Q�ì� �̂V�� �R�E�M�H�F�W�L�R�Q�� �L�V�� �V�R�X�Q�G�� �D�Q�G�� �‡�D�O�O�� �F�R�P-
�P�H�Q�W�D�W�R�U�V�ˆ�� �D�U�H�� �V�R�P�H�Z�K�D�W�� �H�P�E�D�U�U�D�V�V�H�G�� �E�\�� �W�K�L�V�� �S�D�V�V�D�J�H���� �+�H�� �U�H�P�L�Q�G�V�� �D�O���%�ì�U�,�Q�ì��
of the remark of Themistius, that ‘the teaching of the Philosopher should be 
interpreted in the best of ways’.36 Apparently in keeping with this approach, 
�,�E�Q�� �6�ì�Q�Â�� �V�D�\�V�� �W�K�D�W�� �W�K�H�� �U�R�W�D�W�L�R�Q�� �R�I�� �D�Q�� �H�O�O�L�S�V�R�L�G���B�N�T�K�C�� �U�H�T�X�L�U�H�� �D�� �Y�D�F�X�X�P�� ���L�I�� �W�K�H��
figure rotated on its minor axis), whereas this is never the case with the sphere. 
�7�K�D�W���P�H�H�N�� �U�H�P�D�U�N�� �L�V�� �W�K�H�� �R�Q�O�\�� �G�L�U�H�F�W���U�H�V�S�R�Q�V�H�� �W�R�� �D�O���%�ì�U�,�Q�ì� �̂V�� �T�X�H�U�\���� �1�R�Q�H�W�K�H�O�H�V�V����

31  All three figures — lenticular, ovoid, and of course the sphere as well — are generated 
�E�\�� �U�R�W�D�W�L�R�Q�� �D�E�R�X�W�� �D�Q�� �D�[�L�V�� �L�Q�� �D�� �P�D�Q�Q�H�U�� �W�K�D�W�� �U�H�T�X�L�U�H�V�� �Q�R�� �V�S�D�F�H�� �E�H�\�R�Q�G�� �W�K�H�� �J�H�Q�H�U�D�W�H�G�� �I�L�J�X�U�H����
contrary to Aristotle’s claim.

32  That is, moving one instant after the other, consecutively, without gaps.
33  �*�>�Q�@�S �@�K���E�@�K�@�J; here �J�>�Q�@ obviously means the all-encompassing body, whose sphericity 

may not be precisely 1.
34 �0�\�� �W�U�D�Q�V�O�D�W�L�R�Q�� �I�U�R�P�� �W�K�H�� �W�H�[�W�� �S�X�E�O�L�V�K�H�G�� �E�\�� �D�O���<�Â�I�ì�����k�H�V���Q �@�K���!� �Q�>�M� , p. 51.
35 �1�R�W�H���D�V���Z�H�O�O���W�K�D�W���D�O���%�ì�U�,�Q�ì�� �V�W�D�W�H�V���W�K�D�W���W�K�H���D�E�V�H�Q�F�H���R�I�� �D���Y�D�F�X�X�P���Z�L�W�K�L�Q���W�K�H���D�O�O���H�Q�F�R�P�S�D�V�V-

ing sphere is the view of ‘many people’; he doesn’t recognize it as a hard-and-fast cosmological 
�G�R�F�W�U�L�Q�H���� �3�D�X�O�� �+�X�O�O�P�H�L�Q�H�� �F�D�O�O�V�� �P�\�� �D�W�W�H�Q�W�L�R�Q�� �W�R�� �D�O���%�ì�U�,�Q�ì� �̂V�� �T�X�H�V�W�L�R�Q�V�� �U�H�J�D�U�G�L�Q�J�� �W�K�H�� �Y�D�F�X�X�P�� �L�Q��
�W�K�H�� �O�H�W�W�H�U�V�� �W�R�� �$�Y�L�F�H�Q�Q�D�� ���W�K�H�� �V�L�[�W�K�� �T�X�H�V�W�L�R�Q�� �U�H�J�D�U�G�L�Q�J�� �S�K�\�V�L�F�D�O�� �S�U�R�E�O�H�P�V���� �D�Q�G�� �D�O�V�R�� �W�K�H�� �Q�L�Q�W�K�� �D�Q�G��
�W�H�Q�W�K�� �T�X�H�V�W�L�R�Q�� �R�Q��De Caelo), where he criticizes the Aristotelian (and Avicennean) arguments 
against the vacuum, but without really indicating his personal opinion.

36  Themistius’ commentary to De Caelo�� �L�V�� �O�L�V�W�H�G�� �L�Q�� �W�K�H�� �F�X�U�U�L�F�X�O�X�P�� �R�I�� �$�E�,�� �6�D�K�O�� �D�O���0�D�V�ì�æ�ì����
�,�E�Q�� �6�ì�Q�Â� �̂V�� �F�R�Q�W�H�P�S�R�U�D�U�\�� �D�Q�G�� �W�H�D�F�K�H�U�� �L�Q�� �P�H�G�L�F�L�Q�H���� �V�H�H�� �*�X�W�D�V����� �U�H�B�D�M�M�@, p.  172. See also the 
following notes.
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�W�K�H�� �O�D�W�W�H�U�� �G�R�H�V�� �Q�R�W�� �I�R�O�O�R�Z�� �X�S�� �R�Q�� �W�K�L�V�� �T�X�H�U�\�� �L�Q�� �K�L�V�� �V�H�F�R�Q�G�� �U�R�X�Q�G�� �R�I�� �F�R�U�U�H�V�S�R�Q-
dence.

As is well-known, Themistius’ commentary to De Caelo survives only in a 
Hebrew translation from the Arabic.37�� �,�E�Q�� �6�ì�Q�Â� �̂V�� �E�U�L�H�I�� �V�Q�L�S�S�H�W�� ���w�H�M�M�@�G�T �X�@�M-
�A�@�F�G�  �@�M �X�T�l�S�@�L�H�K�@ qawlu �@�K���E�@�X�K�@�R�>�E�H �ò�@�K�� �@�l�R�@�M �@�K���V�T�I�>�G�H) may be the only 
�Z�L�W�Q�H�V�V�� �W�R�� �W�K�H�� �$�U�D�E�L�F�� �Y�H�U�V�L�R�Q���� �,�W�� �L�V�� �Q�R�W�� �H�Q�W�L�U�H�O�\�� �F�O�H�D�U�� �W�K�D�W�� �,�E�Q�� �6�ì�Q�Â�� �L�V�� �U�H�I�H�U�U�L�Q�J��
to a gloss on De Caelo 278a 21, where Aristotle employs the faulty reasoning 
�P�H�Q�W�L�R�Q�H�G�� �D�E�R�Y�H���� �J�L�Y�H�Q�� �W�K�H�� �S�R�Q�G�H�U�R�X�V�� �F�K�D�U�D�F�W�H�U�� �R�I�� �=�H�U�D�æ�\�D� �̂V�� �+�H�E�U�H�Z�� �W�U�D�Q�V�O�D-
�W�L�R�Q�� �R�Q�H�� �F�D�Q�Q�R�W�� �E�H�� �V�X�U�H���� �1�R�Q�H�W�K�H�O�H�V�V���� �, �G�R�� �E�H�O�L�H�Y�H�� �W�K�D�W�� �,�E�Q�� �6�ì�Q�Â�� �L�V�� �U�H�I�H�U�U�L�Q�J��
�W�R�� �7�K�H�P�L�V�W�L�X�V�ˆ�� �J�O�R�V�V�� �R�Q�� �W�K�H�� �S�D�V�V�D�J�H�� �L�Q�� �T�X�H�V�W�L�R�Q���� �, �Z�L�O�O�� �D�W�W�H�P�S�W�� �W�R�� �S�U�R�G�X�F�H�� �D��
coherent translation of the Hebrew:

Said Themistius: it is proper that we take the statement as a universal notion. That 
is, he did not state it as an open-ended statement, but rather in the case that the 
positioning is in one way. For it is possible for those figures to move in rotation, 
depending on the positioning, without there being a vacuum beyond the heavens. 
However, with regard to the sphere, there will never be need for something beyond 
it at all.38

In free translation, Themistius tells us that Aristotle did not mean that the 
�H�O�O�L�S�V�R�L�G�� �Z�L�O�O�� �Q�H�F�H�V�V�D�U�L�O�\�� �U�H�T�X�L�U�H�� �D�� �Y�R�L�G�� �E�H�\�R�Q�G�� �W�K�H�� �F�R�V�P�R�V���� �W�K�D�W�� �Z�R�X�O�G�� �K�D�S�S�H�Q��
only in a certain positioning, namely, for example, the lenticular rotating about 
its major axis. However, for the sphere, it is always true: the rotating sphere 
�Q�H�Y�H�U�� �U�H�T�X�L�U�H�V�� �V�S�D�F�H�� �E�H�\�R�Q�G�� �W�K�H�� �Y�R�O�X�P�H�� �R�I�� �W�K�H�� �V�S�K�H�U�H���� �7�K�L�V�� �L�V���� �L�Q�� �I�D�F�W���� �W�K�H�� �U�H�V-
�R�O�X�W�L�R�Q�� �W�K�D�W�� �,�E�Q�� �6�ì�Q�Â�� �V�X�J�J�H�V�W�V�� �L�Q�� �K�L�V�� �U�H�V�S�R�Q�V�H��

�1�R�Z�� �O�H�W�� �X�V�� �W�X�U�Q�� �W�R�� �D�O���%�ì�U�,�Q�ì� �̂V�� �Y�H�U�\�� �F�R�P�S�U�H�K�H�Q�V�L�Y�H�� �W�H�[�W�E�R�R�N�� �R�Q�� �D�V�W�U�R�Q�R�P�\����
�@�K���0���M�>�M al-Mas�ò�>�C� , which he completed in 1030, some thirty years after his 
�F�R�U�U�H�V�S�R�Q�G�H�Q�F�H�� �Z�L�W�K�� �,�E�Q�� �6�ì�Q�Â��39 His critical review of Ptolemy’s arguments for 
�D�� �V�S�K�H�U�L�F�D�O�� �F�R�V�P�R�V�� �L�Q�� �W�K�H�� �I�L�U�V�W�� �R�I�� �W�K�H�V�H�� �‡�L�Q�T�X�L�U�L�H�V�ˆ�� �O�H�D�G�V�� �K�L�P�� �W�R�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J��
conclusion:

Since the circuits of the stars cannot be on a flat planar surface, they must take place 
on the surface of a solid that is not flat [i.e. not made up of straight flat faces]. And 
since its motion is rotational, it doubtlessly takes place about an axis. Its actual real-
�L�W�\�� �>�W�K�H�� �I�D�F�W�� �W�K�D�W�� �W�K�L�V�� �E�R�G�\�� �H�[�L�V�W�V�� �L�Q�� �D�F�W�X�D�O�� �U�H�D�O�L�W�\�@�� �U�H�T�X�L�U�H�V�� �W�K�D�W�� �L�W�� �E�H�� �I�L�Q�L�W�H�� �>�V�L�Q�F�H�� �Q�R��
infinite body can exist]; and that the end-points of the axis be the poles of the axis. 
The heavens, therefore, have two poles, one of them lying below in the south by the 
same magnitude that the other is above in the north.
This body may be spherical, just as it may be ovoidal or lenticular, or cylindrical or 
conical or polyhedral. Ptolemy’s proof from the unvarying magnitudes of the stars in 

37  The text was edited by Landauer, Themistii; on this text and edition see further Zonta, 
‘Hebraica veritas’.

38  Landauer, Themistii, p. 67 (Hebrew), lines 32–35.
39 �%�R�V�Z�R�U�W�K���� �‡�%�ì�U�,�Q�ì� �̂�
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all directions and regions of the heavens does not rule out the shape’s being polyhe-
dral…40

Thus, even the polyhedron, all of whose faces are flat, must be considered. The 
explanation is obscure; our argument thus far ‘only rules out the very motion 
and tracings that the bodies would trace by their means’. I  take this to mean, 
that we need to know the shape of the body on which the observer stands 
when he makes his observations, in order to be sure that the heavens them-
selves are not a polyhedron. Presumably, then, an observer located on or in 
a polyhedron within an enclosing, rotating polyhedron, may detect the same 
motions as the observer on the earth does now. For this reason, as he states 
�L�Q�� �W�K�H�� �S�D�V�V�D�J�H�� �W�K�D�W�� �I�R�O�O�R�Z�V���� �D�O���%�ì�U�,�Q�ì�� �G�H�I�H�U�V�� �K�L�V�� �S�U�R�R�I�� �I�R�U�� �W�K�H�� �V�S�K�H�U�L�F�L�W�\�� �R�I�� �W�K�H��
heavens until after the sphericity of the earth is first established: ‘We can deci-
sively rule out alternative shapes for the heavens, other than the spherical one, 
only between the second and third of these investigations [that is, at the end of 
the second and before the third]; so we will put it off to its proper place’. The 
second investigation concerns the shape of the earth.

