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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 airieognita 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 Tetrabjblesom 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 Alanadjelseé Tetra
bibloswere 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 Alnzagkshe Tetrabiblogere
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 Almagesand theTetrabiblasPtolemy also produced several astronomical
works of lesser importance, including the Pladgtathesethe Phaseihe
Analemmathe Planispheriuand the Handyablesall 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 SalArhamara Centiloquiuip 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, Alhmagestthe Tetrabiblosand theKarposgave
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 Corp&olemaicurhad 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 Geograpkiye Opticand the Harmonidsikewise, we were aware that
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2 INTRODUCTION

Arabic and Latin, however central, represent only two languages ef 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 TetrahibMdch 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 essenti
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 te 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 Al(Gagpeshicus’s Dreve
lutionibusorbiumcelestium1543) 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 #h 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 Almadmstover, three of

them PlanetaryHypotheseAnalemmaand planispheriyrare 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 c1300 (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 Hubner (1998), all of whom ignored
the Syriac, Arabic and Latin traditions. Yet, the Tetrabibioes in a Syr

ilac 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 Hubner in his edition of the Greek text, they also identified
63 instances which definitely confirm ‘a reading not adopted by Hubner’, 143
instances where they ‘propose to modify Hibner's edition’” and 109 instances
of a reading that ‘seems also pdsHibke’'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 tberpusPtolemaicum, survey the works and cata
logue the manuscripts. The works are arranged in three categories as follows:

A. Authentic works: AlmagelttrabiblogPlanetaryHypotheseBhasejs
AnalemmaPlanispheriurand Handyables

B. Pseudepigraphbesides the Karpe®me thirty astronomical and
astrological works falsely attributed to Ptolemy have been identified
in Arabic and Latin.

1 Gudrun Vuillemin-Diem and Carlos Steel, Ptol@etsébiblosn the Translationof
William of MoerbekeClaudii Ptolemaeliber 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
HQWLDO FRPPHQWDULHV LGEEEEH A @KAERW
DQG -AELU (EKQA &I O@tashRop which were translated
into Latin), the anonymous Almagestor Regiomontanus’s Epit
omeAlmagesti® Oi LEQ 5LOZAQ "V FRPaBHGWD U\ RQ
$E, dDU $&2PDG LEQ <,VX| LEQ DOK#&#\D"V FRF
pos(both of which were also translated into Latin). Other works that
relate to Ptolemy less directly (however important their Ptolemaic
FRPSRQHQW PLJKW EH KDYH EHHQ H[FOXGH!
*HS 1YV LHVOKHMVIGLT@HK | @ @Q® R ® LandH X X @
the various Latin versions of the Thg@aoatarum

Altogether the corpus (A-B-C) amounts to over 80 works preserved in at least
500 manuscripts for the Arabic and 1@0cworks preserved 64 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. Fina
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 pseudepigrgpeare 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 Alla@esiDMMAM D
, Ve AT LEQ 4XQD\Q UHYLVHG E\ 7KAELW LEQ 4XU!I
the Tetrabiblogby 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 Corgetelemaicum, 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 produc
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 ef 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 upatg 1700
a comparative study of Arabic and Latin astronomy and astrology i 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
maeudrabuset Latinus published by Brepols. The first volume in the sub
seriedlextscame out in 20%18yhereas the present volume is the first in the
subserieStudies

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 Ptolosrsefthe Starsin the
Middle Ageqalready 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 toat7@ur 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@XK XJitrpiRed to Ptolemy and Maria Mavroudi on the
Greek and Arabic versions of the Kakpdse 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, THarst Latin Treatiseon Ptolemy’é&istronomyThe Almagestminor
(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 Jonesstablishes 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 Alladestr the dedica
tion to Syros, but this is no definite proof of their authenticity (thei&Karpos
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 Ptolemys author
ship for most of the texts commonly attributed to him and to securely confirm
the authenticity of QtheCriterion 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 Sidolireconstructs the mathematical methods found in Ptolemy’s
Analemmawhich 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 th
sphere are preserved, and the same object may be represented in multiple way
The analemma thus allows thenmdaation 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 Analemyrsidoli 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 Alnkadkseine carries
out a detailed analysis of the extant Greek and Arabic versions of the Planetary
Hypothesesvestigating 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\ DO %iU,Qi ZKR ZDV LQWAnRge¥ HO\ IDP
and the Planetaklypotheses 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 Dimitemlits the (incomplete) Syriac
translation of the Tetrabibkysd compares it in detail with the Greek text as
edited by Hubner (1998), the Latin version by William of Moerbeke as edited
by Vuillemin-Diem and Steel, and the Arabic versidsanyibn al-Far
UXNKAQ DQG a4XQD\Q LEQ ,VaAT LQ WKH SUHOLP
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 Thomannwho has previously published several articles on the
AlmagestFRPPHQWDU\ E\ DO JAUAEI WHQWK FHQWXU)
FULWLTXH E\ ,EQ DO DOAz PLG WZHOIWK F R C
tify passages from the otherwise lost early Arabic translation of the Alma-
gesmade for the caliph a-MaQ EHIRUH WKDW RI DO 4aDMMAM
TXRWHG E\ ,EQ DO DOA& IURP DO )AUAEi"V FRPP!
cal vocabulary in these passages with the Greek original of thevAlmagest
WKH H[WDQW SDUWV RI DO )AUAEI"V FRPPHQWDU
DO &DMMAM DQG ,VeAT LEQ 4XQD\Q UHYLVHG E\ °
early ninth-century astronomical works, he concludes that the passages can be
assumed to be early and hence to most likely stem from thdPeady Ma
Almagestranslation.

In his article, Dirk Grupéentifies five Arabic and Persian sources that
used the version of thenagestE\ 7KAELW LEQ 4XUUD UHFHQW
KLP F WR EH GLVWLQJXLVKHG IURP WKH WUD
ZDV UHYLVHG E\ 7TKAELW 7 KHAlkhgespRO@GH DQ HS
VFULSW IURP D SULYDWH FROOHPWERKK ARAHBLQD:!
DQ DEULGJHG UHZRInhagespxark in Th¢ SEnai 1ibrary in
Tehran, the 3@ K@& N@ENRPX E DO 'iQ DO 6KiIiUA]Ji DQG D
on the Almagese\ $WKiU DO 'iQ DO $EKDUiI )XUWKHUPR
20 of the Maharaja Sawai Man Singh Museum Library in Jaipur contains an
XQVKRUWHQHG FRS\ Rl %RRNV , 9 RI WKH 7KAELW



8 INTRODUCTION

Tzvi Langermanndemonstrates 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 Almagk8t 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’€ommentaryn the Almagesi(c. -AELU LEQ $lOTC
Bookof Astronomyor Correctioof the Almages{early twelfth century) and
DO %ily @K/ 0 ahMad> C

José Bellvecarries out a detailed comparison of the different extant versions
RI -DEiU L B&kdf AdireadMyhich was a very important reedition
of Ptolemy'?AlmagestHe first establishes that the title by which it is gener
ally known in modern scholarshipdG @ K pgdCoHedRtion of the Akna
gestis 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 A® & d@@®ok 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
WKUHH Rl WKHP PRVW OLNHO\ VWHP IURP -AELU

In the Arabic tradition, several mathematical methods applied to astrology
are attributed to Ptolemy and Hermes. These methods concern the house sys
tems (donfication), the projection of rays and the progressions. Josep Casul
lerasreviews 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 Almagesshardly read in Europe before
the time of Peurbach and Regiomontanus. Evidence to the contrary is shown
by over ten survivin@tin commentaries on the Almagesten between
€.1200 and 1450, as well as by glosses present in numerous manuscripts befor
1450. In his contribution, Henry Zepeda offers the first study of glosses found
in the Latin manuscripts of the Almadédtr an overview based on an inti
mate knowledge of the Almagestuscripts, 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



INTRODUCTION 9

ical observations and the roemsurability of celestial motions. These views

are found in the preface of, and additions to, Bate’s translation of Abraham
Ibn Ezra’s BoaitheWorld (completed in 1281), where Bate defends Ptolemy
against a number of attacks by Abraham lbn Ezra. The article is accompanied
by an edition and a translation of Bate’s preface and additions.

With over 200 extant manuscripts, the Centilogailoy far the most
popular Ptolemaic work in the Latin traditie@an-Patrice Boudetvho 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 Shankexplores the vivid controversy that surrounded the study of
the Almagesbetween Regiomontanus and George of Trebizond in the second
half of the fifteenth century. This controversy concerned thAlmbgkest
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 Defefdieonicontralrapezuntiuma text that has been
very little studied. In this article, Shank conducts a detailed analysis of Regi
omontanus’s discussionAbhagestX.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 Disputativeesugstrologiam
divinatricemDarrel Rutkin examines Pico’s multi-faceted use of Ptolemy,
who features 376 times in Bigputationess the author of tAbmagestthe
Tetrabiblosind the Centiloquiunwhose 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 Sgrensen 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 Krenadyses 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
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The Ancient Ptolemy

AlexandefoNEs

1. Introduction

Before the mexval 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 ceuvre. 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 detailedpifiqiéei of
a figure hom Bowersock memorably and accurately describes as a lion of

Ptolemy’s Science of the Stars in the Middid. AgeBavid Juste, Benno van Dalen, Dag Nikolaus Hasse and
Charles Burnett, PALS 1 (Turnhout, 2020), pp. 11-34
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Roman socigt yet contemporary and near-contemporary allusions to him are
few and scarcely reflect the stature and strong personality conveyed by Galen’s
self-referenceé®tolemy’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 tha
served as the gaudy public face of Antonine intellectual life, Ptolemy was an
introvert? Perhaps Galen himself came into contact with Ptolemy during his
youthful sojourn in Alexandria in the mid-150s (around when Ptolemy pub
lished théAlmagejtand 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.
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 sire 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 i
the extant manuscripts. As we learn from Galdviis@vnBookshowever,
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 Almagastpaexcellentke 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, AAmagestplicit back-ref
erence tdhe Almagestr both:

! Moraux,Galiende PergameBowersock, Gre8kphistsp. 66; Nutton, ‘Galen in the
Eyes'.

2 |t has been vigorously disputed whether Galen qualifies as a figure of the Second So
phistic, e.g. Bowersock, G8mghistpp. 59-75; Brunt, ‘The Bubble’, esp. pp. 43—-46; von
Staden, ‘Galen’. No one, to my knowledge, has associated Ptolemy with the movement.

% Toomer, ‘Galen on the Astronomers’, eg4p.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 CompHandy 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 Almagelsdication 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 Kawpasurse, though it has been maintained
that the Greek version is a translation of an Arabic original, andaMusica
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’sHarmonic$ Claudii Ptolome(si¢ de Speculiss 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
anonymousAdditionally, 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 ori§inals.

The foregoing discussion has not touched on the TFahiey/In fact
what we now understand to be Ptolemy’s Habthsis a modern recon

4 On the Karpoand the Arabic and Latin traditions of the Centiloge@niuste, ‘Rseu
do-PtolemyCentiloquium’ and the article by Jean-Patrice Boudet in this volumés Musica
edited in von Jan, Mussariptores, pp. 411-20, and discussed by Swerdlow, ‘Ptolemy’s Har
monics’, esp. ppr6-78.

5 Jones, ‘Pseudo-PtolemySpeculisThe 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 Angdlepenspectiua ipsius [i.e. theSpeculis
perspectiua Euclidis, et quedam figure Arcimsigidtays 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 S@eguthichteol.VIl, 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 PAotamyésment

and Compositionf the Handy Tablesand Theon’s two commentaries on the
Handy Tables Most of the manuscripts in question present the tables anon
ymously, and the occasional appearance of Ptolemy’s nhame in association with
them (which of course would apply on the face of it to all tables-n the col
lection, not just the subset modern scholarship endorses) does not constitute a
robust ascriptich.

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 Téteab{lalgsos
(Centiloquium the Criterionthe Canobioscriptionand the OpticBollow
ing Boll's 1894 ‘Studien uber Claudius Ptoleméaus’, in which he argued exten
sively for the authenticity of the Tetrab#dsdsmore briefly for the spurious
ness of the Karpdise status of those two works has effectively beén settled.
Concerning the Criteriphowever, Boll writés:

Dass die Schrift nur dem Mathematiker Claudius Ptoleméus gehoren kann, bedarf

keines Beweises: Anschauung und Stil zeigen dies selbst dem fliichtigsten 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 con$eAsysdoubts about the Canobic
Inscriptionvanished following Hamilton’s demonstration that a certain passage
in the Almagest.9) alluding to parts of Ptolemy’s lunar and planetary the

" Tihon, ‘Les Tabléscilés

8 For manuscripts identifying their contents as ‘Ptoléamgy Table§ (A ¢» u¥ax ¢ A
AATCuLTA 1 °+ Y% 1Y u Bpehdstrondinlica Fhilgg@ 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. 111-8@tfabiblgsand 180-81K@rpops

10 Boll, ‘Studien’, p. 77.

11 RosepPe Aristotelidibrorum p. 45 had already baldly denied Ptolemy’s authorship of
the Criterion (‘fad astronomum certe cui adscribit editdr Boulliau] nihil pertinenten’).
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 dubito$e); Taub,
my’sniversep.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
PtolemyOn theCriterion | 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, ialthe mathematical sciences, and parallels that have been drawn
with the Harmonicseem to me vague.’).
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ories that he hadviged refer in fact to the parameters in the insétiption.
Though the Optidsas 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?

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 Tetratpplies 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 Cstauthorship is supported
by no ancient testimony beyond the attribution in the work’s manuseript tradi
tion, and Boll backs up his assertion, quoted above, that Ptolemy’s authorship
iIs obvious merely by referring to arguments offered by Boulliau in his 1644
editioprincepswhich are in reality not particularly impressive. Thei€ptics
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 Opticauthorship have thus operated primarily at the level of
thought, which is the most subjective of the criteria, especially considering that
the subject matter of tO@ticshas 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
WHU LV WKH TXDOLI\LQJ SKUDVH ¢a A AACI% LQ
priate), maning ‘not just any, or effectively ‘significant’; Ptolemy is fond of it,

12 Hamilton et al., ‘The Canobic Inscription’.

3 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 @gdigeeviously been put in question by Caussin de
Perceval, ‘Mémoire s@pfiqué esp. pp. 26—29. See also now Siebert, Die ptolemaische Optik
for an extended argument that the Optecsvork 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
guaeGraecad€lLG), 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 inelude a sig
nificant quantity of prose, that is, everything but the Gasofjitionand
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 ABoagelt 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|.l3/4p.» 1%ApA a1, A{ AATAx APA AA%A-%puEA A- Ap ApA

A UE»+12 UA OF P »i%Ax AAg»-E Pzl °x- UA+ 2%

A+A CA®A Y+ AA A A Y Az% &AL° u11/4-1/2E1/2 JUEA T+ .3

A «¥PA’

Having in the first [book] of the composition gone throwgimimarynannerthe

matters concerning the arrangement of the universe that ought to be assumed before

hand, and all the matters in the sptesaaituation that one would suppose to be

useful for the investigation of the subject at hand, we shall next try...

7KH SKUDVH °+Ap A °pE+»+iz'pA KHUH WUDQVO!
up also in the Tetrabibioghe 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 seri
of ensuing topics unprefaced by a retrospection. For example, the transition in
2.4.1 is as follows:
+C Vs Y% se% AR toutTAptA Az% Ap 3AA-AEY: °+x AzY 'F
Ya-AA ®,%- ° Ap TA 2A Aty taAz% A 'I%tA+x °xtAp A
AA,AuUAAATA EAxY A % AATA¢Y 20 AlYau,+ =~ ©°% °
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 usuimmarynannerin this way. We shall also set out...

In the Criteriont occurs in the prospective part of a transitional passage (15.1):
AGTAEY: © (GAEA BEE nAY-%EY% UAL Y4 % -3uYa¢thlo % 3
Buvag e o APA EACPA & piA ®e®¥% SA¢A-Aptpy k&
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>A»zA » - AA-¢% °+ saC A Az AAIA AT U% 1-~ AEA °+A|
AA-i %

Now that these things have been treated methodically, no one would have difficulty
with the fact that there is a hégemoafkthe body, in which is the hégemonikon

of the soul, but if this very hégemoisktmn be taken thus absolutely and not as

relative to something, one ought to draw distincti@ssrimmarynannern some

thing like the following way.

What makes this instance of the phrase in the Caignidicant is the fact

that, outside of the Almagast Tetrabiblpst is only attested in authors

later than Ptolemy who were heavily influenced by him. In therpusit

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 Tetrabib?04 and 2.14 cited above, and in section 6 of the anony
mous ‘Geographiae expositio compendiaria’ (Muller, G&rgeginores
2.494-509), an opuscule of uncertain but definitely late date for which Ptole
my’sGeographyas a major source.

The transitional passage from TetraldBloguoted above also contains the
SHUIHFW SDVVLYH LPSHUDWLYH YHUE aA¢;ApAAAT/
UHDGLQJ DGRSWHG E\ +2EQHU DQG E\ 5REELQV |
reading preferred by Boll and Boer (either form is grammatically admissible).
7KLV SHUIHFW SDVVLYH LPSHUDWLYH RI dA;AAAI
word for Ptolemy, occurring in the recapitulative parts of transitional passages
in the Tetrabiblog2.4 as already mentioned),Haemonicg1.4, 2.3, 2.11,
and 3.4), and the Geogrdpi®.1, 1.18.1, and 2.1.1). And once again, there is
an occurrence in the Criter(8rB):

a0 ATAEY: Y% Y% ¢e% °+ ¢EEY% °% A %+ AATA¢%-AA%-AA .oy

A E "tp Az% 2FEE pAv-%LEY 2Ap

Let [the questions] out of how many and what sort of things and in what manner

the criterion is composeavebeersketchedy means of the things that have been

treated methodically. But since...

The only other occurrence in a text from antiquity in thecdrpGs is in
Hephaestion's paraphrase (1.20) of Tetrahiifos

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

4 $OWKRXJK WKH SKUDVH °+Ap A ©°p/AeogtdphBiclenGRHY QRW |
prose description of the known world and its principal features in Gedgmphwracter
LIHG LQ WKH FKDSWHU WLWOH DV ZHOO DV DW WKH HQG RI
T"-A $VXPPDU\ FDSWLRQ" WKLV PLJKW KDYH WULJJHUHG D |
other works of Ptolemy’s.

> There is an instance in the astrological dialogue Hefedipiusll 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 wverbal 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 Hahalylesand the Canobliescriptionis linked

by at least one shared expression to at least two other works. As one might
expect, the Almagésts the largest number of shared expressions — eight
of the fourteen — while the Tetrabibbss seven; but the Criterddso has

seven, making it in this peculiar sense one of the most characteristic works in
the Ptolemaic corpus! This is the more remarkable, because theuAsmagest

to more than 1150 Teubner pages, and the Ciiejush 23.

Either the Criteriors 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. Th€riterionis 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 PtolemiplahetaryHypothesesd theAna
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 AnalemrsaGreek remnants reach us through palimpsest leaves
(sixth century?) in the manuscript Ambrosis@@sup 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 inauthé&nfithe Greek PlanetaHypothesesn 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 Analeimr@dtoblat. 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)’ The Planispheriuseems to be adequately accredited by its
references to the Almagest 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 SUM Y (A¢»pu¥%treA x >»xi 1A C.
E\ WKH WLWOH YA»EA'A aAr1E+%pu +A AE+ A+A I
The Opticsconfronts us with the least satisfactory evidence for is 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 LatirOpticsThe Simplicius passdgeé(ist deCaelped. Heiberg,
Simplicius, p. 20) cites both Ptolemy’s @pticanother work of Ptolemy’s
tRQ WKH HOHPHQWV" aw A{ ApA Az¥% AA;'Cu EY
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 Planetamypotheséxok 2 strengthens the case that the tBatics
Simplicius knew was indeed by Pt&lewmiguments for the authenticity of
the extant Optichowever, 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 Optics5.23-30 ties one aspect of the treatise’s subject to Ptolemy’s astro
nomical interests. gtill stronger indication that the author was an astrono

17 The end of the authentic Greek text as given, e.g.ginl¥84 is at Heiberg, Opera
astronomica minoraS OLQH DIWHU t£A¢;A+CzA” LQ WKH PLGGC
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. Prddlselrm258a summarizes material from the
later part of Planetaldypothesd®ook 1, whereas Simpliciudrist deCaelo(ed. Heiberg,

p. 456) paraphrases a passage in Book 2.

18 cf. Nix's translation in Heiberg, Opera astronomica mindrd2—-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 geograpfyough one might wish for something in the Optics

that marks it specifically as Ptolemy’s work, this is barely betiagé, 1o

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 chaptersHairmonicBook 3, and the promised tables at the

ends of the Analemmaad Planetalypotheses- the only non-extant text

explicitly mentioned in any of the surviving ones is the ‘dedicated treatise on
WKLV VXEMHFW" - °xAJ E"t+ AivA+%tA APA n APA

ing of the Phaseis 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 28t8iace the Sudsts among Ptolemy’s
ZRUNV fWZR ERRNV RQ SKDVHV DQG ZHDWKHU VI
ox aAtA.y+Alzy SAA-AEYD, Svkereds 28 exidnt Phaseis
WUDQVPLWWHG XQGHU D VOLJKWO\ GLIITHUHQW
AAv%+3E3s aAtA.Y+Alz% LV LQ MXVW RQH ERRN LW

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 Alncdgest work by Ptolemy ‘on
paradoxical phases of Véhiisie ‘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 Alrha@e%The scho

1% 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,
Mathematicalnstrumentspp. 10-11 and fig. 12d.

2 2FFDVLRQDOO\ 3WROHP\ HPSOR\V AA+ #adesidt1l), Q WKH VH
EXW LW FDQ KDUGO\ KDYH WKLV PHDQLQJ KHUH VLQFH Ai%
its own right.

2L Jones, ‘A Posy’, esp. pp. 75-77.

22 The qualification ‘paradoxical’ does not appear in the Alnuagesapplied by Pro
clus,Hypotyposik17-22 and 7.9-18 to these phenomena and certain visibility phenomena of
Mercury also treated in Alma@8s8. 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 tAlmagestii3.8, 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 AlmagestLike 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 Almadesppus supplements his discussion of
the armillary astrolabe whose construction Ptolemy sets out in RAlimagest
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 meteotrosRdpeion A {
“1xox AxAopA+Avs-1x OA3-Y%x @ ©+ BuRdlerenceés Hd\ P E A ¢ A
the meteoroskoperiso appear in Ptolen@engraphy.3 and Procludypo
typosi®, though without citation of a specific lost wAiting.

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 higrt®lelas Mechan
ics *-Cx%1°- LQ WKUHH ERRNV :H NQRZ QRWKLQ
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 Mechgnib&h interestingly was also in three books).
Works OntheElements ApA Az AA:OCWeigs ARG ¢ Az
— or could they be a single work designated by two different descriptive quasi-
titles? — are cited by Simpliciurist 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 Eutociugyré¢him De PlanorumEquil. (ed. Hei
berg, p. 306) attributes to Ptolemy’$V@ightsa definition of weight.

Simplicius]n Arist De Caelo(ed. Heiberg, p. 9) also refers to a work in a
VLQJOH ERRN Y 0OnDiffengidh AHDAOOHGAA-APEA LQ
Ptolemy presented the same argument as appears in the Hrzdldnenea
can be only three orthogonal dimensions. Lastly, we have no title for the text

tLQ VRPH ERRN"™ ®¥% Al%! 2125 x In@udRleFK DFF
menta HG )J)ULHGOBIQQ@ SS. DQG DO 1D\UIi]i"V FRP
Elementged. Besthorn & Heiberg, p. 118; ed. Curtze, pp. 65—-66), Ptolemy

28 7KH YHUE "t#°+AxA°puiE LV D KDSD[ OHJRPHQRQ DQG St
Pappus clearly has a text attributed to Ptolemy since he follows the phrase quoted above with
ftKH VD\V"™ »-3py1?

24 Rome, ‘L'Astrolabe’.
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attempteda proof of Euclid’s fifth postulate and applied this result to variant
proofs ofeveral propositions in Elem&usk 1.

4. Chronology of the works

Knowing he order in which Ptolemy wrote his works might cast some light

on the development of his thought. The cross references to theirAlmagest
the majority of his surviving astronomical writings as well as in-the Tetra
biblosand Geograpkuffice to show that all these works were completed, if

not entirely written, after the Almagesis must also be true of the Phaseis

and the lost book on the mathematical theory of stellar visibility phenomena
summarized in the Phaserdgroduction, since in Alma@e6tPtolemy writes

of stellar visibility theory as a complex and uncertain undertaking that he has
FKRVHQ WR GLVSHQVH ZLWK fIRU WKAmMm#&LPH EHL
gestin 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 Alrfadestepudiated ear

lier astronomical parameters that can be identified in the I@scrifion
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, b46-147. Hence almost all
Ptolemy’s other works on astronomical, astrological, and cartographical subjects
are known to have been finished in the period after the ,Aieagsst only

the Canobidnscription 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 Almage& completion.

Certain developments in Ptolemy’s geographical knowledge and astronom
ical theories make it possible to obtain a plausible sequence for some of the
postAlmagestwvorks. In Almage3t6, Ptolemy asserts that the regions around
WKH (DUWK"V HTXDWRU DUH fXQWURGGHQ" ZAALA
ZRUOG - °+ J -Y%pA ¢AE°¢A%-%- VR WKDW RQH FD
there is like. The astrological geography and ethnography of T2tPabiblos
likewise extends southward only as far as the equator. In the, Geagraphy
ever, Ptolemy has learned (from the writings of Marinus of Tyre) of peoples
and places located, so he believes, as far soéth gsutb of the equa
tor. Now the core of the Geograplaylist 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
oXW DV tQRWHZRUWK\ FLWLHV" Al»utA 2A A . Y4t
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the HandyTablesturns otito comprise this same subset frol@dhgraphy

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 tHandy Tablesand presented in tRéanetary
Hypotheseaxccasionally differ from those of the Almaggstach 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 PlanetaryHypothesespresents the final stage.

The concluding section of the Canloisicriptionassociates 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 four
dation of astrological affinities between the heavenly bodies in Fatéonics
one of the lost three closing chapters of the Harthenegidence, which
is compelling, is a surviving fragment either from the chapter itself or from a
scholion or commentdfyNo trace of the scheme can be found in the Tetra
biblos though a different application of harmonics to astrological relations is
introduced in Tetrabibl@sl4. The Harmonittais seems likely to have been a
comparatively early work of Ptolemy’s, perhaps completed before the Almagest
More subjectively, the epistemological discussions of the i@Gnierssnone
as both simpler and cruder than those of the Harmegiesting that the
Criterioncould belong to the very beginning of Ptolemy’d’ career.

For the remaining major treatise, the Offtiee 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@ptics5.23-30, which we have already mentioned, and
the absence of anything comparable in the Altrfagesnd, in Almagés?
and 9.2 Ptolemy refers to the phenomena that apparent sizes of heavenly bod
ies, and apparent angular distances separating heavenly bodies, appear large
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 Plangyaigtheseld3.7 and in OptiBH9 he
explains the phenomena psychologically, which is essentigfyl bodeat.
Geography.1 Ptemy seems to invoke the theory (familiar, e.g., from Euclid’s

% Swerdlow, ‘Ptolemy’s Theories'4pp71.

26 Swerdlow, ‘Ptolemy’s Harmonics'.

27 Feke, ‘Mathematizing the Soul’, offers further more or less subjective arguments that the
Criterionantedated the Harmonics

28 Smith,Ptolemy'$heoryof VisualPerception, p. 2.

20 Smith,Ptolemy$heoryof VisualPerception, p. 2.
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Opticsthat visual perception occurs through rectilinear visual rays fanning out
from the eyes with gaps between the rays that enlarge with greater distance,
whereas in Optigss0-51 he rejects the concept of discrete Hay®ver,
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 Cahwmdptiorand Almageserve as the
chronological anchor.

Firmly dated Subjectively dated
On the Criterion
Harmonics
Canobic Inscriptioxn (147/147)
Almagest
Tetrabiblos
Treatise on theory of stellar visibility
(possibly Book 1 of Phaseis)
Phaseis (possibly Book 2)
Handy Tables
Arr. and ComgpHandy 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 Almaaestthe work describing the meteoroskiopkéen

tween the Almageshd the Geographout 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 tAémagestthe largest (by a considerable margin) and
most highly structured treatise among thgloreover, significant references

to astronomy occur in the Harmonics, Tetrabiblos, GeagihyticAt

the same time, taking the lost works into consideration reinforces the realiza

%0 Berggren and Jones, Ptol&eyggraphy. 57, n. 2.

31 TheGeographgomes 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 tc
mathematical modelling or not. Conspicuously absent from the list is any work
on a strictly biological topic.

Discipline Work Preservation
Astronomy

Canobic Inscription Greek

Almagedtl3 books) Greek

Arr. and CompHandy 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 Harmoraesl the Almageste 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
Harmonicof 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
AlmagestBook 1 of the Geographg 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 cerrecting dis
torted data. The Opties 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 tbaCriterionappears 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 Almagesthese 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 Planetatypothesdook 2, while the Tetrabibloskes 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 Crigseparticularly 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 structdeem@nic8Book 3) and as having the
power to introduce mathematically structured features into the external envi
ronment — by making muditaimonicBook 1) and even simply by seeing
through the rectilinear emission of a visu@pags(— and his belief that
the coordinated motions of the celestial etherial bodies are generated by celes
tial soulsHlanetaryHypothesdxook 2).

Lastly, didactically appropriate, mathematically defined modes of represen
tation of aspects of the cosmos are a broad concern of Ptoldftgrs. The
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spheriumfor example, is about representing celestial circles and revolutions
in a single plane through stereographic projection, whilé&lmatpesand
PlanetaryHypothesd&olemy 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 Geogrsiphg 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 Alm&yexst 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.

SYupA-ArAA;A IQRW VXEMHFW WR FKDQJH RI E
spelled, is a frequent term in Aristotle and hence also in the Aristote
lian commentators (as well as Plutarch and, with one instance, Diodorus),
SY4uA-ArAAsA DSSHDUV WR AHagesl.Y,VCtit® FWLYH
rion 2.6 and 12.5. The two words are not identical in meaning, since
SY%ApuA-AutAA;A LV DSSOLFDEOH WR D EHOLHI |
DOWHUDWLRQ ZKHUHDV 8% uA-AtAAgpAutFKDUDF
which belief cannot be altered.

aAtAs »AAA+3Y,¢%-E fWR EXV\ RQHVHOI DGGLW
Tetrabiblo$.6.4, Criterio8.3.

pna°+A+%I-A;A FTHDVLO\ FRPSUHKAMMaGES(ES 9HU\
instances); also Tetrabidldd.5, Harmonidsl and 1.11. Instances in
texts not obviously influenced by Ptolemy: Polybius 18.30.11, Hipparchus
In Arati etEudoxiphaenomerial.11 and 2.4.6, SerenusebD@neoni
ed. Heiberg p. 250 line 25. In texts influenced by Ptolemy: Porphyry,
Commentargn Harmonicsd. Diring p. 20 line 9 (quoting Harmonics
and p. 133 line 13 (paraphrasing HarmadRagspus, Commentary
Almagesed. Rome p. 98 line 27 (quoting Ptolemy), Theon of- Alexan
dria, Commentarpn Almagesed. 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.

pHavap, Il "pAA¢s% 1 HDAMagest B@and) 134G PIRNé Mo
thesed.2. Theon of Alexandria, Commerdarplmagesed. Rome
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p. 451 he 2 (quoting Ptolemy), p. 602 line 8, @w@imentarpn
HandyTablesed. Mogenet and Tihon v. 1 p. 102 line 20.

AEE pAY%-%¢ A TZRUNHG RXW"™ RU 1Madesi HG R XV
2.13, 3.1, 3.4, 6.5, 12.9, 13.8, ¥halemmeaed. Heiberg p. 195 line
8, Tetrabiblos3.1.1, 3.12.1, 4.9.1, 4.10.1, Geod@dpRy Criterio3.3,
7KH FRPSRXQG AA;puAEE pA%-%¢A TSUHYLR
AlmagesB.4, 9.9, 12.2, 12.7, 12.9 (3 instances), 13.4 (2 instances), and
otherwise only in Strabo 12.8.8.

E 1eAA;A ™ fFKDUDFWHULVWLFTelabifo§33QF\~ 9H|
instances); alsdmagest.1, 8.4, 9.2, Harmon&$g, Geographg.1.8,
Criterion 4.3. In texts not obviously influenced by Ptolemy: Aristides
Quintilianus 3.26, Cleomedes 2.4, pseudo-Galen, Pratpuestidaty
ed. Kihn (v. 19) p. 538 line 5. Influenced by Ptolemy: Hephaestion (18
instances). In the Tetrabilfgoxd hence also Hephaestion) the term takes
on a quasi-technical status.

o+ Ap AA%pu33tAviv  JHQLWLYH FE\ DGMXVWPHQ\
to Ptolemy: Planetalypothesels5, Geographyl3.1, 2.1.2. The only
RWKHU RFFXUUHQFHV RI °xAp AA%pus33tAvi% ZL\
the meaning ‘by way of approximation’, are in Hipparchuati bt
Eudoxiphaenomertb11.7 and 2.4.6.

°+Ap A °ouEr»+iz pA  ILQAIMxgRIRD UTetrBdb@N H U "
1.3.20, 2.4.1, 2.14.12, 3.14.9, 3.4.4, Crii&ibninfluenced by Pto
lemy: Hephaestion 1.20.1 (paraphrasing Ptolemy), 1.25.25.

°+Ap A x»cACuA-A 1L QIngestsX Jecralftin®IBH U "
In texts not obviously influenced by Ptolemy: Geminus 2.20, 18.14.
Influenced by Ptolemy: Hephaestion 1.1.13, 2.2.6 (paraphrasing Ptolemy).
°+Ap A x»;ACuA-AApA¢sY Arhaged.1U BE,JR.B,U PDQQ
11.5,Arrangemerand Computatiorf the Handy Tablesl (ed. Heiberg
p. 161 line 1), Tetrabib®2.6.

o+Ap A ¥ SAY%IT AL »i3s% AATAGY fLQ WKH UDV
Unique to Ptolemy: Tetrabiblo$.2, 3.7.1, 4.10.27alarmonic<.9.

AA;Ap%nA-AAE TWR AQagdss. i, BB instahds), 36,0\ "
Phasei8 (ed. Heiberg p. 12 line 14). In texts not obviously influenced by

Ptolemy: Heron, Metriéal5, Asclepiodotus 6.1, Philo Judaekseln
cum131.

32 This refers to the ‘alternate’ conclusion of the Tetialibddschapter, which Boll and
Hiubner did not adopt but is now widely regarded as the authentic version.



32 ALEXANDER JONES

AA¢AA+AxYA -+t FTWR UHPDUN DGGIWLRQDO
ed. Heiberg p. 13 line 21, ArrangearehComputatiorof the Handy
Tablesed. Heiberg p. 185 line 6, Harm@m¢Criteriod.2, 6.1.

AR%BUCHUAA-A+ A+A+A®A-ATA 1PMhhlesUKPM/DLQHG
netaryHypothesek 2. Influenced by Ptolemy: Theon, Commemtary
Almagested. Rome p. 338 line 15, p. 437 line 14 (quoting Ptolemy).

GAAUAAATA E A ApAAATA EA+Y 1 OMaWa WKHUH
biblos %ROO DGRSWV WKH YDULDQW UHD
Harmonicsl.4, 2.3, 2.11, 3.4, Geograpghyl, 1.18.1, 2.1.1, Criterion

,QIOXHQFHG E\ 3BWROHP\ +HSKDHVWLRQ
AAcAA: AUAAATA EA+Y% FOHW WKHUHetleDYH EHF
biblos1.3.20 (variant reading not adopted by Boll or Hibner), 4.10.13.
Influenced by Ptolemy: Hephaestion 2.26.12 (quoting Ptolemy).
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Figure 1: Analemma methods 1: (left) perspective diagram of a point A4 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 4, which appears in three different representations: (1) as
A A4 in its orthogonal projection into the analemma, (2) as 4 A4 in its location on a
lesser circle orthogonal to the analemma, and (3) as 4 A4  in its location on the great
circle joining point 4 with the pole of the analemma circle. The original point A4 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 sufhice 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 4 and B on a sphere,
and the great-arc distance between them, @, to be mapped to the receiving plane, in gray;
(right) representation in the analemma of 4 and B as orthogonally projected onto the analemma
such that 4 A4 and B B, along with orthogonal rotation of the great circle into the
analemma such that 4 4 and B B . The original points 4 and B do not appear in the
analemma representation, because, visually, they coincide with 4 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 ¢, the
great-arc distance between the two points, is preserved in the transformation.

In Figure 3 (left), if points 4 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 4 and B represent points 4 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
(M4). Arc « of the lesser circle is rotated into the plane of the analemma
by constructing perpendiculars at 4 and B meeting the semicircle, such that
A maps to 4 and B to B (M.3)."! Once again, lines 4 4 and B B , in
the analemma, are equal to the perpendiculars, 44 and BB , in the sphere,

1 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.
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2.1.1. Geometrical constructions and instrumental practice

Although there are almost no synthetic theorems in analemma texts—and only
one in Prolemy’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
Lposts.1-3, .11, and 12—that is, the first three postulates of Euclid’s Elements
and the two problems that produce perpendicular lines."* 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 1X.7, although not addressing a problem, is explicitly produced
with a compass,’”® 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. Prolemy’s notion of ‘model

Ptolemy’s uses of the term huporhesis (9mé8e01c), and the cognate verb (vmotifetou),
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.

4 As we will see below, the proof in Analemma 6 also requires Elements X112, but this is
a theorem, not a problem.
1> See Soubiran, Vitruve. De larchitecture, 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.** Ptolemy, however, does not use hupothesis in this second
sense. For Prolemy 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,
P, and P;, creating the celestial equator, to which the ecliptic is skew at the
angle known as the obliquity of the ecliptic, e. 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 ecastern 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

# Berggren and Sidoli, ‘Aristarchus’s O 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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NPEFM EFQJDUJOH UIF QFSDFIJWFE MPDBUJPO PG U/
GSPN UIF QFSTQFDUJWF PG UIF FBSUI

FSF BSF DMFBS JOBMIF-B\BIEFEO TUWIBU 1UPMFEFNZ UIPV
UIF PWFSBMM NPEFM PG UIF DPTNPT JO KVTU UIFT
"OBMFNNBJPMFNZ DBMMT UIJT TINQMJ FE NPEFM P
PSIJFOUBUFE UP UIF MPDBM IPSJ[PO UIF AXPSME T(
DJSDMFT JO UIJT TQIFSF UIBU DBO CF UBLFO UP EF
ANPWF XJUI yABDNOUIFZ DBO CF JNBHJOFE UP CF H
XPSME TQIFSF MBZJOH JO QMBOFT UIBU QBTT UISP
IF EFTDSJCFT UIF QPTJUJPO PG UIFOBWX QIR PSF EF
HFOFSBM UF®ONMBNONBIDFUUJOH PVU UIF NPEFM XJU
IF SFGFST UP UIF TPMBS QPTJUJPO BT UIF ATPMBS ¢
UIF MJOF BMPOH XIJDI XF TFF UIF TVO ESBXO GSPN
PVU UP UIF TQIFSF PG UIF DPTNPT

FTF HSFBU DJSDMFT BSF EJTDVTTFE JO EFUBIJM CFMPX
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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 1X.7, Heron’s Dioptra 35, and Prolemy’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.”® The model itself is naturally suited to handle the seasonal
hours of Greco-Roman daily life, 7B and hence was closely associated with
gnomonics (yvwpovixy), 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,
@, the declination of the sun as a function of its longitude, 4 2 , and the time
of the day, in hours, 7.

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 P,P; is the line joining

2% An exception is Prolemy’s Planispbere 18, which cmploys an analemma construction; see
Sidoli and Berggren, “The Arabic Version, pp. 132-133.
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UIF DFMFTUJBM QPM$% R PSQFOEBBDYRIBEEMIOFT
EFUFSNJOF UIF UFSSCRDBVYBM NMBUHSNEFIRYIFTIDMF
UIF FMFWBUJPO PG UIRQPMF1UIBU JT BSD

4JODF UIF IPSJ[PO JT NPUJPOMFTT XdGMFIRJIF DP"
PSUIPHPOBM QSPKFDUJPO PG CPUI UIF IPSJ[PO BOE
XJMM SFNBJO YFE F TBNF JT OPU USVF IPXFWF
UlF FDMJQUJD XJMM POMZ CF PSUIPHPOBM UP UIF
TPMTUJUIJBM DPMVSF DPJODJEFT XJUI UIF MPDBM N
OPU SFQSFTFOUFE BTOB/NFNRNBLUPMENZ T

FQSPQFS QPTJUJPO PG UH-DOENO@ RPXUIW FD NCIFONB E
PO UIF BOBMFNNB XJUI UIF VTl (P GBECs BU W FM JBWYSYI D]
JUT DFOUFS MJFT PO UIF EJBNFUFS PG UIF FRVBUPS
BOBMFNNB TP BWBBAE*BBBELCTPUI FRVBM UP UIF PCMJ
FOMIRWIDIJT DBTEFRIFSIFFOUT UIF WEHEISFOBUWMNRRS JOF
TPMTUUDFBVUVNOBM FRVEXBOUBGSGETPMTUWEIOF JG B
DvVUuUP FRVBM UP UIF BSD PG TPMBS MPOHJUVEF GS
UIFO 8,S®G UIF BOBMFNNB XJMM CF FRVBM UP UIF E|
UIJT UANF

FO TJODF UISPVHIPVU UIF DPVSTF PG B EBZ UIF °
SPVHIMZ DPJODJEJOH XJUI UIF DIJSDMF PG JUT EFI
EBZ DJSDMF UIF MPDBM QPTJUJPO PG UIF TVO DB
GPMEFE BOE SPUBUFE JOUP UITFOQ MBWVFFP G XJ HFOBWIE
TVO JT™*+BH JOJUT BOOVBM DPVSTF JU DBO CF JNBH
PO TFNJDJSDBFVHIPVU UIF DPVSTF PG UIF EBZ PS
XJOUFS TPMEUIDKXIMM USBWFER. P® I FNBINGNDMFIG
HIWFO EBZ JO UIF TQSJOH PS TVNNFS CFHJOT BU N
TBZBOE NPWF BUNOMBMWDVOSIJTF QBTTJOH PWEFS U
0O BOE UIFO NPWF VQ-UFPORJEEBYSBEUCB DO BMPOH
B FSOPPO UPOTVOBMMABBFUNSWIBKPBMMPXJOH NJEC
GBDU UIF TFDPOKOWMIXKRFEeNHKXIBU BMUFSFE CFDI
MPOHJUVEJOBM NPWFNFOU PG UIF TVO PG BCPVU 2
UBLF UIJT JOUP BDDPVOU

F OBM HIWFO NBHOJUNIERBBLFEPRSBMPOH UIF EI
*OUIFDBTF PG UIF TFBTPG@GBMBIIPIVISA P@MBBEEEZ MJIG I
.2 2*BSF EJWJEFE JOUP TJY FRVBM QBSUT GPS UIF 1
BOE UIF NFSJEJBO "MUIPVHI UIJT JT OPU EJTDVTT

JFVHFCBMASPEZ TIPXTUIJTVTJOH NFUIPETDPOTJTUFOU
QSBDUJDF

YFSPO J®BJIRPUSBFGFST UP UIJT DIJSDMF BT UIF AEBBMZ DJS!
ADIODFSPOT PO "MFYBOESJBQFSNRTTVPH TMFSSHEF BOEDRBIUSBD

QQ m
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would also be possible to model the astronomer’s equinoctial hours, 7, by
dividing the complete semicircle of the day-circle into twelve equals parts.

In fact, however, Prolemy’s Analemma works with further simplifying
assumptions. In the first place, the circle FHGI, which is called the menaeus
(from pnveiog, meaning ‘monthly’) by Vitruvius,” is not found in Ptolemy’s
presentation. Instead, he simply takes 0 as given at one of four solar declinations
corresponding to the beginnings of the twelve zodiacal signs—namely,

0=0° for 2 0° 180°,

0=112 3°(: 11;40°) for 2 60° 120° 240°, 300°
0=201 2°(: 20;30°) for 1 30° 150° 210° 330° and
0=231,1 3°(= 23;50°) for A 90°, 270°,

and refers to the semicircle constructed at a given declination as the ‘monthly
circle’ (unqviiog xvxhog). 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 1.15, 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.** 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, Prolemy 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.’’ Hence, the analemma appears
to have been directly related to the two most conspicuous devices used to

» Soubiran, Vitruve. De [architecture, p. 29.

