The Little Astronomy and Middle Books between the 2nd and 13th Centuries CE:

Transmissions of Astronomical Curricula

Christine Roughan

A dissertation submitted in partial fulfillment
of the requirements for the degree of
Doctor of Philosophy
Institute for the Study of the Ancient World
New York University

January, 2023

Alexander Jones



© Christine Roughan

All Rights Reserved, 2023



ACKNOWLEDGEMENTS

The first spark of this dissertation came from a course with Dr. Alexander Jones, and I thank you for your
guidance both in that seminar and over the course of this research as I delved further and further into
ancient Greek astronomy and its subsequent manuscript transmissions. Dr. Robert Hoyland, thank you for
always coming back with valuable comments as I set out upon writing these chapters and for pushing me
to explore how the historical scholarly activities in question fit into their broader contexts. Dr. Sebastian
Heath, thank you for providing the guidance and the opportunities for many explorations into digital
humanities methods. While these are not at the forefront of this particular dissertation, digital methods
supported several inquiries over the course of this research and have set the scaffolding for future
expansion as well. Dr. Nathan Sidoli and Dr. Michela Malpangotto, thank you for lending your expertise
and joining in the eleventh hour, and for helping to push these ideas even further in the final stretch.

I am grateful for my time at New York University and the many opportunities offered by GSAS,
including a Dean's Dissertation Fellowship, which supported the production of this dissertation. |
furthermore owe a great deal to the wonderful community of ISAW, to all of the support and feedback I
have received and to many many conversations delving into manuscripts and late antiquity. I am thankful
also for the support offered by NYU and ISAW to travel to and research at different manuscript libraries,
from Columbia University’s Rare Books and Manuscripts Library to the University of Oxford’s Bodleian
Library and Universiteit Leiden’s University Library. The trials of the pandemic interrupted further travel
plans, but I am thankful for those institutions which responded to those challenges by making their
collections more accessible through alternative means.

And without a doubt: thank you to my family, my friends, and my partner for all your

encouragement and support as I embarked upon this wide-ranging project. Your support means the world.

il



ABSTRACT

This dissertation examines the transmission of two astronomical curricula: the Little Astronomy of Greek
late antiquity and the Middle Books of the medieval Islamicate world. The Little Astronomy is usually
understood to have comprised a group of approximately nine ancient Greek texts: Theodosius’s
Sphaerica, Autolycus’s On the Moving Sphere, Euclid’s Optics, Euclid’s Phaenomena, Theodosius’s On
Habitations, Theodosius’s On Days and Nights, Aristarchus’s On Sizes and Distances, Autolycus’s On
Risings and Settings, and Hypsicles’s Anaphoricus. All of these treatises were translated into Arabic by
the end of the ninth century CE, and these translations came to serve as the core of the Middle Books — a
grouping named as such because they were the books to be read between Euclid’s Elements and Ptolemy’s
Almagest. The existence of a collection called the Middle Books is well-attested by contemporary
sources; that of the Little Astronomy is less so. This dissertation therefore sets out to establish the
evidence for these respective groupings, examining when they existed, what form they took, and how they
developed over time. It determines that the Little Astronomy and Middle Books both comprised a
persistent core series of treatises set out in a logically ordered arrangement, sometimes accompanied by
other treatises at different points in time. The dissertation then turns to philological analyses to establish
the influence of the curricular context on the transmission of the component texts. I argue that many of the
changes introduced into these texts by late antique and medieval editors can be identified as motivated by
the didactic use of these curricula, and that these contributions speak to how copyists, teachers, and

editors in different contexts perceived of their own relationship to a long-lived astronomical tradition.
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INTRODUCTION

Modern scholarship on ancient Greek astronomy has, since the seventeenth century, often used
the term ‘Little Astronomy’ to refer to a particular grouping of ancient Greek treatises on mathematics
and spherical astronomy found in the manuscripts. The modern understanding often portrays the Little
Astronomy as the curriculum a student worked through in preparation for the ‘great’ astronomy,
Ptolemy’s Almagest. The component texts of the Little Astronomy were translated into Arabic during the
ninth century, in which language they also formed a grouping together, one known as the Middle Books.
However, while in the Arabic transmission there exists contemporary evidence that speaks of the Middle
Books as a curriculum, the evidence that has been put forth for the Little Astronomy as a curriculum that
already existed in late antiquity is much less certain. Indeed, it is the Arabic sources which attest that the
Middle Books are so named because they are the books read between Euclid’s Elements and Ptolemy’s
Almagest." None of the scarce Greek evidence scholars usually put forward today suggests that the
supposed Little Astronomy was intended to prepare one for Ptolemy’s great treatise. Such a
characterization in the modern scholarship would seem to be retrojected from the later Arabic
transmission.

This dissertation will show that both the Little Astronomy and the Middle Books did exist as
deliberate groupings and did see didactic use. First, however, a reevaluation of the evidence available for
the Little Astronomy is necessary, and a separation of it from the evidence for the Middle Books, to which
it should be compared. It is also desirable to present a broader examination of these texts’ combined
manuscript transmissions. In the case of the Middle Books, it is necessary to determine when this

curriculum coalesced. Nasir al-Din al-TiisT produced an edition of the Middle Books in the 13th century,

! These Arabic sources will be presented in chapter 3.



but they certainly had their educational use before then, whether the works came to Arabic already as a
curriculum or were shaped into one afterwards. Further, when these groupings of texts did serve as
curricula, they did not do so in a vacuum. This dissertation examines the transmission and use of the
Middle Books to determine how this curriculum intersected with astronomical scholarly activities in the
Islamicate world from the seventh through the thirteenth century. The dissertation also leverages the
evidence from the transmission of the Little Astronomy texts in Greek to illuminate late antique and
Byzantine engagement with this curriculum.

Overview of the Little Astronomy and Middle Books in western scholarship

The earliest printed mention of a Little Astronomy in western scholarship appears in the 1621
publication of Henry Savile's thirteen preparatory lectures on Euclid's Elements as Geometry chair at
Oxford. Savile spoke of a "pikpov dotpovouov" or "Hkpov dctpovouovuevov" — perhaps best translated
as Little Astronomer — comprising nine texts in sequence.” These nine works will be introduced more
fully at the end of this introduction, but they are the following:

Theodosius’s Sphaerica, three books

Euclid’s Optics

Euclid’s Phaenomena

Theodosius’s On Habitations

Theodosius’s On Nights and Days, two books

Autolycus’s On the Moving Sphere

Autolycus’s On Risings and Settings, two books

Aristarchus’s On the Sizes and Distances of the Sun and the Moon
Hypsicles’s Anaphoricus

VXA bW

2 Savile (1621) 40-41: "Hoc volumen integrum in Bibliothecis Galliae & Italiae saepe vidi, continetque nouem
diversos tractatus sequentes: primo loco, Theodosii Sphaericorum libros tres: secundo, Euclidis Optica: Tertio
eiusdem Phaenomena; Quarto, Theodosii libellum de habitationibus: quinto, Eiusdem de Noctibus & Diebus, libros
duos: Sexto, Autolyci librum de Sphaera mota: Septimo, eiusdem de Ortu & Ocassu libros duos: Octauo,
Aristarchum Samium de Magnitudinibus & distantiis solis & lunae: vitimo, Hypsiclis dvoaopiov, siue de
ascensionibus."



The same account of these works was picked up by Vossius 1650, who was subsequently cited by
Fabricius in his own account of the grouping in the eighteenth century.’ The latter evidently had other
sources at hand, since he enumerated twelve works of the collection, adding Euclid’s Data and Catoptrics
and Menelaus’s Spherics. The evidence cited by these early authors was twofold: the material in Pappus
(4th century CE) Collection Book VI said by a scholion to discuss problems in the "pupdt
aotpovopovpevmt”, and the fact that these texts tended to appear together in manuscripts. The collection
was attributed to the Alexandrian scholars.

The influence of the Arabic tradition can already be seen in the above accounts, which explain the
Arabic name of Ptolemy's treatise — the Almagest — and discuss the Little Astronomy's relationship to
this "Great Astronomy." Subsequent scholarship like Wenrich 1842 and the modern editions of texts
claimed as members of the Little Astronomy present very similar narratives.

In the twentieth century, Pingree 1968 laid out the body of evidence which had become standard
to support the existence of the collection. In addition to the above evidence, he presented the suspected
references to the Little Astronomy by an anonymous late antique commentator (6th century CE?), by John
Philoponus (6th century CE), and by Cassiodorus (6th century CE). He also presented a comparison of
orders in the Greek and Arabic collections according to different manuscripts. His overview was brief,
and he concluded it with a call for an examination of intra- and extra-corpus recensions of Little

Astronomy works to understand how they were edited and circulated together.

3 Fabricius (1716) 88: "Theodosii Tripolitae Sphaericorum libri I1I.

Euclidis Data, Optica, Catoptrica ac Phaenomena.

Theodosii Tripolitae de habitationibus & noctibus ac Diebus libri I1.

Autolyci Pitanaei de Sphaera mota, & libri II, de Ortu atque occasu stellarum inerrantium.
Aristarchi Samii de magnitidinibus & distantiis Solis ac Luna.

Hypsiclis Alexandrini Avagopidg sive de ascensionibus.

Menelai Alexandrini Sphaericorum libri I11."



Much of the evidence above is open to dispute, however, and the existence of a Little Astronomy
in late antiquity has been questioned. Neugebauer 1975 in particular dismisses much of Pingree's
evidence, arguing that the only factual evidence is the tendency for approximately the same mixture of
elementary astronomy, mathematics, and optics to appear together in manuscripts. He sees this as a
demonstration of the texts' usefulness to contemporary schoolmasters, but sees no evidence that indicates
the earlier existence of a curriculum under the title pikpog dotpovouoduevog.

Certainly one of the claims about the Little Astronomy — that it was preparation for the A/magest
— is not present in any of the currently known Greek evidence. This seems to have come from the Arabic
tradition of the Middle Books, knowledge of which had certainly entered the Latin tradition by the
fourteenth century at the latest.*

Despite these doubts, scholars afterwards have generally accepted the notion of a late antique
Little Astronomy. Subsequent scholarship often alludes to the Little Astronomy as the context for a
particular text.

Meanwhile, for the Middle Books the key piece of scholarship is Steinschneider 1865's article
"Die 'mittleren’ Biicher der Araber und ihre Bearbeiter." He notes some of the evidence for the Middle
Books before al-Tist and explores the attested orders for the collection. He then discusses each work in
turn, adducing not only the Arabic material but also medieval Latin and Hebrew translations from the
Arabic (some of which were made before al-TusT's edition, e.g. Gerard of Cremona's twelfth century
translations).

Subsequent nineteenth century scholarship wusually covered ground quite similar to

Steinschneider, citing the same evidence and offering similar presentations of the various attested orders

4 Awareness of the Arabic tradition is shown by the manuscript Paris lat. 9335, which contains a listing of Middle
Books titles under a heading which describes it as the order after Euclid's book according to the writings of
Johanicus. This manuscript and note will receive further discussion in chapters 3 and 7.



(see Manitius 1888, Suter 1900). Some variety does appear in what treatises are listed among the Middle
Books — Suter 1900 for instance includes also Euclid's Elements, Apollonius’s Conics, Ptolemy's
Almagest and Tetrabiblos, and the Centiloquium.

Overview of chapters

This dissertation will examine the continuing history of the Little Astronomy and the Middle
Books at three points: (1) the Little Astronomy in Greek late antiquity, leading up to the ninth century; (2)
the component texts in the ninth century, after their translation into Arabic; and (3) the Middle Books in
the thirteenth century, when they received a new edition by Nagir al-Din al-Tast. It will be structured in
four parts, the first addressing point (1) above, the second addressing point (2), the third offering some
comments on the transmission of the two curricula between the ninth and thirteenth centuries, and the
fourth addressing point (3). There will be nine chapters total, excluding the introduction, conclusion, and
appendix.

A note on dates presented in this dissertation: the chapters which concern Greek or Latin material
will use Gregorian dates. Chapters which concern Arabic material will use the combined Hijri / Gregorian
dates.

In Part I, chapter 1 will argue that evidence does survive to say that a group of nine or so Greek
texts were used in late antiquity as an ordered astronomical curriculum. This discussion disentangles
references to or other evidence for the Little Astronomy from claims about the Middle Books. This
grouping of texts should not be attributed to much later Byzantine redactors, as has sometimes been
suggested,’ but rather has roots as far back as the second century CE and so may have been the product of

an increasing canonization of texts during that period.

> See e.g. Pingree (1968) 16 and Neugebauer (1975) 769.



In chapter 2, the Greek transmission of nine Little Astronomy texts will be examined in more
detail, to identify what alterations occurring in these texts can be identified as motivated by or otherwise
speaking to the curricular context. The chapter strives to focus on variations which were introduced
before the ninth century CE — so, in the seven centuries after the curriculum’s earliest possible attestation.
It relies on manuscript evidence along with insights offered by contemporary scholars like Pappus.

Part II is headed by chapter 3 and its examination of these works’ translations in the third / ninth
century. It is firstly a general overview of which of the curriculum’s texts were translated and of
attestations regarding who patronized, produced, and corrected these translations. But one of its
significant takeaways is that, despite these endeavors being attributed to many different translators with
seemingly no unified effort to translate or correct the curriculum as a whole, the component works of the
Little Astronomy quickly saw use as a didactic group in Arabic shortly after their translation. The name
al-Mutawassitat, “the Middle [Books],” is already attested by the title of a commentary by one of the
translators in question; another one of the translators is credited with a list that declares the relevant works
are the ones to be read after the Elements.

Chapter 4 follows the second chapter’s model, laying out the alterations that are found in the
Arabic manuscripts and seeking deliberate choices by the translators or early Arabic editors. Ultimately,
at this stage many of the variants appear to be indicative more of the state of the Greek manuscripts that
were available to the translators. There are some cases of material being added or expanded upon, or
being rewritten in a clearer style. But in this early stage of work in Arabic with the texts, the greater focus
seems to be grappling with the Greek tradition (and multiple variants thereof) which the translators and
scholars had available to them.

Part III begins with chapter 5’s overview of the Middle Books and their usage between the third

and seventh centuries H / ninth and thirteenth centuries CE. It presents manuscript data from witnesses



penned during this period, highlighting several codices in which the curriculum is transmitted in a whole
or partial grouping. It then turns to contemporary bio/bibliographical and other outside sources to discuss
the scholars whose intellectual activities intersected with the Middle Books.

Chapter 6 returns to the Byzantine world to inquire after usage of the Little Astronomy after the
ninth century. In comparison to the preceding chapter, it ultimately describes a gap. While the component
works of the Little Astronomy survived (and indeed there are multiple manuscripts extant from the
thirteenth century to show that they received attention during the Palaiologan Renaissance), evidence of
ongoing use of the curriculum is nonexistent. There is a general lack of information about education in
mathematical astronomy during this period, so in light of this context the apparent absence of the Little
Astronomy is not exceptional.

In chapter 7, the translations of the curriculum’s works into Latin and Hebrew are sketched out. A
detailed study of these translations and their subsequent transmissions, which occurred in the twelfth and
thirteenth century, is beyond the scope of this present dissertation. The chapter instead delves into how
fully the astronomical curriculum was translated into these languages and by whom. It is quite clear that
interest in these texts was motivated by the active study they were receiving in the Islamicate world, and
the story seen in this chapter of translations of the Arabic Middle Books rather than the Greek Little
Astronomy reinforces the findings of the preceding two chapters.

The final two chapters comprise part IV. Chapter 8 gives a brief overview of Nasir al-Din
al-Tast’s life as it has been established in modern scholarship and as it pertains to mathematical
astronomy. It then narrows its focus to his work as an editor and as a teacher, considering as a comparison
the parallel efforts of a certain Muhyi al-Din al-Maghribi, one of al-TiisT’s colleagues at Maragha
Observatory, the new astronomical center of its age. Al-TiisT produced new editions of the full sequence

of the Elements, the Middle Books, and the A/magest; al-Maghribi produced or is reported to have



produced new editions of the Elements, several Middle Books treatises, and the Almagest. These works
came to be among the works studied by students at Maragha Observatory.

Chapter 9 concludes on the model of chapters 2 and 4, exploring what choices al-TasT made in
producing his editions of the Middle Books. Where variants considered in the previous chapters may have
had their source in the decisions of any number of possible known or unknown actors, here many of the
alterations can be ascribed to the choices of a single editor.

Studying the transmission of a curriculum

The texts commonly named as components of the Little Astronomy and later of the Middle Books
range in date from the fourth century BCE to the first century CE. The forms of these texts were not static
throughout their subsequent transmissions. All of the texts possess at least one later recension in Greek.
Modern scholarship usually acknowledges this multiplicity to be a result of late antique pedagogic
programs, but no study has yet examined the varying versions of Little Astronomy / Middle Books works
as a group to determine what they might reveal about intellectual or teaching practices in the relevant
periods.

A key component of this dissertation is therefore philological, albeit not philological in the sense
of standard textual criticism and its usual orientation towards an original text. Rather, several chapters
examine the variances between the different versions of these works — whether these versions be Greek
recensions or Arabic translations, corrections, and editions. The orientation of these inquiries is towards
how the texts were received, used, and adapted by subsequent centuries of readers.

This work takes cues from Vitrac 2012, which approached this problem in the context of Euclid's
Elements. Vitrac laid out a typology of deliberate alterations — a system distinct from the set of variant
types frequently used for textual criticism and the construction of stemmata — and he brought it to bear

on the various Greek/Arabic/Latin versions of the Elements. The subset of variants which Vitrac deemed



deliberate alterations are ones introduced intentionally into the text by the individual responsible. He
established the following set of alterations:

- Modification of Presentation
- Alteration of Proofs

- Global
- Substitution of Proof
- Double Proofs
- Addition / Suppression of Cases
- Local
- Stylistic Interventions
- Abridged Construction / Shortened Proof
- Logical Interventions
- Change in Order
- Fusion / Division
- Change of Status

- Different Formulations
- Addition / Suppression of Material

This typology’s origins in work with Euclid’s Elements is very apparent, and nearly all of the potential
alterations concern changes which could be found in the standard proposition-based genre of Greek
mathematics. Several concern changes in the exterior ordering and structure of propositions and their
adjacent units; several concern changes interior to the parts of the proposition. All concern changes which
ancient and medieval editors of mathematical texts are known to have made, since they were often
motivated to make choices based on considerations other than preserving the perceived original form of a
text.

This approach is quite applicable to research with the Little Astronomy and Middle Books
because they too comprise works of proposition-based Greek mathematics. This structure of ordered,
clearly divisible textual units lends itself very well to identifying the kinds of alterations which are laid
out in Vitrac's typology. The formulaic language of ancient Greek mathematics also facilitates such an

investigation.



Since this dissertation examines a grouping of nine to ten treatises across at least three different
versions and two different languages, there is not the time to survey this corpus for the whole set of
deliberate alterations Vitrac lays out. Instead the study focuses on alterations that affect the global and
structural form of the text. These are the following:

- Addition / Suppression of Material

- Substitution of Proof

- Double Proofs

- Addition / Suppression of Cases

- Change in Order

- Fusion / Division

- Change of Status
Chapters 2, 4, and 9 will survey the selected works of the Little Astronomy and the Middle Books and
discuss what broader patterns and insights emerge from this set of alterations and how they speak to ways
in which users interacted with these texts and contributed to their tradition.
On “Curricula” in Late Antiquity and the Medieval Period

This introduction has already used the term “curriculum” several times in reference both to the
Little Astronomy and the Middle Books. But we must take care not to import the whole host of modern
associations that the word might call to mind in the reader today. This study will use the term
“curriculum” as a shorthand for the idea of treatises grouped together for didactic purposes.

In embarking upon this study of the Little Astronomy and the Middle Books, we must take care
not to simply assume they possessed characteristics that we might find for modern curricula: late antique
and medieval education looked quite different from today’s modern educational systems. Nor should we
assume late antique and medieval “curricula” looked the same across the temporal and geographic ranges

covered in this study. Over the course of this dissertation we will uncover various characteristics of the

Little Astronomy and the Middle Books and interrogate their continuity over the transmissions of these

10



corpora, but we must not take any of these for granted merely because they come to mind when the
modern reader thinks of curricula today.
Overview of works relevant to the Little Astronomy and Middle Books

The following will give a brief overview of each of the texts to be examined in this dissertation as
part of or connected to the Little Astronomy and the Middle Books.® The works are presented
chronologically by author to emphasize the range of time their production encompassed. From this, it is
quite clear that whatever didactic groupings they came to form part of were ones which necessarily
developed later.

Autolycus (4th century BCE)

On the Moving Sphere (Ilepil xivovpévng opaipog) is a work by the ancient Greek mathematician
Autolycus on the subject of spherical geometry. Its propositions concern the movement of points and arcs
on the surface of a sphere when the sphere is turned on its axis.

On Risings and Settings (Ilepi émttoA®dv kol dOcewv) is another work of spherical geometry, but
of an explicitly astronomical character. It concerns the risings and settings of stars as they occur or are
seen to occur throughout the year.’

Euclid (fl. 300 BCE)

The Elements (Ztotxein) of Euclid is the most well-known work of ancient Greek geometry. Its

thirteen books take the reader through plane geometry, magnitudes, number theory, and solid geometry.

This work has a long history of being used as a textbook for beginning students of geometry.®

6 See Berggren (1991) overall for discussion of the history and contents of many of these treatises and their
relevance to astronomical spherical geometry.

7 See Mogenet (1950) for the editions of the Greek texts for both of Autolycus’s works. See Bruin and Vondjidis
(1971) for translations into English.

8 See Heiberg and Menge (1883-1916) for the edition of the Greek text. See Heath (1925) for a translation into
English.

11



The Data (Aedopéva) is a general geometrical work which examines what can be deduced when
certain information is ‘given’ in geometrical contexts.’

The Phaenomena (Govopeva) is a work of spherical geometry of a specifically astronomical
character. Its propositions concern the risings and settings of stars and of particular arcs associated with
the zodiac.'

The Optics (Omntkd) is a work of geometrical optics, whose propositions consider vision
projected as straight lines from the eye. It is often connected to the Catoptrics (Katomntpwcd), also
attributed to Euclid (though this is disputed), which is another work of geometrical optics but dealing
specifically with reflections.

Aristarchus (3rd century BCE)

On the Sizes and Distances of the Sun and the Moon (Ilepi peyed®dv kai dmootnudtov NAiov Kol
oehnvng) is a work of astronomical spherical geometry. As the title communicates, its propositions deal
with calculating the sizes of the sun and the moon and their distances from the earth relative to the earth’s
radius."

Theodosius (2nd century BCE)

The Sphaerica (Zooupikd) of Theodosius is a work on spherical geometry which served as an

introduction for the topic. Theodosius evidently drew from a no longer extant corpus of spherics in

producing this work, arranging the material in a more didactic manner."

? See Menge (1986) for the edition of the Greek text. See Taisbak (2003) for a translation into English.

1 See Menge (1916) for the edition of the Greek text. See Berggren and Thomas (1996) for a translation into
English.

' See Heiberg (1895) for the editions of both Greek texts.

12 See Heath (1913) for both the edition of the Greek text and a translation into English. See also Noack (1992) for a
study of the text.

13 See Heiberg (1927) and more recently Czinczenheim (2000) for editions of the Greek text. A translation into
French is also provided by Czinczenheim; see also the earlier translation into French in Ver Eecke (1927).

12



On Habitations (Ilepl oiknoewv) is another work of spherical geometry, but of a specifically
astronomical character. Its propositions deal with astronomical phenomena as seen at different
geographical latitudes.

On Days and Nights (Ilepl Nuepdv kol vokt®v) is again an astronomical work of spherical
geometry. It concerns the lengths of days and nights according to the sun’s position on the ecliptic.'*
Hypsicles (2nd century BCE)

The Anaphoricus (Avagopikdc) is a work of astronomy concerning the rising times of the zodiac
signs. It is a work of a more arithmetical character than the ones otherwise listed here.'?

Menelaus (d. 140 CE)

The Spherics (Zpapikd)'® of Menelaus is no longer extant in the Greek. It was a work on
spherical geometry with applications for astronomy and was a more advanced approach to the topic,
introducing techniques that did not exist when Theodosius wrote his Sphaerica."”

Ptolemy (d. c. 170 CE)

The Almagest, originally the Mathematical Syntaxis (MoOnpatikn Zovtaglg), was the major text
of ancient Greek astronomy and one which had tremendous influence throughout late antiquity and the
medieval period. It superseded the other astronomical writings that preceded it to such an extent that
many of them are no longer extant today. It is therefore all the more notable that the above astronomical

texts remained in circulation.

14 See Fecht (1927) for the editions of the Greek texts of On Habitations and On Days and Nights.

13 See De Falco, Krause, and Neugebauer (1966) for the edition of the Greek text.

' Throughout the present study, Menelaus’s Spherics and Theodosius’s Sphaerica will be referred to by those
separate names in order to distinguish what are otherwise similarly titled works in Greek.

17" As this work is no longer extant in Greek, see the editions available for the various versions which survive in
Arabic: Krause (1936) for Ibn ‘Iraq’s version, and Rashed and Papadopoulos (2017) for Mahani / al-HarawT’s
version and a fragment of an early translation. See also Acerbi (2015) for a study on the traces of this text which
survive in Greek scholia to the Almagest.
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Chapter 1
An Ordered Curriculum of Spherical Geometry?
1. Introduction

The introduction has already offered a sense of what ideas about the Little Astronomy circulate in
modern scholarship, many of them descending from the early modern accounts in Savile, Fabricius, and
Vossius which have been influenced by the later Arabic tradition of the Middle Books. This chapter will
set out what evidence exists for the Little Astronomy in the Greek and Latin sources up until its contents’
translation into Arabic in the ninth century. The Arabic material will not be used here, except where a
work’s inclusion in the Middle Books offers support for its ninth century inclusion in the Little
Astronomy. The Arabic evidence for the Middle Books will be the subject of chapter 3: its omission here
is intended to disentangle what can be known about the Little Astronomy from retrojected claims that
better fit the Middle Books.

From this evidence, the present chapter will argue that an ordered curriculum of astronomy
existed by the fourth century, seemingly descended from a curriculum of spherical geometry already in
existence by the second century CE. This ordered curriculum persists through the sixth century to its
translation in the ninth, and it is at some point in this later period that it starts to be referred to as the Little
Astronomy. Over these many centuries certain works formed the core of the curriculum, while others
found inclusion in Little Astronomy codices through their links to member texts. The chapter takes as its
starting point Collection Book 6 of Pappus, a source which has been key since the early modern scholars’

comments on the Little Astronomy.'

! Savile (1621) 40-41, Vossius (1650) 163, Fabricius (1716) 88.
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2. Testimonies in Outside Sources

2.1 Pappus of Alexandria

The work which links together a selection of mathematical texts, a teaching context, and,
indirectly, the name “Little Astronomy” is the Collection, written by Pappus of Alexandria in the fourth
century CE. This is a work in eight books, each treating different mathematical topics. Book 6 is
astronomy, and its introduction lays out the intent of the book as follows:

“Many of those teaching the domain of astronomy, attending carelessly to the propositions, add
some (things) as necessary, and pass over some (things) as not necessary. For they say concerning
the sixth theorem of the third book of Theodosius’s Sphaerica, that it is necessary that each of the
two great circles cut the poles of the sphere at right angles. But this is by no means (necessary).
Similarly they omit in the second theorem of the Phaenomena of Euclid how many (cases) the
zodiac is twice perpendicular to the horizon. And they falsely prove Theodosius in the fourth
theorem of On Days and Nights, and they omit various others of the following as not necessary,
each of which I will demonstrate.”

Pappus is dissatisfied with how a collection of texts which he call the “Domain of Astronomy”
(doTpovopovpevov tomov) has been taught (S18ackdévrov).” He cites problems in three named works as
examples: Theodosius’s Sphaerica, Euclid’s Phaenomena, and Theodosius’s On Days and Nights. This is
not a comprehensive list of works in the Domain of Astronomy — with “the following” (t®v ££T|g) Pappus

alludes to an unspecified amount of further treatises. Indeed, beyond the introduction the main body of the

book dwells on several more works, any number of which may also have been included in this collection.

? Greek edition in Hultsch (1877) 474: “IloA\oi TGV TOV AGTPOVOLODUEVOV TOTOV SSUCKOVIOV GUEAECTEPOV TRV
TPOTACEMV GAKOVOVTEG TG PEV TPOOTIBENSY MG Avaykaio, T0 0& TOPUAEImTOVSIY MG OVK Avaykaio. A&yovoty yop €ml
70D €KTov Bepnpatog Tod Tpitov TV Be0d0ciov cPAPIK®Y, &TL del TOY dVO peyioTOV KOKA®V EkdTepov VIO TOD
S T®V mOAwV TG opaipag TépvesBor mpog 0pBag: TodTo O€ 0V TAVIMG. Opoimg O¢ mopoAsitovoty &v @ [
Beopnpatt @V eoawvopévav Evkieidov, mocdakig 6 {@daxog [ig] Eotan 0pBOg mpog tov Opilovta. kav @ o'
Becpnpatt Tod el MUEPDV KOl VOKTOV YeLd0Ypapodat ToV @eoddciov, kal Gl 8¢ Tiva TdV EETC g 00K Avaykaio
TapaAeimovoty, OV Ekactov Emdeifopey Npeic.”

* The translation “domain of astronomy” follows Jones (1986) 377-379, which concerns the similarly named
“domain of analysis” (avaivopevog tomog). He notes multiple cases where the word toémog has been used to mean a
division of knowledge.
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Pappus’s introduction offers little information about what this corpus is, especially when considered
against his treatment of the “Domain of Analysis” (avaAvopevog 10mog) in Book 7, to be compared below.
The reader, removed from Pappus’s context, knows only that it was a grouping of proposition-based
works somehow used in astronomical education.

The sixty one propositions of Book 6 which follow expand on what works apparently numbered
among the Domain of Astronomy. In some cases Pappus writes clearly in his text what work a set of
propositions relies upon, in others it can be deduced from their contents. Additionally, a series of marginal
scholia flag most of the relevant works. The texts which Pappus discusses in this book are as follows: the
Sphaerica of Theodosius (propositions 1-26),* Autolycus (apparently only On the Moving Sphere) (prop.
27),° On Nights and Days of Theodosius (prop. 28-36),® On Sizes and Distances of Aristarchus (prop. 37),
" the Optics of Euclid (prop. 38-52),* and the Phaenomena of Euclid (prop. 53-61).°

In the course of his commentary on certain concepts, Pappus also cites from the Spherics of
Menelaus (in props. 1, 56),' the Almagest of Ptolemy (in props. 37, 59, 61)," and works by Hipparchus

(in props. 37, 56)."* These additional works are used to support Pappus’s mathematical arguments rather

* Hultsch (1877) 474ff. Pappus’s text does not explicitly note that these propositions concern Theodosius’s
Sphaerica but it follows from their content.

* Hultsch (1877) 518ff. Pappus’s text cites Autolycus, while the content seems to come only from his On the Moving
Sphere. A scholion in Vat. gr. 218 f. 96r reads, “cig 10 me(pt) kewoovpev(ng) ceap(og).”

® Hultsch (1877) 530ff. Pappus’s text cites Theodosius, while a scholion in Vat. gr. 218 f. 98v reads, “[et]g 10 me(pr)
nuep@V (kai) vVoKT@dv.”

" Hultsch (1877) 554ff. Pappus’s text specifically cites Aristarchus’s On Sizes and Distances. Additionally, a
scholion in Vat. gr. 218 f. 103v reads, “e1g ©(0) ne(pt) peyeb(wv) (kor) (amo)omuat(ov) aptetopyov.”

¥ Hultsch (1877) 568ff. Pappus’s text does not cite an author. A scholion in a different hand in Vat. gr. 218 f. 106v
reads, “gig (ta) ontiko gukiedov.” Neugebauer (1975) 768 argues that these propositions do not specifically relate
to Euclid’s Optics.

° Hultsch (1877) 5941t. Pappus’s text specifically cites Euclid’s Phaenomena.

" Hultsch (1877) 476, 602.

" Hultsch (1877) 558, 622, 632.

'2 Hultsch (1877) 556, 600.
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than as sources for the propositions under investigation. They therefore may not have numbered among
works taught in the Domain of Astronomy — Pappus does not clarify either way.

Pappus’s Domain of Astronomy is identified with the so-called Little Astronomy through scholia
which accompany Book 6. These appear in several manuscripts of the Collection, including the oldest
independent witness, the tenth century Vaticanus graecus 218." On the folio which starts Book 6, a
marginal comment reads “The sixth [book] of Pappus contains solutions to difficulties in the Little
Astronomy.”'* On the last folio of the book, the same hand writes another scholion reiterating the matter:
“Collection 6 of Pappus of Alexandria contains solutions to difficult theorems in the Little Astronomy.”"
Here, the Greek term pkpoc dotpovouovuevog is taken to refer to the “Little Astronomy” — its odd
phrasing will be considered later in this chapter alongside other attestations of the name. These scholia to
Vat. gr. 218 are penned in the same hand as the other scholia in the manuscript. Hultsch simply identifies
it as the hand of the scholiast (A3 in his edition) and comments on the material it contributes to the

manuscript, but does not offer a date for it."°

These scholia could have been copied by the scribe from his
exemplar and have an origin from any time between the fourth and tenth centuries. Or, they might have
been added by a later reader of this manuscript, in whose day the collection which Pappus discussed
might have been known as the Little Astronomy. The other attestations of the name “Little Astronomy”
make the first alternative the more likely one, as will be shown.

It is worth delving into how Book 6 and Book 7 of the Collection are similar and how they

diverge. The naming structure of the respective subjects discussed in each book — Domain of Astronomy

'3 Vat. gr. 218 may be viewed online in the Digital Vatican Library.

" Vat. gr. 218 fol. 87v: n(ept)eyet 1 ¢ H(@Vv) mammov anopi(@v) ACEC T(@V) gV T LIKPGL AGTPOVOLOVHEV®L.

15 Vat. gr. 218 fol. 118r: “mannov aleEavdpe(wg) cuvaymy(ng) ¢ T(epl)exet Se Tav ev (Tml) PIKPML AGTPOVOLOVUEVOL
Beopnuat(ov) aropev Avcelg.”

' Hultsch (1876) xiii.
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and Domain of Analysis (dotpovouoduevog t1omog and avaivouevog 1omog) — stands out for its similarity.
While Pappus does not detail what the former actually is, he does do so for the latter: it was “material
prepared after the production of the Common Elements for those wishing to acquire ability in lines
(geometry) useful for the problems presented to them.”'” It comprises twelve works by four authors, set
out in a particular order. In comparison, Book 6 does not speak of the purpose of the Domain of
Astronomy and it does not explicitly set out all of its contents in order, though it does note three example
texts by two different authors. This divergence could be read as a suggestion that the Domain of
Astronomy and the Domain of Analysis were not actually similar kinds of collections.

However, the difference may arise instead from Pappus’s different goals for Books 6 and 7, which
are structurally very dissimilar. Book 7 has three parts, the first an overview of the Domain of Analysis,
the second a series of introductions to the works in the collection, and the third a group of lemmas for
those works. Book 6’s structure is less clear. After its introduction it delves into correcting the errors
others make in teaching the Domain of Astronomy, but Pappus additionally takes time for digressions
such as summarizing a work by Autolycus and comparing Aristarchus’s work with that of Ptolemy and
Hipparchus. What results is not the thought-out, ordered arrangement of overviews as is seen in Book 7,
but rather a collection of assorted comments pertaining to works in the Domain of Astronomy.

Perhaps the reader should not expect consistency between the books of the Collection: beyond 6
and 7 the remaining books also vary tremendously. Pappus may not have conceived of the Collection as

one unified work.' If the variation is due more to Pappus than to legitimate differences between the

17 See Jones (1986) 83: “tig 6TV VAN TOPOCKEVAGUEVT PETH THY TV KOGV 6TOlEiDV Toincty Toig BovAopévolg
avorappavely v ypoppoic dOvapy gOPETIKNV TAV TPOTEWVOUEVOV aDTOlG TpoPfAnpdtov, kol gig todto povov
xpnoiun kabeotdoa.”
'8 Jones (1986) 15-18.
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Domains of Astronomy and Analysis, then it is possible to think of the former as a similar kind of ordered
educational collection like the latter.

Overall, the text of Collection Book 6 sets out a grouping of theorem-based works used in a
didactic context to teach the Domain of Astronomy. Scholia from the tenth century identify this collection
with a different name, the Little Astronomy, and it is unclear from the evidence in Pappus and his
manuscripts when that name first originated. Regardless, Pappus is the linchpin that ties together the
form, name, and purpose of an astronomical curriculum that existed in the fourth century. The sources in
the following sections will both help to support what is argued from Pappus, and to expand what can be
said about this curriculum.

2.2 Theon of Alexandria

Theon of Alexandria lived after Pappus in the second half of the fourth century. Like the other
author, he was a mathematician and wrote on very similar topics — for instance, both Pappus and Theon
authored commentaries to parts of Ptolemy’s A/magest. Their similarities may extend to engagement with
a contemporary astronomical curriculum: where Pappus focused Book 6 of his Collection on the Domain
of Astronomy, one extant medieval source attributes to Theon a commentary on the Little Astronomy.

This reference appears in an anonymous work on isoperimetric figures included within the
Introduction to the Almagest, which was produced sometime in the sixth century.'” The author provides a
lemma whose argument, he says, follows one in a particular work of Theon’s: “it is proved by Theon in

the commentary on the Little Astronomy” (8&€deikton pev Ofovi €v @ VTOUVAUOTL TOD UIKPOD

' Acerbi, Vinel, and Vitrac (2010) 55. Acerbi (2014) 136-141 also expands on the probably Alexandrian
Neoplatonic context of the Introduction to the Almagest. Mogenet (1956) has argued for Eutocius (c. 480-540) as the
author of the anonymous work on isoperimetric figures.
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dotpovopov).”’ In this case the Greek translated as “Little Astronomy” is “uikpdg dotpovopog,” but this
otherwise agrees with what is found in the scholia to Pappus.

What this suggests is that by the sixth century there existed the idea that Theon had written a
commentary on something called the Little Astronomy. Whether Theon actually did so is a different
matter, and this has been called into question by several scholars. No such commentary is extant.
Neugebauer does not see the proof which cites Theon as providing evidence for any particular collection
of treatises.”’ The lemma in question does have a long history, with versions appearing in multiple texts
and scholia relevant to spherics.”> Mogenet, considering what was meant by “the commentary on the
Little Astronomy” referenced in the anonymous work, suggested that this was an error for Theon’s
commentary on the Almagest — a work which also contains a version of the lemma.”® The anonymous
author or a scribe, then, seemingly has substituted ‘small’ for ‘big’.

While this reference has been called into question, other scholars have read the evidence more
generously. Mansfeld points out that an error of ‘small’ for ‘big’ in this context would be easier to make if
there did indeed exist something termed “0 pukpog dotpovopoc.” He also notes the possibility that Theon
wrote commentaries on both the Almagest and the Little Astronomy and used the lemma in both.*
Pingree, meanwhile, turns to the tenth century Suda to pull out a potential parallel to the referenced
“Omopvnue Tod pikpod actpovouov”: the encyclopedia’s entry for Theon of Alexandria mentions a work

titled “Eig tov pikpov dotpoérafov.” Pingree suggests that here “dotpoiafov” is an error for

2 Hultsch (1878) 1142. See also the more recent edition in Acerbi, Vinel, and Vitrac (2010) 121.

! Neugebauer (1975) 769.

2 See Knorr (1985) for a study of this lemma, versions of which also appear in both recensions of Euclid’s Optics, in
Theon’s commentary on the Almagest, in Theodosius’s Sphaerica book 111, and in Pappus’s Collection book V.

> Mogenet (1956) 38-39

* Mansfeld (1998) 17-18.
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“botpovopov,” a difference of only three letters.” This is not impossible — in Greek manuscripts one can
find minuscule scripts where the letters nu and lambda look similar and where the only difference
between a beta and a mu is the inclusion of an initial stroke from below the baseline for the latter.
However, editions of the Suda make no mention of manuscript variants for this word.

Interpreting this attestation most generously: in the fourth century Theon, like Pappus,
commented on a body of astronomical material known as the Little Astronomy.*® However, it is still
informative even when interpreting it narrowly: perhaps as early as the sixth century there existed
something called the Little Astronomy, which influenced the author or scribe into recording the citation
here erroneously.

2.3 Cassiodorus

Another problematic mention of a Little Astronomy appears in Latin in the sixth century. The
source is the Institutiones of Cassiodorus, a Roman scholar who served as a statesman under Theodoric
the Great. The text was written to offer an introduction to divine and secular learning. Astronomy is
included among the topics of secular knowledge, and as part of his discussion on the topic Cassiodorus
writes the following:

In both languages volumes have been written on the discipline of astronomy; of which Ptolemy
among the Greeks is considered preeminent. He published two books on this subject, of which he

called one the Smaller (Astronomer), the other the Greater Astronomer. He also established the
Tables, in which the courses of the stars are found...’

> Pingree (1968) 15.

26 Acerbi puts forth the suggestion that Theon’s commentary on the Little Astronomy may have comprised a range of
material, portions of which may have been distributed through manuscripts of the Little Astronomy both within and
outside the text: e.g. as scholia, introductions, added definitions, alternate proofs, etc. On this, see Acerbi (2014)
145-147.

T Institutiones 11.7.3. See the Latin edition in Migne (1847) 1218: “De astronomia vero disciplina in utraque lingua
diversorum quidem sunt scripta volumina; inter quos tamen Ptolomeus apud Graecos praecipuus habetur, qui de hac
re duos codices edidit, quorum unum minorem, alterum maiorem vocavit Astronomum. is etiam canones, quibus
cursus astrorum inveniantur, instituit...”
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Ptolemy is the only authority on astronomy whom Cassiodorus names, and here he attributes to
the astronomer three works: a codex called the “the Smaller Astronomer” (minorem... Astronomum), one
called the “the Greater Astronomer” (maiorem... Astronomum), and the “Tables” (canones). The latter is
almost certainly Ptolemy’s Handy Tables and the second one must be his A/magest, leaving only the
Smaller Astronomer uncertain.

This would appear to be another allusion to the Little Astronomy, but Cassiodorus attributes it to
Ptolemy, which does not agree with what other evidence suggests about the collection. Ptolemy did not
author any of the treatises thought to have been a part of it. Cassiodorus may instead be drawing upon a
tradition that claims Ptolemy as the editor who compiled the Little Astronomy together, but this idea can
be found nowhere else in the extant sources. Alternatively, Pingree suggests that Cassiodorus is grouping
together Ptolemy’s minor astronomical works (other than the Handy Tables) under the title “minorem

Astronomum,””

and if so then this passage does not reference the Little Astronomy at all.

Unlike Pappus and Theon, Cassiodorus is not a mathematical scholar and he is no expert in
astronomy. He may simply be aware of a codex that went by the name Little Astronomy and is mistakenly
attributing it to Ptolemy. In any case, by the sixth century in the Latin tradition there was awareness of
some kind of astronomical corpus called the Little Astronomy, which was transmitted as one codex.

2.4 John Philoponus
The sixth century lastly offers an important source in the writings of John Philoponus, a Christian

philosopher who worked in Alexandria. Philoponus was well-read and trained in the natural sciences,

including in astronomy, which shows in his work even when focused on other topics. This section will

*® Pingree (1968) 15.
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delve into two passages from his Aristotelian commentaries, both of which discuss philosophical
classification. Philoponus is concerned with explaining the reasons why a treatise would be described as
“more precise” (dxpipectépa) versus “more particular” (uepwcwtepa). The examples he chooses to
illustrate this spectrum are works which are relevant to this dissertation.

The first passage appears in his Commentary on Aristotle’s Posterior Analytics, which has been
argued to date from Philoponus’s school days under Ammonius.” It reads as follows:

“For example, the spherics of Theodosius is a more precise science than that of Autolycus, which
treats of the moving sphere. For the one simply looks into the accidents of the sphere, without
considering in addition whether it moves or not. But Autolycus studies the accidents of the
moving sphere. In the sciences additions always make the subject more particular and for this
reason less precise. And yet, Autolycus' science of the moving sphere is more precise than
astronomy; for that, finally, studies the moving sphere with matter. For it studies this moving
[sphere], I mean the heavenly [sphere]. And for this reason it lacks precision. So everything that
is proved in astronomy does not offer the utmost precision, but the approximate. For example,
they say that the sun stands from the moon more than eighteen times, but less than twenty times,
the distance that the moon stands from the earth; for in these things we should be satisfied with
approximating precision. And for all other things that are proved in astronomy the same argument
holds. So that the spherics of Theodosius should not be taken as additional elements of
astronomy, but as principles and causes of the things that are demonstrated in astronomy. For
through them, as causes, those things are demonstrated. And the relative position that arithmetic
has to harmonics and geometry to optics, that same relative position Theodosius' spherics has to
the study of the sphere in motion, and the latter to astronomy. For the higher sciences are always
the causes of the lower ones.”

¥ Golitsis (2008) 23-27. The commentary on the Posterior Analytics is one of four commentaries whose title in the
manuscripts states that it comes from notes “from the lectures of Ammonius Hermiae” (ék T®v cuvovcidv
Appwviov tod ‘Epueiov).

3 Translation from Goldin and Martijn (2012) 103. The Greek text is in Wallies (1909) 300-301: “olov T
®£0006i0V cEaPIKE AKPIPECTEPQ £0TIV EMOTHUN TG TOV AVTOADKOV TTEPT KIVOLUEVNG COAIPOS: O HEV YOp ATADS
0 ovpPaivovta Tf] oeaipg okomel, Ui mpooioyllopevog gite Kiveltal gite uf- 0 6& ADTOAVKOG TG T KIVOVWEVT
ooaipg ovpPaivovto Bempel- del 6¢ ai mpoohijkal v Taig EMOTNNOLG PEPIKMDTEPA TO TPAYHaTH EpyalovTal Kal Sl
10dT0 HTTOV AKpPEGTEPO. OHOING TR ADTOMKOD TEPL KIVOLPEVIC GQuipac BikpIPEcTEPE €61V doTpovopiog: Hoe yop
Aomov peta HAng v Bewpiov THG KIVOLUEVNC GPaipag TOETTAL THVOE Yap TNV KIVoupévNY Bewpel, Aéyw o1 TV
ovpaviav. 610 oM kal Tod akpiPodg AeimeTor TAVTA YOOV TO £V AGTPOVOLIQ SEIKVOLEVO 0D TNV €0)ATNV akpifeiav
SmayyEAAETOL GAAG TO &yy0C. olov Aéyovoty dpeostnrévar oV Aoy Thc ceMvig, doov 1 GeAqv thig Yiic dpéoTnke,
peilov pev 1 OKTOKoSEKOTAGGIOV EAATTOV 08 1| EIKOGATAAGIOV: AYAMmNTOV Yap €V TOVTOLS TO €YYUS TiiG dxpiPeiog
ENOely. Kol &ml TAVIOV TAV SEIKVOUEVOVY &V AoTpovopig 0 adTOg AOyoc. Mote o O0d0Giov GEUIPIKA OVY OG
otoelo. TpocAapupavovtal dotpovopiog, GAL Mg dpyol kol aitia TOV &V ACTPOVOLIQ ATOSEIKVUUEVOV: O’ aDT®V
Yop @V aitiov ékelva drodeikvovtal. Kol Ov Adyov Eyel ApOUNTIKT TPOC APUOVIKNY KOl YEMUETPIO TPOG OMTIKNV,
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In these examples, Philoponus’s spectrum spans from Theodosius’s Sphaerica (more precise),
through Autolycus’s On the Moving Sphere, to indeterminate works on astronomy (more particular).
While Philoponus does not explicitly name any of these more particular astronomical works, his example
about the distances of the sun, moon, and earth can be clearly identified as coming from Aristarchus’s On
the Sizes and Distances of the Sun and the Moon.*' So Philoponus directly names two Little Astronomy
texts and paraphrases the text of a third.

Philoponus discusses this scheme of philosophical classification again a few years later’® in his
Commentary on Aristotles’s Physics:

“Theodosius at any rate in [his work] On Spheres when teaching [us] the attributes that hold true
of a sphere does not add any calculations about matter, but separating the spherical shape from all
substance considers in this way what holds true of it, [arguing] that if a sphere is cut by a plane it
produces a circle, and so on. Autolycus, writing [his work] On the Moving Sphere and [writing
about] what holds true of a sphere in motion, is more concerned with particular objects than
Theodosius and approaches nearer to the natural philosopher (for [the idea of] movement is in a
way close to [that of] substance); for even if he does not think of some substance [in the case of]
the moving sphere he does at least take [into consideration] a combination of shape and
movement and in this is close in a way to substance. Even more concerned with particulars than
this is Euclid's Phaenomena and in general the whole of astronomy...”*?

ToDTOV EYEL TOV AOYOV T @£000010V COULPIKA TPOG TO TEPL KIVOVUEVNG GPaipag Kol TadTo mTpog dotpovopiov: del
YOp ol AVOTEP® EmOTHon aiTon T@V VTOKAT®.”

3! Compare the enunciation of proposition 7: “The distance which the sun is distant from the earth compared to the
distance which the moon is distant from the earth is greater than 18 times and less than 20 times.” See Heath (1913)
376: “To dmdotnue & dméyel 6 fHAog 6md Thc i Tod AmosTHaTOg 00 AméyEL 1] GeEMvY 6md THC YAG Hellov puév oty
1 dktoKadEKoTAdGIoV, EAacooV O¢ 1| eikocamAdctov.”

32 The date 517 CE appears in Comm. on Physics 4.10. Sorabji (2016) 379-380 argues that Books 1-3 were written
afterwards, based on how Philoponus’s writing shows further independence and criticism of Aristotle.

33 Translation from Lacey (1993) 33. The Greek text is in Vitelli (1887) 220: “6 yobv ®£0d0c10¢ &v Toic ZPoipikoic
d1ddokmv 0 cupPaivovta TAON T oeaipg 0vdEV TpocshoyileTal VANV, AAAL Yopicag TACNG 0VCI0G TO GPUPLKOV
oyfuo oVt 0 cupPaivovta adTd Emtokéntetal, 6Tt £av oPaipa Emmed® TUNOf KOKAoV Tolely kol doo GAAa. O &€
Avtolvkog Tlept kvovpévng oopaipag ypawog kol 6co cuopfaivel T Kvoupévn oeaipg, HEPIKAOTEPOG €0TL TOD
®cod0ciov kol pPAAAOV T@ QLo Tpoceyyilmv [N Yap kivnoig &yyog Tmg €0TL THiG oVGiag]- &l yop kol pr Emvoel
ovoioy TvéL v Tf] Kvoupévr 6eaipg, AL ovv chvOestv Tvo AopuBével Tod oyfuaToc Kol THS KIVGEMS, Koi Tod
€yy0G Tmg £0TL THiG 0voiag. £Tt ToVTOL pepkdTepo T0 Evideidon Gavopeva Kai anidg mdco dotpovopia.”
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Again the philosopher gives three examples, although in this case the most particular
astronomical treatises are exemplified with Euclid’s Phaenomena. What these two passages together
suggest is that Philoponus is not selecting examples randomly. There are other works which could have
served as examples for his discussion here: a few lines after the above passage, for instance, he notes “the
thirteen books of Euclid” as the Sphaerica’s equivalent in the schema he has set out.** There are any
number of astronomical works which could have exemplified the more particular category — the Almagest
for instance is a text which looms large in all discussions of late antique astronomy. Instead, Philoponus
draws from Sizes and Distances and names the Phaenomena.

Perhaps this was an unconscious choice on Philoponus’s part: perhaps he was aware of an
astronomical corpus comprising these texts, and that awareness influenced his selection subconsciously.
Nowhere does he explicitly say that these works were members of a particular grouping. But the reader
should not expect Philoponus to make any such mention; this would be outside his point for these
passages. He is not writing about the Little Astronomy, he is writing about philosophical classification,
and these works happen to make good examples.

The above is a narrower interpretation from the two passages, but when they are read in
combination with the broader evidence for the Little Astronomy’s contents and arrangement, it is possible
to make a stronger claim that Philoponus consciously selected these works because he was aware of an
contemporary astronomical curriculum whose works were arranged from more precise to more particular
— a perfect fit for his purposes. This chapter will return to the question of the Little Astronomy’s
arrangement, but first it will consider the evidence from a final author, one who is important for what his

allusions suggest about how far back the so-called Little Astronomy might be dated.

* Vitelli (1887) 220: “za Edidheidov vy’ Biffdio.”
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2.5 Galen

A much earlier source can be found in the second century Galen who, though a doctor by
profession, held the study of mathematics in high esteem. In one of his treatises, De animi cuiuslibet
peccatorum dignotione et curatione, he discusses the order of mathematical instruction, saying that the
Elements of Euclid is to be followed by the study of spherics and then by conics and sundials.* In another
treatise, De placitis Hippocratis et Platonis, Galen mentions the Phaenomena of Euclid as a text typically
possessing students (oi pafovrec), suggesting a didactic usage.*® The statement that spherics followed the
Elements is interesting in light of what will later be reported about the Middle Books: that they stand

between Euclid’s Elements and Ptolemy’s Almagest.”’

At the same time, the Elements was the starting
point of ancient Greek geometrical education, so Galen’s statement here is not terribly surprising.