�$�O���%�ì�U�,�Q�ì�� �W�K�X�V�� �I�R�O�O�R�Z�V�� �3�W�R�O�H�P�\� �̂V�� �R�U�G�H�U�� �R�I�� �W�K�H�� �W�K�H�R�U�H�P�V�� �E�X�W�� �G�H�I�H�U�V�� �U�H�D�F�K�L�Q�J��
his conclusion until after the sphericity of the earth has been demonstrated. 
In his discussion of the second principle, which is the sphericity of the earth, 
�D�O���%�ì�U�,�Q�ì�� �D�J�D�L�Q�� �I�R�O�O�R�Z�V�� �3�W�R�O�H�P�\�� �E�X�W�� �R�I�I�H�U�V�� �D�� �P�X�F�K�� �I�X�O�O�H�U�� �H�[�S�O�D�Q�D�W�L�R�Q���� �+�H�� �G�L�V-
cusses, for example, what happens during a lunar eclipse, so that the reader can 
understand how the evidence drawn from its simultaneity at different locations 
on the earth bolsters the claim that the earth is spherical, or at least curved in 
the direction of longitude. Curvature in the direction of latitude can be shown 
from the variation in the number of ever-visible stars as we move north or 
south. Moving beyond the trivial cases (as one may call them) of points on the 
same parallel of longitude or latitude, he provides a comparison between Aden 
and Bulghar, which differ with respect to both coordinates. Since curvature 
�K�D�V�� �E�H�H�Q�� �V�K�R�Z�Q�� �W�R�� �K�R�O�G�� �L�Q�� �E�R�W�K�� �O�D�W�L�W�X�G�H�� �D�Q�G�� �O�R�Q�J�L�W�X�G�H���� �D�O���%�ì�U�,�Q�ì�� �F�R�Q�F�O�X�G�H�V����
the earth’s surface must be spherical.41

�$�O���%�ì�U�,�Q�ì�� �W�K�H�Q�� �W�D�N�H�V�� �X�S�� �D�� �S�R�V�V�L�E�O�H�� �R�E�M�H�F�W�L�R�Q�� �Z�K�L�F�K�� �K�H�� �D�V�F�U�L�E�H�V�� �W�R�� �D�� �F�H�U�W�D�L�Q��
mutakallim.42 Perhaps all that has been shown regarding the spherical shape 
of the earth is true only for the inhabited portions? After all, we have no data 
from the uninhabited areas. In reply, he argues that the sphericity of the entire 
earth can be established by observing the shapes of the shadows which the 
earth casts on the moon during an eclipse. He concludes that all of the above 

40 �0�\�� �W�U�D�Q�V�O�D�W�L�R�Q���� �Z�L�W�K�� �H�[�S�O�D�Q�D�W�R�U�\�� �J�O�R�V�V�H�V�� �L�Q�� �E�U�D�F�N�H�W�V���� �I�U�R�P�� �D�O���%�ì�U�,�Q�ì�����@�K���0���M�T�M�T�ñl-
Mas�ò�>�C� , vol.  I, 29–30.

41 �D�O���%�ì�U�,�Q�ì�����@�K���0���M�T�M�T�ñl-Mas�ò�>�C� , vol.  I, top of p. 36.
42  The fourteenth century Jewish savant Hayyim Israeli held much the same view; see my 

study, in Hebrew: ‘The Making of the Firmament’.
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‘removes the doubt in the matter of the earth, establishing its roundness in all 
directions; she is therefore sensibly (�E�  �@�K���l�H�R�R) a sphere’.43 Then, by observing 
the culmination of stars (for longitude) and the elevation of the pole (for lati-
tude), we conclude that the shape of the heaven conforms to that of the earth 
and is thus spherical.

The heavens have thus been proven to have the shape of a sphere. I  sub-
�P�L�W���� �Q�R�Q�H�W�K�H�O�H�V�V���� �W�K�D�W�� �D�O���%�ì�U�,�Q�ì�� �P�D�\�� �K�D�Y�H�� �U�H�W�D�L�Q�H�G�� �V�R�P�H�� �O�L�Q�J�H�U�L�Q�J�� �G�R�X�E�W�V�� �D�V�� �W�R��
whether the heavens had the shape of a perfect sphere. Indeed, he knew (as did 
all cosmologists) that the earth had bumps and grooves, in the form of moun-
tains and valleys; but these were negligible relative to the size of the earth. And 
what about the heavens? Could they have a sphericity that is less than 1? From 
the point of view of astronomical observations, it would not matter much, if 
at all; but from the philosophical, or aesthetical (and perhaps theological) per-
�V�S�H�F�W�L�Y�H�V���� �L�W�� �V�H�H�P�V�� �W�K�D�W�� �D�� �S�H�U�I�H�F�W�� �V�S�K�H�U�H�� �Z�D�V�� �U�H�T�X�L�U�H�G��

In my contribution to the Festschrift for A.  I. Sabra I described the optical 
�S�U�R�R�I�� �I�R�U�� �W�K�H�� �V�S�K�H�U�L�F�L�W�\�� �R�I�� �W�K�H�� �F�R�V�P�R�V�� �S�X�W�� �I�R�U�Z�D�U�G�� �E�\�� �$�æ�P�D�G�� �L�E�Q���ò�ë�V�Â���� �Z�K�L�F�K��
is based on the sphericity of the earth.44 I suggested that the Arabic-writing 
thinkers reversed the order of Ptolemy’s arguments, since they took the sphe-
ricity of the earth to be the more evident of the two principles. Pierre Pel-
legrin sees the sphericity of the earth to be the best of Aristotle’s arguments 
for the spherical shape of the cosmos. However, he adds, Aristotle argued in 
the reverse direction — from the sphericity of the outermost sphere down to 
the earth because the higher regions are ‘naturally prior’.45�� �$�� �F�R�Q�V�H�T�X�H�Q�F�H�� �R�I��
this approach is that one can explain the minor divergences from the perfect 
sphericity in the shape of the earth as a degradation of the perfect sphericity of 
the heavens as one moves below the sphere of the moon.

I now would like to press forward with this same analysis. Reversing the 
order — arguing from the sphericity of the earth for the sphericity of the heav-
ens — would mean not only an argument that moves from the naturally poste-
rior, but also one that seeks to prove the perfect sphericity of the heavens from 
the acknowledged imperfect sphericity of the earth. The difficulties are clear 
enough, but nonetheless, this seems to be the direction chosen by astronomers 
working in Islamic cultures. The reason for this, as it looks to me now (but 
maybe not tomorrow), is that the sphericity of the earth is the more secure 
and certain datum that our observations can provide. In other words, empirical 
evidence is prior to metascientific (or metaphysical) considerations.

43 �D�O���%�ì�U�,�Q�ì�����@�K���0���M�T�M�T�ñl-Mas�ò�>�C� ���� �Y�R�O�� �,���� �S�S�� �����…�������� �3�D�X�O���+�X�O�O�P�H�L�Q�H���V�X�J�J�H�V�W�V���W�K�D�W���D�O���%�ì�U�,�Q�ì��
may be making the same argument in Chapter 26 of his book on India (Sachau, � �K�A�D�Q�T�M�H�w�R �(�M-
dia, vol.  I, p. 268). Though the chapter carries the title ‘On the Sphericity of the Heaven and 
the Earth  […]’, it offers arguments only for the sphericity of the earth.

44  Langermann, ‘Transcriptions’, pp. 247–60.
45  Pellegrin, ‘The Argument’, p. 178.
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Nonetheless, the perfect sphericity of the heavens remains a philosophical 
or aesthetic imperative. From the point of view of observational astronomy, a 
nearly spherical ellipsoid rotating on its major axis, as the shape of the out-
ermost envelope of the world, cannot be ruled out. I  somehow suspect that 
�D�O���%�ì�U�,�Q�ì�� �Q�H�Y�H�U�� �I�U�H�H�G�� �K�L�P�V�H�O�I�� �I�U�R�P�� �G�R�X�E�W�� �R�Q�� �W�K�L�V�� �P�D�W�W�H�U��

5.  Conclusions

The commentary provided astronomers the opportunity to engage head-on 
with the Almagest, to go through it passage by passage in the effort to pene-
trate Ptolemy’s reasoning. Although formally speaking the purpose of the genre 
was to explicate and clarify rather than to criticize, alter, or reject, in practice 
a good deal of criticism and reform is to be found in the commentary tradi-
tion — especially when one accepts the wider definition of the genre that I 
have applied in this paper. In particular, this paper fleshes out a form of silent 
criticism and reform. By that I mean that Ptolemy’s proofs for the sphericity of 
the heavens are not challenged directly. Instead, proofs that seem no longer to 
be relevant are simply passed over, and the arguments are effectively rearranged 
so that the sphericity of the heavens is shown to conform to the sphericity of 
the earth, because the earth’s sphericity was held to be the more secure datum.

All the commentators studied here accepted Ptolemy’s statement that the 
heavens have the shape of the sphere; there was general agreement as well that 
the strongest argument on behalf of the sphere was the unvarying sizes of the 
stars in their rotations as well as the rotations of the circumpolar stars. This 
is observational evidence which is intrinsically linked to the position of the 
observer. Hence, some were of the opinion that this proof depends on the 
earth’s being spherical, which Ptolemy had shown only in the sections fol-
lowing that on the sphericity of the heavens. Therefore, in principle, Ptole-
my’s ordering of the theorems is mistaken; nonetheless, the Arabic expositions 
remain loyal to Ptolemy’s order of presentation.

The Arabic commentators also felt the need to tidy up Ptolemy’s presen-
tation. Arcane alternatives that Ptolemy had refuted at some length could be 
safely ignored. Unsubstantiated statements, such as the isoperimetric property 
of the sphere, should be demonstrated. The only serious alternatives were other 
geometrical solids, especially those with at least some curved surfaces. How-
ever, no one actually argued on behalf of one of those alternatives, though, 
in m�\�� �R�Z�Q�� �R�S�L�Q�L�R�Q���� �D�O���%�ì�U�,�Q�ì�� �P�D�\�� �Q�R�W�� �K�D�Y�H�� �E�H�H�Q�� �H�Q�W�L�U�H�O�\�� �F�R�Q�Y�L�Q�F�H�G�� �W�K�D�W�� �W�K�H��
ellipsoids had to be rejected.