% 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 Abmagest to the nearest 0;05°—see Almagest 1.15, Heiberg, Syntaxis mathematica, vol. 1,
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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SFHVMBUF UIF DZDMFT PG EBJMZ MJGF JO UIF (SFC
UIF QBSBQFHNB

'SPN UIF EFTDSJQUJPO HIWFO JO UIJT TFDUJPO JL
NPEFM UIFBOBMFNNBNPEFM GVODUJPOFEBTB TJN
UIBU GBDJMJUBUFE HFPNFUSJDBM BOE DPNQVUBU.
CFMPX JO SFBEJOH"QBWTFBINMBT BBWIFUPMFNZ T NE
QSBDUJDF DMFBSMZ EJTUJOHVJTIFE CFUXFFO UIF
BO PWFSBMM HFPNFUSJDBM DPO HVSBUJPO BOE U
NBZ CF BTTVNFE BT QBSBNFUFST PG UIF QSPCMFN

IUPMFQEMFNNB

FUFYU POBMFNNBOPXO UP VT GSPN UXP TPVSDFT
B Ulm Ul DFOUVSZ UF YW QBRMIN@RAT HEBND

BOE B UIDFOUVSZ -BUJO USBOTMBUJPO CZ 8JMM.
7BUJDBOVT OUUPCRGXBOD/ITIMBBPCBCMZ BMTP JOD|
"NCSPTJBOVTDPEFY JT BO U|®FONPASEDIBEPORGEG JOJ
FJHIU CJGPMJB UIBU XFSF SFQVSQPTFE GSPN NBC
NBUIFNBUJDBM NBUFSJBM PG XIJDI UXFMWF QBHF"
"OBMFNNBOUUPCPOJBOVT DPEFY JT BO BVUPHSBQI
USBOTMBUJPOTPG (SFFLNBUIFNBUJDBM XPSLT GPI
OBM UISFF GPMJB DPOUBJOBNTFNISB®@ T MBEWIPIDAG |
TPNFXIBU BCSVQUMZ XJUI B TJOHMF NBUIFNBUJDB
-BUJO UFYU XJUI NBOZ DPSSFDUJPOT XBUIFSTU QV
(SFFL GSBHNFOUT BOE UIF -BUJO UFYU XBSE DSJU.
UIF -BUJO XBT SFFEJUFE CZ &EXBSET XIP BMTP QSP

*U JT XPSUI OPUJOH UIBU 1UPMFNZIBPXIOPEGBBEBRRHYKRE WB
EPFT OPU XPSL XJUI [PEJBDBM NPOUIT CVU SBUIFS EJWJEFT
NPOUIT PG UIF &4HZQUJBO DBMFOEBS XIJDI XBT BMTP VTFE GP
"TUSPOPQIZ m 0O UIF PUIFS IBOE HIJWFO UIF MPX MFWFM P (
"OBMFBIBBFMG JUJT QPTTJCMF UIBU 1UPMFNZ SFHBSEFE IJT A
UIFTF &HZQUJBO NPOUIT

FQBHFT PG UIF DPEFY"OIBBMFINPEBUBRI® SHFS PG UIF 1UPMFN
BSF BT GPMMPXT

$PNNBOBMBVEJJ ITUPMFNBFJ -JCFS EF BOBMFNNBUF

YFIJCFSH A1UPMFNAVT EF 0QBBEMBNBISP OBREDHE MIOPSB

&EXBIHPMRENZ A 2" ¥+A33¥»C 4JODF XF EP OPU IBWF (SFFL ¢
XJMM P FO VTF UIF -BUJO UFYU BT UIF QSINBSZ TPVSDF #Z S
IUPMF8RZUSB®ICBMP® UIF "SDIJNFEFBO DPSQVT * XJMM OPU BN
MJUFSBMMZ CVU XJMM NBLF TPNF JOGPSNFE HVFTTFT BCPVU
UIF -BUJO FWFO XIFSF XF EP OPU IBWF DPSSFTQPOEJOH GSBHI
"SDIJNFEFFH 7VIJMMFNJO % UPWV BROESBIWCREN P T

"MUIPVHI * IBWF NBEF NZ PXO USBOTMBUJPO PG UIF UFYU * |
&EXBSET BOE JO UIF NBUIFNBUJDBM QBTTBHFT UIFSF JT MJUL
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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 tex

t:37

1: A short dedication to Syrus, explaining that we will take the approach

2,3

3 since there is

‘of those men in lines’ (uirorum illorum in lineis),
need of a more mathematical conception of natural theory and a more

natural-theoretic conception of mathematics.

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—bhectemorius-meridian,
horarius-vertical, and descensivus-horizon.® 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.

S: 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 Prolemy points out

that on the analemma any of the six principal arcs can be determined using
linear demonstrations’—that is, computational, indeed, trigonometric
methods (8w t@v ypouudv; per lineares demonstrationes, per numeros);*
(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.

3 Presumably geometers.
# These angles are defined below; see page S1.
% See note 74 for a discussion of the meaning of the phrase St t@v ypapu@v.
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" NFUSJDBMGBOBNETEHUFSNJOBUJPO PG BMM TJ°
MPOHJUVEJOBM QPTJUJPO PG UIF TVO

B(FOFSBM EFTDSJQUJPO PG UIF ESBXJOH BOE Ul
TFU TRVBSF VTFE UP NBLF BOBMPH PG OPNPH
GPMMPXFE CZ B EFUBJMFE EFTDSJQUJPO PG Ul
QMBUF VTFE GPS DBSSZJOH PVU BOBMPH DBMDV

*OTUSVDUJPOT GPS QSPEVDJOH BMM TJY BOHMI
ESBXJOH OP OFX MJOFT GPS UIF TJUVBUJPO J(
FRVJOPY

*OTUSVDUJPOT GPS QSPEVDJOH BMM TJY BOHMI
ESBXJOH OP OFX MJOFT GPS BOZ PUIFS MPOHJL

B OTUSVDUJPOT GPS QSPEVDJOH UIF BOHMFT PG
QMBOUEGPMMPXFE CZ B EJTDVTTIJPO PG XI1JDI QBJ
JO XI1JDI EJSFDUJPO EFUFSNJOF UIF QPTJUJPO

5BCMF PG BMM TJY BOHMFT GPS UiF MIBOJUNEF F
TVO JT BU4BO z z GPS UIFQPTJUJPO PG UIF
IPSJ[PO BU UIF FOE PG FBDI PG UIF WF QBJST F
UIF IPSJ[PO BOE NJEEBZ BOE BU UIF NFSJEJBO

*UJT MJLFEMZ UIBU UIFSF XFSF PODF NPSF UBCMFT
UIF TFWFO MBUJUVEFT NFOUJPOFE JO UIF UFYU BC
CFHJOOJOHT PG UIF UXFMWHUTNHOU EG TVQRPNBQ
UIFSF XBT PODF NPSF UFYU GPMMPXJOH UIFTF UBC
USFBUJTF DPNQFMT VT UP UIJT QPTJUJPO

*O PSEFS UP GPMMPX 1UPMFENZ T NBUIFNBUJDBM
FYQMBJOJOH JO EFUBIM POMZ B GFX TFDUJPOT PG L
POMANBGFSIEIBO |IBOUWAIMNPEBYS TJODFUIFUISFFQBJS
BOBMPHPVT BOE BO VOEFSTUBOEJOH PG POF QBJS
BQQASPBDI 8F XJMM STU MPPL BU XIFFSWMEOFC IB-NS F- Y ¢
"OBMFNBIGBE JT XIMM CF GPMMPXFE CBMFNNB UIF

ulBuU B DFSUBJO BOHMF PG UIF BOBMBNNBNEI3BWTE |
BOHMF 8F XJMM UIFO SFBE USSR DBEHBIDESBAFAIN B | F
TIPXJOH UIBU JG UIF UF$BMBWYWSE BMVNEIBEUI Y BRF P O B M
IPV$ BSF HIWFOIFDIFONBPENNVI I BIBOMFT BSF BMTP +

&QEXBSERMENZ:T 2" ¥+ AP ¥»T1Q TUBUFT UIBU UIF UPUBM O\
TIPVME IBWF CFFO UBCMFT$UIBUJT UIF TFWFO MBUJUVEFT C
NVTU CF UBLFO CPUI UP UIF OPSU|I BOEUPP@EF TPMUI /TFWBUFEB V
UIBU UIFSF TIPVME IBWF CFFO UBCMFTfQSFTVNBCMZ CFMJF
GVSUIFS VTF PG UIF TZNNFUSJFT CFUXFFO UIF TFUT PG TFBTPC
UBCMFT



MATHEMATICAL METHODS IN PTOLEMY’S ANALEMMA 51

A A
\W
N /Ré AN

horizo™ ”lz
E

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. Prolemy’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.” Because the discussion in Analemma 2 concerns the world sphere itself,
it does not make reference to a lettered diagram—which makes it somewhat
difhcult 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, EBWA, 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

2 Moerbeke often uses moles to translate &yxoc, which in this context would mean
‘volume'—see Clagett, Archimedes, p. 34.
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BCPVU UIF NFSJEJPOBM EJBNFUFS B@&HETDFOUURVW R
¥»¥'¥»®SPQ@BUJOH BCPVU UIF HOPNPO 8IFO BOZ P
SBJTFE ABCPWF UIF FBSUI XJUI UIF TP MBSUSBIZM M V N
QSPEVDF UXPJODMJOBUJPOT BOBOHMFDPOUBJ
BOE UIF EJBNFUFS BCPVU XI1JDI UIF DIJSDMF SPUBU
CZQMBOFT CFUXFFO UIF NPWBCMF QMBOF BOE JU"
GBS BT UIFZBSF HIJWFO UIF QPTJUJPO PG UIF <TPN
FU QPTJUJP SBEJJFEROBAVENFOBBMF REGEB TPNFXIBU
PCTDVSF CFDBVTF 1UPMFNZ JT TFUUJOH PVU IJT PX
BT uUlBU PG UIF BODJFOUT CVU UIF NBJO QPJOU J1
IFDUFNPSJVIPEBSJEJBWESUDBEBWMIWDWBIAPS FPOT F
TQFDJGZ UIF MPDBUJPO PG UIF TPMBS SBZ

'PS FYBNQMF JO 'JHVSF SIJHI&3 .81 KA UODIN DQHHR
XJUl UIF TP3MBSUBBERVBUPS EBM EBBONFSHBUF UIF
SFDUIMIDBFBISDlI DBO CF NFBEBBSHKHJIJGAZ BSISB QMBOF
UIF IFDUFNPSJVT DSFBUFT BO BOHMF XJUI JUT TUB
&48/ XIJDI DBO CF NFBAIRGRHEXNBSIEJBO )FODF UIF
PG UIF TVO DBO CF ERBPSNUOFHEH DU BNSHDSA PG BOE B!
UIF NFSJEJBO *OEFFE JGIBDMFBSBOBE JGMBSDB
BS@ UIF SBOHF zm z BOZ QPJOU PO UIF TQIFSF L
DPPSEJOBUFT *O GBDU IPXFWFS (SFFL HFPNFUFS
UiBo z BOE 1UPMFNZ XJMM J@BIPHEWMIE D R OMNF O
JOTVSF UIBU UIFTF TJY QSJODJQBM BSDT XJMM BM?’

"OBMFNNBB EJTDVTTJPO PG IPX XF DBO VOEFSTUE
SFBM TVO JO UFSN PG MPDBM DRPSHEOBQIF®RKU TQ
NPWBCMF DIJSDMFT CFJOH DBSSJFE XJUI UIF TVO )
EJBHSBN F BOHMFT UIBU EFUFSNJOF UIF QPTJUJFP
UFSNT SFMBUJWF UP UIF QPTJUJPO PG UIF PCTFSWH
VTF PG UIF EJBHSBNT JO 'JHVSF [IFMQT B NPEFSO
EFTDSJQUJPO CVU JU JT OPU GBJUIGVM UP IJT BQ
TJUVBUJPO BTBSRPMOH \QIMBEDBI OP BQQFBM UP UIF
NPEFMJOH PS TVQQPTJOH

JT DIBOHPBMGNNXBIDI TUPMFNZ JOUSPEVDFT XJU
XPSET A*O PSEFS UIBU UIF TPRRVFO BB HMHO TB-RE Xd
NPEFNRNVWPE TVQOPONIEF&ESBMM NPSF XJUIJO PVS WIF
CF B NFSIEJBOWWFDMFO QSPDFFET UP HIWF B EFTL

FSF NBZ IBWF CFFO QSBDUJDBM SFBTPOT GPS UIJT 'PS FY|
IJT BOBMFNNB QMBUF POMZ NFBTVSF Zm ZzfXIJDI NBZ IBWF UP
MBSHF FOPVHI UIBU JUT SBEJVT XPVME CF FRVBM UP UIF EJBN
SBUIFS DVNCFSTPNF

*O USBOTMBUJOH UIJT BOE UIF GPMMPXJOH -BUJO QBTTBHI
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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.”® 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. The mathematical 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 gui, 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, Prolemny’s Tetrabiblos, p. 14, and Federspiel, ‘Sur Topposition.

# 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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'"JHVSFOBMFNNBMFNFOUT JO HSBZ EP OPU BQQFBS JO UIF NB

"TZOUIFUJD QSPPG

"OBMFNONBHJOT XJUI BO JOUSPEVDUJPO UP UIF SFTU
uilBU XJUIUIF GPSFHPJOH BT QSFMJNJOBSJFT XF X
EFUFSNJ@B §Y PR ¥ aJONAUSH G F O U B MFFG B OFDIFRYRUSIEP JOOFBT
BOHMFT JT BQQFBST UP CF B SFGFSFODF UP UIF
QSPEVDJOH B QIZTJDBM BOBMFNNB QMBUF GPS NBL
1UPMFENZ NBLFT JU DMFBS UIBU IF XJM3WP B @MIZ DHME
EFUFSNJORBPIBU PG UFDOFXPSJVT BSD XIJDI IF I
JOUSPEY®DFEF JG XF UIJOL PG UIF SFNBJOJOH NBU
FTUBCMJTIJOH UIF NFUIPEPMPHJDBM TPVOEOFTT Pt
PO UIF BOBMFNNB QMBUF XF DBO VOEFSTUBOE XIZ
NBUFSJBM HFOFSBMMZ BT BEESFTTJOH AJOTUSVNF

#SVTIJOH P UIFDBTF JO XIJDIUIF TVO JT BU POF |
GPS UIF SFNBJOJOH TPMBS QPTJUJPOT 1UPMFNZ H.
UIF BOBMFNNB JTITFRYBWMPSBWEBBMP XT 'JHVSF M
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gnomon is GD, and the center of the sphere of the sun is E° while ZHT is a
diameter of onc of the monthly parallels north of the equator, upon which, in the
same plane let an eastern semicircle, ZK7, be imagined (voeioBw).!
And let KH be produced upright upon Z7,%* such that section (tpijpa) ZK of the
parallel [circle] is made to be above the earth, and with arc KZ being cut off, let a
perpendicular, LM, be produced from L to Z7.* And, with center M and distance
ML, let a point, X, be determined on the meridian,”® and let EL, MN, EX, and MX
be joined,” and let EO be produced upright upon EN.> 1 say that angle OEX is
equal to the sought angle.®

For, let semicircle ZLT be imagined (voeloBw) as rotated (¢meotpoppévov) 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.”’
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.®" Likewise, [it is
obvious] that EN is the common section of the hectemorius circle and the meridian,
while LE is in line with the solar ray,** and the sought angle, which is contained by
the ray and the equatorial diameter, is LEP. For, since EL is equal to EX,* and
ML to MX* and EM is common, therefore angle MEL is equal to angle MEX.®
But angle MEP is right, and angle MEO, therefore the remaining angle LEP

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 carth in a
simple sphere—although the model may have been developed at a time when this was still
held to be so.

>! The MS reads voeioBou, Heiberg corrects to voeigBw.

52 Elements 1.11; set square.

53 'This is the arc of the seasonal hour, 7o

>4 Elements 1.12; set square.

%5 Elements Lpost.3; compass. See the discussion of this construction below.

56 Elements Lpost.1; side of set square.

>7 Elements 1.11; set square.

% Namely, the hectemorius arc.

59 Elements X1.12. That is, the line about which the hectemorius rotates.

0 Elements X1.6, 7 and 18.

L Elements X1.3.

€ 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.

¢ They are both radii of the sphere.
By construction.
That is, because MEX MEL, by Elements 1.8.

¢ Following this, both the Greek and the Latin include the phrase ‘and since angle EML’
(émer kel ¥ w0 v EMA, quoniam et qui sub EML), which appears to be an interpolation,
and has been noted as such by the modern editors.

7 Here the manuscript includes the phrase ‘to angle MEX, that is’ (tfj 970 MEE tovtéotwy,
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, 0 1 , are given by the inclination of the pole and the declination of
the month-circle of the sun, 7KLZ. Ptolemy makes no mention of this, simply
assuming that they are fixed by the geometry of the figure. With 7KLZ 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, 7, 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.”

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
[-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 1.3, but not on circular arcs. We
may regard this construction as an analemma construction, and we will see

7 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..



58 NATHAN SIDOLI

ulBU TvDI DPOTUSVDUJPOT BSF P FO FNQMPZFE JC
PO UIF BOBMFNNB QMBUF 9 BOEMMIP EAMMFE PIAOUT
NBUUFS PG FMFNFOUBSZ HFRNFUSZAZUP TIAPX UIBWB
z .&- z .&9 UIBU JT BBS&IO

F BOBMFNNB EJBHSBN 'JHVSF SFQSFTFOUT UIS
QMBOFT TVQFSINQPTFE VQPO POF BOPUIFS JO UIF
UIF BOBMFNNB F DJSDMPARG MIUFFNRE®IBIBQMBOF
HVSF F DJSDMF PG UIF IBDUFNFRERHOEIJDVMBS UP
PG UIF HVSF BOE JOURSTF OFUN PJQJU J bVsJOONE F
QFSQFOEJDVMBS UP UIF QMBOF PG UIB).HVSF BOE
"MUIPVHI * IBWF TQPLFO PG SPUBUJPOT BOE QSPKF
DPO HVSBUJPO UIBU NPUJWBUFT UIF DPOTUSVDUJF
TUFQT QSFTFOUFE'"OBMHANEBFPPB8SIFE PVU EJSFD!
QMBOF PG UIF BOBMFNNBfGPMMPXJOH XIBU BQQF
QSBDUJDF BNPOH (SFFLHFPNFUFST G PRSIFBRONERNS O H
CFDBVTF UIJT JT PTUFOTJCMZ B QVSFMZ HFPNFUS.
DPOTUSVDUJWF TUFQ XJUI B QS RGN-RNN DRSS QRTBVM
CZPQFSBUJPOT PG B TFU TRVBSFGBBPMHANNBQBTT BT

FOFYU UXP TFDUOBMTFWRBBLIP¥U UIF DPOTUSVDUJE
SFNBJOJOH WF BOHMFISXRVUS QF GPPKIT IFSF XF X
OPUF UIBU UIF BSD PG UIF NFSJEJBO XIJDI DPNQM
IFDUFNPSJVT JTOFRO/BIMVUPFBESDBOE

JTTZOUIFUJD QSPPGIiXIJDINBLFTFYQMJDJU SFGF
WJEFT UIF CBDLHSPVOE UP VOEFSTUBOEJOH BOBMI
SFUVSO UP UIF TPMJE DPO HVSBUJPO JO UIJT EJT
TVNNBSJ[F UIF BOBMFNNBIPPORNB Y DVHBIORHBVERE BRKS
FIFDUFNPSJITVGPB/®IE BT GPMMPXT

)FD FEJBNFUFSPGUIFIFDUFNPSJVTDJSDMFJT GP
QSPKFDUJPO PG UIFHOVB Y IFPNBESJPIDBO QMBOF
BOE UIFO KPJOJOH UI&T RKYUFOBFERCRIESPEVDF

)FD F IFDUFNPSJIVA@PB/SXE CZ SPUBUJOH UIF IFDUFN
UIF QMBOF PG UIF NFSJEJBO D&$DMF BCV¥MU JUT
UIBIU P& UIF FBTU QPDOBORBOH TUPPMBS QPTJUJPO
UBR 6TJOH BOBMFNNB NFWARIBBIL JOH OB JOUFSTFL

4FF OPUF  BCPWF
-VDLFZ A%BT"OBMFNNB DPMT m HJWFTBDMFBS BDDPYV
DPOTUSVDUJPOT BSF SFMBUFE UP UIF TPMJE TQIFSF 'PMMPXJC
TINQMF NBUUFS UP SFDPOTUSVMBIQSRRBS BMRONBSE RIGAAF
DPOTUSVDUJPOT PG BMM UIF BSDT JO U&M BSPRMFN-NP IFENBQ

QR m



MATHEMATICAL METHODS IN PTOLEMY’S ANALEMMA 59

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, Z, 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:”

Such a determination, for those who prefer, would also exist precisely by means

of lines (01 T@v ypauudv),* although it would be casily brought about through

7> Again, I have translated the Greek for this passage.

7 A tav ypappdv is a technical expression in Ptolemy’s writings; see Heiberg, Synzaxis
mathematica, vol. 1, pp. 32, 42, 251, 335, 380, 383, 416, 439; vol. I, 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
clementary geometry, or by chord-table trigonometry. When it is used in the Almagest, it is in
reference to cither an actual calculation or to a metrical analysis, where the later is understood
as showing that the former is, in principle, possible. As Edwards, Prolemy’s Ilept dvodiuparos,
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. 1, 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. 1, 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, Synzaxis
mathematica, vol. 11, pp. 193, 198, 201, 426.

We find two uses of the phrase 1 T&v ypoupdv 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. 11, pp. 426,
427, and Nathan Sidoli, ‘Mathematical Tables, pp. 25-26.
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As for the remaining monthly [circles],”® let meridian ABGD be set out along with
the diameters upright upon one another and axis £Z. And let a diameter, HTK, of
any of the southern monthly parallels to the equator be produced through, upon
which let semicircle HLK imagined (vooduevov)”™ to the east be drawn.** And let axis
EZL be extended,® obviously bisecting diameter HTK at T and semicircle HK at L.*
And let line MN be produced through [as a perpendicular] to H7,* 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,* let a perpendicular, XO be produced
from X to HM.* And through O let perpendiculars upon AE, POR, and upon GE,
SOC, be produced through.

Then, since arc HTK of the meridian is given,” 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.® Likewise, since arc AZ, of the elevation [of the pole], is
given,® angle MET of right-triangle MET will also be given. So, the ratio of ET to
cach of EM and MT will also be given,” and, moreover, that of diameter HK to cach
of them.”! But, the double of line M7 subtends the double of arc LN, so arc LN will

78 That is, besides the month-circle at the equinoxes.

7 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.

% The assumption of this configuration produces the first two given magnitudes: ¢ and #(2).

81 Elements Lpost.2; side of the set square.

82 Elements 111.3, Ldef.17.

83 Elements 1.11; 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.

8 This is the final given magnitude, 7,

8 Elements 1.12; set square.

8¢ Elements 1.12; 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 Daza 25 and 26, line HK is given in position and in
magnitude, so that, by Daza Def8, arc HTK is given in position and magnitude. Edwards,
Prolemy’s Tlept qvaduporos, p. 111, n. 537, points out that computationally this follows since
arc HZK = 180°—24(1).

% That is (H7TK : diameter,,) and (E7 : diameter,,) are given. The first ratio is given by
Data 1. The second ratio is given because, by Dara 88, HEK is given, so that, by Daza 2, half
of it, HET is given. Then, by Elements 1.32 and Data 4, the angles of AHET are given, so
that, by Data 40, AHET is given in form. Then, by Data Def3, (ET : EH ) = (ET : radius,,)
is given, so that, by Daza 8, (ET: diameter,,) 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 Daza 40.

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

0 That is, since by Elements 1.32 and Data 4, the angles of AMET are given, by Data 40,
(ET : EM ) and (ET : MT') are given. The computation of these ratios would involve entering
into a chord-table.

° That is, by Data 8, (EM : diameter,,) and (M7 : diameter,,) 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, £, 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 ¥’
on the analemma circle such that OY  OX, and erecting EE” perpendicular
to OE (M.3). Since, by Elements 129, LYEE"”  LEYO, 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, OF, to meet the meridian at £, 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.'” In what

17 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.!”® 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, Prolemy describes the production of an analemma plate, on
which ‘with only the compass and the set square’ (S pdvov to0 Te xapxivov
kol 100 6pBoywviov mhatdouatog)'!” constructions of the six principal arcs can
be carried out.”® The plate is a ‘drum-shaped plane’ (tvpmavoedic éninedov) 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."! 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, ¢, of
Greco-Roman geography: 16 /3 1/12°, 23 1/21/3°, 30 /3°, 36°, 40 1/21/3 /12°, 45°,
and 48 1/2°."* Three month-circles are inscribed corresponding to the following
solar declinations, & 1 : 23 1/21/3°, 20 1/2°, and 11 2/3°.'*3 The first month-circle
is used when the sun is at the tropics, in the signs of Cancer or Capricorn
(A 90°, 270°); the second is used when the sun is in Gemini, Leo, Sagittarius
or Aquarius (2 60° 120° 240°, 300°); the third is used when the sun is
in Taurus, Virgo, Scorpio or Pisces (A  30° 150° 210° 330°); while the
equator is used when the sun is in Aries or Libra (1 ~ 0°, 180°). The wooden
plate is orientated by rotating it such that the elevation corresponding to the
given terrestrial latitude, ¢, 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

18 See note 74 for a discussion of the meaning of the phrase ‘by means of lines’ (3w tév
TPHULGY).

19 Literally, ‘crab’ and ‘rectangular plate’
Heiberg, Opera astronomica minora, p. 212.

12l 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 11.6 and Geography 1.23.

12 These should be compared with the declinations in Almagest LS.

120
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Figure 11: Analemma 11: The wooden analemma plate, rotated to carry out computations at
the latitude of Rhodes, ® 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.'*
Analemma 13, in which Ptolemy describes the analemma-plate computation
for the six principal angles, begins as follows:'?

Again, [1] let a diameter of any one of the monthly circles be modeled, and let it be
ZHTK, upon which is the castern semicircle ZLK.'** [2a] And with center 7" 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, £/ Collegio Romano,
pp- 122-131.

12 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 I 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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K X

Figure 12: Analemma 13: Computing on the analemma plate, steps [1] and [2]: (left) initial
set up, determination of § 2 and ¢; (right) determination of L, the position of the horizon
on the month-circle.

distance 74, let a point of the meridian, Z, be determined,'”” by which ZL—the
semicircle above the earth—and ZK—Dbelow 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.'?®

In the first step, [1], we orientate the plate to the given latitude—say
@  36° the latitude assumed for Rhodes—and draw the horizon, 4B, 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 A 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, Z, by [2a]
cither using the compass to take the intersection of a length 72  7°4 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 7L T'A is clear from considering the solid configuration—as hinted

127 The fact that 74  TL can be shown by considering the solid configuration—see below.
128 Heiberg, Opera astronomica minora, p. 219; Edwards, Prolemy’s Tlept dvadiuporoc,
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.

e 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,

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

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

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

e 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, [S] let one of them that is above the earth be that at A,'*? and the ordinate

132 This is the given hour, 7,
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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.'*

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,’”” but in fact they are more
abstract than this. For example, Elements 1.post.1 can be used to join points
that are any distance apart, such as in Elements 1.2, 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
.16 requires that Elements Lpost.2 be used to extend a line to any assumed
length, which a straightedge cannot do, since every actual straightedge is finite.

3¢ T 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 Dioprra 35.

37 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.

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

e 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.

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

o The mathematical methods of computation (AoyioTics)) 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.

o 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.

Acknowledgements

I presented the details of Ptolemys mathematical procedures in the Analemma at
workshops in Paris at the invitation of the SAW Project, under the direction of Karine
Chemla. I would like to thank the participants in these workshops for helping me to
clarify my presentation. During the time that I was a guest of the SAW Project in Paris,
some of the research leading to these results received funding from the European Research
Council under the European Union’s Seventh Framework Programme (FP7/2007-2013)

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
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Was there a Ninth Sphere in Ptolemy?

PaulHuLLMEINE

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 phenoméi@orious in this respect is Aristotle’s
conclusion in Metaphysfds8 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 hig pWysms. 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

* | am grateful to the editors for allowing me to publish this article in the present volume
although | did not attend the conference in 2015. | 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 discussionRiafritdeyny’s
Hypothesem 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 thee®yhtedend in the straightforward
ly realist account offered in the second book of the Pldymitingsés

2 The main passage on the number of spheres and celestial moverglis8y&0ai#p3—

D 6HH IRU H[DPSOH /OR\G fOHWDSK\VLFV e -" DQG %H
ers’. The physical foundations underlying his astronomical system are spread throughout the
Decaelpfor example the nature of the fifth element, the aether (1.3), the nature of the circular
motion (1.4), the spherical motion of the heavens and the stars (11.3-8), and the sphericity of
the earth (I11.14). The fragments by Eudoxus are collected in Eudoxus Ofiedfidgs,
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
NeugebaueA 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
Decaelpsee Aristotle, UndgnHimme| pp. 296-301.

Ptolemy’s Science of the Stars in the Middid. AgeBavid 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 i
moved by the Prime Mover. This sphere, in turn, transmits the didrnal 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 Aphrddisifisis context, Istvan M.
Bodnar 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
| called ‘main spheres’), deciding for the latter“*optibsequently, 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
WUDGLWLRQ DO AUAEI DQG $YLFHQQD ,QWHUH
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 epicycfetn fact, this model of nine concentric main spheres was
widespread in medieval Arabic philoSofdnput forward one telling exam
ple, the metaphysical part of Avicenna's @HKSA Blogkon 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
VHTXHQFHYVY UHJDUGLQJ WKH IXUWKHU TXHVWLRQ
since they assigned one celestial mover to every celestial motion. Leaving asid
the philsophical background of this question, Avicenna tells us that there

3 Alexander of Aphrodisias, th@Cosmogp. 10 and 93-95. Genequand refers te a sim
ilar passage in Alexander’'s Quaestidbesee Alexander of Aphrodisias, Quageptidiies
23-26, tr. Sharples, Quaestibhe®15, p. 85.

4 See Bodnar, ‘Alexander on Celestial Motions’, pp. 196—98.

5 JRU DO )A U A BMethvgistiuctidgariRl Jevelopmenpp. 119-28 (and for a {os
sible influence by Alexander, pp. 152-53); for Avicenna, see Janos, ‘Moving the Orbs’, p. 174.

® $QRWKHU H[DPSOH IURP WKH SKLORWRS$KLFEFODONYLBE DUA
OntheNatural Sciencespistle 16, ch. 3, where they pose a system of nine spheres and connect
this system to the GWQLF UHSRUW WKDW HLJKW DQJHOV ZKLFK Wl
of the planets and the fixed stars, carry God’s throne, which they compare to the outermost
ninth, starless sphe@u(fiM9:17). Thereby, they provide the ninth sphere with a theological
fundament.
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are two opinions about the nature of the first sphkvea(@ K).>Before
Ptolemy, according to Avicenna, the first sphere was thought to be the sphere
of the fixed starkufat @ K 9 @ MoweMe$ the scientists following Ptolemy
claimed the existence of a starless sphere outside that of the fixes,stars.
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 fiXxedasigitzn,
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 other%.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 motfomhis 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 PHyisialy, 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.

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

7 AvicennaThe Metaphysice. 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’. B2®28 and 331:8, this sphere is called
@ K a@ R Lané al-falak@ K ,@€P fthe 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 Decaeld.9, 279al11-b3, 11.10, 291a34-b9 and MeXapb—7.

® Decaeladll.12, 292a10-15 and 292bh25-293al2. See also. Mdt&8phl074a26-28,
where Aristotle writes that all motions exist for the sake of the stars.

10 See his account in his Epitaméristotle’'s Metaphysiocs Averroes, OAristotle’s
Metaphysice. 146, and further Endress, ‘Averroeselepp. 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
Hypotheses6HH DOVR 6HOD $0BDIORRAK GRY WRE QAQKMK VSKHUH |
logical context in medieval Jewish thought.
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already in the eatyEEEAVLG SYHHUL\RBED O\ QLQWK FHQWXU
ninth sphere that deals with the problem of how two concentric orbs interact
ZLWK HDFK RWKHU VXUYLYHV LQ“D isibtéveBtWLRQ E
ing that the author of this cited treatise, whom Saliba identified with one of
WKH %AQ, 0,VA QDPHO\ 0Xa&DPPDG LEQ O,VA VI
EHORQJLQJ WR WKH 3WROHPDLF WUDGLWLRQ 71
begins with two references to Ptolemy’s AimMagddbW 0Xae DPPDG LEQ
uses to strengthen his point that the first universal motion is produced by a
deity and not by a bodily ninth sphereKH IDFW WKDW DO !iUAJi
WUHDWLVH SURYLGHYV HYLGHQFH WKDW WKH DVW
with the question of the ninth sphere’s existence.

So far, | 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 Almagegtimagedt8, Ptolemy discusses
the first two primary motions, the precession of the equinoctial points and the
diurnal rotation of the heav€n&lthough 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
Almagestinstead, modern scholars have referred to the Phypeitdrgses
which is extant in its entirety only in an Arabic and a Hebrew’varsion,

13 This citation is edited and translated in Saliba, ‘Early Arabic Critique’, pp. 130-37.

14 Saliba, ‘Early Arabic Critique’, p. 131.

¥ $W WKLV SRLQW RQH FDQ UHIHU WR 1D iU DO 'iQ DO
ed a ninth sphere in his description of the physical arrangements of the celestial spheres in
his @ K 3@E o &-@y@ (Memoiron Astronony see Rage® K o MemwiR vol.l,
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, M@rioip ¥d® Iy Rp. 400-10). On
WKH UHFHSWLRQ RI WKH QLQWK VSKHUH ZLWKds@laWKH 0DU
VHH ORUULVRQ f)DOVDID.DQGHSWWDABQRPDVWISRQRPHUV R
GLG HPSOR\ D QLQWK VSKHUH LQ WKHLU DVWURQRPLFDO Z

VHH ODQFKD 1$0 %L U,Mi"YKRKEREDPHZHOO NQRZQ LQ WK

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 Bystémel_e
mondevol. I, p. 204.

18 For Ptolemy’s report of the discovery of precession, seeARtEgestVI1.2 and 3.
Further, see Neugebauedigtory pp.292-98.

7 The extant Greek text of the Plandtigpothesamly covers the first part of the first
book, see Ptolemy, 'X O N @GEngiBrOtMnslation is available in Hamm, PtBlamg’s
tary Theory pp. 44—64). An English translation (from the Arabic) of the second part of Book |
can be found in Goldstein, The Arabic Veppio6—9, and an edition of the Arabic version
of the entire Book | with a French translation in Morelon, ‘La version arabe’.
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order to show that Ptolemy might have argued for such a nirthlsiglere.
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 | will
investigate the terminology Ptolemy uses throughout the Rigpetingses
for referring to the different kinds of spheres, orbs, and theldsst 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 chaptehe.&troduces different
spheres and circles with their specific names. For example, he starts as follows:
Voo AJE Vo 31AAGA © °%¢cA ApA A ° AA % APA Aigm ©
°+»py A E EA - vipAiy A
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 ‘eqdator’ [...]
-Zic®iaYdaoRri "—Z> anRZiRe "U-a daE "AiASGAAQZAIR.
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’ [...]

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 kyk{msrcle’). As one would expect, the corresponding Arabic
term is dia, which is the usual term for a geometrical circle. However, where
the Greek omits a reiteration of the term la&klosference for the adjective

HR L D@@&uMON)R the translator choses to render this amukdaleal

@ K M(@hich Qan mean both, ‘orb’ or ‘circle of the eqdaibuy, falak

18 See, for instance, Saliba, ‘Early Arabic Critique’, pp. 118 and 121, and Janos, Method
StructureandDevelopmenp. 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’7pwhé8 he writes
that ‘the remarks on the ninth orb in this work [i.e. the Plahgiatlredeare somewhat
ambiguous’.

1% The most accurate analysis of the PlaHgtmothesesin be found in Murschel, ‘Struc
ture and Function’.

20 | follow the chapters suggested in the edition and German translation in Rtolemy, Hy
ONSGDRDOM

21 Ptolemy, X O N S G RIEBOAN English translation in Hamm, PtoRiamesaryrhe
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 I'un des grands eercles traces au
tour du centre du monde, fixe, appelé orbe de I'équateur’.

% One finds a parallel passage in Ptolemy, Alin@gdstere, Ptolemy writes that ‘the
greatest of these circles is called the equator’ (tr. Toomer Ahtodgiests. 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 falen 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 Di@ th&1Greek aral-falak @ K L T i@ tQeQAdabi¢: Also, in
these first seven chapters, the Arabic terrfishbexe’) is only used for the
sphere of the fixed stars, translating literally .$phaira
From 1.8 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 spteieaih Greek and kuia Arabic)
of the planet, which in its entirety contains all the various circles needed for
describing the course of the planet. Take 1.10 on Mercury as an example:
aA 7 APA Aim +xAViem AE+ AxA Yop AE ©° °» A x¥ O
EUA AE ~ ¢EA¢A X 2 0% A -APAGY2 © Ol 8300511, 151
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 [...]
s« &-ABRI [+i]-'Be UaO ~UHEOEEJeaUaDdW @afABOZAE UGUOf YZ
écilikza 820ze—U-£° Uaod
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.

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 | k
falakal-Samswhere the singular is used, since in what follows only -one eccen
tric circle is described to account for the Sun’s ¥hBtorall other planets,

the Arabic has the plural, @ustkasdn the above cited example. Afterwards,

in the Greek phrase stating ‘concerning the sphere ofissphaags trans

lated akura and the various circles, Gkg&los are rendered fatak We

text has GlfovhegistosyklosH R L Dikaleitkl (Rt&lemy, Syntaxis. 26:19—-20), which is

analogous to the text from the Planétgpptheseklowever, the Arabic reads V@ XTR@LL

a¥ @& - HKKGE @ Muaddal@ K M@EGWHG IURP WKH WUDQVODWLRQ E\
AELW LEQ 4XUUD H[WDQW LQ WKH PDQXVFULSWKAWDHV 1

the translator did not use the additional &dak the Planetafypotheses

24 See Ptolemy, 'X O N SpG BIRDah Morelon, ‘La version arabe’, p. 19:8.

% Compare, for example, the edition in Ptolemy, 'X Q NS G&2R,D/@:8-4 and
78:17-18 with Morelon, ‘La version arabe’, p. 21:17, p. 23:2, and p. 23:16.

26 pPtolemy," X ON S G @ BDUM9; English translation in Hamm, PtoRiemesary
Theory p. 53.

27 Morelon, ‘La version arabe’, p. 33:1-4, the French translation (ibid., p. 32) teads as fol
lows: ‘Situation des orbes de Mercure. Quant a Mercure, nous nous représentons dans sa sphere
un orbe dont le centre est celui de I'écliptique [...]J; 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 sphdoe every planet, in which the reader is supposed- to imag
ine the various geometrical cirSlesond, the Arabic translator now choses

to translate kykl@s falakather than @a.?° 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 épikyiloG
sphairaand kurafalak @ K S.@HisVin@jcates that Ptolemy uses the term
sphairarendered in Arabic as kuw describe the entirety of the epicycle,
which then consists of different cit€les.

From this point onwards, the remainder of the Greek text has nof'survived.
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
PlanetaryHypotheses which Ptolemy deals with the geometrical representa
tion of the model of the planets and with the numerical values of their motions,
the term falaks 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 kualwvays corresponding to the Greek sphaaas

used in a similar way in the following, last chapters of the fitdhddidk.

to 18, Ptolemy turns to the order and distances of the®ptmedtignifies

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 b¥ starless.

2 On the different meanings of falakQ ,EQ DO +D\ DP VHH /DQJHUPDQQ
8VH"

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

%1 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 Opp.SIG4B3-G¥D 0 M

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
VersionThey are included in Morelon’s edition, see Morelon, ‘La version arabe’, pp. 56-85.

3 SeeMorelon, ‘La version arabe’, pp. 62—-81. In Goldstein, The Arabjcthésmsiane
chapters 2 to 4.

% 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 Plafhgtatiiesds 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
sphere®. In 11.10, Ptolemy lays the ground for the following presentation of
his own physical models by clarifying his termiiddaggng other things,
he explains how the term ‘mover’ agpears:

4Z0i -ZAtBU¥0 «ZAxf daE +-DEBB~DRAZ/+~6RBRAEZD Z4
é«EifY BAR. [GIZBRA&Z' “¥UBRZ'U-£ "6£Z¢ 8Rf &' AGEG Z
fi«Be ™MRZ>Rei "YV-EPRAME Fegl>Rei "—HZORR<RE 8 REZEYG oL

BilRe BAE e« cida—0 Z8 UR«EIO "Y-Z8R+
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 call@ofymwhereas

kurais 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 orbs
below this outer sphere, are referred to by their specific terms, such as falak
@ K S @rCepicle (a fixed technical t€riahllowing this, in the next

chapter he explains his model for the first motion of the cosmos. This model
includes three spheraeka the plural of kurahat are concentric with the

% Valuable summaries can be found in Murschel, ‘The Structure and Function’, pp. 37—-41;
Taub,Ptolemy®niversepp. 112-23, and Feke, Ptoldthifssophyp. 187-200.

% The fact that he again turns to an explanation of terminology indicates the start of
a new topic within the Planetilypothesesamely the transmission from the geometrical
models in Book | to their physical representation in Book II.

%7 For the unedited passages of Book I, | refer to the facsimile of the London manuscript
(London, British Library, Add. 7473, fols 81v—102v) in Goldstein, The ArabicTHersion
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.

% GoldsteinThe Arabic Versiop. 42:9-13.

% |nstead of ‘circle’, which | used with regard to the geometrical representation, | now shift
my translation of falgk ‘orb’. Thereby, | intend to capture the three-dimensional figure of
these @ E Wheh it comes to the physical functioning of Ptolemy’s models.

40 See for example Goldstein, The Arabic Vprsi@n20.
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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
Saturrf! Thus, Ptolemy uses here the termfé&utae 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
centrict? 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
termkura

The following chapters, 11.12 to 11.16, 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 t&* Jutar. mev
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.

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 Planetdfypothesewhere Ptolemy provides us with a sum
mary of the motions and spheres:

«Ueilanr %£@i-0F o0c¢Za> UR« 8& “k4r @NiRfi d®ELT-Or=e E6A"

-0f +&§ “-&BReii -— 4B YEORYA-®@aBR E'-fi +&d-Re “-0f

©-ZAIRi ZiOueB-28alEi Uc-20a “-U U¥WRAOAEAUGEE«E 00

.0 4il*-fi TO0£f UR« Eé6E%G0Z4i0Ug-daka VOE.i Zi60 -

Thus, on account of the first4vayl 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 Verpmn42:26—-43:2.

42 In his analysis of this chapter, Neugebatstofy 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 Verspmpn45:16-18.

44 cf. Goldstein, The Arabic Versp®0:1-4.

4 The London manuscript printed in Goldstein’s article has VTde h@nXi&@t
IURP /HLGHQ /HLGHQ B% RV JIe @adng here adopted.

4 The London manuscript omits LTPV@HM @HZKA FK LV LQFOXGHG LQ /HL
Or. 180, fol. 42r:6.

47 GoldsteinThe Arabic Versiop.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 sphere
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 outermos
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 PlandiypotheseBtolemy expounds his theory
of the so-called sawn-off piete® M Q HE c&trasts 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 secon
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 heaveri$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:
"eva -0f ™MiU>EIR@AABAEA "i3— AiU-& QZOYZIREOBYiIR dAE
ai--Ei "—30 -6>++ 38°08"“0> K4 *UUURe “-GLEAB-'Z>BR+ B0
¥ORi ee-i-cad E'-f -a0aRi OLF0f-iUB«@a 2B+ didbpaiata aa -
SLA3Y &i--Eil "13— UR« E6AYO "338-@QRAAMI—IEARPI“YE R EA| ® 1
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
[tself], 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 problen
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)

4 For the best analysis up to this day, see Murschel, ‘The Structure and Function’, esp.

pp. 41-52.
50 The London manuscript omits V@ @TKQ as@ K HAWHEKE @ included in
06/HLGHQ 8% 2UU IRO

51 GoldsteinThe Arabic Versiop. 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
etaryHypothesesveals, most importantly, that kuraphaira@o not indicate
these eight superordinate spheres specifically. On the one hand, in the mathe
matical part of Book | of the Planetlyotheses set of spheres belonging
to a planet is called kuwdich translates the Greek spghdima the other
hand, the translator chose to use tfalaknslate 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 daéa (probably kykhofor 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 a@ fdlag @@ &-fgak@d K x QHa
al-markaz On the other hand, the term k@@eives 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. Thatsokbes, at least
in the Planetariypothesea 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, eccentrie, 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 argumengxisilentiotaken together with the textual
evidence gathered from FEt@netaryHypotheseshows 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 7KLV PHDQLQJ FDQ EH IRXQG LQ AELW LEQ 4XUUD DV ZH
said to have revised the translation of the Plahgiatigesg¢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 Presewfatiei®rbsofthe Heaven\Bodigsin Mo

relon,3G Atti®urra SS ... 7KHUH RRESW ZULWHYV ukaytkai VH VSKHU
belong to the planets contaid [Grarious circlesd®f E K Tk S @ WhitE @ove in various
ways, ... Since this treatise is usually referred to as being a reprise to the first part of the first

book of thePlanetaryHypothesethis 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
guestion can be raised where this report, which seems to have been widesprea
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 acerlaty
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 sphet&Thus, John Philoponus is the first author who wrote about
the existence of a ninth sphere with reference to Ptolehiy. Deopificio
mundj 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 famlyl 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. Mose¥.

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

5 Proclus, X O N S XpOZBR.:H-B3. See Siorvanes, Pnoelud90-93. Proclus knew the
PlanetaryHypotheseas is evident from his commentaries, see Proghjd},Ip. 230:14-15
and Proclus, tim., Ill, p. 60:31-63:30, and see further Hartner, ‘Medieval Views’, pp. 260—
61.

5 The evidence for a similar thought in Asclepius, as pointed out by Maréth, ‘The
Ten Intellects Cosmology’, pft0-11, is rather vague. Commenting on Aristetbph
V.11, 1018b9-29, he adds to the example of prior in the sense of pridoposihecex(
ample that the sphere of the fixed stars is prior since it is close to ti@ sta@eRE8(®. 0
See Asclepius, nmetaph p. 323:26-27. In addition, Asclepius does not say from where he
takes the teaching of a starless sphere.

% PhiloponusDe opificiomundj 1.7, pp15:17-16:8, the translation is my own from the
Greek. Compare to the German translation by ScholtetieBhtstehunderWelt, p. 103.
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astronomers’ mod&d)e 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 i$’its own.