The most significant piece of evidence from Galen survives in an Arabic translation of his
commentary to Hippocrates’s Airs, Waters, Places. In a passage in Book III, Galen writes how he is
unimpressed by the knowledge of the Roman horoscope casters and he goes on to disparage the
mathematical and astronomical learning of the Romans in general.”® What follows are some named texts
and some topics which he apparently expects an educated person to be familiar with, some of which the

Romans had read and some of which they had not:

“Some of them know the thirteen Elements which Euclid set down <...> ...and it is called the
‘Dedomena’ and this is the Data. And some of them know the science of the movement of the

3 De Boer (1937) 42: “¢miotiun yodv £oTt 10D yemuetpikod Totodtn mepi to dedidaypéva 1o tdv Edkdeidov
ototysionv, omoin TV TOAMY 0Tt Tod Td Si¢ dV0 TéTTopa slvar. TV & avTHV SmoTAUNY Exel Kol TEpL TV SQeERc
TOVTOLS JIOACKOUEVOV COUIPIKDY Bepnudtov, Gomep Ye Kol TV kAT oDTO GVOAVOUEVOV OTAVI®V, £TL TE TMV
KOVIKOV KOl TOV YVOUOVIKOY.”

36 De Lacy (2005) 484: “81 todt’ obv EdrAeidng pév évi Osopipott @ nphto katd 1o tdv Povopévev Pipriov
Enderle S OMylotwv Endv TV yijv péonv givar 0D KOOV Kol GNUEIOL Kol KEVTPOV AdyoV ExEtv TPOC adTHV, Kol
ol pafdvieg obtm moTedOVOL TP CVUTEPASIATL THC Bmodeifeme Mg kol ¢ T Sig dud TéTTApa Elvar.”

37 Arabic reports describing the contents and function of the Middle Books will be discussed in chapter 3.

¥ §13 in Toomer (1985) 196.
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sphere and the science of what is seen of the stars and the science of the inhabited earth and the
science of night and day. And few know the science of geometry, all of it...”*’

Euclid's Elements unsurprisingly tops the list and it is followed by his Data, a work whose
general treatment of geometry makes it a fair fit after the previous work. Afterwards Galen calls attention
to four topics, whose descriptors are close matches to the titles of four Little Astronomy works. He
appears to allude to On the Moving Sphere (Wl &S a Jle) the Phaenomena (p5>3) (o s 2 W ale), On
Habitations (3)sea)) s ¥) ale), and On Days and Nights (Jsds S ale) * Galen goes on to complain
about the general ignorance of several other geometrical topics and works, but it is these four which are
relevant to the present discussion, and it is notable they are presented together in the text as one unit.

3. The Timeline of an Astronomical Curriculum

Since the early modern scholars, the Little Astronomy has been thought of as a late antique
curriculum and indeed, most of the references above offer evidence of it circulating in the fourth and sixth
centuries. Galen’s testimony is notable for pushing its origins centuries back. Though his curriculum of
spherical geometry may not have been identical with the astronomical curriculum Pappus knew, the
overlap of texts (and orders, as will be discussed) strongly points to the late antique curriculum evolving
from the second century one.

If the four texts Galen names can be identified with the study of spherics that followed the
Elements, then his expectations of the Romans suggest that such a curriculum of spherical geometry was

already in use by his day. Further, because Galen’s own mathematical study occurred during his youth,

% Galen Commentary on Hippocrates’ Airs Waters Places: see Toomer (1985) 196: “ill  a e L Ca yay (10 aglias
ple g3 senadl (W) ale 5 asaill e (s e ple 5 Glldl) AS ja ale Cojmy a pgie sa s arall s Lagaly Cang <> | eul) L
S Aalua) oo agia play a Jis el s S

40§18 in Toomer (1985) 196. It is possible that he is still talking about astrologers, although he may have doctors in
mind, whom he also thinks are bad at astronomy (Opt. Med. 1), or just the Roman people in general. The Arabic

word used is simply “daV for “people.”
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this curriculum was already established and customary at the latest by fifteen years after his birth in 129
CE."

This possibility is interesting for what would follow about the relationship between this
curriculum and Ptolemy’s A/magest: namely, that there was not one. The A/magest was written after 141
CE* — the curriculum which Galen knew would most likely predate it. This is in contrast to the Middle
Books, which are explicitly described as preparation for the A/magest. No such report appears in the
Greek. It is possible that at a later date the Little Astronomy did become linked to the A/magest; the
evidence does include Cassiodorus linking a “minorem Astronomum” to Ptolemy and the close similarity
in naming schemes for the Little and Greater Astronomies. But this would have been a later development
if it did occur, not a factor in the curriculum’s original composition.

The lifetime of this curriculum was evidently a long one, then. It remains actively in use in the
fourth century from Pappus’s report; it continues to be used in the sixth century when Cassiodorus and
Philoponus wrote. Outside sources have less to say afterwards, but codices continue to be transmitted and
in the ninth century awareness of the Little Astronomy persisted enough to encourage a parallel tradition
in the Arabic.

4. The Name “Little Astronomy”

This name does not appear to have been a constant in the curriculum’s lifetime. Rather, the
earliest extant term attached to the corpus appears only in the fourth century, and it is Pappus’s
aotpovopovuevog tomoc. This forms a clear parallel with the dvaivouevoc témoc in Book 7, but that is the

term’s only link. It does not appear outside of Pappus.

4 Sidoli (2015) 395.
42 Pedersen (2011) 12.
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The English translation “Little Astronomy” comes variously from the attestations pukpog
G.OTPOVOLLOVUEVOG, UIKPOG AoTpovopoc, and minorem Astronomum. It is inexact in all cases: a more literal
translation would be the “Little Astronomer.” The term dotpovopobuevog appearing in the manuscripts of
the Collection rather than dotpovopog might be explained either by supposing a conflation between the
collection’s name and Pappus’s dctpovopovuevog tOmog or by accepting AGTPOVOLOVLEVOG as a Ssynonym
of dotpovopog.

This title would seem to be later than Pappus since it is not the one he uses, though he may simply
have omitted it. While it is unclear when the scholia naming it so were added to the Collection, the title
does appear to have been in use by the sixth century when Cassiodorus and Eutocius were writing.

5. An Ordered Collection?

5.1 Evidence from Outside Texts

Several of the sources which have been discussed give reason to believe that the works in the
so-called Little Astronomy may have been arranged in a particular order. Although Pappus does not offer
a thorough description of the Domain of Astronomy, if it is to be compared with the Domain of Analysis
then it is notable that Pappus does set out a defined order for the latter. Two centuries later, Philoponus
indirectly offers a possible rationale behind an ordered Little Astronomy: his discussion of more precise
and more particular treatises is striking in light of the arrangement in which Little Astronomy works are
most often found.

The ninth century manuscript Vat. gr. 204 is crucial for the manuscript evidence of the Little
Astronomy, and this includes the order in which it presents its texts. Its contents (excluding commentaries
and scholia) proceed as follows: Sphaerica, On the Moving Sphere, Optics, Phaenomena, On Habitations,

On Nights and Days, On Sizes and Distances, On Risings and Settings, Anaphoricus, Catoptrica, and
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Data. While Philoponus only uses a selection of these as his examples, it is clear that in both cases he
discusses the works in an order which matches their relative position in Vat. gr. 204’s arrangement. The
Sphaerica is the most precise, On the Moving Sphere is less so, and either On Sizes and Distances or the
Phaenomena is selected as the example of a more particular text. Setting aside the Catoptrica and the
Data, which seemingly did not number among the Little Astronomy,” any of the works after the
Phaenomena would fit as a more particular astronomical treatise.

The other allusions to works in an astronomical curriculum agree with this order in all but one
case. In the main body of Book 6, Pappus’s discussion moves from the Sphaerica to On the Moving
Sphere, then from On Nights and Days and On Sizes and Distances to the Optics and lastly the
Phaenomena. Those final two Euclidean works break from the order seen in Vat. gr. 204, though it can be
said that Book 6 still broadly follows an arrangement from a more precise text (the Sphaerica), to an
intermediate one (On the Moving Sphere), then the assorted particular astronomical treatises (excluding
the Optics).

Pappus’s introduction, however, contradicts the order in the main text of Book 6 and instead
agrees with the order seen in Vat. gr. 204. The mathematician could have grouped together Theodosius’s
Sphaerica and On Nights and Days — one might have expected this on the basis of their shared author.
Instead the Phaenomena stands between them, so that the order of works mentioned is the Sphaerica, the
Phaenomena, and On Days and Nights.

Even the testimony from Galen stands in agreement, centuries earlier. The order of the

astronomical texts is On the Moving Sphere, the Phaenomena, On Habitations, and On Nights and Days.

43 This will be examined below.
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Not only is the relative order the same as in Vat. gr. 204, but the actual order is a near match as well,
except Galen does not list the Optfics.

Centuries later, it would appear that the order in which the Arabic scholars found the Little
Astronomy influenced the early arrangement of the Middle Books. The earliest manuscript containing a
significant number of the Middle Books in Arabic (dated 25 years before al-TisT’s edition) agrees almost
exactly with the order in Vat. gr. 204. This is the manuscript Topkapi Seray Ahmet I1I 3464, and the only
disagreements in order are its moving of the Data from the end to the very beginning, and placement of
Menelaus’s Spherics at the end.

5.2 Evidence from the Scholia

In an article on mathematical scholia, Acerbi calls attention to a particular category which appears
liberally throughout manuscripts of Little Astronomy treatises.** These scholia are ones which supplement
the main text with brief references to another text. Acerbi highlights how such referential scholia in Little
Astronomy treatises are frequently citations of propositions from other Little Astronomy treatises. More
importantly, these only cite propositions which have occurred previously according to the order in Vat. gr.
204. They are very concise and formulaic: examples from Vat. gr. 204 include “from the 9th [proposition]
in the 2nd [book] of the Sphaerica” (4md t00 0' 100 &v 1@ B' TV cpapik®dv) on 61r and “by means of the
20th [proposition] of On the Moving Sphere” (510 oD k' T0d Tepi KIvovpévng cpaipac) on 62r.%

The following figure summarizes what texts are cited by such scholia for each supposed Little

Astronomy treatise. Euclid’s Elements is added as the first column since it is a work which is frequently

* Acerbi (2014) 141-151.
* The primary scholiast hand writes these scholia using both the Gzd and 316 formulae.
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cited as well — this and the Catoptrics are the only outside works cited. Most works also cite their own

propositions but the rule holds as expected: only propositions prior to the present one will be cited.

Work Cited by the Scholia
El Sph MS Opt Phaen Hab D&N S&D R&S Ana
Sph 4 v
MS v v
=
= Opt v v v
=
| Phaen v v v v
=
< | Hab v v v v
=
C | Dp&n v v v
=
=
= S&D v v v
R&S v v v
Ana v v

El = Elements, Sph = Sphaerica, MS = Moving Sphere, Opt = Optics, Phaen = Phaenomena, Hab = Habitations,
D&N = Days and Nights, S&D = Sizes and Distances, R&S = Risings and Settings, Ana = Anaphoricus

Table 1.1: Citations by referential scholia in the Little Astronomy

Acerbi consulted the edited scholia and Vat. gr. 204 for his study, and he included only those

scholia which were written in the primary scholiasts’ hands. The rule holds true, however, even when

examining the referential scholia in later hands in Vat. gr. 204.

It is also informative to expand Acerbi’s survey to include the works of dubious membership in

the Little Astronomy, the Catoptrics and the Data. This expansion reveals that if the former were to be

considered part of the collection, it would break the pattern seen here. A scholion to the Optics cites the
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Catoptrics,* but the Catoptrics appears second to last in Vat. gr. 204. The Data, meanwhile, neither cites
any other Little Astronomy text nor is it cited by them.

The edited scholia are heavily dependent on Vat. gr. 204, so it might be expected that they would
follow its sequence. Looking to manuscripts outside this one, however, confirms that the implied order
from the scholia persists even when texts are arranged differently or separately. The thirteenth century
manuscript Vienna phil. gr. 31, for instance, contains only Euclid’s Elements, Optics, and Phaenomena,
but referential scholia in the Phaenomena cite the absent Moving Sphere and Sphaerica. Meanwhile, the
thirteenth century Vat. gr. 192 places the Phaenomena after the Anaphoricus, but the scholion in the latter
citing the former remains. The thirteenth century Vat. gr. 191 does the same for the Optica and
Phaenomena, and the ¢.1300 Paris gr. 2448 does the same for Moving Sphere and Sphaerica.

It may not be surprising that scholia attached to these texts persist — they after all all become part
of the work to be transmitted — but these manuscripts represent several different versions of the treatises
and are not all descended from Vat. gr. 204. The manuscript Vienna phil. gr. 31, for instance, contains
different recensions than those in Vat. gr. 204, so either the scholarly practice represented by these scholia
was applied regardless of the recension that was at hand or it has its roots before the split.

Placing this type of scholia into a fuller context would require a greater foundation of edited
mathematical marginalia. It is worth noting that Pappus’s Collection does contain referential scholia and,

in Vat. gr. 218, these scholia only appear in Book 6, pointing to the relevant Little Astronomy text.

¢ This appears in Optics proposition 19, on folio 48v of Vat. gr. 204.

34



6. Works in the Collection

With the evidence from the manuscripts and the references in outside texts laid out above, it is
now possible to evaluate what works likely were members of the Little Astronomy and what works
became attached more tenuously.

Th. i rica®’

There can be little doubt that the Sphaerica not only numbered among the treatises of the Little
Astronomy but also stood at the head of the collection. Its inclusion is affirmed and its position strongly
implied by Pappus and both passages in Philoponus, with support from Vat. gr. 204. Nearly all of the
other works contain referential scholia citing it, while it lacks citations to any propositions except those
earlier in its own books.

Autolycus On the Moving Sphere

Similarly, On the Moving Sphere need not be doubted as a member of the collection. Pappus,
Philoponus, and Galen all mention it and the manuscript evidence supports this. It is cited by the scholia
to three subsequent Little Astronomy treatises, while it itself relies only on the Sphaerica (and the
Elements, preceding the curriculum as a whole).

Euclid Optics

Conversely, the position of the Optics is less clear. It falls immediately under suspicion for being

a treatise neither on spherics nor on astronomy. There is evidence in its favor: it stands in Vat. gr. 204 in

the midst of other certain Little Astronomy treatises, it is treated in Collection Book 6,* it is linked by

47 As noted in the introduction, to distinguish between the work by Theodosius and the work by Menelaus,
Theodosius’s work will consistently be referred to as the Sphaerica in this dissertation. Menelaus’s work will be
referred to as the Spherics.

8 Hultsch had indicated portions of Book 6 drew from the Optics, though Neugebauer disagreed with this: see
Neugebauer (1975) 768. More recent scholarship has shown that Neugebauer likely erred here: Pappus does indeed
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referential scholia to other Little Astronomy works. It is even named specifically in the introduction to the
text of the Phaenomena, which follows after it.*’

However, not all of this evidence is unshakeable. Its appearance in the text of the Phaenomena is
in the introduction, which was the work of a later editor. Meanwhile, the links in the scholia are tenuous:
while the Optics cites the Sphaerica before it, the Phaenomena is the only treatise which cites the Optics,
and it does so only once.”

This chapter has not presented the evidence from the Arabic, as this will be the subject of chapter
3, but the Optics do appear as part of the Middle Books seemingly already in the ninth century.’’ This
lends support to the idea that the Optics were a part of the Little Astronomy by the ninth century at the
latest. The treatise may not have been included for the entire lifetime of the curriculum. When Galen
alludes to Little Astronomy works the reader should not expect him to offer a full listing, but it is worth
noting that he names the works from Moving Sphere to Days and Nights in order but skips the Optics.

Since the main link the Optics has is to the Phaenomena, it is likely that the work came to be
added to the Little Astronomy as a text which was useful reading before the Phaenomena, the first work

in the corpus which is dealing with more particular matters, as Philoponus deliminates it. Its addition

could have been around the time when a later editor added the preface to the Phaenomena, since this is

treat of material that overlaps with Optics propositions 34-35, though he introduces multiple lemmas and fully
rewrites the proof. On this, see Jones (2001) 52-57.

4 This occurs in the Phaenomena preface; the line is “as is shown in the Optics.” See Menge (1916) 2: “...6¢ v 10ig
OTTIKOIG deivuTar.”

%% This is a scholion to proposition 1: see Menge (1916) 136.

1Tt is included in a list attributed to Ishaq ibn Hunayn and there is a possible reference to the work in al-Kind1
already in the ninth century, both of which will be discussed further in chapter 3. Its inclusion among the Middle
Books might reflect the usefulness various topics in the Optics had for Ptolemy’s A/magest. If, in the centuries after
the second CE, the Little Astronomy came to have some connection with the Almagest (which would have replaced
the other, more advanced astronomical works in circulation in Galen’s day), this may have also motivated the
addition of the Optics to the corpus.
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the part of the text which refers back to the Optics directly. There are potentially further overlaps between
the Optics and On Sizes and Distances, since propositions 23-27 of the Optics concern spheres, their
magnitudes, and their distances.”

Euclid Phaenomena

With Pappus, Philoponus, and Galen attesting to it, and the manuscript and scholia evidence
supporting it, the Phaenomena is a return to far more certain Little Astronomy members. This treatise
even includes references to other Little Astronomy works in its main text, though these are likely
interpolations and will be discussed further in chapter 2.%

Theodosius On Habitations

The works after the Phaenomena have fewer sources attesting to them, but the astronomical ones
among them also do not have evidence standing against their inclusion. Starting with On Habitations, the
following astronomical works contain referential scholia that point back to preceding Little Astronomy
treatises, but they are never the source of such citations in the subsequent texts.

Nevertheless, On Habitations is attested in important manuscripts such as Vat. gr. 204, and
receives mention by Galen as well. It also will be seen to be a member of the Middle Books in chapter 3.
Theodosius On Days and Nights

The same can be said for On Days and Nights as was said for On Habitations. Additionally,

Pappus names the text both in the introduction and the main body of Collection VI.

52 See Webster (2014) for the argument that these propositions involve material that significantly overlap with On
Sizes and Distances propositions 1-3.

53 In addition to the Optics in the preface, discussed above, recension A’s proposition 12 points to a theorem from the
Sphaerica: “As is written in the eighth theorem of the third book of the Sphaerica.” See Menge (1916) 76:
“ypogopévav dote T@ Ekt® Bepnpatt Tod tpitov Priov TGV Zeapikdv.”
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Aristarchus On Sizes and Distances

Like Theodosius’s astronomical works, On Sizes and Distances appears with the Little
Astronomy texts in significant manuscripts, its scholia refer back to other works in the collection, and it
will be seen to be one of the Middle Books. Pappus discusses it explicitly, while Philoponus does not
name it but clearly has it in mind as one of the more particular astronomical works.

Autolycus On Risings and Settings

Compared to Autolycus’s other work, On Risings and Settings receives no mention by outside
sources. The manuscript evidence supports its inclusion among members of the Little Astronomy, its
referential scholia are directed towards those texts, and it will number among the Middle Books. As a
proposition-based astronomical work there is no reason to exclude it. This lack of further evidence should
be noted, but On Risings and Settings likely formed part of the curriculum.

Hypsicles Anaphoricus

The Anaphoricus finds itself in the same position as On Risings and Settings. Though still an
astronomical work, it does not have the same proposition-based structure as the previous treatises did. But
while the work is more distinctive, its manuscript transmission is fully linked to the Little Astronomy, and
so it likely did number among them.

Euclid Catoptrics

The Catoptrics is not an astronomical text, and as a work on mirrors it has even less than the
Optics to recommend it as relevant to the subject. No outside source speaks of it in connection with other
Little Astronomy treatises, and it seems to never have been translated into Arabic, unlike the rest of the

works discussed here. Yet it appears near the end of Vat. gr. 204 and it does contain referential scholia
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pointing to the Sphaerica — though, as mentioned above, it is the target of a scholion in the Optics and so
its inclusion would break the pattern of scholia citing only prior texts.

This work was very likely never conceived of as part of the Little Astronomy. Rather, its subject
matter being similar to that of the Optics and its shared author likely contributed to it being transmitted
very often together in the same manuscripts. When the Optics started to appear alongside other Little
Astronomy texts, it may sometimes have dragged the Catoptrics along with it, which would explain why
the latter appears in manuscripts such as Vat. gr. 204.

Euclid Data

The Data is the last non-commentary or -scholia work in Vat. gr. 204, but it otherwise has nothing
to recommend it as part of the late antique Little Astronomy. It is not an astronomical work, it neither
references nor is referenced by other Little Astronomy works via scholia, and it is never mentioned in
connection with the collection. Instead, Pappus tells his reader that it was a member of a different
grouping entirely, the Domain of Analysis, which shows no overlap with the works in the Little
Astronomy.

It is possible that the Data’s contents were thought of as useful for geometry more generally, and
so the work was added to supplement geometrical codices, including those of spherical geometry. In Vat.
gr. 204, the Data is located at the end of the codex. Not only does this break from the otherwise clear
pattern from more precise to more particular seen in the earlier Little Astronomy treatises (the Data is
certainly a more precise work), this places it amongst various commentary works: it is preceded by
Eutocius’s commentary on Apollonius’s Conics, and it is followed by Euclidean scholia and Marinus’s
introduction. The Data is even written in a smaller and more abbreviated hand compared to the previous

treatises, further linking it with how scholia and commentary material is treated in the codex.

39



In the Arabic the Data does become one of the Middle Books, and interestingly it is placed at the
head of the collection, as would be expected from its far more general geometrical contents. Even if the
text was not a member of the late antique Little Astronomy, it is possible that it was attached often enough
to such codices by the ninth century to influence this development in the Arabic.>
Menelaus Spherics

The last work to be considered does not appear in Vat. gr. 204: the Spherics is not extant
anywhere in the Greek outside fragments. However it does later become one of the Middle Books, and the
fact that it is cited by Pappus (though it is not an object of discussion) in Collection VI merits it being
noted here.

Ultimately, the Spherics most likely was not part of the curriculum. Its failure to survive in Greek,
despite the Little Astronomy being solely responsible for the preservation of other treatises attached to it
like the Anaphoricus,” speaks strongly against its inclusion. Nor is it the target of referential scholia in
any of the Little Astronomy treatises.

If Menelaus’s Spherics had been a part of the curriculum, it would have been expected alongside
Theodosius’s Sphaerica as a more precise treatise. Since Menelaus explicitly cites the Sphaerica in the
text several times according to its Arabic translation,’ its position would most likely have been second,

immediately after the other work but before the less precise On the Moving Sphere. If the Spherics had

* However, as chapter 3 will show, one of the earliest reports in Arabic omits any mention of the Data. It may be
that the Data was added to the Middle Books after the ninth century. Since the Middle Books were explicitly
intended as preparation for the Almagest, the Data may have been chosen as an addition because of the relevance its
theorems have for Ptolemy’s text.

> Pingree (1968) 16-17.

% See e.g. references in Ibn ‘Irdaq’s version in Krause (1936) 241, 247; and references in al-Mahani / al-Haraw1’s
version in Rashed and Papadopoulos (2017) 684, 696, 768.
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been included in the Little Astronomy, it would have had small odds of becoming lost: unlike the start or
end of a codex, the second position is not likely to disappear.

Galen’s testimony is a possible aid in explaining why Menelaus’s Spherics was not a member of
the Little Astronomy. If the curriculum were already established by Galen’s youth, perhaps it is not
surprising that a work by Menelaus a generation or two before was too recent to be included.

7. Conclusion

Adding the evidence from Galen and reading the evidence in Philoponus in light of the canonical
arrangement implied by the sources and scholia reveals that there was much more to the Little Astronomy
than the “hodgepodge of treatises” Neugebauer considered it to be.”” While this curriculum did develop
over time, it had at its core an ordered set of works whose usage seems to go back to the second century.

At the same time, it is clear that some claims about the Little Astronomy lack support from the
contemporary evidence. No source says that it was intended as preparation for the A/magest, showing that
Fabricius’s claim is instead influenced by his knowledge of the Middle Books, as is his inclusion of
Menelaus’s Spherics among the collection. Rather, the astronomical curriculum which would become the
Little Astronomy appears to pre-date the A/magest, and the Spherics was perhaps too new of a text to be
included.

This chapter has set out a series of treatises as members of the Little Astronomy, a pedagogical
backdrop to the collection, and an extended period of time in which it was used. Chapter 2 now will
proceed to delve into the text of these works and expand on them and their variations in light of these

contexts.

7 Neugebauer (1975) 769.
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Chapter 2
Greek Editors and Little Astronomy Texts
1. Introduction

Combined, the evidence discussed in chapter 1 supports a picture of an ordered grouping of
mathematical and astronomical works being used for pedagogical purposes between the 2nd and 9th
centuries. At some point these came to be called the Little Astronomy. The last chapter argued that the
following works were or came to be members of the Little Astronomy during this period: Theodosius’s
Sphaerica, Autolycus’s On the Moving Sphere, Euclid’s Optics (perhaps a later addition), Euclid’s
Phaenomena, Theodosius’s On Habitations, Theodosius’s On Days and Nights, Aristarchus’s On Sizes
and Distances, Autolycus’s On Risings and Settings, and Hypsicles’s Anaphoricus. All of these works
remain extant today, and so it is possible to study the surviving witnesses to determine how their usage in
a didactic context influenced the ways these texts evolved and changed during late antiquity. This is the
project of the present chapter.

Section 2 summarizes the evidence which is available for the investigation, noting both the
coverage and the limitations of the manuscripts and indirect witnesses. The study in this chapter covers
nine texts, so section 3 provides an overview of the results across the full grouping. These results are
broken down in detail in the following section, and they are interpreted afterwards in section 5.

2. Overview of Evidence

The Greek texts of the Little Astronomy survive in numerous manuscripts. These offer evidence

for what texts were transmitted together within individual codices, for different forms of the texts, and for

scholia or marginal comments on those texts.
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All of the Greek texts have been edited, so it is possible to draw upon critical editions and prior
scholarship on these texts to support this chapter’s study. While these critical editions are a useful
foundation, the manuscripts themselves remain central, especially since there are multiple instances where
modern editors have not fully preserved the textual variance present in the manuscripts or where they
have limited themselves to only a small selection of manuscript evidence.

Of the Little Astronomy manuscripts, the earliest which survives today is from the 9th century.
The other significant manuscripts are largely 13th century ones. So direct evidence for the period
examined in this chapter — the 2nd through 9th centuries — is not available outside of one manuscript from
the tail end of this range. Furthermore, where the Greek texts vary from each other, there are no
comments attributing these variants to any named historical individuals. Pinpointing precisely when
branches of the Greek tradition diverged before the 9th century is not usually feasible.

However, there is a key source that offers a lens into the forms of these texts in the 4th century.
As noted in chapter 1, book 6 of Pappus’s Collection concerns works from the Little Astronomy: in
several cases Pappus offers quotations or describes the contents in such detail that these can be compared
with the text according to the surviving manuscripts. This is a window into the forms of the Little
Astronomy texts as Pappus had them in the 4th century. There are also sparse references to Little
Astronomy texts in Theon’s commentaries on the A/magest, which also date from the 4th century.

Outside of what can be gleaned from Pappus and Theon, then, this chapter does not seek to
precisely date all of the changes in the Greek texts. It seeks rather to identify what changes can be
attributed to the didactic context the texts would have been transmitted in versus what changes were

accidents of transmission or motivated by other concerns.
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The Arabic tradition can also offer insights into the forms of these texts prior to the ninth century,
since the translations were made from versions that were in circulation in the ninth century and which
might represent different traditions than what is preserved in the Greek. This material however is not
addressed in this chapter, since it will be the project of chapter 4 to survey the alterations between the
ninth century Arabic texts and the Greek texts and to try to disentangle which of these might be attributed
to variants in the Greek and which might have originated in the Arabic.

Note that, unless stated otherwise, proposition numbers given correspond to those in the modern
critical editions. Disagreements appear among the manuscripts and will be acknowledged when relevant.
3. Summary of Deliberate Alterations in the Little Astronomy

The introduction to the dissertation has already explained the reasoning behind the philological
method used in this chapter, chapter 4, and chapter 9. Ancient and medieval editors of ancient
mathematical texts are known to have made choices and changes based on considerations other than
presenting an original text.'

The alterations which Vitrac has laid out in his typology of deliberate alterations have a particular
relevance for thinking about how editors, teachers, students, scholars actively intervened in the text for
their own purposes. The full listing is provided below, with emphasis added for the alterations examined
in this dissertation.?

- Modification of Presentation
- Alteration of Proofs

- Global

- Substitution of Proof

- Double Proofs

- Addition / Suppression of Cases
- Local

! Cameron (1990) 126.
? Vitrac (2012) 89-92.
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- Stylistic Interventions
- Abridged Construction / Shortened Proof
- Logical Interventions
- Change in Order
- Fusion / Division
- Change of Status
- Different Formulations
- Addition / Suppression of Material
This dissertation focuses on alterations on the larger, structural scale, taking advantage of the
proposition-based structure of Little Astronomy texts to efficiently examine variations across nine texts in
three different periods (and two languages).

A note on terminology: since there are instances in the transmission of this astronomical
curriculum where more than one alternate proof appears on a proposition, this study will use the more
general phrasing “alternate proofs” rather than “double proofs.” It will also refer to addition or
suppression of this material, especially in the Arabic tradition.

The below table summarizes where these alterations occur in the Greek tradition of the Little

Astronomy before the ninth century. It lays out each proposition of the nine Little Astronomy works,

using the proposition numbers as they are given in the relevant critical editions.
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Sph. | Il [} MS| Opt. B Ph.B| Hab.| D&NI Il S&D| R&SI ] Ana.
d.1 d.1 1 d.1 intro 15 37| intro 1 d.1 1 d.1 d.1 1 1
d.2 1 2 d.2 d.1 16 38 1 2 d2 2 d2 d.2 2 2
d3 2 3 d.3 d2 17 3g 2 3 d3 3 d3 d3 3 3
d4 3 4 d4 d3 18 40 3 4 dd4 4 dd4 dd4 4 4
d.5 4 5 1 dd 19 41 4 5 d.5 assum d5 d.5 5 5
d6 5 & 2 d.5 20 42 5 5 1 assum dé d6 &

1 53 7 3 d.6 21 43 53 7 2 assum 1 d.7 7
Z2 T a 4 d.7 22 44 T 8| porism| assum Z d.8 8
3 8 9 5 1 23 45 8 g 3 5 3 d.g g
4 9 10 6 2 24 46 9 10| lemma 6 4 1 10
5 10 11 7 3 25 47 10 1 4 7 5 2 11
6 11 12 8 4 26 48 11 12| porism 8 6 3 12
7 12 13 9 5 27 49 12 5 9 7 4 13
a 13 14 10 5 28 &0 13 6 lemma a 5 14
9 14 1 7 29 51 14 T 10 9 53 15
10 15 12 8 30 52 15 8 1 10 7 16
11 16 9 3 53 16 9 12 11 8 17
12 17 10 32 5d 17 10 13 12 9 18
13 18 1 33 55 18 1 14 13 10

14 19 12 34 56 12 15 14 1

15 20 13 35 57 16 15 12

16 21 14 36 17 16 13

17 22 18 17

18 23 19 18

18

20

21

22

23

Sph = Sphaerica, MS = Moving Sphere, Opt = Optics, Phaen = Phaenomena, Hab = Habitations, D&N = Days and
Nights, S&D = Sizes and Distances, R&S = Risings and Settings, Ana = Anaphoricus

Rearranged propositions Addition / suppression of cases
Fusion / division of propositions Addition / suppression of material
Addition / suppression of alternate proofs (Additions according to Neugebauer)

Table 2.1: Overview of alterations in core Little Astronomy works across the Greek manuscripts. In this
table, propositions are indicated with numbers, definitions with the pattern “d.#,” introductions with
“intro,” assumptions with “assum,” and lemmas with “lemma.””

* Note this table considers the B recensions of the Optics and the Phaenomena, which will be discussed further in
section 4.1.
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This summary view brings some initial conclusions to light. Firstly, deliberate alterations are not
equally dispersed across the Little Astronomy, nor are different types of alterations dispersed similarly to
each other. A greater variety of alterations appear in the Sphaerica, On the Moving Sphere, and the
Phaenomena: the first shows four types, the second three, and the last four. It may be that, as the three
treatises on spherical geometry at the head of the curriculum, they received more editorial attention.

Inverted propositions are uncommon, and fusion / division of propositions are only slightly more
frequent. The latter do not reorganize the material, just renumber it, so it is uncertain what they might
reveal about didactic motivations. They may speak more to how individual editors conceived of the
structure of a proposition.

Alternate proofs occur only in two of the nine texts. Seemingly few variant proofs were in
circulation for these texts in the first place, but for those texts which had them, there was seemingly little
interest from the editors of the Little Astronomy in compiling variants together. A closer look at the
instances in the Phaenomena in section 4.2 below will point to how editors were more discerning in
preserving proofs that had a certain usefulness.

The deliberate alterations which are most widespread across the Little Astronomy are addition /
suppression of cases or larger material. Sections 4.3 and 4.7 below will show how — in nearly all instances
— these are additions. The Little Astronomy certainly accumulated material over the course of its
transmission. The purposes of these additions vary: they provide foundations for later arguments in the
texts, they expand on cases that had been left unproved, and they provide general introductions to treatises
which Philoponus would call “more particular.” The curricular context of these texts quite plausibly

motivated the introduction of this material.
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4. Deliberate Alterations and References in Detail

4.1 Substitution of Proof

In the Greek tradition of the Little Astronomy, substitutions of proof occur in two texts: the
Optics and the Phaenomena. These alterations are in fact significant enough that modern editors consider
both texts to have been transmitted in two recensions. Today, these are indicated as recension A and B in
both texts.

Substitutions of proof are most extensive between the recensions of the Optics, where largely the
same enunciations are provided but the proofs are rewritten. The understanding of the relationship
between the two recensions of the Optics has evolved over time in the modern scholarship. The work’s
editor, Heiberg, argued that one recension (referred to here as recension B) was a revision by Theon of
Alexandria and that the other (recension A) represented the more genuine Euclidean text. More recently,
scholars have pushed back against this idea and see recension B as the earlier version. Recension A
provides fuller proofs and is plausibly the work of an editor who was expanding and clarifying the text in
recension B.*

The substituted proofs between the Phaenomena recensions are less extensive but do occur later
in the treatise, starting with proposition 10. Propositions 11 and 12 in recension B expand on material that
was left unexplained in A, showing similar motivations of clarifying the text.

These texts and their recensions are especially interesting because the recensions have distinct
transmissions in the Greek manuscripts. For each recension, one is clearly transmitted within the Little
Astronomy and one outside of it. Below are short summaries of manuscript contents of codices containing

recensions A or B of the Optics and the Phaenomena from the thirteenth century or earlier.

* See the overview in Jones (1994) 491f.
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Optics recension A

Optics recension B

- Bibl. Med. Laurenziana Plut. 28.3 (10th ¢)
- Euclid Elements
- Euclid Optics
- Euclid Phaenomena
- ONB phil. gr. 031 (12th ¢)
- Euclid Elements
- Euclid Optics
- Euclid Phaenomena
- Bodleian Library Auct. F. 6. 23 (13th ¢)
- Euclid Elements
- Euclid Optics
- Vat. gr. 1038 (13th ¢)
- Euclid Elements
- Euclid Optics
- Euclid Phaenomena
- various Ptolemaic works (not the Almagest)
- Bibl. Med. Laurenziana Plut. 28.6 (13th ¢)
- Euclid Elements
- Euclid Optics
- Euclid Phaenomena

- Vat. gr. 204 (9th ¢)
- 9 Little Astronomy works
- Vat. gr. 191 (13th¢)
- 9 Little Astronomy works
- various astronomical, astrological, and
mathematical works
- Vat. gr. 202 (13th ¢)
- 7 Little Astronomy works
- Paris gr. 2390 (13th ¢)
- various astronomical works, including
Ptolemy’s Almagest
- Theodosius Sphaerica
- Autolycus On the Moving Sphere
- Euclid Optics

Table 2.2: Comparison of contents between

manuscripts of Optics A and B recensions

Phaenomena recension A

Phaenomena recension B

- Bibl. Med. Laurenziana Plut. 28.3 (10th ¢)
- Euclid Elements
- Euclid Optics
- Euclid Phaenomena
- ONB phil. gr. 031 (12th c)
- Euclid Elements
- Euclid Optics
- Euclid Phaenomena
- Vat. gr. 1038 (13th ¢)
- Euclid Elements
- Euclid Optics
- Euclid Phaenomena
- Ptolemaic works (not the Almagest)
- Bibl. Med. Laurenziana Plut. 28.6 (13th ¢)
- Euclid Elements
- Euclid Phaenomena
- Euclid Optics

- Vat. gr. 204 (9th ¢)
- 9 Little Astronomy works
- Vat. gr. 192 (11-12th ¢)
- various mathematical works
- Euclid Optics
- Hypsicles Anaphoricus
- Aristarchus On Sizes and Distances
- Euclid Phaenomena
- various musical works
.gr. 191 (13th ¢)
- 9 Little Astronomy works
- various astronomical, astrological, and
mathematical works
- Vat. gr. 202 (13th c)
- 7 Little Astronomy works

Table 2.3: Comparison of contents between manuscripts of Phaenomena A and B recensions
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In fact, when it comes to recension A of the Phaenomena, it tends to appear in the same codices as
recension A of the Optics, with both joined by the Elements. This Euclidean grouping preserved both
recensions, while the Little Astronomy evidently preserved the B recensions of both texts.

The example manuscripts described above date to the thirteenth century and earlier. The pattern
does start to break down when considering later manuscripts, presumably because by the fifteenth century
there was no longer a strong conception of the Little Astronomy as a group or curriculum.

4.2 Alternate Proof

The alternate proofs present in the Little Astronomy appear in proposition 2 of On the Moving
Sphere and in propositions 6, 12, 14, and 15 of the Phaenomena (recension B).’

Alternate proofs are a phenomenon which appear in a variety of mathematical texts: they are
cases where the texts or scholia provide a different method of proving the enunciation. Usually only one
other alternate proof will appear (hence Vitrac’s phrasing “double proof™), but across the breadth of Greek
mathematical works there are some cases where a larger number of alternate proofs will be provided.® In
many cases, it can be assumed that the original ancient author did not write the text with these multiple
variant proofs, although there are cases such as Apollonius’s Conics where the ancient author had
circulated several different “editions” (éxd0celc) of his text. Outside of cases like these, alternate proofs
tend to arise later in the mathematical text’s transmission.

When considering alternate proofs, it is worthwhile to note a report from Eutocius, editing the

text of Apollonius’s Conics in the sixth century:

> There are also a significant number of alternate proofs in Euclid’s Data, which are not discussed here but which
will be relevant when discussing the Arabic Data in chapter 4. Propositions with alternate proofs are 24, 27, 30, 33,
45, 46, 54, 55, 67, 68, and 80.

¢ For example, proposition 30 of Euclid’s Data has three alternate proofs.
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“Since there were several editions, as Apollonius himself says in the preface, I thought it better to
put them together from whatever source came to hand and place the clearer version in the text to
help the understanding of beginners; and to indicate the variations on the proofs outside [sc. in the
margin].””
In this situation, Eutocius is an editor faced with variants which he attributes to Apollonius himself. All of
the proofs can be considered authentic, but still the editor is not interested in collecting and presenting all
of these variants without judgment. For each case Eutocius chooses one proof which he deems to be
“clearer” (capéotepa) and sets that as the proof used in his edited text. He states his motive: he wants the
text to benefit “beginners” (eicayopévawv). Alternate proofs are still worth presenting, but are not placed
in the text itself: they number among the scholia in the margins.®
The unknown editors of Little Astronomy texts have not left testimonies about their editorial
choices, so Eutocius’s account is a useful comparison. Eutocius kept students in mind when editing the
Conics: did the presentation of alternate proofs have a similar purpose in the Little Astronomy?
Considering the curriculum in its entirety, there are actually very few alternate proofs in the Little
Astronomy. As noted above, according to the extant evidence there are five propositions with this feature,
but these five propositions are spread across only two of the nine Little Astronomy works. Evidently
presenting alternate proofs was not a project that teachers and editors engaged in across the Little
Astronomy as a whole.

Nor is it possible to say that texts within the Little Astronomy preserve more alternate proofs than

texts outside of the grouping. As discussed above, recensions A of the Optics and the Phaenomena

7 Translation from Cameron (1990) 117. The Greek text was edited by Heiberg (1893) 176: “mAei6vav 68 ododV
€Kd00E®V, O¢ Kol odTOC Mo €v Tf €MGTOA], GUEWOV NYNCAUNY GUVOyaYElV aOTOC €K TAV EUTTTOVIOV TO
capécTepa TOPOTIOEUEVOG €V T PNT@ 610 TNV TOV elcoyopévov evpdpelay, EEmBev 0& v TOIC GUVTETOYIEVOLS
oyoliolg émonpaivesBot Tovg d10pdpovg MG £iKOG TPOTOVG TAV anodeitemv.”

¥ By Eutocius’s time, the codex was the major format rather than the scroll. This had the advantage of allowing for
exterior material to be written in the margins and therefore to be transmitted with the text.
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circulated outside the Little Astronomy while recensions B of these texts circulated as parts of it. For the
Phaenomena, recension B includes alternate proofs while the outside recension lacks them. But in the
case of the Optics, the recension which circulates within the Little Astronomy lacks them while the one
which circulates outside it includes them. This suggests that in editorial work with the Little Astronomy,
there was not a particular interest in compiling multiple proofs and presenting them together.

Exploring the larger picture of alternate proofs does not lead to any hints about didactic
motivations. A closer look at the texts is more informative. In the case of On the Moving Sphere, evidence
for the alternate proof does not survive in Greek. It is known instead from the Arabic, Latin, and Hebrew
traditions, and will be discussed further in chapter 4.

The alternate proofs of Phaenomena B do survive in the Greek manuscripts, and so it is possible
to observe how they are presented in the surviving sources. The following comments rely upon an
examination of the manuscripts Vat. gr. 204, Vat. gr. 191, Vat. gr. 192, Paris grec 2342, Paris grec 2472,
and BSB cod. graec. 361a: witnesses dating from the 9th through 14th centuries.

In all cases where they are present, the alternate proofs to the Phaenomena appear within the text
itself, not among the marginal scholia. The following table summarizes how these alternate proofs are

introduced in the manuscripts: '’

’ Mogenet (1950) 1771f.
' Note: the numbering of the manuscripts disagrees with Menge (1916)’s edition because the manuscripts number
proposition 14’s first and second parts as 14 and 15 respectively.
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Prop. 6

Prop. 12

Prop. 14 pt.1

Prop. 14 pt.2

Prop. 15

Vat. gr. 204

“Alternatively to
thisnll

“Alternatively to
12'%: this is the
clearer
setting-out'*’

“Alternatively to
14" : also this
setting-out is
clearer than the
former'”” + [in
margins] “This is
the clearer
setting-out”

“Alternatively to
1 5”16

“Alternatively to
this” + “16
additionally

9917

Vat. gr. 191

[a new textual
unit with a rubric
initial]

“This is the

clearer [one]”'®

“Alternatively to
147

“Alternatively to
1 5 2

[not present]

Vat. gr. 192

[a new textual
unit with a rubric
initial]

“Alternatively to
12: this is the
clearer [one]”

“Alternatively to
14: this is the
clearer
setting-out”

“Alternatively to
1 5 2

“16 in addition”
19

clearer [one]”

Paris grec “Alternatively”® | “Alternatively to | “Alternatively to | “Alternatively to | “16 in addition”
2342 12: this is the 147 15”7

clearer [one]”
Paris grec “Alternatively” [no textual “Alternatively to | [no textual “16 in addition”
2472 indicator, but 14: this is the indicator, but a

“12?'is written | clearer new textual unit

asecond time in | setting-out” with a rubric

the margin] initial]
BSB cod. “Alternatively” “Alternatively to | [not present] “Alternatively to | “16 in addition”
graec. 361a 12: this is the 15~

Table 2.4: Indications of alternate proofs across Greek manuscripts

! Translation of “8AAm¢ T0 a016.”

'2 Translation of “8AAog 10 1.
'3 Translation of “Attn 8¢ éotv 1} cageotépo Ekbeoic.”

5 9

' Translation of “8Akog 10 15°.”
!5 Translation of “"Eott 8¢ kai ahtn £x0eoig copeotépa ThC mpotépac.”

'S Translation of “8A\og 10 1€,

5 9

'7 Translation of “i¢' ék mep16G0D.”
'® Translation of “A%tn éo1v 1) copeotépa.”
' Translation of “10 0010 1¢' €K TEPIGGOD.”
%% Translation of “8AAwg.”
2! Translation of “i3°.”
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The word “alternatively” (8AAmg) is most commonly used to indicate an alternate proof, and this is the
case across the breadth of mathematical texts, not just those among the Little Astronomy. It can usually be
found at the head of the alternate proof, either immediately above it or in the margins alongside it.

Propositions 12 and 14 of the Phaenomena stand out for the very short notes that introduce them:
commentary to the effect that the alternate proof is the “clearer” (cogeotépa) one. This is the same
language used by Eutocius. Since Eutocius evaluated and arranged the proofs of his edition according to
clarity for the purpose of helping beginners (students?), it is tempting to see these alternate proofs in the
Phaenomena as serving a similar role.

The alternate proofs in Optics A, conversely, have no such claims. Examination of the
manuscripts Osterreichische Nationalbibliothek phil. gr. 31, Biblioteca Medicea Laurenziana Plut. 28.3,
and Biblioteca Medicea Laurenziana Plut. 28.6 reveals alternate proofs indicated only with the word
“alternatively” (6ALhwq) or through a new numeral, treating the alternate proof as a new one. Further, the
alternate proofs themselves suggest more of a collation effort: many are slightly rephrased versions of the
proofs in Optics recension B.** So where Optics A, outside the Little Astronomy, collects other versions
of the proofs in circulation without comment, Phaenomena B, within the curriculum, presents proofs
sometimes with the note that they are clearer. It might be reasonable to interpret this descriptor as

indicating usefulness for teaching.

4.3 Addition / Suppression of Cases

Instances which fall under Vitrac's category of addition or suppression of cases appear in
Sphaerica 11.15, Phaenomena 2, Phaenomena 11, and Phaenomena 12. These are instances of addition

rather than suppression.

2 Acerbi (2014) 146 fn.102.
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The cases discussed here were added before the ninth century, since they are well attested in the
surviving manuscripts, including the ninth century Vat. gr. 204. They are sometimes identifiable through
their language, sometimes through disagreements among the manuscripts, and in one notable instance
through comparison with Pappus’s comments about the proposition in question.

An example of the first and second instance can be found in Sphaerica book II proposition 15.
Nearly all of the extant Greek manuscripts present two cases (Paris grec 2448 presents three*’). The
proposition in question presents the problem of how to draw a great circle on a sphere which is tangent to
a given lesser circle and which passes through a given point that is located between the lesser circle and
its parallel circle on the sphere. The original proposition considers the case where the arc between the
given lesser circle and point is less than a quadrant. The second case declares that it concerns when that
arc is equal to a quadrant.” This case is introduced with the phrase “if someone says” (&i 8¢ Tic Aéyor),
phrasing which is found nowhere else in the text of the Sphaerica — indeed the text’s editor,
Czinczenheim, brackets it as a later addition. She also diverges from the text’s prior editor, Heiberg, and
places Paris grec 2448’s interpolations (which lay out three cases at the start of the proposition and
describe the third case at the end) into her edition of the scholia.”® With the two cases described above, the

third case is an obvious one: it concerns when the arc in question is greater than a quadrant.”® Though

»This manuscript is a Byzantine recension from the fourteenth century that features numerous corrections and
variants. Its alterations are later than the time period examined in this chapter, but it will be noted in this section to
help highlight what alternate cases were being added by late antique scholars and what cases were left unspoken at
the time (presumably because they were obvious ones).

#* Czinczenheim (2000) 105: “Ei 8¢ Tic Aéyot v dmolapPovopévny fonv tfi 1o tetpaydvov mhevpd Tob &ig TOV
uéytotov Kukhov £yypagopévov givan v BT, dmodeifopey odtwg,.”

» Compare Heiberg (1927) 70-76 with Czinczenheim (2000) 102-105. The relevant scholia in Czinczenheim are 210
and 227. Note that these scholia do not actually appear in any extant manuscripts — they are only known via the
interpolations in Paris grec 2448.

6 See the summary of the three cases near the beginning of the proposition in Heiberg (1927) 70’s text: “fy &1 BT
fitot ATtV €oTi Ti|g, V' Tjv boTeivel 1] TOD TETPUYDOVOL TAELPA TOV €ig TOV PEYIGTOV KOKAOV EYYpO@OpEVOD, 1j iom
i petlov.”
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obvious, it was a much later addition to the text: it does not appear even as scholia in Vat. gr. 204, nor
does it appear in the early Arabic translations of the Sphaerica, and was instead presumably the work of
the redactor behind Paris grec 2448’s text.”” The second case, conversely, does appear to have been added
to the Greek text prior to the text’s translation into Arabic, since the Arabic manuscripts also have both it
and its introductory statement “if someone says.”*® So Sphaerica 1l.prop.15 is a circumstance where
editors were interested in expanding on alternate cases, but not necessarily every case. The third case is
perfectly obvious, but this was not enough to merit its inclusion in the text (outside of the much later Paris
grec 2448).

One of the added cases in the Phaenomena is also worth further comment, because it is an
instance where Pappus’s testimony allows for a comparison between the text as it stands in the
manuscripts extant today and the text as he encountered it in the fourth century. Pappus’s account of
Phaenomena proposition 2 is useful because he explicitly says that Euclid did not address two particular
cases. The proposition concerns how frequently certain great circles on the sphere of the cosmos would be
perpendicular to each other. Evidently the text of the Phaenomena Pappus possessed only discussed the
case for locations on the earth where the zenith is situated between the summer tropic and the north pole.
Pappus points out the other cases which could be addressed but were not: where the zenith is between the

two tropic circles, or where the zenith lies upon one of the tropic circles:*’

*7 Sidoli and Saito (2009) 597 fn.57.

8 See e.g. Kunitzsch and Lorch (2010b) 144.50.

¥ Technically there is also a fourth case, where the zenith appears between the winter tropic and the south pole, but
this can be deduced from the first case.
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“Concerning the second theorem of Euclid's Phaenomena he leaves out also the proof: if the pole
of the horizon is between the tropics or upon one of them, how many times the zodiac is
orthogonal to the horizon in one revolution. ..
Manuscripts that survive of the Phaenomena today, however, explicitly add in these two cases in both the
enunciation and the subsequent proof of the proposition. This is true for both recensions A and B of the
text. The text of the enunciation available today is as follows:
“In one revolution of the cosmos, the circle through the poles of the sphere will be perpendicular
to the horizon twice; and the ecliptic will be perpendicular to the meridian twice but never to the
horizon, when the zenith is between the summer tropic and the visible pole. If the zenith is on
either of the tropics, the ecliptic will be perpendicular to the horizon once; and, when the
zenith lies between the tropics, the ecliptic will be perpendicular to the horizon twice.”'
[emphasis added]
It can be inferred that the enunciation in Pappus’s text only spanned the unemphasized text above.
Similarly, his text evidently lacked the proofs of those cases, which are located at the end of the
proposition.*?
It is possible that Pappus simply had a deficient copy of the Phaenomena, and that other versions
in the fourth century (or the original version) covered all three cases. But, it is also plausible that an editor

after Pappus found it useful to incorporate these cases into proposition 2, so that the proposition addressed

the full range of cases. It is easier to envision an editor adding these cases after Pappus than it is to

3% See the Greek text in Hultsch (1877) 594: “’Emi 100 B’ Oswprjuotog 16v EvkAeidov pavopévav mapeitat kol St
¢ dmodeifeme, dov 6 TOLOg Tod Opilovioc petald TdV TpomK®dY N | &Ml TIVOG avTAV, TochKIC 6 {mdlaKdC TPdG
opBag Eotar Tpog Tov Opilovta &v il mepipopd...”

3! Trans. Berggren and Thomas (1996) 55. See the Greek text in Menge (1916) 12: “’Ev uid kcpov Tepipopd 6 piv
S T®V oAV THG ceaipag KOKAOG Oig Eotat 0pBog Tpog Tov Opilovta O 8¢ TV {@dimv KikAog TPOg HEV TOV
peonuPpvov dic Eoton 0pBoc, mpdg & Tov dpilovia ovdénote, dtay 6 mOAog Tob dpilovioc petald § Tod Ogpvod
Tpomikod Kol Tod pavepod mérov. [dav 88 &ml Tvog TdV Tpomik®dV 6 oA 1| ToD Opilovrog, 6 TdV {wdlwv KiKAog
ama& 0pBog Eotor mpog TOV Opilovta 6tav 8¢ 0 TOAOG ToD 0pilovtog HETAED TAV TPOTIKAY KOKAMV VIApYT, Oic EaTan
0 TV (@dimv KOKAOG 0pBOg TPOg TOV Opilovra.]”

32 See bracketed text in Menge (1916) 20-22 and in Berggren and Thomas (1996) 57-59.
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envision both the end of the proposition and the summary of the cases in the enunciation being lost or
intentionally removed.*

The other two additions of cases in the Phaenomena can be found in a comparison between
recensions A and B of the text. Proposition 11 demonstrates that when considering two equal and opposite
arcs of the ecliptic, one will set while the other rises and one will rise while the other sets. In recension A
of the text, the second case is noted but the proof is not given: the text simply states without elaboration,
“Similarly, we shall show that, while AD sets, GE rises” (6poing 87 Seiéopev, 811, &v @ | AA dvver, &v
o0t 1 TE dvatélier).** Recension B of the text provides the proof for this case. The same is true for
proposition 12, which concerns the setting and rising times of arcs of the ecliptic. Recension A again ends
with recognition of one of the cases but leaves it unproved: “Then, similarly, we shall show that they also
rise in an equal time to one another” (0poimg om deilopev, 6Tt Kai &v To® ¥pOvE GAANANIC AvaTtéAlovaty).
3% Recension B provides the demonstration of the case.