This paper has studied only a small sampling of commentaries written in 
Arabic to the Arabic Almagest. Many more remain to be studied; at least one 
compares the Almagest in the original Greek with both Hebrew and Arabic 
translations.46 Further study of the commentary tradition is sure to enrich our 
understanding of the way this great astronomical textbook was read, sympa-

46  Langermann, ‘Science in the Jewish Communities’, pp. 446–49.
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thetically and critically, in a wide spectrum of cultures and varying historical 
contexts.
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1.  �+�v�C�J�S���C�� �"�G�M�B�¬
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�D�� �V�K�R�U�W�� �W�L�P�H�� �L�Q�� �)�X�V���Â���� �D�Q�G�� �O�H�I�W�� �I�R�U�� �$�O�H�S�S�R�� �L�Q�� ������������������ �Z�K�H�U�H�� �K�H�� �I�L�Q�D�O�O�\�� �V�H�W�W�O�H�G��
�D�Q�G�� �G�H�Y�R�W�H�G�� �K�L�P�V�H�O�I�� �W�R�� �P�H�G�L�F�L�Q�H���� �,�W�� �L�V�� �Y�H�U�\�� �O�L�N�H�O�\�� �W�K�D�W���K�H�� �W�R�R�N�� �K�L�V�� �R�U�L�J�L�Q�D�O�� �F�R�S�\��
�R�I�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña�� �Z�L�W�K�� �K�L�P�� �W�R�� �6�\�U�L�D�� �D�O�R�Q�J�� �Z�L�W�K�� �W�K�H�� �U�H�Y�L�V�H�G��
�Y�H�U�V�L�R�Q������

���� �)�R�U�� �K�L�P���� �D�Q�G�� �S�D�U�W�L�F�X�O�D�U�O�\�� �I�R�U�� �W�K�H�� �G�D�W�H�� �R�I�� �K�L�V�� �G�H�D�W�K���� �V�H�H�� �6�K�L�æ�Â�G�D�� �D�Q�G�� �=�L�N�Â�U����Ta�ñ�Q� �J�G����
�Y�R�O�� �,�9���� �S�� ��������

���� �/�L�S�S�H�U�W����Ta�ñ�Q� �J�G �@�K���l�T�J�@�L���ñ���� �S�� ��������
���� �6�D�E�U�D���� �‡�7�K�H�� �$�Q�G�D�O�X�V�L�D�Q�� �5�H�Y�R�O�W� �̂�
���� �/�D�\���� �‡�/� �̂$�E�U�ª�J�ª�� �G�H�� �O�ˆAlmageste� �̂��� �S�� �������� �%�H�O�O�Y�H�U���� �‡�(�O�� �O�X�J�D�U� �̂��� �S�� ��������
21 �/�L�S�S�H�U�W����Ta�ñ�Q� �J�G �@�K���l�T�J�@�L���ñ���� �S�S�� �������…������
22 �/�L�S�S�H�U�W����Ta�ñ�Q� �J�G �@�K���l�T�J�@�L���ñ���� �S�� ��������
23 �/�L�S�S�H�U�W����Ta�ñ�Q� �J�G �@�K���l�T�J�@�L���ñ���� �S�� ���������� �,�Q�� �W�K�L�V�� �U�H�I�H�U�H�Q�F�H���� �W�K�H�� �Z�R�U�G���H�n�K���l in wa-sa�ñala-hu 

�H�n�K���l Hay�ñat �(�A�M � �E�K�@�l �@�K��� �M�C�@�K�T�R� ���� �L���H���� �‡�D�Q�G�� �K�H�� �D�V�N�H�G�� �K�L�P�� �W�R�� �F�R�U�U�H�F�W�� �W�K�H��Astronomy of Ibn 
�$�I�O�D�æ�� �D�O���$�Q�G�D�O�X�V�ì� �̂��� �V�K�R�X�O�G�� �Q�R�W�� �E�H�� �X�Q�G�H�U�V�W�R�R�G�� �D�V�� �S�D�U�W�� �R�I�� �D�� �W�L�W�O�H���(�n�K���l al-Hay�ña��

���� �7�K�H�� �%�H�U�O�L�Q�� �P�D�Q�X�V�F�U�L�S�W�� �F�R�S�L�H�G�� �L�Q�� �'�D�P�D�V�F�X�V�� �L�Q�� ������������������ �P�D�\�� �V�W�H�P�� �I�U�R�P�� �-�R�V�H�S�K�� �E�H�Q�� �-�H-
�K�X�G�D� �̂V�� �R�U�L�J�L�Q�D�O�� �P�D�Q�X�V�F�U�L�S�W��
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�'�X�U�L�Q�J�� �W�K�H�� �V�H�Y�H�Q�W�K���W�K�L�U�W�H�H�Q�W�K�� �F�H�Q�W�X�U�\���� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  
l-Hay�ña�� �K�D�G�� �V�R�P�H�� �L�P�S�D�F�W�� �R�Q�� �W�K�H�� �F�H�Q�W�U�D�O�� �D�Q�G�� �H�D�V�W�H�U�Q�� �,�V�O�D�P�L�F�D�W�H�� �Z�R�U�O�G���� �4�X���E��
�D�O���'�ì�Q�� �D�O���6�K�ì�U�Â�]�ì�� ���G�� ���������������������� �Z�K�R�� �Z�D�V�� �D�� �V�W�X�G�H�Q�W�� �R�I�� �1�D���ì�U�� �D�O���'�ì�Q�� �D�O�����,�V�ì��
���G�� �������������������� �D�W�� �0�D�U�Â�J�K�D���� �Z�U�R�W�H�� �D�� �V�K�R�U�W�� �V�X�P�P�D�U�\�� �R�I�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A 
�E�  l-Hay�ña�� �X�Q�G�H�U�� �W�K�H�� �W�L�W�O�H���%�@�V���ñid min �@�K���*�H�S���A �@�K���L�@�V�R�>�L �A�H���K���,�@�I�H�R�p�  �K�H���(�A�M 
� �E�K�@�l �@�K���,�@�F�G�Q�H�A� �� � �Useful notes from the Book referred to as the Almagest �A�X �(�A�M 
� �E�K�@�l �@�K���,�@�F�G�Q�H�A� ���� �…�� �D�� �Z�R�U�N�� �W�K�D�W�� �V�H�H�P�V�� �W�R�� �K�D�Y�H�� �E�H�H�Q�� �F�R�P�P�L�V�V�L�R�Q�H�G�� �E�\�� �D�O�����,�V�ì��
�K�L�P�V�H�O�I�������� �$�O���6�K�ì�U�Â�]�ì�� �I�L�Q�L�V�K�H�G�� �W�K�L�V�� �D�E�U�L�G�J�H�P�H�Q�W�� �G�X�U�L�Q�J�� �W�K�H�� �V�H�F�R�Q�G�� �W�H�Q�� �G�D�\�V�� �R�I��
�1�@�A� �ò al-awwal�� �R�I�� �W�K�H�� �\�H�D�U�� �������� �������� �'�H�F�H�P�E�H�U�� ���������� �W�R�� ���� �-�D�Q�X�D�U�\�� �������������� �S�U�R�E-
�D�E�O�\�� �G�X�U�L�Q�J�� �K�L�V�� �V�W�D�\�� �D�W�� �0�D�U�Â�J�K�D�� �X�Q�G�H�U�� �W�K�H�� �G�L�U�H�F�W�L�R�Q�� �R�I�� �D�O�����,�V�ì�� �R�U�� �V�K�R�U�W�O�\�� �W�K�H�U�H-
�D�I�W�H�U�� �G�X�U�L�Q�J�� �K�L�V�� �W�U�L�S�� �Z�L�W�K�� �D�O�����,�V�ì�� �W�R�� �.�K�X�U�Â�V�Â�Q�������� �7�K�H�� �L�P�S�D�F�W�� �R�I�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V��
�@�K���*�H�S���A �E�  l-Hay�ña�� �R�Q�� �D�O���6�K�ì�U�Â�]�ì�� �F�D�Q�� �D�O�V�R�� �E�H�� �W�U�D�F�H�G�� �L�Q�� �D�O���6�K�ì�U�Â�]�ì� �̂V�� �V�K�R�U�W�� �R�S�X�V-
�F�X�O�H�� �H�Q�W�L�W�O�H�G���%�@�n�K �E�  Kayfiyyat �S�@�l�n� �K �@�K���Y�@�L���M �@�K���C�@�V�Q�  li-l-qamar �ò�@�K�� �L�� dha-
kara �!�@�p�K�@�L�H�X�>�R �E�  �@�V���ñil �@�K���L�@�P���K�@ �@�K���Q���A�H�òa min �@�K���,�@�I�H�R�p� � � � �Section on how to 
�N�A�S�@�H�M the lunar period according to what Ptolemy mentioned in Book IV of the 
Almagest�������� �Z�K�H�U�H�� �K�H�� �F�O�R�V�H�O�\�� �I�R�O�O�R�Z�V�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V�� �R�U�L�J�L�Q�D�O�� �P�H�W�K�R�G�� �I�R�U�� �I�L�Q�G-
�L�Q�J�� �W�K�H�� �O�X�Q�D�U�� �S�H�U�L�R�G�� �L�Q�� �D�Q�R�P�D�O�\���� �D�O�W�K�R�X�J�K�� �K�H�� �G�R�H�V�� �Q�R�W�� �D�F�N�Q�R�Z�O�H�G�J�H�� �K�L�V�� �G�H�E�W������ 
�$�Q�R�W�K�H�U�� �L�P�S�R�U�W�D�Q�W�� �Z�L�W�Q�H�V�V�� �W�R�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V�� �L�Q�I�O�X�H�Q�F�H�� �W�K�D�W�� �V�W�L�O�O�� �Q�H�H�G�V�� �W�R�� �E�H��
�V�W�X�G�L�H�G�� �L�V�� �W�K�H���*�H�S���A �,�T�J�G�S�@�n�@�Q �E�  �òilm al-hay�ña min Hay�ñat �*�>�R�G�X���Q wa-min 
Hay�ñat �(�A�M � �E�K�@�l �@�K���(�R�G�A� �K� � � � �� �A�Q�H�C�F�D�L�D�M�S on astronomy from the Astronomy of 
�*�>�R�G�X���Q and the Astronomy of �(�A�M � �E�K�@�l �@�K���(�R�G�A� �K� ���� �E�\�� �$�W�K�ì�U�� �D�O���'�ì�Q�� �D�O���0�X-
�I�D�Ö�Ö�D�O�� �E�� �ò�8�P�D�U�� �D�O���$�E�K�D�U�ì�� ���G�� ������������������������

�%�X�W�� �G�H�V�S�L�W�H�� �W�K�H�� �L�Q�L�W�L�D�O�� �H�V�W�H�H�P�� �Z�L�W�K�� �Z�K�L�F�K�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña 
�Z�D�V�� �U�H�J�D�U�G�H�G���� �H�[�W�H�U�Q�D�O�� �I�D�F�W�R�U�V�� �S�U�H�Y�H�Q�W�H�G�� �L�W�� �I�U�R�P�� �E�H�L�Q�J�� �H�[�W�H�Q�V�L�Y�H�O�\�� �F�R�S�L�H�G�� �L�Q��
�W�K�H�� �,�V�O�D�P�L�F�D�W�H�� �Z�R�U�O�G�� �D�I�W�H�U�� �W�K�H�� �H�L�J�K�W�K���I�R�X�U�W�H�H�Q�W�K�� �F�H�Q�W�X�U�\���� �7�K�H�� �P�R�V�W�� �L�P�S�R�U�W�D�Q�W��
�R�Q�H�� �L�V�� �W�K�D�W�� �L�Q�� �������������������� �V�K�R�U�W�O�\�� �D�I�W�H�U�� �W�K�H�� �U�H�F�H�S�W�L�R�Q�� �R�I�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A 
�E�  l-Hay�ña�� �L�Q�� �W�K�H�� �F�H�Q�W�U�D�O�� �,�V�O�D�P�L�F�D�W�H�� �Z�R�U�O�G���� �1�D���ì�U�� �D�O���'�ì�Q�� �D�O�����,�V�ì�� �F�R�P�S�O�H�W�H�G�� �K�L�V��
�3�@�l�Q� �Q �@�K���,�@�I�H�R�p� ���� �Z�K�L�F�K�� �Z�D�V�� �W�R�� �U�H�S�O�D�F�H�� �W�K�H��Almagest�� �L�W�V�H�O�I�� �D�Q�G�� �D�Q�\�� �R�W�K�H�U�� �R�I�� �L�W�V��
�D�E�U�L�G�J�P�H�Q�W�V�� �L�Q�� �W�K�H�� �F�H�Q�W�U�D�O�� �D�Q�G�� �H�D�V�W�H�U�Q�� �,�V�O�D�P�L�F�D�W�H�� �Z�R�U�O�G���� �:�K�L�O�H�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V��
�@�K���*�H�S���A �E�  l-Hay�ña�� �Z�D�V�� �W�K�H�� �Z�R�U�N�� �R�I�� �D�� �P�D�W�K�H�P�D�W�L�F�L�D�Q�� �P�R�V�W�O�\�� �L�Q�W�H�U�H�V�W�H�G�� �L�Q�� �W�K�H��
�J�H�R�P�H�W�U�L�F�D�O�� �F�R�Q�V�L�V�W�H�Q�F�\�� �R�I�� �W�K�H��Almagest�� �D�Q�G���� �P�R�U�H�� �L�P�S�R�U�W�D�Q�W�O�\���� �D�Q�\�� �S�U�D�F�W�L�F�D�O��
�H�O�H�P�H�Q�W�� �S�U�H�V�H�Q�W�� �L�Q�� �W�K�H��Almagest �Z�D�V�� �O�H�I�W�� �D�V�L�G�H���� �W�K�H���3�@�l�Q� �Q �@�K���,�@�I�H�R�p� �� �Z�D�V�� �W�K�H��
�Z�R�U�N�� �R�I�� �D�� �P�D�W�K�H�P�D�W�L�F�D�O�� �D�V�W�U�R�Q�R�P�H�U�� �W�K�D�W�� �P�H�W�� �W�K�H�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �R�I�� �S�R�W�H�Q�W�L�D�O��
�D�V�W�U�R�Q�R�P�H�U�V�� �Q�H�H�G�L�Q�J�� �D�Q�� �L�Q�W�U�R�G�X�F�W�L�R�Q�� �W�R�� �E�R�W�K�� �W�K�H�� �W�K�H�R�U�H�W�L�F�D�O�� �D�Q�G�� �S�U�D�F�W�L�F�D�O�� �V�L�G�H�V��
�R�I�� �W�K�H��Almagest���� �2�Q�F�H�� �W�K�H���3�@�l�Q� �Q �@�K���,�@�I�H�R�p� �� �H�Q�W�H�U�H�G�� �W�K�H�� �S�R�V�W�F�O�D�V�V�L�F�D�O�� �F�D�Q�R�Q����

���� �0�V�� �2�[�I�R�U�G���� �%�R�G�O�H�L�D�Q���� �7�K�X�U�V�W�R�Q�� ���� �����Y�…�����Y��
���� �6�H�H�� �W�K�H�� �D�X�W�K�R�U�L�D�O�� �F�R�O�R�S�K�R�Q�� �L�Q�� �0�V�� �2�[�I�R�U�G���� �%�R�G�O�H�L�D�Q���� �7�K�X�U�V�W�R�Q�� ���� �����Y��
���� �0�V�� �'�X�E�O�L�Q���� �&�K�H�V�W�H�U�� �%�H�D�W�W�\�� �/�L�E�U�D�U�\���� �$�U���� ���������� �������Y�� �D�Q�G�� �������U��
���� �6�H�H�� �%�H�O�O�Y�H�U���� �‡�-�Â�E�L�U�� �E�� �$�I�O�D�æ�� �R�Q�� �W�K�H�� �)�R�X�U���(�F�O�L�S�V�H�� �0�H�W�K�R�G� �̂�
���� �7�K�L�V�� �Z�R�U�N�� �L�V�� �H�[�W�D�Q�W�� �L�Q�� �0�V�� �,�V�W�D�Q�E�X�O���� �6�½�O�H�\�P�D�Q�L�\�H�� �/�L�E�U�D�U�\���� �&�D�U�X�O�O�D�K�� ���������� �����Y�…�����U���� �F�R�S-

�L�H�G�� �L�Q�� �&�D�L�U�R�� �L�Q�� ������������������ �V�K�R�U�W�O�\�� �D�I�W�H�U�� �$�E�K�D�U�ì� �̂V�� �G�H�D�W�K���� �7�K�H�� �W�L�W�O�H�� �L�V�� �J�L�Y�H�Q�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�D�W�� �L�Q��
�I�R�O�� �,�U��
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�W�K�H��Almagest�� �L�W�V�H�O�I�� �D�Q�G�� �D�Q�\�� �R�W�K�H�U�� �D�E�U�L�G�J�P�H�Q�W�� �Z�H�U�H�� �K�D�U�G�O�\�� �F�R�S�L�H�G�� �D�I�W�H�U�Z�D�U�G�V����
�,�Q�� �W�K�H�� �Z�H�V�W�H�U�Q�� �,�V�O�D�P�L�F�D�W�H�� �Z�R�U�O�G���� �K�R�Z�H�Y�H�U���� �W�K�H�� �I�D�F�W�R�U�� �W�K�D�W�� �S�U�H�Y�H�Q�W�H�G�� �W�K�H�� �V�X�F�F�H�V�V��
�R�I�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña�� �Z�D�V�� �V�L�P�S�O�\�� �W�K�H�� �O�D�F�N�� �R�I�� �L�Q�W�H�U�H�V�W�� �L�Q�� �K�L�J�K�O�\��
�W�H�F�K�Q�L�F�D�O�� �W�K�H�R�U�H�W�L�F�D�O�� �D�V�W�U�R�Q�R�P�\���� �V�R�� �W�K�D�W�� �W�K�H�� �D�X�G�L�H�Q�F�H�� �I�R�U�� �W�K�H�� �Z�R�U�N�� �U�D�S�L�G�O�\��
�G�H�F�U�H�D�V�H�G���� �D�Q�G�� �D�F�F�R�U�G�L�Q�J�O�\�� �L�W�� �Z�D�V�� �V�H�O�G�R�P�� �F�R�S�L�H�G�� �D�I�W�H�U�Z�D�U�G�V�������� �+�R�Z�H�Y�H�U���� �E�H�\�R�Q�G��
�W�K�H�� �I�D�F�W�� �W�K�D�W�� �W�K�H���@�K���*�H�S���A �E�  l-Hay�ña�� �Z�D�V�� �Q�R�W�� �H�[�W�H�Q�V�L�Y�H�O�\�� �F�R�S�L�H�G���� �W�K�H�� �L�P�S�D�F�W�� �R�I��
�-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V�� �F�U�L�W�L�F�L�V�P�V�� �R�Q�� �O�D�W�H�U�� �$�U�D�E�L�F�� �Z�R�U�N�V���� �S�U�R�E�D�E�O�\�� �W�K�U�R�X�J�K�� �Z�R�U�N�V�� �S�U�R-
�G�X�F�H�G�� �L�Q�� �0�D�U�Â�J�K�D���� �K�D�V�� �V�W�L�O�O�� �W�R�� �E�H�� �V�W�X�G�L�H�G�� �L�Q�� �G�H�S�W�K��

�-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña�� �Z�D�V�� �W�U�D�Q�V�O�D�W�H�G�� �L�Q�W�R�� �/�D�W�L�Q�� �E�\�� �*�H�U�D�U�G�� �R�I��
�&�U�H�P�R�Q�D�� ���G�� ���������������������� �7�K�H�� �P�R�V�W�� �F�R�P�P�R�Q�� �W�L�W�O�H�V�� �L�Q�� �/�D�W�L�Q�� �P�D�Q�X�V�F�U�L�S�W�V�� �D�U�H��
Astronomia �&�D�A�Q�H�� �D�Q�G���+�H�A�D�Q �&�D�A�D�Q super Almagesti��31�� �7�K�L�V�� �W�U�D�Q�V�O�D�W�L�R�Q�� �Z�D�V�� �O�D�W�H�U��
�S�U�L�Q�W�H�G�� �E�\�� �3�H�W�U�X�V�� �$�S�L�D�Q�X�V�� ���G�� ������������ �Z�L�W�K�� �W�K�H�� �W�L�W�O�H���&�D�A�Q�H �K�H�A�Q�H IX de astrono-
mia��32�� �$�V���/�R�U�F�K���V�X�J�J�H�V�W�H�G��33�� �L�W���L�V���O�L�N�H�O�\�� �W�K�D�W���*�H�U�D�U�G���R�I�� �&�U�H�P�R�Q�D���W�U�D�Q�V�O�D�W�H�G���-�Â�E�L�U��
�E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña�� �E�H�I�R�U�H�� �K�L�V�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �W�K�H��Almagest���� �V�L�Q�F�H�� �W�K�R�V�H��
�V�H�F�W�L�R�Q�V�� �L�Q�� �-�Â�E�L�U� �̂V���@�K���*�H�S���A �E�  l-Hay�ña�� �G�L�U�H�F�W�O�\�� �T�X�R�W�L�Q�J�� �W�K�H��Almagest� � � D� U� H� � � G� L� I� I� H� U-
�H�Q�W�� �I�U�R�P�� �K�L�V�� �U�H�Q�G�L�W�L�R�Q�� �R�I�� �W�K�H��Almagest���� �,�W�� �L�V�� �D�O�V�R�� �U�H�D�V�R�Q�D�E�O�H�� �W�R�� �W�U�D�Q�V�O�D�W�H�� �-�Â�E�L�U��
�E�� �$�I�O�D�æ� �̂V�� �D�E�U�L�G�J�H�P�H�Q�W�� �E�H�I�R�U�H�� �W�K�H��Almagest�� �L�W�V�H�O�I�� �L�Q�� �R�U�G�H�U�� �W�R�� �J�H�W�� �D�F�T�X�D�L�Q�W�H�G��
�Z�L�W�K�� �L�W�V�� �F�R�P�S�O�H�[�L�W�L�H�V���� �7�K�X�V���� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña�� �P�D�\�� �K�D�Y�H�� �E�H�H�Q��
�W�U�D�Q�V�O�D�W�H�G�� �E�H�W�Z�H�H�Q��c. �������������������� �Z�K�H�Q�� �*�H�U�D�U�G�� �R�I�� �&�U�H�P�R�Q�D�� �D�U�U�L�Y�H�G�� �L�Q�� �7�R�O�H�G�R����
�D�Q�G�� �������������������� �W�K�H�� �G�D�W�H�� �Z�K�H�Q�� �D�� �F�H�U�W�D�L�Q�� �P�D�V�W�H�U�� �7�K�D�G�H�X�V�� �W�K�H�� �+�X�Q�J�D�U�L�D�Q�� �F�R�S�L�H�G��
�*�H�U�D�U�G�� �R�I�� �&�U�H�P�R�Q�D� �̂V�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �W�K�H��Almagest�������� �7�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q�� �E�\�� �*�H�U�D�U�G��
�R�I�� �&�U�H�P�R�Q�D�� �W�K�H�U�H�I�R�U�H�� �S�U�R�Y�L�G�H�V�� �D�Q�� �D�G�G�L�W�L�R�Q�D�O�� �H�D�U�O�\�� �Z�L�W�Q�H�V�V�� �W�R�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V��
�Z�R�U�N��

�$�V�� �D�O�U�H�D�G�\�� �V�X�P�P�D�U�L�]�H�G�� �E�\�� �/�R�U�F�K���� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña�� �Z�D�V��
�D�O�V�R�� �W�U�D�Q�V�O�D�W�H�G�� �W�Z�L�F�H�� �L�Q�W�R�� �+�H�E�U�H�Z���� �7�K�H�� �I�L�U�V�W�� �W�U�D�Q�V�O�D�W�L�R�Q�� �Z�D�V�� �F�D�U�U�L�H�G�� �R�X�W�� �L�Q��
������������������ �E�\�� �0�R�V�K�H�� �L�E�Q�� �7�L�E�E�R�Q�� ���I�O���� �E�H�W�Z�H�H�Q�� ������������������ �D�Q�G�� ���������������������� �6�R�P�H��
�W�L�P�H���O�D�W�H�U���� �L�W���Z�D�V�� �D�O�V�R���W�U�D�Q�V�O�D�W�H�G���E�\�� �-�D�F�R�E���E�H�Q���0�D�æ�L�U���L�E�Q���7�L�E�E�R�Q�����G�� ����������������������
�,�Q�� �������������������� �W�K�H�� �O�D�W�W�H�U�� �W�U�D�Q�V�O�D�W�L�R�Q�� �Z�D�V�� �U�H�Y�L�V�H�G�� �E�\�� �6�D�P�X�H�O�� �E�H�Q�� �-�H�K�X�G�D�� �R�I�� �0�D�U-
�V�H�L�O�O�H�� ���I�O���� ���������������������� �6�D�P�X�H�O�� �E�H�Q�� �-�H�K�X�G�D���� �D�O�R�Q�J�� �Z�L�W�K�� �K�L�V�� �E�U�R�W�K�H�U�� �'�D�Y�L�G���� �K�D�G��
�W�U�L�H�G�� �W�R�� �W�U�D�Q�V�O�D�W�H�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña� � � I� U� R� P� � � D� Q� � � $� U� D� E� L� F� � � P� D� Q� X-
�V�F�U�L�S�W�� �I�R�X�Q�G�� �L�Q�� �$�U�O�H�V���� �E�X�W�� �W�K�H�\�� �K�D�G�� �W�R�� �U�H�W�X�U�Q�� �W�K�H�� �P�D�Q�X�V�F�U�L�S�W�� �D�I�W�H�U�� �W�K�H�\�� �K�D�G��
�R�Q�O�\�� �F�R�S�L�H�G�� �D�Q�� �H�L�J�K�W�K�� �R�I�� �L�W���� �6�D�P�X�H�O�� �E�H�Q�� �-�H�K�X�G�D�� �O�D�W�H�U�� �O�R�F�D�W�H�G�� �D�Q�� �D�X�W�R�J�U�D�S�K�� �R�I��
�-�D�F�R�E�� �E�H�Q�� �0�D�æ�L�U� �̂V�� �W�U�D�Q�V�O�D�W�L�R�Q���� �E�X�W�� �I�R�X�Q�G�� �L�W�� �I�D�X�O�W�\�� �E�\�� �F�R�O�O�D�W�L�Q�J�� �L�W�� �Z�L�W�K�� �W�K�H�� �$�U�D-
�E�L�F�� �P�D�Q�X�V�F�U�L�S�W�� �W�K�H�\�� �K�D�G�� �S�U�H�Y�L�R�X�V�O�\�� �X�V�H�G���� �7�K�X�V���� �K�H�� �W�R�R�N�� �S�D�L�Q�V�� �W�R�� �F�R�U�U�H�F�W�� �-�D�F�R�E��

���� �7�K�L�V�� �L�V�� �F�O�H�D�U�O�\�� �V�K�R�Z�Q�� �E�\�� �W�K�H�� �D�O�P�R�V�W�� �F�R�P�S�O�H�W�H�� �D�E�V�H�Q�F�H�� �R�I�� �P�D�Q�X�V�F�U�L�S�W�V�� �R�Q�� �P�D�W�K�H�P�D�W�L�F�D�O��
hay�ña�� �L�Q�� �0�D�J�K�U�H�E�L�� �O�L�E�U�D�U�L�H�V�� �F�R�P�S�D�U�H�G�� �W�R�� �W�K�H�� �P�R�U�H�� �D�E�X�Q�G�D�Q�W���S�U�H�V�H�Q�F�H�� �L�Q�� �W�K�H�V�H�� �O�L�E�U�D�U�L�H�V�� �R�I�� �Z�R�U�N�V��
on �L� �P���S���� �L�Q�V�W�U�X�P�H�Q�W�V�� �D�Q�G�� �W�D�E�O�H�V��

31 �/�R�U�F�K���� �‡�7�K�H�� �$�V�W�U�R�Q�R�P�\� �̂��� �S�� ������
32  De Astronomia �&�D�A�Q�H��
33 �/�R�U�F�K���� �‡�7�K�H�� �$�V�W�U�R�Q�R�P�\� �̂��� �S�� ������
���� �6�H�H�� �W�K�H�� �F�R�O�R�S�K�R�Q�� �L�Q�� �0�V�� �)�O�R�U�H�Q�F�H���� �%�0�/���� �3�O�X�W���� ������ �V�X�S���� ������
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�E�H�Q�� �0�D�æ�L�U� �̂V�� �W�U�D�Q�V�O�D�W�L�R�Q�� �G�H�V�S�L�W�H�� �W�K�H�� �W�U�R�X�E�O�H�V�� �W�K�D�W�� �D�� �F�R�U�U�H�F�W�L�R�Q�� �U�H�S�U�H�V�H�Q�W�H�G�� �L�Q��
�F�R�P�S�D�U�L�V�R�Q�� �W�R�� �D�� �I�U�H�V�K�� �W�U�D�Q�V�O�D�W�L�R�Q������

�%�R�W�K�� �D�F�F�R�X�Q�W�V���� �L���H���� �-�R�V�H�S�K�� �E�H�Q�� �-�H�K�X�G�D�� �D�Q�G�� �0�,�V�Â�� �E�� �0�D�\�P�,�Q� �̂V�� �U�H�Y�L�V�L�R�Q�� �L�Q��
�)�X�V���Â������ �D�Q�G�� �6�D�P�X�H�O�� �E�H�Q�� �-�H�K�X�G�D� �̂V�� �U�H�Y�L�V�L�R�Q�� �R�I�� �-�D�F�R�E�� �E�H�Q�� �0�D�æ�L�U� �̂V�� �W�U�D�Q�V�O�D�W�L�R�Q�� �D�I�W�H�U��
�F�R�P�S�D�U�L�Q�J�� �L�W�� �Z�L�W�K�� �D�Q�� �$�U�D�E�L�F�� �P�D�Q�X�V�F�U�L�S�W���� �V�X�J�J�H�V�W�� �W�K�D�W�� �W�K�H�� �$�U�D�E�L�F�� �H�G�L�W�L�R�Q�� �R�I��
�-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña� � � Z�D�V� � �V�R�P�H�K�R�Z� � �S�U�R�E�O�H�P�D�W�L�F� �� � � 7�K�L�V� � � L�V� � � F�R�U�U�R�E�R-
�U�D�W�H�G�� �E�\�� �G�L�I�I�H�U�H�Q�F�H�V�� �I�R�X�Q�G�� �L�Q�� �W�K�H�� �H�[�W�D�Q�W�� �$�U�D�E�L�F�� �P�D�Q�X�V�F�U�L�S�W�V�� �D�Q�G�� �W�K�H�� �/�D�W�L�Q�� �D�Q�G��
�+�H�E�U�H�Z�� �Y�H�U�V�L�R�Q�V��

3.  �8�J�U�O�F�T�T�F�T

�7�R�� �G�D�W�H���� �W�K�H�U�H�� �D�U�H�� �I�R�X�U�� �N�Q�R�Z�Q�� �$�U�D�E�L�F�� �P�D�Q�X�V�F�U�L�S�W�V�� �L�Q�� �$�U�D�E�L�F�� �V�F�U�L�S�W�� �R�I�� �-�Â�E�L�U��
�E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña�����W�K�U�H�H���R�I���Z�K�L�F�K���D�U�H���F�R�P�S�O�H�W�H�����7�Z�R���P�D�Q�X�V�F�U�L�S�W�V���D�U�H��
�O�R�F�D�W�H�G�� �L�Q�� �W�K�H�� �(�V�F�R�U�L�D�O�� �O�L�E�U�D�U�\���� �7�K�H�� �I�L�U�V�W�� �R�Q�H�� �L�V�� �0�V�� �(�V�F�R�U�L�D�O���� �5�%�0�6�/���� �¢�U���� �������� 
���K�H�Q�F�H�I�R�U�W�K�� �U�H�I�H�U�U�H�G�� �W�R�� �D�V�� �(�D���������� �Z�L�W�K�� �W�K�H�� �W�L�W�O�H�� ���I�R�O�� ���U�����*�H�S���A al-Hay�ña �K�H��� �A�  
�,�T�l�@�L�L�@�C �)���A�H�Q �A�� � �E�K�@�l �@�K���(�R�G�A� �K� ����wa-huwa �S�@�K�J�G� �n �*�H�S���A �@�K���,�@�I�H�R�p� ����wa-hiya 
al-nuskhat �@�K���L�T�l�@�C�G�C�G�@�E�@� � � �The Book of Astronomy �A�X �)���A�H�Q �A�� � �E�K�@�l����which 
is an �@�A�Q�H�C�F�D�L�D�M�S of the Almagest����This is the shortened version������ �7�K�H�� �V�H�F�R�Q�G��
�R�Q�H�� �L�V�� �0�V�� �(�V�F�R�U�L�D�O���� �5�%�0�6�/���� �¢�U���� �������� ���K�H�Q�F�H�I�R�U�W�K�� �U�H�I�H�U�U�H�G�� �W�R�� �D�V�� �(�E���������� �Z�L�W�K�� �W�K�H��
�W�L�W�O�H�� ���I�R�O�� ���U����al-Nuskhat �@�K���J�T�A�Q�� min �*�H�S���A al-Shaykh � �A�  �,�T�l�@�L�L�@�C �)���A�H�Q 
�A�� � �E�K�@�l �@�K���(�R�G�A� �K�  �E�  l-Hay�ña� � � �The Long Version of the Book on Astronomy �A�X the 
Shaykh � �A�> �,�T�l�@�L�L�@�C �)���A�H�Q �A�� � �E�K�@�l �@�K���(�R�G�A� �K� ������ �%�R�W�K�� �P�D�Q�X�V�F�U�L�S�W�V�� �D�U�H�� �I�U�R�P��
�W�K�H�� �Z�H�V�W�H�U�Q�� �,�V�O�D�P�L�F�D�W�H�� �Z�R�U�O�G�� �D�Q�G�� �S�U�R�E�D�E�O�\�� �R�I�� �$�Q�G�D�O�X�V�L�� �R�U�L�J�L�Q���� �7�K�H�\�� �G�R�� �Q�R�W��
�S�U�R�Y�L�G�H�� �D�Q�\�� �G�D�W�H���� �E�X�W�� �'�H�U�H�Q�E�R�X�U�J�� �W�H�Q�W�D�W�L�Y�H�O�\�� �G�D�W�H�V�� �W�K�H�P�� �W�R�� �W�K�H�� �H�L�J�K�W�K���I�R�X�U-
�W�H�H�Q�W�K�� �F�H�Q�W�X�U�\���� �W�K�H�� �G�D�W�L�Q�J�� �R�I�� �0�V�� �(�V�F�R�U�L�D�O���� �5�%�0�6�/���� �¢�U���� �������� �Z�L�O�O�� �E�H�� �G�L�V�F�X�V�V�H�G��
�E�H�O�R�Z���� �$ �W�K�L�U�G�� �P�D�Q�X�V�F�U�L�S�W�� �L�V�� �W�K�H�� �R�Q�H�� �D�O�U�H�D�G�\�� �P�H�Q�W�L�R�Q�H�G���� �O�R�F�D�W�H�G�� �L�Q�� �%�H�U�O�L�Q��
�D�Q�G�� �F�R�S�L�H�G�� �L�Q�� �'�D�P�D�V�F�X�V�� �L�Q�� ������������������ �L�Q�� �D��naskh�� �K�D�Q�G���� �L���H���� �0�V�� �%�H�U�O�L�Q���� �6�%�3�.����
�/�E�J���� �������� ���K�H�Q�F�H�I�R�U�W�K�� �U�H�I�H�U�U�H�G�� �W�R�� �D�V�� �%���������� �Z�L�W�K�� �W�K�H�� �W�L�W�O�H�� ���I�R�O�� ���U�����(�n�K���l �@�K���,�@�I�H�R�p�  
�K�H���)���A�H�Q �A�� � �E�K�@�l���� �6�L�Q�F�H�� �W�K�L�V�� �L�V�� �D�Q�� �H�D�V�W�H�U�Q�� �P�D�Q�X�V�F�U�L�S�W���� �W�K�H�� �D�E�V�H�Q�F�H�� �R�I�� �D���M�H�R�A�@ in 
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�W�K�U�H�H�� �G�L�I�I�H�U�H�Q�W�� �Y�H�U�V�L�R�Q�V�� ���(�D���� �%�� �D�Q�G�� �7���� �D�Q�G�� �D�Q�� �D�G�G�L�W�L�R�Q�D�O�� �P�L�[�H�G�� �Y�H�U�V�L�R�Q�� ���(�E������
�S�O�X�V�� �D�� �/�D�W�L�Q�� �U�H�Q�G�L�W�L�R�Q�� �W�U�D�Q�V�O�D�W�H�G�� �V�K�R�U�W�O�\�� �D�I�W�H�U�� �W�K�H�� �R�U�L�J�L�Q�D�O�� �F�R�P�S�R�V�L�W�L�R�Q�� �R�I�� �W�K�H��
�Z�R�U�N���� �7�K�X�V���� �W�Z�R�� �T�X�H�V�W�L�R�Q�V�� �I�R�O�O�R�Z���� �:�K�L�F�K�� �R�I�� �W�K�H�V�H�� �Y�H�U�V�L�R�Q�V�� �L�V�� �W�K�H�� �H�D�U�O�L�H�V�W�"�� �$�Q�G��
�D�U�H�� �D�O�O�� �R�I�� �W�K�H�P�� �E�\�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ�"