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 Planetatypothesashile 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

% See the more detailed passage in Philopoopiiciaeundj 111.3, pp. 113:15-116:17.
Already Duhem pointed at this passage, see Dusgstertdu mondevol. I, pp. 496-97.
See also Philoponus,deternitatenundj XI111.18, p. 537:7-10. Since theopigiciomundi
was not translated into Arabic, the latter work is more important in terms of Philoponus’ im
pact on the Arabic tradition. See further Philoporustdor 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 Simpliciusin decaelpp.462:12-31, tr. MuellédntheHeaven2.1-9, p.119. Another
reference can be found in Simpliciyshyle 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.
| 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 astronomicahagpusn @ K 0 M>M
al-ma$» CMasudicCanon $E, DO 5D\&eAQ DO %iU,Qi HQJDJ
astronomy and its reception in his time. He also makes uB¢anétdry
Hypothesesriticizing Ptolemy’s conception of the above mentioned sawn-off
pieces Il @ M {PSHpwever, 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 @ I L, teOn@rld-egg that encompasses the entire world. After-a compli
cated refutation of the existence of the ninth sphere, for the sake of which
DO %iU,Qi ERUURZV DUJXPHQWYV IURP $ULVWRYV
DO %iU,Qi JLYHV WKH IROORZLQJ UHSRUW
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
sense¥.These are the words of Ptolemy on the first mover, without any reference
to the [ninth] sphere, on which John the Gram®amgorts in his refutation of
Proclus. He says: ‘Plato did not know the ninth sphere, which has no stars and the
conception of which Ptolemy clairfted’.

,Q WKLY SDVVDJH DO %iU,Qi JLYHV XV WKH IROO
with this topic. He read Philoponus’ a@@ternitatenundi contraProclum

where he found the remark that Ptolemy argued for the existence of the ninth
sphere. Obviously surprised by this, he went through the Blmageshot

% 6HH DO “9Hi@Ei 0 M > M, vol. II, pp. 633-35.

% cf. Ptolemy, Syntaxisl, p. 5:13-19, tr. Toomer, PtoleAiyiagestpp. 35-36. Al-

%iU,Qi FLWHV WKH $UDELF WUDQVODWLRQ E\ ,VaeAT LEQ &>

60 Of course, this refers to John Philoponus.

2 $0 %iUHBIRA3I@IP pp. 183:16-184:15, tr. Sachau, Alberumilim, 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
ZHOO DV IURP WKH VRXUFH IURP ZKLFaeternkaiddun@ii FLWHYV
XII1.18, p. 537:7-10.

, W PD\ EH QRWHG WKDW LQ ZKDW SUHFHGHV WKH FLWHG
poreality of the mover of the sphere of the fixed stars. This is an approach similar to that
GHVFULEHG DERYH E\ 0X&DPPDG LEQ 0,VA DV FLWHG E\ D
Critique’, p.131.
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able to find any clue in support of Philoponus’ claim. It is important to high-
OLJKW WKDW D ®lanatbrnHypotheQadiife WeK Bind referred to

it in his 0 M.2 W emphasize once more, the Plamétpothesese 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
WKDW DO %iU,Qi ZDPMnétariMifothdseteatly Bhevsihiatthe

was unable to find any argument for the existence of this ninth sphere either in
Ptolemy’Almagestas he explicitly informs us, or in the Plahgtaotheses

7TKXV LQ WKH VSHFLDO FDVH RI DO %iU,Qi 3KLOR
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 cotopusn 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 Ptelemaic ori
gin. Rather, | 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 s WKIKY DO %iU,Qi"V DER’
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

BojidarDimiTrov

Claudius Ptolemy’s Tetrabibtosmong 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-IslamicSyriac translation of the Tetrabibloghe context of the
project Ptolemaeus Arabus et Latinus, my research aims at editing the Syriac
translation and establishing its significance for the Tetreatosf trans
mission. This objective is to be achieved by comparing the content of the Syr
lac text with that of the Arabic translations and the Greek source text.

There are two major Arabic versions of the TetraBibbosding to the
introductory paragraph in the Uppsala manuscript, the older version was pre
pared by the Persian astrolog& DU DED )D U U X é /5O g was
involved in the translation of astrological material available in Pahlavi into
Arabic during the earfy ECE A V L G* HbiwewérRaBcording to the tenth-cen
WXU\ ELEOLRJUD S K Hretrapib@svBsnot Da@sidted Wykair
EXW RQ KLV EHKBOI%E\UDD ZOVUDTFRQWHPSRUDU\
for translations of medical texts from Greek into Abdogd Pingree dis
DJUHHV ZLWK ,EQ DQ 1DGIP RQ WKH VWUHQJWK F
Uppsala manuscript, and argues that the older Arabic Tetsahiljjasa
phrase which was probably derived from a PahlaviAowveeshall see, the
content ofUtnar’s version appears to support Pingree’s hypothesis to a certain

1 Villey,Lestextesmstronomiqueg. 350.

2 The late Prof Keiji Yamamoto generously shared his draft editions of the two texts with
me.

3 cf. Uppsala, Universitatsbiblioteket, MS 203, fol. 2r.

4 DodgeTheFihrist YR,O S * X VGE®KThought SS ...

5> DodgeTheFihrist YRO SS ...

& Miller, d X >MK @iMYAR OS 'XQORS t7KH 7UDQVODIRIUP@WLIQ SS
$f7KH '"HYHORSPHQW" SS

7 Pingree, BPDU ,EQ DO )DUUXNKAQ"
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extent, because it often differs significantly from the Greek text and the other
translations.

The second Arabic translation of the Tetraisbsasd to have been made
E\ ,EUAKDP BEOW DQG VXEVHTXHQWOA=IAPTSURYHG |

AD W LV LPSRUWDQW WR QRWH WKDW L EUAKII
6\ULDF DQG $UDELF EHORQJHG WR aXQD\Q"V FL
supervision. 7KLV IDFW LPSOLHV WKDW ,EUAKiP DQG
XVHG WKH VDPH VRXUFH WH[W V EXW OHDYHV I
guage of the source text(s) may have been, and respectively, Viedher the
bibloswas translated in two stages (Greek-Syriac, Syriac-Arabic), as was often
the cas¥,or in one (Greek-Arabic, possibly Syriac-Arabic).

The evidence contained in the Syriac and the Arabic translations of the
Tetrabibloscan also provide vital clues for our understanding of the Greek
source text. Moreover, the recent publication of William of Moerbeke’s
Tetrabiblostranslation from Greek into Latin by Gudrun Vuillemin-Diem
and Carlos Stéeéland their comparison of Moerbeke’s TetrabitiogVolf
gang Hubner's authoritative edition of the Greek source text, have posed many
T X H VW\WiRig/ of Moerbeke had access to a Greek manuscript that was
older than the ones which Hibner used for his €ditish.like William of
Moerbeke’s translation, the Syriac and the Arabic texts are much older than
Hibner’'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 Tetrabibkysnore,
this essay demonstrates the relevance of the Semitic translations-for the over
all transmission history of the treatise, and for the re-assessment of Hubner’s
Greek text in particular. For the reader’s convenience, passages of phrases cor

DodgeTheFihrist YRO ,, ®%2O0O0OHU DTR® /J@XKS HUIME L
Bergstrassek, TM @i VR PSS DQG
v LELG S. aXQD\Q UHODWHV IRU LQVWDQFH KRZ KH UH
manuscript and afterwards translated into Arabic a Galenic treatise, which had initially been
translated from Greek into Syriac by one of his associates.
1 Hibner, id6a&iebiabeeyY
12 Vuillemin-Diem and Steel, Ptolefgti®biblas
13 Vuillemin-Diem and Steel’s thorough analysis groups the variant readings offered by
Hubner's and Moerbeke’s sources in several categories. The majority of the readings discussec
in this essay belong to a category the scholars have designated with thé sytibol (-*)
UHDGLQJ FRQILUPHG E\ * L H ORHUEHNH"V PDLQ ZLWQHVV
PRGLI\ +%2EQHU VIXIGQ O/H RIQQ 'L HPBIdNngEetrabiblbsHD
“1LELG .SS



WITNESSES TO THE TEXT OF PTOLEMY'’S TETRABIBLOS

taining the variants LQ TXHVWLRQ ZLOO EH SUHVHQWHG |
GHVLIQDWHV +%EQHU"V HGLWLRQ ZLWK -ERRN DQ
beke’s Latin translation with the book and line number of Vuillemin-Diem
DQRG 6WHHO"V HGLWLRQ 6 WKH 6\ULDF YHUVLRQ
IROLR DQG OLQH QXPEHU RI WKH 3DULV PDQXVF!
attributed to P DUDB )DUUX@AQ DQG + WKH YHUVLRQ
E,VeAT ERWK ZLWK WKH SDJH DQG OLQH QXPEH
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 tr&nsfatien rele

vant passagesled in the footnotes where this is deemed necessary.

Readingl
G L S F H
vr 111.10 Y OO ..p. 266, I. 17 p. 266, I. 13
ApA SAAuBémEculiniset fli%E- gOfi* "«  «ilUaY<« 8NE&+<&|«iU2Yc¢ 8N
°x .»A°z¥emininis @ CD®Q E - -TJ>QH - -TJ>QHwal-
3pY-ApE % V MDPA ¢ AHM TH
(‘of the nativities (‘of males and | (‘of males and | (‘of males’) (‘of males and
of males and | females’) females’) females’)
females’)

The seventh FKDSWHU LQ WKH *UHHN WH[W'V FRQWFE
SAApiozy, °x .»AR0oz% su%-ApEY% FRI WKH QDWLY
According to Hibner's apparatticus ‘a ee 7 b 6@nu Y Mfort. recté® In

RWKHU ZRUGV +%EQHU VXSSRVHV WKDW WKH RP
the contents may be correct, because some witnesses provide the same vari
ant for the title of the actual chapter, and he accordingly a#opigd it.
lemin-Diem and Steel’s text also supports this omiskiover, the two
DXWKRUV SRLQW RXW WKDW fIWKH WH[W RI FKDS
.- » A3 @roareatjp that is to say ‘male and female procreation’, and ‘not of
3-1uAtA” L H tQDWLYLW\"

As we can see on the above table, the Syriac translation confims the evi
dence obtained from William of Moerbeke’s Latin rendering, and so does
axXxQbD\Q'V QLQWK FHQWXU\ $UDELF WH[W- 2GGO\ |
lation asstated with &P DU DEO )D U U X & i O (‘RrRalled)) V— this

5 RobbinsPtolemyTetrabiblas

Y LELG T Apd $Heph'» Acz v,
Vuillemin-Diem and Steel, Ptoleifatigbiblasp. 115.
ibid.
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RPLVVLRQ rtherTeXdmindtvn Ibecause it does not occur in any of the
witnesses, on which the transmission of the other versions of the igetrabiblos
based. It might well be due to a scribal error, illegible handwriting or, perhaps,
a damaged manisigrand not an actual variant reading.

Reading 2
G L S F H
111.23 11.24 Y OO S 00
8% A AA(STXRUXP fle%o * @Fo C2é 44 ~®z2Y« <2¢ée
BEAALC ¥ | prodogtibam At%q %1 ¢Ek 4" P EE @Y«
3Ulsp, » L+ »|parterbbuocamus g*, ...*%** fleqe "0Y<iaY« «ila6Ee+ 'N-E
%+ » ¢ mYauY2 geneaticum gqtt¥% AtfitS % wa G - K aT|Y fiumin
sermonem nemar C@ LM ¢ G -HGHah nHM
gerC@ LP@-L>S STR@LL tagdimatu
ida§f - C @® |-mafati bi-
G - ATL>QH K L@V K CH
LL@K K>T
L@VK =

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

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

(‘we say that a
prognostication

part such as this

is the study of
nativity’)

D

(‘this part from
this art is called

prognostication of

the matters

of nativities’ [i.e.
studies dealing
with nativities’
genethlialogyp

With the rext entry we have an instance where William of Moerbeke’s editors

DJL'JHl-l ZLWK +%EQHU"V FKRLFH
Va-A¢gA 3pu, »lt»e3 2% %tnxim¥pus

OLDORJ\" LQFOXGHV WKH QHXWHU QRXQ A

7KH

*UHHN UHO

FWKH SURJQRV\

Va-A

VRPH VFULEHV WR DGRSW D FRQJUXHQW QHXWH

FfJHQHWKOLDORJ\"
genethlialogidet

20 cf,. O6RiARC KBIZK»L@V KWKH DUW RI QDWLYLWLHV"

mann,Worterbuch S
21 Hijhner, 882 i 6,ildR8.6Y

+%EQHU RSWHG

3puthp »leng 3t Yoo L
IRU

H FIWKH

U, »lEng3 £ )

DQG
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honour the alternative variant with another ‘fort. *eateich Vuillemin-
Diem and Steel have taken into consideration @ds well.

The evidence presented by the transmission of the Teimatibldgear
(DVW VSHDNV DJDLQVW WKH DGMHFWLYH 3p¥%u, »t+
6\ULDF WUDQVODWLRQ IROORZV WKH ZRUG RUGH!
W UHQGHUV 3pLu, »t+t»¢3 + ZLWK QKKK@IHKQEWLYH
(‘study of nativity’), where the term L L @¥Kthk Bfact semantic pendant
RI »¢3 + GHVLIJQDWLQJ DLVEBKHRGWLIAF @ WKFL\SRL C
the stars’, i.e. astrold§yfhe translator resorted to the same approach in
order to tackle the other termitechnicus the sentence — the adjective
AA¢c3%EAAL°IY%, TSURJQRVWLF® ,QVWHDMGa Rl DQ D
- L>i@a§f — a genitive construction with the meaning ‘preceding knowl
edge’, functioning as an adjective, which the genitive palitikle
LM Ypart).

7KLV SDVVDJH LV WUDQVODWHG TXLWH IUHHO\
SURYLGHVY QR FRQFOXVLYH HYLGHQFH FRQFHUQI
WLRQ &XQD\QV WUDQVODWLRQ RQ WKH FRQWU!
DOVR KDV D JHQLWLYH FRQVWUXFWLRQ-IRU 3u%yp
tive. What it adds to the passage is the phra§& miGhHHa (‘from
this art’), apparently for the purpose of greater clarity — this detail can be
interpreted as a case of explicjtagnthe ‘spelling out’ of implicit source
text content in the target text, a feature that has been ascribed to the trans
ODWLRQ VW\OH RI axQTheQotherQgenitikd. YonstrEdtiéhR O
taqdimatul-mauwfati, 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 @ad. ¥@eceding knowl
HGJH" 8QOLNH WKH 6\ULDF KRZHYHU &axqQbD\Q"V
not intended to define @ T'part’) as an adjective. Instead, it is linked with
the other genitive constructiom (> KTL@V KLGH 3p%pu,»lt»gs3 +
way of the preposition Gihus we end up with the phrase S Tt&@ L L
matu I-mawfati bi-TL>@HL@V Kt'CHW LV FDOOHG SURJQRV)
matters of nativities’), which represents a slight deviation from the Greek and
the Syiac.

22 jbid.

% Vuillemin-Diem and Steel, Ptoleifstisbiblaslll.24.
24 Sokoloff A Syriad_exiconp. 777.

% cf. Pormann, ‘The Development’, p. 154.
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Reading 3
G L S F H
111.46 u O S oQ sS.. Ood
¢ACPA ~ | Temporali fl€oe? Zo*'fPe SIYIAY EUPE BYUY 8EU C(
CA ¢ % 1oP Al autem principio e*h.* flE"EfE+ 44 ([FEAGBHE DB E4- ~< —-
aA+AC ¢ [ Aldenerationum LEf ee?.| e "OAaY EAKRE ~ T -« <2é
Az §% A Enbmialirys gqw* *ep @A i "eE dilnd iaYEN
A-%uEY: /HbBAgténts pet gqtt#*PK L@VK>0Hwa- "OAzeY« (i0%
APA °+ A" wréndirdm e+€,h Bergewwaty JHX| K@ LL J M@ li-
A ¥ TXLGHP H|R e«h. Zhi uéfu min kawni KH M M RH
AA¢A-% | TXRG VHAXQGE&XP* | euRatht @ RP @ fi HABIM C
seminationem M MTpE@SM@L MHXXTM
J@-den Q O ¢ Ve J M@ G -
JTKK M X - Y@? |- A HAMIHCG L L
Ma YQJ 1 AH piop@AH
V Y@ A=sic E@Q K K@4 X@J>M
]JDEQA@ - L@V inda RTP>pH
K - HY DG M MTpE@S$HM
- L@VK =
-@ AM@X|M O
2 ®X M man men
Y@AM - f@QL 1
- Y@Q
(‘'since the ('the temporal | (‘since the total | (‘the natures of | (‘since being born
chronological | beginning of thg chronological | the newborn anginto mankind hals
beginning procreations of | beginning is the strength of | a chronological
of human men being by | upon conceptionhis [pl.!] being | beginning, this
procreations is byature that whichlit. sowing, are known from| beginning is,
nature accordingis accordingto | FI  AA ¢ A -|@e WUL&W | by nature, that
to conception | the conception) | is to say the timeconception [lit. | which is
itself '¥© of nativity, the | fall of sperm]’) |according to the
nativity of men conception [lit.
is, indeed, by fall of sperm]’)
nature from the
time of the seed's
sowing’)

26 | would like to express my gratitude to Prof Charles Burnett and Prof Martin Heide for
WKHLU YDOXDEOH VXJIJHVWLRQV FRREFERQMY Jetvilliblog DQG R\
p. 223: ‘Since the chronological starting-point of human nativities is naturally the very time

of conception’.
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VuilleminDiem and Steel propose to replace Hubner's semantically-more con
FUHWH A %pE% OLWURFKHO®W ER@WL @IWK WKH S
terminugechnicus* u% ApEY% 3$QDWLYLWLHV" ZKLFK LV VR
text'sgenerationui The Syriac version employs the standard term L@ VK =
(‘'nativity’) that we already encountered above.

A problem in the Syriac rendition arises from the substitution of the
*UHHN DGMHFWLYH CA¢%i°PA YBIRCHMRQRDKJILFDO"
resulting genitive construction Q' G- ¥ @ éan 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. LMC & LP @dali>S
(lit. ‘part of the prognostication’, intended to mean ‘prognostication part’,

LH $SURJQRWVWAFA SRULW »1+»:31 %  7KH- DGGLWL
tive JT KK Numngrsal, total, absolute’) appears to be an attempt to ren
GHU WKH *UHHN dA+AC¢IA-A ,Q WKLV SDUWLFXC
AA-ACE LQ LWV VHFRQGDU\ PHDQLQJ DV D PRUF
existence, i.e. ‘the chronological beginniofy isxistente’ in the Latin text.

6LQFH WKH SULPDU\ PHDQLQJ Rl aA-ACE LV IWRF
WKH 6\ULDF WUDQVODWRU PD\ KDYH XQGHUVWRR
absolute beginning.

If there are variant readings in this passage that the Latin, the Syriac and
WKH aXQD\Q WUDQVODWLRQ XQDQLPRXVO\ DJUHI
WKH *UHHN"V XVH RI DQ DGMHFWLYH GHULYLQJ
7% AEA ¢ A AlVIhY ldther texts (except the early Arabic version) have
genitive constructions with a noun: cf. generationum hominum (‘of humans’
nativities’),- L@ V Kk @ AM @of hMméns’ nativity’), li-kawkiH M M RH
(‘to the nativity into mankind’).

All translations except the early Arabic one exhibit an awareness of, and an
HITRUW WR SUHVHUYH WKH V\QWDFWLFDO VWUXF
FODXVH ITRQ WKH RQH KDQG'RQ WKBXRWHWRHU KD C
TXLGHR @len "men(S), K@ L LH L L(H).

27 Vuillemin-Diem and Steel, Ptoleffgti®biblasp. 115.
cf. Hilbner, fiddeeiapliEaaE8YiéounatTkEo Uléodnadadrii
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Reading 4
G L S F H
111.242 Y OO S OO0 s @ ...O0O0| > @ ...
_+% A ¢ AA|l tAogteAmatrum | e€-h Rie%oft% BN ~«¥gpEa OY©O RE — |
Yu-AA1o; Al efficit repentine| “I-h- fA% MW@ Per®Oo«THEOEE. *, 72 BYWE &
+ /E/E Y1 ¢ AtAesutam circal Zest dze BEEEA-+ EB®RY »-F« "N
Ap A7%. ApokulodpA L>L 62D~ |dalla@ K iiC 40HB6«<
UEutA Agipn b-@ X MD ldG {fEF X>MH l@C@ t@KHJI@
Vy 8@ @R (I-TLL@G S|hhawtu
I-hen wa-yuhlik A @ nl@Q@@ G S|H
G Rap Q E @an aw
E @ SQM U@
lahunna E
|- @guni
(‘makes sudden| (‘suddenly (‘makes infirmity (‘leads to illness (‘from this
motherly deaths effectu-ates to in the eyes of thesuddenly occurs
and injuries mothers’ deaths| the eyes of the | mothers and the death of
around the eyes’and injury mothers and swiftly destroys | the mothers, or
around the eyeg'ywiftly destroys | their sight’) illness befalls
them’) them in the
eyes’)

An adverbial readin Rl WKH DGMHFWLYH +&&£%t (AA t
lectiodifficilior in this passage,L. H IVXGGHQO\ + EDBEMWH VE A KM
deaths of mothers’, as opposed to ‘sudden deaths’. This adverbial reading is con
firmed by all Semitic versions: S h@s @ Z L | WR @nJ'plomptly’),

+ .E@a& fVXGGHQO\" WKH ODWWHU EHLQJ SDUW

7KH DGMHFWLYH % -AAPHWHOQWO + BRI MHKWO \L Q
presents another leditficilior which no other text supports — L and H
offer the closest renditions and both employ genitive constructions, cf. ‘mortes
matrum’ (‘mothers’ deaths’) and m&wiuL L @ GmSthers’ 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 phragelthen(‘he destroys them’, the accusative object
being feminine) is somewhat ambiguous and can refer to both the mothers and
the eyesUndar’'s translation clearly mentions the mothers’ A&ighn@. Q @ G

aXQD\Q RQ WKH RWKHU KDQG UHWDLQV WKH W
Greek and theatin texts do, but uses the conjundim(ior’) between them

cf. Vuillemin-Diem and Steel, Ptolefagisbiblos S T+ EERY AA + 23@
+/EEY%L EA’ 9 * PRUWHV ’ HIILFLW UHSHQWLQH ' 3URFO
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LQVWHDG Rk IDHME™ ™MLV FUHDWHV WKH LPSUHVYV
about either sudden death or eye illness, but net laothossibility 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, I. 22 S O |>s@ o> @
AiA;?¢>>6N:BQ1HHTXl HQ*Pe£qklZ 81070 Q0O »3BR 4. ~4b< <2é
MLEE, n AcomsAeyit ek.t% Atf e@®, >«®aY<« dN CE-oUw—Y< "ee E

A Al¥AA Etatetsimptoma | M P D O G denliFddred® J 1 @ G @ @mrifina
A+Ap ApA|circacommix- | - @® G M |[kKVKHJ@ X @4&® Mi@lag-

AAzoA - A pttones L>Y K LHY aH|S@QJ A SH
(‘itis usual ('such an event | (‘an event like | (‘because that | (‘indeed, this

for this event | is accustomed tpthis follows along RFF X UV | Urhbitet bicQuvg O|\
to follow follow around | with the mixture’)in the mixture’) | along with the
along with the | minglings’) compoundings’
mingling®

together’)

The Latin and the Syriac confirm that in the earlier stages of the transmission
WKH *UHHN Aiv“ZAA;%+ ftHYHQW" ZDV SUREDEO\ G
(‘such as this’, cf. tale, © @@&s opposed to the demonstrative pronoun
A mA SHiVisBKrportant to note that the Latin also uses ‘simptoma’ as a
loan word and an astrological termé@uimicusVilliam of Moerbeke’s fen
GHULQJ DOVR UHWDLQV WKH SOXUDO IRUP RI AAs
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
ELF YHU¥LBY)Y FEPL[WXUHLHD Qa#ittyre’).as opposed
WR +S@QJ AFRRSRXQGLQJIV”™ :KLOH &aXQD\Q"V SHF
based on the verbal root Ykldeviates from the semantic pendants presented
by S and F, his text has also preserved the plural form which@drreA S H
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 >i¥ virtually homographous with the sin
gular L>Y , the only difference being the addition of the diacritical RD X L

%0 RobbinsPtolemyTetrabiblosSUHIHUV WR WUDQVODWH WKH *UHHN SO
DV tLQOWHUSL[WKHHIHEGHUY WKH ZKROH SKUDVH DV IROOR.
to attend the intermixture’.

31 cf. Vuillemin-Diem and Steel, PtoleFajyrabiblos S tAcmAyg A AI%AAEY+ 9@
ActemAcy A YYWAAEY+ + 23  ~HSBOH VLPSWRPD FI
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points, designating the plural form (cf. ek .t %o %ﬂd)).e-ﬂhe occasional
omission of the R Dpoirits 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 PD ®l@eover, the Syriac also provides a very precise pendant for

ATVAA, %EPSWEPRD OLHY HQW ©

H (G 4-dmr, i.e. ‘this matter’) do not.

~ KUFRBREMAN) KridQ J )

Reading 6
G L S F H
Y OO . p. 312, p. 312,
o0 > @| .00 > @ ...
Yo u¥% A Y4 sed nullo af eiy qff 8% ~op almavaurNeywn ay atN
Yar AAAA; mPALRAHP EHQHIQFRT [*sa@e Y« dpi —ad@myY«|' "E2a Y«
A¢MA A E A linaribus DK J@- p fa-ify lam yakun '2¢eeaY« @AY “"épe
§3i3(",?\<"1('lrtestim0nium MR@GDﬂP@/%n fq—iﬂlam X@O0G@C
S»»p Az |reddente 1SR H | >Oamonini-
040, Aglz Y n-nayyirayni musadatin li n.-
nayyirayni wa-
O@QGHC@$S K@GTL
K LTMIHR@ST
('if no beneficent(‘but if no (forunlessa | (‘butif none of | (‘but if none of
one [i.e. planet]| beneficent one | good one is to | the misfortunatg the fortunate
bears witness tg bears witness tg bear witness to | ones follows the ones bears
the luminaries, |the luminaries’) | the luminaries’) | two luminaries’)| witness to the
but the two luminaries,
maleficent ones and the
do’) misfortunate one
bears witness tq
them’)
$FFRUGLQJ WR 9XLOOHPLQ 'LHP DQG 6WHHO 7
LQ g g FRXOG KDYH EHHQ VLPSO\ S»»p %-"u¥

§3+ ¢ A #iyembut if no beneficent one bears witness to the luminaries’.

The Syriac translation confirms this conclusion with the conditionalddfause

(‘unless, if not’) which, in combination with the positive adject{igoqd’}:

PRUH RU OHVV FRUUHVSRQGV WR WKH /DWLQ FVI
The earlier Arabic text introduces a negative conditional cléuksen fa-

yakun(lit. ‘if it is not’), whose meaning is similar to the one in the Syriac. The

verbal root wjyfrom which the finite form >Xé@ikes, can mean anything

32 Vuillemin-Diem and Steel, Ptolefgti®biblos S
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from ‘to be close’ RU fIWR
face value, none of Wy PHDQLQJYV LV VLPLODU WR WKH

107

IROORZDWRJHW MR UWFRMHR G UR W

*U

‘bearing witness’), the key verb in the sentence, but this may have been F’s

LQWHQGHG XVDJH SDUWLFXODUO\ LI

ZH

FRQVLGF

on the other hand, not only employs@hdamX @ O‘® @e3 not bear wit
ness’) — the verbal pendant of the Syrigd. MIE @'Gli2ars witness’) —
but also preserves, as does the Syriac, the positive definition characterising the

planet (cf. Q@M musadatin

OLW

IVRPHWKLQJ

IRU

WXQDWH

also contains the clarification V@ K@ GHRLL @8 | KitRe@nBrtu

QDWH RQH EHDUV ZLWQHVV WR WKHP~

Azv °+°;As1z% FEXW WKH PDOHILFHQW RQHV GR~

consider to be a redundant later adéfition.

ZKLFK FR

Reading 7
G L S F H
11.366 Y S > @S.. > @ ..
Yo' piA Alzwlus § ) BiSZkaa ~dp '~fEedpaveTn av atf
§3x, ¢ A¢tzbeneficorum fA-*s %Bf A S§I1ERY <« ‘"E2aY« aa
SAA AEY% |contestificetur |meno2C @ X |wa-lam XTM Y@iplam X@ OG @ C
AAs Avu+ ANAAQ p 2T K SDG&@in * O @ Xinal-
men R@ G C >&s-s& CH musadatin
(‘not one of (‘no one of the | (‘from the (‘if none of the | (‘if none of the
the beneficent | beneficent ones| beneficent fortune [planets] fortune [planets
planets bears | calls to witness’) ones will be no | is observed’) | bear witness’)
witness’) testimony’)

The first prolem in the above passage is the combination of the indeclinable

SDUWLFOH

Yo~

IDQG QRW”™

YVa®

DQG

WKH PDV

variant ‘nullus’ (‘nobody, not one, not even one’) prompts Vuillemin-Diem and

6WHHO WR

IDYRXU LWV

*UHHN S

HQGDQW

Yo' A

sensible optich.The Arabic versions address this reading by combining par
titive constructions (cf. i @iX OLW
trous’, ‘something fortunate’ etc.) with negated finité® vEnbstwo texts

confirm VuillemQ 'LHP DQG 6WHHO"V FRQFOXVLRQ WKDW

IVRPHWKLQJ RI- "

3 cf. Kazimirski, Dictionnameabe-francaisol. 2, p. 1606.
34 Vuillemin-Diem and Steel, Ptoleffgti®biblos S

% Vuillemin-Diem and Steel, Ptoleifstsabiblos , , ,

v, \i(Bub)

36 cf. Ullmann, WorterbuchS

L H |

FQXO@XY U/HéphlA
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3
C

-

is not neede’, DQG VR GRHV WKH 6\ULDF 21 FRXUVH
gloss — a possibility that should not be excluded.

The Syriac renditiom? C @ X2 {lit. ‘doers of good things’) provides a
VHPDQWLF HTXLYDOHQW RI ERWK &3+ ¢A¢1z% DQ
the verbal root ‘t&witness’) brings his text closer to the Syriac, the Latin
and the Greek, as opposed to the passive form (b GbseBve, perceive,

look at’) employed by F.

5HDGLQJ
G L S F H

LR 11 Y e S > @ - > @ .
WAE ~ °x xsiautem *SeE "€% 7% BqiHk Ac @-QAE ©i- 4°0
A¢m +AYag Mercurius 7--s@& 83y azU
Vot AAAA® AWHVWLILE @ade QL Rfa-in MTYHQ@ih O@GHC @
"Vl AT | ¥ROXV DXWIBDRG @ - | depw@dle& a@dp QHC " g M@
Aem =AY efficit hu °
SApAI-TuA+?
(‘if Mercury ('if Mercury (‘but if Mercury | (‘but if Mercury | (‘but if Mercury
should bear should bear bears witness |is observed,hel| EHDUV ZLWQHVV '’
ZLWQHVV|'EDMWQHVV |” BWKMH\ ZLORDNHV KL|Pe'i§)
when alone, when alone, he | become’)
Mercury makes| PDNHV >WKHP@ '~
>WKHP@ 17

This entry examines another variant reading where Huibner thought it neces

sary to add a ‘fort. recte’ commanilliam of Moerbeke’s version confirms

the omission of Mercury’s name in the last phrase of the*Sé&udimge.

the name, perhaps for the sake of clarity, could have been a measure dictatec

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.

FISApA3-qpA+?
PDNHV KLP"

%" Vuillemin-Diem and Steel, Ptolefgtsabiblos S
BURFO @ 83+ ,¢A¢tz% £ 0 6

*

EHQHILFRUXP

ld #ipLHe) LN |&t€)'S literal meaning being ‘he
7KH 6\ULDF WUDQVODWLRQ DQG axX

183+ ¢A¢lz% S3AA AEY% 9
+HSK

However, this verb can mean ‘being in aspect’ in the astrological sense —-f. Dozy, Sup
plément YROS

Vuillemin-Diem and Steel, Ptoleffgtibiblos S
fott rekcté ~

om 0 6
40 ibid.

+

AAAAAAA

tx Agm #AY%im 3@ x xAYig
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— people ‘become’ (cf. nehwomyl @rious things as a result of Mercury
bearing withess. Moreover, the two Arabic versions refer to the subject of the
planet’s influence in the singular (@a-bu@ t KH >L H OHUFXWW@ PDN|
andJ M@ KHW EHFRPHV™

The earlier Arabic text’s choice of the verbal rootFQASVXSUD DV D
SHQGDQW RI WKH *UHHN %“+AAAA-E $fWR EHDU ZL
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
HTXLYDOHQW RI “+AAAA-E

5HDGLQJ

G L S F H
Y OO .. S S
oo > @ 00 > @ ...

LoX Yo Y TAXAHEA D O W/H UZ %X dGoH W@ very vague GeEDO4& Elaé j» AaEUE:

"1+ Y, uA Az Ydiametralis sit, | Z+* e E ¢ v %| paraphrase « * ~¥6<& -AOY<« 1PE

TApA¢ A 2 Aakérautem g?t"dEdh Ewnia 1Y.. < EE!?
A uATYuY ¢ Aperallatus | & J @ - ha@y C e Y«
men CH LDpQNM avJ M@
> 1o pAAlLA@ B®I@CGTL
IQHM -DM LTP AHXKKIM
b-@M@OGNQ K PTpQH wa-l-
> %+ /A A FI fix @ @am M K

afA+Y%+ EUANIYVau¥e e A@ | L @ \iinkhayyiri

D

(‘or the oneis | (‘or one would | (‘or when this or (‘or one of them

opposing, the | be opposite, |is [diametrically] is opposite to
other one is the other one | opposed, the the diameter and
ascending’) is exalted [lit. | other one is on the other one
brought up]’) |the ascent’) ascending to the
location of the
luminary’)

+%2EQHUV HGLWLRQ SUHIHUV WKH SDUWLFLSOH
WLYH t 1-%uAAs A~ ZKLFK 9XLOOHPLQ 'LHP DQG 6
of the evidence provided by the Latin trandlafibe. 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, ie. CH LBRQNMVSRQGY WR WKH DGMHFWLYH!
KRPRSKRQRXV2 1+Y,uAAzY

41 ¢f. Vuillemin-Diem and Steel, PtoleFairabiblos S T 1% pAAzY £ 23@ TLYYapA
"9 * GLDPHWWHOKV VLW Fl
42 cf. Villey, Leextesstronomiquegs. 405.



110 BOJIDAR DIMITROV

axXQD\ e an effort to improve and clarify the passage which results
in a more scientific language. The phrase L T@® HKHKT@pobite
according to the diameter’) is another case of expficitaiidimg upon
WKH *UHHN "t=-%uAA¢;A 8QOLNH WKH 6\ULDF WUD
WHUP axQD\Q QRW RQO\ HPSOR\V D OLWHUDO $
with the explanatiof® K P T(ljg.Qadcording to the diameter’) in order to
DUULYH DW WKH PHDQLQJ tGLDPHWULFDOO\ RS
tains, in a mathematical sense. The same approach is applied in the case o
aA+Y%+ EPpAIYUp%¢ A FtDVFHQGLQJS WRR :H HQFRX
where the participle @fan (‘ascending’) is accompanied ithKL @ Vior H
n-nayyiri(‘to the location of the luminary’), which specifies the implieit direc
tion of the scent.

Reading 10
G L S F H
Vs 111.617 U not applicable

AzY% AA¢ O ipresuppositarum  tSE€ e+ A A 98 Yo%

Ya YLEY C P @ #isi@ X

(‘above (‘which were

mentioned’) established

beforehand’)

The last variant reading the present survey examines concerns Ptolemy’s use o
WKH SHFXOLDU GRXEH@UHM [GAALFARQ WR FKRI
LQVWHDG RI AA¢EA °utY %EY% ZDV LQIRUPHG E\ \
DQG H[SHULHQFH 7KH SDUWLFLSOH AA¢outys %E
VLYH YHUE AAl°ut'%+t DQG FDQ PHDQ fVHW EHIR
‘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
WR FDSWXUH WKH VHQVH RI AA¢EA °utYs “BLEY DV
found in Moerbeke’s text. He combined a finite medio-passigisiagiie (

‘they were established’) and a parti€ig® ,L.@ Xhey precede’) in order to

do so.

4 ¢f. Pormann, ‘The DevelopméntS Q VXSUD

44 ¢f. Vuillemin-Diem and Steel, Ptolefayrabiblos S tAAgsoutys BB R 23 FI
FO AA;AAr, BA;A @ AAGEA °utYs YLEY 9 * SUHVXSSRVLWI
XVHG VHYHUDO WLPHV ,,, , 9 VHH DOVR AA EALE A
9 7
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$PODMVTJIPO

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
WHQ LQVWDQFHV axXQD\Q GRHV VR LQ ILYH 21 SI
ZKHUH aXQD\Q"V UHDGLQJV FRQILUP +%“EQHU DJDL
EHNHWEH RPLVVLRQ RI Az% °+°;As1z% L H $TWKH
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
omission¥.

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 Tetrabit@losmission. 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 Swyriac transla
WLRQ VRPHKRZ FRPSUHVVHV WKH *UHHND @G [W E>
especially 10 clearly appear to refute the possibility of the Syriac text being a
mere paraphrase, ‘and a poor one at thdkH RYHUDOO TXDOLW\ RI
of the TetrabiblosLWV DXWKRU"V DGHTXDWH VROXWLRQV
the somewhat polarised concepts of ‘free’ (i.e. paraphrastic) and ‘literal’ transla
tion method$’ 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
QRW DOO WKDW GLIITHUHQW XlEihtioMpmaddohy UHILQ

FEHDGLQJV DQG

The readings from the older Arabic text appear to confirm Pingree’s hypoth
esis ofSPDUDB )DUUXEéAQ Dhé omissinis \AamiDNY Rilency to
simplify the technical nature of Ptolemy’s treatise and its astrological termi
nology are, in fact, more deserving of a definition such as ‘paraphkrase’. More
RYHU WKH FRQWHQW RI WKH ROGHU WUDQVODWI

% FISHDGLQJ PHQWLRQHG DERYH DQG 5HDGLQJ ZKHUH
FRQFHUQHG O5HDGLQJ LV DOVR VLJQLILFDQW EHFDXVH ) L
WUDQVODWHYV B iAW p A WAL NeHakes him).

46 cf. Saliba, IslanBcience. 12.

47 cf, Gutas, Gre@kought SS ... 3RUPDQQ $7KH 'HYHORSPHQW" S

cf. n. 7 supra.
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WR D O #fdtherlprdblematic, because Pormann’s analysis of another transla
WLRQ DWWULBEXSRH® W\R DXON%W KHTODWWHU™V [UH"
*UHHN WHUPV T D IHDWXUH ZH KDYH HQFRXQWHU
QRW LQ ) 21 FRXUVH D VFKRODUV WUDQVODWL
his work may vary substantially, depending on the circumstances surrounding
each particular translation.

SinceBPDUDE )DUUXEAQ"V WH[W E\ YLUWXH RI E}
GLIIHUV IURP aXQD\Q"V WUDQVODWLRQ WR D VL
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
VLRQV DQG PD\ LQGLFDWH WKH DYDLODELOLW\ |
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
WHFKQLTXH

The comparisons and analyses presented in this essay demonstrate that the
three Near Eastern translations of the Tetrdidvlmghe 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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II. The Arabic Tradition






The Oldest Translation of the Aimadesle for
a-Maf,Q E\ DO aDVDQ LEQ 4XUD\VK $
,EQ DO DOA&"V &ULWLTXH RQ DO )

JohanneBHoMANN

1. -JGF BOE UJNFT PG *&p BM -BMv- E

7KH ILUVW KDOI RI WKH WZHOIWK FHQWXU\ ZDV
,Q WKDW SHULRG WUDQVODWLRQ DFWLYLWLHV 11U
HQWHUSULVH RQ D ODUJH VFDOH LQ UHFHQWO\ F
WUHV ZHUH 7ROHGR 3DOHUPR DQG $QWLRFK 7KL
FDOOHG WKH 5HQDLVVDQFHHRY WRR ZZZ HOVI WK H H/Q
LQ WKH ,VODPLF :RUOG GXULQJ WKH VDPH SHULR
DV SRVW FODVVLFDO LPSO\LQJ VRPH NLQG RI GF
ZKHQ WKH 6HOMXTV KDG VXUSDVVHG WKHLU DSRJ
,VODPLF (DVW IURP 6\ULD WR &HQWUDO $VLD 7K
LQ WKH UHFHQWO\ FRQTXHUHG WHUULWRULHV ZD
IRUPHG RQO\ SDUW RI WKH SHULSKHU\ 7KH WHUL
WR (J\SW ,Q WKH :HVW WKH $OPRUDYLGV ZHUH D
ODJKUHE WRZDUGYVY DO $QGDOXV

&RQFHUQLQJ WKH PDWKHPDWLFDO GLVFLSOLQH\
WXU\ KDV EHHQ FDOOHG WKHVDARURIV2RQ UIHRPWHI
VROXWLRQV RI DOJHEUDLF SUREOHPV DUH IDPRX
GRFXPHQW D EURDG |ILHO6HRZDWF DHQWM. LY H A @ RMIOY
LQ WKH (DVWHUQ SDUW, @ WK HV6 HDAJMHXIN -DP SILUJHHD
HU NQRZQ PDWKHPDWLFLDQV ZHUH DFWLYH DQG
main centers of mathematical science at tlieltimether center was al-An
GDOXV ZKHUH DQ HYHQ JUHDWHU QXPERIQ@J RI PD!

1 + DV NTh@RénaissanceS S ...

2 _HQ Q \GMistoricalatlas S

3 6D UWtRQuction YROSS ...

4 MAOSIC SS .. 1R

5 $PLQUDReNneofWisdom SS ...
6 MAOSIC SS .. 1RV

" MAOSIC SsS .. 1RV

Ptolemy’s Science of the Stars in the Middléi&gese\ 'DYLG -XVWH %HQQR YDQ 'DOHQ 'DJ
&KDUOHV %XUQHWW 3%$/6 TXUQKRXW SS
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WKHVH RQO\ -AELU LEQ $10D& EHFDPH IDPRXV
AlmagestZDV WUDQVODWHG LQWR /DWLQ

%DJKGDG KDG ORVW LWV SRVLWLRQ DV WKH SL
ZRUOG +RZHYHU LW DWWUDFWHG VWLOO VRPH
LW ZDV QRW WKH KRPH Rl HPLQHQW VFKRODUV
ULFK DQG YDOXDEOH WUHDVXUHV RI ERRNV DYD
RI WKHVH WUHDVXUHV ZDV $E, O )XW,a& $&PDG
FDOOHG ,E@AFRUBQA& WR KLV ELRJUDSKHUV KH
+DPDGAQ LQ :HVWHUQ ,UDQ ZKR FDPH WR %DJK
WLRQ DV D SK\WKENMDDXDOLW\ KH ZHQW WR WKH
€0 *KA]Ji WKH $UWXTLG UXOddU PRZ DAGGIWKHK HCQ
KLV OLIH KH PRYHG WR 'DPDVFXV ZKLFK zZDV U

U ... ce™ 7KHUH DUH GLIIHUHQW VWDWHPHQWYV
DO DOA&"V GHDWK LQ WKH VRXUFHV $FFRUGLQ
\HDU ODWFKDQG DFFRUGLQJ @ RQ BMKSEVHD D\ E

RG&$ PDQXVFUCORIYERRIOWMRHODRY DW WKH %ULWL)
D FRORSKRQ ZLWK WKB GDWH $0REEGDLQ BRERK
J,EQ DO DOA&BLMKRHR@HRREAE®P GPD\ *RG PDNH
KLV OLIH ORQJ" DIWHU KLV QDPH LQGLFDWHV W
FRUURERUDWHY DO 4tel IRYU GDWHEBDWKK ,Q WKH V
JEQ DO DOAK LW GWRHOBBFHWLF~ ZKLFK PLJKW
sincédbn @K n@KVRQ RI VDOYDWLRQ- SRLQWV W
,EQ DO DOA& ZDV D VRPHZKDW XQXVXDO VFKF
WKHUH DUH RQO\ YHU\ IHZ ZKLFK DUH RI KLV RZ
FULWLTXHV GLUHFWHG DJDLQVW WKH ZRUNV RI F
ZHUH WKH PRVW IDPRXV VFKRODUV RI WKH SDV\
,EQ DO +D\WKDP $E, 6DKO DO .,Ri D-QAGLD A BA YR
7KH ZRUN E\ ,EQ DO DOA& ZKLFK LV EHVW NQF
WKH KLVWRU\ RI DVWURQRP\ LV KLV FULWLTXH |
WKH VWDU FRBMWASRIKIH RIVWIK PHWLFXORXYV DQDO
coo0'lGLQDWHV LQ D 6\ULDF DQG IRadesidiEerF W U D C

MAOSIC S 1R
MAOSIC SS ... 1R
/ILSSHARW@® K ITI@L 0%20DH@K @MRO SS ..
1 )RU WKH OLIH RI ,EQ DO DOA& VHH /RUFK t,EQ DO DO
2 /LSSHAAW® K ITIBL 0%0dXP@K @MRO S

3B 06/RQGRQ %ULWLVK /LEUDUOLQBYV .. IRGH WKH RQOLC
KWWS VHDUFKDUFKLYHV EO XN VHDUFK IRU f2U "~ UHV
DYDLODEOH DW KWWS ZZZ TGO TD HQ DUFKLYH YGFI
$SULO

“3YRU D OLVW RI ,EQ DO DOA&"V ZRUNV VHH.7KRWBEQ 1$
PDUJLQDO JORVVHV E\ ,EQ DO DOAa& RO RAK H%W HWIY VAKI /Q_HE(
Or. 13127 are to be added to this list.
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ZRUNV FRQWDLQLQJ D VWDU FDWDORJXH ,W ZD\
XSRQ E\ 3DXO .X®LW]VFK LQ

2. *CO BM -BMv=-T DSJUJRVF PO BM 'vVSVCE T DPNNF

,Q WKH IRFXV RI WKH SUHVHQW SDSHHUHImMay DQRWK
est QDPHO\ D FULWLTXH RI D OAljagedtEAiRY \F Z RRMNQMYD
SUHVHUYHG LQ D VLQJOH PDQXVFULSW LQ WKH C
KDG 06 7KH PDQXVFULSW ZDV ZULWWHQ LQ
DO DOD& FRQWDLQHG RQ SDJHV WR LV HQ
(UURU ODGH E\ $E, 1D U DO J)AUAEI LQ KLV &RPPHC
WLRQ RI WKH )LIWK %RRN Rl WKH $OPDJHVW DQG
7KH SDVVRItdgeiRW KHKLFK ,EQ DO DODa& ZULWHV
9 EXW LQ &KDSWHU 9 DV ZH NQRZ LW IURP W
$UDELF WUDQVODWLRQV 7KH WRSLF RI WKH ZRUN
SDUDOOD|[ $W WKH EHJLQQLQJ RI &KDSWHU 9 3
OXQDU SDUDO ONK[LVQLY OWKIHVRIGHQJH LQ WKH OXQI
GLUHFWLRQ IRU DQ REVHUYHU DW D GLVWDQFH 11
BWROHP\ H[SODLQV KRZ WR VSOLW XS WKLV SDUD
WKH SDUDOOD[ LQ HFOLSWLFDO ORQJLWIXGH DQG
VHFRQG SDUW RI &KDSWHU 9 LV WKH WRSLF RI
SBWROHP\"V DSSURDFK LV UDWKHU FUXGH )LUV)
WUDQVIRUPLQJ WKH VSKHULFDO SUREOHP LQWR D
FLUFOHV RI PHDVXULQJ WKH HFOLSWLFDO ODWLW
VR WKH SUREOHP LV UHGXFHG WR D WULYLDO JH
FULWLFL]HV WKLV PHWKRG LQYHQWHG E\ +LSSDU
DOOHJHGO\ RSHUDWLQJ #LQ D >PDWKHPDWLFDOO
EXW WKLV LV DQ DSWUWRHIHP'WWRQWVRR FRXOG QF
VROXWLRQ E\ KLV PDWKHPDWLFDO PHDQV 2WWR
FKDSWHU RQ SDUDOOD[ LV XQGRXEWHGO\ RQH RI
WKH ZKROH $OPDJHVW"

5 XQLWDbNEKI m@K |

6 Mao@ Fihrist-i J TS T*"A@pl SS ... 6 HGddcli)chte des Arabischen Schrifttums
S 7KRPDQQ +$0 )AUAEI"V...RPPHQWDU"~ SS
¥ MAOSIC S 1R
+ H L E Fbyhfaxismathematica YRO SS ... 7 R RAdtthy’sAImagest
SS ..
+ H L E Fbyhfaxismathematica YRO SS ... 7 R RAdttthy’sAImagest
SS ..
+ H L E Syotaxisnathematica YROS S ... 7R R®ldry’Almagest SS ...
SHG AWV SS .. 1HX AHEDYHYR OSS ...