In recension A the cases were known, but not proved in the text — their demonstrations were
likely perceived to be clear enough from the preceding demonstrations. Recension B, which as discussed
above circulated with the Little Astronomy, nevertheless expanded on these cases.

4.4 Change in Order of Propositions
The survey of the Little Astronomy reveals two inversions: one of Sphaerica Il.prop.1-2 and one

of On the Moving Sphere prop.8-9.

» The editor of the Greek text, Menge (1916), favors the interpretation of addition rather than suppression,
describing these passages as interpolations after Pappus.

** Trans. Berggren and Thomas (1996) 82. See Menge (1916) 62 for the Greek text.

35 Trans. Berggren and Thomas (1996) 86. See Menge (1916) 78 for the Greek text.
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The first instance is known from a scholion that states, “Some arrange the first theorem second
and the second first” ("Eviot 10 o' Osdpnua B' térTovct kai to B’ mpdtov).*® The propositions in question
are direct converses of each other, as can be seen from their enunciations below:

- Sphaerica 2.prop.1:
“In a sphere, the parallel circles are about the same poles” (Ev coaipg ol mapdiiniot
KOKAOL TTEPL TOVG ATOVG TOAOVG Eiciv)’’

- Sphaerica 2.prop.2:
“The circles about the same poles in a sphere are parallel” (Oi mepi Tovg adTOLG TOAOVG
dvteg 8v 6paipa khkhot TapdAinioi eictv)*

The instance in On the Moving Sphere is suggested by comparison of the manuscripts with the
testimony of Pappus, who offers a summary of each of the propositions in that text. Pappus’s account
agrees for all twelve except propositions 8 and 9. A comparison of the texts makes it clear that his
claimed proposition “8” is a match for proposition 9 in the extant manuscripts, as can be seen below.

The enunciation of On the Moving Sphere prop.9:
“If in a sphere a great circle inclined to the axis cuts both the visible (half) of the sphere and the
invisible, of the points rising at the same time, those towards the visible pole set later, and of
those setting at the same time, those towards the visible pole set later.”*

Pappus’s summary of proposition “8”":

“...the points rising at the same time also set at the same time, and those setting at the same time
also rise at the same time. For all the circles there cutting the horizon are cut by it in half, and

% This appears in Paris grec 2448, fol. 100v. Czinczenheim (2000) 397 does not report any other manuscripts for this
scholion. Unless it derives from earlier manuscripts that have since been lost, it may only be commenting on the
situation in the fourteenth century and therefore not offer insights into the history of the text prior to the ninth
century.

37 Czinczenheim (2000) 82.

3% Czinczenheim (2000) 83.

¥ See Mogenet (1950) 208: “Edv &v oaipa péyiotog kKhkhog Aokog dv mpog tov d&ova 0piln t6 Te pavepdv Tiig
oQaipog Kol TO AQavEG, TOV Gpo AvateALOVIOV onpeiov Td Tpog 1@ eavepd TOA® Dotepov dVvel, TOV 08 dpa
SuVOVT®V T TPOG TA PAvEPD TOAD TPOTEPOV AVATELAEL.”
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semicircles are both above the horizon and below the horizon, and for this reason those rising at
the same time also set at the same time, and vice versa.”*

There is however a complication in that what Pappus claims about the proposition he calls 9 does
not agree with proposition 8 in the Greek manuscripts. The actual enunciation of the proposition is the
following: “The great circles tangent to those which the horizon also touches, when the sphere turns they
will fit on the horizon.”*' Pappus instead offers the description: “And similarly also the ninth... for he
wishes those tangent to it to not touch any other (parallel circle) except the always visible (circle) alone.”
2 The extant text in Pappus seems to be saying that on the sphere of the cosmos, great circles tangent to
something will only be tangent to the always visible circle. If this is read in comparison with the actual
enunciation of proposition 8, it may be that Pappus is explaining what is meant by “those (circles) which
the horizon also touches” — namely, that regarding those great circles tangent to those which the horizon
always touches, they are tangent only to the always visible (and always invisible) circle. But this would be
oddly phrased for an explanatory statement, since it also stresses that these great circles cannot be tangent
to any other parallel circles, a further clarification which would seem unnecessary. Compared with the
otherwise accurate account of the propositions in Pappus’s text, something has gone awry. Whether this

was a mistake on Pappus’s part or one arising later in the text’s transmission is unclear.

40 The Greek text is edited by Hultsch (1877) 522: “...td Gua dvotédlovta onueia dpa kai dHvel, koi To Gpa Svvovro
Gpo kol avatédier mavteg yap €kel ol KOKAOL ol Tépvovteg Tov opilovta diya tépvovtot KT AdTOD, Kol TUUKOKALL
VIép 1€ TOV Opilovta Eyovoty kal VO ToOV opifovta, Kol S TadTNV TNV aitiay T Gpo dvatéAlovta Gupo Kol dvvet,
Kol 1O avamoy.”

41 See Mogenet (1950) 206: “Oi TdV aOTHV £QATTOUEVOL PHEYIGTOL KUKAOL OV Kol 6 Opilmv Bmtetan, oTpepopévng Tiig
ooaipag Epappuocovoty €mi Tov opilovra.”

42 See Hultsch (1877) 522: “Opoing 8¢ kai 10 0'... Bovretar ydp ToOg 10D 0dToD dpomTopévoug U SAAOD TIVOg
épantecOot 1| povov To Al pavepod.”
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Mogenet reads this peculiar passage as evidence that Pappus may not have had the text of On the
Moving Sphere in front of him and was instead summarizing from memory.* This is possible, and it
would be a complication to any efforts to use Pappus as a reliable witness to the form of the Little
Astronomy works in the fourth century. On the other hand, the text of the problematic summary may have
rather been garbled in transmission. Pappus’s summaries of Little Astronomy works elsewhere are
detailed enough that in many cases he would seem to have a text in front of him.*

In any case, while inversions of propositions are interesting in the histories of these texts, they
tend to lack hints of a didactic context that might have motivated them. This category of deliberate
alterations therefore is not particularly informative for the question of this chapter.

4.5 Fusion / Division of Propositions

Fusion or division of propositions occurs in Sphaerica 2.props.11-12, Optics B prop.36, and
Phaenomena B prop.14.

The instance in the Sphaerica is suggested by comparison of the Greek manuscripts, Arabic/Latin
manuscripts, and Pappus’s testimony. While the Greek manuscripts present propositions 11 and 12 of
Book II separately, the Arabic and Latin present them in one proposition. In the broader context of the
Sphaerica, these two propositions are clearly distinct from what is treated in the propositions immediately
prior or immediately after. A comparison of the enunciations of each proposition clarifies why they may
have been read together: both start from the same geometrical arrangement. The Greek texts, aligned

below with emphasis added, agree nearly word-for-word in their first halves:

# Mogenet (1950) 168. He further thinks Pappus has erred in switching propositions 8 and 9, since the logical order
is more sensible as they appear in the manuscripts.

# See for example his word-for-word quotations from On the Moving Sphere and On Sizes and Distances: Hultsch
(1877) 5181f and 5544t.
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Sphaerica 2.prop.11

Sphaerica 2.prop.12

‘Eav év io01g kOKkAo1g £l dwpéTpov ica kol
0p0a Tppotoe KOVKAOV émoetalf], Gmé of
avTOV o meprpéperal dmoin@OdcL mPog
T0l¢ 7mépooL TAOV TUNRATOV EhdTTOoug 1
fuiczil oveor TAV OAov, Kol Gmd TdV
vevouévav onueiov mpog Tog T@V €5 Apyis
KOKA@V eprpepeiog oot evbeiou TposPiAnddoty,
icog amoAnyovtor meprpepeiog TV €€ dpyig
KOKA®V TPOG 101G TEPAGL TRV StapéTpov.®

‘Eav év io01g kOkho1g £l dwpéTpov ica kol
0p0a Tppotoe KOVKAOV émoetalf], Gmé of
avTOV o mepupéperal dmoin@OdcL mPog
T0ig mépacwy ELaTTovg i fjpicsion odoar TGV
6hov TuMpaTOV, N0 8¢ TV KOKA®V Tool
TEPLPEPELOL ATOANPODGY €Tl TA AOTA PLEPT TTPOG
TOIG TTEPAGL TAV OLAUETPAOV, ol €Ml T YEVOUEVO
onueio émlevyvouevor evbeloan ioar Ecovral
A Aoug.*

Table 2.5: Comparison of enunciations in Sphaerica 2.prop.11 and 2.prop.12

This instance further serves as a useful example because it is another one where Pappus preserves
relevant material. When comparing his discussion of Spaherica book Il to what is extant in the Greek, the
cited proposition numbers he gives do not agree with what is in the manuscripts. Proposition 23 is cited as
proposition 22,*” and 13 is twice cited as proposition 12.** So the version of the Sphaerica in front of
Pappus seemingly had one fewer proposition in Book II, with this missing proposition occurring before
proposition 13. Considering the Arabic and Latin tradition, one plausible explanation for this
disagreement is that it was caused by Pappus’s version of the Sphaerica presenting Book II’s propositions
11 and 12 as one proposition: this proposition then divided in two later in the Greek transmission, but

remained as one in the line of transmission that led to the Arabic and Latin traditions.*

4> Czinczenheim (2000) 93.

46 Czinczenheim (2000) 95.

47 See Hultsch (1877) 610: Pappus cites 2.prop.23 as “the 22nd proposition in the 2nd (book) of Theodosius’s
Sphaerica” (10 év 1@ B' TdV ceupikdv Ogodociov Ka' Bedpnua).

48 See Hultsch (1877) 612 and 616: Pappus cites 2.prop.13 twice as “in the 12th (proposition) of the 2nd (book)” (1§
B’ tod B).

4 Either this, or Theodosius originally wrote two propositions but Pappus had on hand a version in which they were
already fused, even if other versions with the propositions separated circulated elsewhere.
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The instances in the Optics and Phaenomena are also ones of division. Optics B proposition 36 is
numbered separately in five parts in the manuscript tradition: in Vat. gr. 204, for instance, it is presented
as propositions 36 through 40.° Phaenomena B proposition 14 meanwhile is presented as two
propositions in many of the manuscripts: Vat. gr. 204 clearly labels it with the numerals 14 and 15.%'

For the Optics and Phaenomena, these divisions attested in the numbering system are not so clear
in the text alone. Rather, the various sections were clearly originally one proposition because they lack the
internal structure that would be expected of a new proposition. None of them begin with a new
enunciation, which would be required for a typical proposition.

Overall, it can be said that the fusion or division of propositions is not particularly enlightening
when seeking didactic motivations. A change in the numbering of the propositions does not affect their
order or the logic of the treatise. Nevertheless, these varied numerals are important to keep track of when
looking at how these texts and their scholia cite each other.

4.6 Change in Status

The alteration which Vitrac calls “change in status” does not appear to occur in the Greek
tradition of the Little Astronomy. An example of it can rather be seen outside the curriculum in
Phaenomena recension A. There, the lemma in the work is sometimes promoted to being considered a
proposition.”* As with fusion and division, this affects the numbering of the propositions but does not

affect their logical arrangement.

% See Vat. gr. 204 fols. 52v-53v.
3! See Vat. gr. 204 fols. 71r-72r.
2 Menge (1916) 84.

63



4.7 Addition / Suppression of Material

Compared to the deliberate alterations discussed so far, addition or suppression of material is
considerably more widespread across the Little Astronomy. Instances include Sphaerica 1.def.6 and
Lprops.22-23, On the Moving Sphere defs.3-4, the introduction to the Phaenomena, and the definitions
and assumptions in On Days and Nights. Neugebauer argues that the final three propositions of On
Habitations and the final five of On Days and Nights may also be additions. His argument is based on
how they diverge from the logic of their texts; it is unclear whether there is manuscript evidence to further
support this interpretation.>

The examples across the Little Astronomy follow a general pattern: when larger units of text are
added, they tend to appear at beginnings or endings. Preliminary material becomes attached to the start of
the text, while added propositions or definitions appear after the other existing definitions or propositions.

The preliminary material proves to be especially relevant when examining these works in a
curricular context. To summarize, there is one definition added to the definitions of the Sphaerica, two
definitions that do not appear in all manuscripts of On the Moving Sphere, an anonymous preface added to
Optics B, an anonymous preface added to both recensions of the Phaenomena, and definitions added to
the beginning of On Days and Nights.

The final definition in Sphaerica Book I has a notably different character than the rest of the
definitions: while the others all concern matters that have to do with spheres, it declares when a plane

inclined to a plane is similar to another plane inclined to another plane.** This supposed definition also

>3 Neugebauer (1975) 757-758.

* See Czinczenheim (2000) 52 for definition 6: “’Eninedov npodg éminedov opoimg kexhicOor Aéyeton kai Etepov mpog
£€tepov Otav ol Tf] Kowi] Topf] TOV Emmédmv Tpog dphag ymviag dyopeval vbeiat &v EKaTEP® TAV EMMESWOV TPOG TOIG
avToig onpeiolg ioag yoviog mepéyooty.”
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appears later in the text, at the end of book II proposition 21: “for we learned that a plane inclined to a
plane is said to be similar to another (plane) (inclined) to another (plane) when the straight lines drawn to
the common sections of the planes at right angles in each of the planes contain equal angles.”” The
Sphaerica’s recent editor, Czinczenheim, argues that these are both interpolations and that the passage in
2.prop.21 occurred first, drawing on an archaic definition from a corpus that has been lost. She sees the
definition as having been added afterwards to support the statement made in this proposition.*®

So in the Sphaerica, the added definition provides information that will later be used in the
treatise. The definitions in On the Moving Sphere are a different case. Definitions 3 and 4 of this treatise
mostly do not appear in the Greek manuscripts, although they do appear in the Arabic translations. They

are close matches for definitions 3 and 4 of the Sphaerica:

Sphaerica definitions 3-4 On the Moving Sphere definitions 3-4

“An axis of the sphere is some straight line lying | “An axis of a sphere is the diameter of the sphere
through the center and terminating at both sides on | about which fixed (axis) the sphere rotates.”®

the surface of the sphere, about which fixed
straight line the sphere turns.”’

“The poles of the sphere are the ends of the axis.” | “And poles of the sphere are the ends of the axis.”
59 60

Table 2.6: Comparison of Sphaerica defs. 3-4 and Moving Sphere defs. 3-4

5% Czinczenheim (2000) 122: “EpdBopev yap &t éninedov mpog énimedov dpoimg kexhicOon Aéyeton kai £tepov mpog
£€tepov Otav ai Tf] Kowi] Topf] TV Emmédwv mpodg Opbag yoviag dydpevor gvbeion &v EKOTEP® TOV EMTEd®V IG0G
yoviag teplEywo.”

%6 Czinczenheim (2000) 208fT.

37 See Czinczenheim (2000) 52: “Afwv 8¢ tfig caipac otiv €00eid Tic S10 ToD KéVTpov HypHévn Kol TEPATOVUEVT
€0’ EKATEPO T LEPT] VIO TG EMPaVELNG THG opaipag mepl v pévovcav evBelav 1) ceaipa oTpéeeToL.”

% See Mogenet (1950) 195: “Afmv cpoaipog £6Tiv 1) SiGueTpog THC ceaipag mepi fiv pévovsav 1 ceaipo cTpépetar.”
¥ See Czinczenheim (2000) 52: “II6Aot 82 Tng o@aipog eici T mépata Tod dEovog.”

5 See Mogenet (1950) 195: “noédot 82 T cpaipag €ici o mépata 1o dEovoc.”
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Mogenet discusses several possibilities that may have led to this circumstance. These definitions see
significant use in On the Moving Sphere, so it is not impossible that Autolycus included them in the
composition. They do not actually receive use in the text of Theodosius’s Sphaerica (which raises
questions as to their inclusion there), but Mogenet still notes Theodosius may have adopted them from
spherics material which preceded him. Alternatively, they may have been interpolated into the text of On
the Moving Sphere at an early point in time because of their usefulness for the text.' Regardless of when
these definitions entered in to On the Moving Sphere, it is possible that their exclusion in all of the Greek
manuscripts (besides the manuscript Paris gr. 2448, which is curious®) is motivated by the fact that, when
grouped in the Little Astronomy, these definitions are redundant: they appear immediately in the text
prior. However, the testimony from the Arabic tradition conflicts with this narrative, since the third and
fourth definition do appear in the translated text. Looking at On the Moving Sphere alone, then, is
inconclusive, but this instance will be revisited when looking at the Little Astronomy as a whole.

A much clearer example of added definitions is provided by On Days and Nights. They are
undoubtedly of a later origin because at their start they name the author in the third person: “Theodosius
furnishes by hypothesis...” ("YnoBécel ypiitan 6 ®eoddo10c...). The definitions also refer to him in the
third person twice more with “he calls” (koAel).” The content of these definitions would support the

argument that they were added to provide information which was required in the treatise proper.

' Mogenet (1950) 179-180.

62 As noted above, the recensions present in Paris gr. 2448 are probably the work of later Byzantine redactors, and so
the alterations present in it likely originated later than the period under consideration in this chapter. But here, the
definitions present in Paris gr. 2448 are also present in the Arabic tradition, which raises the possibility of a common

source in at least this particular case.
8 Fecht (1927) 54.
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The prefaces of the Phaenomena and the Optics are more significant additions. To start, most
scholars agree that the preface of the Phaenomena was not original to the third century BCE treatise. It is
unfortunately unclear when it was written. The scholars Berggren and Thomas suggest that it originates
after the fourth century CE, since Pappus makes no mention of it.** Of course, it is possible that he simply
did not find it useful to comment on. The preface would seem to predate the separation of the
Phaenomena into recensions A and B, since both recensions carry it, but, alternatively, it could have had
its origins with one branch of the text’s transmission and have been added to the other later. Therefore, the
evidence thus far is inconclusive.

The contents of the preface are summarized below:®

- On fixed stars: their risings and settings in the same place, their simultaneous risings, their
constant distance, that they are carried on parallel circles with the same pole
- On stars which are always visible, stars which rise and set, stars which are always invisible:
various points
- Defining the circles of the milky way and the ecliptic
- On a spherical cosmos: that it is not conical or cylindrical, that it turns uniformly on its axis, that
there is one visible pole and one invisible
- On the horizon, meridian, tropic, and zodiac circles: their definitions, which of these are great
circles
- Defining the time of revolution
- Defining an arc's passages across the visible and invisible hemisphere
Overall, this is a mix of astronomical points which comment on observable phenomena and make
arguments about the geometric configurations of these features. It is not at all a list of definitions. This
preface is interesting for being instead a general astronomical introduction, one not necessarily directed to

the needs of the Phaenomena specifically. On the one hand, there are assumptions laid out in the preface

which the text of the Phaenomena does make use of, such as the passage noting that the horizon and

% Berggren and Thomas (1996) 12.
% See the Greek of the preface in Menge (1916) 2-10, and an English translation in Berggren and Thomas (1996)
43-48.
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ecliptic bisect each other or the one dealing with arcs’ passages across the hemispheres. On the other
hand, there are points made about the milky way, for example, which are never used in the text of the
Phaenomena.

The preface of the Phaenomena can be compared to the definitions that begin the other
astronomical texts in the Little Astronomy. The added definitions in On Days and Nights cover the day,
night, and various motions of relevant parts of the cosmos. The introductory material in On Sizes and
Distances provides the reader with the assumptions that will be used in arguing the relative sizes and
distances of the sun and the moon. The definitions of On Risings and Settings cover risings and settings
that are true or apparent and that are occurring in the evening or morning. It is clear that compared to the
introductory material in the preface of the Phaenomena, these definitions are largely specific to the needs
of these particular treatises and not so generalizable to the others.

Meanwhile the preface to recension B of the Optics is an interesting addition because there may
be more information to help in dating it. Heiberg claims it was known by Nemesius, which would provide
a terminus ante quem of the fourth century for the text. However, a comparison of the relevant passage of
Nemesius and the preface reveals this is not definite: the agreement is that both the preface and Nemesius
discuss how the eye might miss a small object lying on the ground, because of the gaps between the rays
cast out by the eye. In the preface the small object is a needle (Behdvnc) and in Nemesius it is a coin
(vomoua). While Nemesius may be drawing on the preface, there is also the possibility that this was

simply a stock example used in optical discussions at this time.

% See Heiberg (1895) 144-154 for the Greek text of the Optics’s preface and Morani (1987) 58 for the Greek text of
the passage of Nemesius.
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More interestingly, there is an attestation (although only in one manuscript, and a late one at that)
of a source for this preface. The manuscript Paris grec 2468 claims that “the preface is from the lectures
of Theon” (TO mpooipiov €k tfig 100 Ofwvog Eotv &nyroeng)®’ — that is, the fourth century Theon of
Alexandria. Since this claim appears only in one late manuscript, scholars have acknowledged that this
may simply have been a guess on the part of the copyist. The editor of the Optics, Heiberg, instead argued
that not just this preface but also recension B of the Optics in its entirety was to be attributed to the work
of Theon. He held recension A to be more faithful to Euclid’s original text.®® Heiberg’s arguments about
the relation of recensions A and B and Theon’s involvement have since been called into question, as
noted.®

But in the case of the preface alone, although the extant attribution to Theon is a late one,
dismissing it outright might be too hasty. Theon was indeed known as a teacher. As Heiberg has already
pointed out, where Theon cites the Optics in his commentary to Ptolemy’s A/magest, his citations follow
recension B rather than recension A.”° The entire recension may not be the work of Theon as an editor;
rather, it is possible that Theon taught the Optics and so some material from his lectures ended up being
worked into a preface that was attached to the version of the text which he taught from.

It should be noted that, unlike the preface to the Phaenomena, the preface to the Optics does not
seem to have been translated into Arabic.”' The Optics’s preface further differs from the other in that it

appears with its own title, “What Comes Before Euclid’s Optics” (1o npd v EdxAeidov Ontikdv).””

67 Paris gr. 2468, fol. 1r. This manuscript may be viewed online in the Gallica digital library.
% Heiberg (1895).

% Jones (1994) 49-56.

" Heiberg (1882) xxx.

" Kheirandish (1999) xxi fn.6.

2 See for example, Vat. gr. 191 fol. 11v; Vat. gr. 192 fol. 127r; and Vat. gr. 204 fol. 43v.
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Manuscripts extant today tend to present it as part of the Optics: there is no separation between the end of
the preface and the start of the Opfics’s definitions in Vat. gr. 204, Vat. gr. 191, or Vat. gr. 192, for
instance.” The codex Paris grec 2342, however, contains a rubricated “Euclid’s Optics” between the two.
™ Perhaps its absence in Arabic speaks to it sometimes being considered a separate text earlier in its
transmission.

4.8 References to the Curriculum within the Texts

Signs of editorial work with these texts as a curriculum might be found in instances where the
texts reference each other. It is worthwhile to distinguish between more ancient citations and those which
arose later in its transmission.

Before the interventions of later editors, where texts reuse ideas from other texts, usually they
make no mention of the title or the author referenced. Instead, they quote or paraphrase the text. The
quote might not be word-for-word: studies have shown that ancient quotations did not always seek to be
so precise.” Even so, they are usually close enough for recognition.

An example of this can be found between On the Moving Sphere and the Sphaerica. The text of
the former’s proposition 1 mentions in the course of its argument that “Circles about the same poles on a
sphere are parallel” (Oi 8& mepi Todg avtovg TOAOLG dvTeg &v oeaipa KikAot mopdAiniol gict).”® This
agrees with the enunciation of Sphaerica 2.prop.2: “Circles about the same poles on a sphere are parallel”

(Ot mepi Tovg avTodg TOLOVG BVTeg v 6paipy KOKAOL TapdAiniol sicty).”

3 Vat. gr. 204, fol. 45v; Vat. gr. 191, fol. 12r; and Vat. gr. 192, fol. 128r.
™ Paris grec 2342, fol. 109v.

5 Netz (2012) 179.

6 Mogenet (1950) 196.

" Czinczenheim (2000) 83.
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Since the Sphaerica was written after On the Moving Sphere, the latter likely did not originally
cite the former. Rather, Autolycus’s text would seem to have been quoting from the corpus of ancient
spherics which has since been lost, but which Theodosius relied upon when rearranging this material into
the Sphaerica.”™ As noted above, there is a similar case in Sphaerica 2.prop.21 where an interpolation
appears to have come from a lost work on spherics, which later motivated the introduction of definition 6.

In comparison to the more ancient citations, there are a few instances within the texts of these
treatises with direct references to texts and, in one case, a specific proposition of a text. Modern scholars
take these as interpolations and usually disregard them, but for the purposes of this chapter they serve as
interpolations which are indicative of how this group of texts was thought of in late antiquity as a
coherent unit. These citations are not original to the texts when they were first written (the Sphaerica, for
instance, was written after the Phaenomena) but they do have relevance for the Little Astronomy. Most
likely these were originally marginal comments that became incorporated into the texts in their
transmission. The citations are the following:

- Phaenomena preface:
- “asis demonstrated in the Optics” (g &v toig dmTiKoig deficvoton)””

- Phaenomena A prop.12:
- “as in the 6th theorem of the 3rd book of the Sphaerica” (Hote 1@ Ektm Bewpruott TOD
Tpitov BiPriov @V Zearpucdv)®

- On Days and Nights 2.prop.10:
- “as was demonstrated in the Phaenomena” (&g &v toic ®ovopévorc dédetctar)®

™8 See for example Berggren (1991) 241-247, which discusses the spherics materials and methods that presumably
were available when Euclid and Autolycus were writing, and later also when Theodosius was writing. Berggren
notes, however, that mathematical methods did not remain static over the centuries, and highlights several ways in
which the use of particular theorems evolved over time.

" Menge (1916) 2.

% Menge (1916) 76.

8! Fecht (1927) 126.
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- Optics A prop 19:
- “asitis said in the Catoptrics” (¢ v 10ig Katontpikoig Aéyeton)*

- Optics B prop 19:
“because this is demonstrated in the Catoptrics” (todto yap Oeikvutar &v TOig
KatonTpikoic)*

Interestingly, the citation which comes closest to looking like the referential scholia in the Little
Astronomy — Phaenomena A prop.12 — still does not use the formulaic language that appears in the
scholia. Had it appeared as a referential scholion, it would have taken a form like “according to the sixth
[proposition] of the third [book] of the Sphaerica” (10, To¥ ¢’ T@V Y’ 1@V Z@aipik®dv). Further, this citation
occurs in recension A of the Phaenomena, despite the fact that recension B is the one associated with the
Little Astronomy.

Matters are also complicated by a case of an extra-corpus citation: the Optics cites the Catoptrics.
Since chapter 1 of the dissertation has already posited that the Optics was a later addition to the Little
Astronomy, this is perhaps not very surprising. The reference appears in both recensions, suggesting that
it had its origins early, before the split.

4.9 Referential Scholia

As discussed in chapter 1, there exist a series of referential scholia on texts in the Little
Astronomy which are notable for only citing other Little Astronomy texts. Further, they only cite
propositions which have occurred previously according to the logical order of the Little Astronomy. Since
the Greek referential scholia have already been summarized in the last chapter, that will not be repeated
here. But this chapter’s counterparts, chapters 4 and 9, will return to this matter for the Arabic translations

and al-TasT’s editions.

% Heiberg (1895) 30.
% Heiberg (1895) 176.
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5. Interpretation of Attested Alterations and References

Overall, the treatises of the Little Astronomy show a tendency towards expansion in their
transmissions before the ninth century, and this can be read as influenced by the curricular context in
which they were transmitted. Other deliberate alterations — changes in order, fusion or division, and
changes in status — are fewer, and will be more informative in comparison with their frequency at other
stages of these texts’ transmissions. But the expansion of cases, presentation of clearer alternate proofs,
and addition of various kinds of material can be interpreted as motivated by the didactic aims of the
curriculum.

At the same time, the Little Astronomy does not show attempts to provide exhaustive and
systematic collections of material that was in circulation. As section 4.2 pointed out, alternate proofs are
limited. Of the ones that are present, several show signs of inclusion on the basis of their clarity, which
suggests that they were evaluated as useful for teaching or study. In general, the anonymous editors do not
explain their goals, but their actions make it clear that they were addressing perceived shortcomings in the
treatises. The example of Phaenomena proposition 2 is illuminating, since Pappus specifically complains
about the absence of cases from its proof. This omission has been addressed in all of the extant Greek
manuscripts.

There is one text which trends towards preservation rather than expansion, and this exception
adds further nuance. Of the two recensions of the Optics, manuscripts of the Little Astronomy preserve
the older one. As noted in section 4.1, recent scholarship has shown that recension A shows editorial work
and expansion to improve on the text in recension B. This editorial activity, however, occurred outside the
context of the Little Astronomy, which instead seems to have contributed to the survival of the earlier

recension B. The Little Astronomy was a curriculum of spherical geometry and astronomy: it is plausible
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that this curriculum encouraged editorial work on those subjects but not on optics, despite the fact that the
Optics had been introduced into the grouping of texts. Individuals who dealt with the Optics outside the
Little Astronomy may have been more likely to intervene in its text.®

To return to the variety of additions in the Little Astronomy: Acerbi has raised a possible source
for these kinds of expansions and scholia. As chapter 1 noted, one of the allusions to a late antique Little
Astronomy came from the mention of Theon having written a commentary on the curriculum. This
mention is an uncertain one. However, Acerbi has put forth the suggestion that if this commentary
existed, it may have served as a receptacle for the exegetic tradition up until his time; furthermore, it may
have later been distributed across the Little Astronomy both within the texts themselves and in scholia.*

A few of the deliberate alterations take on more significance when viewed as alterations to the
full grouping of the Little Astronomy, not just to the treatise in question. The absence of On the Moving
Sphere’s definitions 3 and 4 from nearly all the Greek manuscripts discussed in section 4.7, for instance,
may be because the Sphaerica had presented those exact definitions in the treatise prior. In the full
curriculum, they were not only repetitive but immediately so. This change, however, may not have
permeated all late antique codices of the curriculum: the definitions are ultimately translated into Arabic.

Meanwhile the preface of the Phaenomena is a significant addition not just to the Phaenomena,
but to the Little Astronomy as a whole. Considering the arrangement of the full curriculum, it is notable

that this general astronomical introduction stands at the turning point where the curriculum transitions

8 There are admittedly other possibilities: recensions A and B may both have existed by the time the Optics was
incorporated into the Little Astronomy, and recension B just happened to be the version available. In that case, if
editors later became aware of A they still evidently were not interested in its expanded text, not even as alternate
proofs.

% Acerbi (2014) 145-146. Acerbi notes the prefaces, alternate proofs, rewritten propositions, but also states that the
scholia to recensions B of the Optics and Phaenomena have a more complex structure than those of recensions A.
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from spherical geometry (and some preliminary optics) to astronomy proper. As chapter 1 argued, the
Little Astronomy follows an arrangement starting with more general topics and ending with more
particular ones. Philoponus made this clear when he twice referenced texts of the Little Astronomy to
discuss this classification scheme. He twice notes the Sphaerica as an example of a more general, less
particular science. He twice notes On the Moving Sphere as a more particular science than the Sphaerica.
And he twice notes the topic of “astronomy” as more particular than On the Moving Sphere, in one case
naming the Phaenomena as an example specifically.*

Even if the preface of the Phaenomena were not composed with the framework of the Little
Astronomy in mind, this preface may have settled into its particular position at the head of the
astronomical treatises in the Little Astronomy because of its usefulness for transitioning the student from
general geometrical concepts to more specific astronomical ones. Its points have relevance outside the
Little Astronomy: the definitions it sets out for the passages of arcs across the visible and invisible
hemispheres, for instance, come up again as definitions 4 and 5 in On Nights and Days.*’

The preface of the Phaenomena should also be compared with the preface of recension B of the
Optics. Both prefaces use appeals to observable phenomena to justify hypotheses for their respective
texts. In the overarching structure of the Little Astronomy, both the Optics and the Phaenomena mark
shifts into treatises on the more particular sciences: the Optics in the context of optics and the
Phaenomena in the context of astronomy. This particular addition, therefore, may have been motivated

less by the Optics itself and more by the logical progression of the Little Astronomy.

8 Wallies (1909) 300 and Vitelli (1887) 220.
87 Compare Menge (1916) 10 and Fecht (1927) 55.
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Chapter 3
Arabic Translations and Translators
1. Introduction

All of the works in the Little Astronomy were translated into Arabic by the end of the third / ninth
century. Based on the dates known for the attested translators, the majority of these translations occurred
during this century, as will be seen over the course of this chapter. Evidence for the Little Astronomy or
translations of its treatises is scarce for the seventh and eighth centuries.! Greek manuscripts of the corpus
evidently remained available through this period up to the ninth century, though it is not clear how many
new copies might have been produced, nor is it clear how much study these treatises still saw during this
time.”

Many of the works of the Little Astronomy have entries in subsequent biobibliographical sources
like the 4th/10th century Fihrist of Ibn al-Nadim and the 7th/13th century History of Learned Men
(Ta’rikh al-hukamd’) by Ibn al-Qifti.* These sources, however, offer almost no information on the
translators of the texts in question. It is necessary instead to look to attestations in the manuscripts for

information about the figures who translated and revised these works. Key resources are the prefaces

! This chapter also will touch on translations of related texts, such as Menelaus’s Spherics, Buclid’s Elements, and
Ptolemy’s Almagest — each of these were translated multiple times and scholarship has suggested that the earliest of
these translations likely occurred in the second / eighth century. This will be further discussed below. Similarly, the
chapter will survey the evidence for Syriac translations made of the relevant treatises: with the limited evidence
available, it is difficult to say with certainty whether these Syriac translations occurred also in the third / ninth
century alongside the Arabic translations, or whether they may have been produced in earlier centuries.

* The fact that the study of Little Astronomy treatises did persist in Arabic within the context of the Middle Books is
notable, however. It is possible that the scholars who first put together the Middle Books were reviving an
educational corpus that had fallen into disuse, but it may be instead that they were adapting into Arabic a Greek
corpus that still saw study. Compare the continuing study of Aristotle’s Categories in Greek, Arabic, and Latin, a
situation which Hermans (2016) argued was the result of a late Roman educational curriculum that continued to see
use across the three cultural zones.

* The original composition of Ibn al-QiftT is no longer extant, but the epitome by al-ZawanT written in 647/1249 is
extant.
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al-TasT later adds to the texts in his edition of the Middle Books. In them he usually identifies the
translator (and, if relevant, the reviser) of the version of the text he is editing. Al-TusT sometimes notes
when a text was translated multiple times, but more often evidence of this is found in the surviving
manuscripts of Middle Books texts before him. Translators and revisers can be found noted in the titles,
colophons, and sometimes marginal comments to the work.

Section 2 of this chapter will gather together the reports about individuals who translated and
revised the works from the Little Astronomy in the 3rd/9th century. Since the Middle Books come to
comprise both these and several other Greek works translated in this period, this section will note the
relevant individuals for those further works as well.* Section 3 will offer overviews of the historical
figures attested in the preceding section, placing their involvement with these texts in context with their
broader scholarship. In section 4, this chapter will consider whether the Little Astronomy was recognized
as a curriculum by the ninth century figures who translated the relevant works, and inquire whether there
is any evidence that the translation of the Little Astronomy as a complete unit was sought after. The
chapter will conclude by showing that already in the 3rd/9th century a grouping of texts called
al-Mutawassitat (translated throughout this study as “the Middle Books™) had come into existence in the
Arabic tradition with the purpose of serving as preparation for the Almagest.

1.1 Overview of Translations

The following table summarizes the translators who are attested in biobibliographic and

manuscript reports for each of the nine Little Astronomy texts. Section 2 will delve into the sources for

each of these claims in further detail, and will note cases where the attestation may be mistaken.

* Later in their transmission the Middle Books also sometimes include original Arabic works as well. These will
receive note in chapter 5.
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Thabit

Hiliya

Uraai | o Liontopiee | o0 | en | | anon
q - y 1aq Qurra Sarjiin o
Sphaerica X X ,
On the Moving X X X
Sphere
Optics 2 *
Phaenomena *
On Habitations X
On Days and X X
Nights
On Sizes and 7
Distances
On Risings and X
Settings
Anaphoricus X X

This overview, combined with the overview below of translators attested for other texts which came to be
added to the Middle Books, make it clear that Qusta ibn Liiga and Ishaq ibn Hunayn are the two

individuals with significant involvement in the translation of Middle Books texts.

Table 3.1: Translators attested for Little Astronomy texts

> The references to Hunayn ibn Ishaq as a translator for these texts are the ones most often pointed to as likely to be
erroneous, since he is far better known as a medical translator than a mathematical one. Often these attestations are
considered to be errors for his similarly named son, Ishaq ibn Hunayn, who did have more involvement translating
mathematical and astronomical texts.

¢ Steinschneider (1896) 171 claims some manuscripts of the Optics note Hunayn as translator, but does not specify

which ones and I have not been able to find this attestation.

" Steinschneider (1896b) 355 claims some manuscripts of al-TiisT’s edition of On Sizes and Distances name Qusta as
the translator. As noted below, the manuscripts I have checked do not contain this attestation.
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Qusta ibn | Ishaq ibn | Hunayn Al- Thabit
Luqa Hunayn | ibn Ishaq® | Dimashqgi | ibn Qurra (Anon)
Data X X
Spherics X X X X
Sphere and Cylinder X X
Measurement of the Circle
Lemmata X

Table 3.2: Translators attested for additions to the Middle Books’
Qusta was responsible for five or six of the nine Little Astronomy texts and a further two of the five
additions. Ishaq was responsible for three of the Little Astronomy texts and a further three of the
additions.

Since (as will be shown below) the Middle Books are defined by multiple contemporary Arabic
sources to be the works read between the Elements and the A/magest, it is also useful to note the attested
translators for these two endpoints. The two named translators of the Elements are al-Hajjaj b. Yusuf b.
Matar and Ishaq. The names associated with the translation of the Almagest are al-Hasan ibn Quraysh,
al-Hajjaj, Sarjiin ibn Hiliya, Ishaq, and Thabit."’ Ishaq ibn Hunayn’s involvement with both combined
with his involvement discussed above is notable. The translator Sarjin ibn Hiliya is also worthy of note
considering the attested translator of the Optics, Hiliya ibn Sarjiin. These will be further discussed in the

sections below.

¥ As above, Hunayn ibn Ishaq in these mathematical and astronomical contexts is usually thought to be an error for
Ishaq ibn Hunayn.

° Note that the columns are not the same between the two tables: Hiliya ibn Sarjiin and Isa b. Yahya were not
involved with translations of the five additions, and al-Dimashqt was not involved with the translations of the Little
Astronomy.

19 These are discussed further in section 2.3, below.
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1.2 Overview of Ninth Century Revisions

Only two names are relevant for revisions of the translations of Little Astronomy texts during the
ninth century. The table below lays out which are claimed as the work of Thabit ibn Qurra and which as
the work of al-Kindi. The attestations for these revisions will similarly receive further elaboration in

section 2 below.

ibihgzﬁa al-Kindr
Sphaerica X
On the Moving Sphere X X
Optics
Phaenomena
On Habitations X
On Days and Nights
On Sizes and Distances X
On Risings and Settings X
Anaphoricus X X

Table 3.3: Revisers attested for Little Astronomy texts
For the Greek works added to the Middle Books, Thabit ibn Qurra is also attested as the reviser of the
Data and On the Sphere and Cylinder. Thabit furthermore revised both the Elements and the Almagest.
The Spherics of Menelaus was partially revised by al-Mahani in the ninth century as well (and it received

several further corrections in the subsequent centuries, but these are beyond the scope of this chapter)."

"' Al-Mahan1’s incomplete revision, for instance, was later revised and completed by al-Haraw1 in the tenth century,
though this edition introduced a number of problems into the text. On this see Sidoli and Kusuba (2014).
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These individuals and their work with Middle Books and related texts will be further elaborated upon in
the following sections.

2. Details of Translations and Revisions

2.1 Ninth Century Versions of Little Astronomy Texts

Sphaerica'

The Sphaerica has the greatest number of attestations for individuals involved in its translation.
Hunayn ibn Ishaq is credited with a translation, Qusta ibn Ltiga with one version and part of another, and
an unnamed translator with the completion of Qusta’s incomplete translation. An anonymous individual
may have been responsible for another version which was revised by Thabit ibn Qurra.

Kunitzsch and Lorch have edited the 3rd/9th century translation which was said to have been
revised by Thabit but whose translator goes unnamed."* They later also edited and discussed a selection of
the translation attributed to Qusta.'*

This work receives one of the more informative reports in the introductions of al-TisT’s editions.
The editor relates that this translation from Greek into Arabic was ordered by “Abil I-°Abbas Ahmad ibn
[Muhammad ibn] Mu‘tasim bi-l1ah.” Qusta ibn Liga completed it up until the fifth proposition in the
third book and an unnamed translator completed the remainder.” The identification of the patron is
problematic — this was either the son or the grandson of Caliph al-Mu‘tasim. This will be discussed

further in section 3.

12 Cf. Steinschneider (1896b) 344 and Sezgin (2974) 154. Listed in Fihrist 7.2 (Dodge (1970) 642) and Ibn al-Qifti
(Lippert (1903) 108).

'3 Kunitzsch and Lorch (2010b).

!4 Kunitzsch and Lorch (2019).

"> Hyderabad (1939-40) Kitab al-Ukar 2: ¢ ( Uasd al& 1538 &b aeainall (ol dea) alaall g3l G jall () 30U sl (g alisy el S8
538 0 ol AnLal 5 oy 4l B ) 5 o AN AR (e (pual i) JSEN ) Solacdl 6 517
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The witness in the Kraus manuscript, which is a version separate from al-Tis1’s edition, has an
introduction with nearly the same wording, including the omission of his patron’s father’s name: Qusta
translated the Sphaerica for Ahmad, son (sic) of Caliph al-Mu ‘tasim.'® Kunitzsch and Lorch see this as
indicating that this version either descends from al-Tas1’s edition or uses the same source that al-Tiist did.
' Interestingly, unlike al-TGsT’s introduction, the introduction in the Kraus manuscript does not include
details about Qusta only partially completing the translation.

This partial translation would appear to be separate from the translation also attributed to Qusta
which can be found in two Judeo-Arabic manuscripts. The codices Florence Laur. Med. 124 and
Cambridge University Library Add. 1220 present an Arabic translation of the Sphaerica in Hebrew script
which is distinct from the versions that survive in the Arabic manuscripts. Qusta is named as the translator
in the titles of these copies.'®

The last of the named translators can be found attested only in the manuscript Leiden Or. 1031,
whose title names Hunayn ibn Ishaq."” Kunitzsch and Lorch doubt this identification. They see this
version as a reworking and credit it to Ibn al-Salah,” since the colophon declares this exemplar is twice
removed from a copy written in Ibn al-Salah’s own hand.?' We will return to this in chapter 5.

The Sphaerica is a work which received significant attention based on the number of versions in
circulation. Besides the attested translations above, there is also at least one more anonymous translation,

the one edited by Kunitzsch and Lorch (2010b). This appears in the manuscripts Seray Ahmet 111 3464,

!¢ Kunitzsch and Lorch (2010b) 2.

'7 Kunitzsch and Lorch (2010b) 5.

'8 Kunitzsch and Lorch (2019) 123-5.

¥ MS Leiden Or. 1031, fol. 22b.

2% Kunitzsch and Lorch (2010b) 5.

2l MS Leiden Or. 1031, fol. 72a: “This book was copied from a copy copied from a copy in the hand of the great
teacher Najm al-Din al-Sari” (s ) 0 () and sl Ja¥1 Jads 235 (e gl 430 (e QUSH 13 o),
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Lahore private library M. Nabi Khan, and Paris hebr. 1101. The colophon of the witness in the Lahore
manuscript identifies it as a reworking by Thabit ibn Qurra.*

On the Moving Sphere?

The extant reports for On the Moving Sphere mention Ishaq ibn Hunayn, Hunayn ibn Ishaq, and
Thabit ibn Qurra as translators and mention Thabit also as corrector. Ibn al-Qifti reports that al-Kind1
corrected it.** The 3rd/9th century version of this work has not been edited.

The colophon of Seray Ahmet 3464 is the source for the former translator” and Bodleian
Huntington 237 is the source for the second.”* Manuscripts Istanbul Ayasofya 2671 and London Institute
of Ismaili Studies Hamdani Collection, 1647 claim Thabit as translator — these manuscripts have also
been identified as representing a different version of the text.”” Al-TisT reports the text was corrected by
Thabit.?® It is possible that the Bodleian manuscript has erred in naming Hunayn instead of his son Ishaq —
it would be valuable to compare the two witnesses to see whether these manuscripts contain the same

version or not.”’

22 Kunitzsch and Lorch (2010b) 3.

2 Cf. Steinschneider (1896b) 337-8 and Sezgin (1974) 82. Listed in Fihrist 7.2 (Dodge (1970) 640) and Ibn al-Qift1
(Lippert (1903) 73).

#* Lippert (1903) 73: “Book of the Moving Sphere, correction of al-KindD” (s8I =Sa) 48 a%ll 3 I QUS) — this is the
only one of the Little Astronomy works to receive any further detail from the extant biobibliographers. The report
about al-Kindi’s correction is also included in the much later encyclopedia by Katip Celebi.

> Lorch (2008) 22. Mogenet (1950) 173 notes that the reading Ishaq ibn Hunayn is a correction — the colophon
actually records an otherwise unknown Ishaq ibn al-Hasan.

%6 Steinschneider (1896b) 338.

*7 See Nikfahm-Khubravan and Eshera (2019) 13 and 46-47.

% Hyderabad (1939-40) Kitab al-kurah al-mutaharrikah 2.

¥ Sezgin (1974) 82 identifies the version in Seray Ahmet 3464, the Kraus manuscript, and Ayasofya 2671 as a
translation by Ishaq and correction by Thabit, but he has nothing to say about the witness in Bodleian Huntington
237.
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Optics™

The name associated with the translation of the Optfics is Hiliya ibn Sarjun.

Kheirandish 1999 offers an edition of this translation. The early Arabic translation exists in two
versions, one by the name of lkhtilaf al-manazir and one by the name of a/-Mandzir. She concludes that
while these two early versions are clearly different, their differences suggest a restoration or revision
rather than two separate translations.’’ Only one of the manuscripts offers the translator’s name: the
colophon of the Kraus manuscript specifies that the lkhtilaf al-mandzir was translated by Hiliya ibn
Sarjiin.*

Al-TusT and other later editors have no comments to offer about the translator.

It should be noted that Steinschneider claims there are some manuscripts which name the
translator as Hunayn, but he does not specify which manuscripts these might be.** None of the
manuscripts examined in this study contain this claim.

Phaenomena®

The only translator named in connection with this text is Isa ibn Yahya, who produced it for Abi

al-Hasan ‘Al ibn Yahya. The 3rd/9th century version of this work has not been edited.

Two manuscripts contain this early Arabic version: Leiden Or. 1031 and Seray Ahmet III 3464.

The colophon of the former gives the information about the translator and patron.*> According to Lorch,

3% Cf. Steinschneider (1896a) 171 and Sezgin (1974) 117. Listed in Fihrist 7.2 (Dodge (1970) 636) and Ibn al-Qiftt
(Lippert (1903) 65).

3! Kheirandish (1999) xxii and xxviii.

32 Kraus manuscript, fol. 32b. Plate of the folio published in Kheirandish (1999) 240.

33 Steinschneider (1896) 171: “Uebersetzer ist nach einigen mss. Honein.”

* Cf. Steinschneider (1896a) 170-1 and Sezgin (1974) 118-119. Listed in Fihrist 7.2 (Dodge (1970) 636) and
al-Qiftt p.65.

3% Leiden Or. 1031, fol. 99b: “translation for Abii 1-Hasan ‘Ali ibn Yahya by ‘Isa ibn Yahya, student of Hunayn ibn
Ishaq” (Gl O Ofis dali sy (e (0 0 Ao Omall (Y 4es ). The Leiden manuscript catalogue erroneously
merges these two names and attributes the translation to an ‘Ali b. Yahya b. ‘Isa b. Yahya. However, Isa ibn Yahya

85



the latter manuscript offers no information about who translated it.** Al-TiisT names no translators or
revisers.
On Habitations®’

This translation is attributed to Qusta ibn Liiqa by multiple sources. Thabit ibn Qurra is named as
a reviser. The 3rd/9th century Arabic translation of this work has been edited by Kunitzsch and Lorch.**

Seray Ahmet III 3464 and the Kraus manuscript agree in naming Qusta as the translator.*
Al-TusT’s edition corroborates this report.*’ This work is also extant in Lahore, private library M. Nabi
Khan, and this witness does not name a translator but does state that the work is the revision of Thabit.*!
On Days and Nights*

Several manuscript sources name Qusta ibn Liiqa as the translator of this text, though one source
instead credits Ishaq ibn Hunayn. The early Arabic version of this work has not been edited.

The translator attributions come from the manuscript titles and colophons; al-TiisT has nothing to
say on the matter. Seray Ahmet III 3464 and the Kraus manuscript agree in claiming Qusta as the

translator.* The manuscript Bodleian Or. 365 presents an incomplete version of the same text and in its

and Abi al-Hasan ‘Alf ibn Yahya are both known historical figures, and it is not surprising to see that the former,
who was a student of Hunayn, produced a translation for the latter, a man who served as a patron for Hunayn.

% Lorch (2008) 22.

37 Cf. Steinschneider (1896b) 344-5, Sezgin (1974) 156, and Sezgin (1978) 81. Listed in Fikrist 7.2 (Dodge (1970)
642) and Ibn al-Qiftt (Lippert (1903) 108).

3% Kunitzsch and Lorch (2010a).

¥ Kunitzsch and Lorch (2010a) 9: this report is given in the beginning of Seray Ahmet Il 3464 and in both the
beginning and colophon of the Kraus manuscript.

* Hyderabad (1939-40) Kitab al-Masakin 2: “Qusta ibn Liiqa of Ba‘labakk translated it” (Sl Bl o3 Unnid i)

4! Kunitzsch and Lorch (2010a) 9.

42 Cf. Steinschneider (1896b) 345, Sezgin (1974) 156, and Sezgin (1978) 81. Listed in Fikrist 7.2 (Dodge (1970)
642) and al-Qift1 p.108.

# Kunitzsch and Lorch (2011) 13: this report is given in the beginning of Seray Ahmet III 3464 and three times in
the Kraus manuscript (the beginning and end of Book I and the beginning of Book II).
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title attributes the translation to Ishaq ibn Hunayn.** The close similarity between the Bodleian version
and the Qusta manuscripts (where the Bodleian manuscript is not incomplete) indicates that these are not
two separate translations, so one of the attested translators is in error.
On the Sizes and Distances of the Sun and the Moon*

The translator of this text is unknown, though a revision by Thabit is attested. Its early Arabic
version has not been edited.

The version prior to al-TasT’s edition is extant in the Kraus manuscript and Columbia Or. 45. It is
the colophon of the Kraus manuscript which notes the reviser as Thabit.* Steinschneider makes a claim
that al-TiisT names a translator, but this study has not found any such evidence.*’

On Risings and Settings*®

The translation of this work is attributed to Qusta ibn Liiqa in the manuscripts, and its revision to
Thabit ibn Qurra. The 3rd/9th century Arabic version of this work has not been edited.
Leiden or. 1031 and the Kraus manuscript agree regarding the translator: the former names Qusta

in titles of both books and colophon of the first,* and the latter in the title.*

# Bodleian Or. 365, fol. 33b.

4 Cf. Steinschneider (1896b) 354-5 and Sezgin (1978) 75. Listed in Fihrist 7.2 (Dodge (1970) 644) and Ibn al-Qift1
(Lippert (1903) 70).

4 Lorch (2008) 28.

47 Steinschneider (1896b) 355. According to Steinschneider, al-TiisT mentions the translator as Qusta ibn Ltiga. The
manuscript Arch. Selden. A. 45 is named for example, but I have not found this attestation there. Noack (1992)
offers some discussion on this question: see p.37-38 fn.6 for an overview of scholars who assert Qusta to have been
the translator, and p.40-41 for obscure references to potential Arabic translators that can be found in the Latin
tradition.

48 Cf. Steinschneider (1896b) 338, Sezgin (1974) 82, and Sezgin (1978) 73. Listed in Fihrist 7.2 (Dodge (1970) 640)
and al-Qift1 p.73.

4 Leiden Or. 1031 fol. 1b, 10b, 11b.

% Lorch (2008) 28.
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Al-Tust and the manuscript Seray Ahmet III 3464 only mention Thabit as reviser and do not
identify a translator.’’ There has been a claim in the secondary scholarship about a patron for this text, but
this study has not found any evidence for this.*

Anaphoricus™

The Anaphoricus is reported to have two translations, one by Qusta ibn Liqa and one by Ishaq
ibn Hunayn, as well as revisions of each by al-Kindi and Thabit ibn Qurra respectively.

An edition has been produced by Krause.’ Qusta’s version was revised by al-Kindi according to
al-Tast,” Ishaq’s version by Thabit according to Paris arabe 2457.%° Sezgin reports that the manuscript
Meshed Rida 5412 has the Qusta and al-Kindi version as well.”’

2.2 Ninth Century Versions of Greek Texts added to the Middle Books

The Data of Euclid, Spherics of Menelaus, and several (pseudo-) Archimedean works will be

noted in this section, since they can be seen sometimes forming part of the Middle Books after the 3rd/9th

century.*®

3! Hyderabad (1939-40) Kitab al-Tulii* w-I-Ghuriib 2: “from the correction of Thabit” (<l #Sal (). Lorch (2008)
22 reports the attestation from Seray Ahmet I1I 3464.

52 Gabrieli (1912) 353. Gabrieli claims that like the translation of the Sphaerica, this translation by Qusta was on the
order of al-Musta in, though I have not encountered this report and he does not mention manuscripts. He notes Katip
Celebi and Steinschneider but this claim is present in neither.