4.  �&�E�J�U�J�P�O�T

�/�R�U�F�K���� �L�Q�� �K�L�V�� �V�H�P�L�Q�D�O�� �Z�R�U�N�� �R�I�� ������������ �V�X�J�J�H�V�W�H�G�� �W�K�D�W�� �W�K�H�� �Y�H�U�V�L�R�Q�� �L�Q�� �%�� �Z�D�V�� �W�K�H��
�I�L�U�V�W�� �D�Q�G�� �X�Q�U�H�Y�L�V�H�G�� �Y�H�U�V�L�R�Q�� �D�Q�G�� �(�D�� �W�K�H�� �U�H�Y�L�V�H�G�� �R�Q�H���� �+�H�� �D�O�V�R�� �V�X�J�J�H�V�W�H�G�� �W�K�H�� �S�R�V-
�V�L�E�L�O�L�W�\�� �W�K�D�W�� �W�K�H�� �U�H�Y�L�V�H�G�� �Y�H�U�V�L�R�Q���� �L���H���� �W�K�H�� �R�Q�H�� �L�Q�� �(�D���� �Z�D�V�� �W�K�H�� �R�Q�H�� �G�R�Q�H�� �E�\�� �0�,�V�Â��
�E�� �0�D�\�P�,�Q�� �D�Q�G�� �-�R�V�H�S�K�� �E�H�Q�� �-�H�K�X�G�D�� �L�Q�� �)�X�V���Â���������� �+�H�� �E�D�V�H�G�� �K�L�V�� �V�X�J�J�H�V�W�L�R�Q�� �R�Q�� �W�K�H��
�I�D�F�W�� �W�K�D�W�� �W�K�H�� �Y�H�U�V�L�R�Q�� �L�Q�� �(�D�� �Z�D�V�� �P�R�U�H�� �F�R�P�S�O�H�W�H�� �D�Q�G�� �O�H�V�V�� �S�U�R�O�L�[���� �D�Q�G�� �W�K�X�V�� �P�R�U�H��
�H�O�H�J�D�Q�W�� �W�K�D�Q�� �W�K�H�� �Y�H�U�V�L�R�Q�� �L�Q�� �%�������� �:�K�D�W�H�Y�H�U�� �W�K�H�� �F�D�V�H���� �%�� �F�D�Q�Q�R�W�� �E�H�� �W�K�H�� �U�H�Y�L�V�H�G��
�Y�H�U�V�L�R�Q�� �E�\�� �0�,�V�Â�� �E�� �0�D�\�P�,�Q�� �D�Q�G�� �-�R�V�H�S�K�� �E�H�Q�� �-�H�K�X�G�D�� �G�R�Q�H�� �L�Q�� �)�X�V���Â������ �V�L�Q�F�H�� �%�� �L�V��
�W�K�H�� �R�Q�H�� �W�U�D�Q�V�P�L�W�W�H�G�� �L�Q�� �W�K�H�� �/�D�W�L�Q�� �W�U�D�Q�V�O�D�W�L�R�Q�� �E�\�� �*�H�U�D�U�G�� �R�I�� �&�U�H�P�R�Q�D�� �Z�K�R�� �G�L�H�G��
�L�Q�� �������������������� �Z�K�H�U�H�D�V�� �W�K�H�� �U�H�Y�L�V�L�R�Q�� �E�\�� �0�,�V�Â�� �E�� �0�D�\�P�,�Q�� �W�R�J�H�W�K�H�U�� �Z�L�W�K�� �-�R�V�H�S�K��
�E�H�Q�� �-�H�K�X�G�D�� �Z�D�V�� �G�R�Q�H�� �R�Q�O�\�� �V�K�R�U�W�O�\�� �E�H�I�R�U�H�� �-�R�V�H�S�K�� �E�H�Q�� �-�H�K�X�G�D�� �O�H�I�W�� �I�R�U�� �$�O�H�S�S�R��
�G�X�U�L�Q�J�� �W�K�H�� �V�D�P�H�� �\�H�D�U���� �6�L�Q�F�H�� �'�H�U�H�Q�E�R�X�U�J�� �G�D�W�H�G�� �E�R�W�K�� �(�V�F�R�U�L�D�O�� �P�D�Q�X�V�F�U�L�S�W�V�� �W�R��
�W�K�H�� �H�L�J�K�W�K���I�R�X�U�W�H�H�Q�W�K�� �F�H�Q�W�X�U�\���� �/�R�U�F�K�� �F�R�Q�V�L�G�H�U�H�G�� �S�R�V�V�L�E�O�H�� �W�K�D�W�� �W�K�H�� �Y�H�U�V�L�R�Q�� �L�Q�� �(�D��

���� �F�I�� �7���� �������Y�…�������U��
���� �/�R�U�F�K���� �‡�7�K�H�� �$�V�W�U�R�Q�R�P�L�F�D�O�� �,�Q�V�W�U�X�P�H�Q�W�V� �̂��� �S�� ������
���� �/�R�U�F�K���� �‡�7�K�H�� �$�V�W�U�R�Q�R�P�\� �̂��� �S�� ������
���� �/�R�U�F�K���� �‡�7�K�H�� �$�V�W�U�R�Q�R�P�\� �̂��� �S�� ������
���� �/�R�U�F�K���� �‡�7�K�H�� �$�V�W�U�R�Q�R�P�\� �̂��� �S�� ������
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�Z�R�X�O�G�� �E�H�� �W�K�H�� �U�H�Y�L�V�L�R�Q�� �E�\�� �0�,�V�Â�� �E�� �0�D�\�P�,�Q�� �D�Q�G�� �-�R�V�H�S�K�� �E�H�Q�� �-�H�K�X�G�D���� �,�Q�� �D�� �O�D�W�H�U��
�Z�R�U�N���� �/�R�U�F�K�� �K�\�S�R�W�K�H�V�L�]�H�G�� �W�K�D�W�� �E�R�W�K�� �Y�H�U�V�L�R�Q�V�� �Z�H�U�H�� �D�X�W�K�R�U�H�G�� �E�\�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ����
�Z�L�W�K�R�X�W�� �U�X�O�L�Q�J�� �R�X�W�� �W�K�H�� �S�R�V�V�L�E�L�O�L�W�\�� �W�K�D�W�� �D�� �V�H�F�R�Q�G�� �D�X�W�K�R�U�� �Z�R�U�N�H�G�� �R�X�W�� �W�K�H�� �V�H�F�R�Q�G��
�Y�H�U�V�L�R�Q�������� �,�Q�� ������������ �, �S�R�L�Q�W�H�G�� �R�X�W�� �W�K�D�W�� �W�K�H�� �Y�H�U�V�L�R�Q�� �L�Q�� �%�� �F�R�Q�W�D�L�Q�V�� �F�R�U�U�H�F�W�L�R�Q�V�� �R�I��
�D�V�W�U�R�Q�R�P�L�F�D�O�� �F�R�Q�W�H�Q�W�V�� �L�Q�� �(�D�������� �7�K�L�V�� �Z�R�X�O�G�� �P�H�D�Q�� �W�K�D�W���� �L�Q�� �I�D�F�W���� �W�K�H�� �U�H�Y�L�V�H�G�� �Y�H�U-
�V�L�R�Q�� �L�V�� �%�� �L�Q�V�W�H�D�G�� �R�I�� �(�D��

�,�W�� �L�V�� �X�Q�O�L�N�H�O�\�� �W�K�D�W�� �W�K�H�� �Y�H�U�V�L�R�Q�V�� �(�D�� �D�Q�G�� �%�� �Z�H�U�H�� �G�R�Q�H�� �E�\�� �G�L�I�I�H�U�H�Q�W�� �D�X�W�K�R�U�V����
�$ �U�H�Y�L�V�L�R�Q�� �R�I�� �W�K�H�� �F�R�Q�W�H�Q�W�V�� �R�I�� �W�K�H���@�K���*�H�S���A �E�  l-Hay�ña�� �Z�R�X�O�G�� �S�U�H�V�X�S�S�R�V�H�� �D�� �Y�H�U�\��
�D�G�Y�D�Q�F�H�G�� �D�Q�G�� �V�H�O�I���F�R�Q�I�L�G�H�Q�W�� �U�H�D�G�H�U���� �D�Q�G�� �L�W�� �L�V�� �X�Q�O�L�N�H�O�\�� �W�K�D�W�� �K�L�V�� �Q�D�P�H�� �Z�R�X�O�G�� �Q�R�W��
�K�D�Y�H�� �E�H�H�Q�� �P�H�Q�W�L�R�Q�H�G���� �,�W�� �L�V�� �U�D�W�K�H�U�� �L�P�S�O�D�X�V�L�E�O�H�� �W�K�D�W�� �D�Q�� �D�G�Y�D�Q�F�H�G�� �U�H�D�G�H�U�� �Z�L�W�K�� �D��
�W�K�R�U�R�X�J�K�� �N�Q�R�Z�O�H�G�J�H�� �R�I�� �W�K�H��Almagest�� �Z�R�X�O�G�� �K�D�Y�H�� �F�R�U�U�H�F�W�H�G�� �L�Q�� �%�� �V�X�F�K�� �D�� �P�L�Q�X�W�H��
�P�L�V�W�D�N�H�� �L�Q�� �(�D�� �D�V�� �W�K�H�� �R�Q�H�� �S�U�H�V�H�Q�W�� �L�Q�� �W�K�H�� �F�R�P�S�X�W�D�W�L�R�Q�� �R�I�� �W�K�H�� �O�R�Q�J�L�W�X�G�H�� �R�I�� �W�K�H��
�D�S�S�D�U�H�Q�W�� �F�R�Q�M�X�Q�F�W�L�R�Q�� �R�I�� �W�K�H�� �V�X�Q�� �I�U�R�P�� �W�K�H�� �W�U�X�H�� �F�R�Q�M�X�Q�F�W�L�R�Q�� �L�Q�� �V�R�O�D�U�� �H�F�O�L�S�V�H�V���� 
�D�Q�G�� �Z�R�X�O�G�� �K�D�Y�H�� �R�Y�H�U�O�R�R�N�H�G�� �L�Q�� �%�� �W�K�D�W�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V�� �E�L�W�W�H�U�� �F�U�L�W�L�F�L�V�P�� �U�H�J�D�U�G�L�Q�J��
�O�X�Q�D�U�� �H�F�O�L�S�V�H�V�� �K�D�G�� �Q�R�� �W�H�[�W�X�D�O�� �E�D�V�L�V�� �L�Q�� �W�K�H��Almagest�� �D�Q�G�� �D�U�R�V�H�� �I�U�R�P�� �D�� �P�L�V�X�Q�G�H�U-
�V�W�D�Q�G�L�Q�J�� �E�H�F�D�X�V�H�� �R�I�� �K�L�V�� �I�D�X�O�W�\�� �P�D�Q�X�V�F�U�L�S�W�� �R�I�� �W�K�H��Almagest�������� �7�K�L�V�� �F�D�Q�� �R�Q�O�\�� �E�H��
�H�[�S�O�D�L�Q�H�G�� �E�\�� �E�R�W�K�� �Y�H�U�V�L�R�Q�V�� �E�H�L�Q�J�� �Z�R�U�N�H�G�� �R�X�W�� �E�\�� �W�K�H�� �V�D�P�H�� �D�X�W�K�R�U�� �R�Q�� �W�K�H�� �E�D�V�L�V��
�R�I�� �W�K�H�� �V�D�P�H�� �I�D�X�O�W�\�� �P�D�Q�X�V�F�U�L�S�W�� �R�I�� �W�K�H��Almagest���� �*�H�Q�H�U�D�O�O�\�� �V�S�H�D�N�L�Q�J���� �W�K�H�� �P�D�Q-
�X�V�F�U�L�S�W�� �W�U�D�G�L�W�L�R�Q�� �R�I�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña�� �V�K�R�Z�V�� �D�� �J�U�H�D�W�� �U�H�V�S�H�F�W��
�I�R�U�� �W�K�H�� �O�L�W�H�U�D�O�L�W�\�� �R�I�� �L�W�V�� �W�H�[�W���� �)�R�U�� �L�Q�V�W�D�Q�F�H���� �%���� �D�� �P�D�Q�X�V�F�U�L�S�W�� �F�R�S�L�H�G�� �L�Q�� �'�D�P�D�V�F�X�V����
�F�R�Q�W�D�L�Q�V�� �D�� �W�D�E�O�H�� �R�I�� �W�K�H�� �Z�H�V�W�H�U�Q�� �D�E�M�D�G�� �Q�X�P�H�U�D�O�V�� �R�Q�� �I�R�O�� ���U���� �V�R�� �Z�K�H�Q�H�Y�H�U�� �W�K�H�U�H��
�D�U�H�� �Z�H�V�W�H�U�Q�� �D�E�M�D�G�� �Q�X�P�H�U�D�O�V�� �L�Q�� �W�K�H�� �W�H�[�W���� �W�K�H�\�� �D�U�H�� �O�H�I�W�� �D�V�� �W�K�H�\�� �D�U�H���� �4�X���E�� �D�O���'�ì�Q��
�D�O���6�K�ì�U�Â�]�ì�� �L�V�� �F�D�X�W�L�R�X�V�O�\�� �U�H�V�S�H�F�W�I�X�O�� �D�Q�G�� �L�Q�W�U�R�G�X�F�H�V�� �K�L�V�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �E�\�� �D�� �W�H�Q�W�D�W�L�Y�H��
�‡�,�� �E�H�O�L�H�Y�H�ˆ�� ���@�Ÿ�T�M�M�T���� �Z�K�H�Q�� �K�H�� �D�J�U�H�H�V�� �Z�L�W�K�� �R�U�� �F�D�V�W�� �K�L�V�� �G�R�X�E�W�V�� �R�Q�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V��
�@�K���*�H�S���A �E�  l-Hay�ña���� �$�O�O�� �W�K�H�V�H�� �S�H�U�L�S�K�H�U�D�O�� �U�H�D�V�R�Q�V�� �S�R�L�Q�W�� �W�R�� �W�K�H�� �I�D�F�W�� �W�K�D�W�� �X�Q�D�F-
�N�Q�R�Z�O�H�G�J�H�G�� �U�H�Y�L�V�L�R�Q�V�� �E�\�� �R�W�K�H�U�V�� �W�K�D�Q�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ�� �D�U�H�� �U�D�W�K�H�U�� �X�Q�O�L�N�H�O�\��

�%�X�W�� �W�K�H�� �G�H�F�L�V�L�Y�H�� �Z�L�W�Q�H�V�V�� �W�R�� �W�K�H�� �D�X�W�K�R�U�V�K�L�S�� �D�Q�G�� �W�K�H�� �R�U�G�H�U�� �R�I�� �W�K�H�� �G�L�I�I�H�U�H�Q�W��
�Y�H�U�V�L�R�Q�V�� �R�I�� �-�Â�E�L�U�� �E�� �$�I�O�D�æ� �̂V���@�K���*�H�S���A �E�  l-Hay�ña�� �F�D�Q�� �E�H�� �I�R�X�Q�G�� �L�Q�� �0�V�� �(�V�F�R�U�L�D�O����
�5�%�0�6�/���� �¢�U���� ���������� �7�K�L�V�� �P�D�Q�X�V�F�U�L�S�W�� �F�R�Q�W�D�L�Q�V�� �W�K�H�� �Q�D�P�H�� �R�I�� �W�K�H�� �V�F�U�L�E�H�� �R�I�� �W�K�H�� �P�D�Q-
�X�V�F�U�L�S�W���� �Z�K�L�F�K�� �K�D�V�� �S�U�H�Y�L�R�X�V�O�\�� �E�H�H�Q�� �X�Q�Q�R�W�L�F�H�G���� �&�R�Q�W�U�D�U�\�� �W�R�� �W�K�H�� �X�V�X�D�O�� �S�U�D�F�W�L�F�H����
�W�K�H�� �Q�D�P�H�� �R�I�� �W�K�H�� �V�F�U�L�E�H�� �L�V�� �Q�R�W�� �S�D�U�W�� �R�I�� �W�K�H�� �F�R�O�R�S�K�R�Q���� �E�X�W�� �L�V�� �S�U�H�V�H�Q�W�� �R�Q�� �W�K�H�� �I�L�U�V�W��
�U�H�F�W�R�� �I�R�O�L�R�� �E�H�O�R�Z�� �W�K�H�� �W�L�W�O�H�� �R�I�� �W�K�L�V�� �V�L�Q�J�O�H���Z�R�U�N�� �P�D�Q�X�V�F�U�L�S�W���� �$�V�� �D�O�U�H�D�G�\�� �Q�R�W�H�G���� �W�K�H��
�W�L�W�O�H�� �R�Q�� �I�R�O�� ���U�� �U�H�D�G�V��al-Nuskhat �@�K���J�T�A�Q�� min �*�H�S���A al-Shaykh � �A�  �,�T�l�@�L-
mad �)���A�H�Q �A�� � �E�K�@�l �@�K���(�R�G�A� �K�  �E�  l-hay�ña���� �7�K�H�Q���I�R�O�O�R�Z�V�� �D�� �V�W�D�W�H�P�H�Q�W���F�R�Q�W�D�L�Q�L�Q�J�� �W�K�H��
�Q�D�P�H�� �R�I�� �W�K�H�� �V�F�U�L�E�H���� �Z�K�L�F�K�� �U�H�D�G�V���J�G�@�p�p�@���G�T li-nafsi-hi �ò� �K�  �A�� � �l�L�@�C �A�� Mufarrij����
�Q�@�l�H�L�@���G�T � �K�K���G���� �W�K�D�W�� �L�V�� �‡�ò�$�O�ì�� �E�� �$�æ�P�D�G�� �E�� �0�X�I�D�U�U�L�M���� �*�R�G�� �K�D�Y�H�� �P�H�U�F�\�� �R�Q�� �K�L�P����
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The Astrological Computations Attributed to Ptolemy and 
Hermes in Medieval Arabic Sources

Josep CAsULLERAs

1.  Introduction

Many medieval Arabic sources  attribute some of the most popular mathemat-
ical procedures and geometrical definitions applied to the practice of astrology 
either to Ptolemy (c. AD 150) or to the legendary Hermes. However, these attri-
butions have little basis either in Ptolemy’s astrological work1 or in the writ-
ings related to the Hermetic tradition.2 Focusing on this apparent disagreement 
between authors and attributions, in Section 1 we review the basic concepts 
of natal astrology and draw up a list of the computations that have been asso-
ciated with either Ptolemy or Hermes. In Section 2, we will try to explain 
the meaning of these attributions with reference to some medieval authors who 
were concerned with this same question. Finally, we present some conclusions 
in Section 3.

2.  Houses, rays and progressions. Methods and attributions

The main practices associated with natal astrology correspond to the three 
concepts of houses, rays and progressions, all of them taken from the ancient 
Greek tradition.

The astrological houses are the twelve divisions of the ecliptic around the 
local horizon, as represented in Figure 1. During one apparent daily revolution 
of the celestial sphere, any celestial body will pass through all twelve houses. 
Unlike zodiac signs, the houses vary depending upon the time and latitude for 
which they are calculated. Therefore, the operation of equalizing the astrolog-
ical houses (in Arabic taswiyat �@�K���A�T�X�>�S) relates the positions of the celestial 
objects to our place and moment.3

1  The Tetrabiblos or Quadripartitum, in Arabic �*�H�S���A�� �@�K���@�Q�A�@�ò.
2  On Hermes and his astrological works see Sezgin, GAS VII, pp.  50–58. See also van 

Bladel, ‘Hermes’.
3  See, for instance, Bouché-Leclercq, L’astrologie grecque, pp.  256–86; Casulleras and Ho-

gendijk, ‘Progressions’, pp. 38–39, and the references given there.