2 1HXJHEADMistddly YROS EXW V H HPtoldnRSRliddgest S QRWH
IRU D GLITHUHQW YLHZ
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7KH ILUVW DVWURQRPHU ZKR ZDV DEOH WR SUF
WKH VDPH SUREOHP ZDV 4DEDVK D2OH&AasécE LQ W
KLYV FDOFXODWLRQV QRW RQ *UHHN WULJRQRPH)
QRPHWU\ ZLWK VLQH DQG FRVLQH DQG XVHG IR
DQG WKH VLQH UXOH IRU VSKHULFDO WULDQJOH
QRPHWU\ ZDV VXSHULRU WR *UHHN VW\OH WULJR
,EQ DO DOA&e ZULWHV DW 2 WKH EHJLQQLQJ RI k

, KDG D ORRN DW D ERRN 1HVU VDXi) R K GDWWSQXGLQJ $E
onthe ! N NbyPtolemKnownastheAlmagest VW XGLHG LW WKRURXJKO\
DQG XQGHUVWDQGLQJ RI LWV FRQFHSWV XS WR WKH
IRXQG WKDW KH ZDQWHG WR HVWDEOLVK WKH SURF
LQ FRQQHFWLRQ ZLWK D FRPSOHWH FRPPHQWDU\ RQ
KH XVHG LQ WKH FRPSRVLWLRQ RI KLV SURRI ZHUH L

TKXV WKH FULWLTXH RI ,EQ DO DOA&e LV QRW G
WRZDUGV Odnménthpithe\Aimagest 7KLV ZRUN KDV RQO\
EHHQ GLVFRYHUHG DQG VRPH LQIRUPDWLRQ LV

3. "M 'VSVCE T DPNNR/@&pBsEZ PO UIF

7KH JUHDW SKLORVRSdHUZIDRO KDWGARKH KRQRUD
tWKH 6HFRQG 7HDFKHU" VF DIWHU $ULVWRWOF}
ORJLF PHWDSK\VLFV DQG SROLWLFDO SKLORVR
LFDO GLVFLSOLQHV 6LQFH WKH WLPHV RI ORUL
WKDW DO )AUAEi ZURWAmMayeBtRAP HeDtivhDdJih tReQ W K H
ELRJUDSKLHYV LQ DO ®LIDIQGEMO$SHIB@I\EDQG LW D
of commentaries on the Almagest DO 1DVDZi HE&HYBQWXSFHOQ\
SRVHG FRS\ LQ WKH %ULWLVK3@KKEIED D)\ BAX 6Q QA
DQG WKH ZRUN ZDV FR@VLGHWKB8 @®RVERYBRVWRI

FRPSUHKHQVLYH FRIM&gds) WORE DRED WIKE )AUAEI"V F
ZDV DQQRXQKHGIOHEK U D Q ODMOLYV /LEUDU\

SDJH ZLWK WKH QDPH RI DO AUAEI 7KH EHJLQ
LV PLVVLQJ DQG DW WKH HQG LW KDV QR FROI

2 HQQHG\ f3DUDOOD[ 7KHRU\~ SS

2 060DVKKDG +RO\ 6KULQH /IIREALUWKH $UDBLF WH[W VHH $

2 W HLQV AKFarabi GH U

% [LSSHAAW@ K ITI@BL 0% O0+WK @WRO S 5LWWS WA

@K 6 EYROS IRU DO 1DVDZG ABHIRuHA U B K

% *ROGVWHLQ ERRN UHYLHZ RI 6H]JLQ S

7 _.DQRV 1$0 )AUPMIBINSE SS ..
3DSHU SUHVHQWHG DW WKH FRQIHUHQFH .18%&@WH[WV R

WXULHV" 8QLYHUVLW\ RI * WWLQJHQ B6HSWHPEHU

/N\ULFV" SS ILUVW SXEOLFDWLRQ 7KRPDQQ f(LQ DO )AUA

SS
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DQRQ\PRXVO\ W FRQWDLAWagestERYRE QRVD WIKRQ, W
WUDQVODWLRQ DQG FRYHUV SDUWV RI %RRN ,; C
DQRWKHU PDQXVFULSW ZLWK MWMKKHD/@ POHDWEAG[LW ZD
EXW DJDLQ ZLWK QR LQGEWDWKR QEVH RIL QQK I JD X WX
DUH PLVVLQJ EXW LW FRYHUV VOLJKWO\ PRUH W
LQYHVWLIJDWLRQV PDGH DQ DWWULEXWLRQ RI WK
PRUH OLNHO\ ,W LV HYLGHQW WKDW LW ZDV ZUL'
SURIHVVLRQDO7RVWWODR@PRWHWUWKH QXPEHU RI FDQG
DXWKRU RI WKH 7THKUDQ FRPPHQWDU\ FRQVLGHUD
WHULVWLFV LQ WKH YRFDEXODUWYZKLFK FRLQFLG'!
7KH LGHQWLILFDWLRQ RI WKH 7THKUDQ PDQXVFU
theAlmagest LQDOO\ EHFDPH EH\RQG GRXEW ZKHQ WK}
WKH FULWLTXH RI DO JAUAEiI"V FRPPHTKXMDWHPW® V \
Rl ,EQ DO DOA& FRQVLVWYV IRU D ODUJH SDUW |
FRPPHQWDU\ )RU WKH ILUVW WLPH GRFXPHQWHG
ZHUH DW KDQG 6LQFH WKH TXRWidages/tHirpef V EHOR |
FRPSDULVRQ ZLWK WKH WZR 7HKUDQ PDQXVFULSYV
ZDV QRW SRVVLEOH %XW WKH UHODWLYH TXDQW
LQ FRPSDULVRQ WR UHODWHG WH[W RI -3BWROHP\
RXV WHUPLQRORJ\ FRXOG EH FRPSDUHG 7KHUH L
WKH SDUWV TXRWHG E\ ,EQ DO DOAz ;Q WKH W
DOOD[ LNMDKEZKAM® MX@@H WKH VWDQGDUG WHUP
translations of the AlmagedH\VJ G SHK EG MK QUHDVRQ ZK\ DO )
FKRVH WKLV QRQ VWDQGDUG WHUP PD\ EH KLV S
FLVH DQG MIQRGEEGLDWLRQ™ LV VHPD®&aNekiE D OO\ FC
than HIGSHKIEFK PHDQV VIEPS@Q\DIGLADMHHQFKH RFFX
WKLV DEQRUPDOLW\ LQ WKH WH[W RI WKH WZR 7
SHUIHFW WHUPLQRORJLFDO WHVW 7KHUH LV RQC
the AimagestZKHUH SDUD O DT KIHV FRHQMIVEBR&G LQJ FRPF
RQO\ SUHVHUYHG LQ WKH VHFRQG 7HKUDQ PDQXVI
HMIHEKE @MWK@&QHIRUH WKHUH FDQ KDUGO\ EH DQ!
TXRWHG E\ ,EQ DO DOA& DQG WKH WH[W LQ WKH

3DSHU SUHVHOWSHREQDW MA\NK¥W RI WKH 8QLRQ (XURS?2H
PLVDQWYV 8($, %DVHO 6HSWHPEHU .. -VHH QRZ 7
JHUSULQW.V" SS
7KRPDQQ f(LQ DO )AUAEI |XJHVFKULHEHQHU .RPPHQWDU
% 7KRPDQQ $7HUPLQRORJLFDO )LQJHUSULQWV" SS
2 7JKRPDQQ $$0 )AUAEiI"V .RPPHQWDU"
¥ 7KRPDQQ $$0 )AUAEI"V .RPPHWWHKH WSH[W LQ $SSHQGL]
“ (FNKDUG 1HXEDXHU SHUVRQDO FRPPXQLFDWLRQ -XO\
% +H L E Shdtaxisnathematica Y R,O S 7R R Ptelémy’Almagest S
% 067HKUDQ ODMOLV /LEUDWBWH WKHIRVH[W LQ $SSHQGL] ,,
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WKH VDPH ZRUN DQG WKDW LQ WKH WZHOIWK F
DWWHQWLYH DQG ZHOO LQIRUPHG ,EQ DO DOAe

"O BOPOZNPVT USBOTM BUWIEP O UPTG U IFNAIMagdgtP H Z

$W WKH YHU\ EHJLQQLQJ RI KLV FULWLTXH RQ DC
GXFWRU\ SKUDVH ,EQ DO DOA&a AliaRastd S RQLWH U
ZKLFK DO JAUARE,EFR®RH@MWA & GRHV QRW VD\ D
DXWKRUVKLS RI WKH TXRWHG WUDQVODWLRQ Wk
SURYLVRULO\ $f$QRQ\PRXV" ,Q D ILUVW VWHS Wt
ZHOO NQRZQ $UDELRIndgestB\V DO \E DRION R IDWIGH, V a ¢
7KH WKUHH $UDELF WUDQVODWLRQV WKH *UHH
*HUDUG RI &UHPRQD DUH:RUGNQDIQ® #5SHBSVLRQ
IHU LQ WKH WKUHH $UDELF WUDQVODWLRQV DUH
ILUVW WDEOH FRQWDLQV ZRUGY DQG H[SUHVVLR

&QDDJ Anonymous K ka@ll | (RI' P 3G AHS

Ev+ de E88«e <0tN BdUlVe EaoUeg EaoUVYe
1O ATHLEY, Y " oQae U"Ea X &
aALAOPEIYap, ay jae ZbARae -MAeed

Au»t” "x - AZY«< Je zY« £V«

A, A IAE® YO @*EREN «©... EY0OE <ag |atN

aAut  ®@ApA @b N ENe de UqD aa
SA+/E i Va-Yao N T TPE ¢iAlaY« ‘OEalat-e

7KH VHFRQG WDEOH FRQWDLQV ZRUGV DQG H[SU
LQ DO abDMMAM DQG ,VaeAT 7TKAELW EXW GLIIHUHC

&QDDJ Anonymous K k@ll | (RI' P

S§A-Cut 408 | 40 44 ' |Ee 44 ' [Ee

YauA - -Y%2A1% ¢ m ~Ea2Y<« Axé«EéaeV{ P°4 @BABaeY|D°8 ‘~%<§
YauA -Y%2At% ¢ m ~Ea2YHdpaOV« AEéaY({ D°&@&EE®Y<« DP& ‘-~ %<§
SA¢AXEIYap | cEwe-Us Eé(Ew—+™e EE(Eam—*™e
300|111/, -1 .1 AEOH. a0-bYXeé 18 o- <aé 3N a0-pY«
alp Ofonx A, Yr1zR%E>E@ 5 32O UE «E 460 N &bea OB« & 7 < Ue s N
0k hills Y Ca%p <Y«
HAALAC, Ya-1 |15 cEa&b; §ileiaYc« “ellf

YapuA ¢ %ApPA cEmpaz2l azpa az0ae

ARV 31+ >l [Eae Ea-4< Ea Ea-¢4< Ea

Y Vau e EesxabE i é|N i é/N

% 060DVKKDG +RO\ 6KULQH ..LEUDU\ SS

Other translations of the Almagestt OO EH GLVFXVVHG LQ 6HFWLR
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7KH WKLUG WDEOH FRQWDLQV ZRUGV DQG H[SUH"
LQ DO aDMMAM DQG WKH $QRQ\PRXV EXW GLIIHUH

&QDDJ Anonymous K k@ll | (RI' P

AA Y%uAtapA 'Y HEAaY« U -Eav« "O%o <] —+ <

°+ %% A Oed e O s Uece Oéfe

LWEA A taA |v-A NP EniaY<« Y ..E%IAY|« GY@®oE. aiOY« IYO© &I
B EaoRBe cExP¥§: |(E

»ptA¢IA+A OalEa Oxelds- Ee"E-10n Ea

AgYs ¥ "EAD "EAO Y« EAEO-Y«

°+ U% % ®|CN EeaxeY aiUoN aiUoN iON

Ai»AA»+Ar1-§¢%ApPA cEa@-%N *~%0N PEE%oN

°+Ap L ARE TE>f@-Y< "A2e TEf-aY<rat TeaYc|"ax

7KH IRXUWK WDEOH FRQWDLQV ZRUGV DQG H[SUH
LQ ,VeAT 7TKAELW DQG WKH $QRQ\PRXV EXW GLIIH

&QDDJ Anonymous K k@ll | (RI' P

AtA+outy, -4 A eY(EOCe UeERxe 86— eYEOYe eYED
;e am i am

§' 1+ FE s AimALY O-N @ aEBO-'a20P|ai8&O-N ' 408 éaode °0|

7KH IDFW WKDW WKH VHFRQG WDEOH LV WKH OL
GLIIHUV PRUH IURP WKH WZR RWKHU WUDQVODWL
GLIIHU IURP HDFK RWKHU 7KLV OHDGV WR WKH T
D JHQXLQH WUDQVODWLRQ IURP WKH *UHHN RU L
Arabic translatons. 7KHUH DUH WKUHH FDVHV LQ WKH $Q
HGJH RI WKH *UHHN RULJLQDO LV HYLGHQW ,Q W
tZH GLVWLQJXLVK ZH VHW DWDELGMWEHZHIK/G DWL GIHU V!
/IDWHU LQ WKH VHQWHQFH LW@. W ®@EKREEHEVME\ W
LHMG®8i K JG@&Q®WG ZH VHSDUDWH HDFK RI WKHP

LV D SUHFLVH SDUDSKUDVH RI WKH OLWWHUDO P
EHHQ GHULYHG IURP RQH Rl WKH WZRadgRUWWKHU WU
ornuaddilu +ZH QRUPDOL]H WKH &fauBiucZH D UQ® J N &
WKH SDUDOOD[" 7KLV VXJJHVWV WKDW WKH DQF
*UHHN WH[W DQG WKDW LW LV QRW MXVW D SDU
lations. A second case is the translation V@ J®Z&SH KMYGTZULWWH
RI *UHHN 3A¢3A+ElIY%p.+ $ZH KDYH ZULWWHQ RII™
translate it with@® SGA@ $KHGKDYH PDGH LW IL[HG~ ZKLFK

7KHUH LV QR QHHG WR FRQVLGHU D WUDQVODWLRQ IUR
DOAa DOO $UDELF WUDQVODWLRQYLXHURKP B@ESK IURP WKH
OLQHV SUDELF*WHPWQDQWBDYVODWLRQ
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WKH PHDQLQJ RIWKIULG IFPNVNH LV WKH *UHHN ZRU
RXWVLGH~ ZKLFK LV WUD QalQdyWH@ K BXKAMKAKS QR
DUH DGMDFHQW~ 7KH RWKHU WUDQVODWLRQV
@KI@KSZKLFK DUH RQ" &IQ&ni, vV EZRKLMAKABILW LQ"
WKUHH H[DPSOHV VKRZ FOHDUO\ WKDW WKH $QF
LQGHSHQGHQWO\ IURP WKH WUDQVODWLRQV RI C
,Q D QH[W VWHS VRPH FRQVSLFXRXV H[SUHVVI
EH FRPSDUHG WR RWKHU DVWURQRPLFDO WH[W)\
FKURQRORJLFDO FODVVLILFDWLRQ

7KH *UHHN DGMHFWLYH YpA- -%2A1%|A PHDQV OL
SRVHG Rl WKH DGMHFWLYH %-A;A fPLGGOH"~ W
VXIIL] '%¢A IRU EXLOGLQJ DGMHFWLYHV ,Q DQ
°fjox ¢ A FWKH FLUFOH EHORQJLQJ WR QRRQ"~ LV V
YA -%2A1%IA FDQ EH XVHG DORQH DV D QRXQ W
LQ WKH WH[W KHE® N@@ KR DWMAMK XVHVRI KDOI GI
Ve AT 7R AiZE IWHOK M@GGLYFOH RI PLGGD\" ,Q WK
the M@OGNQHANSRLNOHY PDGH HLWKHU E\ 4XV A
AXQD\Q YpA-¥%2A1%IA LM HE@HED\QF 6 BQWHH &EBXVERR Q V
MH@E M @izt M H@ K Ma@dG GQ@Vh@ K M @® LQH RI PLGGI
EHFDPH VWDQGDUG DQG ZHUH XVHG LQWHUFKDC
IHUHQW HSRFKV &BREDWVK XUHAMB®K GVa@ds Q
JGAVWH@EK M®G WHFKQLFDO WHEPWIRWItPHULGLD
XVE® K@@E MEBRW GPHULGLDQ™ LQ KLV LQWURGXF
DQG D VWHRER JGiat MH@E M@\WG IRXQG LQ WKH WHU
GLFWLRQDU\ E\ DO 7DKAQDZUIIHWU BIKQWH HORWPK WFKAH\
PRQ WUDQVODWLRQV WKH $QRQ\W® RAEBEKWREDLQV O L
tPLGGOH RI WKH KHDYHQ" W LV FRQVSLFXRX
$UDELF DVWU RQtRVsdODMRAMMEPDABA D O . K ZAW® pbhbi
V@ Ragkp B@IOLQH Rl WKH PLGGOH RI KHDYHQ" LV
IRU IPHU®WGMLGHYV WKDW QREK F@YUNVMGROQRU D
ferent notion. In contrast to JV@ MEAKp RIAZIKLFK GHQR@WR@W D Ol

1R H[DPSthhitdRQ /DQH"V /H[LFRQ UHIHANrabMRERgAB LWL QJ"

Lexicon S

4 06, VWDQEXO 6%OH\PDQL\H /LEUDU\ WHQLU&DPU..Y IRY

Y Y PHO.NB@E M@IEKR QY Y Y Y. Y u..Y U

U Y Y Y Y Y JG@pH@EKE M @G Q

42 UL JKMWe ! N Moflinstruction S h

¥ 'DeU®@RGRSG E

4 &KDUHWWH DQG 6FKPLGO hF$OS.KZ\fK5UL]S°i“h SHW SDV
sim.
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@K R@HQRWHV D SRLQW GHILQHG E\ WKH LQWHU\
HFOLSWLF 7KLV EHFRPHV HYLGHQW ZKHQ DO .KZ/

>7TKHQ ORRN DW ZKLFK GHJUHH@ JGVO/FEXMREBHHE@KH OLQ!
DQG WKLV ZLOO EH WHKHO QWAEEEKp @& PLGKHDYHQ

7KH H[SUHY YW@@sp i®Q WKH VHQVH RI £ HFOLSWL
PHULGLDQ" LV XVHE W\H&DW B WYKEWEIR1 FRgthRé
UHVWULFWHG WR fWKH SRLQW RI LQWHUVHFWLRC
REYLRXVO\ WKH $QRQ\PRXV LPLWDWHV WKH *UHH
DEEUHYLDWHG IRUP RI x YuA VW@ REK) K@ h» ¢ A E\ 7Z
DEEUHYLDW B @/[igrRra@pRi@ L

$QRWKHU DEQRUPDOLW\ FRQFHUQV WKH WUDQV(
tWKDW LQ RUGHU WKDW @ &OJBBREZMA M UW UHDVQ V 6§
DQG ,Va&AT 7TKAELW V&R K J@YKDID O DQ RWGHU WK
$QRQ\PRXV GHSDUWYVY FRQVLGHUDEO\ IURP WKH *l
E\WW@ HO®@ @enwfa FZKHQ ZH ZDQWV WL ONDDWR ZH[ S $H \
VLRQ LV IRXQG RQOAINRGEH. KQSWKM *UHHEHJILQV Z
HISUHVVLRQ YA-°tA se% % 2 -»EYiul% ' aA1313157A0
WR NORZKHUH PXVW WKXV KDYH EHHQ DQRWKHU \
$QRQ\PRXV WR XVH WKLV H[SUHVVLRQ ,QGHHG L
8VH Rl WKH $VWURODEH" SDUDJUDSKWY RXW RI
aradtaantagfa $ZKHQ \RX ZD QlW&SBAdRarNa@ad ™ G LWWR
aradtaantagfa GLWWHRC@&@BRIth 1 ZKHQ \RX ZLVK™ IROORZHCG
LQ WKH DFFXVDWLYH 7KH VHFRQG SHUVWRQ VLQJ.
VNULW DVWURQRPLFDO ZRUNV ZKLOH WKH ILUVW
ZRUNYKH $QRQ\PRXV NHHSV WKH ILUVW SHUVRQ S
XVHV WKH FRQGLWLRQDO SKUDVH WKDW-ZDV WKH
QRPLFDO WUHDWLVHVHR®BHKaAntAWRPHZKKE SROUBZB B W
WR NQRZ”~ DQG LWV VIQRQ\PV DUH IRXQG LQ ODW
DJDLQ DV ULJRURXVO\ DV LQ WKH DVWWRRQRPLFDC(
RI @aDEDVK DO 4AVLE LW RMRReQVIRRQDO W R WOWARQ W)

FKDSWHUV DQG VXEFKDSWHUV RXW aRd in VW

% @KDUHWWH DQG 6FKPLGO ht$0 .KZAUL]PiI~ S

% 06 ,VWDQEXO ©6%OH\PDQL\H /LEUDW <HWQL &DPL Y | F
u.. Y
47+ H L E Bydtaxisnathematica YROS OLQHV ... PtolemyRImidest

s
7KRPDQQ $)URP /\ULFV" SS
06, VWDQEXO 6%OH\PDQL\H /LEWYDU\U <HQ/L &DPL Y IROV
Y U Y
1IDOOKQR®OSSYRO S OLQH OBQH OBQH OBQH S
OLQH 03 QH HW SDVVLP
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FRQWUDVW 7KAELW LEQ 44X 9 0D%XY,KM YW\KHIV SW K B
RQO\ RFFDVLRQDOO\ )RU H[MPB/XH ZIQUZDRIRNR PFF
WKH EHJLQQLQJ RI WKUH¥#H FKDSWHUV RXW RI

$ WKLUG QRWHZRUWK\ FDVH LV WKH WHUPLQR
In the AlmagesWKH *UHHN H[SUHVVLRQV DUH °x%z% C
AA"C¢A ftURZ Rl VROGLHUV" DOVR #OLQH RI SRH
tFURVV EHDP®™ DOVR IFROXPQ LQ D SDS\UXV R
translates these terms as 1@® G W XHWIDC RO KWWHUDO\ fFUHHN
ROApPQ@LQH 1@ CV @K Ve AT 7TKAELW WKBCR@P QWUDQ
andn@EE fTURZ OLQH" ,Q WKH WHUPN2 CRUHKWDE
WR WKH IGLCMRXRWVWHIHQ ,I WKH SOXUDO LV XVHG
XVH WKH VLQJXODU IRU tFROXPQ"™ +R@B®HYWHK WK
EXW R@WRU tFROXPQ® LQVWHDG WKH VDPH WHU
WKH VHQVH Rl URRQ@BAQHWKBIPYHQWH RII tFROXP:
D O .KZA OhthBGonstructionftheAstrolab® W LV DOVR IRXQG L
LEQ $Ei 0@ @KV, TLS@4@ Mo D W \RAZRIQrXtWeHsdme
sense. % XW RWRK@IPQLVHVHG SUHGRPLQDQWO\ IRU ¢t
7KAELW LE@r 4¥ U @E a6 dl K > LW H Q@Y Karfd also for 1bn

DO DOAa

7TKHVH H[DPSOHV VXJJHVW WKDW WKH WUDQVO
DW DQ HDUO\ WLPH SUREDEO\ DWceW KNV EHHD QW L
QRWKLQJ LQ WKH WHUPLQRORJ\ VSHDNV DJDLQV

5SBOTMBUAP@JesPLGOBKFO UP *CO BM -BMv -

,EQ DO DOAa& PHQWLRQV LQ KLVAERJEMHRSO WKH V
LWO\ ZKLFK WUDQVODWLRQV KH KDG DW KDQG

s JRUFXG AibhQurra SS ... QR RFFXUUHQEHABSDRE HORQ
SS VKRUW HUwaipSrddteVIVQ BQW KBIVOLNH SS
2 DO %i@KQ0 MTMTw K R@ B8 ©LQH OLQH OLQH

% 7KLV LV WKH UHDEHQ J 8. YHUVLWHLWVELEQL®R& KHHN 2
GRQ %ULWLVK /LEUD W\ WEKGG VY@CTIVERDIR X Q G
5 Almagest, ILQDO SDUDRQYDBRIQ WHH W&EVK /LEUDUOLYEG
% Almagest , ILQDO SDUOQUWDWSKDWHRQDBY /0B WMHU \
% §KDUHWWH DQG 6FKPLGO Ofi$H.KZAUL]Pi~ S
5 6H]JLKQ 9altMal > M S OLQH
6HH WKH JORVVRU@ESQYRDOGSLQR
ORUHQOBQbaQurra S OLQH DQGLSQH
YD Q 9 Qieewmafatihal-olim S OLQH
8 XQLWIbNEKn m@K | OLQH
2 XQLWIpdKKn m@sK | OLQHYV $UDELF MUH[DVQ- DVQU® GV O L
WLRQ
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JLYH FRISRHARIGWKH %RRN DO ODMLV i GLIIHUHQW LQ O
FRPH DER@ @R@RBR@\ULDF FRS\ WUDQVODWHG IURP W
LQ WKH WUDQVODWLRQ RI D, @D VIDRP L M N UDRWIR ISR
WKLUG FRS\ LQ WKH WUDQVODWLRQ RI DO aDMMAM LE
also for a-M® ,Q IURP *UHHN LQWR $UDELF D IRXUWK FRS\
LEQ 4XQD\Q IRU $E, DO DTU LEQ %XOEXO IURP *UHH
LV WKH RULJLQDROSEQ RAKHAMN DHDG LQ KLV KDQGZULWLQ
ZLWK WKH FRUUHFWLRQ RI 7KAELW LEQ 4XUUD RI WK
IRU $E, DO DTU LEQ L% X GEEEIOW KW VRaJAJIHMVWUD QVODW L
WKH SLHFHV RI LQIRUPDWLRQ ZKLFK ZHUH LQ WKH PD
GRXB/®RG@FRQPFHUQLQJ YDULDQW UHDGLQJV@ 7KHYV
QRW LQ WKH FRS\ Rl 7KAELW $00 WKHVH FRSLHV ZHL

$FFRUGLQJ WR WKLV VWDWHPHQW ,EQ DO DOAe
GLVSRVDO ZKLFK KH OLVWWUD@ WXDWQR® FEALBDG
4XUD\WK WKH WUDQVODWLRQ E\ DO &aDMMAM WK
DXWRJUDSK ZLWK PDUJLQDO QRWHV DQG WKH
WKUHH WUDQVODWLRQV DUH ZHOO NQRZQ DQG
, Ve AT 7TKAELW H[LVW LQ B /(DWHUWB LR ®I|LBD QXWHF WL
DO DOA&e FDOOV WKH WUDQVODW IPRQLE\-WLUWDVV D
ODWLRQ E\abraiéMibay @ K k @ RRWM VLPSO\ DO 4DV
W U D Q Viad) @ KRKI® RR&JMRFFD VLR Q DD, Q\L B GWRJ X @\KGID O\
al-mafi>M¢ 7KHUH LV D SDVVD Jhrist@n aB@nst@n1 D GiP "V
of the AlmagesPDGH EHIRUH DO 4DMMAM EXW-DO 4DVD
WLRQH®G Q\WHUN KH PHQWLRQHG LQ ,EQ DO 1DGIiP
*UHHN LQWR7KHDREQG\ ELRIJUDSKLFDO VRXUFH ZKlL
WR KLP LVB BE@®IiSIEQ KLV ELRJUDSK\ RI WKH SK\VLF
ZKHUH DO 4DVDQ LEQ 4XUD\VK LV OLVWHG DPRQJ

6DKO DO .DZVDM GLHG VKRUW@O EHI®&UH WKH
'"HVSLWH WKH ODFN RI IXUWKHU HYLGHQFH RI D V
WKH DFFRXQW Rl ,EQ DO DOA& KDV WR EH WDNH
XVFULSW RI WKLV WUDQVODWLRQ DW KDQG IURP
RWKHU WUDQVODWLRQV ORVW RI WKH TXRWDWLF
FRRUGLQDWHY ,EQ DO DOA&e GLG QRW H[SOLFLYV
LQ JHQHUDO 7KHUH DUH DSSUR[LPDWHO\ HTXDOC
QXPHULFDO YD®X}HW LVQU WEBWODMWLRQ WR EH FRUL

63 X Q L WQleudiks Ptolemauy ROSS.. . XQLW]VFK t$ +LWKHUWR 8QNQR
64 XQLWIDN@Kn m@K | OLQH $UDELF WH[MD @ Q@ BSQVODWLR
5 XQLWbHNEXT m@K | OLQHV .. $UDELEFHWRPW WQBQS/ODWL
66 XQLWINEKN m@K | OLQH $UDELF WHUMD @ Q@ BQVODWLR
& 'R G JHMeFihrist YRO S

'R G JMeFihrist YRO SS ...

0%0@XUWK @MAROS OLQH.XQEFWDstAlKiagest S QRWH
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WKH RWKHU WUDQVODWLRQV DV FDVHV LQ ZKLEF
the Ma® ,QLF WUDQVODWLRQ DJUHHV ZLWK WKH 6\l
DO &DMMAM DQG ,V&eAT RU ,VaeAT 7KAELW
%HVLGHVY WKH FULWLTXH RI QXPHULFDG YDOXH
IHUHQW WUDQVODWLRQV RI VWDU QDPHV ,Q RQ
VLQFH KH WUDQVODWHG nawWlHNORRRAnothdD UURZ"
FDVH FRQFHUQLQJ WKH WUDQVODWLRQ RI *UHHN
ZURWH
7KLV VWDU E &HQ DQG W EHIQ HVIWIDKQW K
DFFRUGLQJ WR WKH WUDQVODWLRDPRIrADEATTORQ WKL
EXW DFFRUGLQJ WR WkK@K6&ULDPKLRR MK HDRM@HE OLGY 6\
DQG DFFRUGLQJ WR WKH YHUVLRQ RI@®K& 8@9BR@ LEQ
6LPLODULO\ , VDZ WKHP n>@Q @B AEBORDPFROBVWDRQPHJI O
E\ WKH a8DUUDQLDQV 7KH ODQFH DSSHDUV WR PH D
&HQWDXU LV KROGLQJ D ZLOG EHDVW RI SUH\ DW L\
FRPPHQWDU\ WR $UDWRYV WKDW &HQWDXU ZDQWHG W
WR IXPLJDWH LW ZLWK WKH QHDUE\ LQFHQVH EXUQH

,Q WKH PDQXVFULSW RI ,Va&AT"V WUDQVODWLRQ |
VLQIJRP@D@K J@RQG QHYHUPLTKMW KKHMUEDK WDWD QV O
x AAplA tREORQJ VKLHOG@KHL QWWIPNG DRV LR Qi ARA
QRW TXRWHG EXW LW DJUHHV ZLWK WKH 6\ULDF
asal-turs tWKH VKLHOG™ 7KXV ZH VHH WKDW LQ W
Ma®,QLF WUDQVODWLRQ DJDLQVW DOO RWKHUYV
VHHP SHUIHFWO\ UHDVRQ DAIagkesin Ith& MEFEZRXO6 G TXI
translation at other occasions as well.

6. "VUIPSTIJQ PG UIF USBOTMBUJPO RVPUFE CZ *(
BM 'vSvCE

W VHHPV UHDVRQDEOH WR DVVXPH Alhtagest WKH [
TXRWHG E\ ,EQ DO DOA&e LQ KLV FULWLTXH RQ
WKH IRXU $UDELF WUDQVODWLRQV ZKLFK KH XVI
W KDV EHHQ VKRZQ WKDW WKH $QRQ\PRXV GLII
,VaeAT 7TKAELW ,Q YLHZ RI WKH IDFW WKDW WKH
PRQ ZLWK ,VaeAT 7TKAELW WKDQ ZLWK DO 48DMMAI
LGHQWLFDO ZLWK WKH RULJLQDO WUDQVODWLRQ

XQLWIbNEKn m@K | OLQHYV ... $UDELFHURDMY WQGE®/ODW
F1.XQLWD§rAIKagest SS ...
1 . XQLWIpMEKn m@sK | OLQH ...O8QH $UDELF WH[W DQG

*HUPDQ WUDQVODWLRQ
2 X QLWD#&fRlkagest S
. X QL WDa&tAlKagest S QRWH
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,EQ D& DLHBRUWHG GLIIHUHQFHVY EHWZHHQ ,Va&eAT
WUDQVODWLRQ LQ QXPHULFDO YDOXHV DQG QRQ
Ma®,QLF WUDQVODWLRQ UHPDLQV DV WKH RQO\ F
XVHG E\ ,EQ DO DOA& LQ KLV ZRUN RQ WKH VWD

7ZR PRUH SRVVLELOLWLHYVY KDYH WR EH WDNHQ |
VRPH NQRZOHGJH Rl *UHHN DQG KH PLJKW KDYH
KLPVHOI %XW LW KDV DOUHDG\ EHHQ GHPRQVWL
,EQ DO DOA&® LQ KLV RZQ ZRUNV GRHV QRW FRUL

%HVLGHVY WKH WUDQVODWLRQV PHQWLRQHG E\ ,
ODWLRQ PDGH E\ 7KAELW LEQ 4XUUD DIWHU KDYL
Ve AT WUDQNVHID WIKRXJIK XQOLNHO\ LW FDQQRW E
RZQ WUDQVODWLRQ EHFDPH DYDLODEOH WR ,EQ I
ZRUN RQ WKH VWDU FRRUGLQDWHY DQG WKHQ KI
+RZHYHU WKHUH DUH H[DPSOHV ZKLFK VKRZ WKD
PRXV GRHVY QRW FRUUHVSRQG WR 7KAELW "V WHUF

$W WKLV SRLQW WKH RQO\ RSWLRQ UHPDLQV W
old Ma® ,QLF WUDQVODWLRQ 7KLV LV FRPSDWLEOH z
LWV WHUPLQRORJ\ ZKLFK SRLQW UDWKHU WR DQ
DVWURQRP\ ZHUH QRW \HW DV VWDQGDUGL]JHG D\
LV QRWKLQJ LQ WKH WH[W ZKLFK SUHFOXGHV IUR
WKLUG Rl WKHEQLQWK FHQWXU\

,Q WKH IRUPHU VHFWLRQ RQ WKH WHUPLQRORJ\
WKDW VRPH RI LWV SHFXOLODWRIWLG W DWW ARX QTK I
EH H[SODLQHG QRZ VLQFH 3DXO .XQLW]JVFK IRXQ
ZDV PDLQO\ EDWHGQLRQWWEGMOMMILRQH LW LV OLN
DO %DWWAQi DGRSWHG VRPHPRQLWKWMUWN B YV P DOR®RR)

$ ILQDO SUREOHP UHPDLQV WR EH GLVFXVVHG
of the M@ ,QLF WUDQVODWLRQ GRHV QRW FRUUHVSR
translationof the Almagest Q ,EQ D 6hddd GiP"V

ThefirstASHUVRQAWR EHFRPH LOWHUHVWHG LQ WUDQVOD

<D®\A LEQ .KAOLGJUR@S%PRIUBBRS®H H[SODLQHG LW IR

GLG QRW XQGHUVWDQG LW SHUIHFWO\ KH ZDV QRW \

éDVVAQ DQG 6bDOP WKH GLUHFWRU RI WKH %D\W DO

PDGHHVRJ LWV PHDQLQJ@ DQG SHUVHYHUHG LQ PDNL

7 See Section 4.
® 6HH /RG-FKhQurra SS ... *UXSH 1t7KH 7KAELW 9HUVLRQ™ |
WLFOH LQ WKLV YROXPH
6 See Section 4.
7T XQLWIbN EKn m @BIS .
'R G JHeFihrist YR,O S
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PRQHG WKH EHVW WUDQVODWRUV WHVWLQJ WKHLU
OLWHUDU\ VW\OH DQG DFFXUDF\

7KH QDPH RI DO 4DVDQ LEQ 4XUD\VK WR ZKRP
Ma®,QLF WUDQVODWLRQ LV QRW PHQWLRQHG KHL
VLQFH WKH WH[W WDNHQ DW IDFH YDOXH GRHV
WRUV EXW RQO\ WKRVH RI WKH VXSHUYLVRUV
GDWH RI WKH WUDQVODWLRQ LQGLFDWHG E\ ,EC
FDWHG E\ ,EQ DO DOAa& ZKR ZURWH WKDQRW WKH
G ce $FFRUGLQJ WR ,EQ DO 1DGiP WKH LQLWL
IDPRXV 9L]LHU <De&\A LEQ .KAOLGctEGHsRDPDN
UHVSRQVLEOH IRU WUDQVODWLRQV RI OLWHUDU'
PDLQ IRFXV ZDV RQ ZRUNVRUL HOWIUMWLRY WRZDU
ZDV D FRQVHTXHQFH RI KLV %XGGKLVW IDPLO\
ZRUNV ZHUH WUDQVODWHG WRR EXW QRW IURP
6\ULDF DQG WKLV ZRXOG DOWRageROG IRU D WUL
7KHUH LV D VKDUS FRQWUDVW EHWZHHQ WKH |
DO DOAz RQ WKH HDUOLHMMAGSGSUBEKD WUDLQW|® E
FKDUDFWHUL]JHG WKLV LQ WKH IROORZLQJ ZD\
7KLV ZLWQHVYV >RI ,EQ DO DOA&e@ LV RI WKH XWPR\
LW\ DQG LW PHULWY WR EH SODFHG RQ WKH VDPH (
EULHI REMHFWLYLW\ DQG XQDPELJXLW\ LW GLVWLQJ
RU YHUERVH ELEOLRJUDSKLFDO QRWHV RI WKH RWK|

HOVH WKHQ WR TXRWH VHFRQG KDQG LQIRUPDWLRQ
IURP ERRN WR ERRN

(YHQ LI WKLV PD\ EH VRPHZKDW H[DJJHUDWHG
D PHWLFXORXV DQG VFUXWLQL]LQJ VFKRODU ZK
LQYHVWLIJDWLRQ 7KHUHIRUH LW LV WKH SUHIHU
the MaP ,QLF WUDQVODWLRQ WR DO &DVDQ LEQ 4XU
GiP"V QDUUDWLYH ZLWK JUHDW FDXWLRQ 7KH D
LEQ 4XUD\VK FDQ FODLP WR EH EDVHG RQ WKH |
DW SUHVHQW ZLWKRXW DOWHUQDWLYHV

YDQ %ODGHO $%DUPDNLGV" S

YDQ %ODGHO $7KH %DFWULDQ %DFNJURXQG" S

.XQLWDatRIagest S t'LHVHV =HXJQLV LVW ZHJHQ VHLQHU
JU- WHU %HGHXWXQJ XQG YHUGLHQW HV PLW GHU GLUHN\
ZHUGHQ (V KHEW VLFK LQ VHLQHU NQDSSHQ B6DFKOLFKNHL
YDJHQ RGHU ZHLWVFKZHLILJHQ ELEOLRJUDSKLVFKHQ 1RWL
PHLQHQ QLFKWVY DQGHUHV WXQ DOV $QJDEHQ ]JZHLWHU +I
XQG YRQ %XFK ]X %XFK ZHLWHU]XVFKOHSSHQ"
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7. $SPODMVTJIPOT

The translation of the AlmagestXRWHG E\ ,EQ DO DOAa& LQ

DO J)AUAEi"V FRPPHQWDU\ FRQWDLQV NQRZOHGJH

KDYH EHHQ GHULYHG IURP WKH WUDQVODWLRQV F
PRUH GLIIHUHQFHV IURP ERWK WKH WUDQVODWLF
, Ve AT 7TKAELW WKDQ WKH ODWWHU WZR DPRQJ W
LQ FRPPRQ ZLWK DO 4DMMAM WKDQ ZLWK ,VaAT 7
ZLWK VRPH Rl WKH HDUOLHVW SUHVHUYHG $UDEL
DQG WKHUHIRUH DQ HDUO\ FKURQRORJLFDO FOD
Rl WKH QLQWKLV¥HQMEDEOH )URP WKH IRXU $UDE
AlmagestZKLFK ,EQ DO DOAa@ XVHG LQ KLV ZRUN RC
the Ma®,QLF WUDQVODWLRQ E\ DO &4DVDQ LEQ 4XUD
KH TXRWHG LQ KLV FULWLTXH RI DO )AUAEiI"V FR
VXSSRUWHG E\ RXU WHUPLQRORJLFDO DQ@DO\VLV

ODWLRQ KDYH KLWKHUWR EHHQ DYDLODEOH 1RZ
WH[W KDV EHHQ RSHQHG

"QQFOEJY * 5FYU BOAMGEBMAIMBUJIJPOT PG
*UHHN WH[W

Ev+t ¢e¥% °+ A % AA A A Y% "i1p %-AEY% Az% fx E¥% .
VallYs "1x9ATBLEY,ul% °+A- Ap W%UPOgA 9 °xAp- An-A A

vpA 6A+A A SA-Cput Acgm YpA-Y%2At%im - Au»®%-

Ya-AeA Aegm AzY 3E%1z% °+x4iYh¢ A 2ALAPUEIY%pu,+ ApA
Azv TAzY% Ya¢ A+A 2ap¥% Y% % AA Aim YpA-Y%2At%hem
Apu»1""x 2apl © VapAp A Y% YiuA-%2Ar%1%  ApA 2% A{
YagtAzv: 0AYY. +AAPpA SASA+EIVARA AptA JTAEZA AABA/
AAx A¢A¢TAEY: 3pA ®AA+t . 2a»-AAEY% Az% ApA A %
CEEY: - Y+ KPM, SA3UBAxYYa-Y%xA (&% Yao AxA "TAxT/
HEA A AzY% 2y 0fonx pa plz¥ °+%iY%lgsyh +aA-A Ap °
AA °x U% % ®CN »I3:,% - A % Az% "p' 1A»EYi-%EY
Ap ¢ AA+ pa,pr+ AA A A Vo BAANTY AR A e >
AegmAcY “%ut A v »13:% - °xAp A»=A¢A AxA-»»x%
2AuL " ®ApA £C A »1°+mA+1 Az% ©°[°»EY% ApArtAE-Auts?
Ac»AA»tAL-T¢%ApA cee A Y ALY Yy Y Az -AxAxopty,
ACiYa-Yo-Yo TA 3A Aem “tp Acm °xAp °cAAE % A-Yp
A+Aﬂ»»+3/411/2 °r Ap 1%iYip¥xr YpA T¢%ApA pEA A
AYsem ARA%E31Yaute+ YUlAlx %eYau¥% APA ¢ AE°u +A Ax/

+ H L E Sydtdxisnathematica YROS S ...
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(QJOLVK WUDQVODWLRQ

1RZ LQ RUGHU WR GHWHUPLQH WKH SDUDOOD]
ORQJLWXGH DQG ODWLWXGH DW WKH JEYHQ WL
WDQFH RI WKH PRRQ IURP WKH PHULGLDQ LQ H
WKH VDPH SDUW RI WKH 7DEOH RI $QJOHV >,, ¢
FRUUHVSRQGLQJ WR WKDW KRXU LQ WKH WKLUC
WKH PHULGLDQ RU LQ WKH IRXUWK FROXPQ LI L
H[DPLQH WKH UHVXOW DQG LI LW LV OHVV WKD
EXW LI LW LV JUHDWHU WKDQ q ZH ZULWH GR.
WKH VL]H LQ GHJUHHV RI WKH OHVVHU RI WKH W
WLF DQG DOWLWXGH FLUFOH@ LQ TXHVWLRQ :H
HQWHU ZLWK WKLV >GRXEOHG@ QXPEHU DQG DC
RI &KRUGV >, @ 7KH UDWLR RI WKH FKRUG RI W
WKH VXSSOHPHQW ZLOO JLYH WKH UDWLR RI WKF
SDUDOOD[ IRU FLUFXODU DUFV RI VXFK VPDOO
VWUDLJKW OLQHV 6R ZH PXOWLSO\ WKH DPRXQ
SDUDOOD[ GHWHUPLQHG ZLWK UHVSHFW WR WKH
HDFK VHSDUDWHO\ E\ 7KH UHVXOWV -RI WKH
QHQWV RI WKH SDUDOOD]

Old Ma® ,QLF WUDQVODWLRQ

44 EeoR TABe Y« 4aE ﬂaO?eaAEaeEﬁ¥le—rEh—|®aerCEaa§«- (@
“EEE?2Y« @?/h\ﬁ-ﬂ¥é<aaE@CEa68@ae.o>e—lEY<e UiAY< &N
cE abd¥&@ BEL1aY <« 1Y... Efice®Y< Uéc e 1Y P EEPEBIN
4.8 ~Eadv«x Ga®OVBVNAEEE2Y« "aEU a..00¥ EE&¥aN-A3
CEax+—UE ¢cEAEaY¥e aN-A2Y < Te EAE & EAaN EecaYe ~A2Y
40xea™é "% EAa AE Oa@GE-aaCBw-a—YJ a~.@@o&®5mm-aéﬁ
1OV« "EAD AE0bPs 40-bY< a0- U0 PY @DENRIPES. i
D™ (~®e A0E2e 'A% B0 Y "HANRI « 24 OaY U £ v2¥ae eé>f
"8 E4 -*68 «E*>6@06<& 820Y« U@«"N@&@m E a
€—008 EA4 PV @D reB—028 EeY 4IUON <~®e ac
Ta—-¥< 1Y .. »—@Nv/ﬁ&tea‘i& TU—¥< o282 U «~®e+, 404EA™E
UECY« c2é6 "@E Eeé«Eeés UEaE-ONaGide @Rt Ea |
~FEea [G-¥< 0N ¢cEeas- ¥R sERME 1& e Takdgessd20V.
CExa20 Bha@aEa~«& EafDaEBE@ %< Ya2aRcamdy -
»2EY<& UiAY<c N A axaY<« [U-¥c aU 'a20Y<« a4 >-!f

7R R PRdlemy’slmagest S
060DVKKDG +RO\ 6KULQH LLEUDU\ SS
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(QJOLVK WUDQVODWLRQ

.1 ZH ZDQW WR NORZLWKHZKSDRMD QOWDGEHYLDWHV W
PRRQ IURP WKH SRLQW RQ 3ZKQF®RIQN LMWXRE W&E F
DQG WR VSOLW DSDUW HDFK RI WKH WZR IURP Wk
HTXLQRFWLDO KRXUV ZKLFK DUH EHWZHHQ WKH P
WKHP WKH WDEOHV Rl DQJOHV DW WKH >VDPH@
WKHP LQ ZKDW ZDV DOUHDG\ PHQWLRQHG EHIRUH
ZKHQ@ WKH PRRQ LV LQ PLGKHDYHQ ZH WDNH LG
LV RSSRVLWH ,I WKH KRXUV DUH DIWHU >WKH W|
ZH WDNH LQ WKH IRXUWK FROXPQ >WKH YDOXH@
ILQG LQ HLWKHU RI WKH WZR FROXPQV DQG ZULV
GHJUHHV ,I LW LV QRW OHVV WKDQ QLQHW\ GHJ
ZKLFK LW LV OHVV WKDQ KXQGUHG HLJKW\ GHJUH
WDNHQ WKH VPDOOHU RI WKH WZR DQJOHV ZKLF}
DUF EHWZHHQ WKH JHQLWK DQG WKH SRVLWLRQ R
D ULJKW DQJOH KDV QLQHW\ GHJUHHV 1H[W ZH
ZULWWHQ GRZQ DQG ZH WDNH WKH FKRUG ZKLFF¥
DQG FKRUGVY DQG >ZH WDNH@ WKH FKRUG RI >W
KXQGUHG HLJKW\ GHJUHHV 7KXV ZH ZLOO KDYH W
ZKLFK ZHUH GRXEOHG WR WKH FKRUG RI WKH FRP
IURP KXQGUHG DQG HLJKW\ GHJUHHV >7KLV UDW
LQ ODWLWXGH WR WKH SDUDOOD[ LQ ORQJLWXGH
RI DQJOHV DQG WKH XVH RI WKHLU FKRUGV LQ Wi
YHU\ VPDOO :KHQ ZH WDNH HDFK RI WKHVH WZR
SDUDOOD[ RI WKH PRRQ ZKLFK ZH KDYH DOUHDCG
WKH JHQLWK DQG GLYLGH HDFK RI WKH WZR UH\
WKHQ ZH NQRZ IURP WKH UHVXOWV Rl WKH GLYL
ORQJLWXGH DQG LQ ODWLWXGH

7UDQVODWLRQ RI DO 8DMMAM

“EEECE2Y< Db a¥,z°i »'—|EY<~é 01 AR« -aﬁEIae”m??<'|'l9@;¥©ALAﬁ"l‘jﬂAE§c’
Oece 44 EniaYc @V0 8N Eeb¥ e NP«EBaEY O DAV
«EéeVY« D°4 U0 adNEEERT4 EUUEE O BPAGE ER
39« ~«®+B<« EAaa¥e «EéxY<« D°3 "E. &Ei4R 60k UER2 ¥

7H[W RI/HWBGHQ 8QLYHUVLWHLWVELEOYBWKMHMMNM UHDGLQJ
06/RQGRQ %ULWLVK /LEUDU)Y $4@QGWKH IRRRWQRWHYV

“EBEE2Y<« E%fie 2¥,N.