33 Cf. Sezgin (1974) 145. Listed in Fihrist 7.2 (Dodge (1970) 637) and Ibn al-Qifii (Lippert (1903) 73).

3 De Falco, M. Krause, and O. Neugebauer (1966).

> Hyderabad (1939-40) Kitab fi al-Matali * 2: “ Sl Bl 0 Uaid 85 e g8 5 52381 anlial Las”

% Paris arabe 2457, fol. 162a

37 Sezgin (1974) 145.

% This evolution in the contents of the Middle Books can be seen both in later manuscripts of the Middle Books
(which will be discussed in chapter 5) and in the treatises included in al-Tiist’s edition of the Middle Books (which
will be seen in chapters 8 and 9).
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Two names are associated with the translation of Euclid’s Datfa: Qusta ibn Liuqa and Ishaq ibn
Hunayn. Thabit ibn Qurra is associated with a revision, and this revision of the Data has been edited by
Sidoli and Isahaya.®

Qusta as this work’s translator is only attested by the opening of its witness in the Kraus
manuscript.®’ Ishaq is named in the opening of al-TisT’s revision of the Data.® Both report that Thabit
revised the text.

One of these attested translators may be in error, unless Thabit produced his revision of the Data
from two separate translations. Sidoli and Isahaya point out that the Kraus manuscript claims Qusta for
many of the translations it contains, so it is not impossible that its scribe (or an earlier one) mistakenly

assumed Qusta to have been responsible for the text.*

Spherics®
The manuscripts variously speak of Ishaq ibn Hunayn, Hunayn ibn Ishaq, or Abt Uthman
al-Dimashqt as having translated the Spherics in the 3rd/9th century. Another manuscript version survives

by an anonymous translator. Al-Mahani revised the text in the 3rd/9th century.

% Cf. Steinschneider (1896a) 171-172 and Sezgin (1974) 116. Listed in Fihrist 7.2 (Dodge (1970) 636) and al-Qift1
p.65.

% Sidoli and Isahaya (2018).

%! Sidoli and Isahaya (2018) 23 and Lorch (2008) 28.

% Hyderabad (1939-40) Kitabh al-Mu iyt 2: “sls aalial s Fas) axn i (a3 Sliladll Gy a7

% Sidoli and Isahaya (2018) 29.

% Cf. Steinschneider (1896a) 196-197 and Sezgin (1974) 161. Listed in Fikrist 7.2 (Dodge (1970) 638).

89



Rashed and Papadopoulos have edited an extant fragment of an anonymous early translation
along with al-Mahani / al-HarawT's revision.” They set out evidence for there having been three
translations made in the 2nd/8th and 3rd/9th centuries.*

Evidence for two of those translations appear in marginal comments to al-TiisT’s edition and
al-Harawi’s revision. These glosses speak of both an “ancient translation” (3! Jaill) and a translation by
al-Dimashq ((s&8eal) J& / da) 67

Rashed and Papadopoulos posit the above as the first and the third translations to occur; the
second was a translation made by Ishaq or his father Hunayn. Menelaus’s Spherics was translated from
Arabic into Hebrew by Jacob ben Makhir: two of the extant manuscripts state that the translator of the
Arabic predecessor had been Hunayn, while the colophons of six other extant manuscripts declare that it
was his son Ishaq.*®

Al-TisT names no translators, just comments on the variety of versions and revisions — this

preface will be considered in chapter 9.

% Rashed and Papadopoulos (2017). Another important version of the text (though a later one) was that of Abol Nasr
Mansiir ibn ‘Iraq (d. c. 428/1036), which has been edited in Krause (1936).

% Rashed and Papadopoulos (2017) 19-20.

57 See Rashed and Papadopoulos (2017) 19-20: their translations of the glosses are the following. In Haci Selim Aga
743, fol. 196b: “Gloss by the hand of Nazif ibn Yumn: in the translation of al-Dimashqt rectified by Ythanna ibn
Yisuf on the gloss in the Greek text; this is the end of the first book” (Us s 7 bal 5 aieall J& (A e o udat Jady Apila
SsY) AR AT 1y Sl & &adlall e Caws o). In MS. Teheran Sepahsalar 4727, p.138: “In the ancient translation
and in the translation of al-DimashqT with the rectification of Yiihanna, the converse was presented” (45 a8l Jaill 3
oSall a3 Ua gy #aly &Sedl J55), In British Library no. 13127, fol. 6a: “In the ancient translation and in the
translation of al-Dimashqi (an illegible word) with the rectification of Yiuhanna also, the converse was stated
first,and this is mentioned at the end” (LSall o3 Lial Uis 52 = Slal 5 (e300 e ausl) 3la) Gy adeall Aas oy sl Jaill b
B EARC S B RVARENTRSTA S R ) )

% See Krause (1936) 20-22 and Rashed and Papadopoulos (2017) 19.
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On the Sphere and Cylinder®”

Both Qusta ibn Liiqa and Ishaq ibn Hunayn are attested as translators, and Thabit ibn Qurra as a
reviser. The early Arabic of this work has not been edited.

The preface offered by al-TiisT states that there was a translation corrected by Thabit and another
translation by Ishaq.”

The manuscript Fatih 3414 names the translator as Qustd.”' Lorch suggests a possible
Qusta-Thabit transmission on the basis of agreement between Fatih 3414’s witness and al-TTsT’s reports
about the Thabit version.”” Qusta’s version is also attested in the Hebrew translation of the Arabic:
Cambridge Add. 1220 and Bodleian Laud 93 name Qusta in the title of the text.”” Ibn Abi Usaybi‘a also
attributes to him a work titled On the figure of the sphere and the cylinder (Kitab fi shakl al-kurah
wa-l-ustuwanah).™
On the Measurement of the Circle”

The translator of this text is unclear. The 3rd/9th century Arabic of this version has not been
edited, but English translations have been made of Fatih 3141’s text by Knorr and also by van Lit.”

Sezgin suggests that Thabit translated the text, but neither the manuscripts nor al-TusT offer any

indication of this.”’

% Cf. Steinschneider (1896a) 173-4 and Sezgin (1974) 128-9. Listed in Fihrist 7.2 (Dodge (1970) 636) and Ibn
al-Qiftt (Lippert (1903) 67).

™ Hyderabad (1939-40) Kitab al-kurah wa-al-ustuwanah 2. This preface will be examined further in chapter 9.

! Fatih 3414, fol. 9a.

> Lorch (1989) 96-7.

¥ Lorch (1989) 99.

™ Ibn Abi Usaybi‘a chapter 10, biography 44.

> Cf. Steinschneider (1896a) 174-5 and Sezgin (1974) 130-1. Listed in Fihrist 7.2 (Dodge (1970) 636) and al-Qift1
p.67.

6 Knorr (1989) and Van Lit (2012).

" Sezgin (1974) 131.
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Al-Kindi wrote a commentary on this text.”* He is reported to have corresponded with Ibn
Masawayh on the work, suggesting that Measurement of the Circle was available in Arabic before Ibn
Masawayh’s death in 242/857. Rashed speculates that Qusta may have translated Archimedes’s text, since
he was attested for On the Sphere and the Cylinder and since al-Kindi revised several of his translations.”
Outside scholarly speculation, however, the translator of this text remains unclear.

Archimedean Lemmata®

Thabit ibn Qurra is claimed as the translator. This work has been edited by Coskun.®

Both al-TiisT and MS Fatih 3414 identify the translator as Thabit.*
2.3 Eighth/Ninth Century Versions of the Elements and the Almagest
Elements™

Between the biobibliographical sources and the manuscript evidence, the individuals claimed as
translators of the Elements in the 2nd-3rd/8th-9th centuries are al-Hajjaj b. Yiasuf b. Matar and Ishaq ibn

Hunayn.* Thabit ibn Qurra is named as the reviser of Ishaq’s translation.

8 See discussion in Rashed (1993).

™ Rashed (1993) 15-16.

80 Cf. Steinschneider (1896a) 176-7 and Sezgin (1974) 131-3. Listed in Fihrist 7.2 (Dodge (1970) 636) and Ibn
al-Qift1 (Lippert (1903) 67).

81 Coskun (2018).

82 For al-Tast’s report, see Hyderabad (1939-40) Kitab Ma khiidhat 2: “oms) o) aival) Jiul) jauii o 8 0 culs daa 53
5 gl 2l o e, Thabit is named by Fatih 3414 on folio 68a.

8 Cf. Steinschneider (1896a) 165 and Sezgin (1974) 103-4. Listed in Fikrist 7.2 (Dodge (1970) 634-5) and al-Qift1
p.62.

% Disentangling the translations attributed to these individuals, however, is a complicated task. Brentjes (2018b) has
shown that textual analysis of the manuscripts results in a picture that contradicts what is claimed about the
translators in the manuscript titles and colophons. Analysis of books III-IX shows that — for these books, at least —
the version that has been understood to be the Ishaq/Thabit edition rather appears to be a misattribution of al-Hajjaj’s
work. She notes that it is possible, though uncertain, that books I, II, and perhaps X in the relevant manuscripts do
belong to the Ishaq/Thabit tradition: see Brentjes (2018b) 52. Thus the question of transmission is further
complicated by manuscripts combining fragments of different versions into one text. These kinds of challenges
should be kept in mind when considering Graeco-Arabic transmissions of texts more generally — they are likely not
unique to the Elements.
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Al-Hajjaj is reported to have translated the Elements twice: first for Caliph Hartin al-Rashid (r.
170-193 / 786-809) or his vizier Yahya ibn Khalid al-Barmaki (d. 189 / 805), and a second time for Caliph
al-Ma’'miin (r. 197-218 / 813-833), though there is disagreement in the sources regarding whether the
second is a second translation or a revised edition of the first translation. Ishaq ibn Hunayn’s translation
was produced later in the third / ninth century.®

t86

Almages

Between the biobibliographical sources and the manuscripts, the translators claimed for the
Almagest are al-Hasan ibn Quraysh, al-Hajjaj b. Yusuf b. Matar, Sarjiin ibn Hiliya, and Ishaq ibn Hunayn.
Ishaq’s translation was corrected by Thabit ibn Qurra.

Ibn al-Salah, in his work on Ptolemy’s star catalogue, reports that there were five versions of the
Almagest available in his time, four of which were translations — all of these would have been produced
between the 2nd-3rd/8th-9th centuries.”” The earliest was an anonymous Syriac translation. In the early
3rd/9th century al-Hasan ibn Quraysh composed a translation for Caliph al-Ma’mun; only fragments of
this translation survive.® A second rendition for al-Ma’miin was completed by al-Hajjaj and Sarjiin ibn
Hiliya in 212/827-8; this is extant in the manuscript Leiden Or. 680 with both translators named. Ishaq
translated the text a fourth time in the second half of the 3rd/9th century and this was later corrected by

Thabit. The Ishaq-Thabit version is extant in its entirety in the manuscript Tunis Bibl. Nat. 07116.

% An overview of the Elements’s transmission into Arabic is provided by Brentjes and De Young “Euclid” in EI3.

8 Cf. Steinschneider (1896a) 200-2 and Sezgin (1978) 88-89. Listed in Fihrist 7.2 (Dodge (1970) 639) and Ibn
al-Qift1 (Lippert (1903) 97).

¥7 Kunitzsch (1975) 155 (Arabic), 40 (German translation).

% Fragments of this translation survive in al-Battani: see Kunitzsch (1974) 60-64. On the possible fragments of this
translation in Ibn al-Salah’s critique of al-Farab1’s commentary on the A/magest, see Thomann (2020).
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Additionally, several historical sources between the tenth and fifteenth centuries mention a
version of the A/magest solely attributed to Thabit (rather than it being Thabit’s correction of Ishaq’s
translation). The earliest of these is a report by Abii "All al-Muhassin al-Sabi’ (4th/10th century),
preserved in al-Qiftt. AI-TisT is another source: he mentions a version by Thabit in his own edition of the
Almagest.® The possibility has been put forth that this was a separate translation produced by Thabit
himself, but it alternatively may have been another adaption by the scholar of an existing translation.”

2.4 A Note on Syriac Translations®'

This chapter has focused on translations into Arabic because these are what survived and
persisted through the 7th/13th century. Syriac translations of these texts are not extant, but there is
historical evidence to suggest that at least some of them existed by the 3rd/9th century at the latest.
Nothing is known about the Syriac translators or the context of these translations, whether they occurred
during the ninth century or were in circulation already before it.

The texts which are reported to have had a Syriac translation by the 3rd/9th century are Euclid’s

Phaenomena, Menelaus’s Spherics, Archimedes’s On the Sphere and Cylinder, and Ptolemy’s Almagest.

% See Grupe (2012) 149-151 for an overview of these sources and further.

% Grupe (2012) and Grupe (2020) argues that there is reason to believe this version was Thabit’s own translation.
Compare Kunitzsch (1974) 25-34, which sees this evidence as more likely pointing to a second adaption (but not
translation) by Thabit.

! For a general overview of the mathematical sciences in Syriac, see Takahashi (2011) and Hugonnard-Roche
(2014). For an overview of the astronomical sciences in Syriac in the 6th and 7th centuries, see Takahashi (2014)
and Villey (2014). Villey highlights several ancient and late antique Greek treatises which can be seen to have
received study in the West Syriac monastery, Qenneshre, among them commentaries by Theon and the Handy Tables
of Ptolemy. But evidence of the works which comprised the Little Astronomy have not been found in this context.
The Almagest, meanwhile, appears to have been known by reputation but may not have been transmitted in
Qenneshre before the eighth century: see Villey (2014) 173. Hugonnard-Roche comments on the evidence for Syriac
translations of the Sphere and Cylinder, the Spherics, and the Almagest in the context of the early ‘Abbasid
translation movement: see Hugonnard-Roche (2014) 75-77 — as has been noted, however, the Sphere and Cylinder
and the Spherics were transmitted separately from the Little Astronomy and/or the Middle Books in this period.
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There is also an extant fragment of Euclid’s Elements in Syriac, but scholars disagree on whether this was
an early translation from the Greek or a late one from the Arabic.®

The reference to a Syriac version of the Phaenomena appears in the text of the Arabic translation.
After the tenth proposition, the text offers an alternate proof of that proposition, introduced with “Proof of
the tenth figure according to what we found in another copy.””® What follows is the proof of proposition
10 corresponding to the Greek recension A of the Phaenomena (the Arabic translation otherwise follows
recension B). At the end of the exposition of that proposition there is an aside saying, “it is found in the
Syriac.”* It should be noted that there were further propositions than this one which diverged in proof
between recensions A and B of the Phaenomena, but this is the only portion of the Arabic following
recension A. So if recension A existed in its entirety in Syriac, the Arabic translation was evidently not
interested in presenting every alternate proof. Alternatively, this might suggest that the Syriac translation
already presented a text that was a melding of Greek recensions A and B. In either case, what is clear is
that the Phaenomena existed in some form in Syriac.

Scholars disagree on whether there was a Syriac translation of Menelaus’s Spherics — the report is
a later one and ambiguous. Ibn al-Qiftl records in the biographical entry for Menelaus that “his books
were once translated into Syriac, then into Arabic.”® Krause (1936), apparently following Ibn al-Qift1,
conjectured that the first translation of the Spherics into Arabic was made from a Syriac translation.
Rashed and Papadopoulos (2017) have argued that outside Ibn al-Qift1 there is nothing to support this

idea, and they cast doubt on the report in the History of Learned Men because no other biographical

%2 This fragment has been published by Furlani (1924). It is preserved in Cambridge University Library Gg 2.14,
fols. 355-363. See Hugonnard-Roche (2014) 80-83 for discussion of its dating problems.

? Leiden Or. 1031, fol. 86a: “s sl Aauasi ( laa s La e yiladl JSI la

% Leiden Or. 1031, fol. 86a: “Sumdl & 2 g7

% Trans. Rashed and Papadopoulos (2017) 12. See Lippert (1903) 321: “sall (M & Shoud) () 5 0 4858 a2 57
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source supports it.”® Instead they consider the anonymous early translation into Arabic to be the work of a
translator inexperienced with the language, and suggest his first language was Syriac.”’

Conversely Hogendijk saw evidence for a Syriac translation of the Spherics in Ibn Hud’s Book of
Perfection, portions of which draw from an Arabic version of the Spherics. Hogendijk’s argument sees the
early usage of the letters 3 s - for mathematical labels as suggesting that the source Spherics text had
seen a transmission through the Syriac.” Sidoli and Kusuba later found that the witness of Menelaus’s
Spherics in the manuscript London, British Library Or. 13127 has a second set of diagrams for the text
whose labels shows the same feature. These diagrams are labelled in the manuscript as “Figures of the
Treatise of Spheres by Menelaus, transcribed from a copy that was not corrected, but was translated based
on the first composition.”” They note, however, that this evidence does not necessarily indicate that a
Syriac translation was already in circulation prior to the Arabic one, since there were many Syriac
translations produced alongside Arabic ones as part of the early translation efforts.'” In any case, even if
the Spherics had been translated into Syriac, it is difficult to judge what this might suggest about
awareness of an astronomical curriculum like the Little Astronomy / Middle Books in Syriac, since
Menelaus’s work appears to not have been included in the Little Astronomy and it is unclear when it was
added to the Middle Books.

The same uncertainty is present for Archimedes’ On the Sphere and Cylinder, which was not a

member of the Little Astronomy but was added to the Middle Books at an unknown date. The existence of

% Rashed and Papadopoulos (2017) 12-13.

%7 Rashed and Papadopoulos (2017) 486.

% Hogendijk (1996) 26.

% Trans. Sidoli and Kusuba (2014) 159. See British Library Or. 13127, fol. 52a: “al 4au (e J& (u ¥lial SY) Gl JISA)
IV sl e e i s ghoms”

1% Sidoli and Kusuba (2014) 192, following Gutas (1998) 20-22 on the Arabic and Syriac translations in the early
‘Abbasid translation movement..

96



a Syriac translation for this work however is less ambiguous. The manuscript Fatih 3414 contains an
Arabic translation of On the Sphere and Cylinder, and it starts this text with two different versions of its
introduction. A colophon after the first version includes a quotation reading, “I found in the copy that the
translator of this book from Greek into Syriac mentioned that he omitted in this place a small passage
which he did not translate from the Greek book because of its difficulty for him.”'”" Nothing more is
known about this Syriac translation of Archimedes.

Since Arabic sources claim that the Middle Books were supposed to be read between the
Elements and the Almagest, it is worthwhile to note the Syriac translations of both these texts. As
mentioned, the date and source of the Elements translation is uncertain. It is usually considered to be a
translation from the Arabic made in the thirteenth century, but others suggest it was an early translation
from the Greek that influenced the subsequent Arabic translations. '

No trace of the Syriac translation of the Almagest is extant, but its existence is reported by several
sources. This translation was evidently still extant in the twelfth century, because Ibn al-Salah uses it as
part of his work on Ptolemy’s star catalogue — he reports that it was translated from the Greek.'” The
translation may even have survived to be used by al-TisT: in a manuscript containing his edition of the
Almagest, a marginal comment present is reported to have been copied from a Syriac version.'™

These reports are sparse, limiting what conclusions can be drawn beyond an awareness that there

was more to the transmission of texts relevant to the Little Astronomy / Middle Books than has survived.

1" Trans. Lorch (1989) 109. See Fatih 3414, fol.7a: “cila 3 43 ;83 Al pudl M 6 sl (ya S 130 aa yiall A3l 8 Lo
e 45 s Al IS iy o] s e IS 138 37

2 The former suggestion appears in Furlani (1924) 233; scholars who follow it include Saliba (2004) 29 and
Takahashi (2013) 85. Baudoux (1935) 73-75 examines the latter possibility, arguing that it was used in the
production of the Ishaq-Thabit Arabic version. Sezgin (1974) 88-90 offers a summary of the various arguments.

1% Kunitzsch (1975) 155 (Arabic), 40 (German translation).

1% Saliba (1987) 10.
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It is significant that many of the individuals reported as Arabic translators above were trilingual in Syriac,
Arabic, and Greek. The 3rd/9th century reception of these ancient Greek texts was not a wholly Arabic
reception. Further, as attestations from Ibn al-Salah and al-TasT suggest, some Syriac translations
continued to be used in parallel with Arabic copies even centuries after the translation movement brought
these texts into the latter language.

3. Translators, Correctors, and Patrons

This section will elaborate upon the individuals named above. It will offer biographical and
bibliographical details relevant to understanding their scholarship in the 3rd/9th century, especially in
connection with the works that came to comprise the Middle Books. Each subsection will also note what
sources are available for further biographical and bibliographical details.

The historical biobibliographical sources used are the following. The earliest is the Risala of
Hunayn ibn Ishaq, which first appeared in 241/855-6 and in a revised form in 250/864."% The second is
the Fihrist of Ibn al-Nadim, a catalogue of Arabic literature and translated works completed in 377/987-8.
1% Both of the following biobibliographers depended on the Fihrist, although they incorporated material

from other sources as well.'” Ibn al-Qiftt (d. 646/1248) was the author of the History of Learned Men

(Ta 'rikh al-hukama’). This is a considerably later resource, and its original does not survive: rather, what

1% Edited by Bergstrisser (1925), later edited and translated into English by Lamoreaux (2016). While its
transmission has been complicated by two different recensions and a variety of scribal additions after Hunayn's
death, it still remains an important contemporary resource for Hunayn and Ishaq, and for detailed information about
their medical translations and patrons.

1% Edited by Fliigel (1872) and translated into English by Dodge (1970), though there are issues with the currently
available editions, as noted in Stewart (2006) 10-11. While not contemporary with the individuals discussed here,
the catalogue was within a century of their lifetimes and benefited greatly from Ibn al-Nadim's experience with the
manuscripts that passed through his father's bookshop. The author does not provide sources for the biographical
reports he presents, but frequently mentions an authority or details he read in a manuscript when discussing
translated treatises.

' Dodge (1970) xxiii.
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is extant is an epitome of the text by al-Zawzani that was written in 647/1249."% Ibn Abi Usaybi‘a (d.
668/1269-70) is a similarly late source. His History of Physicians (Uyiin al-anba’ fi tabaqat al-atibba’)
nonetheless draws on earlier sources to provide a massive amount of information on medical scholars.'"”
Qusta ibn Liiga (d. c. 308/920)"°

The Melkite Christian Qusta ibn Liiqa appears most frequently: as noted, his name is recorded
with five or six of the nine Little Astronomy texts as well as two of the five texts added to the Middle
Books. He receives entries in the biobibliographies of Ibn al-Nadim, Ibn al-Qift1, and Ibn Abi Usaybi‘a.'"!
A native of Ba‘labakk, he is reported by Ibn al-Qifti to have travelled the Byzantine Empire and returned
with manuscripts he acquired there. Much of his scholarly career occurred in Baghdad, though he spent
the end of his life until his death in Armenia. He was experienced in Greek, Arabic, and Syriac. Together,
the three biobibliographers present a list of translations and original works that span a range of subjects:
medicine, mathematics, astronomy, and philosophy. Qusta is described as a physician as well as an author,
translator, and reviser.

It is known from the biobibliographical sources that Qusta composed and translated many works
on the patronage of officials working for the ‘Abbasid caliphs. Further, as noted above, Qusta's (partial)

translation of the Sphaerica is reported to have been for Abu 1-'Abbas Ahmad ibn [Muhammad ibn]

1% Edited by Lippert (1903). See also Dietrich "Tbn al-Kifti" EI2.

1% Edited and translated into English by Savage-Smith, Swain, and van Gelder (2020). The individuals discussed in
this chapter were frequently involved in both medical and astronomical scholarship, as we as other topics.

19 See Gabrieli (1912) for an overview of Qusta ibn Liiga’s life and works. A short biography by Hill is also
available in EI2: “Kusta b. Luka.”

"1 See Tbn al-Nadim (1988) 295, Ibn al-Qifii (Lippert (1903) 262), and Ibn Abi Usaybi‘a (2020) chapter 10,
biography 44.
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Mu‘tasim bi-ll1ah. Qusta also dedicated Heron's Mechanics to a similarly named Ahmad ibn [Muhammad
ibn] Mu ‘tasim.'"? This individual will be discussed in the following subsection.

The historical evidence preserves indirect connections between Qusta and other individuals
discussed in this chapter. The only direct connection is between Qusta and ‘Alt ibn Yahya: according to
Ibn Ab1 Usaybi‘a, Qusta composed a work titled /ntroduction to geometry in question and answer format
(Kitab fi I-Mudkhal ila ‘ilm al-handasah ‘ala tariq al-mas alah wa-I-jawab) for him."? Qusta therefore
shared ‘Al ibn Yahya as a patron with Hunayn, Ishaq, ‘Isa, and Thabit.

Qusta may additionally have shared a second patron with Thabit: he is reported to have composed
On the use of the celestial globe (Kitab fi I- ‘Amal bi-l-kurah al-nujiimiyyah) for Isma ‘1l ibn Bulbul.'*

Thabit and al-Kind1 are both said to have been responsible for correcting several of Qusta’s
translations — it is unclear whether they would have directly interacted with Qusta as part of this process.
Ahmad ibn [Muhammad ibn] Mu ‘tasim (?)

As noted, the name of this patron of Qusta’s which is found in the medieval sources is
problematic. There was an Ahmad ibn Mu ‘tasim, the son of the caliph al-Mu ‘tasim, who is also known to
have been tutored by al-Kindi. There was also the grandson of this caliph, Abii I-°Abbas Ahmad ibn
Muhammad ibn Mu‘tasim, who himself ruled as Caliph al-Musta‘in (r. 248-251 / 862-866). The name
given for Qusta’s patron blends the names of the son Ahmad and the grandson Abu I-°Abbas Ahmad.
Kunitzsch and Lorch take the patron of the Sphaerica to have been the grandson, but do not indicate why

they see this as the more likely interpretation.'”> Without further evidence, it is difficult to pin down which

12 Kheirandish (2013) 95.
'3 Ibn Abi Usaybi‘a (2020) 10.44.5.
4 Gabrieli (1912) 348-9,
15 Kunitzsch and Lorch (2010b) 2-3.
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individual is meant by these attestations of Qusta’s patron — and, if the patron was Caliph al-Musta‘in,
whether this patronage occurred before or during his reign as caliph.''®

Ishaqg ibn Hunayn (d. 298/910-11)'""

The other key figure in translating this astronomical corpus is Ishaq ibn Hunayn, the son of East
Syrian Christian and renowned translator Hunayn ibn Ishaq. His biography is reported in Ibn al-Nadim,'"®
al-Bayhagqt,'”’ Ibn al-Qift1,'® Ibn Abi Usaybi‘a,'”' and Ibn Khallikan.'” The information presented is
ultimately brief. All sources recognize him as the son of the famous Hunayn ibn Ishaq and note his
accomplished skill in languages: Greek Syriac, and Arabic. Both Ibn Ab1 Usaybi‘a and Ibn Khallikan
make a point of mentioning that Ishaq was more productive in his translations and commentaries of
Aristotle than he was in his work on medical material. According to al-Nadim, Ibn al-QiftT and Ibn Abi
Usaybi‘a he served the same patrons as his father.

As noted above, Ishaq shared ‘Alf ibn Yahya as a patron with Qusta, ‘Isa, his father, and Thabit.

Additionally, several of the treatises translated by Ishaq later saw revision by Thabit.

1% Gutas argues that these references should be interpreted as indicating the son, not the grandson: see Gutas (1998)
125-126. Knorr (1986) 233, n.7 thought that even Caliph al-Musta‘in was too early to reasonably be the patron of
Qusta. There is further discussion of the problem in Kheirandish (2006) 216-221. Both son and grandson were
attested to be involved in the sciences. Ahmad ibn Mu‘tasim was a patron of al-Kindi, meanwhile, Caliph
al-Musta‘in was associated with figures like Muhammad ibn Miisa and Abt Ma‘shar. If Caliph al-Musta‘in is
intended in these references, it is curious that his regnal name is not used, though perhaps if his patronage occurred
before his reign as caliph it would be omitted. Ultimately, the presently available sources do little to clear up the
uncertainty.

7 A short modern biography is available by Strohmaier in EI3: “Ishaq b. Hunayn.”

118 al-Nadim (1988) 343 and 356. Dodge (1970) 672 notes that the first account is omitted from Istanbul, Kopriilii
Library MS 1135.

119 al-Bayhaqi (1932/3) 4-5.

120 Tbn al-Qift1 (2005) 65.

2! Tbn Abi Usaybi‘a (1995) 201.

'22 Tbn Khallikan (1978) 205-206.
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Ishaq shares a further direct connection with Thabit: there survives a fragment of a letter sent to
him by the latter on astronomical topics, asking for Ishaq to send particular observations if he is able to
find them.'” Evidently the two at the very least corresponded about their astronomical work, though this
might even point towards collaboration.

Hunayn ibn Ishag (d. 260/873)"*

Hunayn ibn Ishaq is the most well-known of the translators during the translation movement, and
is renowned for his skills in Greek, Syriac, and Arabic. He is more commonly known for his work in the
field of medicine, so it is curious that he is named with two or three of the Little Astronomy texts as well
as Menelaus’s Spherics.

It is quite possible that the attributions to Hunayn noted in this chapter are mistaken. Even Ibn
al-Qifti commented on the tendency for others’ translations to be attributed to the famous Hunayn.'” In
the case of On the Moving Sphere and Menelaus’s Spherics, the other attested translator is his son Ishag.
Reversing the name Ishaq ibn Hunayn is an error that is even easier to make when the name Hunayn ibn
Ishaq is so well known."?® The claim of Hunayn for Theodosius’s Sphaerica is more difficult to explain,
since there are no extant sources that claim Ishaq to have been responsible for that text. It is given only by

one source (Leiden Or. 1031), so it may simply be an error.

123 Carmody (1960) 45-46.

124 See the biography in Lamoreaux (2016) xii-xviii. A short modern biography is also available by Strohmaier in
EI3: “Hunayn b. Ishaq.”

12 Lippert (1903) 177.

126 Further, there is the example of a manuscript of Aristotle’s Physics which claimed its translation to be the work of
Hunayn for “the vizier al-Qasim ibn ‘Ubaydallah.” As Gutas (1998) 131 fn.31 points out, Hunayn must be an error
for Ishaq because al-Qasim became vizier only after Hunayn’s death.
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Outside his son, the only direct connection Hunayn has with the individuals discussed in this
chapter is with his patron “Ali ibn Yahya. He does mention Thabit in the Risala as a translator of Galenic
texts, but it is unclear whether they would have had any direct interaction.'”’

Hiliya ibn Sarjiin (Elias, son of Sergius)

This individual is largely unknown. It is unclear whether the two instances of Hiliya ibn Sarjiin
and one instance of Sarjiin ibn Hiliya should be taken as one individual or as father and son.

Outside the Optics, Hiliya is attested as a translator of Cassianus Bassus’s Geoponika.'”* Sarjin is
named in the title of Leiden Or. 680 as a co-translator with al-Hajjaj.'*’ Ibn al-Salah agrees in naming both

30 His only known connection to other individuals in this chapter,

as co-translators of the Almagest.
therefore, is with al-Hajjaj.

‘Tsa b. Yahya (3rd / 9th century)

This was one of the students of Hunayn; he receives multiple mentions in the latter’s Risala.
Hunayn translated several Galenic works into Syriac for him and reports that ‘TIsa made several

! He certainly operated within Hunayn’s circle and

translations into Arabic and at least one into Syriac.
sometimes shared a patron in Abi 1-Hasan “Al1 ibn Yahya. He would seem to have been another one of

the translators trilingual in Greek, Syriac, and Arabic.

127 Lamoreaux (2016) 84-85 and 114-115.

128 Kheirandish (1999) v.1 xix and v.2 xxii fn.20-21.
1291 eiden Or. 680, fol.2b.

130 Kunitzsch (1975) 15.

B! Lamoreaux (2016) 143.
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Abii 1-Hasan ‘Ali ibn Yahya (d. 275/888-9)'%

This individual is a member of the Banii I-Munajjim, a family with noted interest in the ancient

sciences (especially the astral sciences) and involvement with the ‘Abbasid courts.'*?

He is commonly
known as a patron of translators — Ibn Abi Usaybi‘a characterizes him as such.'**

‘All ibn Yahya has the most direct connections with translators in this chapter because he often
patronized the translation and composition of various scientific works. We have already seen that the
Phaenomena is reported to have been translated for him by ‘Isa b. Yahya. We also find that for him Qusta
wrote a work on geometry and Thabit wrote a work on music. Hunayn wrote the Arabic Risala for him as

well as translated numerous Galenic works. Ishaq translated two Galenic works for him as well."*

Abil ‘Uthman al-Dimashgi (d. after 302/914)"*°

Al-Dimashdi was a physician and a translator of Greek scientific texts into Arabic well regarded
for his translation style,"*’ though not as highly renowned as Hunayn.'**

The Fihrist attributes to him a partial translation of Euclid’s Elements and manuscript glosses
note his translation of the Spherics. He otherwise has no known contributions to texts related to the

Middle Books, and no known connections to the other individuals discussed in this chapter.

132 See the overview of the Banii 1-Munajjim family in EI3 by Berggren: “al-Munajjim, Bani.”

" Dodge (1970) 313.

'3 Ibn Ab1 Usaybi‘a (2020) chapter 9, biography 41.

135 Lamoreaux (2016) 92 fn.2 and 108 fn.2.

136 A short modern biography is available by Endress in EI3: “Abii ‘Uthman al-Dimashqi.”

37 See for example the report from Miskawayh on al-Dimashqt (Trans. Rashed and Papadopoulos (2017) 20-21):
“Thus, it is in these terms that the Philosopher (Aristotle) expressed himself. I have transcribed them according to
the translation of Abli ‘Uthman al-Dimashqi. The latter uses fluently both languages, Greek and Arabic, and all
those who know these two languages appreciate his way of translating. Furthermore, he brings out a strict
requirement in rendering the Greek words and notions by their rigorously exact pendant in Arabic.”

%8 Tbn Ab1 Usaybi‘a (2020) chapter 8, biography 29: “Works that were translated by some other translator, such as
Ustath, Ibn Baks, al-Bitriq, Abii Sa‘id ‘Uthman al-Dimashdi, or others, are less highly prized and are deemed less
desirable than those that were translated or revised by Hunayn.”
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Thabit ibn Qurra (d. 288/901)"

Thabit ibn Qurra is as involved as Qusta ibn Luqa with the works discussed in this chapter. As
noted above, the combination of manuscript titles and colophons along with other reports suggest that he
revised six out of the nine Little Astronomy texts, a further two of the additions, and both the Elements
and the Almagest. He furthermore is attested as a translator of On the Moving Sphere and of the
pseudo-Archimedean Lemmata. He receives entries in the biobibliographies of Ibn al-Nadim, Ibn al-QiftT,
and Ibn Abi Usaybi‘a and is mentioned in the Risala.'* The biographies agree that he was a member of
the Sabian religious sect and originally from Harran; after meeting the eldest of the Bani Musa, Abil
Ja‘far Muhammad ibn Misa, he travelled with him back to Baghdad. He composed, translated, and
revised scientific texts, and was trilingual in Syriac, Greek, and Arabic.

He shared three patrons with the other figures discussed here: for ‘Al ibn Yahya he composed a
work on music and for Isma‘il ibn Bulbul he wrote a treatise on geometry. His patron Muhammad ibn
Misa additionally patronized translations from Hunayn (as he did from multiple other translators of the
period)."*! However, while Hunayn comments on the Galenic translations produced by Thabit, it is
unclear whether Hunayn and Thabit had much direct interaction.'*

However, as mentioned, he did interact directly with Hunayn’s son Ishaq, as evidenced by the

fragmentary letter on astronomical matters Ishaq sent to him.'*

13 A short modern biography is available by Rashed and Morelon in EI2: “Thabit b. Kurra.” See also Rashed (2009)
15-24 for further biography.

0 See Fihrist 7.2 (Dodge (1970) 647-648), Ibn al-Qifti (Lippert (1903) 115-122). and Ibn Abi Usaybi‘a (2020) 10.3.
4! See Mimura (2020) for one investigation into what the relationship between Thabit and the Banti Misa may have
looked like considering the reports about the Banii Miisa’s involvement in fostering and educating him.

2 Lamoreaux (2016) 139.

'3 Carmody (1960) 45-46.
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Al-Kindi (d. mid 3rd/9th ¢)'*

Compared to several of the names above, al-Kind1 appears less frequently in connection to the
works under discussion. He is reported to have revised translations by Qusta, including that of the
Anaphoricus. The treatise On the Moving Sphere also features among his corrections. He additionally
wrote a short treatise titled Correction of the Optics (Islah al-Manazir) and a commentary on the
Measurement of the Circle.'*

He taught Ahmad ibn Mu‘tasim, the son of the caliph — there is extant for example a letter by him
to Ahmad on mathematics."*® As discussed above, this may be the same patron who commissioned the

Sphaerica from Qusta, but the identification is unclear.

al-Hajjaj b. Yiisuf b. Matar (fl. 169-218/786-833)'¥

Nothing known of his life besides his work as an early Arabic translator of the Elements and the
Almagest. The only connection he has with other scholars involved in work on Middle Books texts is his
collaboration on the Almagest with Sarjiin ibn Hiliya.

4. From the Little Astronomy to the Middle Books
4.1 Collaboration in Translating?

The Little Astronomy existed as an ordered unit before the translation movement. What

awareness did Arabic or Syriac scholars have of this? Was there any initiative or coordination among

them to translate this corpus into Arabic in its entirety?

!4 A short modern biography is available by Jolivet and Rashed in EI2: “al-Kind1.”

%5 Al-Kind1’s Correction of the Optics is edited and translated in Kheirandish (1999) 226-229.

146 Rosenfeld and Thsanoglu (2003) 38, entry M4,

47 A short modern biography is available by De Young and Brentjes in EI3: “al-Hajjaj b. Yasuf b. Matar.”
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After all, the fact that the Little Astronomy was not translated wholly by one person should not
preclude the possibility that its translators understood it as a unified curriculum. According to Hunayn’s
testimony in the Risala, for instance, the Galenic medical curriculum was translated into Arabic through
the joint efforts of Hunayn and Hubaysh ibn al-Hasan.'*® Another example can be found in the curriculum
of the Aristotelian Organon, whose translators were even more varied according to the Fihrist. Hunayn
and his son Ishaq contributed to its translation into Arabic, but they were joined by other figures like Ab
Bishr Matta and Yahya ibn ‘Adi.'¥

There were certainly connections between the individuals summarized in the section above,
especially those with a heavier involvement with the works examined in this chapter. ‘Al1 ibn Yahya
stands as a key link: he served as patron for many of the translators and himself patronized the translation
of the Phaenomena. With the exception of the Optfics, the translation of all of the Little Astronomy works
is covered by Qusta ibn Liiqa, Ishaq ibn Hunayn, and ‘Isa b. Yahya — and ‘Ali b. Yahya was known to be a
patron to all these men. It is tempting to suggest a coordinated effort, but while there would be overlap
between ‘Isa b. Yahya, Hunayn’s student, and Ishaq, Hunayn’s son, there is no extant evidence of Qusta
working with them or in the same circles. As translators of medical, mathematical, and philosophical texts
in this period and city, a shared patron is not surprising — so whether there was a unified effort between
the three remains unfortunately unclear.

4.2 A Third / Ninth Century Middle Books
Regardless of whether there was a dedicated project to translate the Little Astronomy as a corpus,

evidence in the Arabic strongly suggests that these works found use as a curriculum already in the ninth

'8 Lamoreaux (2016) 8-39.
% Dodge (1970) 598-602.
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century and in the lifetimes of their translators. Significantly, Qusta ibn Liiga, who received credit for so
many of the translations above, is also credited with a work titled Treatise on what Middle (Books) it is
necessary to read before the Almagest (Risala fi ma yajibu an yugra’a min al-Mutawassitat qabl
al-Majisti)."® Unfortunately this work has not been found in any surviving manuscripts, but the title is
already suggestive.

This is the only reference to “Middle Books” (al-Mutawassitat) in the 3rd/9th century, but sources
from the subsequent centuries confirm and explain the name al-Mutawassitat: they are so named because
they are the works that come between Euclid’s Elements and Ptolemy’s Almagest. The fifth / eleventh
century Al ibn Ahmad al-Nasawi describes it in those terms,”' and later in the seventh / thirteenth
century Ibn al-Qiftt and al-TusT reiterate that the Middle Books stand between the Elements and the
Almagest.'™ The latter specifically notes this as an “educational arrangement” (bl i fll) a
description which undoubtedly suggests the idea of a curriculum. The Middle Books’ position is also
implicit in an anecdote about Ibn al-Haytham which speaks of him copying out three codices over the

course of a year for 150 Egyptian dinars: the Elements, al-Mutawassitat, and the Almagest.">

130 Sezgin (1978) 182. This work is noted by al-Samaw’al b. Yahya (6th/12th c) in his Report on the Defects of the
Astrologer. See for example MS Leiden Or. 98, folio 43a.

151 As reported by al-Tiis1. See Hyderabad (1939-40) Kitab Makhiidhdt 2: “os8 GUS G L Leie) a5k ) cldas gial)
EWEN P

192 Lippert (1903): 108: “ amaall 5 ) IS ¢y cillans iall I

153 Lippert (1903) 167: “ avaall s Ual siall 5 (uali sl (a5 Al e (8 i€ 25 G 330 (S gy OIS plig)) 0l o Conans J8
Vs Ao ) 4 ling ¥ 3w S elld a9 45 jema |l (ppasedh 5 4l pgd dnlany (o el Lgdid (g 50 138 A0l 530 (8 LelaSiuny
Al 4550 Ldead J 58 50 sl
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Qusta ibn Liiga’s commentary is not the only evidence for a ninth century Middle Books. There is
a note on the arrangement of books to be read after Euclid that appeared in a sixteenth century manuscript
— significantly, this note was attributed to attributed to Ishaq ibn Hunayn. It reads as follows:'>*

“Arrangement of what is to be read after Euclid, found in a copy in the handwriting of Ishaq ibn
Hunayn. The Optics of Euclid, one book; the Sphaerica of Theodosius, three books; On the
Moving Sphere of Autolycus, one book; the Phaenomena of Euclid, one book; On Habitations of
Theodosius, one book; On Risings and Settings of Autolycus, two books; On Nights and Days of
Theodosius, two books; the Anaphoricus of Hypsicles, one book; On Sizes and Distances of
Aristarchus, one book. So these are thirteen books.”

Cris O Bl By A3 8 as g el ey T8 Le i "

il jalal) saal s Allie (ol sl Y AS paiall 5 I CVlie G Lo gamnsd sl SY) sany Al Cua Y L) S
0o s A1 el y Jalll il (o o) gha oY gl 5 (55 ) Bas) g Allia s saas 93 A1 1% ) ganal) Baa) 5 Al und8Y
3as) 5 Allie 15758 slas Y Leallac 5 SIS alad s 5 Allie 156 G adllaall lillie

"a Allaa B yde ol Sl

This Arabic witness is a late one, but it has an earlier counterpart in a fourteenth century Latin
manuscript, Paris lat. 9335."" This Latin witness will be discussed further in chapter 7, but it presents the
same material — an introductory statement about the order after Euclid, the same listing of works and book
counts in the same order — with only small differences. The Latin version lacks the final statement

9

summing up the list as thirteen books, and it attributes the list to “Johanicus,” which scholars have

previously interpreted to mean Hunayn ibn Ishaq. It would seem that at some point in the transmission of

'3* The manuscript was Beirut MS St. Joseph University, BO 223A, which was lost during the Lebanese civil war.
thank Nathan Sidoli for bringing this manuscript and its surviving microfilm to my attention. The relevant Arabic
occurs on p.64 of the microfilm. See also the discussion in Brentjes (2018a) 39-40.

135 Note the title al-Ma ‘mira here differs from the more commonly seen Kitab al-Masakin (or variants thereof) for
Theodosius’s On Habitations. Tt does, however, agree with the phrasing “s,sexal (=¥ ale” used in the Arabic
translation of Galen’s commentary to Hippocrates’ Airs, Waters, Places, discussed in chapter 1.

13 Hypsicles’s name is more commonly transliterated “_+s>&w)”, but is missing the sin here.

157 This rendering of Aristarchus’s name has mistaken the second ra’ for a waw (usually “wea sk ™).

'8 This is a manuscript containing several of Gerard of Cremona’s translations of Middle Books works (or
translations by his school). See fol. 28v: the list of works begins, “Ordo qui est post librum Euclidis secundum quod
invenitur in scriptis Iohanicii.”
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this list, then, Ishaq was mistaken for his famous father, an error which was not uncommon. In any case,
the similarities between these two lists are striking enough that they surely derived from a shared lost
ancestor. And this ancestor is attributing to Ishaq ibn Hunayn, the other major translator of the relevant
works, an ordered listing of treatises to be read after (the Elements of) Euclid. Though the name
al-Mutawassitat does not appear in this note, it is clear enough that we are dealing with the same corpus.
So this grouping of works is specifically understood to be an ordered one and to have a position after the
Elements already in the lifetimes of its Arabic translators.'>

This list also lends support to the idea that the Optics was already being grouped with the Little
Astronomy when it was translated in the ninth century and so was included among the Middle Books
from their start as well. Other works, like the Data of Euclid and the Spherics of Menelaus, are not
present in this list and so presumably saw addition to the curriculum either at a later stage or under
different authorities.'®

Beyond the above, there is one other potential allusion to the Middle Books coming from a ninth

century source. Although the term al-Mutawassitat does not appear, al-Kindt’s text On the Great Art lists

13 Comparing the order declared in the two witnesses to this list with the Greek order seen in Vat. gr. 204 does
reveal some differences. The Optics appears at the start of the Arabic list, and the final four works appear in a
different order. The instability of the Optics may lend support to the idea that it was a later addition to the Little
Astronomy, and, being outside the subject of spherics, was introduced at various early points in the curriculum
before its turn to the particulars of astronomy. The reshuffling of On Nights and Days, On Sizes and Distances, On
Risings and Settings, and the Anaphoricus, meanwhile, might indicate that the order of this subgroup — all more
particular astronomical treatises, without dependencies among themselves — was not as solidified as the progression
from more general to more particular treatises seen at the start of the curriculum.

' The fact that this list also explicitly notes the collection as comprising thirteen books is additionally worthy of
note, considering how the Elements and the Almagest themselves comprise thirteen books each. It may have been an
intentional decision (at some point in either the later transmission of the Little Astronomy or the establishment of the
Middle Books) to have this curriculum proceed through the same number of books as the Elements before it and the
Almagest after it.
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161 The first five of these works are

nine works that would serve as useful preliminaries to the A/magest.
noteworthy considering the texts which were known to comprise the Middle Books. Clearest are the third,
fourth, and fifth on the list: Book on the Motion of the Sphere (Kitab fi Harakat al-kura), Book on
Habitations (Kitab fi I-Masakin), and Book on Optics (Kitab fi I-Mandzir). These appear to be direct
references to On the Moving Sphere, On Habitations, and the Optics respectively.'®

The second work on the list is given a lengthy title: On the Sphere and the Solids and Immediate
Primary Plain [Figures] the Knowledge of which is connected with that of the Sphere.'® Rosenthal
suggests that this might be identical with a later mentioned Book on the Sphere (Kitab fi l-ukar)."** This
bears some similarity to the Sphaerica of Theodosius: if not the translation itself, perhaps it is a related
work.

The title of the first work on the list is corrupted: Rosenthal reads the unknown Kitab fi [-Im't.
He raises the possibility that this once referred to a work of al-Kind1’s recorded in the Fihrist: On the
Data (Risala fi I-mu ‘tayar)."® This would seemingly bear some relation to Euclid’s Data, which did come
to stand at the head of the Middle Books.'*

After listing these first five works, al-Kind1 notes that “these all are arranged after the Book of

Ustuqussat in geometry” (dabuall (4 cilatinl) QUS 3ay Luea 038 448 30 5) 17 This is likely Euclid’s Elements,

and the word al-Ustuqussat a transliteration its Greek title, the Xtouyeio. So here al-Kindi presents an

16! Here al-Al-Kindi seems to be responding to a comment in the beginning of the Almagest, where Ptolemy notes
that his work expects a reader who has already made progress in astronomy. See Heiberg (1898) 8.

12 Rosenthal (1956) 441. Titles can vary in the Arabic, but these are more commonly named as Kitab al-Kura
al-Mutaharrika, Kitab al-Masakin, and Kitab al-Manazir.

16 Kitab fi I-kurah wa-ma ttasal ‘ilmuhii bi- ilmiha min al-mujassamat wa-awa il qartbah min al-basitat

164 Rosenthal (1956) 440-441.

195 Rosenthal (1956) 440 and 443.

166 The title of Euclid’s Data in Arabic was usually Kitab fi I-mu ‘tayat.

17 Rosenthal (1956) 441.
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arrangement that begins with the Elements, possibly proceeds through the Data and the Sphaerica (or
texts by al-Kindi related to them), more certainly proceeds through On the Moving Sphere, On
Habitations, and the Optics, all for the purpose of preparing a reader for Ptolemy’s A/magest. The works
which follow afterwards on al-Kind1’s list diverge to arithmetic, algebra, and Indian numerals, but the first
five works stand out as separate grouping and a close match for the Middle Books in both title and
arrangement.

Together therefore, Qusta ibn Luqa, Ishaq ibn Hunayn, and al-Kindi show that the Middle Books
served astronomical learning very swiftly after its component works’ translations into Arabic.

A hint might also be found in the work of al-Ya“qubi (d. 284/897-8): part of his History (1a rikh)
takes the time to describe various ancient Greek philosophers and scholars, and in his description of
Euclid and his Elements he does not describe the Elements simply as work of geometry, but as the “key to
the science of the book Almagest on the stars.”'® While al-Ya'qlibi makes no mention of the Middle
Books, it is notable that already in the ninth century there was a conception of certain ancient Greek texts

— here, the Elements — as preparing one for the Almagest.

'8 Translation from al-Ya‘qibt (2018) 398. Al-Ya'qibi goes on to summarize the thirteen books of the Elements; he
also describes Euclid’s Optics (p.402) and Ptolemy’s Almagest (p.416ff).
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Chapter 4
A Comparison of Greek and Arabic Versions
1. Introduction

The prior chapter showed that not only did the grouping of Little Astronomy texts end up
translated into Arabic in the ninth century, but that already in that century they were being grouped
together under the name Middle Books and as preparation for the study of the A/magest and/or as works
to be read after the Elements. The collection’s subsequent transmission saw the occasional addition of
other works and the more consistent addition of Euclid’s Data, as will be seen in chapter 5. The present
chapter will examine what deliberate alterations might be identified among the ninth century Arabic
translations and corrections of the core grouping of nine texts, and it will add the Data to its examination
as well.

Of course, variations at this stage could be introduced through a number of avenues. The Arabic
texts might depend on a Greek version different from the one(s) which survived. The Arabic translations
might have drawn from multiple exemplars and reflect material from each. The translators may have
misinterpreted the Greek or otherwise unintentionally rendered it with a different sense. The Arabic text
surviving today may present not the original translation, but a deliberately corrected version or other
recension, often the work of a different scholar. And, of course, the versions surviving today may be
shaped by any number of accidental variations or intentional attempts at correction introduced in the
copying process.

This chapter endeavors to highlight variations that were introduced into the Arabic versions early
in their circulation. It avoids editions known to have been produced by later scholars and focuses on

sources that purport to transmit the translations and corrections from the third / ninth century. However,
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since none of the extant manuscripts date from that period (most are instead four centuries later), there
will inevitably be some alterations introduced into these witnesses as part of the subsequent transmission.
So, even when seeking after more deliberate alterations in these ninth century texts, what we find might
be shaped by a variety of different processes, and disentangling these will not always be possible.
Nevertheless, this chapter will delve into the plausibly deliberate alterations that can be found between the
Greek and the ninth century Arabic versions.
2. Overview of Evidence

Like chapter 2, the focus of this chapter remains the following nine works: the Sphaerica, On the
Moving Sphere, the Optics, the Phaenomena, On Habitations, On Days and Nights, On Sizes and
Distances, On Risings and Settings, and the Anaphoricus. The Data is added as a tenth core member of
the Middle Books.' Of these ten works, five have had editions produced for their Arabic translations: the
Data, the Sphaerica, the Optics, On Habitations, and the Anaphoricus.*> On Days and Nights has a partial
edition (proposition 1.1 in full, then enunciations only until propositions I1.20 and II.21) and the
translations of On the Moving Sphere and On Sizes and Distances have been studied.’ This leaves only the
translations of Euclid’s Phaenomena and Autolycus’s On Risings and Settings both fully unedited and

unstudied.

! Several works by Archimedes also came to be added to the Middle Books, but their inclusion occurred after the
ninth century examined in this chapter — it is the tenth century al-Nasawi who speaks of an already extant Middle
Books curriculum to which his contemporaries sometimes add Archimedes.

> The Arabic Data is edited in Sidoli and Isahaya (2018); the Sphaerica in Kunitzsch and Lorch (2010b) and its
witness in Seray Ahmet III 3464 in Martin (1975); the Optics in Kheirandish (1999); On Habitations in Kunitzsch
and Lorch (2010a); and the Anaphoricus in De Falco, Krause, and Neugebauer (1966).

* For On Days and Nights, see Kunitzsch and Lorch (2011). For On the Moving Sphere, see Nikfahm-Khubravan and
Eshera (2019), who broadly discuss the several versions of the text with a focused study on proposition 7. For On
Sizes and Distances, see Berggren and Sidoli (2007), who discuss agreements and disagreements between the Greek
text, the Arabic witness in the Kraus manuscript, and al-Tusi’s edition.
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The translation of the Phaenomena is preserved in the manuscripts Seray Ahmet III 3464 and
Leiden or. 1031 — the present study considers Leiden or. 1031°s witness to the text. The translation of On
Risings and Settings is preserved in Seray Ahmet III 3464, the Kraus MS, and Leiden Or. 1031 — again,
the latter witness is the one examined here.