�/�S�N�K�D�L�X�w�R�� �2�B�H�D�M�B�D�� �N�E�� �S�G�D�� �2�S�@�Q�R�� �H�M�� �S�G�D�� �,�H�C�C�K�D�� � �F�D�R, ed. by David Juste, Benno van Dalen, Dag Nikolaus Hasse and 
Charles Burnett, PALS 1 (Turnhout, 2020), pp. 201–221
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Figure 1. The cusps of the astrological houses

The doctrine of the planetary aspects or projection of rays (in Arabic �L�@�p�Q�@�l
�@�K���R�G�T�ò���ò���S) considers the astrological significance of certain angular distances 
(60°, 90°, 120° and 180°) defined between the objects on the celestial sphere. 
Figure 2 is a schematic representation of the different rays of a planet P on the 
ecliptic circle: the ‘rays’ PP1, PP2, PP3 (PP7, PP6, PP5) are called the left (right) 
sextile, quartile and trine rays respectively, and PP4 is called the opposition.4

Figure 2. The planetary aspects or rays

The astrological theory of progressions (in Arabic called �S�@�R�X� �Q) establishes a 
relationship between angular distances and periods of time as a basis for astro-
logical predictions. A typical example of this practice is the attempt to find 
the moment of death, by giving a value of one year of life per degree of the 
angle between two significant objects selected in the celestial configuration at 
the moment of the individual’s birth. One of these objects is thought of as 
emitting the life-force, and the other is seen as destroying life. In Figure 3, 

4 cf. Bouché-Leclercq, L’astrologiegrecque, pp. 165–79; Casulleras and Hogendijk, ‘Progres-
sions’, pp. 40–41.
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the point F represents the destructive point that will reach the initial position 
of the emitting point P after rotation over �M degrees around the celestial axis. 
According to this theory, the angle �M corresponds to the arc of �S�@�R�X� �Q and the 
individual will live �M solar years.5

Figure 3. The system of progressions

A variety of geometrical approaches are used to calculate the houses, rays and 
progressions. For each one, the sources describe various methods of computation, 
which all produce different results. Fortunately, this feature of astrological tech-
nique has played an important role in the development of applied mathematics, 
and one major consequence of the research into the history of these methods  
is that we have well-established designations for all of them. John North 
first classified the medieval systems for the houses in 1986,6 and Edward  S. 
Kennedy extended North’s classification in 1996.7 Casulleras and Hogendijk 
published a classification of the methods for the rays and the progressions in 
2012.8 For the purpose of our discussion, we will focus only on the methods 
that have been attributed to either Ptolemy or Hermes in the Arabic sources.

2.1. Houses

2.1.1. Ptolemy: the Standard Method and the Hour Lines Method

The most popular method for the division of houses in the Middle Ages is the 
one that North called the Standard Method.9 In this method, the houses are 
defined on the ecliptic by meridians crossing equal divisions of the equatorial 

5  cf. Bouché-Leclercq, L’astrologie grecque, pp. 411–22; Casulleras and Hogendijk, ‘Progres-
sions’, pp. 41–43.

6  North, �'�N�Q�N�R�B�N�O�D�R�� �@�M�C�� �'�H�R�S�N�Q�X.
7  Kennedy, ‘The Astrological Houses’.
8  Casulleras and Hogendijk, ‘Progressions’.
9  cf. North, �'�N�Q�N�R�B�N�O�D�R�� �@�M�C�� �'�H�R�S�N�Q�X, p. 4.
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arcs lying between the local meridian and the meridians that pass through the 
ascendent and the descendent points of the ecliptic. Figure 4 shows the cusps 
(i.e. beginning points) of the houses of the eastern hemisphere using this pro-
cedure.

Figure 4. The Standard Method for the division of the houses

This system is pre-Islamic in origin, and it was called ‘the well-known method’ 
�E�\�� �W�K�H�� �H�O�H�Y�H�Q�W�K���F�H�Q�W�X�U�\�� �,�U�D�Q�L�D�Q�� �D�V�W�U�R�Q�R�P�H�U�� �D�O���%�ì�U�,�Q�ì��10�� �,�Q�� �P�D�Q�\�� �$�Q�G�D�O�X�V�ì��
sources it is attributed to Ptolemy,11 and it is usually implemented with an 
astrolabe, moving either the rule or the spider with the help of the inscribed 
hour lines, in order to find the beginnings of the houses according to the defi-
nition of the method.12

The other method for the houses which is sometimes attributed to Ptolemy 
is the Hour Lines Method.13 In this method, the cusps of the houses are the 
intersections of the ecliptic with the lines of the even seasonal hours.

Modern astrologers attribute this system to Placidus, a seventeenth-century 
�3�H�U�X�J�L�D�Q�� �P�R�Q�N���� �E�X�W�� �W�K�H�� �$�Q�G�D�O�X�V�ì�� �D�V�W�U�R�Q�R�P�H�U�� �,�E�Q�� �D�O���6�D�P�æ�� ���G�� ����������14 said in 
his Treatise �N�M �S�G�D Use �N�E �S�G�D Astrolabe�� �W�K�D�W���� �D�F�F�R�U�G�L�Q�J�� �W�R�� �å�D�E�D�V�K�� �>�D�O���å�Â�V�L�E�@��
(ninth century), this is Ptolemy’s method.15 This attribution was repeated by 
�V�R�P�H�� �R�W�K�H�U�� �$�Q�G�D�O�X�V�ì�� �D�X�W�K�R�U�V���� �7�K�H�� �S�U�R�F�H�G�X�U�H�� �F�D�Q�� �E�H�� �S�H�U�I�R�U�P�H�G�� �Z�L�W�K�� �D�Q�\�� �V�W�D�Q-
dard astrolabe plate which has lines for the seasonal hours.

10  cf. North, Horoscopes �@�M�C History���� �S�� ������ �D�O���%�ì�U�,�Q�ì����� �K���0���M�>�M, vol.  III, pp. 1357–1359. On 
�W�K�L�V�� �D�X�W�K�R�U�� �V�H�H���� �I�R�U�� �H�[�D�P�S�O�H���� �<�D�Q�R���� �‡�%�ì�U�,�Q�ì� �̂�

11  cf. Calvo, ‘La résolution graphique’, pp. 35–36; Casulleras, ‘Mathematical Astrology’, 
pp. 265–67.

12  The two options are described in North, Horoscopes �@�M�C History, p. 59.
13  cf. North, Horoscopes �@�M�C History, pp.  20–27; Kennedy, ‘The Astrological Houses’, 

p. 538; Casulleras, ‘Mathematical Astrology’, p. 265; Calvo, ‘La résolution graphique’, p. 36; 
Casulleras and Hogendijk, ‘Progressions’, pp. 83–85.

14 �2�Q�� �W�K�L�V�� �D�X�W�K�R�U�� �V�H�H�� �5�L�X�V���� �‡�,�E�Q�� �D�O���6�D�P�æ� �̂�
15  Viladrich, El �*�H�S���A al-�òAmal, pp. 66, 124.



THE ASTROLOGICAL COMPUTATIONS ATTRIBUTED 205

Figure 5. The Hour Lines Method for the houses

2.1.2. Hermes: the Prime Vertical Method and the Equatorial Method

The two methods for the houses that have been associated with Hermes 
are called the Prime Vertical Method16 and the Equatorial Method17 in the 
North-Kennedy classification. They define the houses as the intersections of 
the ecliptic with certain great circles on the celestial sphere passing through the 
North and South points of the local horizon, which are called position circles.

Figure 6. The Prime Vertical Method for the houses

For the first method (Figure 6), these position circles cross equal divisions of 
the prime vertical, which is the great circle passing through the local zenith 
and the East and West points on the local horizon. For the Equatorial Method, 
they cross the celestial equator (Figure 7).

16 North, Horoscopes�@�M�CHistory, pp. 32–33, 47; Kennedy, ‘The Astrological Houses’, 
pp. 541–43; Casulleras and Hogendijk, ‘Progressions’, pp. 82–83.

17 North, Horoscopes�@�M�CHistory, pp. 27–30, 47; Kennedy, ‘The Astrological Houses’, 
pp. 543; Casulleras and Hogendijk, ‘Progressions’, pp. 80–82.
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Figure 7. The Equatorial Method for the houses

The Prime Vertical Method is attributed to the thirteenth-century Italian 
�D�X�W�K�R�U�� �&�D�P�S�D�Q�X�V�� �R�I�� �1�R�Y�D�U�D�� �L�Q�� �W�K�H�� �/�D�W�L�Q�� �:�H�V�W���� �W�R�� �D�O���%�ì�U�,�Q�ì�� �L�Q�� �W�K�H�� �P�H�G�L�H�Y�D�O��
Islamicate East, and to the mythical Hermes in al-Andalus.

The Equatorial Method for the houses is not found in Eastern Arabic 
sources. In the Western Arabic area, it is attributed to Hermes and to the 
�$�Q�G�D�O�X�V�ì�� �P�D�W�K�H�P�D�W�L�F�L�D�Q�� �D�Q�G�� �D�V�W�U�R�Q�R�P�H�U�� �,�E�Q�� �0�X�ò�Â�G�K�� �D�O���-�D�\�\�Â�Q�ì�� ���G�� ��������������
who described the method for the first time in a treatise on the computations 
applied to the division of the houses and the projection of rays.18 Modern 
astrologers call it the system of Regiomontanus, a fifteenth-century author who 
was seemingly the owner of a manuscript of the Latin translation by Gerard of 
Cremona of the canons to the astronomical tables of Ibn Mu�ò�Â�G�K���� �L�Q�� �Z�K�L�F�K�� �W�K�H��
method is also described.19

2.2. Rays

In the case of rays, the name of Ptolemy is related to what we call the Sin-
gle Hour Line Method in many Eastern and Western Arabic sources.20 This 
method can be considered the standard procedure for computing the projec-
tions of the rays in the medieval Islamicate area. In it, the arcs defining the 
different rays are measured on the equator using the hour line that passes 
through the planet that casts its rays. In Figure 8, point L stands for the left 
sextile ray of a Planet P. If L is rotated around the celestial axis over an angle

18  Study, edition and Spanish translation in Casulleras, La astrología.
19  cf. North, Horoscopes �@�M�C History, p. 35; North, ‘The Alfonsine Books’, p. 49; Herme

link, ‘Tabulae Jahen’, p. 109. The canons were printed in Nuremberg in 1549, after Regiomon-
tanus’ death (in 1476) and probably using his Latin manuscript (I thank Benno van Dalen for 
drawing my attention to this).

20  cf.  Kennedy and Krikorian-Preisler, ‘The Astrological Doctrine’, p.  5; Hogendijk, ‘The 
Mathematical Structure’, pp. 178–80; Casulleras and Hogendijk, ‘Progressions’, pp. 68–71.
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Figure 8. The Single Hour Line Method for the rays

of 60 degrees in the direction of the daily motion of the celestial sphere, its 
image after rotation is on the hour line through P.

Two methods for the projection of rays were associated with Hermes: the 
Single Position Semicircle Method (Figure 9) and The Four Position Circles 
Method (Figure 10).

Figure 9. The Single Position Semicircle Method for the rays

In the first method, the arcs defining the different rays are measured on the 
equator using only one position semicircle. In Figure 9, the image of point L 
after rotation of 60 degrees in the direction of the daily motion of the celestial 
sphere is on the position semicircle through P.  We call this method the Sin-
gle Position Semicircle Method, because it involves only the position semicircle 
through P.  The attribution of this procedure to Hermes is found in treatises 
on astronomical instruments from al-Andalus.21

21  cf. Casulleras and Hogendijk, ‘Progressions’, pp. 67–68.