«EeéeY<« D°ad @bN Ba @@V E. 56 5—

Ued -a0Y<« EWiY
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A0E2-Y¢« 44 -3V REL-FOE84EG®2 2&4®U ATN Eecn
44 1-1°Y< '"AE®Y<« « GOREAMGE %P R Ea® A E Eltee
ay &N &0@2e "a% EOY< Wid«@&YO axi@- eBAIEN«E@¥%< 1P
EexOEe ~<®eB< Fbe U¥ '8 820V« B3GR Ble Frdmee@i «F-4
~(®+0¢ c2¢ DR TBBYI o8 (B FIRERA WE 'GERE REA4-.
8N -a0Y¢« ~Aaea T0-¥< 220 ‘=% Me P4 RAEATYAE
Eé«Eeée iU 0! xONBG< a%0 OUOA¥<«cBE @ 8lal—x Qv ..
~ExeaYc Tu-¥< 820 «E+é+ 8§ E 0N «E«80aNc26® P§-'R ¢
A2AEM TEf-VY< rax 'AOA TPE ¢ WA!'aYRaAYO Via-a #idA0
- FxeaY<« OYO Tu-¥< iéN ~«®+6<« a4 'a2z0Y<« a4 >-¥
7UDQVODWLRQ RI ,VeeAT 7TKAELW
dN >&-eY< @PN 1Y .31 HSPR-E w0 ERBEAaEaOU &
844 a0V« PE.80EQE+0 ¢ “EE E 2 V&t KD bre- BB 1d NE@ ¥ U8 /
44 SSEYU@YP @AY -Emeéd®Y<« Ué s 44 2 0Es a20Y <«
RYEOD|] ~«®el¢« 44 ACEU EAaAN «EfrrYX®Blai “HEEEDYY
BPV<« AYEO| ~<«®+06¢ 84 AEU EAaN fe & & BEEDI/ - %o
EA Eae-+™. 40E2-BFE xENB ABRENEBS @0« "aAEU
89 ~«®8E+ EAEO-Y< <2¢ 8N a0-bY« é.(‘)—ﬁé(@f( = |
MEZE ¢cER—*™e E4E eBRVEV ~-BDO AR ¢ BHED «
020N 2 %0« P We®8<« U e ON eb¥ 48 A0AEA™E %o
Y., 00N AR OY dB%avo ~«@Ln FrOasBaYAEU
Ued a4 UIAY<« 8N -AFxaVY<« TU-¥< 1Y... »=-EY<« 8N - £
DEEHIEO-N 'a00-2aY<« HIDWE U0 &2 @ adidhe COPNE <2
Az -9P3TAEEY« ‘= %NM< Y~ ADA A Yed il R ¥ E20.E-6%6 V<t ¢ 1LY <
A8 EY« @l afx6TEE "% E4 MWWE-FaTa+r @b EROBEY E-
Ri2OAY<« §8 EY« Z2j TPE ~AoaY d5HA ¥k e®aNM2OWE (6 pe
"QQFOEJY ** "SBCJD UFYUT USBOTMBUFE JO UIF |
,EQ DO DOR%%"V FULWLTXH
fe-EaY¢« "i10aPAs eE-U Y-Te EA4itid O0°<«EOY< =08
UeOY<« ~Eedc 1Y.. "O0-F«4iQ4E RORBLEANeSA22aY E -
Y-u E4 xExé 5-V<« Z0B¥<«iiBE SEECAFKYAWEOAY
'OAYET4 'Ex—a4a &aE &~ Uy H-85M (Eed ABR-CrIA V¢

40E2e A40E2¢ HA0ACEAZY<E "A6e @AW« - Ea U¥ a&E
@ 4iU-N +-%a&N
7H[W RVX0BLV 1DWLRQDO /LEUPDULDQWIRGIGLIMGINORI 0
SKLD 3HQQ /LEUDUWHYQ /WKH IRRQRWHYV
EaoUvVe G@ “ENG-¥< iU P3- 0Eo¢s ~c®-6¢
eYEOCs eYEOCs EA- A0Ee ES6EHEANH2 Read 'Ai«é Y <?
1 9.N 14 a0V« @UBaea U°; EAN
16 060DVKKDG +RO\ 6KULQH /LEUDU\ S
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$0 JAUAEI"V FRPPHQ@WPB U\ RQ Almagest

lcatdce »—|E,Y< B,N ~EeadYc I«atacx @ID%Y&QR—'@EQU< <
0@ Eae “EEE2Y<« 6« EemodE. YUoEANE “UHEE? BN O+
eoN “EEE2Y<« Dbe@aby$re®2UAY0 6N «EéaeY< DA

(QJOLVK WUDQVODWLRQ

1RZ LW UHPDLQV WR H[WUD F¥M IHE@K MEOWKNQRZQ
ODWLWXG L @ DB @BH@EDP DQG WKH ORQJIJLWXGLQ
HMIE@K M@BK K>7KH PHDQV IRU WKDW DUH WKDW
QRFWLDO KRXUV WKHPVHOYHV RU WKH >VHDVRQ!
in them. These are the distance of the moon from the circle of the meridian in

WKDW VDPH WDEOH LQ ZKLFK ZH KDG HQWHUHG W

$0 YAUAEI"V FRAMRESW DU\ RQ
c-/Exa [«~CaE-¢ 'BW2YatROEIIDE b ¢
(QJOLVK WUDQVODWLRQ

‘H FRQILUPHG WKH SRVLWLRQ RI WKH PRRQ LQ DC
LWV SDAE @D ENHGH® Q H G H

"DLOPXMFEHFNFOU

, WKDQN 6RQMD %UHQWMHV IRU KHU YDOXDEOH VXJJHV
UHDGLQJ D GLIILFXOW SDVVDJH LQ WKH ODVKKDG 06

#JCMJIPHSBQIZ

$PLQUD]DY The W& Wisdom The Life Poetryand Philosophpf Omar
Khayyam 2[IRUG 2QHZRUOG

DO %iU,Qi $E, 5D\&AQ 0XxeDP@®BG HEMNBTCX & D@ MDN G
Masudicus). An Encyclopaedia of Astronomical Sofdvéey +\GHUDEDG 2VF
QLD 2ULHQWDO 3XEOLFDWLRQV %XUHDX

&KDUHWWH )UD® RIPKPDQG 3i$WUBKZAUL]Pi DQG 3UDFWL
ILQWK &HQWXU\ %DJKGDG 7KH (DUOLHVW ([WDQW &
$VWURODEH DQG 2WKHBSCBRIVSWDEOH ,Q¥S UXPHQWV”™

'‘DeUSRITI@LLE&EKbDN K@K 3@ G WRCRG BER&® IESM>M %D\U,W
ODNWDEDW /XEQAQ 1AVKLU,Q

'RGJIJH % DébBilvit NE @K -@OMSG "D M Sdaf @uslid Cuiwed X
YROV 1HZ <RUN /RQGRQ &ROXPELD 8QLYHUVLW\ 31

7 060DVKKDG +RO\ 6KULQH /LEUDU\ S
06 7HKUDQ ODMOLV /LEUDU\ IRO
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*ROGVWHLQ %HUQDUG 5 E GeRdNichidEsHrabisehe®ehrfiX DW 6 H]J

tums Y R QAstronomie bis ca. 430Isis S.S
*UXSH 'LUN $7KH S7KAELWISdgéesMIL@ Q)6 RV GHAR OFH P\ V
Suhayl S.S

+DVNLQV &KDb&ERenaissdheetheTwelfthCentury &DPEULGJH O0ODVV
+DUYDUG 8QLYHUVLW\ 3UHVYV

+HLEHUJ -RK®yQaxign&héematica YROV [/HLS]LJ 7HXEQHU
Elaudii Ptolemaei opera quae exstant o0 , @

-DQRV 'DPLHQ $$0 )AUAEI R QEWIKIdieadanyMeRiGneRl $V W UR (

SS ..
-DQRV 'Bi&HoH &ructureand Developmeim @ K % QosmolBy /HLGHQ
%ULOO
.HQQHG\ (GzZDUG 6 t3DUDOODI[ISIKHRU\ LQ ,SODPLF $\
.HQ QH G\ Anm MidthricalAtlasoflslam /HLGHQ %ULOO ->VHFRQC

WLRQ RI WKH D& OBDVLEH :ROOL@P

. XQLW]V FBer Arbaye3t. DiSyntaxisnathematicaesClaudiusPtoleméaui
arabisch-lateinischéserlieferung :LHVEDGHQ +DUUDVVRZLW]

XQLW]VFEh @DXC@K | 9TQ *QHSHJ CDQ *NNQCHM@ SDM
des Almagest. Arabischer Text nebst deutscher Ubersetzungndmbingg
*WWLQJHQ 9DQGHQKRHFN 5XSUHFKW

XQLW]V FRaudus Xolemazer 2 S D Q M degABnagkKdil Die arabisch-mit
telalterlich@radition YROV :LHVEDGHQ +DUUDVVRZLW]

XQLW]JVFK 3DXO 1$ +LWKHUWR 8QNQRZQeiB¢hiftELF 0D Q
E GEschichtierarabisch-islamischwissenschaften S.S

/IDQH (GZDUG\nArébo-EmyRshexicon /RQGRQ :LOOLDPV DQG

/LSSHUWDbN-@®LXMEP @R I TI@HLS]LI 'LHWHULFK

/IRUFK B5LFKDUG f,EQ DO DOA&"V 7UHDWLVH RQ 3URM
JRONHUWY DQG 5LBKDUW &l aRd.FHudiehGzur Geschichte der
, @SGDL@SHJ TMC -@STQVHRRDMRBG@ESDM %DRSR
zum 70. Geburtstag LHVEDGHQ +DUUDVV.RZLW] SS

/IRUFK 5I3FRKBHE HAM 0TQQ@ .M SGD 2D B BUNIRQ M HAIQ D

DP ODLQ ,QVWLWXWH IRU WKH +LVWRWHGRI$SKUNVELF
EXUJ 5DXQHU @

MadQi aBDG “RHIHGQHRS@PH TEIN@ H L® QNRGIYOTCR H
1@V YRO DVKKDG AVWDQIL 4XGV L 5DODZ

MAQOSIC % RULV $ 5RVHQIHOG DQG (NPHOHGGL
LDQR @MC .SGDQ 2BGNK@QR NE (RK@LHB "HUHKH
, VWDQEXO 5HVHDUFK &HQWUH IRU ,VODPLF +LVWRI

ORUHORQ3G®HS HAM 0TQQ@ SBDQDR Ch\@ ReSI@NONHNL HDV
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0%200HU (XM XNWAORIX®*M @K DMp@KA @ipPHABROV &DLUR
DO O HDO :DKEL\\D

1DOOLQR &DUKOROOEGIMQVRRHUD KA@SDMHHRONW TRL @IRGE Q

+RHSOL >UHSULQWHG +LOGHVKHLP 20PV
1 H X JH E D X HAJ Hispovy V6IR Ancient Mathematical AstronomyYROV % HUOLQ
6SULQJHU

3HGHUYVHR Sudéeydf the Almagest 2GHQVH 2GHQVH 8QLYHUVLW\
>UHYLVHG HGLWLRQ ZLWK DQQRWDWLRQ DQG QHZ F
<RUN 6SULQJHU @

5LWWHU HHO@@iMVKXA@IK m @HEQEK 6 AH K V@EHDSH. J
%URFNKDXV >%LEOLRWKHFD ,VODPLFD @

6 DUWRQ IntrddRdlidrtd the Historyof Science  YROV %DOWLPRUH :LO
:LONLQV

6 H]JL Q Géstimdhsesarabische8chrifttums Y R QAstronomie bis ca. 430 H.
/I[HLGHQ %ULOO

6H]JLQ 8&DW HAM A ,@MniiM K@K LOAKS @ @M 3GD 5C
Astronomical Tables for the Caliph #-MM 1DOQNCTBDQ@BOQONL ,2
EscoriaLibrary J)UDQNIXUW DP ODLQ ,QVWLWXWH IRU WKH
6FLHQFH

6WHLQVFKQHLEBEHWY@ Q®VHW] KOG@Q@AHTR #DR @ Q@ AH
TMC 2BGQHESDM LHS ADRNMCDQDQ 1UBJRHBGS @T
senschaft unter den ArabethW 32WHUVEXUJ $FDG2PLH ,PSauULlI
>02PRLUHYVY GH O"$FDG2PLH ,PS3ULDOH GHV 6FLHQ

@

7KRPDQQ -RKDQQHV f(LQ DO AUAEiI ]XJHVFKULHEHQ
+V7IHKUDQ ODZDDWSRBGQHES EUQ &DRBGHBGSD CDQ
senschaften ...SS

7KRPDQQ -RKDQQHV $)URP /\ULFV E\ DO )D]JAUIi WR /|
$VWURQRP\ LQ %DJEKBAGLQ -HQV 6FKHLQHU DQG 'DI
HGEGD /K@B'DNSDINSR NE +D@QMHNMEE.HBUL@FEC C
WRQ 7KH 'DUZLQ 3UHVYV SsS

7KRPDQQ -RKDQQQHV £$0 )AUAEI"V .RPPHQWDU ]XP $(
IHUXQJ EHL ,EQ D DOAa AtlaschSRUEM¥XILIJHU %HULF
SS

7KRPDQQ -RKDQQHV $+7HUPLQRORJLFDO )LQJHUSULQW\
$SWWULEXWHG WR DO J)AUAEi” LQ ODXUXWabEHLQNRZVI

andlslamicStudiesn EuropeandBeyond /HXYHQ 3HHWHU.V SS
7RRPHU *HwBray@imagest / RQGRQ 'XFNZRUMGLWLRQ@ 3ULQFH
WRQ 3ULQFHWRQ 8QLYHUVLW\ 3UHVYV @

YDQ %ODGHO .HYLQ 1% DD @2Nhcydlopaedi@ of DsMhd Thezel HW H
JHLGHQ %ULOO, SS.. YRO
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YDQ %ODGHO .HYLQ $7KH %DFWULDQ %DFNJURXQG
&KDUOHV %XUQHWW D Q GIsl&mR @ndWibetRIp@dctidi@ RIGngP  H G
SGD ,TRJ JNUSKRP $VKJIDWH SsS

YDQ 9O0ORW HiQer Mafafio &-blim explicans vocabula technica scientiarum tam
arabum quam peregrinorum auctore AbG Abdallah Mohammad ibn Ahmed ibn
8ORNE @K JASHA/BLGHIN W@ H

'ULJKWsDPV®GD !INNJ NE (MRSQTBSHNM HM SGD $KDLDN
AbuK 1@XI M ,TI@LL@C HAM /RE@ER@ K/ X]QFM



7KAELW LEQ 4XUUD"V 9BHQW®LRQ RI
WV 5HFHSWLRQ LQ $UDELF $VWURQ

EDVHG RQ WKH SUHVHQWDWLRQ KHOG D
IRQGRERYHPEHU

'L UGruper

1. Introduction

BLQFH 3DXO .XQLW]VFK"V JURXQG EUHDNLQJ VWX
PLVVLRQ RI &O DSy@mdxmnat@maRad EFFMWWHU NQRZQ E\ L!
ELF Wihd§&HLW KDV EHHQ WKH FRPPRQ EHOLHI RI
HQFH WKDW D WRWDO RI IRXWnabdstd UW R VD BW D E DF
LQIOXHQFH ZHUH SURGXFHG GXULQJ WKH QLQWK
VLWLRQ Rl +HOOHQKMWLH\ ZVWQRERPARU WKLV DVV
D UHSRUW IURP WKH WZHOIWK FHQWXUE E\ WKH
'DPDVFXV $OWKRXJK RWKHU SDUWO\ GHYLDWLC
W KifhagestZHUH NQRZQ .XQLW]VFK JDYH WKH PRVW
2QH UHDVRQ ZDV ,EQ DO DOA@"V GLOLJHQW H[S}

7KH HVVHQWLDOV RI WKLV DUWLFOH ZHUH SUHVHQWHG |
VDPH WLW O Hcidhtlf trimtangis the MiddleAges 7KIBUEX QY WLUWRRWH
GRQ...1RYHPEHUDQG RQ YDULRXV.RFEDWKROQR/f WWEHHMD | PAHW K [
‘U0k -RV2 3DUUD +HU ZHOO RUJDQLVHG FROOHFWLRQ RI $U
DVVHPEOHG GXULQJ D SR \PWlenReusSAbusRGLaDNNsQASK K 1$ U R M HS-MVU
WLVH ZLWK $UDELF DQG 3HUVLDQ DVWURQRPLFDO ZRUNV ZF
SUHVHQWHG LQ WKDW SDSHU DQG BQ@QUVUKHKDUVHEHRY ©RMALK
H\HV RSHQ IRU D 7KAELWLDQ LQIOXHQFH LQ WKH PDQXVFU|
VHYHUDO RI WKH WH[WV LQFOXGHG KHUH ZRXOG EH PLVVLC
PDLF PDQXVFULSWY DQG WKHLU FODVVLILFDWLRQ ZKLFK LV
HVY DQG +XPDQLWLHV O0OXQLFK SURYLGHV D XVHIXO WRRO |
UHFHSWLRQ RI WH[WV UHODWHG WR 3WROHP\"V ZRUN

$ ILUVW YHUVLRQ RI WKLY DUWLFOH ZDV VXEPLWWHG LQ '
WKHU ZLW QH\L\EWXURDAVMKRIER Rthagest $ ODWH HGLWLQJ VWDJH
XPH 'HFHPEHU DOORZV PH WR EULHIO\ DGG WKDW VRPH
DGMXVWPHQWLSKQFHDKDUDMD ,6 DOOVH BB Q/ LAAUDIK\ GLVF>
XQGHU KDV EHFRPH DFFHVVLEOH WR PH , DP JUDWHIXO
-DLSXU PDQXVFULSSWUBD BQOERH QUR'"XQGHUWDNH D WKRURX
LWV WUDQVFULSWLRQ GXULQJ D VWD\ LQ ,QGLD EHWZHHQ 6
VRPH RI RXU REVHUYDWLRQV DERXW WKH -DLSXU PDQXVFUL
YROXPH

. X Q L W&t Alkhagest

Ptolemy’s Science of the Stars in the Middléi&gese\ 'DYLG -XVWH %HQQR YDQ 'DOHQ 'DJ
&KDUOHV %XUQHWW 3%$/6 TXUQKRXW SS

j BREPOLS # PUBLISHERS 0 3/6 (%
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KLV OLIHWLPH WR WKH HYHQWY LQ TXHVWLRQ
XVFULSWYV UAh@@eWIHG WIRH VSKIIHDELF ODQJXDJH VHH
,EQ DO DOA&"V DFFRXQW

$FFRUGLQJ WR ,EQ DO DOA&e WMnhgedt UYWR W UD
$UDELF ZDV PDGH IRBJQVKO WHKELBRUIDAO QDRQWK F
IRU IUDJPHQWY DSSDUHQWO\ IURP WKLV YHUVLI
LV ORWWZDV IROORZHG E\ D VHFRQG WUDQVODW
LEQ <,VXI LEQ OD DU $0 4DMMAM"V YHUVLRQ LV
06/HLGHQ 8% FRG RU DQG LUQQmsR@UBH U
DGG $ WKLUG $UDELF AvhddeQADOD WURQXFIH® KB QC
SOHWHG EHWZHHQ DBGVaeAE\LED, &MQD\Q &R
WR WKDW WKLUG WUDQVODWLRQ ZHDKRPW &HUHF\E}
SURGXFHG WKH IRXUWK DQG ODWHVW RI WKH $I
UHSRUW 1R VXUYLYLQJ FRS\ Rl ,VeMriage€Q axXQl
ZLWKRXW 7KAELW LEQ 4XUUD"V FRUUHFWLRQV Kl
XVFULSWV RI ,VeAT"V WH[W DIWHU FRUUHFWLRQ
SOHWH RQHXEHIMQJID®WLRQDO /LEUDUKH ULHARWRA"
GHQFH RI WKH ,VaAT AKAgestWRYKBIWVISRR@ RY WRHD
HVWLPDWH DFFRUGLQJ WR ZKLFK WKLV YHUVLRC
SWROHP\"V ZRUN LQ ODUJH SDUWW RIDWKH $R DIE
D FRPELQHG XVH RI WKH WZR VXUYLYLQJ $UDELF
WKDW WKH PRVW LQIOXHQW LAnMagestOL\Q SVRBXVE B
E\ *HUDUG Rl &UHPRQD LQ 7ROHGR 6SDLQ VRPH
WLQXHGLFR®LRQV SRVVLEO\ XQWLO *HUDUG"V Gl

. X QLWD¥rFAMmagest FK , $ .SS VHH HV.S SISQFOXGLQJ D WUL
HUDWLRQ DQG D *HUPDQ WUDQVODWLRQ RI..WKHBLWXVDPRJIH
DQDO\VLV Rl SUHVHUYHG ZLWQHVVHV $Q (QJOLVK WUDQVC
WKH DUWLFOH E\ -RKDQQHV 7KRPDQQ LQ WKLV YROXPH

. X Q L WDaf Aknagest S S ... JRU IXUWKHU F& QLW LVRQNQR/IOW Wi R
W KlrhagesttQ WKH ZRUN Rl ,EQ DO DOA& VHH WKH DUWLFOH

2Q SUHVHUYHG PD@IXAGEW LS WHU RE L W K\HDer Aauest/ 1V F K
SS . VXFFHVVLYHO\ XSGDWHG D Q6r Ssebnkiatlog YRDY LVHG L
SS Il DQG .XQLW]VFK 1$ +LWKHUMWR 8QNRWRZIWLEBS® RQ PR\
PDQXVFULSWV ZDV FRQWDLQHG LQ WKH DUWLFOH E\ 'U 0k
3WROHPDLF ODQXVFULSWV" ZKLFK ZDV SUHSDUHG IRU SXE
DV DQ HVVHQWLDO FRPSOHPHQW $OWKRXJK 'U 3DUUD"V Z|
KHUHLQ RQ YDULRXV RFFDVLRQV DV 3DUUD $0DNLQJ D &
WDQFH WR WKH SUHVHQW SDSHU

6HH .XQD&VANIEdEst SS ... ZKHUH WKH GLVFRYHU\ RI WKH 7
DWWULEXWHG WaH)IEEW %,H]BLR. FI

6HH H J .P& AWMMESISS DQG

. X Q L WDat RKnagest S S ... $Q LQWURGXFWRU\ VXUYH\ RI WKF
WUDQVPLVVLRQ RI PDWKHPDWLFDO ZRUNV DQG WKHLU WUL
JLYHQ LQ /RUFK $*UHHN $UDELF /DWLQ"
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'LITHUHQW IURP WKH DERYEDRRPPRBQWRMN DE GEH @
WKH H[LVWHQFH RI DQRWKHU SUHYLRXVO\ XQNC
AlmagestDQG LWV WUDQVODWUR®PH@WR Z/MW LRX QG H (
RQ WKUHH VRXUFHV D D /DWLQ WUDQVODWLRQ
06'UHVGHQ 6/8% \E.. UIROWKH ILUVW IRXU ERRN
YHUVLRQ E WKH DSSHDUDQFH RI GLVWLQFWLYH
WKH IRUP RI TXRWIDaydsR QY DWREDWREY the
SectoFigure HOHYHQWK F  DQG F GHWDLOHG UHPD
AlmagestLQ 1D iU DO 'iQ D3@ | QM ThevAlhBge® XWK LUW HH QW |
F $0 ,Vi UHIHUV WR WKH S8llH RV ABriddes? R KEY W\ Y H
LQ DJUHHPHQW ZLWK UHPDUNV E\ RWKHU KLVWRL
ILIWHHQWK FHQWXULHV ZKR DFFUHGLW WKH QLQ
FLDQ 7KAELW LEQ 4XUUD ZLWK WKH SIhB&GXFWLRQ
est DVLGH IURP KLV FRUUHFWLRQV WO WKRATKLEQ
WKH UHIHUHQFHV UHY HBI@agbstD AB R $ W L\RH)Y HRU D7aX AP
WKH ZRUN VHHPV WR KDYH UHPDLQHG OHVV NQR
3WROHP\"V ZRUN RU QRW WR KDYH UHDF®BE® WKH
WLFXODU HYLGHQFH RI D FLUFXODWLRQ RI 7KAEL
SDUWV Rl WKH ,VODPLF ZRUOG

6LQFH P\ ILUVW SXEOLFDWLRQV RQ WKH VXEMHF
WH[WV UH O DMNhbGesWRK A K VEHIWHIYO D JUHDWHU SRSX

*UXSH $7KH 7KAELW 9HUVLRQ~ 7AlhagesH PO G HR EQ G KMHEW WL R
LEQ 4XUUD LV DOVR T&Udtin/ReEedtid- WS 81 *UXQ@HE $IBHQGL]|
&RQFHUQLQJ WKH SUHYLRXV VFHSW LAfmhagest D\E RK WE DWQ $EQ E L
4XUUD DORQH VHH WK DPeDAMM2@ESVIY..LQ BHH/W]|ZB&BRG\
nomicaWorks S ORUHXR A urra DQG DV D UHFHQWSHfDPSOH 3F
vey SS .. ZKR GRHV QRW FRQVLGHU D WH[W RI WKLV NLQG

&RUUHVSRQGHQFHV EHW Elmahest WEE  DIDWHARVhBLEER NG H Q
theSectoFigure ZHUH NQRZQ EHIRUAHWRE® SRUEK 7UDQVFULSWLRQ
RI DO ,Vi"V UHPDUNV DUH JLYHQ LQ *UXSH $7KH 7KAELW 9H

JRU D FROOHFWLRQ RI WKMVAMaGER® DNV VWDHS SXOGIPW QW K G

LQ .XQLW]@MKm@sS ... SDVVLP 5HIHUHQFHAMM®RIED YHUVLRCQ
7KAELW LEQ 4XUUD ZHUH NQRZQ HVS$BOFLD® 0X &IDRPL @ KHD ZA
WHQWK F ,EROKDOO1DWHRQWK F  UHODWLQJ D YHUVLRQ E

ODWLRQ DQG 4A0®i]AGH DO 5,Pi ODWH IRXUWHHQWK WR HD
7KAELW"V WH[W VHHPV WR KDYH EHHQ XQNQRZQ WR ,EQ
EH D tWUDQVODWLR@PRIUDMRIOKO\'WRZBDXO ,.XQLW]VFK IRU
DERXW WKLV DVSHFW 6LPLODUO\ DQ H[SOB@DMW®GL QRWH L
FDWHV WKDW ODW® ) IBHG WS LM R W VQRIIHWEKMW R H[SODLQ DO
D $7KAELW"V XHabjvst QW BRD QMAULSWLRQ RI WKDer@RWH LV JL®
magest S 7KH WUDGLWAR&eRD IXRERSSMDUYV OHVV KRPRJHQHF
DV VRPH RI 7KAELW"V LQVHUW LR QMagastE MAOH HR WIQIW B Q O LIRRX
UHPRYHG DJDLQ LQ VRPH WWYOSH PL VKM RIK ABIDD BKHUVLREQ™ S
FI*UXSH $7KH 7KAELW 9HUVLRQ" S
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WH[W WKDQXVRDG® ISRXY W $W WKH VDPH WLPH
PRVWO\ LQ WKH 3HUVLDQ DUHD ,Q WKH SUHVHQ
DQG WKHLU VALV QH\FDH\F R ID ¥KlAnEgesy L IVE Q LAKH Q D "\

2. 'VSUIFS UFYUT BOE NBOVTDSJQUT SFMBUFE UP !
Almagest

06 IRUPHUO\ 7HKUDQ SULYDWH RR&gestt FWLRQ

7KLV PDQXVFULSW FRQWDLQV RQ IROLRV D W
DXWRJUDSK E\ WKH WKLUWHHQWK DQG HDUO\ IR
4X E DO 'iQ 0DOPRGGDE 6KiUA]I JRU. VRPH WLPH \

WH[W ZDV ZURQJO\ EHOLHYHG WR EH D FRS\ RI
Almagest 3aDXO .XQLW]VFK ODWHU REVHUYHG WKDW
ZKROH SURYLGH WKH Atriayest KRHIGN LF DWE [WRRH VRK |
WKH FKDSWHU WLWOHV DSSHDU LQ WKH ZRUGLQ
LQJ WH[W . XQLW]VFK EHOLHYHQ®IMAGestY KWRK EH |
DO 6KiUA]i KDG SURGXFHG EDVHG.R@LW®RARK DA
QRWLFAG WKKDN EHHQ WXUQHG LQWR D SUHIDFH
WDEOH Rl FRQWHQWY DQG ZKLFK KDV EHHQ HI[F
UHDUUDQJHPHQW FDXVHG WKH QXPEHULQJ RI 3V
UHGXFHG E\ RQH 3DUWV RI WKH SULYDWH FROO
KDYH EHHQ VROG LQ WKH PHDQWLPH OHDYLQJ \
XQNQRZ®ZHYHU IURP H[LVWLQJ SDSHU FRSLHV |
GHQW WKDW DO 6KiUA]Ji GLG QRW FRPSRVH WKH
EHOLH&RIGUHVSRQGHQFHYV ZLWK WKHAmMagast Q WUTL

LQ O8BHVGHQ 6/8% 'E VKRZ WKDW IRU WKH |
WLVH DO 6KiUA]i WRRN VXEMWaDeSWSMD GO FSMUWV M Ul
Am , RQZDUGV KRZHYHU DO 6KiUA]i VHHPV WR

PDLQO\ EDVHG RQ ,VaeAT 7KAEAIMAY¢stDOWHUQDWL Y

5SHFHQWO\ D UHIHUHQFH E\ WKH 3HUVLDQ \BpHeR®ODU DO +
KDV DOVR EHHQ SODX\AnmgestEB\H6DORHIE. WR G KXEXEDYV $$0 +
VLRQ" S7UDFHV RI 7KAELW"V WUDQVODWLRQ LQ AKH ,VODF
QLV 1DWLRQDO /LEUDU\ FRQWD L Qun@adesWiKBIY H/ & AH @ K A
IRXQG E\ 0k -RVa2 3DUUD $0DNLQJ D &DWDORJXH~ VHH DER

6H]JGAS 9, S )RU D EULHI DFFRXQW RQ DO 6KIiUA]I"V C
t6KIUA]I"

FIBH]JGAS 9, S

. X QLWDstBtérnkatalog YRQ S UHIHUULQJ,EDSN WHRIDWARRO
. XQLW]VFK t$ +LWKHUWR 8QNQRZQ"~ S

, RZH WKLV LQIRUPDWLRQ WR ORKDPPDG %DJKHUL

, DP JUDWHIXO WR 3DXO .XQLW]VFK IRU SURYLGLQJ PH
HQDEOHG PH WR S UARNgESWRNDAVP W KIHU RIPLSXUWA ELW "V WUDQV

,Q WKH WDON RQ ZKLFKDWEKXMNGDWWDROB O $KEDNXHGID,YH
AlmagestEHIRMH, DQG IRU WKH UHPDLQGHU RI KLV WH[W XVH
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7KH IROORZLQJ WUDQVFULSWLRQV RI WKH FKDS
RAMm , DQG DFFRUGLQJ WR 06 IRUPHUO\ 7HKUD
0O6'UHVGHQ ©6/8% 'E VKRZ WKH GHSHQGHQF\ R
$UDELF WUDGLWLRQ 7KH FRUUHVSRQGHQFHV EH
FRPSDULVRQ ZLWK WKH GLIITHUHQW ZRIh&LQJ LQ )\
est WUDQVFULENQLMRPDWALRQDO /LEUDU\

Alm

06 IRUPHUO\ 7HKUDQY 1D iUl IRO
«&"Y¢ 'A-U Eé-U-jé UUfYc 'i-U ~Ea
§E'«lcé “E+EOOY« a4 aéyY -éA €& 1é¢ aofi-U Eé-U-jé ~
Eeéécc 0-Y«
(QJOLVK WUDQVODWLRQ

&KDSWHU 2Q WKDW WKH KHDYHQ LV VSKHULFDO L
LQ URWDWLRQ

7KH ILUVW >WKLQJ@ WKDW FDOOHG WKH DQFLHQWYV
VSKHULFDO LV ZKDW ZDV SHUFHSWLEOH IRU WKHP IL
WKDW WKH\ VDZ

0O6'UHVGHQ ©6/8% 'H& DQRIOVWUO RAMaKAELW"V
gest

Quiacelunestsperalet suusnotussperalisnotus

Primumigitur qui vocaviaintiquosit dicerenguiamotusceliestsperalissthocquid
fuit ipsumvisumabillis in consideraciosga

VLRQ 7KLV HVWLPDWH QHHGV WR EH UHYLVHG VLQFH D P
LQ OXQLFK LQ 2FWREHU LQ OHQVR RONHUWBP FROOHFW
WKDQNIXO WR OHQVR )RONHUWYVY ZKR LQ RITHUHG PH WK
LQ WRRN LW XSRQ KLPVHOI WR EULEULKL\VL @VLEHRWLARRY R
PLFURILOP RI WKH 1D iUi PDQXVFULSWAIK&gestD BYRDLOH G D/QH U
SDVVDJHV RI DO 6KiUA]i"V HSLWRPH HVSHFLDOO\ LQ WKH ¢
FUHDWLYH WUHDWPHQW RI WKH VHFWRU ILIJXUH LQ KLV HS!
GUDDPV IRU WZHOYH PRGHY DQG WKHLU UHVSHFWLYH fTUHY|
LFDO YHUVLRQV RI WKH WKHRUHP KDV LQ WKH PHDQWLPH
SHDVRQLQJ LQ $UDELF :RUNV R @rowRseudp-B&idDudiele SUHVHQ)\
SandeArtsandSciencés EastandWest (%2 U]JEXUJ 1RYHPEHU

7TUDQVOLWHUDWLRQV RAMWKH RBEGCMVRVHBRMRUTBAHHM RVR W
OLHU $UDELF AmhhgediER @ @ IAWVMMAM DV ZHOO DV *HUDUG RI &
WLRQ DUH JLY B€& Alnagext GBWIV FK

,Q WKH 'AlnhbygeStHI) FRSs. IURPWKH XVH RI /DWLQ SURQRXQV |
UHFW DQG WHQVH DJUHHPHQW LV ODFNLQJ 7KLV PD\ UHYHLEL
WKH SUHVXPDEO\ RULHQWEG D\VOJDDQWIGD W.RDW R QDNERQW BNWH] WG
IURP HPHQGLQJ WKHVH FKDUDFWHULVWLFV RI WKH WH[W
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067XQLV 1/ Y ILRO ,VaeAT 7TKAELW"V WUDQVO
iU E%Ac Eé-U=jé "A-U -~

44 <"e¢ “CBU-¢-4 RizaeVY<« =% E+é -a0Y<é °afVYc <8¢« aés
e« ETAaY<« 1Y« O«ETA

7U0O 2Q WKDW WKH KHDYHQ LV VSKHULFDO DQG L
7KH ILUVW LPDJLQDWLRQ RI WKH DQFLHQWV RI ZK

WKH\ VDZ WKH VXQ DQG WKH PRRQ DQG WKH SDVV]|
WKH HDVW WR WKH ZHVW

Alm |

06 IRUPHUO\ 7HKUDQY 1DViUi IRO
~Ea2Y<« Axé 8N »«luc¢ d< 0N E
~E&a2Y« -4« 44 Eé«~4e EE EéENA 6-Y« ~EOUU« »=E+ &c &
®U-4aY<« 'Y®axaes ~Ea2Y<« Axé ON »«
(QJOLVK WUDQVODWLRQ
&KDSWHU 2Q WKDW WKH HDUWK LV LQ WKH PLGG
6LQFH ZH KDYH GHPRQVWUDWHG ZKDW ZH VDLG Z

RFFXU WKH WKLQJV WKDW ZH ZLWQHVYV DQG VHH F
WKH HDUWK LV QRW LQ WKH PLGGOH RI WKH KHDYt

0O6'UHVGHQ 6/8% ¥ DQIROY .. Wih® RI 7K/
gest
Quiaterraestin medicceli

Ostensigitur quemprediximusciendunguia non possunessaccidentalitategias
videmusdn celcetin terrasinonsitterrain medicceliquasicentrum

067XQLV 1/ Y IRQU Ve AT 7TKAELW"V WUDQ
~EAa2Y<« A+é 8N »«l« &«

<O« -4 EaU EeéeoN EaY -é6A €4 aiUn Ead<« e8¢« EA *8& >
AON ‘=UY« 8N ®U-aYEU ~Eaz2v«¢ A

7U0 2Q WKDW WKH HDUWK LV LQ WKH PLGGOH RI
$IWHU ZH KDYH EHFRPH DZDUH RI WKLV LI ZH VHHI

ZH ILQG WKDW ZKDW LV SHUFHLYDEOH IRU XV DERX
DVVHUW LWV SRVLWLRQ WR EH WKH PLGGOH RI WK

7KH "UHVGHQ WUDQVODWLRQ KDV QRW SUHVHUY]I
QRW DOORZ IRU D FRPSDULVRQ LQ WKLV UHJDU
WDA®RYV, IROV .. U LQ D IRUP GLIIHUHQW IURP
, Ve AT 7TKAELW DQG DO &DMMAM ZKLFK VXJJHVW\
GXFWLRQ ZDV DQ RU LAIhay&sn$ SIDHIAR RN ATREA R L WV K H
gest GLVFXVVHG EHORZ XQGHU FRQILUPV WKH \
LQ 7KAELW"V WUDGLWLRQ ZKL®@k 3WRQOHPIDLQQ



7+A%,7 ,%1 4855%$°6 9(56,2ALNAGEST

PLVVLQJ $Q H[SODQDWLRQ FRXOG EH WKDW 7KAE
SUHNIMQW DV DQ XQFRXQWHG SUHIDFH WKDW ZDV
RI FROQWHQWYVY $Q LQVSLUDWLRGgeRUWW KDV RIX® LB
3WROHP\"V SKLORVRSKLFDO LQWURGXFWLRQ GRH\
FRQWHQW RI WKH ZRUN ZKAUWHDVDWKHDBO GRRIYQ!
D FDWDORJXH RI WKH MSrhddésUHQW WXESNDKBDWAH & |1 W\
UHVW WKH LQWURGXFWLRQ ZDV PXFK PRUH DW L
PD\ WKXV KDYH VXUYLYHG RQO\ LQ WKH 'UHVGH
FRPSHQVDWHG IRU LWV ORVYV, BUBRWWEAT TIQA EWY
DOWHUQDWLYH YHUVLRQ

,EQ 6IQ@®K*RS KAE

6LPLODULWLHY EHWZHHQ ,EQ 6iQA"V GDWLDQLWLHRE
RI WKH VHFWRUAMJXUHD QBOWRALWUHDWPHQW RI
RUHP LQ DO 1DVDZi"V CohtnenkityG the SelatayRiyQrav KO \F
ZHOO DV LQAW&ESt'ZHVGEBHQOR X QG EVKHL SRYDWDGE H/ F
LQ DO 10ofiméntay KDV PHDQZKLOH EHHQ LGHQWLILLI
IURP 7KAMAgastV7KH FRUUHVSRQGHQFHY EHWZHHQ
vDzZi FDQ WKHUHIRUH EH H[SODLQHG LI RQH DFFH
KLV LQIRUPDWLRQ IURP 7KAEAIWagefQ 4XUUD"V YHU

$IJUHHPHQW EHWZHHQ DO 1D \Abnagéest DIXRWBW LR Q
6IQAWS @K REBPI@ DOVR EH IRXQG LQ RWKHU SDVVI
HVW LV DQ HWHQVLRQ WR AnQRWKHEK LW K HEFRRIWHP
DXWKRUV SUHVHQW LQ D VLPLODU zZzD\ DV IROOR:
ODUJHO\ IROORZ WKH &DHOHMHGECQWYLRQKRW, PQ H i@
DO 1bvDZi EDVHG RQ D FROODWLRQ RI WKH 066 ,
IRO Y .. LG +D]LQH IROV Y .. U DQ
IRO Y .. DUH LQGLFDWHG E\ DQJOH EUDFNHW
LQ DO 1DVDZi KDYH EHHQ LQVHUWHG LQ VTXDUH
IHUHQFHVY LQ WKH PDQXVFULSWV RI DO 1DVDZi V
ULJKW RQH RI WKH IROORZLQJ WZR GLDJUDPV DU
VHFRQG DUF LQ WKHARLAVW QYWKPE IR W HYIDGMN. D Q'
QRW FRQVLGHUHG

Precedely a discussiaof Ptolemy’Brst casecorresponding an intersectioaf the
extendediameteand the secanbn the sideof the points <and Awheret is shown

that if thearc A « adtherelationsin( A «/sin( A « akeknown the arc A «canbe
determined@

/IRURKG AddQurra SS |

*UXSH $7KH 7KAELW 9HUVLRQ" S

7KH WKHRUHP LV D ULGHU WR ZKDW 7RRPHU FRXQWYV DV
5LOA 0D GZOMW2HW
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Uéuc UUTY« 6ND3BeedpB. &W!A. 6+10 abPE& EAEN i-¥uc
‘=%<§ D°&d Eoae aUY 'aipEa A. AT 1O EdE0a~PYN K XEZ
EaibPE4 < A. 10+i 'aibPEA4

>A«@-AO TPE 8I14aE 'YE¢Zor eAAaUoPNO@-bA 0 ER-.
40 AR E-fé<«- (0>« ADEBDBIEE E %U< 1€dAs A>"1O®@
Ealu@ieE2-4ac- Ake 3UON Cu%uc i-<i-4a ¢ Ae Ax diUnE
¢ AeYeAe >>-¥@ANZVDAEBFKO@ A aUY > 44 <« 'YEOA4 ¢
>SEA48«« A TEOENAPEA ‘=% <« Y« D°4d REA- 1Y« 1O E

7KLY SDUWO\ FRUUXSWHG SDVVDJH PD\ EH LQWH

| WKH LQWHUVHFWLRQ RFFXUV RQ WKH RWKHU VLGt
WKH WHXRADWUAFV>IURP ZKDW LV JLAHQ XVQQY ReKHH
DQG DQDORJRXVO\ WR ZKDW ZH IRXQG LQ WKH ILUV
DSSOLFDWLRQ RI WKH fILUYW™ EMHFR®@ H V¥ KNH@RWVE H DZ/K
A« LV NQRZQ >IURP ZKDW LV JLYHEQ@Y BWXW QRKZH) ZKR
WKHUH UHWRDNQRZQ

$QG LI WKH\ DUH SDUDOGQGHA: DLYGWEKR R QN LEROVIA/UKAE
WKDW RI FRXUVH LV D ¥ROXP@EG RQ/ WWKHH G/LLEDAHH W H
A ¢« DQG LW LV DOVR D WRODPIE Rix@N KND®IOD PV RIHU
WZR SDUDOOHOV SHUSH®Q@LkFX\WO DU G\D UDMEAMWKR UDUWPH
- DUH HTXDO DV LV VKRZQ LQ 3URSHRWEMSLRRW > @ F
- A LV DOVR WKH AL KHH RF HW W KD ASFAA X IDWWH LT WIKDO WD
A« LV NQRZQ >IURP ZKDW LV JLYHQ@ KHQFH KDOI R
WKH VHPLFLUFOH LW NQRAQWRQ® LW ZKDW ZH ZDQW!