Manuscript witnesses have additionally been consulted for each of the works which have priorly
been studied but which lack editions. On Days and Nights is preserved in Seray Ahmet III 3464, the
Kraus MS, and Bodleian Or. 365 (Book I only). The partial edition was produced using the first two
witnesses. The latter manuscript, being the one available, is consulted here. Since this is an inferior and
incomplete witness to the text, and the full text was not otherwise available for this study, comments on
On Days and Nights will be limited in this chapter. On the Moving Sphere is preserved in several
manuscripts including Seray Ahmet III 3464, the Kraus manuscript, and Bodleian Huntington 237;
Bodleian Huntington 237 is considered in this chapter.* On Sizes and Distances is preserved in the Kraus
MS and Columbia Or. 45; Columbia Or. 45 receives focus in the present chapter.

3. Summary of Deliberate Alterations in the Arabic Translations
3.1 Concordances of Propositions’
One general impression of the relationship between the Greek and Arabic versions of these texts

can be gleaned through concordances of their propositions. It must be noted that there is some variety

4 These codices contain what Nikfahm-Khubravan and Eshera call version 1 of On the Moving Sphere; this version
also appears in MS Tehran, Danishgah-i Tihran, Kitabkhana-yi Markazi 1063. They report that version II is
represented in MS Istanbul, Kopriili Kiitiiphanesi, Fazil Ahmed Pasa 932 and version III in MS Istanbul,
Siileymaniye Kiitliphanesi, Ayasofya 2671 and MS London, Institute of Ismaili Studies,

Hamdani Collection 1647. See Nikhfahm-Khubravan and Eshera (2019) 44-48 for a description of manuscripts for
each of the versions.

* Note: definitions are included and numbered in the following tables to show their alignment, but the reader should
be aware that the Arabic manuscripts do not actually number the definitions in any way.
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between proposition numbering in Arabic manuscripts.® For this reason, this section will include the
testimony from several sources. It will also, in the footnotes, establish which proposition numbering
scheme will be the default for this chapter’s study (unless indicated otherwise, for e.g. examinations of
particular manuscripts).
Euclid’s Data’

The Data as edited by Menge comprised 94 propositions. Its translation in the manuscript Seray
Ahmet III 3464 contains 91 propositions.® In the Kraus manuscript’ and in the list of Middle Books

provided by Bodleian Thurston 11, it contains 95 propositions.

¢ Indeed, chapter 2 already noted that there is some variety in numbering among the Greek manuscripts as well. But
that chapter had the option of using established numerals from critical editions, which were available for all the texts
under study. That same luxury is not available here.

" References to the Arabic translation of the Data will use the numbering system of Sidoli and Isahaya’s edition,
which follows the manuscript Seray Ahmet I11 3464.

¥ This manuscript’s colophon, however, writes that it contained 95 figures, written with the numeral 42. Sidoli and
Isahaya (2018) 200 fn.a note that the symbol for ° is oddly written and may have been changed. They also note that
while the propositions were clearly numbered up to 91 in the manuscript’s margins, there were 95 diagrams in the
text, and this may be what is being counted.

? The Kraus manuscript’s colophon reemphasizes the count of 95 propositions: “J&& ¢sauis duead 5" — see Sidoli
and Isahaya (2018) 201.

!9 The list of Middle Books provided by Bodleian Thurston 11 will receive discussion in chapter 5.
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A|lK|G A|lK|G A|lK|G A|lK|G A|lK|G A|lK|G
1 1 1 201 21 ] 20 33 | 34 |34.1 47 | 50 | 49 63 | 67 | 66 77 | 81 1811
2 2 2 21 33 | 34 |34.2 48 | 51 | 50 64 | 68 | 67a 81.2
3 3 3 21| 22| 22 34| 35| 35 49 | 52 | 51 67b 78 | 82| 82
4 4 4 22| 23| 23 36 50 | 53 | 52 67¢c 79 | 83| 83
5 5 5 24a 35| 36 | 37 51| 54 | 53 67d 80 | 84| 84
6 6 6 23 | 24 | 24b 36 | 37 | 38 52 | 55 | 54a 65 | 69 | 68a 81| 85| 85
7 7 7 24 | 25| 25 37a| 38 | 39 54b 68b 82 | 86 |v87a
8 8 8 25| 26 | 26 37b| 39 53 | 56 | 55a 66 | 70 | 69 v87b
9 9 9 26 | 27 | 27a 38 | 40 | 40 55b 67 | 71| 70 83 | 87 | 86

10 |10 | 12 27b 39 | 41| #1 54 | 57 | 56 68 | 72| 71 84 | 88 | 87
111110 27 | 28 | 28 40 | 42| 42 55 | 58 | 57 69 | 73| 72 85| 89 | 88

12112 [ 111 28 1 29| 29 41| 43| 43 56 | 59 | 58 70 | 74 | 73 86 | 90 | 89

1.2 29 | 30 | 30a 42 | 44 1441 57 | 60 | 59 711 75| 74 87 | 91 ] 90

13113 | 13 30b 44.2 58 | 61| 60 72 | 76 | 75 88 | 92 | 91a

14 |1 14 | 14 30c 43a| 45 | 45b 59 | 62 | 61 73| 77 | 76 91b

151 15| 15 30d 43b | 46 | 45a 60a| 63 | 62 74 | 78 | 77 89 | 93| 92

16 | 16 | 16 30 | 31| 31 46a 75| 79| 78 90 | 94 | 93a

17 | 17 | 17 31|32 32 44 | 47 | 46b 60b | 64 79 93b

18118 | 18 32 | 33 |33a 45 | 48 | 47 63 80a 93c

19a| 19 | 19a 33b 46 | 49 | 48 61 | 65| 65 76 | 80 | 80b 91| 95| 94
19b| 20 | 19b 62 | 66 | 64

Table 4.1: Concordance of propositions from the Data, adapted from Sidoli and Isahaya (2018) 320.
A = Seray Ahmet II1 3464, K = Kraus MS, and G = the Greek according to Menge (1896).

Theodosius’s Sphaerica'

In its Greek version the three books of the Sphaerica, as edited by Czinczenheim, totalled 60
propositions.'> Seray Ahmet III 3464 has 58 propositions in total. Lahore, private library M. Nabi Khan
and the list in Bodleian Thurston 11 both attest to 59 propositions in total. Gerard’s Latin translation is 58

propositions in total."

" References to the Arabic translation of the Sphaerica will use the numbering system in Kunitzsch and Lorch’s
edition, which follows the manuscript Seray Ahmet I1I 3464.

'2 This includes the 22nd and 23rd propositions at the end of Book I, which have been identified to be later
additions.

'3 The proposition counts are reemphasized in some of the colophons to the different books. At the end of Book I,
Seray Ahmet III 3464 notes ‘S (3 0de 5 0L & 5” and Gerard’s translation notes “viginti duas continens figuras.”
At the end of Book II, Seray Ahmet III 3464 notes “3S& (5 4de s QU 4 5” and Lahore, private library M. Nabi Khan

notes “S3 o5 pic 5 435 5", At the end of Book III, these two manuscripts respectively notes “JS& e day )i o4 57
and “IKE () gued g dad B CYEL JIKET 220 g IS i day i 857,
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A H G A H G
Book |
d.1 d.1 d.1 8 8 8
d.2 d.2 d.2 9 8
d.3 d.3 d.3 10 9 9
d.4 d.4 d.4 11 (*)y™ 10
d.5 d.5 d.5 12 10 1
d.6 d.6 13 11 12
d.7 d.7 14 12 13
d.8 d.8 15 13 14
d.9 d.9 16 14 15
d.10 d.10 d.6 17 15 16
d11 | d.1 18 16 17
1 1 1 19 17 18
2 2 2 20 18 19
3 3 3 21 19 20
4 4 4 22 20 21
5 5 5 22
6 6 6 23
7 7 7

A H G A H G
Book i
d.1 d.1 d.1 11 11 12
1 1 1 12 12 14
2 2 2 13 13 13
3 3 3 14 14 15
4 4 4 15 15 16
5 5 5 16 16 17
6 6 6 17 17 18
7 7 7 18 18 19
8 8 8 19 19 20
9 9 9 20 20 21
10 10 10 21 21 22
1 11 11 22 22 23

Table 4.2: Concordance of Sphaerica propositions, adapted from Kunitzsch and Lorch (2010b) 9-10.
A = Seray Ahmet III 3464, H = Paris hebr. 1101, and G = the Greek according to Czinczenheim (2000).

two later additions. The witnesses in Seray Ahmet III 3464 and Lahore, private library M. Nabi Khan
contain 22 propositions — neither include the propositions which have been identified to be later additions
in the Greek. Gerard’s translation in Paris lat. 9335 is also 22 propositions, as is the Judeo-Arabic version.
The Greek Book II of the Sphaerica comprised 23 propositions — this sees agreement with the Lahore
private library witness. Seray Ahmet III 3464 contained 22 propositions (as did Gerard’s translation in
Paris lat. 9335). Proposition counts agree between the Greek, Arabic, and Latin for Book III, which
contained 14 propositions. The above is a concordance of the definitions and propositions in books I and

IT (omitting book III since its contents agree). Leiden or. 1031 is omitted since it agrees with Seray Ahmet

'* This proposition is skipped in the manuscript and instead added back in at the end of the book.
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IIT 3464, and the same is true for Lahore, private library M. Nab1 Khan, which fully agrees except for
accidentally skipping a proposition numeral in book II and writing 13 instead of 12.

Autolycus’s On the Moving Sphere®

The Greek On the Moving Sphere, as edited by Mogenet, had 12 propositions. This count is seen
also in the list in Bodleian Thurston 11. Bodleian Huntington 237 has 12 propositions.'® Since the
structure is consistent, no concordance is necessary for this work.

Euclid’s Optics"

The Greek Optics, as edited by Heiberg in two recensions, comprised 58 and 57 propositions
respectively, though in the latter half of the work these are not ordered the same between the two
recensions.'® In the Arabic, Kheirandish notes two slightly different versions of the text which can be
found between five manuscripts — Seray Ahmet 111 3464, Leiden Or. 133, Cairo Dar al-Kutub al-Misriyya
Dr 260, Cairo Dar al-Kutub al-Misriyya Dr 720, and the Kraus MS." All of these present the Optics in the
same structure of 64 propositions and are edited together in her edition.” The list in Bodleian Thurston 11

agrees: the Optics is attested to have 64 propositions. There are several Latin translations from the Arabic

!5 There are no disagreements between numbering systems for On the Moving Sphere.

' This is Nikfahm-Khubravan and Eshera’s version I of the Arabic text, and they make no indication of this
proposition count differing in the other codices they consulted.

!7 References to the Arabic translation of the Optics use the numbering system in Kheirandish’s edition, since the
five manuscripts her edition relies upon agree in this structure.

'8 These texts in the manuscripts showed greater variety, up to 61, 64, and 65 propositions, as some were split and
separately numbered as multiple propositions. See Heiberg (1985) 244.

! Kheirandish (1999) xxviii and xxxiv.

 In two of their colophons this proposition count of 64 is reemphasized. Seray Ahmet I11 3464 has “Cj i 2 ) 5
A8 and Cairo Dar al-Kutub al-Misriyya Dr 260 has “3&5 ¢ i day )l 58 57,
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which have been identified; one of them, in MS Vatican Urb. Lat. 1329, agrees with this count of 64

propositions.*!

Kh A B Kh A B Kh A B Kh A B
d1 | d1 | d.1 11 10 10 29 | 28-1| 28E 47 40-3
d2 | d2 | d2 12 11 11 30 | 28-2| 28D 48 38 | 42E
d3 | d3 | d.3 13 12 12 31 29 29 49 41 39
d.4-1|d.4-1]d.4-1 14 13 13 32 30 30 50 [42-1) 43
d.4-2|d4-2|d.4-2 15 14 14 33 31 31 51 | 43D | 44D
d4-3| d.7 | d.7 16 15 15 34 32 32 52 | 44-1
d.4-4|d.4-3|d.4-3 17 16 16 35 33 33 53 46
d5 | db5 18 17 17 36 [ 34-1]| 34 54 45 46
d6 | db6 19 18 18 37 | 34-2 | 351 55 | 48E | 48E
1 1 1 20 19 19 38 [ 35-1| 36-1 56 | 49D
2 2 2 21 20 20 39 [ 35-2| 36-2 57 50 49
3 3 3 22 21 21 40 | 35-3 | 36-4 58 51 50
4 4 4 23 | 221 | 22E 41 | 354 | 36-5 59 53 52
5 5 5 24 23 23 42 36 37 60 | 54-2 | 53E
6 6.1 | 6.1 25 24 24 43 37 41 61 55 54
7 6.2 | 6.2 26 25 25 44 39 38 62 56 55
8 7 7 27 26 26 45 | 40-1 | 40-1 63 57 56
9 8 8 28 27 27 46 40-2 64 58 57
10 9 9

Table 4.3: Concordance of propositions from the Optics, adapted from Kheirandish (1999).
Kh = Kheirandish (1999), A and B = the Greek recensions A and B according to Heiberg (1895).

Euclid’s Phaenomena®

The Greek Phaenomena (recension B), as edited by Menge, contained 18 propositions. If
recension A differed from this count, there is no way to tell from the incomplete version which survives.

The manuscript Leiden Or. 1031 has this text with 20 propositions, whereas the list in Bodleian Thurston

2! Theisen (1972) 324. This translation is titled Euclidis de aspectuum diversitate. Other Latin translations go by the
titles Liber de aspectibus and Liber de radiis visualibus; they, however, circulated with 38 and 54 propositions
respectively.

22 References to the Arabic translation of the Phaenomena in this study will use the numbering of MS Leiden Or.
1031.
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11 records the proposition count as 22. No Latin available to compare. This text is also extant in Seray

Ahmet 111 3464 but that witness has not yet been consulted.

L G L G L G

intro intro 8 8 14 14
1 1 9 9 15 143
2 2 10 102 16 1425
3 3 10 10% 17 15
4 4 11 1 18 16
5 5 12 12 19 17
6 6 13 13 20 18
7 7

Table 4.4: Concordance of propositions for the Phaenomena.
L = Leiden or. 1031 and G = the Greek according to Menge (1916).

Theodosius’s On Habitations™

The Greek On Habitations, as edited by Fecht, had 12 propositions. The list in Bodleian Thurston
11 attests to an Arabic version with 12 propositions, and the Arabic and Latin edited in Kunitzsch and
Lorch have 12 propositions. Since the structure is consistent, no concordance is necessary for this work.
Theodosius’s On Days and Nights™

The Greek On Days and Nights, as edited by Fecht, had 32 total propositions: 12 in its first book
and 19 in its second book. According to Kunitzsch and Lorch, the Arabic version has 12 propositions in
the first book and 21 in the second for a total of 33. They consulted Seray Ahmet I1I 3464 and the Kraus

Manuscript and note the possibility that there is another witness in the Lahore private library witness. The

2 This is part two of the proposition.

* The first part of Leiden or. 1031’s proposition 10 corresponds to the proof in the B recension.

%3 This is the alternate proof to the proposition.

% The second part of Leiden or. 1031’°s proposition 10, and al-TiisT’s edition, corresponds to the proof in the A
recension.

*" There are no disagreements between numbering systems for On Habitations.

8 References to On Days and Nights will number the propositions according to Kunitzsch and Lorch’s edition.
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list in Bodleian Thurston 11, meanwhile, attests to 37 propositions total — this is an unusually high
number, and it is unclear what could have added an additional four propositions. Kunitzsch and Lorch’s
study of this text did show that the second book especially has several parts lacking any clear
correspondence with the Greek; it may be that this part of the text was more unstable and its material

sometimes totalled even more propositions.

K&L G K&L G K&L G K&L G
Book | Book Il
d.1 d.1 5 5 1 1 12
d.2 d.2 6 7 2 2 122°
d.3 7 6 3 3 13%
d.4 8 8 4 4 14 13
d.3 d.5 9 10 5 5 15 14
1 1 10 9 6 6 16 143
2 2 11 11 7 7 17 15
3 3 12 12 8 8 18 16
4 4 9 9 19 17
10 20 18
10% 21 19
11 11

Table 4.5: Concordance of propositions for On Days and Nights.
K&L = Kunitzsch and Lorch (2011) and G = the Greek according to Fecht (1927).

There is additionally a witness to this text in Bodleian Or. 365, but it is incomplete. It contains
only book I in 9 propositions, and it both labels the final proposition as 10 instead of 9 and skips three

propositions that are found in the other Arabic witnesses and in the Greek.

¥ Per Kunitzsch and Lorch (2011) 12, there is no clear correspondence between the Greek and Arabic of proposition
12.

3% Same as above for proposition 13.

*! The Arabic partly corresponds to the end of Greek proposition 14.

32 Same as above for proposition 10.
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K&L dl |d2]d3 ]| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

B dl |d2]d3 ]| 1 2 3 4 5 6 7 8 10

Table 4.6: Comparison of propositions between Kunitzsch and Lorch’s edition (K&L) and the incomplete
manuscript Bodleian Or. 365 (B).

Aristarchus’s On Sizes and Distances™

K J1]2]|3]4|4]|5]|]6]|6]|7|8]9]|10[11]12]13|14]|15([16]17

12 (3445677891011 |12]|13|14]15(|16]17

G 1234|5678 ([9]|10f[11]12(13]|14]|15]|16]17]|18

Table 4.7: Concordance of propositions from On Sizes and Distances.
K = Kraus MS, C = Columbia Or. 45, and G = the Greek according to Heath (1913).

The Greek of On Sizes and Distances, as edited by Heath, contains 18 propositions. The witness
in the Kraus Manuscript includes 17, and this number agrees with what is attested in Bodleian Thurston
11. The witness in Columbia Or. 45 also comprises 17 propositions. Despite the lower proposition count,
On Sizes and Distances includes more material in the Arabic than in the Greek. Propositions are fused

twice, but one proposition is added to the end of the text.

33 References to On Sizes and Distances will use the proposition numerals according to Columbia Or. 45.

123



Autolycus’s On Risings and Settings™

L G L G L G L G
Book | Book Il

1 1 7 7 1 1 11

2 2 8 8 2 2 12 11

3 3 9 9 3 3 13 12

4 4 10 10 4 4 14

5 43 11 11 5 5 15 13

(*)% 5 12 12 6 6 16 14

6 6 13 13 7 7 17 15
8 8 18 16
9 9 19 17
10 10 20 18

Table 4.8: Concordance of propositions for On Risings and Settings.
L =Leiden or. 1031 and G = the Greek according to Mogenet (1950).

The Greek of On Risings and Settings, as edited by Mogenet, comprises 13 propositions in its
first book and 18 propositions in its second book. This is to be compared with the Arabic witness in
Leiden Or. 1031, which also contains 13 propositions in its first book but 20 propositions in its second
book. This total of 33 propositions in Leiden Or. 1031 agrees with the count of 33 propositions attested in
Bodleian Thurston 11°s list. Both the Greek and Arabic agree in presenting nine definitions in book I.
Hypsicles’s Anaphoricus

The Anaphoricus is an unusual case since it is not a standard proposition-based text. In Vat. gr.
204, though different sections of the text are demarcated through new paragraphs and emphasized initials,

they are not numbered as separate propositions. It can, however, be divided into five parts — the first three

3* References to On Risings and Settings will use the proposition numerals according to MS Leiden Or. 1031.

33 This is cases two and three of the proposition.

% This is not numbered as a separate proposition in Leiden or. 1031, but it is preceded by the proposition before it
ending with the usual QED.
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proceeding in a proposition-like way through different mathematical results, and the second two also
doing so through astronomical results. In the Arabic these are treated as five propositions, being
numbered as such and receiving formulaic language that would be expected in them, such as the QED at
the end.”” The list in Bodleian Thurston 11 similarly attests to five propositions.
2 Summary of Potential Deliberate Alteration

The following table presents the definitions and propositions according to their count in the
Arabic translations. Compare the concordances of Greek and Arabic material, above, for how this relates
to the Greek. The overview presented below is a very general one, intended to give an impression of how
different kinds of potential deliberate alterations are distributed through the different texts of the
astronomical curriculum. Fuller details on particular instances of these deliberate alterations follow in the

sections below.

37 See De Falco, Krause, and Neugebauer (1966) 70-75 and MS Paris arabe 2457, fol. 162a-164b.
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Data Sph. |
d.1 16 [ 44 73| da
d.2 17 45 T4 d2
d.3 18 46 75 d3
d.d 19 47 [pl| d4
d.5 20 48 [[176| d5
d6| [l 49 [[77| dB
d.7 21 50 ] I
d.8 22 51 78 da
d9 [[23 []52 80| d.&g

d.10 24 [H53 81| d.10
d. 11 25 54 82| d.11

d.12 [ 26 55 83 1

d.13 27 56 84 2

d.14 28 57 85 3

d.15 [129 58 86 4

1 30 59 ar 5

5
7
a

2 31 60 [les

3 [32 [p] 89

4 [133 61 [90

5 34 62 o g
8 [p] 63 10
7 35 [64 11
8 38 [65 12
9 37 68 13
10 38 &7 14
11 39 68 15
12 40 69 18
13 41 70 17
14 [H42 T 18
15 43 72 19

Il mf mMs
200 dA 11 d
21 1 2] d2
22 2 3] d3
[-pl 3 4] d4
[-pl 4 5 1
5 6 2
3] T 3
T 8 4
8 9 5
9 10 5
10 1 T
1 12 8
12 13 9
13 14 10
14 X 11
15 12
16
17
18
19
20
21
22

Opt.
[-intro]
d.1
d.2
d.a
d.4-1
d.d4-2
d.4-3
dd-4
[-d]
[-d]

o o=~ & B W M

g
10
11
12
13
14
15
18
17
18
19
20

21
22
H23
24
25
26
27
28
29
30
3
32
33
34
35
36
[37
a8
39
40
41
42
43
44
45
48
47
48
49
1 50

51
[152
53
54
55
56
57
58
59
[160
61
62
63
[164

Ph.
intro

0 =l & th B Wk

B a2 alalalaa 2| =
S Do~ Wt BWw kN O ®

Hab.

B~ Mt B W k=

- . =
by — o D

D&NI
d.1
d2
[-d]
[-d)

B D =

[-a]
[-a]
[-a]
[-a]

0 o~

[-p]

11
[-p]
12
[-p]
13
14
15
18
17
18
19
20
21

S&D
d.1
d.2
d.3
d.4
d.5
d.6

0 =~ & AW M

11
12
13
14
15
16
17

R&S |

B o= @ th b G R

[+ I R R L

Rearranged propositions

Fusion / division of propositions
Presence / absence of alternate proofs

Presence / absence of cases
Presence / absence of material

Table 4.9: Overview of alterations in core Middle Books works between their extant Arabic translations
and their extant Greek forms. In this table, entries indicated with “[-]” represent material present in Greek
which does not appear in the Arabic translation.
[-] = cases or proofs, [-d] = definitions, [-p] = propositions, [-a] = assumptions

A note on phrasing: here we discuss “potential” deliberate alterations because, while these variants in the

Graeco-Arabic tradition would have arisen at some point through deliberate action, the discussion in the
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present chapter aims at those which arose in the Arabic part of this tradition. But the Arabic translations in
the ninth century occurred not at the endpoint of the Greek tradition, but midway through it. Some amount
of the above table’s variants between the Arabic translations and the Greek appear not because of
deliberate action on the part of the Arabic translators, correctors, and other scholars, but because the
Greek manuscripts which they relied upon presented older or otherwise different versions of the texts than
the ones which survive in Greek today. Hence we consider “potential” deliberate alterations here as a
catch-all for those which are present; the sections below will seek to further disentangle which of these
may be assigned specifically to the Arabic tradition. The terminology “presence / absence” rather than
“addition / suppression” is used when comparing the Arabic and Greek material for the same reason.

The immediate impression from the table above is the variety and density of potential deliberate
alterations that are present between the Greek texts and their Arabic translations. For features which may
be present or absent (and so potentially deliberately added or deliberately suppressed), it stands out how
many of these are absences, and across multiple texts. This is notable in comparison to the greater
tendency towards addition seen in the Greek transmission, and this is one of the pieces of evidence to
strongly suggest that many of these differences are because of material which saw addition to the Greek
either later, after the Arabic translation, or in separate versions than the ones which appeared in the
manuscripts the translators used.

Another feature which appears often is fusion / division of propositions, across five of the ten
texts. Some of these similarly result because the Arabic manuscripts follow what is found in the Greek
manuscripts — though modern editors treat the Optics B proposition 36 as a single proposition, for
example, manuscripts tend to divide it into as many as five propositions, and it is seen divided and

separately numbered in the Arabic as well.
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The slight increase in rearranged propositions is worth noting. Where in the Little Astronomy this
was seen only in two of the nine texts under study, here it occurs in a third, along with the added Data as
well.

3.3 The Arabic Translations and the Greek Recensions of the Optics and Phaenomena

Both the translations of the Optics and the Phaenomena show signs of interaction with both
recensions of the Greek texts, though this occurs to a far greater extent in the Optics than in the
Phaenomena. This mixed transmission has a definite influence on the alterations that will be discussed in
more detail in the sections below, and so it is useful to sketch out here an overview of how the different
Greek recensions intersect with the Arabic translation.

Overall, the translation of the Phaenomena presented in Leiden Or. 1031 follows the B recension
of the Greek text. This includes supplementary material that was attached to the B recension such as that
recension’s alternate proofs. See also the chapter’s appendix for a comparison of the expositions between
the Arabic, recension A, and recension B. Material from the A recension does appear in this manuscript,
but it is clearly denoted as coming from another copy and potentially via the Syriac. The greater
adherence to the B recension over the A recension is unsurprising, since the B recension was indeed the
one more closely associated with the Little Astronomy, as discussed in chapter 2. We can see this was
evidently the case by the time this translation was produced in the ninth century.

The Optics presents a much more complicated case. Thorough details of correspondence between
the Arabic translation and the A and B recensions of the Greek text are presented by Kheirandish, who
offers a careful study of each proposition. The following table offers a very general impression of how

each of the propositions of the Arabic Optics relate to the two Greek recensions.
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Propositions of the Arabic Optics
11028 31
12| 22| 32
13| 23| 33
14| 24|
15| 25| 35
16| 26
17
18
19

| = 0 B W R =

Table 4.10: Propositions of the Arabic Optics and their agreement with the Greek recensions, according
to Kheirandish (1999).*

Recensions A and B differ and [l Recensions A and B differ and [l Recensions A and B differ and
the Arabic is closer to A the Arabic 1s mixed the Arabic is closer to B

Overall, there are fifty-six propositions in the Arabic that have their source in propositions which
noticeably differ between the Greek recensions. In thirty-one of these, the Arabic is closer to the A
recension; in seventeen the Arabic shows definite influence from both recensions, and in eight the Arabic
is closer to the B recension.

While these numbers suggest a larger proportion of this translation of the Optics was based on the
A recension, the greater takeaway should be how much of a mixed tradition the text presents. The case of
the Phaenomena, above, was much more straightforward: that translation solidly derives from the B
recension of the Greek text. Where material from the A recension appears, it is supplementary and clearly
marked as coming from another copy — further, a separate translation. That material is presented as an

alternate proof to the main proposition, whereas the main proposition is the B recension’s rendition.

% Further details, including specifications on what features of the propositions differ and agree between the
recensions the Arabic translation can be found in the commentary on the propositions in Kheirandish (1999) v.2
XXXIV.
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Meanwhile the Arabic translation of the Optics, as we have it, cannot be said to derive from one
recension, with perhaps supplementary additions from another. This mixed tradition is notable in light of
what was seen in chapter 2, where the A and B recensions of the Optics were seen to have distinct
manuscript traditions from at least the ninth century on, according to the extant manuscripts. Perhaps they
had not diverged so thoroughly in the ninth century when they were translated, or perhaps this speaks to a
wider variety of manuscripts used in the translation, or of multiple translations.

The more complicated case of the Optics is plausibly the result of its separate, optical subject
matter — this was a text receiving study and editorial work outside the astronomical tradition of the Little
Astronomy, and so ninth century translators could have encountered the text in different forms reflecting
this. Subsequent work with the text in its Arabic tradition likely complicated its transmission history
further.

4. Deliberate Alterations and References in Detail
4.1 titution of Proof

Already in the ninth century, shortly after their translation, several of the curriculum’s texts are
reported to have been corrected by Thabit ibn Qurra. Scholarship has shown that his editorial process
sometimes involved rewriting proofs and redrawing diagrams. Corrections attributed to Thabit ibn Qurra

are the following: the Data,” the Sphaerica,” On the Moving Sphere,"' On Habitations,” On Sizes and

¥ According to the Kraus manuscript, for which see Sidoli and Isahaya (2018), and to al-Tusi, for which see
Hyderabad (1939-40) Kitab al-Mu ‘tiyat 2.

40 According to the Lahore manuscript, for which see Kunitzsch and Lorch (2010b) 3, and to al-Tusi, for which see
Hyderabad (1939-40) Kitab al-ukar 2.

4 According to al-TusT, for which see Hyderabad (1939-40) Kitab al-kurah al-mutaharrikah 2. Nikfahm-Khubravan
and Eshera (2019) 13 report that he is attested as corrector in the manuscripts Istanbul Siileymaniye Kiitiiphanesi,
Ayasofya 2671 and London Institute of Ismaili Studies, Hamdani Collection 1647 as well.

2 According to the Lahore manuscript, for which see Kunitzsch and Lorch (2010a) 9.
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Distances,” On Risings and Settings,** and the Anaphoricus.” Note that, while On Habitations is claimed
to have been corrected by Thabit, the wording actually follows the Greek quite closely.*
Nikfahm-Khubravan and Eshara have also shown that while al-TiisT reports on Thabit’s correction of On
the Moving Sphere, the version which his edition is based on appears to be separate from the version
whose witnesses attest to Thabit’s involvement.*” This suggests that there was some contamination
between versions regarding which translators and correctors were claimed as responsible for the text.*®
This section will look at some samples of proofs in texts attributed to the correction of Thabit to highlight
some of the ways these rewritten proofs vary.

However, we consider On Habitations first since its language is actually quite close to Greek,
despite it being claimed as one of Thabit’s corrections. This offers a point of comparison that will make
clearer the more significant substitutions of proofs in other texts — substitution of proof does not actually
occur in the Arabic translation of this text, and what local alterations are made are fewer in number. An
example of the proximity between the Greek and Arabic On Habitations can be seen in proposition 2,
below. While there are some slight differences, overall the wording, diagrams, labels, and logic of this

proposition is quite similar.

# According to the Kraus manuscript, for which see Lorch (2008) 28.

* According to Seray Ahmet III 3464, for which see Lorch (2008) 22, and to al-Tusi, for which see Hyderabad
(1939-40) Kitab al-Tuli * w-I-Ghurab 2.

45 See Paris arabe 2457, fol. 162a

4 Kunitzsch and Lorch (2010a) 11. It may be that the attribution to Thabit is erroneous, or it may be that in this case
the process of making a “revision” of the text happened to involve reviewing it and making only minor changes.

47 Nikfahm-Khubravan and Eshera (2019) 13.

8 Compare the similar problems of contamination in the Arabic transmission of Euclid’s Elements, for example, as
shown in Brentjes (2018Db).
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Greek On Habitations proposition 2:

Arabic On Habitations proposition 2:

A

E

Z

B

|

E3 z L

For those who live under the equator all the stars
will both set and rise and they will be borne in an
equal time both above the horizon and below the
horizon.

Let there be in the cosmos a meridian circle
ABGD, and in the Earth circle EZHT, and the
diameter of the equator line AB, and let there be
habitations at point E. Therefore the point at the
zenith of the habitation E is point A.

Indeed I say, that for those who live at point E all
the stars will both set and rise and they will be
borne in an equal time both above the horizon and
below the horizon.

Let the center of the Earth be point K and through
point K let axis GD be drawn on line AB at right
angles; therefore it is line GD. And since the circle
drawn on diameter GD, which stands at right
angles on line AB, is the horizon for those who
live at E; but the circle drawn on diameter GD
standing at right angles on line AB passes through
the poles; therefore the horizon for those who live
at E passes through the poles of the sphere. And
since the stars are borne on circles parallel to the

For those whose places of habitation are under the
circuit of the equator, all the fixed stars rise above
them and set from them, and the time of their
movement above their horizon is equal to the time
of their movement below it.

Example of this: we assume for those whose
places of habitation are under the equator a line of
the meridian: in the sphere of the cosmos circle
ABGD and in the sphere of the earth circle EZHT,
the diameter of the circuit of the equator line AB,
and we assume some place of habitation at point
E. So the zenith of the place of habitation E is
point A.

I say: for those whose places of habitation are at
point E, all the fixed stars rise above them and set
from them and the time of their movement above
their horizon is equal to the time of their
movement below it.

Proof of this: we assume as center of the earth
point K, so point K is indeed the center of the
cosmos. And we draw through point K a line
standing on line AB, and it is line GKD. So it is
clear that line GKD is the axis of the sphere, and
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equator, and the circle passing through the poles
of the sphere bisects the parallel circles on which
the stars are borne, all the stars for those who live
at E will set and rise. And it is clear, that they will
be borne an equal time both above the horizon and
below the horizon, for each of them will be borne
on a semicircle.

that the circle drawn on diameter GD standing on
line AB is the horizon of place of habitation E,
and the circle drawn on diameter GD which stands
on circle ABGD passes through the two poles of
the sphere. So the horizon of place of habitation E
passes through the two poles of the sphere. Since
the fixed stars travel on parallel circuits parallel to
the circuit of the equator, and the circle passing
through the two poles of the sphere cuts the
parallel circles in half, and the horizon of place of
habitation E passes through the two poles of the
sphere, then the horizon of place of habitation E
cuts in half the parallel circuits on which the fixed
stars move. So the time of the movement of the
fixed stars above the horizon of place of habitation
E is equal to the time of their movement below it,
because each of them in place of habitation E
travels a semicircle above the earth and a
semicircle below the earth. And this is what we
wanted to demonstrate.

Tolg V7o OV ioMuepvoV oikobotv TavTa Td GoTpa
Kol Ovoeton koi Gvatelel Kol tOv icov ypovov
VmEp te TOV Opilovta éveyxbnoetor kol OO TOV
opilovro.

"Eoto év kooug peonufpivog 6 ABTA, év 68 v1] 0
EZHO, ionuepwvod o8¢ diapetpog 11 AB, olknoig 8¢
ot mpog 1® E tiig dpa E oilknoemg 10 Kota
KOPLETV oNUEIOV €6TL TO A.

Aéyo o1, 611 toig mpog t@® E oikodor mhvra Ta
dotpo kol dvoetar Kol GvoteAel kol TOV icov
xpovov Eveybnoetor VEp Te TOV Opilovta, Kol VIO
Tov opilovra.

"Eoto kévtpov Ti|g yiic 10 K onueiov kol arno tod
K ) AB 7mpog opBag fixbm 1 TA d&wv dpa €otiv O
TA. Koi énei 0 mepl ddpetpov v TA kdrhog
Ypapopevog 6pBog wv mpog v AB opilwv éoti
T0ig TpOg T® E oikodov, dAAa O mepi SaueTpov
mv T'A «bdkhog ypaouevog 0pOog dV mpoOg TNV

ol 1S E (S S el Jone ol i agiSls (0l
Lisbuse agil (558 W jame Ola) (sSus agic Gajady agile
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G Jad el Jama cand agiSlue Gl (i of elld Jie
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(u\)b)@‘dméh)uuaﬁj(.kc)a) 5 ylad
(o)Mw\)&\&mu;ﬂgﬂ(a)M‘f‘cuL&Awﬂ}

‘(‘)‘Lks.\
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(e ))ha o Wil Uas (@) ddads e 7 5305 IS5 S
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AB 0 o1 1@V TOA0V €otiv, 0 Gpa d10 TV TOAWDV
g opaipag 0pilov €oti 101G PG 1@ E oikodov.
Kol émei mavta 10 dotpo Kotd TOPOAANA®V
KOKA@V @épetal T® ionuepv®d, 6 0& o TOV
TOA®V TG opaipag diya TEUVEL TOVE TAPUAAHAOVG
KoK OV, k0O OV @épetol To EoTpO, TAVTOL To
dotpa tOic mWpoc t@® E oikodow Svoetan kol

b e Jsad (50l el Jara lldl 4 5 5a 4 ) i
D532 (0) OSa (3815 Ledliail e 4y 5) giall il gl adads 5 K1)
A ) siall MY aday (5) Sae 31 8 3 SN ok e
e Gle) 5S4 kee’baﬂ e Al Sl e s
3 it W e (e 3 L sbasa (0) Sse (381 (558 A5G () 5S1)
oY) (583 50 Chual Ly (o) (Sase 8 Lgie 2al 5 JS OIS

9 o Ba i le @lld g e m V) cands il Caual g

avaterel. Kai @avepdv, 6t t0v icov ypodvov
gveybnoeton vmép te tOv Opilovra kal VIO TOV
opifovta Ekaoctov yap adTOV Eveybnoetar Kotd
MukvKAion.

Table 4.11: Comparison of Greek and Arabic texts of On Habitations proposition 2

So while Thabit’s process could involve rewriting and restructuring proofs, this was not a
constant. The above is not an example of substitution of proof. There are some local alterations — the
Arabic emphasizes that the center of the earth is the center of the cosmos, it lacks the conclusion in the
proof that all stars will rise and set, and at the end it reemphasizes that the conclusions are only such for
habitations under point E, i.e., on the equator. But the overall thrust of the proof is the same.

This situation with On Habitations stands in stark contrast to what has been found for the
translation of Theodosius’s other short text, On Days and Nights. For that text, Kunitzsch and Lorch
report that in general, only the enunciations follow the Greek closely. The proof, diagrams, and labelling
schemes tend to diverge, with few exceptions.’ Since the available edition and manuscript present only a
partial text (and Bodleian Or. 365 is a deficient witness in several regards), we cannot delve into this

further at this time, but it is deserving of further study.

# Kunitzsch and Lorch (2010a) 20-22.
% Fecht (1927) 16.
3! Kunitzsch and Lorch (2011) 11.
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An example of a rewritten proof can be seen in On Sizes and Distances. Proposition 2 offers a

short illustration for our purposes, and it is aligned with the Greek below:

Greek Sizes and Distances Proposition 2:

Arabic Sizes and Distances Proposition 2:

r

E

If a sphere be illuminated by a sphere greater than
itself, then the illuminated portion of the former
sphere will be greater than a hemisphere.

For let a sphere the center of which is B be
illuminated by a sphere greater than itself the
center of which is A.

I say that the illuminated portion of the sphere the
center of which is B is greater than a hemisphere.

For, since two unequal spheres are comprehended
by one and the same cone which has its vertex in
the direction of the lesser sphere, let the cone
comprehending the spheres be (drawn), and let a
plane be carried through the axis; this plane will
cut the spheres in circles and the cone in a
triangle.

Let it cut the spheres in the circles CDE, FGH and
the cone in the triangle CEK.

It is then manifest that the segment of the sphere
towards the circumference FGH, the base of
which is the circle about FH as diameter, is the
portion illuminated by the segment towards the
circumference CDE, the base of which is the

When a smaller sphere receives light from a larger
sphere, then the seen (part) is greater than a
hemisphere.

Let there be a sphere whose center is point A
which receives light from a sphere greater than it
whose center is point B.

I say that the part of the sphere which receives
light is greater than a hemisphere.

And this is when the surrounding for each of the
two unequal spheres is one cone. It is necessary
that the surrounding for these two spheres be one
cone. So let us connect line AB and let us draw on
both sides and let us also draw one of the planes
which pass through line AB.

So the segments which result from it are two great
circles in the two spheres and in the plane of the
cone two straight lines. So in the two spheres let
these be the two circles EZ and GD and in the
plane of the cone the two straight lines HG and
HD. And let us connect the lines GD and EZ.

And the segment of the sphere on which is arc
ETZ whose base is the circle on diameter EZ on
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circle about CE as diameter and at right angles to
the straight line AB; for the circumference FGH is
illuminated by the circumference CDE, since CF,
EH are the extreme rays.

And center B of the sphere is within the segment
FGH; so that the illuminated portion of the sphere
is greater than a hemisphere.*

line AH at right angles is the part which receives
light from the segment of the sphere whose center
is B which is passing between the two points D
and G whose base is the circle whose diameter is
GD at right angles. And this is (because) the two
rays GE and DZ are the extreme of the rays which
we draw from one of the two spheres to the other.

And the center of the sphere is in the section in
which arc ETZ is. So the part of the sphere which

receives light is greater than a hemisphere.

And this is what we wanted to demonstrate.

‘Eav oopaipa vmo peilovog E€avtilg oeoaipog
ootilntot, peifov Muoeaipiov poticOnceTal.

Tooipo yap, Mg xévipov 10 B, Vmd peiovog
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kévtpov 10 B, ueilov éotv nuicpatpiov.
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I'E xoxhog, 6pBoc v mpodg v AB gdbeiav: kol
vop 1 ZHO meprpépeio potiletan vmo tijg T'E
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52 Translation from Heath (1913) 359-361.
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Table 4.12: Comparison of Greek and Arabic texts of On Sizes and Distances proposition 2
From the start and looking just at the diagrams, it is clear that the labelling has been redone, though this is
by itself not a significant enough change to make this a case of a full substitution of proof. It is in the text
itself, however, that the proof can seen to have been rewritten and expanded. Overall, however, the logic
of the proof remains the same.

The Data, meanwhile, has an example where the substituted proof follows a different logic that
what is found in the Greek. This is Arabic proposition 33 (= Greek 34). To start off, the Arabic proof
considers a different case than the main one in the extant Greek sources. The proposition concerns how
“if a straight line be drawn from a given point to parallel straight lines given in position, it will be cut in a
given ratio” — in the main proof in Greek, this given point is outside the two parallel lines. In the Greek’s
second case and in the Arabic, it is located between them. Further, the Arabic is rewritten to offer a more
general proof. Below is a comparison of the main Greek proof, the alternate case in the Greek, and the

Arabic:

33 MS Columbia Or. 45, fol. 32b-33a.
* Heath (1913) 358-360.
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Greek Data 34, main:

Greek Data 34, alternate:

Arabic Data 33:

E

A / K
r H A

()

A Z K B
E
c]

r q A

M
&

For, on the parallel straight lines
given in position AB, CD let the
straight line EZH have been
drawn from the given point E. |
say that the ratio EZ:ZH is
given.

For, from the point E let EKQ
have been drawn perpendicular
to CD. Since from the given
point E to the straight line given
in position CD the straight line
EQ have been drawn, making
the given angle EQH, therefore
EQ is [given] in position. And
each of AB, CD is [given] in
position. Therefore each of K, Q
is given. And E is given;
therefore each of the lines EK,
KQ is given; therefore the ratio
EK:KQ is given. And EK:KQ ::
EZ:ZH; therefore the ratio
EZ:ZH is given.”

For, on the parallels given in
position AB, CD let the straight
line drawn from the given point
E be EZH. I say that the ratio
HE to EZ is given.

For let a perpendicular EQ be
drawn from point E upon CD
and let it be extended to K.
Since from the given point E
upon the given in position
straight line CD a straight line
was extended, EQ, making a
given angle which is EQH, then
QEK is (given) in position; and
both AB, CD are (given) in
position; so both of the points Q,
K are given. And also the (point)
E is given; then both of the
(lines) QE, EK are given; then
the ratio of QE to EK is given;
and as the (ratio) QE to EK, so
thus the ratio HE to EZ; then
also the ratio of HE to EZ is
known.

For, let the known point be point
E. And lines AB, GD, known in
position, are mutually parallel.
And let line ZEH be produced
from point E. Then, I say that
the ratio ZE to EH is known.

Its proof: We designate a known
point, which is T, on line GD,
and we produce TE, and we
prolong it to K. Then, TK is
known in position, and AB is
known in position, so point K is
known. And each of points T, E
is known, so each of lines KE,
ET is known, so the ratio of one
to the other is known. And the
ratio ZE to EH is as the ratio KE
to ET, so the ratio ZE to EH is
known. And that is what we
wanted to show.®

gic yap moporiniovg ti Oéoet
dedopévag evbeiag tag AB, TA
amo dedopévov onueiov to0d E
g0t ypouun Mxbo M EZH.

Eic yap mopariniovg tij 0éoet
dedopévag tag AB, TA amo
dedopévou onueiov tod E e00eia
ypopun fx0o 1 EZH: Aéyw, dt1

1) U 5 (o) A o gheal) Al (Sl
(Whilsia pagdl Ll (2 ) (@
Jsia (g 0 ) bas (o) A e A

Aaslra (7 0) (M (o 3) A

%5 Translation from Taisbak (2003) 106.

%% Translation from Sidoli and Isahaya (2018) 84.
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Myw, 611 Adyog €oti tiig EZ
npog ZH So0bsic.

0w yap anod tod E onueiov ént
v I'A kdbetoc 1| EKO. énel dno
dedopévov onueiov 100 E émi
0éoet dedopévny evbelav v TA
g00cion ypappn nktar 1| EO
dedopévny motodoo yoviav TV
v1o tdv E®H, 0éoet dpa éotiv 1)
E®- 0éoel 0¢ kol €katepa TV
AB, TA- 0d00¢v @pa éotiv
gxatepov TV K, O. £ott ¢ kol
10 E 800év: dob<ica dpa éotiv
éxotépa 1@V EK, KO. Adyog dpa
g EK mpoc mv KO d00¢ic. xai
éotv ¢ 1 EK mpoc v KO,
obtwg 1 EZ mpog v ZH. Adyog
dpo xai tfig EZ mpog v ZH
do0eic.”

Moyog éoti tfic HE mpog v EZ
dobeis.

0w yap anod tod E onueiov ént
mv TA «xdbetog 1 EO® «ai
éxPepnodo éni 10 K. énel anod
dedopévov onueiov 100 E émi
0éoet dedopévny evbeiay v T'A
g00sion ypappn Nkt 1| EO
dedopévnv molodoa ywviov TV
vo tov E®H, 0éoetl dpa éotiv 1)
OEK- 0¢cel 0¢ kol Exotépa TV
AB, TA- do00sv dpo Eotiv
ékdtepov tdv O, K onueiov.
gomt 8¢ xal 10 E d00év- d0beica
dpo €otiv éxatépa v OF, EK-
Adyoc Gpa thig ®E mpog EK
d00eig ¢ 8¢ 1) ®F mpoc v EK,
obtwg 1 HE pog EZ: Adyog dpa
xai tiic HE mpog EZ §00eic.*®

235 (o k) @ A5 ¢(d) (o5 sl
(2 N)s ceoasl psba (S B)E (S) )
S5 Aaglra (S) Al cuasll asles
JS daglea (o) (b) ki (e B3l
bt slan (bo) (0 5) i e 2l
(o) Ry Aaglaa AV ) Laaaal
E o) (S S (T o) S
Aaslen (2 9) Y (o 3) A hasiad

59 i o Lol Leelly

Table 4.13: Comparison of Greek and Arabic texts of Data proposition 34

Unlike the example from On Sizes and Distances above, the Arabic here uses the same configuration of

labels.®” It is clear that the Arabic agrees more with the second case in the Greek. But further, the Arabic

proof presented here shows that it is not necessary for the line KQ (K® / - &) constructed in the course of

the proof to be a perpendicular on the parallel lines, unlike how it was presented in the Greek. It thus

takes a somewhat more general approach to proving this case.

7 Menge (1896) 56-58.
% Menge (1896) 198-200.
% Sidoli and Isahaya (2019) 85.

% With the exception that the Arabic diagram is horizontally flipped relative to the Greek diagram, but it is not
uncommon to see this reversal in the shift from left-to-right to right-to-left scripts.
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4.2 Addition / Suppression of Alternate Proofs

The works for which we can consider the presence or absence of alternate proofs in their Arabic
translation are those which either have alternate proofs or alternate recensions in Greek. The works
considered here, then, are the Data, On the Moving Sphere, Optics, and Phaenomena. Alternate proofs
here may be present or absent due to accidental factors — what manuscripts and what versions of these
texts happened to be available to the ninth century translators — or may have been added or suppressed
more intentionally.

In the case of the Data, whose Greek transmission saw a number of alternate proofs in
circulation, we find multiple cases in the Arabic translation where one or another of the multiple proofs is
absent. To summarize:

- Arabic 23: Greek 24b, not Greek 24a

- Arabic 52: Greek 54a, not Greek 54b

- Arabic 53: Greek 55a, not Greek 55b

- Arabic 64: Greek 67a, not Greek 67b, ¢, or d

- Arabic 65: Greek 68a, not Greek 68b

- Arabic 76: Greek 80b, not Greek 80a

- Arabic 88: Greek 91a, not Greek 91b

- Arabic 90: Greek 93a, not Greek 93b or ¢
The translation does not omit alternate proofs entirely — we still see one from the Greek in proposition 19.
This suggests that there probably was not a conscious decision to excise them. It is more likely that the
manuscript(s) used for the translation from the Greek lacked the alternate proofs missing above — perhaps
they were instead added to the Greek tradition at a later date.

The Data furthermore has two alternate proofs which may have been added in the Arabic, as they

do not appear in the Greek. These appear in Arabic propositions 37 and 60 (= Greek 39 and 62). In the

case of proposition 37, this is a simplification of the proof, skipping the explicit construction of a triangle
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seen in the main proof by invoking the process through reference to Elements 1.22, which accomplishes
this." Proposition 60, meanwhile, is either corrupted or was intended to demonstrate the simpler proof
that was possible for a special case of the proposition.®

Meanwhile, for On the Moving Sphere, the Arabic reveals an alternate proof (as was noted in
chapter 2). The manuscript Seray Ahmet III 3464 presents this as the primary proof, and the proof extant
in the Greek follows after under a header saying it was found in another copy. This doubling of proofs
was in circulation by the sixth / twelfth century by the latest, since they are both translated into Latin.*®
Not all Arabic manuscripts, however, included both proofs — the MS Bodl. Hunt 237, for instance,
contains only one proof, and that is the proof not extant in Greek.** This would seem to suggest that the
doubling of proofs in this case is to be attributed to the different versions of On the Moving Sphere in
circulation, either in the Arabic or already in the Greek, though this alternate proof does not survive in
what is extant in Greek today.

The Optics presents a similar situation as was seen in the Data: the mixed tradition results in a
translation which includes some, but not all, of the alternate proofs extant in the two Greek traditions. To
summarize:

- Arabic 23 = Greek A22a, not A22b or A22¢ (= B22)
- Arabic 37 = Greek B35a (= A34b), not B35b

- Arabic 50 = Greek A42a (= B43), not A42b

- Arabic 52 = Greek A44a, not A44b

- Arabic 60 = Greek A54b, not A54a (= B53) or A54c

61 See the discussion in Sidoli and Isahaya (2018) 263. The proof is introduced with “And this proposition is
demonstrated in another way” (s_al dea e IS 138 G s) — see their edition on p.93.

% See Sidoli and Isahaya (2018) 282-3 for further discussion. The proof is introduced with “And this proposition is
worked in another way as well” (Lead (Al a5 e JS& 13 Jens ) — see their edition on p.137.

5 Mogenet (1948) 149.

¢ MS Bodl. Hunt 237, fol. 76b-77a.
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Furthermore, in one manuscript (Seray Ahmet III 3464), there is an alternate proof included not in the
main text but in the margins to proposition 3. This proof has no connection with the Greek and seemingly
was introduced in the Arabic transmission.® At this stage, however, we do not see codices incorporating it
into the main text — we will return to it in chapter 9, as part of the discussion on al-Tiis1’s edition.
Leiden or. 1031’s witness of the Phaenomena preserves the alternate proofs that appear in the B
recension of the Greek text:
- Proposition 6: “proof of the sixth proposition in another manner” (JA) sai e (uabudl JSEI e 40)%
- Proposition 12: “proof of the twelfth proposition in another way” (i e e SEN JII s
@ )53)67
- (Greek proposition 14’s alternate proof is separated out into its own proposition, numbered 16)°®
- Proposition 17 (= Greek 15): “proof of the figure in another way” (3 dea e JS&l ola )@
It is interesting that where propositions 6 and 12 include the proposition number in the introducing
statement, proposition 17 (which disagrees with past proposition numbering schemes we have seen) omits
it. There is also a small notable observation in the alternate proof to proposition 12: in the Greek, this
proposition and diagram included some labels beyond the standard alphabet, including digamma (C) and
sampi (7). The translation in Leiden or. 1031 preserves the Greek sampi in both the Arabic text and
diagram: it can be seen appearing in the same archaic pointed top form that is seen in Vat. gr. 204.”
Further, the translation of the Phaenomena attested in Leiden or. 1031 presents proposition 10

with two proofs. The Arabic text first follows the proof of the Greek recension B. When this is completed,

the manuscript declares “Proof of the 10th figure according to what we found in another copy” and then

85 Kheirandish (1999b) 34.
% Leiden or.1031, fol. 80b.
67 Leiden or.1031, fol. 89a.
% Leiden or.1031, fol. 96a.
% Leiden or.1031, fol. 97b.
" Compare Vat. gr. 204, fol. 70v with Leiden or. 1031, fol. 91a.
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proceeds to give the proof of the proposition as it is found in the Greek recension A.”' The following is a

comparison of the Arabic and Greek texts for this proposition:

Greek Phaenomena proposition 10:

Arabic Phaenomena proposition 10:

(recension B)

A

(main proof)

If two semicircles of the circle of the zodiac rise in
unequal times having some common arc, and the
opposite arcs in unequal times also rise, there will
also be the same difference of times in which both
the semicircles rise and the opposite arcs rise, and
if two semicircles of the circle of the zodiac rise in
an equal time having some common arc, the
opposite arcs also rise in an equal time.

Let the horizon circle be ABDG, and the summer
tropic AG, and the winter (tropic) BD; and the
zodiac GB, and let equal arcs GE, BZ be taken.
Therefore semicircles GEB, EBZ rise in unequal
times.

I say that arcs GE, BZ rise in unequal times.

For since GEB rises in a greater time than EBZ,
let the common time of rising, that of arc EB, be

If two halves of the circle of the zodiac rise in an
unequal time and they have a common arc, then
the opposite arcs also rise in unequal times and the
difference of time in which the semi(circles) and
the opposite arcs rise is one and the same. And if
two halves of the circle of the zodiac rise in equal
times and they have a common arc, then the
opposite arcs also rise in an equal time.

Example of this: we make the horizon circle
ABGD and the summer tropic AG and the winter
tropic BD. And we make the circle of the ecliptic
GB and we define two equal arcs, which are GE,
BZ, and so semicircles GEB, EBZ rise in an
unequal time.

I say that arcs GE, BZ also rise in an unequal
time.

7! Leiden or. 1031, fol. 86a: “cs_al dau 8 liaa s L e yalad) JS&) gla
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taken away; for the arc EB always rises in an
equal time to itself; then the remaining arc GE
rises in a greater time than BZ, and (it is) clear
that the same differences are between the times in
which both semicircles GEB, EBZ rise and
opposite arcs GE, BZ (rise). And it is clear that, if
some semicircles rise in equal times, the opposite
arcs in equal times also rise.

Proof of this: semicircle GEB rises in a time
longer than the time in which semicircle EBZ
rises. And the time of the rising of the common
[arc] EB is subtracted, and so the rising of arc GE
is maintained in a time longer than the time in
which arc BZ rises. And it is clear that the
difference of times in which the semicircles GEB,
EBZ rise and the opposite arcs, I mean arcs GE,
BZ, is the same one. And it is demonstrated also
that when some semicircle rises in an equal time,
so the arcs opposite to them rise in a time equal to
it.

‘Eav 100 t0v {wdiov kiKAov dV0 MUIKOKALL &V
avicolg ypovolg AvatéAAn kownv T Exovia
TEPLPEPEIY, KOL Ol AmEVOVTIOV TEPIOEPEIOL €V
avicolc ypdvolg dAvatéllovoty, kol 1 avTh
Slapopd Eotan TV YPOVOV, £V 01C TG TE TKVKALNL
GvatéAder kol ol dmevavtiov  meplpépeion
avatéAlovov: kol €av tod TV {pdiov Kbdkiov
dvo MuwkdKho &v iom ypdve AvatéAln Kowvnv
Tva. EYOVTo  TEPLPEPEIY, Kol ol OmEvavTiov
TEPLPEPELOL €V 1M YPOV® AVATELAOVGLY.

ot kOKAog Opilov 6 ABAI, xoi Oepvog pév
Tpomikog 0 AT yeepwvog 6¢ 6 BA, {wotaxog o0& 6
I'B, xai dnenebooav oot meprpépeton ai T'E,
BZ- 10 &pa I'EB, EBZ mfuuxio v avicolg
xpOVoIG AvaTélAer

AMyo, 6tL kol ai TE, BZ nepipépeion €v dvicolg
xPOVOLG AvaTEALOVGLY.

énel yop 0 T'EB 100 EBZ év mheiovt ypdvem
avateldel, kowog aenpnobe O tilg EB
mepwpepeiog  dvatoAfls  ypdévogr 1M yap EB
TEPLPEPELD, €0VTI] AEl &V o YpOVD AvOTELAEL
houm Gpa | T'E tiic BZ év mhelovt ypove
GvatéArel, Kai ovepov, 6Tt al adtal dropopal eict

il g &y gluda pe la) (B z ol 35 e laeal lalla 1)
e Ola )l (A adlay ALlEL Loyl ) (8 A8 jidia (s Legd
omiill g laaill b allas Al le 3Y) GRS (5585 9 Ay sludia
el (B ool 3,0 e il balla 1315 Ay aal 5 AL
& el ALl Lyl udlld 38 plia a8 Legd CailS 5 4y sludia

1) snall aliiall 5 5 (3 o 1) 5yl @YY (i ol Sy Jlia
duadiy (@) ool 34 daad s (3 @) o3 il (=
o) (< 0 =) B liaid ( ) (o ) Loty Oy glasa Gy o

Qsluiia e gl (b okl (5

sl (G dally Lad (5 @) (o ) st O Jils
4 sl

e dshl Gl (& adlal (o ) 3 Caual o) @l ola
g st ey a5 (5 @ 8) B30 aal agd adlay (o3 e )
e skl () (A (0 ) o gsth b & il (o)
a3V AR ) call a5 (O @) o sf A adlay o3 (a3l
Gy (O @0 (@0 =) 350 lhal lgd olls 3l
) Lyl Gan g 4 aaly (O @) (e =) esd Sel oaliaial
AR el Y 4 glia Gla ) (3 Lo B Chual canlla e

Pl 2 gadia (a3l 58 gl L)

" Leiden or. 1031 fol. 84b, 86a. Note that folo 85ab is skipped because it was mistakenly inserted early, and so
interrupts proposition 10 with the text of propositions 11 and 12.

144




v xpovov, &v oi¢ ¢ e 'EB, EBZ Kok
avatédlel kol oi dmevavtiov meprpépewon ai T'E,
BZ. pavepov 8¢, Ot1, kv NpkokAd Tva &v 1601
xPOVOLG AVaTEAAT, Kol ol GmeEvavTioV TEPIPEPELUL
&v To01g ypovoric dvaréihovoty.”

(recension A)

(alternate proof)

In the cosmos let the horizon be ABG, and let the
circle of the zodiac have position AEGD, and let
equal arcs AD, GE be taken; therefore, D is
diametrically opposite to E. And let semicircles
ADG, DGE in unequal times rise.

I say that also the opposite arcs AD, GE in
unequal times rise, and the same difference is in
the times in which semicircles ADG, DGE rise
and in which arcs AD, GE rise.

For since the semicircles ADG, DGE in unequal
times rise, let the common rising time, that of DG,
be taken away; (for, the arc DG always rises in a
time equal to itself); then the remaining arcs AD,
GE in unequal times rise, and the same differences
are between the times in which semicircles ADG,
DGE rise and the opposite arcs AD, GE (rise).

Proof of the 10th figure according to what we
found in another copy: we make the horizon circle
ABG and let the location of the circle of the
ecliptic be the position which AEGD is on, and we
choose two equivalent (arcs) which are arcs AD,
GE; so point D therefore is opposite to point E,
and let segments ADG, DGE rise (it is found in
the Syriac) in unequal times.

I say that the opposite arcs, which are arcs AD,
GE, rise in an unequal time, and the difference of
their risings is the difference of the rising of arcs
ADG, DGE, and arcs AD, DE are one and the
same.

Proof of this: the sections ADG, DGE rise in
unequal times and we subtract the rising time of
section DG in common, and this rising time of arc
DG is one time, so arcs AD, GE therefore rise in

> Menge (1916) 54-56, lower text.
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Indeed again, (suppose) the semicircles ADG,
DGE in equal times rise.

Let the common time of arc GD be taken away;
then the remaining AD, GE in an equal time rise.

unequal times, and the difference of times in
which sections ADG, DGE rise and opposite arcs
to them, I mean arc AD and arc GE, are one and
the same.

And also sections ADG, DGE rise in one and the
same time.

I say that arcs AD, GE rise in one and the same
time.

Proof of this: sections ADG, DGE rise in one time
and the rising time of arc DG in common is
subtracted [from it™], therefore arcs AD, GE rise
in one time. And this is what we wanted to prove.

£oto &v koou® opilov 6 ABI, 6 6¢ 1@V (wdinv
KOK oG Béatv éxérm v AETA, xal drneneboocay
ioon meprpépeion ai AA, T'E- kata diduetpov dpa
éoti 10 A 1® E. 10 6¢ AAIL, ATE fpucoxio év
avicolc ¥poOvolg AvVoTEAAET®"

Ay, 6T kai ol dmevavtiov mepueépeion ai AA, T'E
é&v avicolg ypovolg avatéAlovot Kol 1 aOTn
dlapopd EoTL TV Ypdvev, v oic 1 AAT, ATE
NukOKAM dvatédder kol &v oic oi AA, TE
TEPLPEPELNL AVOTELAOVGLY.

énel yop ta AAL, AT'E nuwokiio év dvicolg
xpOVolG dvatéidel, kovog aenpniobom o tiig Al
avatoAilg ypovoc: (M yap AL mepupépeta Eavti] del
&v lo@ ypoéve dvatéider): Aowmai dpa ai AA, TE
TEPLPEPELOL &V AVIOE® YPOVE AvaTéALOLGL Kol ol
avtai dtapopai elct T®V Ypovav, &v ol Td te AAT
ATE nuucokha dvatélder kol ol amevovtiov
neppépetat ai AA, TE.

wiAwv o 10 AAL, AT'E nukdkia év ico ypove

Y1 i s al Aaus sy le e jalad) O e
2o l)ale Ledlyie z sl 3 5 aay (S5 (= 2 1) 351
G (2) dkdd (b a) (1) Lugd Laay odhsluia Jualiy (2
@225 (e 2 ) (=2 ) Unkd el 5 (o) Akl AL

st e e A Sl

o oadkai (6 ) (2 1) Lud Laa g ouiliiiall g @l o) J 8

i adlae COER) 5a Logalllae CadAT 5 & sbuda e (el
4_'1..):_.\.33\}(5;.)(J\)Lm}é}(béd)(éd\)

e gle)) (B gladhai (6 2 ) (= 2 ) (adad o)l la p
O (o) (3)) Lusi aaly gla)y (= 3) b gslb Ol
(A\)wﬁ@c\&@;ﬂ.}u\ ‘;uﬂ\} (bA.J) (A.J \)LL.L.E

Ay dal (0 ) s

Ay al g ) (A (o ) (= 2 1) Lindad allaile Layl

s 3aly ey b glallal (o 2) (21) (ot O 8

™ The word in the manuscript is unclear and may be an error for L,
" An error of dittography appears to have occurred here: “(s = 3) (= 2 1) adbul g (o) Adasil Allda ;3] () 4hadid” s repeated.

It has been removed from the above text.
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avatélher laaly le) (& pladkai (6 2 2) (= 2 )) (Fadad o) &b s
1) L s ) [ & dall (o 2) Gasil) @ sl Gl ) Loy
Kowvog aenpnodo o tiig ' meprpepeiag ypdvog: 770 O Bl e ld g (a5 ey & Olaldai (5 2) (2
howmai dpa oi AA, TE év oo ypovo
avotédovoy.”

Table 4.14: Comparison of Greek and Arabic texts of Phaenomena proposition 10

So in this case, the Arabic tradition did not itself produce a new alternate proof, but rather, when the
scholar responsible encountered a variant in another manuscript, he found it useful to present a
proposition combining the two versions. It is unclear at what point the alternate proof was introduced into
the text. While it could have occurred during the text’s original translation in the ninth century, it may
have been the work of the 12th century scholar Ibn al-Salah — whose manuscript copy was an ancestor of
this particular manuscript — or of any unknown scholar in the transmission leading up to him. And while
this is an interesting example of an added alternate proof, proposition 10 was not the only one to diverge
between Phaenomena recensions A and B. But it is the only material from A to be included in Leiden or.
1031°s text. It is unclear whether this is because of what was available in the lost Syriac source or because
this proposition was of particular interest.

An alternate proof can be found added to On Sizes and Distances proposition 13 (= Greek 15),
introduced with the same language “in another way” (s Al 4a 1=)”® A version of the argument in
question can be found in Greek, appearing as a scholium on Vat. gr. 204, fol. 117r. Berggren and Sidoli
point out the approach taken in the Arabic, which they attribute to Thabit, is more efficient and requires

fewer steps.”

> Menge (1916) 54-56, main text.
" Leiden or. 1031 fol. 86a.

8 Columbia Or. 45, fol. 46a.

™ Berggren and Sidoli (2007) 236.
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The phenomenon of alternate proofs, then, is at this stage shaped by multiple factors. Some cases
of addition are clearly ones where a scholar encountered a variant proof because of the multiple versions
in circulation and chose to present both versions. But in works which modern scholars see as having
eventually developed multiple recensions, not all alternate proofs are presented, nor (for the Data and
Optics) all proofs from what is today considered one recension. It is not clear to what extent this is the
result of accidents — what sources happened to be available to translators and what form they took in the
ninth century — and to what extent it is the result of deliberate choices — early scholars selecting which
version of the proof they found more useful.

4.3 Addition / Suppression of Cases

Similarly as was done for alternate proofs, we can compare the presence or absence of cases in
the Arabic translations with what was known from the Greek. Overall, we tend to see a decrease in cases.
There are comparatively fewer instances of addition, some of which reflect the multiple Greek traditions.
And then there are a couple which seem unique to the Arabic tradition. The texts considered here are the
Data, Sphaerica, Optics, and Phaenomena.

In the Arabic Data, propositions 33, 42, and 77 (= Greek 34, 44, and 81) show an absence of
cases present now in Greek. Proposition 33 has already been discussed in section 4.1 and reflects the
alternate case of the Greek proof. Sidoli and Isahaya have pointed out that this proposition — specifically
its second case — was used in Apollonius’s Cutting off a Ratio. They posit that since Apollonius’s text was
translated by Thabit’s circle, this may have motivated the preference for the second case in the Arabic text

of the Data.™® For proposition 42, the editors suggest either the case was not in the source manuscript, or

% Sidoli and Isahaya (2018) 258-259.
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Thabit removed it as unnecessary.®’ But the example of proposition 77 shows both the case and the

mention of it in the enunciation absent from the text.®

They see little potential reason for its removal, and
indeed the absence of it from both locations suggests that this was material added to the Greek Data at
some point in its transmission separate from the source text used for the Arabic translation.

The Sphaerica 11.14 (= Greek 11.15), as discussed in chapter 2, has a second case added to its text,
and later in one branch of the tradition a third case. This second case makes its way into Arabic; the third
does not. In Sphaerica 1.2 the Arabic also adds a brief and trivial acknowledgement of the case where the
plane cuts the center of the sphere, which is not in Greek.

In the Optics, the Arabic translation lacks cases both from the A recension and the B recension.
To summarize:

- Proposition 37 lacks an extra case

- Proposition 43 lacks the final case in A

- Proposition 45 lacks a case present in B

- Proposition 50 lacks a case present in A

- Proposition 52 lacks a case present in A

- Proposition 60 lacks cases and corresponds only to case 2 of 3 in A

- Proposition 64 lacks the final case in both A and B
So in the case of the Optics, we find only subtractions, no additions to the text at the level of cases. There
is not an easy pattern that emerges here — cases unique to recension A sometimes do not appear, cases
unique to B sometimes do not appear, and cases present in both recensions also sometimes do not appear

in the Arabic text. It is possible that the Arabic was drawing on Greek texts prior to the addition of these

cases. It is much less likely that they were intentionally suppressed for some reason.

#1 Sidoli and Isahaya (2018) 267.
%2 Sidoli and Isahaya (2018) 297.
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The extra cases in the Greek Phaenomena were found in propositions 2, B11, and B12. All of
these are present in Leiden or. 1031’s witness of the Arabic text. The inclusion of these cases in 11 and 12
further support how this translation follows the B recension of the Greek text.

4.4 Change in Order of Propositions

Compared to what was seen in the Greek transmission in chapter 2, there is a greater frequency of
propositions (and definitions) being reordered in the Arabic translations. The relevant texts are the Data,
the Sphaerica, the Optics, and On Days and Nights.

Three cases of rearranged material occur in the Arabic Data. The third and fourth definitions are
inverted between the Arabic and the Greek versions. Sidoli and Isahaya raise the suggestion that this
change allows the order of the definitions to reflect the order in which they see use in the subsequent
propositions of the text.® A potentially similar instance is seen in the case of Arabic proposition 10 (=
Greek 12). This proposition is moved back and placed before Greek proposition 10. The Arabic text’s
modern editors suggest similar logical concerns as possible reasons for the move.* We also find that
propositions 61 and 62 in the Arabic are inversions of Greek propositions 65 and 64, though there is not
an immediately apparent reason for this.

An inversion also occurs in the Sphaerica, where the Arabic propositions I1.12 and II.13 are
inversions of Greek propositions I1.14 and I1.13. Similarly, in On Days and Nights, Arabic propositions
1.6 and 1.7 are Greek propositions 1.7 and 1.6, and Arabic propositions 1.9 and [.10 are Greek propositions

1.10 and 1.9.

% Sidoli and Isahaya (2018) 222-223.

# Sidoli and Isahaya (2018) 235. They point out that in the Greek, this proposition’s placement between propositions
11 and 13 situates it between two propositions which concern the relation greater-by-a-known-than-in-ratio, but
proposition 12 itself does not concern this relation. They also note that the new order better matches the order of
definitions.
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Another more clearly motivated instance of rearranged propositions occurs in the Optics, where
Arabic proposition 48 is postponed several propositions later, despite the fact that it treats a case relevant
to Arabic proposition 43 (which it would have followed after, had it agreed with the Greek arrangement).
Kheirandish suggests this reordering arose because of a deliberate choice to group the proposition instead
with a series of later propositions on fixed objects and displaced eye conditions, for which it is also
relevant.®

While reordered propositions are by no means common here, it will be worth remembering the
frequency seen at this stage of transmission when we later discuss the phenomenon in al-Tust’s edition.
Reordering propositions changes the numbering of the relevant propositions and sometimes others around
them. At this point, we see less interest from the Arabic scholars in perfectly maintaining a canonical
numbered structure.
4.5 Fusion / Division of Propositions

Potential fusion or division of propositions can be found in the Data, the Sphaerica, the Optics,
the Phaenomena, and On Sizes and Distances.

In the case of the Data, fusion of propositions can be seen in different manuscript witnesses.
Three propositions in Seray Ahmet III 3464, for instance, are divided in two in the Kraus manuscript:
propositions 19, 37, and 43 (= Greek 19, 39, and 45). In the first this is a second case split off as its own

proposition; in the second and third it is the alternate proofs which are numbered separately.™

% Kheirandish (1999) 82, 86.
% Sidoli and Isahaya (2018) 320.
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The Sphaerica has been touched on already in chapter 2 because the evidence from Pappus
suggests that Greek propositions II.11 and 12 circulated as one at an early date. The Arabic tradition
maintains that situation: Arabic proposition II.11 is indeed Greek I1.11-12.%

The Arabic Optics tends to divide multipart propositions into separate ones. Thus we find the
following:

- Arabic 6-7 = Greek A6 / B6

- Arabic 29-30 = Greek A28 / B28

- Arabic 36-37 = Greek A34, but B35-36

- Arabic 38-41 = Greek A35/B36

- Arabic 45-47 = Greek B40
In some cases, this is again following what is actually found in the Greek manuscripts (rather than the
modern editions), such as the example of Arabic propositions 38-41. Vatican gr. 204, similarly, divides
Heiberg’s proposition B36 into propositions 36-40.* Similarly to what was seen for the Optics in chapter
2, these divided propositions continue to lack the internal structure that would be expected of a new
proposition. Several of them lack a new enunciation.

The Phaenomena is a similar case since, like the Greek manuscripts, Menge’s proposition 14 is
presented in the Arabic as propositions 14-15. In addition, proposition 16 in Leiden or. 1031 is equivalent
to the Greek’s alternate proof to B14.

The above are largely cases of division. The Arabic On Sizes and Distances shows two cases of
fusion. In Aristarchus’s text, Greek proposition 5 is quite short and structurally lacks much of what is

typically expected from a proposition: it does not have a diagram, it does not have an exposition, and so

on. In the Arabic translation preserved in MS Columbia Or. 45, it is not labeled as a separate proposition

87 Kunitzsch and Lorch (2010b) 373 fn.5.
¥ And this in fact includes a fifth part of the proposition which did not enter into Arabic.
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at all, and instead serves as a corollary at the end of Arabic proposition 4. There is no “and this is what we
wanted to demonstrate” preceding it, for example — that formula does not appear in the Arabic until the
end of the material that was Greek proposition 5. Greek proposition 8 is a similar case — it is
comparatively short, it does not involve an exposition or a diagram, etc. It therefore ends up fused with
either the preceding proposition (Greek proposition 7) or the following one (Greek proposition 9): in the
Kraus manuscript we find the former occurs, and in MS Columbia Or. 45 we find the latter occurs.* As
was the case with Greek proposition 5, here too the concluding formula (“and this is what we wanted to
demonstrate””) does not appear in the Arabic of MS Columbia Or. 45 until the end of the full fused
proposition.
4.6 Change in Status

The deliberate alteration of a change in status largely does not occur at this stage of these works’
transmissions. There are potential examples only in On Days and Nights, which require further study
when the text is more accessible and which present somewhat of a mixed case. These examples do not
quite fit under fusion of propositions since it is not propositions alone which are being fused together.
Rather, the various porisms and lemmas in the Greek text are seen to lose their independent status in the

Arabic translation, and they become merged with the surrounding propositions.”

¥ Berggren and Sidoli (2007) 216 reports on the alignment of propositions between the Greek and the Kraus
manuscript.

% Kunitzsch and Lorch (2011). The porism after Greek proposition 1.2 is merged with it in the Arabic, concluded
with the usual QED ending for a proposition (see p.33 fn.7). The lemma for proposition 1.4 is merged with the end
of proposition 3, again concluded with the formulaic QED (p.34 fn.8). The porism after proposition 1.4 is similarly
merged with that proposition (p.34, fn.9). A “quasi lemma” (according to Fecht) follows Greek proposition 1.8; in
the Arabic it becomes merged with the enunciation of proposition 9 (p.12, 37 fn.18).
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4.7 Addition / Suppression of Material

A significant amount of material extant in Greek is absent from the Arabic versions of these texts.
For the Data, we have already noted the absence of most of the alternate proofs; it also can be seen to lack
entire propositions. These are Greek propositions 21, 36, 63, and 79, all of which Sidoli and Isahaya
suppose were most likely not present in the sources from which the translators worked.”’ They
acknowledge that it is not impossible that Thabit, correcting the text, may have excised one or more, but
see this as unlikely in light of other instances where Thabit left trivial and unnecessary propositions
untouched, such as Arabic proposition 74 (= Greek 77).%

The Arabic Sphaerica lacks the final two propositions of book I which are understood to have
been later additions to the Greek text. Otherwise, this text largely shows addition of material: the
definitions are increased up to a count of eleven from the six currently present in the Greek. One

proposition is also added to book I: proposition 1.9, which joins proposition 1.8 as another converse of 1.7:

°! Sidoli and Isahaya (2018) 321-333.
%2 Sidoli and Isahaya (2018) 295.
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Proposition 1.7

Proposition 1.8

Proposition 1.9

If a circle is on a sphere and
what is between the center of the
sphere and the center of the
circle is joined by a line, then
the line which is joined between
them is a perpendicular on the
surface of the circle.

If a circle is on a sphere and a
perpendicular is drawn from the
center of the sphere on it and it
is produced to both sides, then it
falls on the two poles of the
circle.

If a circle is on a sphere and
what is between one of its poles
and the center is joined by a
straight line, then the line is a
perpendicular on the circle.

o e diasy 38 (A 30 il 1))
o8 L 50 550 (s 5SS 5
uicb}oc ué%d@gdﬂ\kﬂ\

93"5)3\3”@»:

Ke e g Als 38 s iy culS 1)
Ofaaldl) AIS Y 3y Lgle 3 gae 3 S
95 Al lad e ady aild

ad o Jaayg 5 S 8 5l cailk 1)
Laall (b aiase Jady S el G5 Lgpalad
953)3\.3”&93)&

Table 4.15: Comparison of enunciations to Arabic Sphaerica 1.7-9

The addition of propositions to this treatise suggests an interest in adding further preliminary material; the
addition of this converse proposition suggests an interest in making the text more comprehensive.
Meanwhile, multiple manuscripts of the Arabic Sphaerica include versions of a lemma at the end
of book III (sometimes called a “proposition” (“dSlP”) though not numbered with the rest). This lemma is
to Sphaerica 111.11, in which Theodosius states an inequality without proof; the lemma endeavors to fill
the gap.”® One manuscript explicitly attributes a version of this lemma to Thabit, showing that efforts in

Arabic to address this gap were ongoing soon after the text’s translation.”’ Earlier versions of this lemma

% Kunitzsch and Lorch (2010b) 34.

% Kunitzsch and Lorch (2010b) 38.

% Kunitzsch and Lorch (2010b) 42.

% See Kunitzsch and Lorch (2010b) 316-327 and 419-427.

%7 Kunitzsch and Lorch (2010b) 320 and 423. The manuscript in question is Paris hebr. 1101. Al-TsT also attributes
a version of this lemma to Thabit in a comment on his own edition of the Sphaerica — for al-Tiis1’s approach to this
lemma, see Sidoli and Kusuba (2008) 22-27.
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are extant from late antiquity, as Greek scholars were approaching the same gap in the commentaries and
scholia they produced.”®

In the case of On Days and Nights, Kunitzsch and Lorch note that the four “assumpta in
sequentes propositiones” that follow after proposition 1.4 do not appear in the Arabic text, and that there
is no clear correspondence between the Arabic propositions 11.10, 12, and 13 and those in the Greek.” We
also see in the Arabic only three definitions to the five extant in Greek — the third and fourth, on the
exchanges of arcs across the visible and invisible hemispheres, do not appear.'” Interestingly, in Leiden
or. 1031°s witness of the Phaenomena, its preface ends earlier than the preface in the Greek. The Arabic
preface ends just before the definitions on the time of revolution of the cosmos and on the exchanges of
arcs across the visible and invisible hemispheres.'” That these definitions are missing from both the
Arabic On Days and Nights and Phaenomena suggests they were added to the Greek of those texts later;
further, their shared subject matter suggests they may have been added by the same individual. But there
may be several layers of additions occurring — the Arabic witness to On Days and Nights still contains the
definition on the time of revolution of the cosmos.
4.8 References to the Curriculum within the Texts

Chapter 2 found that references within the texts under study to other texts are quite infrequent.
They are even more infrequent in these translations. Only the Phaenomena directly cites other texts. The
reference to the Optics seen in the Greek preface persists (2x OIS 13) 5l e 38 ja L Jadd elld ¢ <3 Lgdl

DLl QS 8 lld U LS gl lamy (a5l mes e el g ALY 1% Proposition 12 also includes a citation of

% See Knorr (1985), which discusses a significant number of the ancient versions of this and related lemmas.
% Kunitzsch and Lorch (2010a) 12 and 36 fn.17.

1% Kunitzsch and Lorch (2010a) 15.

1017 eiden or. 1031, fol. 76b.

1027 eiden or. 1031, fol. 76b.
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Sphaerica TI1.3 (SY) QLS e G A e A JC3 e gl all 4a 65 Wal5). 1% We may recall that Greek
recension A had a reference to Sphaerica 111.6 in its proposition 12 — though this is a different citation, it
is interesting that both appear in the same proposition.

There is also a case of On Days and Nights referring back to material priorly established in its
own text: “That is because it has become clear in the first book that, when the sun reaches the solstice, the
distance of the sunrise and the setting from the point of contact of the solstice is equal” (i (s 3 4l <lla 5
L slnie Tamy DY) Alas 3l (o gyl (35l 2ad ()5S VY] el Cilee 13) a3l 1531 4184, 19 This occurs in
the enunciation to proposition 9: which in the Arabic version this “enunciation” is a fusion of a
quasi-lemma which precedes it, the original enunciation itself, and scholia material. It seems
incorporation of scholia material may be the reason for this reference to the text’s preceding book.

4.9 Referential Scholia

Chapters 1 and 2 discussed a category of referential scholia which appear in manuscripts of the
Little Astronomy, serving as citations back to mathematical points that had been previously demonstrated
in the ordered grouping. These referential scholia appear in the Middle Books as they had in the Little
Astronomy. They are similarly brief and formulaic, as can be seen in the examples “[from] the twentieth
[proposition] of the first [book] of the Sphaerica of Theodosius” (sl SY e ) 3 &) and “[from] the
second [proposition] of the book of Autolycus On the Moving Sphere” (38 4 (dslshyl QLS e o
A< )aiall) ' Subsequent citations of these works are further shortened by omitting the author. These

scholia, however, are not present in all manuscripts of the Middle Books. For manuscripts of the

1037 eiden or. 1031, fol. 90a.
1% Kunitzsch and Lorch (2011) 23.
1% Both marginal comments can be found in Leiden Or. 1031, fol. 76b.
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curriculum prior to al-Tust’s edition, currently they have been located in Leiden or. 1031, British Library
Or. 13127, and Seray Ahmet I11 3464.'%

In the codex Leiden or. 1031, On Risings and Settings cites the Phaenomena, On Days and
Nights, and On the Moving Sphere. The Sphaerica cites the Elements and itself. The Phaenomena cites
itself, the Sphaerica, and On the Moving Sphere. While in this particular manuscript these three treatises
do not follow the more standard order of the Middle Books, their referential scholia still follow the pattern
of referencing only works (or internal propositions) which are earlier according to Vat. gr. 204’s
arrangement. The following is a listing of the referential scholia in Leiden or. 1031 which is complete for
On Risings and Settings and the Phaenomena, but which omits the Sphaerica since that work will be

compared with another source below.

Folio Appears on Referential Scholia'”’ Cites
3b RS.1.prop.4 &l jatlall (e Phaen.prop.6
4a RS.1.prop.5 Al Sl e MS.prop.9
5b RS.1.prop.6 Dbl Qlll e o e 50 DN.2.prop.16
5b RS.1.prop.6 Jalll s el (e a e DN.2.prop.17
76a Phaen.intro o s sl SV e ) | Sph.1.prop.1
76b Phaen.intro oo sad sl JSY) (e ) G Sph.1.prop.20
76b Phaen.intro o 48 jaiall o SI (8 gl sha 5 QUSS (0 0 MS.prop.2
76b Phaen.intro A8 niall o SI (e MS.prop.12
77b Phaen.prop.2 SV e @ e b danda Sph.2.prop.9
77b Phaen.prop.2 Y e @ gesdanla Sph.2.prop.5
78a Phaen.prop.2 SY el e 0 Sph.1.prop.18

1% These referential scholia do not appear in Fatih 3414, Huntington 237, Columbia Or. 45, Paris arabe 2457, Bodl.
Or. 365, Leiden Or. 399, or Leiden Or. 133. As is noted below, it would be desirable to examine other texts in Seray
Ahmet 111 3464. It would also be desirable to examine the Kraus manuscript.

7 The scholia in these tables are transcribed as largely undotted, according to how they are written in the
manuscripts.

158



78a Phaen.prop.2 AV e peda Sph.2.prop.15
78a Phaen.prop.2 SY e e ) Sph.2.prop.7
78b Phaen.prop.2 AV e e Sph.2.prop.14
78b Phaen.prop.3 48 yaiall o Sl e MS.prop.7
79a Phaen.prop.4 48 aall o Sl (e MS.prop.2
80b Phaen.prop.6 Y e @ e das Sph.2.prop.19
81b Phaen.prop.7 sl (e Phaen.prop.6
82b Phaen.prop.8 AV e @ e Sph.2.prop.12
83a Phaen.prop.8 Ao Sph.2.prop.18
83b Phaen.prop.9 LSl s jaa ey SV (e ek iﬁgiﬁ;ﬁglg’
84b Phaen.prop.10 Ll s el Phaen.prop.9
85a Phaen.prop.12'% S waiwr Sph.3.prop.8
86b Phaen.prop.11 LSS (e Phaen.prop.6
87b Phaen.prop.11 AV pea o Sph.3.prop.3
9la Phaen.prop.11 A e Sph.3.prop.3
91b Phaen.prop.13 Gl e e Phaen.prop.12
92a Phaen.prop.13 sl e b Phaen.prop.11
92b Phaen.prop.14 Y e 0 e 0 IS A Sph.2.prop.14
94a Phaen.prop.15 Y e @ e 0 G A Sph.2.prop.14
95a Phaen.prop.15 QLS s e s sl gﬁi:ﬁgizgg,

Table 4.16: Referential scholia on Risings and Settings and the Phaenomena in Leiden or. 1031

The scholia in the Phaenomena are more thorough than those for On Risings and Settings — in the latter,

they trail off after the sixth proposition of the first book. They do however continue throughout the

Sphaerica.

'% Note the propositions are out of order because folio 85ab was inserted early.
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Comparing the referential scholia in the Phaenomena between Leiden Or. 1031 and the Greek
manuscripts shows that there is overlap between the two sets and that unsurprisingly the Greek
manuscripts preserve a large amount of scholia which do not appear in the single Arabic manuscript.
Leiden Or. 1031, however, also preserves scholia that are not attested in the extant Greek materials.'”
Some of these apparent divergences may be caused by differences in the numbering of propositions
between manuscript witnesses. For example in Leiden or. 1031, fol. 78b, the Arabic Phaenomena
proposition 2 cites Sphaerica 11 proposition 14, which corresponds to the Greek Sphaerica 11 prop.13 in at
least one of the Arabic transmissions."' In the Greek tradition, MS Vat. gr. 204 does not have a citation
for Sphaerica 11 prop.14 in this location but it does have one for prop.13."" The fact that proposition
numbers appear to have been updated to reflect what was used in the Arabic shows that scribes were not
mechanically copying these marginal comments: there was active engagement that kept these
cross-textual links up to date.

Other divergences, however, are clearly distinct. On Risings and Settings in Leiden Or. 1031 cites
On Days and Nights, a link which is not seen in the extant Greek scholia.''? This instance must arise either
from early Greek scholia which have not survived or from the work of Arabic scholars.

British Library Or. 13127’s witness of the Spherics, meanwhile, contains a reference back to

Theodosius’s Sphaerica.'” Since Menelaus’s Spherics is no longer extant in Greek, this cannot be

compared with the Greek evidence.

' This is based on examination of Vat. gr. 204 and the edited scholia in Menge (1916).

% Though this does not appear to be the case for Leiden or. 1031’s witness of the Sphaerica.
"1 Vat. gr. 204, fol. 61v.

121 eiden or. 1031, fol. 5b.

'3 British Library Or. 13127, fol. 3b.
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Kunitzsch and Lorch’s edition of the Arabic Sphaerica shows that it is joined by scholia citing the
Elements in Seray Ahmet III 3464."* They appear on the first eight propositions of the first book but are
not continued beyond this.'”” These citations are extremely abbreviated, and in fact are similar to the very
terse citations of the Elements found also in Leiden or. 1031°s Sphaerica. In Leiden or. 1031, these scholia
follow a format like “[proposition] 47 of [book] 1 of Euclid” (3 ¢» 3),'"® sometimes with the (= omitted.
The letter qaf at the end should be understood as an abbreviation for Euclid («28!). Meanwhile in Seray
Ahmet III 3464, only the numeral of the proposition, then the numeral of the book, then the abbreviation
“w” is provided, all marked with overlines. The letter “u+” should be taken to refer to Euclid’s Elements —
not via its Arabic name, al-Usiil (dya“%\), but via the transliteration of its Greek title, Xtotyeia, rendered as
Ustuqussat (<\wakul) " These especially abbreviated forms of cross-textual citation might be because
these are citations to the Elements: this was plausibly a central enough text and a common enough target
of citation that mathematical scholars and students were well acquainted with this terse citation style. We
will see in chapter 9 that citation of the Elements in al-Tusi’s edition is similarly condensed.

Note that in Leiden or. 1031’s Sphaerica, the self-referential citations are also quite abbreviated,

giving only the numeral of the proposition, the numeral of the book, and the letter kaf.'"® The abbreviation

14 These are also noted in Martin (1975) 234, who records them as occurring between folios 20b and 23a and as
written in a fine pen in red ink. Martin was uncertain as to the meaning of these annotations; Kunitzsch and Lorch
(2010b) interpret them as citations of Euclid's Elements and note where they appear both in their critical apparatus
and in their mathematical commentary.

13 Since it has not yet been possible to examine Seray Ahmet 111 3464 directly, it is unknown whether referential
scholia appear also in its other texts. Several other editions have been published which use this manuscript, but if
this category of scholia is present for those texts, the editions make no mention of it.

161 eiden or. 1031, fol. 23a.

"7 Note this is a slightly different transliteration than the one seen in al-Kindi’s work discussed in chapter 3:
Trouygia is sometimes rendered as <laiini, sometimes as Sluihu,

"8 B.g. Leiden or. 1031 fol. 52a: “d | »”
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here may reference the Sphaerica specifically (USY¥'), or perhaps it is better understood as indicating
something like the “this book™ (<US)l 1aa) seen in examples in the Phaenomena above.

The citations of the Elements in Leiden or. 1031°s and Seray Ahmet III 3464’s Sphaerica can be
compared for the first eight propositions, and they show overlap between thirteen out of thirty cases. The

following table presents the relevant scholia, with the ones which agree highlighted:

Leiden or. 1031 Seray Ahmet 111 3464

Appears on Cites

Folio | Referential Scholia Referential Scholia K&L

(2010b)
119

Sph.1.prop.1 ElL11.prop.2'* sl p.16
Sph.1.prop.1 | 23a B oe El.1.prop.47 o) e p.16
Sph.1.prop.2 El.3.prop.1 o p.18
Sph.1.prop.2 [ 23a oL e EL11.prop.12 o b p.20
Sph.1.prop.2 [ 23a oLl EL11.prop.11 o bl p.20
Sph.1.prop.2 [ 23b el El.11.prop.13"*! oo b p.20
Sph.1.prop.3 | 23b olba EL11.prop.3
Sph.1.prop.3 | 23b EE El.3.prop.2'* ST p.24
Sph.1.prop.4 | 24a VL El.11.prop.3 wlba p-24
Sph.1.prop.4 | 24a O e El.3.prop.17'* G p.26
Sph.1.prop.4 | 24a ELE EL11.prop.4 b p.26
Sph.1.prop.5 El.11.prop.12 o b p.28
Sph.1.prop.5 El.11.prop.13 o b p.28
Sph.1.prop.5 | 24a oLl EL11.prop.11
Sph.1.prop.5 | 24a glbd El.11.prop.20

"% Since the manuscript was unavailable for consultation, this column gives the page numbers in Kunitzsch and
Lorch’s edition in which these scholia are noted in the critical apparatus.

120 Kunizsch and Lorch (2010b) 346 fn.3 correct the numeral 12 in the citation to 2.

12! Kunitzsch and Lorch (2010b) 347 fn.4 correct the numeral 13 in the citation to 18.

122 Kunitzsch and Lorch (2010b) 348 fn.2 correct the numeral 12 in the citation to 2.

123 Kunitzsch and Lorch (2010b) 348 fn.2 correct the numeral 17 in the citation to 7.
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Sph.1.prop.6 | 24b el ¥a EL11.defs

Sph.1.prop.6 | 24b oLl EL11.prop.11 ol p.30
Sph.1.prop.6 El.1.prop.32 ol p.30
Sph.1.prop.6 El1.prop.18 o= p.30
Sph.1.prop.6 | 24b obue EL11.defs

Sph.1.prop.6 | 24b ol by El1.prop.19

Sph.1.prop.6 | 25a Ol e El.1.prop.47 Y p.32
Sph.1.prop.6 El.1.prop.47 o) e p.32
Sph.1.prop.6 El1.prop.47 o) e p.34
Sph.1.prop.6 | 25a 8= e El.3.defs

Sph.1.prop.7 | 25b ole El.1.prop.8 oz p.36
Sph.1.prop.7 | 25b alua El.1.defs

Sph.1.prop.7 | 25b ELE El.11.prop.4 ol p.38
Sph.1.prop.8 | 26a ol El.1.prop.4 o )2 p.40
Sph.1.prop.8 | 26a olLua EL11.defs

Table 4.17: Agreement of referential scholia between Leiden or. 1031 and Seray Ahmet 111 3464
There are only twelve scholia on these first eight propositions in the Greek manuscript Vat. gr.

204, but these also can be compared with the above. The citations which agree are:

- Sph.1l.prop.4 referencing El.11.prop.4 (fol. 2v)
- Sph.l.prop.5 referencing El.11.prop.13 (fol. 2v)
- Sph.1l.prop.6 referencing El.1.prop.47 (fol. 3r)
- Sph.1.prop.7 referencing El.1.defs (fol. 3v)
- Sph.l.prop.7 referencing El.11.prop.4 (fol. 3v)

124 The abbreviation u= is for Jx=, i.e. the starting-points or definitions of the text.
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Heiberg’s edition of the Sphaerica records scholia from further manuscripts as well.'* He notes twenty
such scholia on the first eight propositions. In addition to the prior list, his edition includes the following

other scholia which also agree with the table of Arabic citations above:

- Sph.1.prop.1 referencing El.1.prop.47 (scholium 5)
- Sph.1.prop.2 referencing El.3.prop.1 (scholium 8)
- Sph.1l.prop.2 referencing El.11.prop.12 (scholium 9)
- Sph.1.prop.3 referencing El.3.prop.2 (scholium 13)
- Sph.1.prop.6 referencing El.11.defs (scholium 22)
- Sph.1.prop.6 referencing El.1.prop.19 (scholium 26)
- Sph.1.prop.7 referencing El.1.prop.8 (scholium 34)
- Sph.1.prop.8 referencing El.11.defs (scholium 38)

Since the extant Arabic manuscripts do not go back to the ninth century, it is not immediately clear at
what point these kinds of references were introduced into the Middle Books texts. But their similarity
with the material found in the Greek strongly suggests that at least some of them were introduced when
these texts were translated, and from Greek exemplars which themselves contained them.
5. Interpretation of Attested Alterations and References

The results of this chapter’s study can be compared with those from chapter 2 — when doing so,
however, we must keep in mind that the deliberate alterations in chapter 2 are not all chronologically prior
to those studied here. Rather, the variations discussed here occurred in a part of the transmission that
branched off partway through the Greek transmission. Thus there are points where it differs because of
variations introduced into the Greek rather than into the Arabic. This is plausibly the reason for some
amount of the absences we have noted in this chapter — absences, not suppression, because the material in

question simply was not yet part of the sources used by the translators. There are instances of trivial

125 Heiberg (1927) 166ff. Comparing Czinczenheim’s edition of the scholia shows the same agreements for these
first eight propositions: see Czinczenheim (2000) 384-389. The corresponding scholia references in Czinczenheim
are the following: Heiberg scholium 5 = Czinczneheim scholium 5, H8 = C9, H9 = C10, H13 = C15, H22 = C25,
H26 = C27, H34 = C37, and H38 = C44.

164



material left included in the Arabic texts which their modern editors suppose to be evidence that one of
the correctors, Thabit, was reluctant to suppress material in the texts he worked with.

That is not to say that there were no deliberate choices by the early Arabic scholars. These still
occurred and also contributed to shaping the form of this curriculum. Various material is added across
several texts: propositions and definitions in the Sphaerica and On Sizes and Distances, alternate proofs
and alternate cases across further texts. Arabic scholars can be seen accumulating together material they
encountered in other manuscripts and will note the separate provenance of that material. Interestingly, the
additions seen here follow a separate pattern from what was seen in the Greek transmission. In chapter 2,
it was pointed out that where larger units of material were added to the Greek texts, they appeared either
at the beginning of the work as a whole or at the end of sections: new definitions appearing after already
extant ones, new propositions appearing at the ends of books. While this is sometimes the case in the
Arabic, the Sphaerica shows an added proposition inserted into the middle of a book — perhaps
unsurprisingly, since it is placed alongside the propositions it serves as a converse of.

This may be related to another pattern: two categories of deliberate alterations — changes in order
and fusion / division of propositions — occur more often in the early Arabic texts than they do in the Greek
transmission. In several instances, these alterations and the addition of material into the middle of a book
can be seen as potentially motivated to better support the logic of the texts.

One byproduct of these particular processes — addition of material mid-section, changes in order,
and fusion / division — is that the numbering of subsequent propositions is changed. At this stage there
would seem, then, to be little active goal of maintaining the numbered textual structure, despite the
potential usefulness a more consistent canon of propositions could feasibly have when studying or

discussing these works. Though the Middle Books were already coalescing in the ninth century as
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preliminary reading for the A/magest, it seems the Middle Books themselves were still slightly unstable in
form in this period.

On this topic, it would be desirable to know at what point Arabic scholars started adding
referential scholia to their codices of the Middle Books. The similarity between the Arabic and Greek
citations suggests that the practice was imported when these texts were translated. Early in the Arabic
translations of these texts, then, there could have been multiple concurrent and sometimes conflicting
scholarly practices ongoing with the Middle Books. Copyists and/or scholars were collating manuscripts
and incorporating material found in other copies into their new exemplars. They were copying referential
scholia into new manuscripts, or adding them in the course of their work with the text, or both. And the
texts were being reshaped, even if only in select instances, in ways which seem intended to improve or
make more comprehensive the logic of the works in question.

6. Appendix: Comparison of Select Phaenomena Expositions

The following is a comparison between the exposition portion of the proposition for Greek
propositions 9, 11-16 (= Leiden or. 1031 propositions 9, 11-14, 17-18)."*® These are the propositions
which differ between the two Greek recensions, and the comparison below shows the significant influence
from the B recension on Leiden or. 1031’s translation.

Note the following agreement between the Greek and Arabic witnesses that is found here across

the lettering used for labels. To this I add the letters used in the English translation:

126 As proposition 10 has been examined above, it is omitted here.
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Greek A B r

Arabic |

L

d e u " %127

English A B G

D|E|z|H|Q]|K

L M N X T

Table 4.18: Agreement in letter labelling between the Greek Phaenomena and its Arabic witness in

Leiden or. 1031

Menge (1916) Recension A

Menge (1916) Recension B

Leiden or. 1031

Proposition 9

Proposition 9

Proposition 9

In the cosmos let the horizon be
ABG, and the summer tropic
DA, and the winter tropic EG,
and let the circle of the zodiac
have position AGZ, and let the
semicircle following Cancer
below the earth be AZG and let
GHA be the semicircle
following Capricorn and let it be
above the earth.

In the cosmos let the horizon be
ABG, and let the summer tropic
be AD, and the winter tropic
BG, and let the circle of the
zodiac have position DEBZ, and
let the rising side be G, D; and
the setting A, B; and let DEB be
the semicircle following Cancer,
and BZD the semicircle
following Capricorn.

Example of this: we assume the
horizon is ABG, and we make
the circle of the summer tropic
AD, and the circle of the winter
tropic GE, and the circle of the
zodiac is located at position
AHGZ, and let the eastern side
be side A, E and the western
side be side G, D. We make the
semicircle AZH the semi(circle)
which is after Cancer and the
semicircle GHA the semi(circle)
which is after Capricorn.

£€o0tm &v Koopw Opilewv 0 ABI,
Oepvog  0¢ Tpomikdog O AA,
YEWEPWOG 08 tpomikog O EIL 0
6¢ 1dv (wdlov kidxhog Béowv
&éto v Al'Z, kol €ot® 10
peta tov Kapkivov nuikdxiiov
o yiiv 10 AZI' 10 6¢ THA
nuuokkov ot 10 pETA TOV
Aiyoxepov koi Eotm vrep yiig.*’

£€otm &v Koopw Opilewv 0 ABI,
Kol Bgptvog HEV TpoTKOg EGTM O
AA, yeluepvog 8¢ TPOMIKOC O
Bl 0 0¢ tdv (@diov kOKAOG
0éowv éyétm v AEBZ, xai €0t
avatoako pev ta I, A pépnm,
ovtikd 8¢ 1a A, B, kai 10 pgv
AEB &otm 10 peta 1ov Kapkivov
nudKAov, 10 6¢ BZA 10 peta

Jaais (1) Gl i o) elld Jlia
litall 3 (2 1) Auall Qlitall 3 il
e gl 3 pags (o ) il
Sl Sy Gz )) eas dae
Saral (il (o) (1) b A8
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127 This proposition of the Arabic (proposition 18) generally agrees with recension B, but uses v+ where the Greek
uses T, despite the fact that o elsewhere can be seen used where the Greek uses =.

1281 eiden or. 1031, fol. 83a.
130 Menge (1916) 46, upper text.
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Proposition 11

Proposition 11

Proposition 11

In the cosmos let the horizon be
ABG, and let the circle of the
zodiac have position AEGD, and
let the semicircle below the
earth be ADG, and let AD, GE
be selected as both equal and
opposite arcs.

Let the circle of the horizon be
ABDG, and let the summer
tropic be AG, and the winter
tropic BD, and let the circle of
the zodiac be GB, and let GE,
BZ be selected from it as both
equal and opposite arcs.

Example of this: we assume the
horizon is ABDG, and the
summer tropic AG, and the
winter tropic BD, and let the
circle of the zodiac be GB, and
we select from it two equal
opposite arcs and these are arcs
GE, ZB.

g0t v Koopw opilmv 0 ABI, 0
0¢ 1dv (wdlov kvxhog OBéowy
éxéto v AETA, kol éotm Vo
viiv 10 AAD muwdkiov, kol
anenobocav  fooar  te Kol
amevavtiov meplpépelon ai AA,
FE'133

ot Opilev kokhog 6 ABAIL,
Kol Bgpvog HEV TpOTIKOG EGTM O
AL, yewepwog 8¢ 0 BA,
{wdwokog 0 &otm O I'B, xai
anenebocav én’ avtod ioot
Kol Gmevoavtiov meplpépelon ol
FE, Bz.132

(3@ 1) G o o) oy i
51 By (1) ol il
(@ =) zood b Sy (0 @)
Ol (O butie o Lgie Juadi

Pl ) (=) ludlag

Proposition 12

Proposition 12

Proposition 12

In the cosmos let the horizon be
ABG, and the largest of the ever
visible (circles) RST, and the
summer tropic AE, and the
winter tropic GZ, and the
equator BHD, and let the circle
of the zodiac have position
AHG, and let the semicircle
following Cancer above the
earth be AHG, and let each of
the quadrants AH, HG be
divided into the signs at Q, K, L,
M.

Let the circle of the horizon be
ABGD, and the largest of the
ever visible (circles) EZ, and the
summer tropic BA, and the
winter tropic GD, and let the
semicircle following Cancer
above the earth be BD, and the
circle of the equator HQ, and let
each of BX, DX be divided in
three equal (parts) at the points
K, L, M, N.

Example of this: we assume the
circle of the horizon is ABDG,
and the largest of the always
visible circles EZ, and we make
the summer tropic circle BA,
and the winter tropic circle GD,
and let the equator be HQ and
we divide each one of the arcs
XB, DX in three equal parts at
points K, L, M, N.

' Menge (1916) 46, lower text.
BT eiden or. 1031, fol. 86b.

32 Menge (1916) 58, lower text.
133 Menge (1916) 58, upper text.
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ionuepwvog 0& 6 BHA, 6 6¢ tdv
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Proposition 13

Proposition 13

Proposition 13

In the cosmos let the horizon be
ABG, and the summer tropic
AE, and the winter tropic GZ,
and the equator BD, and let the
circle of the zodiac have
position AHGQ, and let the
semicircle following Capricorn
below the earth be GHA, and let
each of the quadrants GH, HA
below the earth be divided into
the signs at K, L, M, N.

Let the circle of the horizon be
ABGD, and the summer tropic
BA, and the winter tropic GD,
and let the semicircle following
Capricorn below the earth be
DHB, and the circle of the
equator EQHZ, and let each of
BH, HD be divided in three
equal (parts) at points K, L, M,
N.

Example of this: we assume the
horizon is circle ABGD and the
summer tropic AB and the
winter tropic GD, and let the
semicircle which follows
Capricorn below the earth be
DHB, and the circle of the
equator EHQZ, and each one of
the arcs BH, HD is divided in
three equal parts at points K, L,
M, N.

£o0tm &v Koopw oOpilewv 0 ABI,
Oepvog  6¢ tpomikog O AE,
YEWEPWVOC 8¢ Tpomikog O ['Z,
ionuepvdog 6 BA, o0 8¢ 1V
{wdiov koKhog Béov éxétm TV
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£ot® 1O petd TOV Alyoxepm
NuiKoKAlov vmo yijv 10 AHB,
ionuepvog 0& kokhog 6 EOHZ,
kai ompnobe Ekatépa v BH,
HA eig 1pla ioa xata 10 K, A,
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1341 eiden or. 1031, fol. 85a.

135 Menge (1916) 62-64, lower text.
3¢ Menge (1916) 62-64, upper text.
37 Leiden or. 1031, fol. 91a.

%8 Menge (1916) 80, lower text.

169




Menge (1916) Recension A

Menge (1916) Recension B

Leiden or. 1031

tetoptnuopiov  €ig td (o
kot o K, A, M, N-1%

Proposition 14

Proposition 14

Proposition 14

In the cosmos, let the horizon be
ABG, and the largest of the ever
visible (circles) AD, and (the
largest) of the ever invisible
(circles) ZH, and the summer
tropic BGK, and the winter
tropic LMN, and let the circle of
the zodiac have position KXO at
one time and PTR at another,
and let the arc KO be cut off not
longer than a semicircle, and
through E let a great circle be
drawn touching ADE.

Let the circle of the horizon be
ABGD, and let the largest of the
ever visible (circles) be EZ, and
the summer tropic BA, and let
the pole of ABGD be between
EZ, BA; and let the circle of the
zodiac have position QHK at
one time and LMN at another;
and let HK be cut off not longer
than a semicircle; and through
point K let a great circle KNZ be
drawn touching EZ.

Example of this: we assume the
circle of the horizon is ABGD,
and the largest of the ever
visible circles EZ, and the
summer tropic circle BA, and let
the pole of the circle ABGD be
what is between circle EZ and
circle BA, and we make the
location of the circle of the
zodiac position QHK and at
another time position LMN, and
we divide arc HK and we make
it not larger than a semicircle,
and we draw through point K a
great circle touching circle EZ
and it is circle KNZ.
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1% Menge (1916) 78, upper text.
107 eiden or. 1031, fol. 92a-92b.
" Menge (1916) 88, lower text.
42 Menge (1916) 88, upper text.
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Proposition 15

Proposition 15

Proposition 17

In the cosmos let the horizon be
ABG, and let the circle of the
zodiac have position ZAEG, and
let both equal and opposite arcs
AE, GZ be cut off.