7KH SDVVDJH VXSSOHPHQWYV RQH RI 3WROHP\"V
WR 7KAELW"V LQVHUWHG FRPPHQWAIMRQ WKH VHF
$QDORJRXV WR 7KAELW'V WUHDWPHQW RI WKH
YDOLGLW\ RI BWROHP\"V WKHRUHP DUH JLYHQ
KDG LIJIQRUHG ORUHRYHU WKH FRQVWHOODWLR
DQG D SDUDOOHO FDVH UHODWLYH WR WKH ILU
LQJ WKHVH FDVHV LQYROYHV DJDLQ D FRPSOHW

7KAELW"V LQVHUWLRQ DFFRUGLQJ WR WKHTXREDWLRC(
ibnQurra SS ..
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VIaQ VL@ 7K RFFXUUHQFH RI WKH VLQH LQ Wl
BWROHP\"V JHQHUDO XVH RI WKH FKRUG RI WKH
ZLWK RWKHU $UDELFAMay¢ 2KV LRIGT KB BIHV WK H S
WKDW 7KAELW V\VWHPDWLFDOO\ UHSODFHG 3WRO
VLQHKRXJK QRW SUHVHUYHG E\ ,ERemen3AROBRUHIH L
DSSHDUV LQ DO 1DVDZi"V TXRWDWLRQ RI WKH SD
EH DQRWKHU FKDUDBIRMAgesSU LVWLF RI 7KAELW"V

7KH SUHVHQW WKHRUHP LV RI LQWHUHVW ZLW
7KAELW"V WH[W 7KH N QRAMag&stGLQ HMV VYV RIH P B AVE
LQ KRZ PXFK RI WKH DERYH H[WHQVLRQ WKH\ LQF
SUHKHQVLYH DFFRXQW LV WKH RQH FLWHG DERYH
%\ FRQWUDVW DO ,Vi VSHDNV LQ WKH VDPH FRQ!
LQ 7KAImag¥stWL] WKH RQH UHODWHG WR WKH RSSH
4AO0I]AGH DO 5,Pi ZKRAWD)VDFKBWGL@ WWW DTG AE L\
FRQWDLQHG IRXU QRW ILYH GLDJUDPV PRUH WK
W\SLFDOO\ WKUHH Rl WKH DGGLWLRQDO GLDJUDP

$Q RPLVVLRQ RI WKH GLDJUDP IRU WKH SDUDOC
LQ VRPH SDUWV RI WKH WUDGLWLRQ EHFDXVH W
WKLV FDVH DQG FDQ EH HDVLO\ GHPRQVWUDWHG
HYHU DOVR WKH GLDJUDP IRU WKH RSSRVLWH F
HVSHFLDOO\ LI DO 1DVDZi"V ODEHOV DUH XVHG 7
WKDQ D PLUURU LPDJH RI 3WROHP\"V RZQ GLDJUD
OHG WR D WKLUG JURXS RI WH[WAmMagest® Qv B QW H ¢
UHZRUNL@hagetst WKBW L QKZHAK @D@O EH GLVFXVVH(
FRQWDLQ QHLWKHU RI WKH WZR DGGLWLRQDO GLI
FRUUHVSRQGLQJ FDVHV KDV EHHQ LEHHIRVNLFDOO\

W LV WKH WZR ROGHVW ZLWQHVVHV ,EQ 6iQA
KDOI Rl WKH HOHYHQWK FHQWXU\ WKDW JLYH W
VXSSOHPHQW ,W LV WKHUHIRUH SODXVLEOH WKD
LQVHUWLRQ PRVW FORVHO\ ZKHUHDV ODWHU UH
VKRUWHQHG WKH DUJXPHQW 6XFK DEEUHYLDWLR
IDFW WKDW WKLV WKHRUH¥mMdge¥stQRW XVHG ODWHU

JRU WKH FRUUHVSRQGHQFHV LQ 7KAEWWH VPHIXWIVHRQ @
/IRURKG AdiQurra SS | DQGJ

7KH XVH Rl WKH VLQH LQ DO 1DVDZi"V TXRWDWLRQV LQ F
GHQ WUDQVODWLRQ Z® VidigRisaL SHG EQWROFBRZ WKH '"UHVGHC
ODWLRQ KDV UHPDLQHG WAKitagdsOWWX\DIM. V@@ HV VQRW7 KAE HWW\KH
WKH FKRUG Rl WKH GRXEOHG DUF 3WROHP\"V FKRUGV WKHU
RI WKH WUDG LMhhage3t RI 7KAELW"V

6HH *UXSH $7KH 7KAEILW 9HUVLRQ" SS

7UDQVOLWHUDWLRQV RI DO ,Vi'V DQG 4A0i]AGH DO 5,Pi-
DerAlmagest SS | 4A011AGH DO 5,Pi DQG *UXSH 1D®H,VKAELW 9
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06 THKUDQ ODMOLY 6HQDWH DEULGJHG U
7TKH PDQXVFUL®RW WIKRH 3DUOLDPHQW ODMOLYV 6H(
UbQ SUHVHUYHV RQ IROLRV WKH PRVW H[WHC

WH[WKH WH[W LV D VIVWHPDWLFDOO\ UHVKDSHG
Almagest $00 WDEOHV LQFOXGLQJ DOO FKDSWHUYV
OHP\"V VWD WAIRDWDORIEHO LQ DV ZHOO DV DQ\ U]
LQ 7KAELW"V WH[W DV WKH\ DUH NQRZQ IURP V
UHPRYHG )XUWKHUPR WHnagesk ) \BR YERRRY R2KWHKHK
GRFXPHQWHG IRU 7KAELW"V YHUVLRQ KDV EHHQ
VHTXHQFH RI QLQHW\ WZR QXPEHUHG FKDSWHUV
EHHQ DGDSWHG WR WKH RPLVVLRQ RI WKH WDEC
VKLIWLQJ RI WKH FKDSWHU QXPEHUV GXH WR 7K
GXFWLRQ DV ZHOO DV IXUWKHU $\K DLQQ HV KLIHQ WH-
FXVVHG EHIRUH XQGHU DQG 3WROHP\"V L(
LQ WKH ODMOLV PDQXVFULSW ZKLFK LQVWHDG
YDULBIQW, R

)XUWKHU VKRUWHQLQJV LQ WKH ODMOLV WHI[W
(XFOEBMentsDQG RI FURVV UHIHUHQFHV WR QXPEHL
W KlFhagest ZKLFK 7KAELW KDG RKH UHDNOWOX FIKQ K BRI
HQFHV ZRXOG LQ DQ\ FDVH KDYH UHTXLUHG DQ [
LQWR ERRNV 7KAELW'V UHODWLYH RU OHVV GLV
FHGLQJ WKHRUHP" HWF S DIBDOWVDURPL YWHKGE W K H
UHPRYDO RI VSHFLILF HOHPHQWV DOVR 7KAELW
RU GHVFULSWAIY&jeS KDW VRRFIWKHR QDO O\ EHHQ EU
FRQFLVH IRUP

DP JUDWHIXO WR 0k -RV2 3DUUD ZKR ORFDWHG WKLYV
WHQWLRQ WR LW DV D SRVVLEOH UHSUHVHQWDWLYH RI Wk
VHH DERYH QRWH

7KAELW KLPVHOI KDG DOUHDG\ DSSOLHG D*GXISHUHQW |
t7KH 7KAELW 9HUVLRQ"™ S

FI*UXSH t7KH 7KAELW 9HUVLRQ" S

&l H J 06 7THKUDQ ODMOLV 6H@DWMH EapWD&A- “O&lIRRR

06 'UHVGHQ 6/8% 'E IRO U FGHPRQVWUDFLRQH ILJ
ODMOLV 6HQDWH /LEUD@U<« 'a " Ol®RYQx &4aU&ao++ ¢e4aEN FRUUHVS
'E IRO U | ftPDQLIHVWXP HVW H[ SULPD SURSRVLFL

2Q IRO U Rl 06 7THKUDQ ODMOLV 6M®DWH WKEH D U\
*UHHN QDPHV $tOHWRQ DQG (XF®AH 8&RAN « B UIHA VAIEINQ VEGSIDWRAW DU
FRUUXSWLRQ IRL WRGEMRHWW HWK H EHJLQQLQJ RI WKH W
DWLRQV GLIIHU IURP ZKDW LV IRXQG LQ WKHINRaDeXVFULSW
E\ WKH DGGHIGY WHQGP EQDUHQGHULQJ WKW VUHHE O/HW WIHQD 6
alif LV D FRPPRQ HQGLQJ RI QRXQV LQ 6\ULDF 'U ORKDPPD
YDWH FRQYHUVDWLRQ WKDW WKH WUDQVOLWHUDWLRQV SF
RI UHOHYDQFH WR WKH SURM¥SWHR @ LROR FFHID RG L7GA BMRAD'Y
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([FHSW IRU WKH DIRUHPHQWLRQHG PRGLILFDWL
FRPSDULVRQ ZLWK %RRNV , WR ,9 RI WKH 'UHVG]|
UHVSRQGHQFH LQ WKH ZRUGLQJ 7KLV PDNHV WK
LQIRUPDWLRQ HVSHFLDOO\ R QIMagsN\K L9FKWIRUH, , ,
QRW SUHVHUYHG LQ DQ\ RWKHU NQRZQ PDQXVFUL

7KH IROORZLQJ H[DPSOHV IURP W HKkagBtMOLV U
GHPRQVWUDWH LWV UHODWLRQ WR WKH SUHYLRX
RPH LQ WKH IRUPHU 1D iUi PDQXVFULSW QR |
WLRQ WKH VDPH FKDSWHUV LQ WEKRYBDMOLV WHIJ

Alm

06 7T HKUDQ ODMOLV 6BHQDWH WKH IFR@WLR QXPEHUV
GHWHUPLQHG EDVHG RQ WKH RUGHU RI WKH S
VKHG RQOLQH E\ WKH 3DUOLDPHQW /LEUDU\ LC

'U-¢Y<«& UUTY<« '"A-U ~Ea2Y«¢ ac
§E'«lce& “E+EO0OY>c 44 B@AEY -éA €4 ié 'A-U ~EAa2V«
Eée«« 0-Y«
Alm

06 7THKUDQ ODMOLVY 6BHQDWH IRO
~Ea2Y<« A+é 8N »«ul< 8¢ 8N E e«
A+té 8N »«U<é U<« »«l<@& ~EAaz2Y« =4« éé‘CEéf—'éé, Eé éETA
®U-aY« 'Y®axa ~ES:
6LPLODUO\N D SDVNI’@BL@J@S'[\I\AKR)F\N?,KRBIY\NA‘GLVFXVVHG
WKH EDVLV RI WKH 'KJIHVG:]—IQLWHEWVIOFDU/\[U—R\@RQGH
UHZRUNLQJ ([FHSW IRU 7KAELW"V VHFRQG FURVYV

LQ WKH 0ODMOLV WH[W DV SDUW RI WKH UHYLVLRC
WLRQV E\ 7TKAELW XQGHUOLQHG LQ WKH /DWLQ

Alm
06 7THKUDQ ODMOLYV 6BHQDWH IRO
EA4iPE4 EeaeY aiURf 40xi0OY<« 40 (B4 U%LN =—<é &
A0ATPEA Aec Aec <-e8 aU0YE §c -~AOYc aU0Y
Aze A¥ U°caN

3URI .XQLW]VFK QRWHG WKDW LW ZDV UDWK Halif XIW\SLFD O
FDPH DGGHG WR D *UHHN SHUVRQDO QDPH

$SSDUHQWO\ RQO\ VHYHUDO FRRUGLQDWHVY IURP WKH V\
7KAELW"V YHUVLRQ DUH SUHVHUYHG .X@ WK K FMEKRUNmMRA K4 A O]
SS .. SDVVLP

FI*UXSH $7KH 7KAELW 9HISBIHRQG L[S S
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habundantiguodestinteripsosluosarcuserit scita

Et hocest<quod demonstramluimus
)JXUWKHUPRUH DV PHQWLRQHG DERSHAKQRGEREQH
7KAELW"V VXSSOHPHQW WR 3WROHP\"V 7KHRUHF
VKRUWHU DQG ZLWKRXW GLDJUDPV LQ WKH ODM
WKH "UHVGHQ WMKIHQOVRBRUWWRQHGI tSURRIV™ RI 7K A
XQGHUOLQHG LQ WKH /DWLQ
Alm HIWHQVLRQ WR WKHRUHP
06 7THKUDQ ODMOLYV 6HQD.WHY IRO
"AEO-+¢« TPE Eaé--ABeUBacABE MOA>AUX Y« ®U-4a UE
Eo0O-pPhA a< Ea<é aof-<i—4
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>SFRQWLQXHY ZLWK D GLVFXVVLRQ RI WKH fILUV
i-¥0c¢ '82Y¢ 8N <§ AZe EAY¥ 80-Y< <©c Aec

404 a4« Eag«« a4 O

0O6'UHVGHQ 6/8% 'K ... IOV WUOA|ITBgeS7tKAELWAV

RacioSit centruntirculip etcopulemus pa etfaciamugxirerectasitrasque
Aut enimeruntparalellicausquantonvenientast eruntsibiobviantes

Siverosuntparalellicerit arcusae medietadiminucionigrcussc prescitde medi

etatecirculi ideoguestscitus

Sedsinonsuntduelineepa sc paralellicesint sibiobviantesupepuncturne
>SFROQWLQXHYV ZLWK D GLVFXVVLRQ RI WKH fILUV

Eademqueia sciemuarcumas cumfuerintiuncteduelineesc Ap aliain parte
Et hocestquoddemonstramoluimus

06 -DLSXU ODKDUDMD 6DZDL 0DQ 6LQJK ,, OXV
FRS\ RI 7TKAELW ™V Almagest?

7KH -DAlSagéstZDV PDGH NQRZQ WR D ZLGHU SXEOL
.LQJ LQ KLV t+DQGOLVW" RI DVWURQRPLFDO PD¢
RFFDVLRQ RI D YLVLW WR WKH ODKDUDMD 6DZDL
-DLSXU LQ&RSLHG DURXQG WKH PDQXVFULSW
FRQWDLQVIRQLRV %RRNV , WLOO WKH EHJLQQLQJ
GHVFULEHG DV $WKH $UDELF YHUVLARQgEt 7KAELW
LQJ LOQGLFDWHG WKDW WKH WH[W ZDV D FRS\ RI
VLRQ RIimagestZ KLFK 7KAELW LEQ 4XUUD FUHDWHG |
WR ,VeAT LEQ 4XQD\Q"V $UDELF WUDQVODWLRQ
UHSRUW WKDW WKH DVWURQRPLFDO ZRUNV LQ -D
RWKHU FROOHFWLRQV DQG DGGHG OLWWOH WR \
IXUWKHU VWXG\ RI WKH KLVWRU\ RI ,VODPLF DVW
$ GLIIHUHQW YLHZ ZDV WDNHQ DIWHU ZKHC
JRUFK KDG WKH RSSRUWXQLW\ WR H[DPLQH WKH
DQG DOVR WR WUDQVFULEH VRPH RI LWV FKDSW
. XQLW]VFK 7KH WUDQVFULSWLRQV FRUUHVSRQGH
ZDV IRXQG LQ WKHIMHE@&WRPMKRI IRKPHU 1D iUi P

LQJ 1$ +DQGOLVW"

LQJ 1$ +DQGOLVAMHVFBLEHY DOO WKH WH[WV LQ WKH Ol
DOVR SUHVHUYHG LQ RWKHU OLEUDULR® STKW IRIOFRAHNG RE)
D UHIHUHQFH WR RWKHU PDQXVFULSMWagest TKKN VGHAQIWZLK A E
FDWLRQ RI PDQXVFULSW -DLSXU EHFDPH DFFHSWHG +RZt
DORQH LQ .LQJV UHSRUW OHIW RBGéstRQF WKW DI MWV RE R0\
XQLW]VFK VH)¢rSK@KatMdy FROS ZKHUH .LQJV HVWLPDWH L\
WKRXJK ZLWK VRPH UHVHUYDWLRQ
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QR DEIRYH ,W WKXV EHFDPH FOHDU WKDW W]
DERXW WKH -DLSXU WH[W KDG EHHQ LQFRUUHFV
/DWLQ 'WhagesHRQG DOVR WKH UHZRUNLQJ LQ 06
FDERYH ERWK KDYLQJ VLPLODU FKDSWHLU
ZHUH VWLOO XQNQRDQW|WFWKMKWYPH)IHUUHG W}
ZDV QRIMAgBS(DW DOO EXW D FRS\ RI WKH VDPH HS
1D iUi PDQXVFULSW
7KLV VHFRQG DVVXPSWLRQ FRQWUDGLFWHG WK
WKH GLUHFW LPSUHVVLRQ RI 'DYLG .LQJ ZKR K
FKDQJHV UHODW LAfhg#¥tZ KMROHKHQRQPBBOFWHG WKH
LQ -DLSXU $OVR WKH QXPEHU RI IROLRV RFFX!
SXU PDQXVFULSW VSHDNV DJDLQVW VXEVWDQWL
WHQFLHV WKH FRQFOXVLRQ WKDW WKH -DLSXU
UHPDLQHG XQTXHVWLRQHG GXULQJ WKH IROORZI
ZDV QR ORQJHU FRQVLGHUHG DPRAagasKk H H[WD Q
,Q P\ GRFWRUD S GCRYRWH G DWQRRD K\SRWKHVLV Z
WKH GHWDLOV LQ .LQJV UHSRUW DQG ZKLFK DC
6LQFH , KDYH VKRZQ DERYH WKDW DO 6KiUA]i W
RSHQLQJ SDUW RI KLV AhByestRP KHI FRP FIOOAELLR\G W\
-DLSXU WH[W LV D FRS\ RI DO 6KiUA]i LV QR OR
UHFHQW FHUWLWXGH DERXW AkhEgeéstH | L ¥KAAHEQ MH LREIQ
4XUUD DORQH JLYHV QHZ LPSRUWDQFH DOVR WR
-DLSXU LQ FRPELQDWLRQ ZLWK WKHA®&y&EStHYLGH
GHULYHV IURP ZKDW KDV PHDQZKLOH EHHQ LGH
W Khagest 7KH\ IXUWKHU LQGLFDWH WKDW WKH -D
XQVKRUWHQHG FRS\ RI WKH ILUWWF OLHDHU IE B RINWV
PHQW LQFOXGLQJ D SODFHPHQW RI WKH -DLSXLU
RI 7 KAMIMAgESY ZLOO KRSHIXOO\ EH SRVVLEOH LQ W

6HH . XQLW]VFK 1$ +LW KHURWMRDSMWRRENHDL QS . X QLW ]V FK
DerSternkatalog YR,Q S ODVW SDUDJUDSK

$Q $UDELF UDWKHU WKDQ *UAhhNesRZWDIN IMX IRV WK B LUH V
E\ /RWBRK AQurra SS | 7KH 7HKUDQ PDQXVFULSW ODMOLV 6F
GXFHG LQ DW WKH 3WROHP\ FRQIHUHQFH LQ /RQGRQ L

6HH .XQLW]VFK $$ +LWKHUWR 8QNQRZQ" S

6HH IRU H[DPSOH .XQLW]VFK #$ +LWKHUWR 8QNQRZQ"

, SURSRVHG WKLV THhgLatin RetetionU XSS HQ R W H DW WKDW
EDVHG RQO\ RQ WKH DYDLODEOH SXEOLFDWLRQ¥-DQG P\ U
magest OHDQZKLOH P\ FRPSDULVRQ Rl WKH HSLWRPH GLVFXV'
WUDQVODWLRQ SURNAgastLW KIDOG WHKG DDUBSUHVHQWDWLYH RI
JURP D FRS\ RI WKH WUDQVFULSWLRQV LQ 3DXO .XQLW]VFK
ZRUGLQJ RIAW#gEStFIRILSMXHN SRQGY WR WKH /DWLQ HYHQ ZKHU

DQG GLIIHU LQ VRPH GHWDLOV 7KLV FRQILUPV WKDYV
FRS\ Rl 7MAeBdstWWKDQ WKH RWKHU NQRZQ ZLWQHVVHV
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VWDQWLDO SRUWLRQV RI WKH -DLSXU WH[W DUH |
ZLWQHVVHV 7KH PDQXVFULSW ZDV DFTXLUHG IRU
-DL 6LQJK LQ WKH HDUO\ HLJKWHHQWK FHQWXU\
GHQFH RI DQ DFWLYH UHFHSWLRQ RI 7KAELW"V W

4X E DO 'iQ 0D@SP P BKJID XK@ K 3@KH 8 pn

JURP DO 6KiUA]i WKH DVVXPHG DXWKRU RI WKH F
DOVR W SunvhaRphheAldagest LQ 3HUVLDQ ZKLFK KDV EF
LQ DW OHDVW WZRVRADQEXOULEWOH\P®QL\H /DOD
DQG 7 KUDQ ODMOLV LQ ZKDW IROORZV U
WKH 7HKUD®V FIRE\WKH HSLWRPH3@QIBRNL@ | MRH S
DO 6KiUA]i VXEVWDQWLDOO\ VKRUWHQHG 3WROHF
DJDLQ GLVWLQFWLYH HOHPHQWYV IURP 7KAELW"V
7K@ KJBKN, @ VHKREZYV 7KAELW'V LQVHUWLRQ RI 7K
SURRI Rl WKH ILUVW IRUP RI OHQHODXV" 7KHRUHI
7KAELW"V XVH RI 7KHRQ"V SURRI RI WKH DGGLWL
3WROHPANROYFEI U$0 6KiUA]i IXUWKHU GHWHUPLQHYV
GHJUHH XVLQJ D GLDJUDP ZLWK WHKR®H 7LKQMWWHD C
GHYLDWLRQ IURP 3WROHP\ FDQ DJDLQ EH IRXQG L
VLRQ IRU H[DPSOH LQ WKH /DWLUH VGH\DG HQ8 W UD
'E IRO LQ D TXRW BWdgBsQ) QUR® NDKidenidry
FI06 ,VWDQEXO 7RSNDS0 $ROHWLQ ,E®HBIQA"V
@K RGEE3DULY %Q) DU DQGIR® WKH 7HKUDQ UF
7KAEAWAYest FO6 7THKUDQ ODMOLV 6BHQDWH IRO
W LV FOHDU IURP WKH HSLWRPH GLVFXVVHG XQ
NQRZOHGJH DAEMRagyet 7 KBEEK KN, @IKRWKHU SURYHYV
DO 6KiUA]i ZDV DFTXDLQWHG DOVR ZLWK VRPH RI
WKDW GR QRW DSSHDU LQ WKH HSLWRPH 6LQFH
DV RQH RI WKH NH\ Zlnvig@s LWHV VRQRWAEXWSWLVL
UHODWHG LQGLFDWLRQV DOVR LQ WKH ZRUNV RI
FR ZRUNHU RI DO ,Vi LQ ODUAJKD DO 6KiUA]i FDC
DFFHVV WR WKH VDPH VRXUFHV

$WKiU DO 'iQ DEn BB B U, i@ FHSpA

$0 $EKDUHI"V GBmmentargnthe AlmagestLV SUHVHUYHG LQ C
WKUHH PDQXMHFKULBYVODEMOMNDQEXI® 6%OH\PDQL!
VRILD ELVHIRWIQO6DWLRQDO /LEUDU\ LQ

Ok -Rva 3DUUD +0ODNLQJ D &DWDORJXH" VHH DERYH QR\Y\
%RWK HOHPHQWY ZHUH GHVFULE A®agstFOU X8HD Y 7IKIHD W X U
7KAELW 9HUVLRQ" S
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HQFH ZLOO EHHKIU®H) WRDWE RQD O$ MLEBHD UWRP XVL
7KAELW"V GLDJUDP ZLWK WKUHH FKRUGV LQVWH
Rl RQH GHJVYHBIE RR'® DO $EKDUiIi DOVR SUHVI
FXVVLRQ RI WKH VHEFEWRU WIKIDW H. VIRGIVY\ VLPLOD
LQ 7KABEBYESYY, Q WKLV FRQWH[W DO $EKDUiI IXUW
WLYH SURRI RI WKH OHQWQDXV" ZKKHFRKUBRHVRQR\
LQ 7KARMAWSIEXW ZKLFK 7KAELW SUHVHQWHG HOV
DGGLWLRQDO D WmagdstQMpV KILMVR F REeSwinddadg V L Y H
theSectoFigure

$0 $EKDUiI VHHPV DF T XDrhrewanyGthg3entdEigtii€ AELW "V
DV KH H[SUHVVO\ DWWULEXWHVY WKH DOWHUQDW
CEAOY<« UUTYc aEé-+ 8N ¢-0O & "eESY -¥c OA-A
XWHV WR 3WROHP\ WKH H[WHQVLRQV WR WKH VF
LQ KLV YHUAnage3t RH K KRIO U FRQFOXGLQJ WK
VLRQ RI 7TKAELWW®WADYJXPHIIW VN "i0abPAe -UO EA4
DO $EKDUI ZRXOG KDYH IRXQG WK GomrbehtdryD UJ X P
ontheSectoFigure ZKHUHDV QRQH RI WKHVH DUJXPHQW
WUDGLWAIR&eR| WKH

$Q H[SODQDWLRQ FRXOG EH AmM&gesnvE D\OHEE KROU i
7KAELW"V YHUVLRQ 8QDZDUH RI 7KAELW"V LQVH!
WLI\ WKHLU RULJLQ DO $EKDUiIi DFFUHGLWHG 3W
S D U WAIRag&sD U

JXUWKHU ,QIOXHQFHYV

%RUURZLQJV I|ARBesIKAG LBMHVIRXQG DW YDULRXV R
$UDELF DVWURQRPLFDO OLWHUDWXUH ,Q PDQ\
7KAELW"V WH[W LV GLIILFXOW WR GHWHUPLQH 7
LQIOXHQFH RI DVWURQRPHUV ZKR KDG EHHQ XV
DGDSWDWLRQV IURP 7KAELW LQ D SDUWLFXODU
IURP 7 KAmdgeéfR’U DOWHUQDWLYHO\ IURP DQ LQW
RI 7TKAELW"V FRQFHSWV PD\ DOVR KDYH EHFRPH
$Q HDUO\ H[DPSOH LV WKH ZRUN RI WKH 3HUVI
EAQc.lO ce ,Q %RRN ) IR KLYK\AU LEQ /DEEAQ

0Ok -RVa 3DUUD $0DNLQJ D &DWDBRUNHD FFHREK QE RRIHZ KC
NQRZQ DERXW WKH OLIH DQG ZRUN RI DO $EKDUi LV JLYHQ

$Q HGLWLR QCdnindnkaAyEthaBéatoFigure KDV EHHQ PBGHAHES/RUFK
ibnQurra SS Il 7KAELW"V DOWHUQDWLYH BURRURAK VRX®IGNRR G

7KLV KDV D SDUDOOHO LQ WKH ZRUN RI DO 1DVDZi ZKF
HG GLVFXVVLRQ RI WK HAWges RAR UIERKX Uil Qupra7 ISAELW "V

JRU D EULHI DFFRXQW RI ZKDW LV NQRZQ DERXW WKH O
%DJKHUL $,EQ /DEEAQ .,VK\AU"
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HQWV D VXPPDU\ RI WKH WK RR UNHKI§est UBR/P. GHK D S W |
IURP SUHVHQWLQJ WKH WKHRUHPV LQ D (XFOLGL
Almagest .,VK\AU LEQ /DEEAQ DOVR XVHV D YHU\ VL
DQG KH PDNHV WKH VDPH UHSODFHPHQW RI 3WRO
RI FKRUGV ZLWKERKHRENQ FAHWHUPLQLQJ WKH FK
GHJUHH KRZHYHU .,VK\AU IROORZV 3WROHP\ LQ\
GLDJUDP ZLWK WHKBERWHFKRWEHY DBOI LQIOXHQFH RI
AlmagestLV WKXV FOHDUO\ UHFRJQLVDEOH .,VK\AU
7KAELW DV KLV VRXUFH QRU GRHV KH IROORZ 7KA

"LITHUHQW LV WKH VLWXDWLRQ FRQFHUQLQJ DC
IURMM , ZKLFK LV H[W.DQW RRB&®BRIY ODMOLYV
WH[W LQFOXGHY DQ H[SOLFLW UWIHUH®RHBHWRUL 7K
LQ WKLV UHJDUG WKH DXWKRU VHHPV WR GHSH(
DO ,\G@&Q Q

'LUHFW NQRZOHSGh&yeRLV PREIHWWSWREDEOH DJDLQ
RI WKH 3HUVLDQ DVWURQRPHU 1L8AP DQQIiQ &DVI
WKH HDUO\ IRXUWHHQWK FHQWXU\ DO 1iVAE,Ui F
3@ | Qf e Almagest HQ WVBI@QNEREE@X ,@ |HRIpPFK KDV VXUYL
LQ VHYHUDO FRSLHV LQ ZKDW IRORGBRQWHIHUHQ
$GG 'KHQ ZULWI@ERDEXHIiVAE,Ui QHFHVVDULO\
DO ,Vi"V UHSHDWHG Alnthpest HRFHYHW R D7aX A /L W™ \G L \
RI GHYLDQW FRQWHQWYVY LQ 7KAELW"V YHUVLRQ C
RI DO 1iVAE,Ui"V DWWHQWLRQ DV D FRPPHQWDWF
LQFOXGHB®ERXWKWKHU HOHPHAMAYest DIRIPF R KIAEHWQY R W
IRXQG LQ3®MOQ WXPK DV WKH GLDJUDP ZLWK WKUH'!
ZKHQ GHWHUPLQLQJ WKH AKRDG@ R IWKQUFDERKFRXWH W
DO 1iVAE,Ui DSSOLHV D V\VWHP VLPLODU WR WKD
SURSRVLWLRQW Al DBRG UROMU UHEKNMEO®FHY WR
DQG IRAO IRU WZR FURVV UHIHUH@lmaéhgstWRO SURSR
WKLV VXJIJHVWV D QDW XU DAMdAYESTR@ LAV DIYRAHE , B LW
SDUW +RZHYHU LW PXVW EH H[SHFWHG WKDW PL
E\ DO 1iVAE,Ui ZHUH DOVR NQRZQ E\ WKH WLPH L
FRQWH[W

7KH ERRN KDV EHHQ N ®L@M @® LENV BBLUKMWXPPDU\ RI 3WRC
WKHRUHPV LV IRXQRI F\XISSSUDELF SDUW Rl %DJKHUL"V HGLV

7KLV KDV EHHQ LGHQWLILHG DAMmayestKQ UDPVBHIU LYVIKIHFE F
7KAELW 9HUVLRQ™ S

FI%DJKINUL@K LS RI WKH $UDELF SDUW

FI%DJKINUL@K )OL$S | RI WKH $UDELF SDUW

FI*UXSH $7KH 7KAELW 9HUVLRQ~ S

$ EULHI DFFRXQW RI 1iVAE,Ui"V OLIH DQG ZRUN LV JLYHC

Ok -RV2 3DUUD ODNLQJ D &DWDORJXH VHH DERYH QRW
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6LPLODU REVHUYDWLRQV FDQ EH PDGH LQ D O
WDLQ .RQi4RQ DQ DVWURQRPLFDA IVIMQH U WRWVH E)\
PHQWDU\ LV SUHVHUYHG LQ D PDQXVFULSW LQ 0
LV GDWHG WR WKH HDUQ\ PRQGHAWHHR@W KL WHKQ WY B
WLRQ RI WKH FKRUG RIQRXWHKWHJIWAHLWAVI GADJUI
WR 3WROHP\"VKHRDOVR LQFOXGHYV VHYHUDO RI 7
VHFWRU ILIXUHY IROLMQFH WKHVH HOHPHQWYVY DUH
WUHDWLVH H[WDQMKDHGJ +RM B&KULQHQI PXVWAII
KDYH XVHG IXUWKHU VRXUFHV +RZHYHU DOVR |
WH[W WKH UHZRUNHG DSSHDUDQE®RIRI FREPEHQN "\
WDU\ OHDYHV RQH LQ GRXEW DV WR ZKHWKHU W
AlmagestLQ KLV KDQGV

3. Conclusions

7KH LGHQWLILHG VRXUFHV UHYHDO Wriapast 7KAEL
ZDV XVHG E\ VHYHUDO RI WKH PRVW SURPLQHQ
DOVR FRQWLQXHG WR LQIOXHQFH DVWURQRPLFD
XQWLO WKH HLIJKWHHQWK FHQWXU\ 1RW DOO W
XVH Rl 7KAELW"V WH[W 1HYHUWKHOHVV LQ PRV
LV KLJKO\ SUREDEOH &RQYHUVHO\ LVRODWHG L
EDVHG RQ VHFRQG KDQG LQIRUPDWLRQ VXJJHVW
KDG EHFRPH SDUW RI D FRPPRQ UHVHUYRLU IURI
DEOH WR GUDZ ZKHQ FRPSRVLQJ WKHLU RZQ WUHI
LV OLNHO\ WKDW ZH VKDOO EH DEOH WR OLQN |
Almagest ,Q DGGLWLRQ PDQ\ RI 7KAELW"V LQWHUYH
W KlhhagestF RQVLVW LQ FRPPHQWLQJ LQVHUWLRQV
RI WRGD\"V VSHFXODWLRQV DERXW XQNQRZQ FRF
ILQG WKHLU DQVZHU LQ WKH H[BMMGESDFH RI 1 7KA2

#JCMJIPHSBQIZ

%DJKHUL ORKDPPDG %,EQ /DEEAQ .D\OK\AHEBLQ 7KRPL
graphicaEncyclopeda Astronomers 1HZ <RUN 6SULQJHU SS

%DJKHUL ORKDR®PO GhyH>RGHMAM +@AA M INNABR ( @MC (
bicAstronomicdlandbook )UDQNIXUW DP ODLQ ,QVWLWXWH IF
ELF ,VODPLF 6FLHQFH

&DUPRG\ ) Ulz@dtronomicalVorksof Thabitb Qurra % HUNHOH\ 8QLYH L
RI &§DOLIRUQLD 3UHVYV

.KAJLPi"V ZRUN LV EULHIGAS®LVFSVVHG E\ 6H]JLQ
Ok -Rva 3DUUD 0DNLQJ D &DWDORJXH"™ VHH DERYH C
VFULSWV LQ ODVKKDG ZH PtdleD&elAdbuset Gatillls WKH SURMHFW
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*UXSH 'LUN $7KH S7KAELWISdgesML@R QX8 IRV GHMDR OFH P\™V
Suhayl S.S

*UXSH Theldlin Reception of Arabic Astronomy and Cosmology in Mid-Twelfth-
Century Antioch. The Liber Mamanidthe DresdeAlmagest 3K GLVVHUWD
WLRQ 8QLYHUVLW\ RI /RQGRQ

.LQJ 'DYLG t$ +DQGOLVW RI $UDELF DQG 3HUVLDQ $
ODKDUDMD 0DQVLQJK JourraBtitizHistokydf AriblcScebice
SS...

- XQLW]V FBer /Arbayest. Die Syntaxis mathematica des Claudius Ptolemaus in
arabisch-lateinischer UberlieferuigHVEDGHQ +DUUDVVRZLW]
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Revamping Ptolemy’s Proof for the Sphericity of the
Heavens: Three Arabic Commentaries on Alinagest

Y. TzVILANGERMANN

1. Introduction

In this project | finally return to one of my first projects in the history of
science, one that | now know to have been constructed on false premises. The
project was to search commentaries on the Almag#st 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 | should
have known better; | 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. | 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 | retain the
insights | gained from Kuhn, and in the course of decades of research | 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 civilizatiolt. 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 calldtejdtion”, “retort”], rather than
R G @oghimentaryf.Hence, a commentary would not be the place to present
a rejection of Ptolemy’s cosmological principles.

1 Wisnovsky, ‘The Nature and Scopel4®-91. Jamil Ragep made excellent use of sev
HUDO FRPPHQW ODatihkitdin WR - ©@ @@ @ VA Kl o MEmaiR
2 | translate from the Judaeo-Arabic text in Kafih, ,Igge3.

/ISNKDLXwR 2BHDMBD NE S é&dDby Ba@dJRsté] Ber®i&\2n, @G &y NikBlds Hasse and
Charles Burnett, PALS 1 (Turnhout, 2020), pp. 159-180
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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
DO 'iQ DO 5A]i VKDUSO\ FULWLFL]HG@ K QRGIQAS L
and @ K 0 M®@&NK ¢HmM Ais commentary on the Almagdbst al-Hay
tham says clearly that he will be both a commebhtatar@) & & H Qriter
of a précis(T K @ J.Gld @el hists of his writings that same work is called
3@GCE K , @TheRmprovement of the Almagest, and K@ @IIHRp
V@ S@KIBmménady and Summary of the Alnfabes@l-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
WKLV ZLWK DO 1D\Ui]i

More importantly, as a member of the so-called ‘academy’ | need not be
beholden to the medieval Arabic literary conception of the commentary.
Instead, | 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 Almagesbr parts of it, restating Ptolemy’s remarks, reorganizing them, and
also criticizing them.

In this paper | will confine myself to just one of the cosmologieal princi
ples, the sphericity of the heavens, which Ptolemy presents in.2larabest
offers arguments on its behalf. The chapter Ahrtagesbears 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 & Elen so, the chapter title in Arabic does not
UHIOHFW WKH *UHHN LQWHUSRODWLRQ ,Q WKH
Ptolemy announces here two topics (I consulted MS Paris, BnF, arabe 2482):

(MMa@K R@MNQ HXK@ $@ Q @@ @ SAN® H XTh@ e heavens

are spherical and that their motion is also sph@icdhie other hand, the

3 Langermann, ‘Criticism of Authority’.

4 The passage will be cited in full below. Concerning this commentary see S#zgin, & 2
p. 91, no. 19, and the extensive description in Sabra, ‘One lbn al-Haytham’, pp. 33-39.

5 Sabra, ‘One lbn al-Haytham’, p. 33. For some reason, Sabra translaass'cBr@®@ GC G A
mentary’.

6 Toomer, /S N K AlmeageRp. 5. Kunitzsch, D&tmagestpp. 130-35, discusses the
naming of the sections of the book in Arab@ P, da\@ M @ rd exhibits the incipits
of some sections of Book I; however, he does not address the chapter titles that are found in
Arabic. | 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.

" The Arabic text has not been edited; the Paris text that | utilized is Kunitzsch’s manu
scriptg D ODJKUHEL FRS\ Rl WKH ,Va&AT 7KAELW YHUVLRQ GD
pp. 42-43.
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WLWOH LQ WKH &DMMAM YHUVE®QEEWDAWHN @ SUF
@ Q @@®®& SH@TQHXXHovs 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
RI WKH WHUP WKDW RI ,EQ DO +D\WKDP DOUHD
LEQ $I0D&e ZKLFK VKRXOG SUREDEO\ EH FRQVLG
D FULWLTXH RMn)KEiRIUhéHsEAfibh @ Ptolemy’s ‘cosmological
SULQFLSOHV"™ DW WKH EHJLQQ@RJ RNMEE C 5D\ AQ
Inspection of additional commentaries, and especially the untouched Hebrew
commentarial tradition, must be left for another occasion.

2. lbn Al-Haytham (965-1040)

,EQ DO +D\WKDP"V FRPPHQWDU\ VWBQHBEXBUYRGNX®
Library, Ahmet Il 3329; the codex contains other commentaries as well. lbn
al-Haytham introduces his commentary with a relatively long essay in which he
has some interesting things to say about the Aliimaggsire 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
WDU\ DW SUHVHQW FR QYLsGritWegBe®R YovmertaryD O 1D
was meant to be a better alternative to that of his predecessor. | present here a
liberal citation from his pref&ce:

[38v] | 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
OLIJKW RQ WKRVH FRQFHSWV WKDW DUH REVFXUH WR
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, | 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
(maoM that are subtle. | add to it some commentary that appertains to the compu
tation of the astronomical tabl&g @ Y)Xthings that were neglected by Ptolemy.

In omitting to mention them he was being concise, relying upon commendable minds
to derive H R S Hth&Q The principles which Ptolemy did record in his book are

8 06/RQGRQ %/ $G@® RQURQH DW KWWS ZZZ TGO TD HQ C
100023514339.0x000011>, visited 25 May 2016.

®2Q WKH FRPPHQWDU\ RI ®QVLLP\192]hovHH 6H]JLQ

10 After having prepared my own translation of this passage, | 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 | 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 enoughitérally: ‘sufficient and enough’] for someone who possesses the
barest talent to be able to derive them. In doing so | shall be explidat@gR(R H Q
and giving a précis &f TK @ J &é Gdrdaept about which | intend to speak, bas

ing [myself] on his words, that is, that which he recorded in the book [called] the
Almagestin this way, should the person seeking to know the Alinagestthe

word for that concept, he may refer for commeRaBY@irt@ la précis to what |

have recorded in this book of mine. Combining the two bodkshbesand

my commentary/précis], he will understand it; both the words and the concepts will
become clear. Indeed, had | 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 #hFbr then | would have been transcribing a book

which is famous and available. | will endeavor to be brief, confidently abandoning
SUROL[LW\ DQG OHQA®WKLE@HENYt cdrBift TXax@dssing a few
FRQFHSWVY ZLWK PDQ\ ZRUGY ,QVWHDG HORTXHQFH
with measuredX @ Ror@s, 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 & BG\gl (

IRU WKDW ZKLFK UHTXLUHVY D VROXWLRQ E\ FRPSXW
shortening and not lengthening.

+DG , LQVWHDG GRQH DV DO 1D\UIi]Ji GLG WKH FRPPH
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 | am doing is make knowledge more accessible and practice -easier. None
theless, | aim for [the same goal] as do most of those who set their minds upon
knowledge of the Almagesimely the knowledge by means of which one grasps the
reasons underlying the operatiaths K which is the [true] subject for the person

LQ TXHVW RI WKLV DUW 0DQ\ SHRSOH GRthatW WKH\
facilitate the operati®rior 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:
f,1 , KDG IROORZHG WKH SUDFWLFH RI WKH FRPPHQWDWRU
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?
| believe that Ibn al-Haytham announces here his rejection of the usual form of the commen
tary, which consists in citing the tex@(S @evi copied in red ink and/or larger letters; lbn
al-Haytham eschews that term, using insteadw@ds'Efofowed by a comment&r@ER Q
Indeed, that form is not employed in his commentary.

2 3@ P Q ‘¢hoBcuts’ is a possible alternative translation.
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ence points the capending section of the Almadlestal-Haytham offers a
logical, well-organized exposition, drawing alternatively on astronomical, math
HPDWLFDO RSWLFDO DQG SKLORVRSKLFDO DUJXP

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
WKH REVHUYDWLRQDO UHTXLUHPHQWYV WKDW LW
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, lbn 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 tn 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 lbn 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 thaf] 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 | 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-Haytlam 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\ @ IR shoklgh be considered: the cylinder, the double
cone, and the sphere. Autolycus has already shown how the ‘moving sphere’
can account for the motiéhdhe 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 | will pass over, Apolloniasad "N M H B R
Euclid's/ G @ D M Hre Dited@

Ibn al-Haytham (41v ff.) then presents extended, subtle philosophical argu
ments that ‘realityM(T I prust 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. lbn al-Haytham shows that
WKH DUHD RI D FLUFOH ZKRVH SHULPHWHU LV F
be greater than that of the polygon. Consider circle K and polygon A whose
SHULPHWHUYV DUH HTXDO 1RZ LQVFULEH FLUFO
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) x (half the perimeter), and
that of the polygon is (radius W) x (half the perimeter). But the perimeters
KDYH EHHQ DVVXPHG WR EH HTXDO VLQFH UDGI
K is greatethan the area of the polygon.