In the cosmos let the horizon be
ABGD, and let the summer
tropic be AD, and the winter
tropic BG, and let the circle of
the zodiac have position DEBZ,
and let DEB be the semicircle
following Cancer below the
earth, and BZD the (semicircle)
following Capricorn above the
earth, and let the rising side be
D, and the setting (side) B, and
let two both equal and opposite
arcs DE, BZ be cut off.

Example of this: we assume the
horizon is circle ABD, and we
make the summer tropic AD,
and the winter tropic BG, and
the circle of the =zodiac is
positioned at DEBZ, so let the
semicircle DEB be that which
follows Cancer below the earth,
the semicircle BZD that which
follows Capricorn above the
earth, and we make the eastern
side side D, and the western side
side B, and we cut off two equal
opposite arcs and these are arcs
DE, BZ.

g0t &v xoouw opilmv 0 ABT, 0
6¢ 1dv (wdlov kidxhoc Béowv
EYETm g ZAEFET, Kol
arenobocav oot  te Kol
amevavtiov meppépeton ai AE,
Fz.145

g0t v Koouw opilmv 6 ABIA,
Kol Bepvog pEV tpomikog E6Tm O
AA, yeepvog 6¢ Tpomkog O
BI, 0 6¢ t®dv (wdlov kdklog
0éov éyéto v AEBZ, kai £t
10 pév AEB fpukdxiov 1o petd
tov Kapkivov Omd yijv, 10 08¢
BZA 10 peta 1tov Alydkepm
VIEP YV, Kol £0TO GVOTOMKA
pev T A pépm, dvutikd o¢ T B,
kol anenebocav 600 oot te
Kol Gmevovtiov meplpépelon ol
AE, B Z.]44

(3= 1) Bl GBI i of ety Jla
Qlitall g (2 1) eall Cliid) Jaas
sle gl 3 pass (= @) g3
bd)"&)ﬁ\dg_'ha.'\oséﬁ(jg._gag) Jlia
ca¥l cad glaull N (@
G5t gl amy (Al (2 ) 3 Caa
(3) Lali 4 il Lali Janis ()Y
duniiy (@) 4l Ayl dalil
(59) L Lad 5 (liliie (bl (s 58

143() u)

Proposition 16

Proposition 16

Proposition 18

In the cozmos let the horizon be
ABG, and let the circle of the
zodiac have position AZG, and

In the cosmos let the horizon be
ABG, and let the summer tropic
be AB, and let the winter tropic

Example of this: we assume
horizon ABG, and we make the
summer tropic AB, and the

3 T eiden or. 1031, fol. 97a.
% Menge (1916) 100, lower text.
%5 Menge (1916) 100, upper text.
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let equal arcs DE, EZ be cut off.

be GT, and let the circle of the
zodiac have position AGE, and
let equal arcs DE, EZ be cut off.

winter tropic GX, and the circle
of the zodiac is located at AGE,
and we cut off two equal arcs
and these are arcs DE, EZ.
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Table 4.19: Comparison of Greek and Arabic expositions for Phaenomena propositions which diverge

146 T eiden or.1031, fol. 98a.
7 Menge (1916) 106.
'8 Menge (1916) 104.

between recensions A and B
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Chapter 5
The Middle Books, Ninth to Thirteenth Centuries

1. Introduction

By the end of the ninth century, the component parts of the Greek Little Astronomy had been
translated into Arabic — and already in that century, Islamicate scholars had found this cluster of works
useful for introducing a student to the spherical geometry used in the Almagest. These works soon saw
transmission far beyond Baghdad. This chapter will give an overview of engagement with the Middle
Books in the Islamicate world between the treatises’ translation in the ninth century and their editions by
al-TasT in the thirteenth century. It will consider first the evidence from the extant manuscripts, then the
engagement of scholars across the Islamicate world with the curriculum. The final section will discuss
what changes the Middle Books saw during this period.
2. The Arabic Manuscripts, 9th to 13th Centuries

While most extant witnesses for the Middle Books texts date from after the thirteenth century,
some examples serve as contemporary evidence for how these texts circulated between the ninth and
thirteenth centuries.' In other cases, manuscripts which are later still preserve evidence of earlier scholars’
engagement with Middle Books texts. The following section will discuss manuscripts copied before the
end of the thirteenth century, or those containing important witnesses prior to al-TasT’s editions.?

2.1 Manuscripts containing individual Middle Books

It should be noted that there are a handful of manuscripts which contain only individual Middle

Books treatises, not the collection (or a significant proportion of it). Circulation within the Middle Books

' As can be seen from the surveys of manuscripts for these texts, as recorded in Sezgin (1974) and (1978). See
Autolycus in (1974) 81, Euclid in 83, Archimedes in 121, Hypsicles in 143, Theodosius in 154, and Menelaus in
158. See also Autolycus in (1978) 73, Euclid in 74, Hypsicles in 80, and Theodosius in 80.

2 As chapter 8 will show, al-TiisT produced his editions between 651 and 663 H (1253 and 1265 CE), so several of
the below were produced contemporaneously with or shortly after his work.
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was not the entirety of how these works were transmitted. The following are manuscripts preserving
individual Middle Books texts (or texts which were added to the collection):

- Paris, Bibliothéque nationale de France arabe 2457°
- Fifty-one mathematical treatises, including:
- Anaphoricus, copied in 358-60 H/ 969-72 CE
- Mashhad, Rida 5412
- Anaphoricus, copied in the 5th-6th / 11th-12th century*
- Leiden, Leiden University Library Or. 399°
- Two mathematical treatises:
- Elements, copied in Rabi‘ I 539 H / September-October 1144 CE
- Spherics
- London, British Library Or. 13127°
- One mathematical treatise:
- Spherics, copied in 4 Rabi’ 11 548 H/ 5 July 1153 CE
- Cairo, Dar al-Kutub riyada 260’
- Six treatises, including:
- Optics, copied in 600 H/ 1203-4 CE
- Istanbul, Siileymaniye Kiitiiphanesi, Ayasofya, 2671°*
- Six mathematical and astronomical treatises, including:
- On the Moving Sphere, copied in Safar 621 H / March 1224 CE
- Leiden, Leiden University Library Or. 133’
- Six treatises, including:
- Optics, copied in 692 H/ 1292-3 CE
- New York, Columbia Rare Book & Manuscript Library Or. 45"
- Fourteen mathematical and astronomical treatises, including:
- Spherics (undated)
- On Sizes and Distances (undated)

3 Paris BnF arabe 2457 may be viewed online in the Gallica digital library. See Waepcke (1856) 665-671 for a listing
of the full manuscript contents.

* See Sezgin (1974) 145.

5 Leiden Or. 399 may be viewed online in Leiden University Library Digital Collections. See Rashed and
Papadopoulos (2017) 488 and 490-492.

® London British Library Or. 13127 may be viewed online in the Qatar Digital Library. See Rashed and
Papadopoulos (2017) 489 and 492-493.

7 See Kheirandish (1999) xxxiv.

8 See Sezgin (1974) 82 and Nikfahm-Khubravan and Eshera (2019) 46.

® Leiden Or. 133 may be viewed online in Middle Eastern Manuscripts Online 1: Pioneer Orientalists. See Sezgin
(1974) 117 and Kheirandish (1999) xxxvii.

1 Columbia Or. 45 may be viewed online in the OPenn digital repository. See Rashed and Papadopoulos (2017)
399-405.

175


https://openn.library.upenn.edu/Data/0032/html/ms_or_045.html
https://www.qdl.qa/archive/81055/vdc_100000038406.0x000001
https://digitalcollections.universiteitleiden.nl/view/item/1567441
https://gallica.bnf.fr/ark:/12148/btv1b11001636f

Several of these manuscripts are mathematical and astronomical miscellanies. It would be desirable in a
future study to survey how the Middle Books are distributed across the extant manuscripts, and which
texts they are transmitted with. This, however, requires more catalogue data than is easily accessible.

In comparison, the manuscripts discussed below contain or discuss groupings of Middle Books
texts. Many of these are from thirteenth century — although the codices themselves would be
contemporary with al-Tas1, they do preserve Middle Books treatises as they had circulated prior to his
editions.

2.2.1 Lahore, private library M. Nabi Khan (6th/12th c.)

This manuscript is presently unavailable and largely undescribed, outside of comments on select
witnesses."! Two of the texts which it is known to contain are Theodosius’s Sphaerica, which occupies
pages 185-281; and Theodosius’s On Habitations, which occupies pages 282-294. Information on what
other texts are contained in this codex is not available, though the fact that the Sphaerica starts on page
185 makes it clear enough that there was at least one other text.

Despite the limited information available for this manuscript, what is available provides valuable
insights into the transmission of these mathematical texts. Kunitzsch and Lorch provide a translation of
the Sphaerica’s colophon in this codex, which reads as follows:

“Finished is the third chapter of Theodosius’ book on the spheres, and with its ending the entire
book is finished with the praise of God. It is fourteen theorems and the number of the theorems of
the three chapters is 59, [in] the correction by Thabit b. Qurra al-Harrant al-Sabi’. I have copied
this book from the handwriting of Qurra b. Sinan b. Manstr b. Sa‘id b. Thabit b. Sinan b. Thabit
b. Qurra al-Harrant al-Sabi’ in the city of Mosul (God protect it!) in the Nizamtya Madrasa (God
give it long life!), when six nights remained of Jumada I of the year 554 H [=13 June 1158] (upon
its patron be the finest salam!). I found written at the end of the book: ‘al-Hasan b. Sa‘1d has

finished devising the diagrams [tashkil] of this book, but the volume from which he copied the
figures [ashkal] was not reliable. Moreover there was corruption in it, so it was necessary to

' Kunitzsch and Lorch have offered comments on xeroxes of this codex’s copies of the Sphaerica and On
Habitations in Kunitzsch and Lorch (2010b) 3 and Kunitzsch and Lorch (2010a) 10, respectively.
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collate it with the figures [ashkal] in another copy. That was on the eve of Tuesday, eight nights
remaining of twelve [i.e. Dhu ‘I-Hijja] of the year 421 [20 December 1030]. Praise be to God
richly and His blessings upon Muhammad and all his family!”'
This colophon, and its report of one of its exemplar’s colophons, provides several details of interest. The
scribe notes that the text was corrected by the famous Thabit ibn Qurra but furthermore that this witness
has an unusually direct link to that mathematician — its exemplar was transcribed by one of his own
descendants. The inclusion of this detail offers some scholarly prestige to the present codex.

Further evidence of the scribe’s emphasis on the scholarly value of this codex can be seen in his
choice to transcribe one of the colophons of his exemplar. A certain al-Hasan ibn Sa‘1id had worked on
this exemplar in the 5th / 11th century. These efforts involved recognizing that the diagrams of his own
exemplar were faulty and subsequently collating the figures themselves using another copy of the text
available to him. The present codex additionally preserves some marginalia by al-Hasan ibn Sa‘1id which
are mathematical comments on the text or the figures. One of these reveals that al-Hasan ibn Sa‘1d not
only copied and corrected the diagrams available to him, but also provided his own when he thought it
useful: “The second figure is not found in any of the copies [of the text], but it came to my mind while
working on this book. So I put it [here].”"?

The colophon also notes the location where the manuscript was produced, though in this case the

copying of this manuscript in Mosul does not reflect any significant distance traveled by these texts. But

the specification that the codex was copied in the Nizamiya Madrasa stands out, since the madrasa as an

12 Translation from Kunitzsch and Lorch (2010b) 3-4. See Kunitzsch and Lorch (2010b) 310-312 for the Arabic:
Mt BN YR JISET 220 o ASE e day 5l o8 5 Aie s il dany o pualy QUSH 25 Lgalay 5l HSI (A (s san 53 55 IS (e 2N AEA) e
38 0l (i 0p s C dams G ) saaie (g Ol (g2 58 o e QS 138 ClaY el 31 pal) 58 G il 20l SISE () sk
B yaa ke e s (o 5 ol A (59 (salen (o 0 Il ) o g Talal A p3all 8 e alass ol At (a3 ,A)
JICEY) e Ji 3 Jea¥) (0 aly s 0 Cpmend) LS 138 S35 e § 8 38 o LsiSe iSD)AT 3 i gy bl Jumdl sl e
ol dsha s 1S A anll (£Y) A VY (e iy JUb LA BN AL bl g o HAT Adasiy JISEYL Qi o s Sl 40 IS 4 B 550
Cmanl Al 5 dana "

1> These comments are edited in Kunitzsch and Lorch (2010b) 313-315. See p.313 for the Arabic of the quotations
above: “leiild QUK g ae iy (8 Ml @l Lail 5 goill (o oo (8 2 55 Gl 41 5 ) guall 02 7
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institution is more commonly understood to have almost exclusively supported the study of the Islamic
sciences. The ancient or rational sciences were not included in this category.' Brentjes has pushed back
against this standard understanding and sees this manuscript as an example for one of the earlier cases of
the mathematical sciences being produced in a madrasa context.” Unfortunately, since the full codex is
not presently available for further study, it is unclear what other texts it contained and whether they too
might have been copied in a madrasa context. But it can be seen that this copy of the Sphaerica (and very
probably of On Habitations too, which was written in the same hand) was produced in a madrasa context
during the 6th / 12th century.

2.2.2 Bodleian, Thurston 11 (635 H/ 1238 CE)

The manuscript Thurston 11 is a codex of Euclid’s Elements in fifteen books. The colophon on
folio 212b indicates that it was completed on 13 Jumada al-'Awwal 635 H (7 January 1238 CE). It
receives acknowledgement in this chapter because it contains a note mentioning “the books which are
necessary to be read before the book of the Almagest, known as the Middle [Books].”'® It then presents

the following list:

1. Data (Euclid) 1 book, 95 propositions
2. Sphaerica (Theodosius) 3 books, 59 propositions
3. Spherics (Menelaus) 3 books, 91 propositions
4. Moving Sphere (Autolycus) 1 book, 12 propositions
5. Optics (Euclid) 1 book, 64 propositions
6. Phaenomena (Euclid) 1 book, 22 propositions
7. Habitations (Theodosius) 1 book, 12 propositions
8. Risings and Settings (Autolycus) 2 books, 37 propositions
9. Days and Nights (Theodosius) 2 books, 33 propositions
10. Sizes and Distances (Aristarchus) 1 book, 17 propositions

4 See for example the discussion of the madrasa in EI3: Giinther, “Education, general (up to 1500).” This presents
the common understanding of the madrasa as an institution which most frequently saw the study of Islamic law and
its ancillary subjects.

!5 Brentjes (2018a) 77; see the following discussion on 77-111 for what evidence there is for the mathematical
sciences, medicine, natural philosophy, and the “occult” sciences being taught at madrasas between the twelfth and
seventeenth centuries.

' Transcribed in Nicoll (1821) 260: “Uals sially (8 2t 5  Jamaall QS Jd Ll 8 I =iy (o) sl S5
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11. Anaphoricus (Hypsicles) 1 book, 5 propositions
12. On the Sector Figure (Thabit ibn Qurra) 2 books

Though this codex does not itself contain these treatises, it serves as another witness to the collection
prior to al-Tust’s edition of the Middle Books, both in its contents and its arrangement. Chapter 4 has
compared these proposition counts with what is seen in other manuscripts. It is clear that while some
works had more stable proposition counts, others were more in flux throughout their Arabic translation.
2.2.3 Istanbul, Seray Ahmet 11l 3464 (7th/13th c.)

This manuscript is one of the most significant for the preservation of nearly all the Middle Books
texts in their versions prior to al-TwsT’s tahrir. It was described by Lorch and has subsequently been used
for editions and studies of multiple Middle Books texts. Since this codex was not accessible during the
timeline of this study, the following description synthesizes what prior scholarship has reported about it."”

The first folio preserves a note that identifies one of the codex’s ancient owners as Husayn
al-Jalabt: it then describes the contents of the manuscript as “The Middle [Books] of the A/magest”
(sl Uas sie), It provides a listing of works which is then duplicated in the form of a table of contents
on the reverse of the folio. The works listed in the note and in the table of contents match except for the
addition of Sharaf al-Din al-TiisT’s treatise on the linear astrolabe to the latter listing. The table of contents
concludes with a note that the Middle Books preserved in this manuscript are not in the versions of Nasir

al-Din al-TusT, showing that the person behind this note was aware of al-TasT’s editions.'®

17 See Lorch (2008) 22-23 for a short description. See also Brentjes (2018a) 232-233 for brief discussion of this
codex. Editions and studies that discuss this manuscript include the following. Edition of Euclid’s Data: Sidoli and
Isahaya (2018) 27-28; editions of Theodosius’s Sphaerica: Martin (1975) x-xv and Kunitzsch and Lorch (2010b) 3;
study of Autolycus’s On the Moving Sphere: Nikfahm-Khubravan and Eshera (2019) 44; edition of Euclid’s Optfics:
Kheirandish (1999) xxvi; study and edition of Menelaus’s Spherics: Sidoli and Kusuba (2014) 160-161 and Rashed
and Papadopoulos (2017) 493-496, respectively; edition of Theodosius’s On Habitations: Kunitzsch and Lorch
(2010a) 9-10; and edition of Theodosius’s On Days and Nights: Kunitzsch and Lorch (2011) 13.

18 Arabic from Rashed and Papadopoulos (2017) 494: “Aalsa & p a3 3 jue Gldass gia QUS7,
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There are some differences between these two reports and the actual extant contents of the codex.

The relevant data is summarized below:

Y Risala fi al-asturlab al-khatti.
2 Kitab al-nisba al-mu’allafa.

2 Fi waqf al-arba ‘a fi al-arba ‘a.
22 Fi al-shakl al-qatta .

3 Kitab al-ishba“ fi’l-shakl al-qatta .
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Extant Contents Owner’s Note Table of Contents

1. Data (Euclid) e Data (Euclid) e Data (Euclid)

2. Sphaerica (Theodosius) ® Sphaerica (Theodosius) e Sphaerica (Theodosius)

3. On the Moving Sphere ®  On the Moving Sphere e  On the Moving Sphere
(Autolycus) (Autolycus) (Autolycus)

4. Optics (Euclid) e Optics (Euclid) e Optics (Euclid)

5. Spherics (Menelaus) e Spherics (Menelaus) e Spherics (Menelaus)

6. Phaenomena (Euclid) ® Phaenomena (Euclid) e Phaenomena (Euclid)

7. On Habitations e On Habitations e On Habitations
(Theodosius) (Theodosius) (Theodosius)

8. Omn Days and Nights ® On Days and Nights ® On Days and Nights
(Theodosius) (Theodosius) (Theodosius)

9. On the Linear Astrolabe" ® On the Linear Astrolabe
(Sharaf al-Din al-Ts1) (Sharaf al-Din al-Tus1)

10. On Risings and Settings e On Risings and Settings e On Risings and Settings
(Autolycus) (Autolycus) (Autolycus)

11. On the Composition of e  On the Composition of e  On the Composition of
Ratios® (Thabit ibn Qurra) Ratios (Thabit ibn Qurra) Ratios (Thabit ibn Qurra)

12. On the Congruence of Four
by Four*' (anonymous)

13. On the Sector Figure® ® On the Sector Figure ® On the Sector Figure
(Thabit ibn Qurra) (Thabit ibn Qurra) (Thabit ibn Qurra)

14. Commentary on the Sector o  Commentary on the Sector e Commentary on the Sector
Figure® (‘Ali ibn Ahmad Figure (‘Ali ibn Ahmad Figure (‘Ali ibn Ahmad
al-Nasaw1) al-Nasaw1) al-NasawT)

e Anaphoricus (Hypsicles) e Anaphoricus (Hypsicles)
® On Sizes and Distances e On Sizes and Distances
(Aristarchus) (Aristarchus)
® Book of Enlightenment in




® Book of Enlightenment in Astronomy (al-Kharaqt)
Astronomy** (al-Kharaq)

15. botanical treatise

16. Sufficiency in Calculation™
(Abt Bakr Muhammad ibn
al-Husayn al-Karaj1)

17. Foundations in the
Calculation of Algebra®
(anonymous)

Table 5.1: Comparison of contents reported in the owner’s note and the table of contents with the extant
contents of Seray Ahmet 111 3464

Firstly, there is a short mathematical text (On the Congruence of Four by Four) that appears between
Thabit ibn Qurra’s two works (11 and 13) above. It appears on folios 188b-189a — since the preceding
work ends on folio 188a and the following work starts on folio 189b, this work was likely not a later
insert into the manuscript. Secondly and more significantly for the history of this codex, the final three
works reported in the owner’s note and the table of contents — the Anaphoricus, On Sizes and Distances,
and the Book of Enlightenment in Astronomy — have been lost. Instead, three different works now end MS
Seray Ahmet III 3464: a botanical treatise, a mathematical work by Abi Bakr Muhammad ibn al-Husayn
al-Karaji, and an anonymous work on algebra.”’

At least six different copyists transcribed the works currently present in the codex. One hand was
responsible for seven of them: the Data, the Sphaerica, On the Moving Sphere, the Optics, the
Phaenomena, On Risings and Settings, and Thabit ibn Qurra’s treatise on ratios (numbers 1, 2, 3, 4, 6, 10,

and 11 in the list above). This hand also completes the final folio of On Days and Nights (number 8),

2* Kitab tabsira al-Kharaqi fi’l-hay ‘a.

» Kitab al-kafi fi'l-hisab.

2 Al-Usil fi hisab al-jabr.

27 Martin (1975) xi-xii. He notes there is no apparent difference in paper.
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which was otherwise written in a different hand.?® This scribe signed his name for the latter two treatises:
he is Muhammad ibn Abi Bakr al-Farist (d. 677 H / 1278 CE). Three of the copies he penned (6, 10, and
11) are recorded as being finished in 625 H. His completion of On Days and Nights (8) is recorded as
occurring five years later in 630 H.

The hand that is partially responsible for On Days and Nights appears to be the same as the hand
that penned On Habitations (7). Though the On Habitations witness is undated, 630 H could be suggested
as a tentative terminus ante quem if the two shorter treatises by Theodosius are presumed to have been
written together — and in the manuscript, at least, On Habitations immediately precedes On Days and
Nights.

On the Sector Figure (13), however, has the earliest date of completion in this codex: its scribe
Ibn al-Najasht Muhammad dates the transcription at 615 H, ten years earlier than most of the above.

Two hands were responsible for the transcription of Menelaus’s Spherics, neither of which match
the hand of al-Farisi. Rashed and Papadopoulos interpret this as one copyist who changed his pen or the
quality of his ink.

The copyist and dates for the lost witnesses to the Anaphoricus, On Sizes and Distances, and the
astronomical treatise remain unknown. It would seem that whatever break in the codex that caused the
loss and replacement of the final three listed treatises happened reasonably early in the manuscript’s

lifetime: the transcription of the work on algebra that was added was completed in 689 H.

8 There are slightly differing reports and interpretations about the hands in this text. On Days and Nights occupies
folios 124b-151b: Martin (1975) xii claims that all folios except the last one are written in a different hand, and the
last was penned by al-Farisi. Kunitzsch and Lorch (2010a) 9-10 fn.16 states “ff. 134r-149v are in a hand different
from that of the first ten folios and (probably) the De habitionibus, and ff. 150r-151r is in the hand of the Sphaerica
(and of six other items).” Kunitzsch and Lorch (2011) 13 states “The text is here written in three different hands:
124v-133v in the hand that has written most of the texts in the codex (ca. 1228 AD); a second hand on 134r-149v;
the third hand on 150r-151v.”
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The owner’s note and table of contents for this codex make it clear that it was intended as a
collection of the Middle Books. It originally contained all nine of the early Middle Books treatises, still in
nearly the same canonical order that was demonstrated in chapter 1 for the Greek Little Astronomy — the
only difference is the switched places of On Sizes and Distances and On Risings and Settings. It contained
several of the works that have elsewhere been seen added to the Middle Books: the Data, at the head of
the collection as a general geometrical treatise; the Spherics, situated before the Phaenomena’s transition
towards more astronomical topics. The note on the title folio additionally claims Thabit’s On the Sector
Figure, al-NasawT’s commentary on the sector figure, and the Book of Enlightenment in Astronomy as
included among the Middle Books.

The compiler of this manuscript included scholarly marginalia as well. The witness of the Data
contains at least two marginalia preserving scholia by Ibn al-Salah; the witness of the Spherics includes
further marginalia by this scholar.*® This was the 6th / 12th century mathematician Najm al-Din Aba
al-Futih Ahmad ibn Muhammad ibn al-SarT — he and his scholarship with the Middle Books curriculum
will be discussed further below.

2.2.4 Kraus Manuscript (7th/13th c)

Similarly to MS Seray Ahmet III 3464, the Kraus manuscript is an important witness to a
grouping of Middle Books texts in versions prior to al-TtsT’s tahrir. It was described by Lorch and has
received discussion in editions and studies on a variety of the texts it preserves. The manuscript is
presently in an anonymous and private collection — the name ‘Kraus manuscript’ is because it was sold by
the bookseller H. P. Kraus.*® Since this codex is not presently available, the following description

synthesizes what prior scholarship has reported about it.*'

» Rashed and Papadopoulos (2017) 494.

30 Kraus (1974) 45.

31 See Lorch (2008) 28 for a short description. See also Kheirandish (2000) 133 for brief notes on this codex.
Editions and studies that discuss this manuscript include the following. Edition of Euclid’s Data: Sidoli and Isahaya
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The name Mutawassitat appears on the flyleaf. The manuscript’s contents are:
1. Euclid’s Data
2. Euclid’s Optics
3. Theodosius’s Sphaerica
4. Autolycus’s On the Moving Sphere
5. Menelaus’s Spherics
6. Thabit ibn Qurra’s On the Sector Figure
7. Theodosius’s On Habitations
8. Autolycus’s On Risings and Settings
9. Aristarchus’s On Sizes and Distances
10. Theodosius’s On Days and Nights
Of the earlier corpus of the Middle Books, this codex is missing only Euclid’s Phaenomena and
Hypsicles’s Anaphoricus. The absence of the Anaphoricus may perhaps be explained by its usual position
at the end of this grouping — the end of the manuscript is well known as a location where it is easier for
material to be lost, if loose folios go missing. The absence of the Phaenomena is more peculiar, and
perhaps there is a connection to be drawn between this and al-TusT’s complaint of finding only defective
Phaenomena witnesses, which we will examine further in chapter 9. Otherwise, the Data and On the
Sector Figure appear as common additions to the collection — other occasional additions, like those works
by Archimedes, are not included in this grouping.

Kheirandish has convincingly argued that the copyist, who is named on the title page as
al-Shaykh Abi ‘Al al-Mashhilr, is to be identified with Abtu ‘Alr al-Hasan ibn ‘All al-Marrakushi (ca.
680/1281-2), a famous Maghribi astronomer in Cairo.* The title page describes the scribe as the author of

Kitab al-mabadr’ wa al-ghayat, which is a match for a work composed by this astronomer, the Book of the

Collected Principles and Goals of the Science of Timekeeping (Kitab jami‘ al-mabadi’ wa al-ghayat fi

(2018) 29-30; Kunitzsch and Lorch (2010b) 5; study of Autolycus’s On the Moving Sphere: Nikfahm-Khubravan
and Eshera (2019) 45; edition of Euclid’s Optics: Kheirandish (1999) xxvii and xxxiv; study and edition of
Menelaus’s Spherics: Sidoli and Kusuba (2014) 161-163 and Rashed and Papadopoulos (2017) 489, 496-498,
respectively; edition of Theodosius’s On Habitations: Kunitzsch and Lorch (2010a) 10-11; edition of Theodosius’s
On Days and Nights: Kunitzsch and Lorch (2011) 13; and study of Aristarchus’s On Sizes and Distances: Berggren
and Sidoli (2007) 235-237.

32 Kheirandish (1999) xxvii.
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ilm al-migat).*® From this work, it can be seen that al-Marrakushi was a well-practiced astronomer — in it,
he offers detailed comments on spherical astronomy, sundials, armillary spheres, astrolabes, and various
further timekeeping devices.**

The mathematical competency of al-Marrakushi shows in many of the witnesses in the Kraus
manuscript. Several editors have noted the Kraus witnesses as possessing especially clear — and frequently
mathematically preferable — text and figures.*® But furthermore, this codex was evidently penned by a
scribe willing to adapt the texts for his own goals. Scholarship on its witness of the Spherics has made this
especially clear. For example the Kraus manuscript preserves a epitome of al-Harawi’s version of the
Spherics.*® Many of al-HarawT’s additions are removed, including the introduction (detailing the history of
the translation and its difficulties) as well as the preface to the second book. Statements by al-Haraw1
have been restructured to be more impersonal. The enunciations of the propositions have all been stripped
out, so that each proposition begins immediately with its ekthesis. Sidoli and Kusuba have suggested that
these changes were intended to streamline and facilitate the mathematical study of this otherwise difficult

text.>’

The removal of enunciations is quite notable, because while mathematical scholars will intervene in
the proofs of a proposition, it is not common to see the enunciations significantly changed, let alone

removed entirely.*®

33 See Lorch (2008) 28 for the Arabic of the codex’s title page: “sabaall QUS Calige 585 ) geliall Ao ) Gl Jady A3l 028
Gbladl g7

3* See King, D.A. “al-Marrakush?” in EI2.

3% See Kheirandish (1999) xxvii, Sidoli and Isahaya (2018) 29, and Sidoli and Kusuba (2014) 161. Berggren and
Sidoli (2007) 236-237 note copyist errors in the text but point to the diagrams as particularly well-produced.

3% This manuscript witness is discussed in both Sidoli and Kusuba (2014) 161-163 and Rashed and Papadopoulos
(2017) 489, 496-498. See the latter especially for a detailed list of differences between this epitome and al-Haraw1’s
version.

37 Sidoli and Kusuba (2014) 163.

38 Rather, we instead sometimes see the opposite: codices that contain inventories of the enunciations alone, perhaps
as a tool for students or other aide-mémoire. But the removal of enunciations is not unheard of: in the preface to his
edition of the Elements, MuhyT al-Din al-Maghribi criticizes Ibn Stna and Nisabuirt for removing the enunciations
from their recensions of the text. See Sabra (1969) 14-15.
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Besides the Spherics, other witnesses in the Kraus manuscript also appear to show interventions
by the scribe. In the case of the Data, Sidoli and Isahaya note that impersonal and passive constructions
are frequently transformed to be personal and active ones. Since this would appear to be the opposite of
what occurred in the Spherics, perhaps we should understand al-Marrakusht as having amassed his texts
from different sources. In the case of the Sphaerica, Kunitzsch and Lorch identify the witness as a
reworking but do not offer details on how it differs. They note it has a preface close to the preface
presented by al-TisT, but with the details of the translator stripped out. Perhaps this shows a disinterest
regarding the historical asides that is similar to the disinterest exhibited in the witness of the Spherics.
2.2.5 Leiden Or. 1031 (date unknown)

The codex Leiden Or. 1031 preserves three works of the Middle Books in versions prior to
al-TusT’s edition. The manuscript has no date offered by any of its colophons. Its citations of Ibn al-Salah,
noted below, necessarily give it a terminus post quem of the twelfth century.

The mathematical diagrams have been drawn with care, with erroneous lines erased by scraping
the ink away. The manuscript comprises 91 folios on Islamic paper, with 8 smaller inserts (also on Islamic
paper) that have been added separately. Most of these inserts carry additional mathematical diagrams,
with occasional textual comments. The count of 91 folios is in agreement with the page count written on
the title page.*® The folios are gathered together into eleven quires of varying length, and changes of hand
are apparent between the quires.* The contents of the manuscript are as follows:

1. Autolycus’s On Risings and Settings

2. Theodosius’s Sphaerica
3. Euclid’s Phaenomena

3 A modern hand has written page numbers in European digits with pencil, including on the inserts, so that the total
folio count according to this hand is 99 folios. This will be the foliation cited for references in this manuscript.

% On six of them, traces of original quire numbers are visible in the top left corner — only three of these are legible.
What is visible does suggest that the middle quires may have been reorganized, but this requires further
investigation.
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Of these three texts, the Sphaerica and the Phaenomena preserve more information about how scholars
had interacted with them.

The colophon to the third book of the Sphaerica records that this witness was copied from a copy
itself copied from a manuscript in the hand of the mathematician Najm al-Din ibn al-SarT — the Ibn
al-Salah (6th/12th c¢), mentioned above. The lengthy colophon also mentions propositions with
mathematical difficulties which were addressed in a work of Sinan ibn Thabit ibn Qurra (4th/10th c.) on
tangent circles and Menelaus’ Spherics.*' These comments point to a nexus of works being consulted
during the study of this text.

This particular witness of the Sphaerica offers insights into Ibn al-Salah’s work with the treatise.
The text of the witness noticeably differs from that of the ninth century translation of the Sphaerica —
Kunitzsch and Lorch have suggested this text might be that of an edition produced by Ibn al-Salah
himself. What can be said more definitively is that this manuscript preserves marginalia from the scholar
in question, which will again be elaborated upon below.

Lastly, the colophon of the Phaenomena also identifies it as a copy from a copy in Ibn al-Salah’s
hand.* It similarly possesses numerous scholarly marginalia, several of which identify their source as the
scholar in question.

3. Scholars, Teachers, and Students of Astronomy

A combination of manuscript evidence and the testimony of biobibliographers and other scholars

allows for several individuals to be highlighted for their engagement with the Elements, Middle Books,

and Almagest curriculum.

I This colophon appears on fol. 72b of Leiden Or. 1031. It will be considered further below.
* Leiden Or. 1031, fol. 99b: “Os dana ¢n 3ea) z sl sl cpall i aa ¥ Ja¥) ale¥) oty Jua¥) (o Geusil A (e Adaail) 038 i
oo Al Cladlal s sebial s Lo 5 Gin 315 GOV S (ol by Ady o adady i siSa o AT (g g padl”
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3.1 Al-Nayrizi (c. 250-310 H / 865-922 CE)

Abt al-‘Abbas al-Fadl ibn Hatim al-Nayrizi was a well-regarded mathematician and astronomer
who flourished under the reign of ‘Abbasid Caliph al-Mu ‘tadid (r. 279-289 H / 892-902 CE). He was born
in the town of Nayriz (in modern day Iran) but spent at least part of his professional life in Baghdad. He is
known to have produced works dedicated to Caliph al-Mu‘tadid.*

He is noted here because he is reported to have written commentaries on the Elements, on the
Phaenomena, and on the Almagest. Only the commentary on the Elements survives.** The commentary on
the Almagest was known to al-Biriini (d. ¢. 440 H / 1048 CE). The commentary on the Phaenomena was
still extant in al-TasT’s day, since al-TiisT made use of it when producing his own edition of the
Phaenomena.”> While this of course is not the full Middle Books curriculum, the grouping is notable.
Further, in al-Nayrizi’s preface to the commentary on the Elements, he repeats an idea which we have
seen was already in circulation by the third / ninth century: that the Elements served as preparation for the
Almagest.

“Now the science in this book is preliminary to the science in the book of the great Ptolemy on the
reckoning of the stars... This is what is called the Almagest. Whoever looks into this book and into
the study of the elements that are in it, will find the study of what is in the book of the A/magest easy,
so that he will understand it fully, if Allah is willing. But as for him who does not look into it and
does not understand it, neither will he understand what is in the A/magest any more than if he were
studying fiction, credulously, like a fool. But as for comprehensive knowledge, there is no way to that
except by understanding these elements.”*

So it is uncertain whether al-Nayrizi’s work intersected much with the Middle Books beyond the

Phaenomena, but it is clear that part of his endeavors involved commentaries on material that was

4 These include a treatise on meteorological phenomena and another on instruments for determining distances: see
Sabra (1974).

44 See Besthorn and Heiberg (1897, 1900, and 1905) for the edition of the text.

45 Al-TasT reports this in the preface to his edition. This will be discussed in more detail in chapter 9.

4 Translation from Lo Bello (2003) 86-87. See the Arabic in Besthorn and Heiberg (1897) 4-6:

Magd il peal) o ale 3 U 18 6 e cped Jannall A QU (531 o gaill a8 ) (e gaallay S alad i LS 138 ple
Lald ) 2l g 4 5 ale W1 anianal) (8 Lo alay ol dialay ol g 4l ol ag ) oL f Ll 4 oy (i vl IS 8 Ly o) 4l Jgus
Ul 038 aley W) el ) Gy S Al Gle

188



considered necessary reading before the Almagest. Chapter 9 will return to Nayriz1 to touch on how traces
of his Phaenomena commentary appear in al-TasT’s edition of the Phaenomena.

Commentaries were not al-Nayrizi’s only work. He produced various mathematical and scientific
texts, including two zijes, or astronomical handbooks. The Great Zij (Kitab al-zij al-kabir) is said by Ibn
al-Qift1 to have been based on the Indian Sindhind; the second has been supposed to have been based on
the Almagest."’

3.2 Al-Hasan ibn al-Haytham (c. 354-430 H / ¢. 965-1040 CE)

The end of the tenth century and beginning of the eleventh saw the scholarship of Abl ‘Al
al-Hasan ibn al-Haytham al-Basri al-Misr (Alhazen in medieval Europe), one of the most famous
mathematicians and scientists from the medieval Islamicate world. He was born in Basra and spent the
first part of his life in Iraq until he was invited to Egypt by the Fatimid caliph al-Hakim (386-441 H /
996-1021 CE).

A report from Ibn al-Qiftt connects Ibn al-Haytham to the Middle Books:

“The wise Yusuf al-Nashi al-Isra’1l1 mentioned to me in Aleppo: I heard that Ibn al-Haytham
would copy three books a year in the field of his interest. They were Euclid, the Middle Books
and the Almagest. He would complete them in the course of a year. When he would undertake
their transcription, someone would come to him giving him one hundred and fifty Egyptian dinars
for them. This became the price of which there was no need of bargaining or reiteration. So he
made this his provisions for the year. He did not cease this until he died in Cairo at the end of the
year 430 [September 1039] or a little after. But God knows best.”**

So Ibn al-Haytham is supposed to have output the full curricular series every year, and every year there

was someone willing to pay him for these books, suggesting a certain frequency of their usage, at least in

47 Sabra (1974).

48 See Lippert (1903) 167 for the Arabic: ‘

el a5 AIELE (e (b S A R B3e (8 ety OIS gl (ol O o I8 il 5 Sl ) B gy S5
Y o an NS lly jla s 4y jeae |l Gaeed 5 Aile Lead dudany (e el Lgdisd (B g ol 18 Zad) Baa (8 LelaSii 5  Jannall g Ol il
A5 Sty Wnamy ol Ailamy 5 i s 3508 35 a0 e 0 ) lld e 3 ol 5 4ind 4 530 Lelend J 58 53 5bna V5 4S50 ) 48 ling

el
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Cairo during this period. Ibn al-Haytham evidently made his living in this way for the last twenty or so
years of his life, after the death of Caliph Al-Hakim in 411/1021.%

This is one of several reports that stress how Ibn al-Haytham had supported himself through the
transcription of mathematical texts. Ibn Ab1 Usaybi‘a adds that “Each year he was transcribing Euclid and
the Almagest and selling them, and by this sale supported himself. He did not cease from this until he

passed, may God have mercy.”®

and that “He had extremely precise handwriting, with which he
transcribed the majority of the mathematical sciences.”™' There does exist an extant manuscript of
Apollonius’s Conics written in Ibn al-Haytham’s hand: Ayasofya 2762, dated Safar 514 H / May-June
1024 CE. While this is not one of the curricular works discussed in the passage above, it existence does
lend support to the reports that Ibn al-Haytham made a living through copying mathematical texts.

Ibn al-Haytham was well-known for his research in various topics in mathematics and for his
work with the texts of the ancients.”> He famously wrote Doubts on Ptolemy (al-Shukitk ‘ala Batlamyiis),
in which he took a very critical stance on Ptolemy’s mathematical astronomy.”® His work with the
Almagest can also be seen in a work titled Resolution of Doubts about the Work “Almagest” which are
Difficult for Some People of Science (Hall shukiik fi kitab al-Majistt yashukku fiha ba ‘d ahl al- ilm).

Ibn al-Haytham’s approach to these mathematical treatises is well illustrated in his Commentary
on the premises of Euclid’s Elements (Maqala fi sharh musadarat Kitab Ugqlidis).>* Despite the title

identifying this work as a “commentary” (z &), the scholar did not intend this work as a didactic tool, or

at least not one for students early in their studies. The commentary sets out to expand on the postulates in

* Lippert (1903) 167.

50 Tbn AbT Usaybi‘a (2000) 14.22.2: <o Al o3a J 55 al s il @l (e iy 5 Legaam s Samaall 5 Guaddl] 4o JS 8 (S S
L 4an ) L;j)?’

> Ibn Abi Usaybi‘a (2000) 14.22.3.1: “4axbll asle (e iSll 4y i€ daialldjle dacBla A glsy”

52 Rosenfeld and Thsanoglu (2003) 131-138 list fifty two works in mathematics and thirty in astronomy.

53 See Sabra (1978).

%4 Edition in Sude (1974).
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Euclid’s Elements, which Ibn al-Haytham notes were left unexplained by Euclid because Euclid was
writing “for beginners” (U£il)). Tbn al-Haytham, conversely, writes for those who are past this stage and
who are interested in further discussion of the topic:
“He [Euclid] only postulates them [the five postulates] and does not explicate them not because
he is unable to explain them and not because it is impossible to explain them, but he refrains from
explaining them only in order to use them as starting points, since it is complicated to explain
them or [even] some of them. This book of his on the ‘Elements’ is an introduction to the sciences
of mathematics and is designed for beginners in this science; one does not use complex
syllogisms in introductions made for beginners. Euclid avoided explaining them because of the
complexity which would have occurred in their syllogisms. He did not hesitate to postulate them,
however, since they are true and possible, not impossible, propositions. The reason why Euclid
began with these concepts but did not explain them has now been demonstrated. Because our
intention in this book is to comment on what Euclid presented in his preliminary remarks and to
clear up what is obscure in them and explain it, it is necessary for us to demonstrate these
concepts in a way clear to the understanding and in which no confusion will occur afterwards.”
Overall, the scholarship demonstrated by Ibn al-Haytham is not that of a didactic type — there is no
suggestion that he was teaching particular texts. His oeuvre is oriented more towards research than
towards didactic tools like introductions, summaries, and (student-oriented) commentaries. But he

contributed to the circulation of these texts by producing manuscripts, and was clearly extremely
experienced with the ancient sciences.
3.3 Muhammad ibn al-Haytham (4th-5th ¢. H / 10th-11th c. CE)

The Ibn al-Haytham discussed above should not be confused with Abu ‘Alt Muhammad ibn
al-Hasan ibn al-Haytham al-BasrT — also 10-11th century, also born in Basra — who worked in Baghdad.

Care must be taken because there is confusion in the sources which has led to the conflation of the two

> Sude (1974) 75. See p. YY-Y for the Arabic: ‘

Mgaans (a5l L (8 Y Ledle 3 abadd) () leins (e Jae Lail s (i (e Y L3 W5 L O 4ie ey Y g @l Lgdle jala Lail g
i AiSaa 5 Aalia Ll LY Lgale paleay of Gilaty ol Lemlia (A G ms ) Chaill et o Qenll) Jae Ladl s Adusniall aplial) Led
ALl snn 8 (unlil 4n Le it I 18 8 Linal (Y5 Lo ly laall 13 o (undBl abia Lelal (pa il Alell i 8 5 jiwtia
Ll o3 (e L i ymy W 5 el gy Uil el 038 (i o g et Lga imn Lo S5

191



scholars, which has persisted in scholarship on Ibn al-Haytham until recently.”® Where al-Hasan ibn
al-Haytham, above, was a scholar involved with research into various mathematical sciences, Muhammad
ibn al-Haytham was more of a philosopher who taught mathematics and astronomy as part of a
philosophical curriculum.

Ibn Ab1 Usaybi‘a, who had access to a scholarly autobiography of Muhammad ibn al-Haytham
written in his own hand, transcribes much of this in his History of Medicine and preserves insights into
the philosopher’s works and goals. These include thoughts by Muhammad ibn al-Haytham on the
placement and role of mathematics:

“Thus, Aristotle has judiciously set out the guidelines along which one may travel toward the
truth, and so attain to its nature and substance, and find its essence and nature. When I — Ibn
al-Haytham — realized that, 1 devoted all my efforts to studying the philosophical disciplines,
which comprise three branches of learning: mathematics, physics, and metaphysics. I therefore
concentrated on the fundamentals and principles which govern these three fields and their
consequences, and [ arrived at a good understanding of them in all their depths and heights...
From these three fundamental subjects (mathematics, physics, metaphysics) I explained in detail,
summarized and condensed in an orderly way what I was able to understand and discern. I have
drawn upon their assorted contents to compose works that clarify and reveal the obscurities of
these three fundamental domains right up to the present time, which is the month of Dhu I-Hijjah
in the year 417 [January/February 1027] of the migration (Hijra) of the Prophet, God bless him
and keep him. As long as I live, I will devote all my energy and all my strength to such endeavors
with three aims in mind: first, to benefit the person seeking truth and influence him during my
lifetime and after my death; second, as an exercise for myself in these matters to confirm what my
reflection on these disciplines has formulated and organized; and, third, to create for myself a
treasure-house and provision for the time of old age and period of senility. In doing this I have
followed what Galen says in the seventh book of his treatise On the Method of Healing: ‘In all
my writings, it has been and remains my intention to do one of two things: either to benefit
someone through something useful and profitable, or to benefit myself through mental exercise,
by which I enjoy myself at the time of my writing it and [at the same time] make a store-house for

the time of old age’.”’

% Rashed (1993) 8-19 gives an overview of the problem and the contradictions and shows how the two scholars
must be distinguished. See also Rashed (2013) 11-25 for an English translation. The problem of whether “Ibn
al-Haytham” should be identified as one person or distinguished as two separate individuals saw disagreement
between Sabra, who argued for the former, and Rashed, who argued for the latter. See Thomann (2017) 931-932 for
an overview of this scholarship, as well as for some further evidence in support of Rashed’s position.

37 Translation from Ibn Abi Usaybi‘a (2000) 14.22.4.1. Note, as mentioned above, the confusion in the sources: Ibn
Ab1 Usaybi‘a erroneously conflates al-Hasan ibn al-Haytham and Muhammad ibn al-Haytham, reporting on both
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An Aristotelian mindset comes across very clearly here. Mathematical sciences serve as one of several
preliminary subjects to prepare one for the study of physics and metaphysics. Meanwhile, Muhammad ibn
al-Haytham’s goals are multiple, but among them are didactic ones: through commentaries and summaries
of fundamental subjects (including mathematics), he aims to provide a benefit to the person who seeks
truth through study of these subjects.
Al-Hasan ibn al-Haytham’s reported involvement with the Middle Books was through the copies
he produced to support himself later in life. Conversely, Muhammad ibn al-Haytham seems to have used
the Middle Books — or works from the grouping, at least — to support his didactic goals in the
commentaries he wrote. His commentary on the Almagest, for example, is expressly oriented towards
students:
“I found the main intention of the majority of those who have given their commentary on the
Almagest was to describe the chapters on calculation and to expand on them, revealing aspects
other than those revealed by Ptolemy, without clarifying those chapters containing ideas too
obscure for the beginner... I had the idea of setting out a proposition in the commentary of this
book, the Almagest, where my principal objective would be to elucidate subtle ideas for the
benefit of students.”®

The text of this commentary cites from multiple authors both original to and added to the Middle Books:

Euclid, Archimedes, Autolycus, Hypsicles, the Banii Miisa, and Thabit ibn Qurra; it also draws from

al-Nayrizi, who has been seen to have written commentaries on some relevant works. It does draw from

under the same entry. This text is reported to have come from “Muhammad ibn al-Hasan ibn al-Haytham.” See also
the Arabic text from the edition Ibn Abi Usaybi‘a (2000) 14.22.4.1:

VNS gy Rl e ol 8 gy i A Sl i Ll ALy 4513 3 g0y 0 0 g s Alnae 28 GGl ) g L ) pea) oSl
Cn i L gle s Lgle ) LealSaly il i Lge 58 Lo iSle ) (sabaally Jsna ¥l AN ) 5aY) oda (pa ilad dpgl) g paniday iy asle
clhaYl some on L lee 58 (e a0 i o (g nal gy o) sealy (S8 Lalal Lo D Jpall oda o o juainly Cuasly
Gt La Ul 5 ol e i) Jlom il 5 el Ailons 555 e o A Al 53 05 13n 18 g 1) ADN el o0 (mal 2 (e LY
el e AV Jlis ey s Ao sy el ey (e 830) Laaal A3 ) gl 40 L g el e 3 358 £ fn s (s2e J3Lslall I
Gy i o el o ol 5 43 antl) e S B 58 333 A8 yua S AN 5 o slal) Al (a5 S8 A 5o ) gt L L) ) 5aY) 02gn Ll )
Ja @i I Wl oyl aal S e dnaial 5 dlinin 5 e gn g (8 el 5 i L) ol Alia 6 4 (o Aol B 3 e il J8 LS
A3 53l gl 5 pad alaal g ol (ainy iy B il Lr (gl Aualyy Al G U il o Ll g o) odl

58 Translation from Thomann (2017) 928.

193



further sources beyond the Middle Books: Apollonius, Ibn Sinan, and Galen are cited as well.*” But the
inclusion of Autolycus and especially Hypsicles, both of whom receive very limited study outside of
Little Astronomy or Middle Books contexts, strongly suggests that the Middle Books were one source
that this commentary drew upon.

3.4 Al-Nasawi (5th c. H/ 11th ¢. CE)

Abti al-Hasan ‘Ali ibn Ahmad al-NasawT was an eleventh century mathematician and astronomer
from Rayy (in Iran). Several reports identify al-NasawT as a teacher in particular. His student Shahmardan
Razi and, later, Nasir al-Din al-TtsT both refer to the scholar with the respectful title “distinguished
teacher” (al-ustadh al-mukhtass) There is furthermore a report from the Iranian poet Nasir-i Khusraw
(1003-1088) that al-Nasaw1 was teaching Euclid’s Elements, medicine, and arithmetic in Simnan (Iran) in
1046.

Al-Nasawt’s work on the Elements is further seen in his Abstract of Euclid (Tajrid Uqglidis), which
summarizes books [-IV and XI. The scholar writes that this work provides both an introduction to the
Elements and all the necessary geometry required for the Almagest.®’ So subjects preliminary to the
Almagest was clearly an area of work of interest to al-NasawT.

His familiarity with the Middle Books is seen in a comment preserved by al-Tais1. Al-Nasaw1

writes that “the moderns added [the Lemmata] to the collection of the Middle [Books] which are to be

% On authorities cited in the commentary, see Rashed (2013) 23.

8 Thackston (1986) 2-3. Granted, this particular report is not especially impressed by this meeting with al-Nasawi,
stressing how he took pains to namedrop his teacher Ibn Sina and how he was engaged in teaching arithmetic when
he himself was not yet familiar with the subject.

81 See Sezgin (1974) 347: "Der Verfasser sagt namlich in seinem Vorwort, daB er aus den Elementen des Euklid und
anderen Werken solche Figuren und Lehrsdtze ausgezogen und zu einem Werk verarbeitet habe, die als
geometrisches Material fiir die astronomische Wissenschaft, besonders fiir das Verstindnis des Almagest des
Ptolemius, notwendig sind; Hds.: Haidarabad, Salar Junk 3142." Note this work is sometimes confused with a
similarly titled work, al-Tajrid fi usil al-handasa — Sezgin finds these to be two separate works.
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read between the book of Euclid and the Almagest.”®* Al-Nasaw1 was not only passingly familiar with this
curriculum — he was able to comment on how his contemporaries had updated it.

This is far from al-Nasaw1’s only comment on the Lemmata — extant signs of his scholarship are
most evident today in the many comments he made on the text. Al-TsT preserved many, if not all, of
these comments in his own edition of the Lemmata. In al-TusT’s text, each of al-Nasaw1’s comments are
clearly cited as coming from “the distinguished teacher.” Of the comments preserved in al-TiisT’s edition,
they are all mathematical ones, often discussing particular cases of the proposition. They do not discuss,
for example, the history of the text or its transmission.®

There is additionally surviving evidence of al-Nasawi’s work with Euclid’s Data that has been
preserved in marginalia, again via al-TisT. In several manuscripts® of his edition of the Data a note on its
64th® proposition reads as follows: “I found, in a manuscript that Abii Nasr Ahmad ibn Ibrahim ibn
Muhammad al-SizjT read to the distinguished master ‘Alf ibn Ahmad al-Nasawi, Proposition 64 in this
way...”% It then proceeds to provide an alternate proof. The note points both to al-Nasawi’s work with the
Data and to the fact that this instance occurred in a teaching context. The expression “read to” (sl 18) in
this context points to the practice of a student reciting a copied and/or memorized text back to a teacher.

Al-NasawT’s also produced a Commentary on the Sector Figure. As noted above, evidence from

the manuscript Seray Ahmet III 3464 shows that this commentary text itself came to be grouped with the

62 As reported by al-TusT. See Hyderabad (1939-40) “Kitab Makhudhat” 2: “a)b i) <law giall dles N () sianall Leflial 38
sl 5 Gl QIS G Lasd Lgle ) 87

% This text has been printed in Hyderabad (1939-40) Kitab al-ma khiidhat: see, for example, p.3, 4, 7, 10, etc.

64 Teheran Kitabkhanayi Madrasayi ‘Alf Shahid Mutahhari 4727, p. 105; Istanbul Topkap: Saray1 Library Ahmet III
3453, f. 69b; Teheran Kitabkhanayi Madrasayi ‘Al Shahid Mutahhari 597, f. 10b.