13 On the Arabic translations of Autolycus see Sezgi¥], &p.273-74.
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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) =crx (perimetey)/2
Area (polygon A) syrx (perimetey/2
perimeter = perimetegr

re> fy

? 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
VXFK DV VSKHUH . DQG D SRO\KHGURQ VXFK DV SRO\I
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 $ihce 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 | ofAlmeagestit is also found in

the medieval tract known asiddperimetrisvhich was published by Busard

and studied further by Knorr, along with the text cited by*TiKaorm. ele

gantly summarizes the proof as follows: Inscribe the sphere within the solid

14 Busard, ‘Der Traktat’; Knorr, Text@af T,Gopl. B&O—-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 thel svill be greater. Hence one must extend the
radius of the sphere in order to have the sphere have the same surface as th
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.

Theorem 6 in Dsoperimetrigroves the proposition for planar figures in
the same way that Ibn al-Haytham does. Comparing the texts, however, | do
not find that Ibn al-Haytham is citing a direct translation of the same text.
Following Yushkevich, Busard, the editor isoperimetrisemarks that the
Latin text was not based on an Arabic VéerElen.inclusion of this proof in
WKH FRPPHQWDULHYVY RI ,EQ DO +D\WKDP DQG DV
raises the possibility that the text, or portions of it, was available in Arabic.

Ibn al-Haytham continues [fdPRV]:

It has thus been shown that, since the heavens are the lapgiesa [Eo@yiB&

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 magnitiit &ll, moves them

by means of an infinite poWémat which acts by means of an infinite power per

forms the utmost action within the realm of possikilithujva E @ K F GHM@

TMN@® HLHBIK @.Ev 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 ‘smoothRe@KORYGa 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 revolutidhdt 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,QoHT®R

16 Busard, ‘Der Traktat', p. 62, with the reference to Juschkewitsch in note 2.

17 Aristotle, ,D S @ O &IX RBYBaR6, states that the first mover has no magnitude
(megethps

18 Toomer,/ S N K BIm&ge&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 | must interpret thesiphkhse
C G®@ r&K H g~ Buch 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 | will stop here.

3. +vCJS *CO ¢.GMB-~ GM

-AELU LEQ $10D&"V ERRN ZKLFK , ZLOO WDNH XS
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. | have
profited in particular from the publications of Richard Lorch and Jesep Bell
ver®® In the present state of our knowledge, it emerges that the book (or books)

is known under two titles,H SalAayd which would be appropriate for a

basic textbook on astronomy, and @K ,|I@'CbriRgiion of the Almagest

$V WKH VHFRQG WLWOH LPSOLHV ,EQ $10Da& KDV
However, unlike lIbn al-Haytham's 2 Gawhich & limited to a series of criti

cisms on specific points (and not limited tAlthaegestut addressing other

writings of Ptolemy too), ) Aéb 8 R rather thorough reworking of the
Almagestboth in terms of content and organization, which contains some crit
icisms as well.

-AELU"V ERRN KDV XQGHUJRQH VRPH UHYLVLRQ
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 @K , [@ohHifRepfront leaf
of MS Berlin, SBPK, Landberg 132 (Ahlwardt 5652) differs from the version
found in two Escorial manuscripts, arabe 910 afdroafy event, all ver
VLRQV RI -AELU"V ERRN PHHW WKH ZLGHU GHILQL
at the beginning of this paper.

+RZ GRHV -AELU KDQGOH WKH TXHVWLRQ RI Wk
Book I, which is dedicated to the geometry needed for the study of-the Almag

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

2 JRUFK 7KH $VWUWR®RPKLVSVRULDQ ,EQ DO 4LI i PHQWLRC(
on this text, see Lorch, ‘The Astronomy’, p. 89.
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est - Adifersl a proof for Ptolemy’s unsubstantiated statement concerning the
JUHDWHVW HTXDO VXUIDFH SURSHUW\ RI WKH VS
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 thasagebDmetris
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
PLWWHG H[WHQGV WKH LQYHVWLJDWLRQ WR RW
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
WKH ILYH VROLGVY -AELU FRQVLGHUV WKLV WRR
+HUH LV -AELU"V SURRI IURP %RRN , RI KLV \
RQH RI WKH +HEUBIZUYNUVWVA@®Q\W2B68 @& of MrAELU 6K
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
DUHD LV HTXDO WR WKH VXUIDFH DUHD RI WKDW VSt

/HW XV WDNH VSKHUH $% ZKRVH VXUIDFH DUHD LV H
C. | 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 assume
WR EH HTXDO WR WKH 7\KHUBIRUBD UXMBKRUNRIOA G V& JUF
C. Q. E. D.

-AELU WDNHV XS K AkhageBiruBoSK<IUdD MHwdrK [N KSidr

lin, fol. 17r, bottom]. Following Ptolemy, he first discusses ‘the order of the
theorems’Almagest.2), before proceeding to the six cosmological principles
(Almagest, ... $FFRUGLQJ WR -AELU WKH SURSHU F

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 th
Islamic astronomers that the discussion ought to begin with the mest 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 H their verac
LW\ LV QRW FDOOHG LQWR TXHVWLRQ +RZHYHU I
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.]

KHQ KH FRPHV WR GLVFXVV WKH VSKHULFDO VKI
a virulent attack on Ptolemy’s chain of reasoning leading to the inference, or
FRQFOXVLRQ WKDW WKH KHDYHQV DUH WKH JUHI
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
VKDOO VHH SUHVHQWO\ WKH SUREOHPDWLFV FRC
in the Arabic translation. He writes:
Said the author: His [Ptolemy’s] saying that, regarding different figures that have the
same surface atethat 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, theadlpah@at 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@LPLODUO\ VLQFH RI GLIITHUHQW VKDSHV KDYLQJ
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 bodi€s.

2L 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, eBarlSBnF, hébr. 1025,
fol. 25v. It is hard to imagine that the omission in the Berlin manuscript — the one carrying
the title, (n K@K , @+ lisRapything but a scribal error.

22 Toomer,/ S N K Blm&gefp. 40.
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-AELU ODXQFKHV LQWR D OHQJWK\ GLDWULEH Zk
and English. The gist of his remarks seems to be that Ptolemy ought to have
VKRZQ DV -AELU GLG LQ WKH ILUVW VHFWLRQ RI
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 @R&GwbM @hich, in mathemat

ics, means ‘absurdity’; but it also conveys an aesthetic or even moral judgement
namely ‘abomination’, ‘something repulsive’, and the like.

Here are the texts: first Heiberg’'s Greek text, and the Arabic, Almagest
WKHQ -AELU"V WH[W LQ +HEUKZYBQGRSWIVERK UG
the manuscripts; the versions that | copy are good and may serve the purpose
of this paper. The primary sources are followed by my translation of Jabir's
FULWLTXH

From the edition in Heiberg, 2XMS @ WHWI.L@ $3GEDL@SHB @
" Azva EA-v: ApATViuAAsY 3CI%RAEY: AC -YinmAgYe 2ApL" Y
IApAi ~A’zl/z Yy Yo aALTA-"EY x ©°f0%; A 3T A+l Yau fEY% A
Z»»EY% AEY4-A¢%
From MS Paris, BnF, arabe 2482, fol. 3v
Z+8 @YayYé «««' O akEe 16N Efcé- ~-3Ue Eéaxad 1é¢ E4& 'fi
RE2+8¢« 44 Eé<i+ a4 akLkE. ~Ea2vY«é “Eaz2zaY« akE
JURP -AELU"V FULWLTXH +HEUHZ 3DULV %Q) K®2E

REY YREI OEO ATEp EO OTEP OUIUE YPA REUNIROE B
NEEC YEEDEE OIllipE NEEC YBET NECxEpP AITIRE ODN

REOEUOZLZDP OEPAYE EEE OENIE RINDPRAEZE YEUUEE RE
YIAE EUYP EO YAZELOE EYEZLE pPEYIU NA ErRx OIEDPO
EAZ EUENI YAZE

EEORT NAEA EUINOE EEORR ANP U]xAE EE[25 YEZLAEO
UTEITPE NENDPIP NCNCE OO OEEPOE RINDPRE EITEbP 1¢
EOEORE ATEE EE EN ORR EOEOR EROEOR ETEIP A£ITTIRE
RUUEN OTEpP OEITUUE YPA RETEEE REAYE REOEOREO |
OTOPCEO ORNEEP EOO OINEEC OTOPEE OIOPCEOE
EREA GUEN OTEP OETUUE YPA REITEEE RELEYE REOEOI
TUDb EYEATZ NA AEE IYEE YUOE EEO OEPAYE YOAOE
AEEP EO 1D EUUEE REEPE REIEEE REZLZYE REOEORAE
YExITPE BRNEEC ATE EOE RE

23 On the meanings of this word see Langermann, ‘The Translation’.
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A1118T OPNE EYOEA AUT ITA AN OAE YEEDPE NAE NEC«x
REOEOBRA EE YEAZP xEl ENAE OIOPCEOE NDPO NEEC
NA OTE®lT AN YEEPEE REIEEE BEAY REOEORBA EYEAT
EOEOR Ox YEEDPE Oi0Ox ATE OOOA BOEEDPOE EOEEDE
EOEOB Ox EOEOB 010 x

ANO NECxEp YEEDEE NECxE NA BEOEOREO [UPOE Ui
ONxT ANP EO BREOGEO EEE BEOPGCEOE

JURP -AELU"V FULWLTXH $UDELF %HUOLQ 6%3. /I

e Ze& NaFeakE. 16N Efdcé- -5U. Eéxa ié Ea 'Ob-'3
@Y©O E& iéé -Ezfi+<«¢ UEa+.+<« 'AEI 8N RUUN “Eaz2zaYc«
40U Y-p 1Y« a46¢< "°OaeYé '+ 2éVY« abE 8N 'Ob-'a éoN
¢ON eOb-l4a 4084 OYO "E«é
EAY €8 eéx00ss R« i32Y<« T@EAaY« e0AERA aUY AOPY<« &06A
aiUf & Ze& alaf E4 -8Us Rc-eb< a4 E2A &s& ~<i—j+c¢
Ef<e®Y<« ‘~03UY« UEUNG<« aa “j<& UU aa &®EE-epUY<« &6
iY< 16 O-As8 1Y&Gc 'YEOAY« 8N ¢cEA-UO EA& TPE 23¥€aYc«
AEU E4&a a4« 'AEj+« 'féE2aY<« EMNE®Y<¢ ‘-08UY<« UEUNB<«
B« 0O aEEs Efce- -850«
A/FEEe ‘~%< Y A Ze& @YaYeé& eYiO >-!A POUN w0..& ‘~UY«
~08Ues ZEte YEe E4 UGEUpU<« 44 Eé¥%Ee 400°+ &« aAbPE 1Y
»1Y¢ ©... WEe E4 Eeé¥%Ees UEUPB< Ucdije ~UO 1Y<¢ »-E-i
UUp E4 UUp 40— 0 ER<E®Y<« =030 UUp Ea ‘-
Efcé- ‘~1PA& ‘%< Y< d¢ ‘aUY<c& ¢-%<«< Yc TY... UEUPB<« &
TO!A 0 B4 'EEeaep <2¢é ONé 'a27a4 Efcé-

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 multiangéfldigures that have the same surface area as the sphere.

24 | 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 heaven:
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 v
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 [thaf] 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,
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.

5LFKDUG /RUFK H[SODLQV -AELUV REMHFWLRQ I
WKDW RI GLITHUHQW ILJXUHV RI HTXDO SHULPHW
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
HDVLHU WR FRPSDUH WKH VSKHUH ZLWK D SRO\K
does himself in book ). 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 reactiori®

-AELU LQ VXP ERWK SURYHV 3WROHP\ ULJKW
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 #£SI10O£ m

$E, 5D\&@AQ DO %iU,Qi GLG QR WmagksMbFeomr,FRP P H (
DV *HRUJH 6DOLED KDV SRLQWHG RXW $%iU,Qi

% 6LFAELU PHDQV KHUH DQ\ SRO\KHGURQ RWKHU WKDQ Wt
26 Lorch, ‘The Astronomy’, p. 96. The comparison that Lorch refers to in Book | is found,
e.g., in MS Paris, BnF, hébr. 1025, fol. 19r-v.
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ested inhe 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 &fpon them'.
, DJUHH WKDW DO %iU,Qi HYLQFHG QR LQWHUHV)
models for the heavens, of the type Ptolemy takes up in the HY@ M D S @ Q >
theseand 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 &tMas> C he critically reviews, in order, each one of the six
cosmological principles that are established in Book | of the Aleneghst
these subchapters L@ A $tHQGXLULHVY" RU tUHVHDUFK SUR
the possibility of the earth’s rotation were signaled a generation ago in a paper
by Shlomo Res®

$V ZH VKDOO VRRQ VHH WKH TXHVWLRQ ZKHWK
sphere troubled him for decades. He claimed all along that he believed the
heavens to be spherical, and that this could be proven. Nonetheless, | sense that
he never freed himself from the doubt that closely related alternatives, such as
WKH RYRLG RU OHQWLFXODU VKDSHV ZRXOG DOV
ments. Aristotle briefly mentions these shapes, along with the coene, polyhe
dron, and cylinder in [@aeloll.4 (287a:16—22), but dismisses them on the
JURXQGY WKDW LQ WKHLU UHYROXWLRQ WKRVH
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 DeCaeloin Almagedt) Aristotle’s argument, however, is flawed; this
was pointed out already by Alexander of Aphridisas. VHHPY WKDW DO
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
REVHUYDWLRQDO EXW QRW WKH DHVWKHWLF RU

$0 %iU,Qi WKRXJKW WKH HOOLSVRLG WR EH D )
LQFOXGHG LW DPRQJ WKH TXHULHV KH VHQW WR
pher — and himself author of a revision of sorts of the Almafds$ O i
,EQ 6iQA S$YLFHQQD 'LPLWUL *XWDV GDWHV WKI
considerable certaifty$ O %iU,Qi LQTXLUHYV

The Sixth Question: He [Aristotle] said in Book Il [oC&ab the ovoid and

OHQWLFXODU VKDSHV ZRXOG UHTXLUH D YDFXXP DQG

2 6DOLED 1%iU,Qi"~ S

2 Pines, ‘La théorie’, pp. 301-06.

2 Pellegrin, ‘The Argument’, pp. 174-76.
3 Gutas, U H B,Dphl 199@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 generé&tedthing 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
XODU LV LWV PLQRU D[LV WKH\ ZRXOG URWDWH OLN
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 consecutiveta §P P *Awithout need of a vacuum. It would be like the
motion of individual entitiesa{ R G JnGhea interior of the orb, which contains no
vacuum according to the opinion of many people. And | am not saying this in the
conviction that the sphere of thé*asbnot spherical, but rather ovoid or lenticular.

I have tried hard to refute that theory. However, | am bewildered by the reasons
offered by the master of logic (H&AK L@MpHP

2EVHUYH KRZ DO %iU,Qi LV FDUHIXO WR VWDWH
spherical model; nonetheless, he is stupefied by the poor reasoning in its
defense on the part of the great logician, Afistotle.

,EQ 61IQA LQ KLV UHSO\ QRWHV WKDW DO %iU,Q
PHQWDWRUV® DUH VRPHZKDW HPEDUUDVVHG E\
of the remark of Themistius, that ‘the teaching of the Philosopher should be
interpreted in the best of w&yApparently in keeping with this approach,

,EQ 6iQA VD\V WKDW WKHNRMEDWILRID RIYDEXKXO C
figure rotated on its minor axis), whereas this is never the case with the sphere.
7KDW PHHN UHPDUN LV WKH RQO\ GLUHFW UHVSF

8L All three figures — lenticular, ovoid, and of course the sphere as well — are generated
E\ URWDWLRQ DERXW DQ D[LV LQ D PDQQHU WKDW UHTXL
contrary to Aristotle’s claim.

%2 That is, moving one instant after the other, consecutively, without gaps.

B F*>Q @K Eher& @=ap@a@usly means the all-encompassing body, whose sphericity
may not be precisely 1.

% 0\ WUDQVODWLRQ IURP WKHKHW KK !SEHBBLVKHG E\ DO <A|

% 1RWH DV ZHOO WKDW DO %iU,Qi VWDWHYVY WKDW WKH DE
ing sphere is the view of ‘many people’; he doesn't recognize it as a hard-and-fast cosmological
GRFWULQH 3DXO +XOOPHLQH FDOOV P\ DWWHQWLRQ WR D
WKH OHWWHUV WR $YLFHQQD WKH VL[WK TXHVWLRQ UHJDL
WHQWK T)XOd@aaly RitereRn@ criticizes the Aristotelian (and Avicennean) arguments
against the vacuum, but without really indicating his personal opinion.

%6 Themistius’ commentary to Oaelo LV OLVWHG LQ WKH FXUULFXOXP R
,EQ 6iQA°V FRQWHPSRUDU\ DQG WUDBRMMD ePABGIhE LQH V
following notes.
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WKH ODWWHU GRHV QRW IROORZ XS RQ WKLV TXlI
dence.

As is well-known, Themistius’ commentary ©aB®survives only in a
Hebrew translation from the Ard@bic, EQ 6iQA"V E WIHH M@®BSHW
A@RBMTIS GgbWK@K E @@ K@l R @FH V)TrhayGad the only
ZLWQHVV WR WKH $UDELF YHUVLRQ ,W LV QRW H
to a gloss on @aelo278a 21, where Aristotle employs the faulty reasoning
PHQWLRQHG DERYH JLYHQ WKH SRQGHURXV FKDL
WLRQ RQH FDQQRW EBR/EWKLHRGHWKDWHYEY 6iQ.
WR 7KHPLVWLXV" JORVV RQZMXMH BWWWHPIW LWQRT R
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 alF®

In free translation, Themistius tells us that Aristotle did not mean that the
HOOLSVRLG ZLOO QHFHVVDULO\ UHTXLUH D YRLG
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
QHYHU UHTXLUHV VSDFH EH\RQG WKH YROXPH RI
ROXWLRQ WKDW ,EQ 6iQA VXJIJHVWYV LQ KLV UHVS
1RZ OHW XV WXUQ WR DO %iU,Qi"V YHU\ FRPSULI
@K 0 atMads> Cwhich he completed in 1030, some thirty years after his
FRUUHVSRQGHQFHIiZdriw# refiey & ifdofemy’s arguments for
D VSKHULFDO FRVPRV LQ WKH ILUVW RI WKHVH %
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
LW\ >SWKH IDFW WKDW WKLV ERG\ H[LVWV LQ DFWXDO
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’.

% LandaueiThemistii p. 67 (Hebrew), lines 32-35.

¥ %RVZRUWK 1%iU,Qi"



176 Y. TZVI LANGERMANN

all directions and regions of the heavens does not rule out the shape’s-being polyhe
dral. #°

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’. | 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 state:
LQ WKH SDVVDJH WKDW IROORZV DO %iU,Qi GHI
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.

$0 %iU,Qi WKXV IROORZV 3WROHP\"V RUGHU RI
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,
DO %iU,Qi DJDLQ IROORZV 3WROHP\ EXW- RIIHUV
cusses, for example, what happens during a lunar eclipse, so that the reader ca
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
KDV EHHQ VKRZQ WR KROG LQ ERWK ODWLWXGH
the earth’s surface must be spHérical.

$0 %iU,Qi WKHQ WDNHV XS D SRVVLEOH REMHF
mutakallimf? 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

9 0\ WUDQVODWLRQ ZLWK H[SODQDWRU\@IKRBRWHWT LQ E
Mase Cvol. |, 29-30.

4 DO %i@ KQG KNMassTCvol. |, top of p. 36.

42 The fourteenth century Jewish savant Hayyim lIsraeli held much the same view; see my
study, in Hebrew: ‘The Making of the Firmament’.



REVAMPING PTOLEMY'S PROOF FOR THE SPHERICITY OF THE HEAVENSL77

‘removes the doubt in the matter of the earth, establishing its roundness in all
directions; she is therefore sensibl@(K) leHIRHRrE. 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. | sub
PLW QRQHWKHOHVV WKDW DO %iU,Qi PD\ KDYH L
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
VSHFWLYHVY LW VHHPV WKDW D SHUIHFW VSKHUH

In my contribution to the Festschrift for A. I. Sabra | described the optical
SURRI IRU WKH VSKHULFLW\ Rl WKH&WVRV PZRK\WL FKX W
is based on the sphericity of the ®adrtbuggested that the Arabic-writing
thinkers reversed the order of Ptolemy’s arguments, since they toek 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 ‘naturaity pridcFRQVHTXHQFH F
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.

“ DO %i@KQO MMasbTC YROSS... 3DXO +XOOPHLQH VXJIJHVWYV
may be making the same argument in Chapter 26 of his book on India (SachagM KADQTMH
dig, 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.

4 Langermann, ‘Transcriptions’, 2$7—60.

4 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. | somehow suspect that
DO %iU,Qi QHYHU IUHHG KLPVHOI IURP GRXEW R(

5. Conclusions

The commentary provided astronomers the opportunity to engage head-on
with the Almagesto 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 |
have applied in this paper. In particular, this paper fleshes out a form of silent
criticism and reform. By that | 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 rearrange
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 tf
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,
inm\ RZQ RSLQLRQ DO %iU,Qi PD\ QRW KDYH EHF
ellipsoids had to be rejected.

This paper has studied only a small sampling of commentaries written in
Arabic to the Arabic Almagé#dany more remain to be studied; at least one
compares the Almagesthe original Greek with both Hebrew and Arabic
translation$® Further study of the commentary tradition is sure to enrich our
understanding of the way this great astronomical textbook was read, sympa

4 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
cortexts.
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7KH $UDELF 9HUVLRQV RIB-Ha@ U E $1

JosdELLVER

$E, 0Xa&DPPDG$iAPBI®) ®WKH /DWLQ *HEHU- ZDV DQ
PDWLFLDQ DQG WKHRUHWLFDO DVWURQRPHU ZKR
WZHOIWK FHQWXU\ 6HY L QdK * HSHaav RUIBHIHRNK W KR U
onAstronomy D UHHG LWL RMnaBdst 3 AKROKPLW QRZ EHWWHL
as (NK@ K , @ | RBrpectiorof the Almagest - A E 1$U OB@RV* HES A

I-Hayai ZzZDV WUDQVODWHG LQWR /DWLQ DQG +HEUHZ
S$UDELF PDQXVFULSWYKLEGKSWEHELFVFEWLSRWXU GLIIF
W LV QRW FOHDU ZKHWKHU WKHVHI®GBBVKREV ZI
VHOIl RU E\ D ODWHU DXWKRU 7KH DLP RI WKH S|
DXWKRUVKLS DQG FKURQRORJLFDO RWBGBDaRV WKF
@K *HISHaysd EDVHG RQ WKH?HRURUWEHUZ WRQIH\VOAH @
,ZLOO VXUYH\ WKH GDWD$IAOD & QKRKZVDPRX® ZREINU
LQIOXHQFH RQ WKH DVWURQRIPO RIDWKR HOXICERR U\
WLWOH XQGHU ZKLFK WKLV ZRUN ZDV NQRZQ WR

1. +vCJS C "GMB~

IJLWWOH LV NQRZQODERXW LAHEL®WLRELEOLRJUDSKL
ZLWK D VSHFLILF LQWHUHVW LQ®V¥LIBQWLVWYV V)
AX>@WK @VWAPDLQ VLOHQW 7KH IDFWV DQG FLUFX
E\ /RUFK LQ KLV VHPLGDODERHNVRQOA@ELDNOEG WHF
SODFHG $AER#& EQ WKH ILUVW KDOI RI WKH VL[W]
UHIHUHQFHV JLYHQ E\ ,EQ 5XVKG WHKEG/ DWA $Y
EOD\P,Q WKH /DWLQ 0DLP R Q,.QEipén@iurnf the

Almagest ,EQ 5XVKG VWDWHG WKDW ,EQ $10Da& OLYF
WKH VL[WK WZHOIWK FHQWXU\ ORUH$GHDNMD EOHG

1 7KHUH DUH DW OHDVW WKUHH H[WDQW $UDELF PDQXVFU|
WR EH LQFR/MRSIFHWH 7 IGH DD QXVFULSWV"

2, DP SUHSDULQJ WKH FU I$WQ B@RV*HEBHMYA FEQ \RH G- ARFQ. UV K H
H[WDQW $UDELF PDQXVFULSWV LQ $UDELF VFULSW 7KLV FR
WLRQ

3 JRUFK $7KH $VWURQRP\"

Ptolemy’s Science of the Stars in the Middléi&gese\ 'DYLG -XVWH %HQQR YDQ 'DOHQ 'DJ
&KDUOHV %XUQHWW 3%$/6 TXUQKRXW SS
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0,VAOD\P,Q LQuidetfthePerplexed,, ZKLFK , WUDQVODW

Arabic:
7KHQ WKHUH DSSHDUHG JURXSV RIm&HRI®@HE HOR-AV W |
LQ DO $QGDOXV ZKR ZHUH Y HtBAKSIURQIGF EIOQW-LL QHBED W |
LQJ WR WKH SULQFLSOHV ODLG GRZQ E\ BWROHP\ W
6XQ@RQ WKLV WRSLF ,EQ $10De DO ,VKEiOi ZKRVH V
7KHUHXSRQ WKH H[FHO OHQD\OASKKL G R R S,E KU YAN MAODEN L
JXLGDQFH RI RQH RI ZKRVH VWXGHQWYV , P\VHOI| KD
TXHVWLRQ DQG H[SRVHG VRPH zZD\V RI DUJXPHQWDW
VKRZQ WR EH LPSODXVLEOH WKDW 9HQXV DQG OHUF
ZKDW $E, %DNU PHQWLRQHG LV DQ DUJXPHQW VKRZ
PHQW SURYLQJ LWV LPSRVVLELOLW\

7KHUHIRUH VLQFH ,EQ %AMMD"V DUJX¥PIIOQWEDWLF
DQG EHDULQJ LQ PLQG WKDW ,EQ %AMMD SDVVFH
ZKHQ KH ZDV VWLOO $1 D®GO M KIRXHIEG KDEMH BEHHQ
GXULQJ WKH ILUVW WKLUG RI WKH VL[WK WZHOI\
ILUVW VWHSV LQ WKH HGXFDWLRQ RQ WKH VHFX
PDWLFV DQG QVWURER®\SUREDEO\ PHW -AELU"V
DJH ZKHQ KH ZDV VWLOO LQ DO $QGDOXV EHIRU}
ZLWK KLV IDPLO\ DURXQG WKH \HDU +LV L
DQG QRWS$IABlat) ELPVHOI! PD\ L QGOPRN KDEKPDIW V
DZD\ RU DW OHDVW ZDV QR ORQJHU WHDFKLQJ
RI WKH VL[WK WZHOIWK FHQWXU\ ,Q D@GLWLRQ
pendiunofthe AlmagestD OVR VX JJHV WM W& DAD VAGR UOR Q J H
E\' WKH WLPH ,EQ 5XCénhperflRRISQ HWKHG SMKIHMR G Et
DQG

-AEL®IE@D&"V L QWiHagesvON QNV WKKHP WR WKH 6HYL
WXDO FLUFOHV DUR X&EG V$IOHD /A K RIFSHOANKE BY\ B E |

G NQRZQ LQ KLV OLIHWLPH DV WKH 3KL
E:XKD\E OLYHG PRVW RI KLV OLIH LQ 6HYLOOH |
WR ODUUDNHVK ZKHUH KH ZDV D GLVWLQJXLVKHC
YLGV +H ZDV SURILFLHQW BFPWR GL Q QVW K HWIUQ\Q M
@PKVFLHQFHYV ZLWK LQWHUHVWY UDQJLQJ IURP
RP\ DQG DVWURORSEG7RD KLa¥YMERDIOD@D UUANXVKI
UHSRUWYV WKDW KAtmagesrD 6 BCauttoguirrh VMQKW KH KD QG

FIAWAQ@K @@BQ B JRU D GLIIHUHQW WIHdEQieOfDWLRQ V
the Perplexed YRO SS ... 7KH WUDQVODWLRQ LQ /RURKRPI7KH $
JULHGO¥QGHU FRQWDLQV VRPH LQDFFXUDFLHV

.UDHPHU $ORVHV ODLPRQLGHV" S

JRU WKH SHULRG Rl WKH FRen$BMiuW VRIGI RD)\, ERQ"HSXVKIG "¢
@Almageste’ S
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Rl OAOIXKE\E3SO ODUUANXVKI DOVR SRLQWV RXW W
AlmagestW KHUH ZHUH PDUJLQDO QRWHV LQ-,EQ :XKD
WLRQV WKDW KH KDG VWXGLHG XQGHU WKH GLUL
DO 'KDKDEi RICDARWGRIDDE DQG$I{OMakl FHUH SUREDE
WKH VDPH JHQHUDWLRQ DQG OLYHG LQ 6HYLOOH

2. The BM ,JUvCHB£ M )BZ

"AEL®I@Da& LV PRVWO\ NQRZQ IRU KL@®IPDHS ZRUN
El-Hayd FXUUHQWO\ EHWWHUNKQ@KZ,Q® MHIRIEIHKIL RKK K HW |
UHZURWH AWdGRaWR "FDNH LW DFFHVVLEOH WR KLV
E$IOD&e UHPRYHG DQ\ SUDFWLFDO FRQWHQWYV FR
VLRQ Rmagest/LPSOLILHG LWV WULJRQRPHWULF SUTF
RI IRXU TXDQWLWLHY DQG LQWURGXFHG VRPH F|
WKH PRVW LPSRUWDQW EHLQJ KLV FULWLFLVP RI
&RQWUDU\ WR 3WROIEPVX-AHWNEG WKDW WKH VSK
9HQXV VKRXOG EH DERYH WKDW Rl O\D@K\WBKS AD QG
El-Hayd ZDV DOVR UHPDUNDEO\ IDPRXV EHFDXVH RI
LQWURGXFWLRQ WR SODQH DQG VSKHULFDO WULJ
WLDO LQ OHGLHYDO (XURSH $XRWHSHAH GDWW L QF W
WKH LQFOXVLRQ RI D QHZ LQVW thxietu® WV KQ Wo RR |
-AELU FODLPHG WR VXEVWLWXWH DOO IRXU PHDYV
LQ MWrkagest

7KH WK@K , @ZBRpQRW XVHG GXULQJ KLV RZQ O
ZLGHO\ XVHG EHIRUH UHFHQW WLPHV ,WHW WDNF
OLQ 6%3. /EJ $KOZDUGW FRSLHG LQ 'D
RI WKH KLWKHUWR NQRZQ $UDELF PD®MOFELSWYV
@K *HSHaya@ DOWKRXJIJK WKLV WLWOH LV ZULWWHQ
RI WKH VFULIEID @ AEZRUEN ZDV @HK HURSHsE WR HLWK
*H SalHayd@ RU VH&& OA ME K@ W K D WBdokbnWskdhomy

DO +DEAMUIHRAS @ KIS n
,W LV XQOLNHO\ WKDW WKLV a8DPG RU abDPDG DO 'KDKDEi
QDPHG 4DPG RU &BAEDG $ RO MK ,0X&DMRMABGE DO 'KDKDEI DO 4X
G ZKR OHG WKH EXULDO SUD\HUV IRU KILD/MINDA\GKHU V|
ERUQ LQ KDG URXJKO\ WKIKDAEPHEPUE DY O0AOLN KL\
ZRXOG EH VWXGHQW 1HYHUWKHOHVYV VLQFH IUHTXHQWO\ V
WKDW WKLV 4DPG RU aDPDG DO 'KDKDEiI IURP &RUGRED ZRX
PDG IDMMAz DO 'KDKDEi 1DQMMXa&DP®GKBKDEI DQG KLV VRQ
Bughyatl-multamis S
2Q WKLV LQVWUXPHQW VHH /RUFK t7KH $VWURQRPLFDO
OV(VFRULDO 5%08/ ¢U
1 0OV(VFRULDO 5%08/ ¢U
2 6HH AOL e A Qi DIGKDG/Sa@du@Q S DQG <AOWDTA\A DQG Y%
Kashf@K YTM>M BRM®MI .KDOIID NQHZ RQO\ WKH WLWOH +H L
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E\ -AES§ILOBa ,Q WKLV VHQVH HQWLWOLQJ D FRF
DV WKHhBWWXKBRYVVD JHQHUDO SUDFW-LFH L Q
OXV VXFK DV IRU I @KVEENQ#E FR UE Q 0% K N BBV A
[-Haya?

7TKH WhwW@K , @I WRPW RQO\ DSSHDUV LQ WKH 9
SUREDEO\ GHULYHG IURP AKKB VASLIDHE YA H QRN WRK
WLRQ @R *KElSAd ZKHUH KH OLVWYV VRBWGVHFKQLT
WKDW KH EHOLHYHAMmMagestiD Q GHVWOQ W HMQ WAKKOHWV K H
WKHP LQ WKHLU FRUWUKHYS R IH®HEISIKHEEDGY
L CC@J@DMWL ®dhamaE EK LO@VAKK@® ® J@GM G
JHS A6l IGWKDW LV 1ZH &XDK@&DB®RU WHHWPIGY WD NH )\
KDYH PHQWLRQHG >SUHYLRXVO\ LQ WKLV LQWUF
Rl WKLV ERRN RI RXUV WKDW ZH KDYH WOV RRaH
wuboO DQG HDVWHUQ ,VODPLFDWH ZRUOG ZKHU|
W KkhagestD Y D L O D E @ HO D@K\*WERHa#y@ PRVWO\ FDXJKW
DWWHQWLRQ EHFDXVH RI$SWXMHxePE U IV IDINHHG/  ZNHKUDHW S
W KlrshagestDbQ G WKH FRUUHFWLRQV KH SURYLGHG L
ZRUN PD\ EH DSSHDOLQJ WR D PRGHUG@IKOIDWWRUL
KLPVHOI DQG KLV UHDGHUV LQ @KHIHHNHUQ ,V
ZDV ILUVW DQG IRUHPRVW @ KERU wHHagestiSSU R EU L G.
YLGLQJ D FRPSUHKHQVLYH VHOI FRQWDLQHG PDYV
VSKHUHV 1 hag VKRDW WKKAWLVWERRDY DSSHDUV L
VLQJOH PDQXVFULSW DQG WKHUH LV QR RWKHU

\PRXV DQG XQWLWO H IO P@R\* FEBHa#YdE LML GFH KH SURYLGHV H
LWV LQFLSLW XQGHU D RG\@E&XRUD |WIR @dichEnargd @amli W O H G
magess DQG DWWULEXWHYV LW WR D VFKRODU RKaBhfUHFHQW
@K YTM>M FRO
3 7KH GLVWLQFWLYH ITHDW XU Haysi| LEDR WKW LLLD MOX\VCLHNM  MVK M/

HU WKH GLIITHUHQW FHOHVWLDO VSKHUHV HLWKHU VHSDUL
DSSURDFK LV IXO0O\ PDWKHPDWLPD@K\DVESHYAHWKH FDIVWH RI -
Tadhkira El-haydi RU QRQ PDWKHPDWLFDO ZKLFK LQFOXGHV ZRU
FRQVLVWHQW DVWURQ®R\ *VERIFaE D ¥ QOE0 PAHIUKH OMIiTMQWURGXFW
VXFK DV -MKPTR@BEHEG@K A @ R EQ%® OB@eR V* HElsHayd is a
ZRU May@l QRW EHFDXVH KLV FULWLFLVP RI WKH 3WROHPDLF
SOLFDWLRQV EXW EHFDXVH LW LV D FRPSUHKHQVLYH DVW
,Q WKLV VHQVH WK Hal® XY Giibiyds® Q/IVE! T IR UBNF IRRndgedisQ J O\ WKt
VRPHWLPHV FD@®H @HH®RG MHH. FIRU LQVWIBD® AHo @K@IPNK R® K
umam S )YRU WKH WUDQVODW L B&enad theM&R@aWe!dD GG . XPDU

JRU D VKRUW GHVBUQBWIL\R® URIW-IAFELMP ¥ $/IHDHD 8% NV O8O LHN
LFLVPV"

6HH %HOOYHU (0O OXJDU" S

,Q OWFRULDO 5%06/ -ABU O @eKV* HHAa LV GHHPHG WR E
DQ DEULGJHAMQest BRWE® n@ |HRp$ | OB &LDOB/R KMHIG WKH UF
KLV LQWURG®KWLBIAM R6 HKHV% HOOYHU f(O OXJDU" S
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WKDW LW ZDV QRW ZLGHO\ XVHG RWKHU WKDQ L
7KH RQO\ RWKHU UHIHUHQFH FRQYH\RA@dg D VLPLO
est DV LQ WK KV L@RHRXUV LQ TEQ D@KAITIFHOWL
ZKHUH WKH D@W KRSHEDAKO® @:hayei 7KLV WLWOH DSS
QH[W WR D UHIWDRQHEBEWRGD O 0X @K (RSHWIK K
&RPSOHWLRQ™ ®KKX VR K HAWMER\EDIkay@ VHHPV WR
FRS\ WKH WLWOH RI WKH ZRUN E\ E@K,GH®PQ@QG W
El-Hay#i 7KH \WW@EOXH, @ LWRPRUH GLVWLQFWLYH WKD
XVho@i EXW JLYHV RQO\ D SDUWLDO LGHD RI WKH
7KXW XJIJHVW UHIHUU D@ WRP DAGK 7 REgH@D V
WKH VKRUWHQH G H Badlffhajkh AV KHAW LWEHQE K @ |
@K (REGMaWK RFFXUULQJ LQ WKH FORVHMWFRALMD@H V V
5%06/ ¢U DV ZH VKDOO VHH EHORZ

-AELY| ED@KV* HSHay@i KDG D PRGHUDWH VXFFHVV L
ZRUOG 'XULQJ WKH VL[WK WZHOIWK FHQWXU\ WK
UHYROW DJDLQVW 3WRWH®ULFHDYWURIERRW DV DC
W Kkhagest 7KH\ UHDG LWAIMGESVRIDGLRI WERHABIOUO H O
E $10D@KV*HIHaysi ZDV DOVR UHDG LQ WKH FHQWUD
FDWH ZRUOG DW OHDVW GXULQJ WKH VHYHQWK W
RQH WUDQVPLVVLRQ WR WK$FFRQ®LPIOW R OKLFPLFE
EHQ -HKXGD GEURXJKW D FRS\ ZLWK KLP IURP &l
)XV A XQGHU WKH GOLDARPE®/LRBD RWROAAMHE PDWKHI
DVWURQRP\ DQG WKHUH W& C\ZRSABHARIOD 8W FRU
@K *HSHayad VLQFH WaKnH DR/ULLQ IDQBLORVIBIIIKG VW
,Q DQRWKHU SODFH ,EQ DO 4Ll i UHSRUWV WKDW
WR FRUHHK®QQJUHHAGIQAMGRV HSK EHQ -HKXGD UHP!
D VKRUW WLPH LQ )XV A DQG OHIW IRU $OHSSR L
DQG GHYRWHG KLPVHOI WR PHGLFLQH ,W LV YHU!
RI -AERIW E@eKV* HISHahd ZLWK KLP WR 6\ULD DORQJ ZlI
YHUVLRQ

JRU KLP DQG SDUWLFXODUO\ IRU WKH GDO&M J&I KLV GF
YR® S

/LSS RV J@BK | TI@L

6DEUD $7KH $QGDOXVLDQ 5HYROW"

/D\  1/"$EWUagestl 8 %HOOYHU (O OXJDU" S
2 [LSS AW IBK ITFBIS ...
2 [LSSFAWIBK I TIBL
2 [LSSHUW J@K ITF@L ,Q WKLV UHIHWHEF Wa-s@aiti ZRUG
HniKay@t (AMEK@K MC@HKITRIDQG KH DV NH GstrisriomyiMh FRUUHFW
$10De DO $QGDOXVi~ VKRXOG QR(WKEHay§QGHUVWRRG DV SD!

7KH %HUOLQ PDQXVFULSW FRSLHG LQ 'DPDVFXV LQ
KXGD"V RULJLQDO PDQXVFULSW
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'XULQJ WKH VHYHQWK WKLUMWMIODOH@WRK*HEHAQW XU
-Haysi KDG VRPH LPSDFW RQ WKH FHQWUDO DQG
DO 'iQ DO 6KiUA]i ZXR ZDV D VWXGHQW RI 1D il
G DW ODUAJKD ZURWH D VIKRD@EKVH*PP B U\
El-Haydi XQGHU W @Rl tWiL@/IO HIESK AL @ X R >KL , @& HH RApM
EK@ K , @ RiseuHdesromtheBookreferredo astheAlmagesiA XA M
EK@K @FGQBAZRUN WKDW VHHPV WR KDYH EHH
KLPVH$0 6KiIiUA]i ILQLVKHG WKLV DEULGJHPHQW
1 @&l-awwal RI WKH \HDU '"HFHPEHU - WR -D
DEO\ GXULQJ KLV VWD\ DW ODUAJKD XQGHU WKH
DIWHU GXULQJ KLV WULS ZKWKLPDFWS ROR & KK U AF
@K *HSHaysi RQ DO 6KiIiUA]i FDQ DOVR EH WUDFHG
FXOH HQ®@EKEYPWS @ |@ K Y @K Mlidgaar @ K dha
kara! @ pK QE@® X>@ K L GaPKKEiA K K |, @3ddtRipnhowto
N A Stl@ Idrdr periodaccordingp what Ptolemymentioneéh BooklV ofthe
Almagest ZKHUH KH FORVH®NOIR®WRRYV L-AEKIMOEPHW K
LQJ WKH OXQDU SHULRG LQ DQRPDO\ DOWKRXJK
$QRWKHU LPSRUWDQWI CDWQHVEYI| O/RH QM. W EDW
VW XGLHGH & VA WEKSHE i@ dD hayi min Hayat * > R GWa-@in
Hayst (AMEK @ K (R QA K C Fdd addrivh@mirom the Astronompf
* > R GahdGhe Astronomypf (AMEK @K (R&A BWKIU DO 'iQ DO
IDOOBODE) DO $EKDUiI G

%XW GHVSLWH WKH LQLWLPI® MeRVHEERADL W K ZK
ZDV UHJDUGHG H[WHUQDO IDFWRUV SUHYHQWH:
WKH ,VODPLFDWH ZRUOG DIWHU WKH HLJKWK IR X
RQH LV WKDW LQ VKRUWO? IDD @erRY* WE H UH
El-Haysa LQ WKH FHQWUDO ,VODPLFDWH ZRUOG 1D
3@I0@X ,@ IHRpFK ZDV WARnddest: O/D/HHO WIKAG DQ\ RW
DEULGJPHQWY LQ WKH FHQWUDO DQGS$HOMN®WHUQ
@K *HSHay@ zDV WKH ZRUN RI D PDWKHPDWLFLDQ
JHRPHWULFDO FRIQagesyfbVH® FP RUHWKPHSRUWDQW O\
HOHPHQW S WAhnddgeQAD VL. @ W WHEM QG , @ KibVp W KH
ZRUN RI D PDWKHPDWLFDO DVWURQRPHU WKDW
DVWURQRPHUYV QHHGLQJ DQ LOQWURGXFWLRQ WR
R1 Wikbebest 2 Q FH3I@/IIQEAX , @ HORWHUHG WKH SRVWFO!

OV2[IRUG %RGOHLDQ .7KXUVWRQ

6HH WKH DXWKRULD[ORERO REKKRQHLO @V7KXUVWRQ

OV'XEOLQ &KHVWHU %HDWW\D/IQEUDW\ $U

6HH %HOOYHOD% AREQ WEH )RXU (FOLSVH OHWKRG"

7KLV ZRUN LV HMWDQ®WXDQ ®OH\PDQL\H /YEUDU\FRDUXO
LHG LQ &DLUR LQ VKRUWO\ DIWHU $EKDUiI"V GHDWK
IR QU
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W KkhagestLWVHOI DQG DQ\ RWKHU DEULGJPHQW ZH!
,Q WKH ZHVWHUQ ,VODPLFDWH ZRUOG KRZHYHU
RI -AE$IWD E@eRV* IEISHaya@ 2DV VLPSO\ WKH ODFN RI LQ\
WHFKQLFDO WKHRUHWLFDO DVWURQRP\ VR WKD!
GHFUHDVHG DQG DFFRUGLQJO\ HWRZHDNH YV HBHE\RB) G-
WKH |IDFWoW KEBE8HAGKADY QRW H[WHQVLYHO\ FRSLH
-AEL®1@D&®"V FULWLFLVPV RQ ODWHU $UDBELF ZRU
GXFHG LQ ODUAJKD KDV VWLOO WR EH VWXGLHG

-AEL®I @D@RV* HESHalysi ZDV WUDQVODWHG LQWR /DW
&UHPRQD G 7KH PRVW FRPPRQ WLWOHV LQ /D!
Astronomia& D A Q GG ADDSsOp@AImagestt 7KLV WUDQVODWLRQ
SULQWHG E\ 3HWUXVZBWIKD QREOAAKIEHX@ EHldtrono
mia®> $V /RUFK ¥ XJWHWWGOGIGNHO\ WKDW *HUDUG RI &U
ESIOD@KV HFHakadi EHIRUH KLV W BID&EY8s0 D MARD VRK RVIK
VHFWLR QMW KQ* HEEHEYa B/LUHF W O\ Almégedl IDQUHW BH. | 1 H L
HQW IURP KLV WhRdgedWWRQVRD OVRHUHDVRQDEOH W
E$IODa&"V DEULGJHAPMddesWL EMHROUHLQ/ KRHUGHU WR JH
ZLWK LWV FRPSOH[$WB@#K VT EISMy@-REL KEYH EHHQ
WUDQVODWHG EHWZHHY *HUDUG RI &UHPRQD DUU
DQG WKH GDWH ZKHQ D FHUWDLQ PDVWHU
*HUDUG RI &UHPRQD AMmiesD QKB DWULRQVRIDWKRQ E\
RI &UHPRQD WKHUHIRUH SURYLGHV DQIOB&TWLRC
ZRUN

$V DOUHDG\ VXPPDUL]HG OD@RRUHEBHAHAEDY E
DOVR WUDQVODWHG WZLFH LQWR +HEUHZ 7KH I

E\ ORVKH LEQ 7LEERQ |10 EHWZHHQ

WLPH ODWHU LW ZDV DOVR WUDQVODWHG E\ -DFF
, Q WKH ODWWHU WUDQVODWLRQ ZDV UHYL
VHLOOH 10 6DPXHO EHQ -HKXGD DORQJ
WULHG WR WUPQD@BWHEBHMEL U (EFRP DQ- $UDEL
VFULSW IRXQG LQ $UOHV EXW WKH\ KDG WR UH\
RQO\ FRSLHG DQ HLJKWK RI LW 6DPXHO EHQ -HK
-DFRE EHQ ODa&eLU'V WUDQVODWLRQ EXW IRXQG L
ELF PDQXVFULSW WKH\ KDG SUHYLRXVO\ XVHG 7tk

7KLV LV FOHDUO\ VKRZQ E\ WKH DOPRVW FRPSOHWH DE\
haygi LQ ODJKUHEL OLEUDULHY FRPSDUHG WR WKH PRUH DEXQ
onL P SLQVWUXPHQWY DQG WDEOHYV
8 JRUFK $7KH $VWURQRP\~ S
32 DeAstronomia& DAQH
¥ JRUFK $7KH $VWURQRP\" S
6HH WKH FRORSKRHQEE® 0%0/ 30XW VXS
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EHQ 0D&®LUV WUDQVODWLRQ GHVSLWH WKH WUI
FRPSDULVRQ WR D I[UHVK WUDQVODWLRQ

%RWK DFFRXQWVY L H -RVHSR\EHQV-HKXGDNLRQ
)XV A DQG 6DPXHO EHQ -HKXGD"V UHYLVLRQ RI
FRPSDULQJ LW ZLWK DQ $UDELF PDQXVFULSW \
-AELYI @BD@KV* EISiad@@ ZDV VRPHKRZ SUREOHPDW
UDWHG E\ GLITHUHQFHV IRXQG LQ WKH H[WDQW ¢
+HEUHZ YHUVLRQV

3. 8JUOFTTFT

7R GDWH WKHUH DUH IRXU NQRZQ $UDELF PDQ.
ESIOD@XKV H$apsi WKUHH RI ZKLFK DUH FRPSOHWH
ORFDWHG LQ WKH (VFRULDQVEGREUDO\ Y%6I61L LW\
KHQFHIRUWK UHIHUWKG WKR DWH\Yéanthydl IRKD A
,TI@OLL@®AKQEK @ K (RvE&KAWaS @ K*HS @GAK , @ua-hRp
al-nuskhat@ K LTI @ CThE€Ed@RAE ABtronomyA ¥ A HAQ E K @hich

isan @ A Q H Cdf tha AmagestThis is the shortenedersion 7KH VHFRQG
RQH LWBRULDO 5%06/ ¢U KHQF HIRW KV KV KIH | |
W LW O Hal-N&skhat@ K JmiA ®H Sal/sShaykh A , TI@QLL® EHQ

A EK@ K (Re=Hay& ThelLongVersioroftheBookon AstronomyA e

Shaykh A>TIQLL@ESEHMQEK@K (RGARWK PDQXVFULSWYV
WKH ZHVWHUQ ,VODPLFDWH ZRUOG DQG SUREDE
SURYLGH DQ\ GDWH EXW 'HUHQERXUJ WHQWDWI
WHHQWK FHQWXU\ (WFRH LG®DW L5Q60 &/I G\U ZLOO
EHORXWK&UG PDQXVFULSW LV WKH RQH DOUHDG
DQG FRSLHG LQ 'DPDVhRaskh KRDQG 1HWPDYDQ 6%3.
/EJ KHQFHIRUWK WH MW K UMIGH WIRLKIERKH, @ RIEDR p
KH ) AHEK @ILQFH WKLV LV DQ HDVWHUWHRAR@XVFU
WKH DXWKRUV QDPH OLQNLQJ KLP WR DO $QGDC
7KH ODVW PDQXVFULSW ORFDWHG DW WKH 3DUC
LGHQWLILHG LQ 6HSWHPEHU E\ ORKDPPDG O0OR]
PXQLFDWLRQ LQIRUPHG D QXPEHD QRI .HRAKAREODAQ
ODMOHV H "XUA \H (VOAPL 3DUOLDPHQW - 6 K
WDLQHG $1OBD@RVE HESHaysi 7KLV PDQXVFULSW DFHS
LQFRPSOHWH RQO\ FRYHUV WKH ILUVW VL[ ERR
FRORSKRQ 7KXV LW FDQ EH LQIHUUHG -WKDW W

/IRUFK $7KH $VWURQRP\"~ S

JRU WKLV PDQXVFULSW V HBEsmahUsdri® R@BIBB.QG 5HQDXG
YRU WKLV PDQXVFULSW V HEsm&hUsdrip® RX@BIDBQG 5HQDXG
JRU WKLV PDQXVFUeSsathngsyHR @ B O ZDRJ G W

JRU WKLV PDQXVFULSW gORH $A0YAT QINES R0
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XPH VHW /DFNLQJ WKH VFULEDO FRORSKRQ LW I
ORFDWLRQ EXW 'AQHVK 3D?RZK DQG $QYAUL GDW
WXU\ ZKDW FRQVLGHULQJ WKH W\SH RI SDSHU DC
7KH PDQXVFULSW FRQWDH Q BAmM\aEHRgBookihthéd QW W LW
Sciencef Astronomy D Q@ @ Q| @I D ®omirhentargnthe Almagest 7KLV
PDQXVFULSW Ligaskb ML@QGOHVFEeHBDVWHUQ RULJLC
DOWKRXJK WKDW FDQQRW EH ILUPO\ FRQFOXGHG
$00 IRXU PDQXVFULSWYVY DUH GLIIHUHQW WR D
GLITHUHQW YHUVLRQV VR WKDW D VWHPPD FDQQI
E$IOD&e”V ZRUN LV WKH VDPH LQ DOO IRXU $SUDEL
YDULDWLRQV EXW %RRN , DQG VRPH VHFWLRQV
UHZULWWHQ LQ WKUHH GLIITHUHQW YHUYYHRQV .. W
WKRXJK % DQG 7 WUDQVPLW GLIITHUHQW YHUVLRQ
DUH OHVYV VLIJQLILFDQW ZKHKQXY¥ RW K RDQJ MV kIR PREDHU t
DQG % DQG 7 RQ WKH RWKHU SUHVHQW WKH PDN
(E LV D PL[HG YHUVLRQ WKDW IROORZV (D LQ ¢
ERRNYRZHYHU WKHUH DUH VRPH GLIIHUHQFHV EH
(YHQ WKRXJK WKH FRQWHQWV RI %RRN , LQ (D |
DUUDQJHG GLIITHUHQWO\ ,Q DGGLWLRQ LQ (D W
JUHDW FLUFOHV DUH RPLWWHGKX¥YXH UM RPLIMWKH E D
ZHOO NQRZQ FRQWHQWV WKDW GR QRW DGG PXFK
$QG ODVW LQ %RRN , HYHQ WKRXJK (E IROORZV
JLYHV LQ PDUJLQDO JORVVHV VRPH SURRIV IRXQC
7 IROORZV % FORVHO\ DOWKRXJK LW DOVR SL
QDPHO\ 7KHUH DUH VRPH GHPRQVWUDWLRQV LQ
7 6RPH PDUJLQDO JORVVHV LQ % IRU LQVWDQF
SURSRVLMOL.BOWKHLU ZD\ LQWRQW KIH QORI \ WW KW LF
VRPH QHZO\ UHZULWWHQ VHFWLRQV LQ 7 WKDW G
WKRXJK 7 LV YHU\ FORVH WR % LW VKRXOG EH F
RZQ
7KHUH LV QR HYLGHQFH WKDW WKH YHUVLRQ LQ
WUDQVPLWWHG WR WKH FHQWUDO DQG HDVWHUQ
YHUVLRQV L H % LQFOXGLQJ %RRNV ,,...,; ITURP
WKH HDVW VLQFH ERWK ZHUH FRSLHG LQ WKH H

JRU GLIIHUHQFHV EHWZHHQ (D DQG % UHJDUGLQJ %RRN

6HH IRU LQVWDQFH WKH VHBWAR&® R QLWKIG )IRX Y HOQA BN
RG"~ ZKHUH (E IROORZV % LQVWHDG RI (D

6HH IRU LQVWDQFH 7 Y.. U FRPSDUHG WR % Y.. U

FI% Y DQG 7 Y
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%@ VKRZV WKDW LW ZDV EDY¥® GNRB RW RHU PODE
OHDVW YHUVLRQV (D (E DQG % FLUFXODWHG LQ

$GGLWLRQDOO\ WKH IDFW WKDW WKH WUDQVO
DW PRVW VRPH WZHQW)\ ILYH WR ILIW$N\GID&W DIV
@K *iflSHad@ SURYLGHV D YHU\ HDJUOD ZLWQ@RVUW I
LWV FLUFXODWLRQ LQ DO $QGDOXV 1HYHUWKHO
WUDQVPLVVLRQ ZKLFK LQWURGXFHG YDULDWLRQ

7KH /DWLQ WUDQVODWLRQ E\ *HUDUG LV PRVW!
LQ #/RZHYHU WKH /DWLQ WUDQVODWLRQ LV QRW

%RRNV ,,..,: WKH /DWLQ WUDQVODWLRQ WUDQVF
QRW SUHVHQW LQ % 7KHVH VHFWLRQV IHZ LQ ¢
W Kkhagest 7KXV IRU %RRNV ,,..,; LW LV PRUH DS

/IDWLQ WUDQVODBWGRY LRODBAY @KHQ 7 GLIIHUV
WUDQVODWLRQ IROORZV % RU (E IRU %RRNV ,,..

ORUHRYHU WKH /DWLQ WUDQVODWLRQ KDV VRI
RQ WKH OLON\ :D\ DQGAWad$td, RO LG DWRIE HQIF® X G
*HUDUG"V WUDQVODWLRQ DV SDUWZRHWHOH PDK I
VHFWLRQV DUH QRW SDUW RI WKH HTXLYDOHQW
RI WKH $UDELF YHUVLRQV WUDQVPLWWHG LQ WK
VHFWLRQV DV 3DWWHD SIOMFHWERAD DQ DSSHQGL[ C
VFULSW (E DQG WKXV KDY H Q\QF®WBE LW KRIWLHI LV F
DSSHQGL[ DUH OLWHUDO ERUURZLQJAmMageRP WKH
DQG DGG QRWKLQJ VO BEKM MR -AELU E

7KH VRXUFH Rt HBOAREKSDAE @ &)-hay min Hayadt * > R GWa-Q
min Haysét (AMEK@K (RGA K LV QRW VR FOHDU VLQFH DO $EKD
VHFWLRQV DQG UHDUUDQJHV WKH RUGHU PL[LQJ FRQWHC
$EKDUI"V ZRUN GHYRWHG WR SULQFLSOHY DQG LQWURGXF
E$I1OD@RV*HIHHA{AT 7KH ZRUGLQJ RI WKLV 7KHEWLRQHL LW ORN B
WKDW DO $EKDUi XVHG D YHUVLRQ VLPLODU WR % RU 7

W LV ZRUWK SRLQWLQJ RXW WKDWODW WKRQEBPN |
DEO\ VWLOO DOLYH VLQFH WKH WUDQVODWLRBR\EZDV GRQH
PHW KLP 7KDW PHDQV WKDW DW WKH WLPH RI WKH WUDQV
REWHQWLRQ RI D PDQXVFUL®W RIESAKIH WKQRE IJKHERNQR/@ RNV V
WKH FLUFOBYORI=-NEVRQE

JRU LQVWDQFH WKH TXRW D&AsRaQoniddk DARRN | [ARR E uy
magest, 7R FPRolétdy’slmagest S RQ WKH SK\WLFDO FRQVLGHUDWLF
RI WKH HDUWK WDNHQ IURP WKKXQVY¥ A% TKAELW @R WY QSADHDWA
LQ % RU 7

DeAstronomia& D A Q H..

3DUUD 1% 3UHYLRXVO\ 8QQRWLFHG $SSHQGL[~ SS

(E Uu.. Y

,Q WKLV SRLQW WRR *HURdeSLV & WUIDKQYWHDE@EW U R K PRK MVK W L
WKLV VHFWLRI® @K VAHHSHEYEE E R U U R Z H GAlindde & 6/ARMHdgesti

U... Y FRP B®AStkb@onMaRD A (BIS ...



7+( $5%8%,& 9(56,216 2) -A%,5 % *$3AHaU6x W' 8

7KH VHFRQG GLVWLQFWLYH IHDWXUH R4 WKH /D)
PHQW ZKLF¥XI O®EL FEDLPHG WR VXSHUVHGH DOO IF
LQFOXGHG E\ 3AMBg@dt PLNH) WWKHH H[WD QW RDQXVFUL
ELF YHUVLRQV WKH /DWLQ WUDQVODWLRQ FRQWL
WUDQVODWLRQ WUDQVPLWY D FRPSOHWHO\ GLIIH
WHG LQ WKH H[WDQW $UDELF YHUVLRQV B6LQFH F
VWXG\ E\ /RUFK LW LV ZRUWK SRLQWLQJ RXW WK
DV WKH RQH LQ WKH RWHKRDPHYBNE LW KPD RV WWIXPw
/IDWLQ WUDQVODWLRQ PXVW EH RI $UDELF RULJLC
GHVFULEHG LQ WKH +HEUHZ WUDQVODWLRQ RI -C
E\ 6DPXHO EHQ -HKXGX\RI WRHWHL@I®DH LQVWUXPH
WKH /DWLQ WUDQVODWLRQ LV WKH RQO\ ZLWQHV
ZKLFK WKHUH LV QR RWKHU ZLWQHVV LQ WKH H[V

$V WR WKH +HEUHZ WUDQVODWHKRQWUDFFRD®L!
ORVKH LEQ 7LEERQ IROORZV % ZKLOH WKH WUDC
7LEERQ UHYLVHG E\ 6DPXHO EHQ -HKXGD RI 0DUV
OHDVW IRU %RRN ,

,Q VKRUW ZH KDYH IRXU $UDELF PDQXVFULSW)
WKUHH GLIITHUHQW YHUVLRQV (D % DQG 7 DQG
SOXV D /DWLQ UHQGLWLRQ WUDQVODWHG VKRUW
ZRUN 7KXV WZR TXHVWLRQV IROORZ :KLFK RI W
DUH DOO RI W&IHOD &\ -AELU E

4, &EJUJPOT

JRUFK LQ KLV VHPLQDO ZRUN RI VXJIHVWHG
ILUVW DQG XQUHYLVHG YHUVLRQ DQG (D- WKH UH’
VLELOLW\ WKDW WKH UHYLVHG YHUVLRQ L H WK
EOD\P,Q DQG -RVHSK EHQ++ EXD&B G X)XWEAJIIHVWL
IDFW WKDW WKH YHUVLRQ LQ (D ZDV PRUH FRPSC
HOHJDQW WKDQ WKBWHWHVLRQKHQFB®VH % FDQQR
YHUVLRQ EDDOPVA EQG -RVHSK EHQ -HKXGD GRQH |
WKH RQH WUDQVPLWWHG LQ WKH /DWLQ WUDQVO
LQ ZKHUHDV WKH OUBWLQLR@®IFHAWKMAE ELWK
EHQ -HKXGD ZDV GRQH RQO\ VKRUWO\ EHIRUH -R
GXULQJ WKH VDPH \HDU 6LQFH 'HUHQERXUJ GDW
WKH HLIKWK IRXUWHHQWK FHQWXU\ /RUFK FRQVL

FI17 Y... U

/IRUFK $7KH $VWURQRPLFDO ,QVWUXPHQWV™ S
/IRUFK $7KH $VWURQRP\" S

/IRUFK $7KH $VWURQRP\" S

/IRUFK $7KH $VWURQRP\" S
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ZRXOG EH WKH UHYDRW.RQDENGO;RAHSK EHQ -HKXC
ZRUN /RUFK K\SRWKHVL]HG WKDW ERWION&UVLR
ZLWKRXW UXOLQJ RXW WKH SRVVLELOLW\ WKDW
YHUVLRQ SRLQWHG RXW WKDW WKH YHUVLRQ L
DVWURQRPLFDO FRODWHAWOGLOHMmMQ WKDW LQ ID
VLRQ LV % LQVWHDG RI (D

W LV XQOLNHO\ WKDW WKH YHUVLRQV (D DQG
$ UHYLVLRQ RI WK®® K REMe® VZ R XFOI GWKUWHH VXS SRV H
DGYDQFHG DQG VHOI FRQILGHQW UHDGHU DQG L
KDYH EHHQ PHQWLRQHG ,W LV UDWKHU LPSODX]
WKRURXJK NQRIQ§GIRXPIGWKKIHYH FRUUHFWHG LQ
PLVWDNH LQ (D DV WKH RQH SUHVHQW LQ WKH
DSSDUHQW FRQMXQFWLRQ RI WKH VXQ IURP WKF
DQG ZRXOG KDYH RYHUORPNHG VL DL W WIHKD WU LANELL
OXQDU HFOLSVHV KD GAIfaBestDH)[GV PR \ED VERPL Q WL
VWDQGLQJ EHFDXVH RI K LAMmdges OnVK\L \P F@XQV RQLCB\W
H[SODLQHG E\ ERWK YHUVLRQV EHLQJ ZRUNHG R
RI WKH VDPH DX O WAINMR@@Q X WRUHLLEND GBI WSHD NLQJ
XVFULSW WUD G$MDID@ERKVRHESH®EL VKRZYV D JUHDW U
IRU WKH OLWHUDOLW\ RI LWV WH[W )RU LQVWDC
FRQWDLQV D WDEOH RI WKH ZWVWR WX HDEMWHL Q
DUH ZHVWHUQ DEMDG QXPHUDOV LQ WKH WH[W
DO 6KiUA]i LV FDXWLRXVO\ UHVSHFWIXO DQG LQ\
t, EHGBBWYMAKHQ KH DJUHHV ZLWK RUSADD® KLV
@K *HEBH@yd $00 WKHVH SHULSKHUDO UHBDVRQV S
NQRZOHGJHG UHYLVLRQY¥I @D & WKHU W DVKKHY -R @ DU

%XW WKH GHFLVLYH ZLWQHVV WR WKH DXWKR!
YHUVLRQV $RIOD@RVUHEEH##& FDQ EH |RXQGE RIUQ DDV
5%06/ ¢U 7KLV PDQXVFULSW FRQWDEQV WKH
XVFULSW ZKLFK KDV SUHYLRXVO\ EHHQ XQQRWL
WKH QDPH RI WKH VFULEH LV QRW SDUW RI WKH
UHFWR IROLR EHORZ WKH WLWOH RI WKLV VLQJO
WLWOH R @ HIBGsk¥hat @ K JifiA @ H SalsShaykh A , T1@-L
mad) AMQE K@ K (REEhayK 7KHQ IROORZV D VWDWHPHQ
QDPH RI WKH VF ULCE® p Z@&ERFOKAHID @\EMufarrij
Q@I HLEICTVK BWil$e RD®XEDUULM *RG KDYH PHUF
FRSLHG LW IRU KLV SHUVRQDO XVH"~ 7KH VFULE

JRUFK $$A@DWe DQG WKH (VWDEOLVKPHQW" S

%HOOYHU (O @XJIDU" S

6HH % Y DQG (D Y

6HH (D Y. U DQG % Y. U )RU D GLVFXVVLRQ RI
E$IODa RQ /XQDU (FOLSVHV" SS



7+( $5%8%,& 9(56,216 2) -A%,5 % *$3AHaU6x W' 8

EQBWGSEEPDOGXEDUBLMAG DO 6D\WAUI ZKR ZDV DFWL
ZKHQ KH DOYBROMREDHEBXVKG DO -DG@K '@X M
V@ K S@XK ,EQ OXIDUULM ZD VS IDDMNYHOG KHUW QB+
VKRUWO\ DIWHUZDUGY +RZHYHU LW LV YHU\ OLU
ZKHQ -A¥IlOD#& ZDV VWLOO DOLYH VLQFH WKH VF
RI WKH ZmRy#IN ZIKLFK VXJJHVWVOW&#DID VAEWU CEO DQ
SHUVRQ ZKHQ KH FRSLHG WK}MAOPBIQX Y SW 7KH
ULQJ WR ,EQ OXIDUULM LV ZULWWHQ RQ WRS RI L
XSRQ ,EQ OXIDUULM"V GHDWK ZKLFK VXJJHVWV W
KLP XQWLO KLV GHDWK RU WKDW WKH QHZ RZQHU
GDWHG WR WKH ILUVW KDOI RI WKH VL[WK WZHOI
ZLWQHVV WROPAEVUOEIHWLPH 6LQFH (£/1@D&% FRSL
ZDV VWLOO DOLYH RU OHVV OLNHO\ VKRUWO\ DI\
WKH ILUVW UHFWR IROLR@R{ WHSHYdP DRRXOGLEW
WKH RQH E\ ZBLOB a@AEIZWIRWEN ZDV NQRZQ LQ KLV
WKXV WKLV LV WKH WLWOH E\ ZKLFK , KDYH VXJJ
NQRZQ LQVWHDG RI WKHK@RWE® HAEIRM K XRJQ A X \R Q\HL \C
RFFXUUHQFH

+RZHYHU WKLV H[WUDRUGLQDU\ PDQXVFULSW L
ZLWQHVV FORVHVW WR WKH DXWKRU EXW DOVR
WK@K *HESHay@@ $V DOUHDG\ QRWHG (E FRQWDLQV
(D IRU %RRN , DOWKRXJK UHDUUDQJHG DQG Wl
ZLWK RQO\ PLQRU GLIIHUHQFHV 7KXV LW LV VDI
ZRUNHG RXWS EODREKUPEHO!I 7KH RQO\ RWKHU SR\
WKHVH YHUVLRQV ZDV PDGH E\ DQ LQGHSHQGHQW
E$IOD&e”V OLIHWLPH EXW WKLV FDQ EH UXOHG R
FOHDUO\ DWWULEXWHY WKLV ZRUN LQ ERWK YHU\
LQ %RRN , RI (E DQG WKH RQH VLPLODU WR % W
WR -ABEL@DE KLPVHOI $W PRVW RQH RI WKHVH Y
E\ D GLVFLSOHS$ K@Y VWESHUFLVLRQ 6R LQ DOO
ERWK YHUVLR O DR K-IAFE\LWOE

7KXV ZH VKRXOG DVN ZKHWKHU (E LV D PL[HG
GLIITHUHQW YHUVLRQV RU DQ LQ EHWZHHQ YHUYV
LQ EHWZHHQ YHUVLRQ L H WKDW WKLV PDQXVF!
RI WKH ILUVW LQWR WKH VHFRQG YHUVLRQ FDQ
FOHDU WKDW WKLV LV D PDQXVFULSW FUHDWHG
LQ WKH LQVWUXPHQW 7KH GHVFULSWLRQ RI WKH
HQG RI WKH PDQXVFULSW 7KLV PHDQV WKDW LQ
QRZ WUDQVPLWWHG LQ (D WKHUH ZDV QR LQVWU)

On $§01 e PD@XEDUULM VH s ESEKANDHayDvab-@inila Y RO
s QR
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WR @WKHHSHA& LQ (D -SABIDUWEEDFWXDOO\ DQQRXQ]
JRLQJ WR SURYLGH DQ LQVWUXPHQW WR VXSHU\
DOWKRXJK WKH VHFWLRQ GHYRWHG WR WKDW LG
LQ (D6XW LQ WKH ,QWURGXFWLRQ SUHVHQW LQ (
LOQVWUXPHQW WKH VRXUFH RI ERWK WKH |,
PLWWHG E\ (E LV HDUOLBUQWH DLQV VGRHH W FORUF HP R
ILUVW GHYLVH DQG SURYLGH WKH GHVFULSWLRC
WKHQ UHLQWURGXFH LW LW VKRXOG EH-FRQFOX
IHUHQW VRXUFH PDQXVFULSWV RI WKH WZR YHU
YHUVLRQ WKDQ (D DQG ZDV QRW DQ LQ EHWZHF
RI WKH WZR YHUVLRQV LV WKH HDUOLHVW DQG F
WKDQ WKH YHUVLRQ LQ %

JRUFK VXJJHVWHG WKDW (D ZDV WKH UHYLVHG
YHUVLRQ LQ % ZDV PRUH SUROL[ DQ GoXOMWKH®H
LV RQO\ VR IRU %RRN , \@LQ FHEBHAGE \WHKHH UHH \DW HF
UHZULWWHQ VHFWLRQV LQ % PRUH $XRPLQ FMR R/
LQ % VWURQJO\ VX3 DD X WHIGD WW- AR U UWE D FK L G
WHDFKLQJ WH[W KLV UHYLVLRQ ZDV DLPHG DW
VWXGHQWY DOWKRXJK LW ZRXOG EH OHVV HOHJ
KHOS WR H[SODLQ WKH DSSDUHQW FRQWUDGLFW
OHVV HOHJDQW YHUVLRQ LQ %RRN , KDV DOVR
DVWURQRPLFDO SRLQW RI YLHZ LQ WKH UHPDLOQI

(E RU WKH VRXUFH IURP ZKLFK LW ZDV FRSLHC
IHUHQW YHUVLRQV 7KH PRUH OLNHO\ SRVVLELO
FRS\ RI DQ ROGHU YHUVLRQ DQG FRQWLQXHG IU
YHUVLRQ REWDLQHG VKRUWO\ WKHUHDIWHU $FF
LQ WKH KDQG RI WKH VM@rEkhaTQ G QL QN UIRDGXG H.E
DQRWKHU FRS\" ZKLFK DUH WDNHQ IURRsWKH VD
SUREDEO\ PDNHV ,EQ OXIDUULM WKH RQH ZKR Pl
VFULSW +RZHYHU WKH VHFWLRQV RQ WKH OLON
SUREDEO\ D ODWHU DGGLWLRQ DOWKRXJK WKH
WH[W $V VLQJOHI FROXUN LERDID UOBVY RQ WKH OD\

(D U

7KLV UHIHUHQFH WR WKH LQVWUXPHQW LQ WKH LQWURC
WLRQ LQ (BHOOYHIH $(O0 @X(BUWKIV RPLVVLRQ DIIHFWV W
-AELYI®De LQWURGXFHV WKLV LQVWUXPHQW 7KXV LQ WKL
YHU\ OLNHO\

6HH IRU LQVWDQFH (D UY DQG % U

6HH IRU LQVWDQFH WKH PDUJLQDO JORVVHV LQ (E Y

3DUUD t$ 3UHYLRXVO\ 8QQRWLFHG $SSHQGL["

(E Y 7KH KDQG RI WKLV PDUJLQDO JORVV SRLQWLQ.
KDQG RI WKH JORVVHV LQ %RRN , VHHP WKH VDPH (YHQ W
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LQ (E LQGLFDWHV WKH SRLQW LQ WKH PDLQ ERG)
LQFOXGHG WKH DSSHQGHG VHFWLRQV ,W LV ZRU
WKDW WKH DSSHQGHG VHFWLRQV ZHUH ZULWWHQ
VXJIJHVWVY WKDW WKH\ ZHUH DSSHQGHG DW D VLJ

,Q DOO IURP WKH LQIRUPDWLRQ LQ WKH PDQX\
FDQ DWWHPSW WR GUDZ D OLVW RI HGLWLRQV DG
7KDW LV

.)JLUVW (GLWLRQ .. (E %RRN ,

..5HYLVHG )LUVW (GLWLRQ .. (D

..6HFRQG (GLWLRQ .. (E %RRNV ,,..,;

.. $XJPHQWHG 6HFRQG (GLWLRQ .. /DWLQ WUDQYV
..5HYLVHG 6HFRQG (GLWLRQ .. %

.7KLUG (GLWLRQ .. 7

7KH ILUVW H G L WILGROp@eiRV* HEEHEA® LY WUDQVPLWWHG
%RRN , DQG (D +RZHYHU LQLWLDODEBERMKHSI AUV W
El-Hay# GLG QRW FRQWDLQ DQ LQVWUXPHQW 2XU R
LQ LWV LQLWLDO YHUVLRQ LV (E %RRN , 7KXV L
RI WKH WULJRQRPHWULFDO SURSRVLWLRQV LQ (E
7KH ILUVW UHYLVLRQ RI WKH ILUVW HGLWLRQ L
UDQJHG WKH FRQWHQWYV RI %RRN , 7KH ZLWQHVYV
ZLWQHVV WR WKH ILUVW HGLWLRQ LQ JHQHUDO I
7KH VHFRQG HGLWLRQ LV D SDUWLDO UHZULWLC
%RRN , DQG DW OHDVW VHFWLRQV RI %RRNV ,,
DOVR EH VPDOO GLIIHUHQFHV LQ ZRUGLQJ WKDW
VFULEDO HUURUV 7KH ZLWQHVV WR WKLV VHFRC

%RRNV ,,..,; ZKLOH % LV D VOLJKWO\ UHYLVHG Y
6LQFH WKH /DWLQ WUDQVODWLRQ FORVHO\ IROOF
(E %RRNV ,,..,; D FRPSDULVRQ RI %RRN-, LQ % D

ODWLRQ ZLOO LQGLFDWH WKH GHJUHH E\ ZKLFK
VHFRQG HGLWLRQ RI %RRN , ZKLFK XS WR QRZ K

% LV D VOLIJKWO\ UHYLVHG YHUVLRQ RI WKH LQ
%RRNV ,,...,; 7KH UHYLVLRQV DUH YHU\ PLQRU D
VLRQV RI VKRUW AimagestWWDRQV UR MRKBG LQ (E %F
+RZHYHU WKH SUHVHQFH RI WKHVH TXRWDWLRQ

LV GLITHUHQW IURP WKDW RI WKH PDLQ WH[W ZH FDQ JXHYV
VLQFH WKH KDQG RI WKLV PDUJLQDO JORVV LV H[SHFWHG W
LV WKH VDPH RI WKH PDLQ WH[W 7KHVH GLIIHUHQFHV LQ
PRVW SUREDEO\ RZH WRjaMhKHR X VRD BRI L) QA | IMRNVYWY DQG PLC
DQG QRW WR D GLIITHUHQW VFULEH
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IRXQG LQ (D DQG WKXV (E %RRBKGLW.LRQDKRXO G
WKH /DWLQ WUDQVODWLRQ DOVR WWIajefR LWV W
WKH /DWLQ WUDQVODWLRQ PRVWO\ IROORZV WK}
., ...,; UDWKHU WKDQ WKH VOLJKWO\ UHMHWHG V}I
PDLQ GHSDUWXUH RI WKH /DWLQ WUDQVODWLRQ
LQVWUXPHQW VXSHUVHGLQJ WKH RQH LQ WKH $
E\ /RUFK

7KH /DWLQ WUDQVODWLRQ ZDV GRQH IURP DQ
LQ %RRN 9, WKH /DWLQ WUDQVODWLRQ LQFOXGI
Almagest9,,, .. WKDW DUH LQ DQ DSSHQGL[ LQ (E
%XW DV SRLQWHG RXW E\ WKH VFULEMKRIHEE A WK
El-Haydi ZKLFK LQFOXGHG W K HA\hagastdF W L R.Q VL @V DVKHK
PDLQ WH[W 7KXV WKH VHFRQG H[WHQGHG HGLW

7KH WKLUG HGLWLR® IWHZUMWDHY WHR® HE\VPDOO
UHYLVHG VHFRQG HGIKXVRQ DIOWERHR F H\EGVEW %H VI
RI WiayestDV % GRHV 7KH UHZULWLQJV LQ 7 FRPS
WLDO WKDQ WKH UHZULWLQJV RI WKH VHFRQG |
IHYHUWKHOHVVY DOWKRXJK TXDQWLWLYHO\ QRW
VFLRXV UHZULWLQJV DIIHFWLQJ$MRIEEEK\EWESRAV W
llHay#d KDYH OLVWHG 7 DV D QHZ HGLWLRQ@ 6LQFH
SOHWH PDQXVFULSW ZLWK QR FRORSKRQ DQG ZL
RZQHUVKLS SXUFKDVH RU UHDGLQJ QR LQIRUP
UHHGLWLRQ DQG WKH KLVWRU\ RI WD P® POXF U |
KDYH EHHQ WKH DXWKRU RI WK L% XWK LWG DID& RWE
EH WKH UHYLVLRQ DXWKRUHG E\0PRVWHBKREHB\ -H
DQ\ RWKHU ODWH Ul IDYRXKR W KHREZRYWUELOLW\ WKE
UHZULWLQJV LQ WKLV $WBD&EGKHBYWQR QRUV D- AVEHLLL
SOH XQGHU KLV VXSHUYLVLRQ VLQFH H{FHSW II
GHQW ZRUN RQKDWM RXQQG QR LPSRUWDQW UHZU
DOUHDG\ UHZULWIKHY LY %D UMRIPFXDDUO\ VWULN
UHZULWLQJV IURP (D LQWR % DQG IURP % LQWR
DIIHFWLQJ D VHFWLRQ DOUHDG\ UHZULWWHQ 7K
WKDW WKH DXWKRU EHKLQG WKH UHZULWLQJV L
LV -ABLODEe +RZHYHU WKH IDFW WKDW WKH /D)
RQ WKH WR RXU NQRZO G HHEEBdY& W ¥H U7V LRI\ R
EH D FRXQWHUDUJXNPHDN I IRUWARUYKES VLQFH I
ZKHWKHU LW ZDV DYDLODEOH LQ DO $QGDOXV
WKDW WKH GLIIHUHQFHV EHWZHHQ % DQG 7 DUH

$ IHZ VHQWHQFHV RI WKH GLVFXVVLRQ RI WKH VLQH UX
7 ITJURP % LQ D IDU OHVVYSURODRQ®@D% 6HH
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7KH /DWLQ WUDQVODWLRQ VWHPV IURP D SDUW
IROORZV DQ H[WHQGHG YHUVLRQ RI WKH VHFRQG
WLRQV IMR&eWAHIH VNLPPHG IURP LW 7KXV DSS
IRU WKH /DWLQ WUDQVODWLRQ ZDV HLWKHU FDU
VLRQ ZDV D SRSXODU RQH LQ DG IPED®XWRQQZD)
SUREDEO\ VWLOO DOLYH ,W LV GRXEWIXO WKDW
ZKLFK LV Rl $UDELF RULJLQ ZRXOGI®D¥H BHHQ
VKRUW GHVFULSWLRQ RI WKH LQVWUXPHQW LQ W
WLRQ LV WKH VDPH DV LQ WKH ,QWURGXFWLRQ RI
DFWXDO GHVFULSWLRQ RI WKH LQVWUXPHQW LQ |
WKH RQH LQ WKH $UDELF PDQXVFULSWV $QG WK
E$IODa& VKRZV WKURXJKRXW KLV ZRUN GRHV QRW
GHVFULSWLRQ Rl WKH LQVWUXPHQW LQ WKH /DW
KDG DQ $UDELF RULJLQ DQG VLQFH WKH WUDQVO
E$IOD&"V OLIHWLPH WKH PRVW FRQVLVWHQW SR
QHVVHG E\ WKH /DWLQ WUDQVODWLRQOD LGHVL.
DQ DWWHPSW WR RYHURRRKA EAW® BEXY | H DV MWELORLAMQ
QHVVHG E\ WKH H[WDQW $UDELF PDQXVFULSWV
WKH WKLUG HGLWLRQ WUDQVPLV$WHISeEE \VT QFAH VD
LQVWUXPHQW ZLWQHVVHG E\ WKH /DWLQ WUDQVC
DQG QRW WKH WKLUG

7KH ILQDO FRQVLGHUDWLRQ LV W KIEnWKNEKH YHU\
@K LTI@ CGIGH@E@RUWHQHG YHUVLRQ ZKHUHDV Wi
asal-nuskhat@ K JTW®&H ORQJ YHUVLRQ +RZHYHU GHVS
(E %RRNV ,,...,; WUDQVPLW WZR GLIIHUHQW HGLWI
LQ OHQJWK EHWZHHQ WKHP 7KH PDLQ GLIIHUHQ
UHZULWLQJV QRW DGGLWLRQDO FRQWHQWV H[F}
W KkhagestLQ (E UHJDUGLQJ WKH OLON\ :D\ DQG WK
VLIQLILFDQW GHSDUWXUH LQ WKH FRQWHQWYV FR
DERYH (D RPLWV SURSRVLWLRQV DLPHG DW GHIL
JUHDW FLUFOH ,W LV SRVV LAE@skhat@ o WT-E® Ct& KR U
dhafa WKH VFULEH UHIHUUHG WR WKH RPLVVLRQ F
GHILQLQJ WKH FRQFHSWV RI WKH SROH DQG JUH
WKH LQWURGXFWRU\ OLGGOH %RRNV 7KHVH RPL\
SUHFOXGH (E %RRN , IURP EHLQJ HDUOLHU WKDQ

,Q DOO H[FHSW IRU WKH YHUVLRQ LQ WKH 7HK
FDQQRW EH IXOO\ D3V BOBEWDD D HGK H- AAFRVWWEOLNHO)
GLITHUHQW H @LKWLHREM#EGR IFKUVHQW O\ EKHWVKWHU NQI
@K ,@ 1 HRNHSW UEzUEMIHAE RYWU D UDWKHU ORQ.
+H ILUVW DGGHG DQ LQVWUXPHQW DQG WKHQ U}

/IRUFK $7KH $VWURQRPLFDO ,QVWUXPHQWV"™ S
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LQ RUGRHALWR LW DQG WR DFFRPPRGDWH LMWV WR V
LFDO HGLWLRQ ZLOO IXUWKHU H[SDQG RXU XQGI
WKLY ZRUN GHYHORSHG RYHU WLPH $GGLWLROQTE
@K *H$ayd EH LGHQWLILHG LW LV OLNHO\ WKDW
RI HGL®GRUHY DVLRQV SUHVHQWHG KHUH

#JCMJIPHSBQIZ

$KOZDU&WN O/BizEichnister @ Q @ AHhRABdBtdkler Koniglichen! H AK H N
thekzuBerin  YROV % HUOLQ $VKHU

Almagest *HUDUG RI &UHPRQD W U9H Q [Crtidius Ptaleth
JLFKWHQVWHLQ

AWA\ AXVDSR AH®@ XL>M #@KHQ@BDLUR ODNWDEDW DO
DO GiQL\\D

%HOOYHU -RNFDa-REOLWKH )RXU (FOLSVH OHWKRG IRU
LQ $QR&DMI\" SSs..

%HOOYHU -RN\NGDa&-RBLUXGhay(FOLSVHV.S

%HOOYHU -RV$ICGR& VAEUUWLF AMRYESR IL QWFEPQBRDV&D O Y
OHUF©® &RPHV B5RVHU 3XLJ ADSpdBedBayady.Osl&nix Sci H G V
ence EaandWest %DUFHORQD 3XEOLFDFLRQV L {GLFLRQ\
ORQD .SS

%HOOYHU -RVEnKIQ® QXBBIRPAEIMMDE HQ OBHEGDRDED 1
DQGDOXV® FRQWUD 0P KVOEGMLQERE @D SWSFEOHPDLFD

&KHLNKR /RXdIY H@@K MCBETR o@AQ@P NhBWRK@K
OPSULPHULH &DWKROLTXH

DO QD BED G $L B&Q Budhyaal-multamisEta @ JEHahllél-Andalus & DL UR
'AU DO N®WRLEiI DO

'AQH" 3D?RZKDQGI POKARL $ Q¥AGQDNBRAAPME RN ®
na-yeMajles-eO TQ $ KRR RIBM RXADAHKUDQ (QWH"AUAW .HW
ODMOHV H "XUA \H (VOAPL V K

DeAstronomia&a DAQPBH@MTR /DSQTR (MRSQULDMSUL OQHLH
EHKHH EEK@ 'HRO@KDMRHR RSQNMNLH TDSTRSFH
@RSQNMNLH@ @MSD @KHPTNS RDBTK@ Q@AHBD
latinitate donati, nunc uero omnium primum in lucemEeditUHPEHUJ -RKDQ(
SHWUHLXV

'"HUHQERXUJ +DUWZLJ DQG +BEQEMITRE® HB\RH §KQ @HADE
BTQH@K CEBQHSR CW@OQER KDR MNSDR CD '@QS\
Dr H.-P.-JRenaud WRPHDVFLFXOH 3DULV *HXWKQHU

DO +DZAUIi DOA®RMMIO BIEH@QQ JTRMA EKS®KJIG n @J
@K @F®@HAXW D® DDNWDED DO

.UDHPHU -RHO / fORVHV ODLPRQLGHV $Q ,QWHOOH]I
HGThe " @ L A QGbv@pabioto Maimonides 8DPEULGJH &DPEULGJIH
VLW\ 3UHVVSS..
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The Astrological Computations Attributed to Ptolemy and
Hermes in Medieval Arabic Sources

JOseCASULLERAS

1. Introduction

Many medieval Arabic souradsibute some of the most popular mathemat

ical procedures and geometrical definitions applied to the practice of astrology
either to Ptolemyg.ap 150) or to the legendary Hermes. However, these attri
butions have little basis either in Ptolemy’s astrologi€air viorkhe writ

ings related to the Hermetic traditiGiocusing 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 taswigatk A Tekates the positions of the celestial
objects to our place and morhent.

1 TheTetrabiblo®r Quadripartitum, in Arabic *HS AO@K @ QA @

2 On Hermes and his astrological works see Sezgiill,G#S 50-58. See also van
Bladel, ‘Hermes'.

3 See, for instance, Bouché-Leclercq, L'asgmogigpp. 256—86; Casulleras and Ho
gendijk, ‘Progressions’, 3$-39, and the references given there.

/ISNKDLXwR 2BHDMBD NE S é&dDby Ba@dJRsté] Ber®i&\2n, @G &y NikBlds 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 «
@ K drfeconsiders 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’,F®#, PP, (PP, PPR;, PR) are called the left (right)

sextile, quartile and trine rays respectively, ,asdc@lied the oppositfon.

Figure 2. The planetary aspects or rays

The astrological theory of progressions (in Arabic callpces@igisRes @
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-Leclerccpstrologigrecquepp. 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 ararmf tBe@ R X Q
individual will live M solar years.

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 astrolegical tech
nigue 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’ iand9B@ward S.

Kennedy extended North’s classification in” X988ulleras and Hogendijk
published a classification of the methods for the rays and the progressions in
20128 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 Méthodthis method, the houses are
defined on the ecliptic by meridians crossing equal divisions of the equatorial

5 cf. Bouché-Leclercq, L'astrolggeequepp. 411-22; Casulleras and Hogendijk, ‘Progres
sions’, pp41-43.

6 North, NQNRBNODR @MC '"HRSNQX

7 Kennedy, ‘The Astrological Houses'.

& Casulleras and Hogendijk, ‘Progressions’.

° cf. North, 'NQNRBNODR.&@MC 'HRSNQX
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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\\ WKH HOHYHQWK FHQWXU\ ¥U[DXQ IPID@ \ DY QMNURQR
sources it is attributed to Ptolenand it is usually implemented with an
astrolabe, moving either the rule or the spitdethe help of the inscribed

hour lines, in order to find the beginnings of the houses according-to the defi
nition of the method.

The other method for the houses which is sometimes attributed to Ptolemy
is the Hour Lines Methédin 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
SHUXJLDQ PRQN EXW WKH $QGDOXWsadWivURQRP
his TreatiseN N5 GJBe N B Q\Btrolabe WKDW DFFRUGLQJ WR &DE
(ninth century), this is Ptolemy’s methddhis attribution was repeated by
VRPH RWKHU $QGDOXVi DXWKRUV 7KH SURFHGXI
dard astrolabe plate which has lines for the seasonal hours.

10 ¢f. North, Horoscop@sMiS€tory S DO % ik ,0Q MwoMIIl, pp. 1357-1359. On
WKLV DXWKRU VHH IRU H[DPSOH <DQR f%iU,Qi"

1 cf. Calvo, ‘La résolution graphique’, 39p-36; Casulleras, ‘Mathematical Astrology’,
pp. 265-67.

12 The two options are described in North, Horog@dgkStory p. 59.

18 cf. North, Horoscope@® MH@tory pp. 20-27; Kennedy, ‘The Astrological Houses’,
p. 538; Casulleras, ‘Mathematical AstrologdG5p.Calvo, ‘La résolution graphiquegp.
Casulleras and Hogendijk, ‘Progression83+§5.

4 2Q WKLV DXWKRU VHH 5LXV f,EQ DO 6DP&”

15 Viladrich,El * H Sal#&mal pp. 66, 124.
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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 Méthadd the Equatorial Methbéh 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, Horoscope@® MHGtory pp. 32-33, 47; Kennedy, ‘The Astrological Houses',
pp. 541-43; Casulleras and Hogendijk, ‘Progressions’, pp. 82—-83.

17 North, Horoscope® MHGtory 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
DXWKRU &DPSDQXV RI 1RYDUD LQ WKH /DWLQ :H
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
$QGDOXVi PDWKHPDWLFLDQABRGDOVWWRQRPBU
who described the method for the first time in a treatise on the computations
applied to the division of the houses and the projection**oMoalgsn
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@#b6 Mu LQ ZKLFK W
method is also descritfed.

2.2. Rays

In the case of rays, the name of Ptolemy is related to what we €all the Sin
gle Hour Line Method in many Eastern and Western Arabic?Sadinises.

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 PlanetfAL is rotated around the celestial axis over an angle

18 Study, edition and Spanish translation in Casulleessralegia.

19 cf. North, Horoscope® MiiStory p.35; North, ‘The Alfonsine Books'4®, 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 thraugfe Rall this method the-Sin

gle Position Semicircle Method, because it involves only the position semicircle
throughP. The attribution of this procedure to Hermes is found in treatises
on astronomical instruments from al-Andalus.

21 cf. Casulleras and Hogendijk, ‘Progressions’, pp. 67-68.