% This is the 64th proposition in al-TiisT’s count, which corresponds with the 60th proposition in the earlier Arabic
version and the 62nd proposition in Greek.

% Translation from Sidoli and Isahaya (2019) 97. See p.96-97 for their edition of the Arabic:

") A Jrai g As sl 138 e a IS (g sl daal 0y e Gaiaal L) e 5 ) daas 0 a0l 2aal eai lal g 3aus 8 s
ole ol 848V sl ) 15 (0 ) BT 53l se (2 ) (Slo s sl pslas (o)) S (@) e iy aslas (22) Y (<
B small o glaa (@ aa ) ) pall asles (o 1) Aaslas (Qaa ) (o) i (o) (o)) L) L oS (IS ()"
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Middle Books later in their history, alongside Thabit’s work On the Sector Figure and Menelaus’s
Spherics, where the sector theorem appears. As this theorem sees use in Ptolemy’s A/magest, it is not
surprising to see several of the Arabic treatments of it being studied with the Middle Books.
3.5 Ibn Hud (Sth e, H/11th ¢, CE)

In the eleventh century, Yusuf al-Mu’taman ibn Hiid — the king of Saragossa between 1081 and
1085, patron of the sciences and a scholar himself — authored the Book of Perfection (Kitab al-Istikmal).
This was a mathematical encyclopedia, albeit an unfinished one.®” The completed first genus of the work
is divided into five “species” (¢!s): the first on number; the second on the properties of lines, angles, and
plane figures; the third on lines, angles, and plane figures in combination; the fourth on solid figures; and
the fifth on the combination of solid figures with plane surfaces.®®

The sources which Ibn Hud’s Book of Perfection draws upon reveal what mathematical works
were available in eleventh century al-Andalus. They are the following:

- Elements (Euclid)

- Data (Euclid)

- Almagest (Ptolemy)

- Conics (Apollonius)

- Measurement of the Circle (Archimedes)

- On the Sphere and Cylinder (Archimedes)

- Commentary on the Sphere and Cylinder (Eutocius)
- Sphaerica (Theodosius)

- Spherics (Menelaus)

- Book of Knowledge (Banii Miisa)

- On the Transversal Theorem (Thabit ibn Qurra)

- On the Sections of the Cylinder (Thabit ibn Qurra)
- Measurement of the Parabola (Ibrahtm ibn Sinan)
- On Analysis and Synthesis (Ibn al-Haytham)

- On Known Things (Ibn al-Haytham)

- Optics (Ibn al-Haytham)

7 Hogendijk (1986) 43.
% Hogendijk (1991) 210-213.
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A significant segment of these works, of course, overlaps with the Middle Books and the works which
were sometimes appended to the collection. The circulation of Middle Books works in al-Andalus will be
further seen in the Latin and Hebrew translations to be discussed in chapter 6.

Some manuscript titles describe the extant five species as part of the “first genus of the two
genera of the mathematical sciences” — it appears, however, that ibn Hiid never wrote the second genus,
and so it is unclear what it might have contained. Hogendijk suggests that the inclusion of the A/magest
might indicate that the second genus would have included astronomy.®

Though ibn Hud does not make direct reference to the Middle Books, their wide circulation and
availability likely had some influence on his selection of sources. The ordered presentation of
mathematical topics in his Book of Perfection seems intended to serve similar didactic goals as those of
the Middle Books. The later scholar Ibn Aknin (ca. 1160-1226) recommends the Book of Perfection as the
culmination of works which should be read by students of geometry, and the list leading up to this work
includes the Elements, the Sphaerica, the Spherics, the Sphere and Cylinder, and the Conics.”

3.6 Al-Kharaqi (6th c. H/ 12th ¢. CE

Baha’ al-Din Abii Bakr Muhammad ibn Ahmad al-Kharaqi (d. 553 H / 1158-9 CE) was a
mathematician and astronomer presumed to have been from Kharaq near Marw (Iranian city in modern
day Turkmenistan). He worked for some time in Marw under the reigning Shah of the Khwarazmian
Empire, either either Qutb al-Din Muhammad (r. 490-521 / 1097-1127) or his son Atsiz (r. 521-551 /
1127-1156).

His Enlightenment in Astronomy once appeared at the end of Seray Ahmet I11 3464 — the preface

to this treatise explains that it is briefer presentation of material that sees further elaboration in his

% Hogendijk (1991) 214-215. Hogendijk comments on the terms he translates as ‘genus’ and ‘species’ as
Aristotelian ones, suggesting that this was another instance of a didactic arrangement by Aristotelian-inspired
principles.

7 See the German translation in Giidemann (1873) 86-88.

197



Ultimate Attainment in the Division of the Spheres (Muntaha l-idrak fi tagasim al-aflak).”" Al-KharaqT's
didactic efforts in the subject of astronomy can be seen to be operating in the same sphere as the Middle
Books. As he concludes the preface to his Ultimate Attainment, he writes:
“Then it occurred to me to assemble for my friends a book on this subject... for it to free its reader
from mere imitation, ascend him through what he ponders to the level of the Middle [Books], and
awaken a desire for the utmost of what is possible to achieve in this art.”’
Both the Ultimate Attainment and its briefer version Enlightenment in Astronomy, then, were intentionally
conceived of as didactic astronomical works that could function alongside the Middle Books. This is very
likely the reason for the Enlightenment in Astronomy’s inclusion in Seray Ahmet III 3464°s listing of the
Middle Books. This work was apparently frequently copied and is reported to appear in a number of

manuscript copies, including transliterations and translations into Hebrew.”

3.7 Ibn al-Salah (6th c. H/ 12th c. CE)

Najm al-Din Abii al-Futih Ahmad ibn Muhammad ibn al-SarT was a mathematician from
Hamadan (Iran) who spent his career in Baghdad, Mardin, and Damascus. As section 2 touched upon,
there is clear evidence that he worked with the Data, the Sphaerica, the Spherics, and the Phaenomena.
His scholarship included work with the Almagest and the Elements as well.

3.7.1 Work with the Elements and Almagest

To first note Ibn al-Salah’s work with the Elements and Almagest, multiple treatises of his in

mathematics and astronomy show research with these texts and efforts to address difficulties with them.”

See, for example, several titles addressing components of the Elements:

"l Wiedemann and Kohl (1970) 634-636. )

72 See Ghalandari (2012) 150 for the Arabic: “Liasall M) (e 48 LU 7 3 | LS Lal) 13 8 el aaal of I 858
G 138 (pm 48120 (S Lo 4SS () 5 5 oo sil) o 33 1) o iy Ly 05

3 See Langermann "al-Kharaqi, Abii Bakr" in EI3.

7 See the inventory of Ibn al-Salah’s known mathematical and scientific works in Rosenfeld and Thsanoglu (2003)
177-178.
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- Answer on Proof of a Problem Attributed to the Seventh Book of Euclid’s Work “Elements” and
Related Discussions™

- Reasoning on Proof of what was Meant by Abii ‘Ali ibn al-Haytham in His Book on Doubts in
Euclid"

- Reasoning on Explanation of the Error of Abii ‘Alt ibn al-Haytham on the First Proposition of the
Tenth Book of Euclid’s Work “Elements’"’

- Book Revealing the Doubts of those who study Mathematical Sciences by Euclid in the
Fourteenth Proposition of the Twelfth Book of the Work “Elements’"

The above are still unpublished and largely unstudied. Their titles do show that Ibn al-Salah was quite
involved with ongoing research and conversations around this text and its challenges. The Ibn al-Haytham
named in these titles is likely al-Hasan ibn al-Haytham the mathematician and researcher rather than
Muhammad ibn al-Haytham the philosopher and teacher — al-Hasan ibn al-Haytham is the one responsible
for a work titled On the resolution of doubts about Book I of Euclid’s treatise (fi hall shukitk al-maqalah
al-ula min Kitab Uqglidis). Ibn al-Salah’s surviving works relevant to the A/magest show similar patterns
of engagement:

- Reasoning on Establishment on an Error and a Fault in Tables of the Seventh and Eighth Books
of the Work “Almagest” and their Possible Correction”

- Reasoning on Proof of the Error made by Abiui Nasr al-Farabi in his Commentary on the
Seventeenth Section of the Fifth Book of “Almagest” and the Explanation of this Section®™

 Jawab ‘an burhan mas’ala mudafa ila al-maqala al-sabi‘a min kitab Uqlidis fi al-Usul wa sa’ir ma jarrahu
al-kalam fihi.

" Qawl fi bayan ma wahama fihi Abii ‘Alf ibn al-Haytham fi kitabihi fi al-Shukitk "ala Uqlidis.

" Qawl fi idah ghalat Abt ‘Alf ibn al-Haytham fi al-shakl al-awwal min al-maqala al-‘Gshira min kitab Uqlidis fi
al-Usil.

® Magqala fi kashf al-shubha allati ‘aradat li-jama‘a miman yansubu nafsahu ila ‘ulim al-ta ‘alim ‘ala Uqlidis ft
shakl al-rabi * ‘ashar min al-maqala al-thaniya ‘ashara min Kitab al-Usiil.

" Qawl fi thabt al-khata wa al-tashif al- ‘aridayn fi jadawil al-maqalatayn al-sabi‘a wa al-thamina min kitab
al-Majistt wa tashth ma amkana tashithuhi min hadha. See Kunitzsch (1975) for an edition and German translation
of this text.

8 Qawl fi bayan ma wahama fihi Abi Nasr al-Farabt ‘inda sharhihi al-fasl al-sabi‘ ‘ashar min al-magala
al-khamisa min al-Majistt wa sharh hadha al-fasl.
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- On what Ptolemy Mentioned in the Second Chapter of the Twelfth Book on Defining the
Magnitude of the Retrograde Movement of Saturn and in the following four chapters on
retrograde Movement of Remaining Planets®'

These are, again, works focused on particular problems or engaging with the scholarship of others
working with these texts. The first of these concerns the star catalogue in Ptolemy’s A/magest and is of
historical interest for its report on the transmission of the Almagest in Syriac and Arabic — Ibn al-Salah
describes, in order, five versions of the A/magest that were produced in Islamicate times:

An early translation into Syriac

The early 3rd / 9th century translation made for Caliph al-Ma m{in by al-Hasan ibn Quraysh

The 212 H / 827-8 CE translation made for Caliph al-Ma miin by al-Hajjaj and Sarjun ibn Hiltya

The ca. 265-277 H / ca. 879-890 CE translation made by Ishaq ibn Hunayn
The revision of Ishaq’s translation by Thabit ibn Qurra (d. 288 H/ 901 CE)

A

Ibn al-Salah reports that he made use of all of these versions in his work on Ptolemy’s star catalogue.®
This is valuable insight into the scholar’s own practices: for his scholarship he will delve into the
multitude of different versions and manuscript copies that are available to him. He shows attention both to
mathematical arguments and to the historical transmission of these texts.
3.7.2 Work with the Data

The remnants of Ibn al-Salah’s engagement with the Middle Books are to be found in marginalia
and colophons attached to some manuscripts of these treatises. There are two marginalia citing him by
name (Ahmad ibn al-SarT) that are extant in witnesses of the Data, in the version revised by Thabit ibn
Qurra.*” The first of these appears on proposition 55:

“Ahmad ibn al-SarT said: I found this proposition with no condition in the available copies, but we
need to stipulate that it is a parallelogram.”**

81 IMa] dhakarahu Batlamyiis fi al-bab al-thani min al-maqdla al-thaniyya ‘ashar fi marifat miqdar rujii° Zuhal wa
fi al-abwab al-arba ‘a allatt ba ‘dahu It rujii * bagi al-kawakib.

82 Kunitzsch (1975) 155 (Arabic), 40 (German translation).

8 These appear in Istanbul Topkapi Saray Ahmet III 3464. The Arabic texts of these marginalia are edited in Sidoli
and Isahaya (2018) 125 and 179, respectively.

% See Sidoli and Isahaya (2018) 125 for the Arabic: “. glisi s cgeaill il 3 3day pd iy JSAI 138 G g 25yl 0 denl
g LR (5 3l sie 4 Loyl )
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The phrase “in the available copies” (z=ill slw &) suggests that for his work with the Data, too, Ibn
al-Salah consulted a variety of manuscripts. The second marginal comment appears on proposition 82 and
reads as follows:
“Ahmad ibn al-SarT said: I am not prematurely of the opinion that AB by BG is surface AG,
because this is [true] only if angle ABG is right. And if it is not, then surface AB by BG is greater
than surface AG. And rather, the ratio AB by BG to AB by BD becomes known, because AB by
BG is known, because its ratio to known AG is known. And this is that their sides are similar, so
their ratios are known. The angles AB by BG are right, so they are known. The angles of surface
AG by supposition are known, so surface AB by BG and AG, their angles are different (and)
known. And the ratio of their sides, each of them to each, is known, so the ratio of one of them to
the other is known, from Proposition 67. So AB by BG is known.”*
The two comments range from a brief comment identifying a condition required by the argument (present
in the Greek but missing in the Arabic version) to presenting a fuller mathematical argument, complete
with reference to a previous proposition. Sidoli and Isahaya see in these comments evidence that the
scholar was probably teaching Thabit’s revision of the Data.®
3.7.3 Work with the Spaherica
Evidence of Ibn al-Salah’s work with Theodosius’s Sphaerica is to be found in the manuscript
Leiden Or. 1031. As noted, the colophon of this witness identifies it as copied from a copy itself copied

from a manuscript in the hand of Najm al-Din ibn al-SarT — i.e., Ibn al-Salah.*” The colophon points out

propositions from the third book of the Sphaerica which have received objections — first, proposition

% See Sidoli and Isahaya (2018) 179 for the Arabic:

M A 135 Al (1) Al alS 1) 0sS L 13 (Y ((a )) b s (2 @) B () O ol ) (e Y sl 2eal JB
pstre (2 2) (@) OY daslen (20) (@) e G B (@) R S a Wy (2 ) cha 0 el (2 @) B (@) lad
= b 1-,“};)') Aaslre g Aol (2 @) A (<)) \:'};‘).} Aaslae L oAy sluia Lege Sl Gl @l 5 Aaslan o glaall (o 1) ) adsss (Y
AV Laaoa) Lo dasles (azy () Lgaiany Lage Dl Lo 5 sl ddlise Laall ) (2 )5 (= @) & (@) adand e glas (a6l
polra (2 Q) B (@ N e IS (e Aaglaa”

8 Sidoli and Isahaya (2018) 26.

87 Leiden Or. 1031, fol. 72b: “da¥) lady Aaus (o feuil 233 (o QUSH aa oo | QUSH a3 G sann 53 55 QUS (e 2GN Aadl) s
oSl iy S A gina JIC3H 4be All) ARG 3 i g dmnan IS V3] Laiont ikl Joadll 138 4laisy s AT s (ol (3l pall i ALV
ANE) AT 5) b e sVle dmie ) 38 7L Oy Alaall il pall 8 S (a dacd 1) Al 8l (0 (lie (o sl i | 38 77 KA A
s o Salls Qi A e ()i ke Ll U 3 i Loy JISEY) 038 3 Tl SISy I3 L 53 38 (g <l S 8 40 (p A
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II1.8, which the colophon says was addressed in the fourth chapter of Ibrahim ibn Sinan ibn Thabit’s work
on tangent circles. In MS Leiden Or. 1031’s transcription of proposition II1.8 there are four short and
unattributed marginalia on fol. 66b. Three of these are marked as corrections with the abbreviation z== for
“correct” (z==). One of them indicates a step in the argument is because two circles are great circles.

The second proposition mentioned is Sphaerica 111.11, which the colophon states was addressed
by the end of the third book of Menelaus’s Spherics. In this instance, the manuscript preserves more on
the matter — fol. 70a has a marginal note on Sphaerica 111.11 that is attributed to Ibn al-Salah. This is his
take on the lemmas that appear on III.11 in multiple manuscripts and which aim to prove an inequality
Theodosius had stated in the proposition without proof.® It is the one marginal note in this witness of the
Sphaerica that is explicitly attributed to Ibn al-Salah. It provides a mathematical argument, similarly to
the second of the marginalia in the Data discussed above, complete with a marginal diagram. There are
multiple other marginalia to this witness — their source is unnamed, but it may not be unreasonable to
suggest some of these come from Ibn al-Salah.
3.7.4 Work with the Spherics

Ibn al-Salah’s work with with Menelaus’s Spherics, meanwhile, is evidenced by the manuscript
London British Library Or. 13127, completed in Damascus in 4 Rabi" II 548 / 5 July 1153. In the
colophon, the copyist Isma ‘1l reports that he transcribed this manuscript from a copy in the hand of Ibn
al-Salah.® This Isma ‘1l may have been a student of Ibn al-Salah, to whom he refers with the title “our

master” (Law), among other honorifics. The mathematician is reported to have ultimately settled in

88 See Kunitzsch and Lorch (2010b) 316-327 for multiple examples of these lemmas and 419-427 for their
mathematical commentary on them.

% Colophon in London British Library Or. 13127, fol. 51a: "Gl a3y a4y <) JSEY) 8 (s s¥le QLS (pe 43I G Caad
ATy sl e s e 43 shon s cppallad) ot el 2l 5 gl Ade a5 cpana sl o Bk LAY gy @l ) o (g8l oyl
a3 130 Jualdll ) aLa) Ja 91 sl Uitans A5 (e (i Aol a3 st Janand J S 51 poiy i) Ui Ul oy ¢y Ul
olans Gy g oliy ) JUal (g5 yudl (g danl 2 538l ol o311 s elaSal) aust
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Damascus (where he lived until his death at the end of the year 548/1153-4%") — this manuscript would
have been copied shortly before he died.
There are marginalia in this manuscript, though multiple are faded to the point of illegibility.

Some of these are attested also in the manuscript Topkapi Seray Ahmet IIT 3464.°' Three of these can be
seen to be attributed by name to Ibn al-Salah, and a fourth to “our master,” paralleling what is found in the
colophon. The one attributed to “our master” appears first, attached to Spherics proposition 1.14. It begins
as follows:

“Our master — may God perpetuate his days — said: it is possible to demonstrate this proposition

with a proof that is better than what is in the original and with a decrease in its conditions, and it

is said this way...”*
This marginal note then proceeds into an alternate proof, again accompanied by marginal diagrams. It has
the full structure of enunciation, exposition (4s), specification (¢} Js8), demonstration (<13 o ), and
QED (e o Lol Lo i),

The notes attributed to Ibn al-Salah by name appear on propositions Spherics 1.37, 1.41, and I11.5

(=11.71, as numbered in this particular witness). The first of these begins as follows:

“Najm al-Din — may God perpetuate his existence — <said:> it is possible to demonstrate this last

statement of Proposition 37 without a reductio ad absurdum by a method similar to the method of

Menelaus in brevity...””
Proposition 1.41’s marginal comment reads as follows:

“Najm al-Din Abu al-Futih Ahmad ibn al-SarT — may God prolong his existence — said: this is a

huge mistake because the point G is not imagined to fall between the two points A and C, but

rather outside between the two points A and E, as the angle A is obtuse and the angle G is right,
so GL, GA are greater than a semicircle, but both were smaller than a semicircle; this is absurd.”**

% Rashed and Papadopoulos (2017) 243.

%! Rashed and Papadopoulos (2017) 492-496.

%2 London British Library Or. 13127, fol. 7b. The Arabic has been edited in Rashed and Papadopoulos (2017) 535:
M JE o) s g adail i Gl aa g deal) W e Gl s gla yu JSEN 13 8 s o (S el A alal B JB 1

* London British Library Or. 13127, fol. 21b. See Rashed and Papadopoulos (2017) 615: ‘

" ) (8 e sVUle (B pda 40l (8 sl g Bl i M I S e 5aa V) sl 138 08 5 0 Sy 28 8 Bl ) JU) Gpall s

% London British Library Or. 13127, fol. 23b. See Rashed and Papadopoulos (2017) 629:

203



Proposition II1.5’s marginal comment begins as follows in the London manuscript:

“Our master — may God be pleased with him — said: the proof of this is evident from the converse
of proposition 30 of book I....”*

In MS Topkapi Seray Ahmet III 3464, “Our master — may God be pleased with him” is replaced by the
name Ahmad ibn al-Sari.”

There are further marginalia on the Spherics which, though they neither name Ibn al-Salah nor
make reference to a title like “our master,” still plausibly come from his hand. An example can be seen in
the following comment to Spherics 1.24:

“In the ancient translation: and if it is greater than the two remaining angles, then the arc drawn
will be smaller than half the base; and if it is smaller than the two remaining angles, then the arc
drawn will be greater than half of the base.”™’
This section has already discussed above how Ibn al-Salah drew upon a multitude of translations and
editions of the Almagest for his efforts to correct the star catalogue. Consulting a variety of versions was
clearly part of his scholarly procedure, and it might be suggested that this marginal comment coming from
his work as well.”®
3.7.5 Work with the Phaenomena
Ibn al-Salah’s scholarship with the Phaenomena follows the same pattern as what has been

demonstrated: in the manuscript Leiden Or. 1031 the colophon reports that the witness was transcribed

from a copy in the hand of Ibn al-Salah.” Furthermore, two marginalia reference the scholar. The first

"om et Bl () (1) ihi o @ of 5 sea® Y () Al 0 (iald Und 138 ceeldy il JUal (g yudl o deal 2 gl o) cpal) aad J
ald 13 flgia yraal LIS 38 Laa 5 63 0 Ciai (g alae | (1 3) (J 3) 0588 Al () da5) 55 4a e (1) A5y oY ¢(o) (1) ikl

% London British Library Or. 13127, fol. 42a. See Rashed and Papadopoulos (2017) 725:

" eSS e e Al el ol e ) ) B JB

% Rashed and Papadopoulos (2017) 725.

*" London British Library Or. 13127, fol. 13a. See Rashed and Papadopoulos (2017) 565:

") (8 BN Ay ) ) (g el S () 5 820 ) Chuai (e sl Aa jA) Gasil) G Bl Ayl ) (e plaed (IS ol 5 ) Ja 3
Baclall Caual (g alaef () 5S3da Ha) "

% In Seray Ahmet III 3464, this marginal comment becomes incorporated into the main text of the manuscript.

% Leiden Or. 1031, fol. 99b:
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appears alongside the introduction to the Phaenomena, commenting on Euclid’s discussion of why the
shape of the cosmos cannot be a cone:
“Ahmad ibn al-SarT said: it is necessary to stipulate that this cone is right angled. Concerning an
oblique cone, it is possible to be cut by a surface parallel to its base and the section will be a
circle, as is demonstrated in proposition 5 of book 1 of Apollonius's Conics.”'*

The second marginal comment appears beside the figure to proposition 12 and offers a simple critique:

“The imam Najm al-Din said the figure of the proposition is bad. We drew it in the appended
[page].”"

An alternate figure does then indeed appear on one of the inserted folios.

The main text of this witness also shows attention to different copies used as part of its
composition sometime in its transmission. As chapter 4 has discussed, the text of Leiden Or. 1031’s
Phaenomena largely translates the B recension of the Greek Phaenomena, but after its version of
proposition 10, the text continues into an alternate proof of the proposition: that of Phaenomena recension
A. This is introduced as follows:

“Proof of the 10th figure according to what we found in another copy. We make the horizon circle
ABG and let the location of the circle of the ecliptic be AEHD and we choose two similar (arcs)
which are arcs AD, GE. So point D therefore is opposite to point E. And let segments ADG, DHE
rise — So point D therefore is opposite to point E. And let ADG, DHE rise (it is found in the
Syriac) — in unequal times.”'*

This is the only location in the text of Leiden Or. 1031°s Phaenomena that references another copy (Ads

s_al) and the only location that draws from recension A, though it does elsewhere offer other alternate

Mgl Or dana G 2aad s o) Gaall ans s V1 Ja Y AleY dady Jea) (e il A3 (e Aall o3 Cad!

10 Leiden Or. 1031, fol. 76a: “adais ) (Sa) Alika Ua 5 ja SIS (5515 A 31 a8 4l Ja g jaall 134 8 Ja pis 0 as (5 pmal) (2 20n) JU8
o by Aall (B (o gl QUS (e | AlEe (e 0 S5 (8 (i WS 8 il pdail) (S5 adaed] ) 5 sy The above section has already
noted the nexus of works used by Ibn al-Salah in his work with Middle Books treatises — here, Apollonius’s Conics
appears as another example.

1% Leiden Or. 1031, fol. 90a: “o Aialall 8l ) o 38 5 A0 ) SN 5 g (pall and plaY) J&”

1021 eiden Or. 1031, fol. 86a:

" i a5 (28] Ale Lo 4 Jiay g al) 5300 qimg (Sals () 50 38V (i oAl A i laag e o pdlad) JSED s
S (4a9) (=) allad g (o) ddadl dAllea 03 (2) Adalid (4n2) () Uiadad allal g (o) Adadil Allaa (4] (2) 4adid (o =) (3) Lusd Leag
A sbia 8 Ole)) b il pull”
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proofs. It is especially striking that the aside “it is found in the Syriac” (&bl & 2a ) appears shortly
after. There is what appears to be an error of dittography before this aside, but what might have happened
here is a marginal note that has become incorporated into the main text. (In the quotation above, this is set
apart by dashes.) If this was originally a marginal note, it was one which presented a very slightly
different reading according to a copy from the Syriac, since it omits the word “segments” (U=kd) from the
phrase. While the main text does not reference Ibn al-Salah by either name or title, the examination of
multiple copies (including Syriac ones or translations from them) has already been seen to be part of his
process. So it is not surprising to find such material in a witness descended from one of his.

In his attested and surviving works, Ibn al-Salah appears to be involved with ongoing
conversations and research around mathematical problems. In the case of the Middle Books, he clearly
copied several of the texts and these copies saw further dissemination. He had access to multiple copies
and translations that he referenced in his comments on these texts. The possibility that Ibn al-Salah
actively taught these texts (and perhaps the Middle Books as a whole) comes from the nature of his
comments — they range from trivial stipulations to full alternative proofs, both of which would serve
students. The title “our master” (Uaw) also hints at a teacher-pupil relationship.

4. Expanding the Curriculum

Chapter 3 has already alluded to the fact that a variety of works came to be added to the Middle
Books between the ninth and thirteenth centuries. This can be seen both through manuscript evidence —
examining what works are grouped together with the Middle Books — and through reports about the
collection.

Al-Nasaw1, as has been seen, offers the most direct testimony about works being added to the
collection: (Pseudo-)Archimedes’s Lemmata, he says, was added to the Middle Books because the

moderns (0s>«) found in it propositions they considered useful. The Lemmata appears again edited as
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part of al-Tust’s edition of the Middle Books. But it is clearly not a consistent addition to the collection —
the Kraus manuscript, for example, lacks it, as does Seray Ahmet III 3464. Nor does it appear in Seray
Ahmet III 3464’s note about the works included in the “Middle Books of the Almagest,” nor in Bodleian
Thurston 11°s note on the same matter. The additions to the Middle Book were not necessarily consistent
— inclusion by one authority did not imply inclusion by others.
4.1 Originally Greek Works

The other Greek texts that can be seen added to the Middle Books at various times are Euclid’s
Data, Menelaus’s Spherics, Archimedes’s Measurement of the Circle, his On the Sphere and Cylinder,
and Eutocius’s Commentary on the Sphere and Cylinder.
Euclid’s Data

The Data is perhaps the most consistent Greek addition to the Middle Books. It repeatedly
appears at the head of the collection: in the listing in Thurston 11, in the Kraus manuscript, in Seray
Ahmet III 3464, in the manuscripts of al-TaisT’s edition. This work receives a consistent position in the
ordering of the collection, to the extent that its placement can be inferred from a description of On the
Moving Sphere as the fifth book of the Middle Books:'® it is the fifth because the three books of
Theodosius’s Sphaerica are the second, third, and fourth, and the book of Euclid’s Data is the first.
Menelaus s Spherics

The Spherics similarly appears often, in both the above-mentioned manuscripts and the edition by
al-Tast. Even so, it is a work which received significant engagement outside the Middle Books, as the

various revisions by scholars otherwise uninvolved with the curriculum shows. In his preface to the

13 Nicoll (1821) 260 records MS Bodleian Huntington 237 as containing this statement. Carmody (1960) 21
mentions it appearing in multiple manuscripts but does not elaborate. It can be found at the start of Autolycus’s text
in Bodl. Hunt. 237, fol. 76a.
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Spherics, for example, al-TiisT names three correctors: Mahani (3rd / 9th century), Abii al-Fadl Ahmad ibn
Ab1 Sa‘d al-Harawi (4th / 10th century), al-Amir Abti Nasr Mansiir ibn ‘Iraq (5th / 11th century).
Archimedes Measurement of the Circle, On the Sphere and Cylinder, and Eutocius s Commentary
These treatises can be found added to the Middle Books in al-TisT’s edition. It is unclear if
Archimedean works besides the Lemmata were often grouped with the Middle Books before al-Tiist. It
would not be surprising to see them read as useful works of the ‘ancients’ more generally, and so they
potentially featured in the reading of many of these mathematical scholars regardless. Ibn al-Salah, after
all, was clearly familiar with other works like the Conics and would leverage them in his comments. But
this does not mean they often featured among the Middle Books themselves.
4.2 Originally Arabic Works
Several original Arabic works appear grouped with some instances of the Middle Books as well,

whether in the manuscripts discussed above or in al-TisT’s editions. They include the following:

- the Banii Miisa’s Book of Knowledge of Plane and Spherical Figures'

- Thabit’s Assumptions'®

- Thabit’s On the Composition of Ratios'™

- Thabit On the Sector Figure'"”

- al-Nasaw1’s Commentary on the Sector Figure'®

- al-Kharaqi’s Book of Enlightenment in Astronomy"'®”
Most of these are early works by ninth century (and one tenth century) authors. The exception to this is
the twelfth century al-Kharaqi, who as we have seen above intentionally set out to produce an

astronomical work that served a similar didactic function as the Middle Books. Otherwise, the authors

represented are Thabit (who translated and corrected multiple Middle Books), the Banti Muisa (who had

14 See discussion in Clagett (1964) 2231f.

195 See the study in Dold-Samplonius (1996).

196 See the study and edition in Lorch (2008), especially 167-326.

197 See the study and edition in Lorch (2008), especially 41-166.

198 See Lorch (2008) 355fF.

19 See Ghalandari (2012) for the edition of the Ultimate Attainment in the Division of the Spheres.

208



significant and continuing involvement in Thabit’s training and subsequent work), and al-Nasaw1 (who
wrote a commentary on one of Thabit’s texts and who also saw other involvement with the Middle
Books).

The works themselves are variously relevant. The Book of Knowledge of Plane and Spherical
Figures deals with matters such as the areas and volumes of figures like circles and spheres. The
Assumptions deal with plane geometry — triangles, circles, and chords. Thabit’s On the Composition of
Ratios was relevant to the problem of the sector figure, since the theorem involved the composition of
ratios. On the Sector Figure deals more directly with the theorem and al-NasawT’s commentary is a
natural addition. As noted above, the relevance of this problem to the Almagest — where Menelaus’s sector
figure theorem was used to determine various astronomical arcs and angles — would have motivated these
works’ inclusion. Al-Kharaqi’s work, of course, is generally relevant astronomy.

5. Conclusion

This chapter has taken us up to the seventh / thirteenth century in the Islamicate world, and
chapter 8 will return to this point in the timeline to set the stage for al-TiisT's edition in that century. But
before that, Part III will proceed onwards to the Byzantine world to explore to what extent the Little

Astronomy continues to see circulation and use in the Greek tradition after the ninth century.
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Chapter 6
The Little Astronomy, Ninth to Thirteenth Centuries?
1. Introduction

Chapter 1 has considered the problem of what evidence is available for the existence and usage of
the Little Astronomy as a curriculum before the ninth century, and chapter 3 has shown that this grouping
of texts was translated into Arabic in the ninth century and in that same century began to see didactic use
under the name the Middle Books. The previous chapter explored the continuing study of these Middle
Books in the Arabic tradition.

What of the Little Astronomy in the Greek tradition after the ninth century? Like the previous
chapter, this chapter will consider the extant manuscript evidence (which is unfortunately scarce prior to
the thirteenth century), and it will consider the scholars, teachers, and students who engaged with the
study of astronomy in this period, noting where their efforts may have intersected with the Little
Astronomy.

In comparison with the prior chapter, this present chapter will be seen to largely discuss an
absence. While the treatises of the Little Astronomy were not entirely lost, it will be seen that there is
little surviving evidence that points to these works’ usage as a group in Greek during this period.

2. The Greek Manuscripts, 9th to 13th Centuries

While there may have been more manuscripts of Little Astronomy texts written in the intervening
centuries, what is extant leaves a large gap between the ninth and thirteenth centuries.

Many of the manuscripts to be discussed below have been judged by their modern editors to lack

extant ancestors: in the proposed stemmata, they are the oldest surviving witnesses to their respective
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branches. These are the manuscripts Vaticanus graecus 204, 203, 202, 192, and 191 and Paris grec 2390
and 2448. Vat. gr. 204, though the oldest extant witness, is not the ancestor of the others."

Mogenet, in his detailed examination of the variants in the tradition of Autolycus, found no signs
in these manuscripts to suggest how the stemmata converged towards a common ancestor. Rather, he
supposed their parent manuscripts still represented separate, parallel traditions that only converged at a
more ancient point in time.’

Czinczenheim, delving into the variants of the Sphaerica’s transmission history, was able to bring
forth a larger sample of data to the question and with this Theodosian material argues that the manuscripts
discussed by Mogenet can be grouped in three families. She sees Vat. gr. 202, Vat. gr. 203, and Paris gr.
2390 as descending from a common ancestor; Vat. gr. 191 as one branch removed and Paris gr. 2448 as
two branches removed. Tracing the lines further back, all five of these manuscripts descend from an

exemplar which shared a parent with Vat. gr. 204.°

Q
—— ""'\-\.
S -
Vat. gr. 204 o
Vat. gr. 204 (corr) ; 5]
..-"'f .____.-'""-r---_"'--___
Vi -
Par. gr. 2342 Par. gr. 2448 Vat. g.. 191 Wat gr. 203 WVat. pr. 202 Par. gr. 2390

Figure 1: The stemma according to Czinczenheim.*

! See e.g. Heiberg (1927) v, Czinczenheim (2000) 180, Mogenet (1950) 156, Heiberg (1895) vii-viii, Menge (1916)
v, Noack (1992) 336-344.

2 Mogenet (1950) 145-151.

3 Czinczenheim (2000) 372-373.

* Czinczenheim (2000) 373.

211



Noack, studying the witnesses for Aristarchus, supposes that the archetype for the presently
extant manuscripts was itself written in minuscule and so had already been produced by the Byzantine
transliteration. Since Vat. gr. 204 is itself a codex of the ninth century, Noack suggests its antigraph was
this lost transliteration.” She also identifies Vat. gr. 192 as the head of another family of manuscripts,
separate from the ones discussed by Mogenet and Czinczenheim.®

The following will note some details of the existing Little Astronomy manuscripts.

Vat. gr. 204 (9th cen ’

The ninth century is represented only by Vat. gr. 204, the oldest witness to any of the texts in the
collection. This is the only parchment manuscript of the Little Astronomy. It would have been produced
shortly after the ninth century Byzantine transliteration that saw texts copied out of older majuscule
witnesses into newer minuscule versions. Chapter 1 has already surveyed its contents and the arrangement
of these texts from works on spherical geometry more generally to works on astronomy more particularly.
It comprises the full grouping of the Little Astronomy, followed by works which appear to have been
intended as supplementary or commentary. It is a manuscript containing many contemporary scholia,
including a large number of referential scholia, as discussed.

Vat. gr. 204 was the ancestor of several subsequent manuscripts including Paris gr. 2342, which
was one codex of a two-part personal encyclopedia transcribed by the fourteenth century copist
Malachias, alias Anonymous Aristotelicus. This latter manuscript, however, drew from sources besides

Vat. gr. 204, since it presents the A recensions of both the Optics and the Phaenomena.®

5 Noack (1992) 89-90.

® Noack (1992) 143-150. Vat. gr. 192 does not include either Theodosius’s or Autolycus’s treatises and so was not
examined by Mogenet or Czinczenheim.

7 Vat. gr. 204 may be viewed online in the DigiVatLib repository. See descriptions in Mercati and Franchi de’
Cavalieri (1923) 246-248, Mogenet (1950) 70-72, Acerbi (2012) 150-155, and Vitrac (2021) 138.

8 Paris gr. 2342 may be viewed online in the Gallica repository. This manuscript included the Elements, the Data and
Marinus’s commentary, the full corpus of the Little Astronomy, with the additions of Damianus of Larissa, Geminus,
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Vat. or. 192 (11th - 12th century)’

For witnesses to the Little Astronomy, the interval between the ninth and thirteenth centuries is
represented only by Vat. gr. 192. Heiberg, Menge, and De Falco presumed this manuscript to date from
the thirteenth or fourteenth century, but more recently Noack has argued for a composition around 1100
based on palaeographic considerations of On Sizes and Distances’s text."

Vat. gr. 192 is a codex of several geometrical, astronomical, and musical treatises and scholia,
comprising fourteen works. It is begun by the Elements, and interspersed among the subsequent treatises
are works from the Little Astronomy: the Data, the commentary on the Data, the Optics, the Catoptrics,
the Anaphoricus, On Sizes and Distances, and the Phaenomena. In this instance the texts have departed
from the old order, but it is unclear what motivated the new order.

While the manuscripts Laur. Plut. 28.3 (10th ¢.)!" and ONB phil. gr. 31 (12th c.)'? additionally
appear in the interval between the ninth and thirteenth centuries, they present Euclid’s Optics and
Phaenomena both in recensions A. They therefore represent a separate transmission of these texts, not the
transmission connected with the Little Astronomy. They do not include any other Little Astronomy
treatises.

Moving onwards: the thirteenth century preserves six manuscripts containing either the full or
partial groupings of Little Astronomy texts. These manuscripts are written on paper. There are also

several thirteenth century manuscripts of recensions A of the Optics and Phaenomena that will not be

Apollonius and Eutocius, and Serenus. Its second part, Vat. gr. 198, contained Nicomachus’s Arithmetic and then
various works on music and astronomy, including of course the A/magest and commentaries upon it.

 Vat. gr. 192 may be viewed online in the DigiVatLib repository. See descriptions in Mercati and Franchi de’
Cavalieri (1923) 227-229 and Vitrac (2021) 148.

1% Heiberg (1895) xvi, Menge (1916) vi, and De Falco and Krause (1966) 24; Noack (1992) 150-151. Vitrac’s list
also records this as a thirteenth century manuscript.

" Laur. Plut. 28.3 may be viewed online in the Biblioteca Medicea Laurenziana digital repository. See description in
Vitrac (2021) 138-139.

2.ONB phil. gr. 31 may be viewed online in the Osterreichische Nationalbibliothek digital repository. See
description in Vitrac (2021) 144-146.
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covered here: Bodleian Auct. F. 6. 23, Vat. gr. 1038, and Biblioteca Medicea Laurenziana Plut. 28.6. The
codices containing Little Astronomy treatises follow below.
Vat. gr. 191 (13th century)"”

Vat. gr. 191 is a codex of various mathematical and astronomical treatises and scholia, comprising
over thirty works. It includes additions from an unknown scholar of the thirteenth or fourteenth century.'

This is a large grouping of texts, but it is started by the following: the Catoptrics, Phaenomena,
Optics, Data, Commentary on the Data, Sphaerica, On Habitations, On Days and Nights, On Sizes and
Distances, On Risings and Settings, the Anaphoricus, and On the Moving Sphere.

The arrangement here is largely by author: Euclid, Theodosius, Aristarchus, one treatise by
Autolycus, Hypsicles, and the other treatise by Autolycus, though the span from On Habitations to the
Anaphoricus does follow the relative order in Vat. gr. 204. There is furthermore the noteworthy fact that
on folio 74r, after the conclusion of On the Moving Sphere, the scribe has transcribed again the start of the
Optics. That this was quickly recognized to be an error is evidenced by that text being crossed out and not
continued on the next folio. But it does suggest that the scribe’s exemplar for these Little Astronomy texts
was arranged not by author but rather in the older order, where the Optics did indeed follow On the

Moving Sphere."”

3 Vat. gr. 191 may be viewed online in the DigiVatLib repository. See descriptions in Mercati and Franchi de’
Cavalieri (1923) 220-227 and Vitrac (2021) 147-148.

4 Mercati and Franchi De’ Cavalieri list 35 items, grouping some works under their shared author, and the Pinakes
digital catalogue lists 42 items.

!5 This exemplar is unknown — where editors of the relevant texts have reconstructed manuscript stemmata, Vat. gr.
191 is understood to have descended from a codex other than Vat. gr. 204, and there are no other extant candidates.
See e.g. Mogenet (1950) 156.
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Vat. or. 202 (13th century)'*

Vat. gr. 202 is a codex of Little Astronomy treatises with scholia. Its arrangement matches Vat. gr.
204’s, though it lacks On Habitations, On Days and Nights, the Catoptrica, the commentary by Eutocius,
and the Euclidean scholia. It is understood, however, to have descended from a separate codex than Vat.
gr. 204, and so shows a preservation of this order from a source besides that one.
Vat. gr. 203 (13th century)

Vat. gr. 203 is a thirteenth century codex of geometrical and astronomical treatises with scholia.
The Little Astronomy treatises are arranged by author: Theodosius, then Autolycus, then Hypsicles and
Aristarchus. They are joined by the Conica and its commentary, along with Serenus’s works on the
sections of a cylinder and a cone.

Paris gr. 2390 (13th century)"’

Paris gr. 2390 is a manuscript of Ptolemaic treatises and commentaries on them, whose
conclusion comprises the first three Little Astronomy treatises: the Sphaerica, On the Moving Sphere, and
the Optics. The beginning of the Sphaerica has been lost and the extant text starts on folio 236r with the
enunciation of prop. 1.3.

Although there are only very sparse scholia on these final three treatises, this codex notably
contains autograph scholia on Ptolemy’s A/magest by the scholar Manuel Bryennios (ca. 1275 - ca. 1340)
— this scholar, the astronomy teacher of Theodore Metochites, will receive mention at the end of this
chapter. The scholia in question concern the sector theorem and have been studied by Acerbi and Pérez

Martin.'®

16 Vat. gr. 202 may be viewed online in the DigiVatLib repository: part 1 and part 2. See descriptions in Mercati and
Franchi de’ Cavalieri (1923) 244-245 and Vitrac (2021) 148.

1" Paris gr. 2390 may be viewed online in the Gallica repository. See description in Vitrac (2021) 159.

'8 Acerbi and Pérez Martin (2015).
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Paris gr. 2448 (13th ex - 14th in century)"

Paris gr. 2448 is a geometrical miscellany of the end of the thirteenth or beginning of the
fourteenth century which includes several Little Astronomy treatises interspersed among works by other
authors such as Archimedes, Hero of Alexandria, and Domninus of Larissa. It includes Euclid’s Data and
Catoptrics, Autolycus’s On the Moving Sphere, and Theodosius’s Sphaerica. This codex is begun by the
mathematical chapters of the Anonymous Heiberg quadrivium, which will be discussed below.

3. Scholars, Teachers, and Students of Astronomy

Chapter 5 has discussed the individuals who were involved in teaching and studying the Middle
Books between the ninth and thirteenth century in the Islamicate world. A comparison with the Little
Astronomy in the Byzantine world can be made with this section. The following will consider a selection
of Byzantine individuals that are attested to have studied or taught astronomy during these centuries. It
will be seen that the Little Astronomy left a less clear impact on Byzantine astronomical education than
the Middle Books did for Islamicate astronomical education.

3.1 Leo “the Mathematician” (ca. 790 - after 869

Leo the Mathematician (6 MaOnuatikog), or the Philosopher (6 ®1hdcopog) or the Grammarian
(0 Tpappatikog), was a Byzantine scholar who flourished during the Macedonian renaissance. His library
has been reconstructed to include Ptolemy, Archimedes, Euclid, Plato, the Mechanics of Quirinus and
Marcellus, Paul of Alexandria, Theon of Alexandria, Proclus, Porphyrius, Apollonius, and perhaps
Thucydides.”® While showcasing an interesting range of mathematical and astronomical authors, this list

of course bears little connection to the Little Astronomy. Nevertheless, past scholarship on the Little

19 Paris gr. 2448 may be viewed online in the Gallica repository. See description in Vitrac (2021) 159.

2 Browning (1964) 8. Browning refers to copies of Leo's colophons in mss, but does not specify which these are. He
points to an ownership statement, "tod dotpovopkotdtov Aéovtog 1 Biprog" in the Ptolemaic codex Vat. gr. 1594
and to a marginal comment in the Euclidean manuscript Bodleian D'Orville 301 copied from Leo's copy of the
Elements.
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Astronomy has sometimes put forth Leo the Mathematician as having some involvement in arranging or
teaching the curriculum in the Byzantine world.”'

Acerbi, conversely, sees little direct evidence for full-fledged scientific activity on Leo’s part, and
argues that this idea has rather resulted from scholars’ tendency to assign activities by unknown actors to

the only available known individual.?

Leo “6 Mafnuotikog” receives credit for a variety of renewed
mathematical teachings and efforts in ninth century Constantinople, but in the extant reports about him he
is called “podnupaticdg” only once,” and this term can simply mean a “man of study” more generally, not
specifically a mathematical one.

Overall, there is no ninth century scholarship on the Little Astronomy that can be clearly
attributed to Leo, and nothing else that directly links him together with the curriculum. If the collection
was still in didactic use during that century it is conceivable that Leo may have studied those texts as a
student, but there is no relevant evidence on the matter.

3.2 The Author of the “Anonymous Heiberg” Quadrivium (1007)*

While the author of a text authored at the end of the eleventh century is unknown, the text itself
deserves attention as an example of a written “quadrivium” — a comprehensive work on the four
mathematical subjects: arithmetic, music, geometry, and astronomy. This particular work is five chapters

in total, with the first chapter being on logic. The chapters on the four mathematical sciences also

circulate together separately, with attributions to Michael Psellos or to a Euthymios or a Gregory.”

2! Pingree (1968) 16.

22 Acerbi (2014) 125ff.

2 Theophanes continuatus 4.197.4: Featherstone and Signes-Codofier (2015) 280.

** The Anonymous Heiberg is preserved in the eleventh century manuscript Universititsbibliothek Heidelberg, Cod.
Pal. graec. 281. A digitization of this manuscript is available online in Universitétsbibliothek Heidelberg’s digital
library: https://digi.ub.uni-heidelberg.de/diglit/cpgraec281/0203. Other witnesses to the text date between the
fourteenth and seventeenth centuries: see for example Paris grec 1931, 2062, 2136, 2465, 3067; suppl. grec 541 and
677; and Vat. gr. 111.

23 Pérez Martin and Manolova (2020) 85.
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However Michael Psellos, who will be discussed in the next section, cannot have been the author of this
work: the Anonymous Heiberg was produced in 1007, approximately ten years before his birth.?® Nor is
there evidence of him having edited the quadrivium, whether as a whole or only these four mathematical
chapters.

The astronomical chapter opens with statements that present (without citation, as usual) the first

three definitions of Theodosius’s Sphaerica, largely word-for-word:

Anonymous Heiberg?’

Theodosius Sphaerica®™

Def. 1

A sphere is a solid figure contained by one
surface, in which all straight lines drawn
from one point lying inside the sphere are
equal to each other.

A sphere is a solid figure contained by
one surface, in which all straight lines
drawn from one point lying inside the
figure are equal to each other.

Zeaipd £€oTL oyfUo OTEPEOV VIO UIAG
émoeoaveiog mepieydpevov, mpog fv A’
£€vOg onueiov t@AV E€vtog TG oeaipag
KEWEVOV Aol ol TpocminTovoal £00ion
iool aAAqAaug giot.

Ypaipd €oTlt oyfjuo oTEPEOV VIO UIdG
émoeoaveiog mepeyopevov, mpog v ae'
£vOg omnueiov TV &vioc ToD OYNUOTOC
KEWEVOV ThoaL ol TpocminTovcal gvdeion
icot aAAqAog eiotv.

Def. 2

The center of the sphere is that point.

The center of the sphere is that point.

KEVTPOV O TG oPaipag TO oNUEIOV €0TL,

KEVTPOV O¢ ThiC opaipag TO oNUEIOV €0TL.

Def. 3

The diameter is some straight line passing
through the center and terminating at both
sides; if the sphere rotates on it, it is called
the axis of the sphere.

The axis of the sphere is some straight
line passing through the center and
terminating at both sides of the surface of
the sphere, around which stationary line
the sphere rotates.

duapetpog 6¢ €00TG TIc 010 TOD KEVTPOL
nypévn  xol €' éxdtepo TG péEPM

AV o€ TG opaipag €otiv gVBEld TIg O1a
TOD KEVIPOL MYUEVN Kol TEPATOVUEVN E¢'

% See Taisbak (1981) on dating the astronomical section of the Anonymous Heiberg. The astronomical chapter
works through a problem using “the present, that is the 6516 year” (10D dedpo Tjyovv t0d ,coi5' €tovc) in the
Byzantine calendar, which is the year 1007 or 1008 in the Julian calendar. Taisbak further narrows the date for this
chapter down to between September 1st and December 14th, 1007. Heiberg, who edited the anonymous quadrivium,
expressed uncertainty as to where the attribution to Psellos originated. He indicates two editions from the sixteenth
century that print the chapters under Psellos’s name — see Heiberg (1929) 108.

27 Heiberg (1929) 104.

8 Czinczenheim (2000) 52.
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TEPOTOLUEVT” €l O€ Tepl avTNV N oeaipa | Ekdtepa Ta uépn VIO ThG Emaveiog Thg
otpéporto, aEmv g opaipag KaAeiTal. copaipag mepl fiv pévovcav evbeiov M
GQAipo GTPEPETAL.

Table 6.1: Comparison of the opening of the Anonymous Heiberg’s astronomical chapter with Sphaerica
book I defs. 1-3

This section on astronomy is otherwise largely dependent on Ptolemy’s Al/magest. It does not
reference other texts from the Little Astronomy or any more of Theodosius’s Sphaerica besides these
introductory definitions on spheres. The preceding geometrical chapter also does not draw from relevant
Little Astronomy texts. Besides the above Theodosian definitions, the authors who are referenced in these
two chapters are instead Euclid, Proclus, Nicomachus, Plato, Theon, Pappus, Hero, Eutocius, and
Archimedes (in the geometrical chapter) and Ptolemy, Euclid, and Pappus (in the astronomical one).?’

While this anonymous quadrivium filled a similar didactic niche as the Little Astronomy once
did, its author did not use the latter as a source for his work. This quadrivium rather reveals a different
cluster of authors who could be relied upon for geometrical matters, and the significant dependence on
Ptolemy for astronomical ones.

3.3 Michael Psellos (1017 or 1018 - 1078 or 1096)

Michael Psellos was a Byzantine monk, scholar, and political advisor in the eleventh century. His
Chronographia notably contains autobiographical portions which are illuminating for the scholarship of
his day and for his own intellectual biography. An often-cited passage for the state of the Byzantine astral
sciences in the eleventh century is section 5.19. After noting in the prior section how Emperor Michael V
(r. 1041-1042) relied on the counsel of those studied in the astral sciences (dotpovopodviov), he explains:

“At that time there was a group of distinguished men engaged in the study of that science, men

with whom I myself had dealings. These gentlemen were not specially concerned with the
position or movements of stars in the celestial sphere (actually they had no training in the proof of

¥ See, e.g., Heiberg (1929) 72, 80, 83, 88,92, 101, 107, and 143.
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such things by the laws of geometry and certainly this power of demonstration was not acquired
by them before they studied astrology)...”*’

So the individuals Psellos speaks of were practiced ones, but they had no background in geometrical
necessities (yeopetpikaig dvdykaig). They were not trained in proof (dm6dei&v). They had not studied
these topics before (oUte... mpoéyvwoav). Psellos continues with an explanation of what these individuals
had studied, making it clear that their focus was astrological:
“...they confined themselves rather to the setting up of astrological centres, the examination of
the rise and fall of the zodiacal signs above or below the horizon. Other phenomena connected
with these movements also became the object of their study — the ruling planets, the relative
positions and limits of the planets, together with those aspects considered favourable and those
which were not propitious. Certain predictions were then offered to persons who asked for advice
and their questions were answered.”"
Psellos’s criticisms of these astrologers would imply that there was a path to studying the astral sciences
through the means of geometrical proof. These individuals took a different path. Granted, Psellos does not
offer details of what the study of astronomy through geometrical proof should look like — by this he may
simply mean the study of the Al/magest. The notion of astronomy via geometrical proofs as a separate
educational path, however, is still worth acknowledging.

In book six of the Chronographia, Psellos takes a moment to describe his own education. The
study of mathematics followed after some of his earlier studies and was intended to support philosophical
study:

“From Proclus I intended to proceed to more advanced studies — metaphysics, with an

introduction to pure science, — so I began with an examination of abstract conceptions in the
so-called mathematics, which hold a position midway between the science of corporeal nature,

3 Translation by Sewter (1953) 95. The Greek text is in Reinsch (2014) 89-90: “Omfjpye 8¢ thvikadto poipa odk
dyevic Tiig mepi tadta padioenc, Gvopeg oig Kayd cuvouilnca, TdV HEV Tepl THY GQAipay TAEEMV Kol KIVGEMY
Elottov TEPPOVTIKOTEG TOV VOOV (0UTE YOp YEMUETPIKAIG GAVAYKOIG TNV TEPL TODTA AmOdEEY TPOSIMNPEIGOY 0VTE
UV Tposyvacay)...”

3! Translation by Sewter (1953) 95. The Greek text is in Reinsch (2014) 90: “éA)N' dnddg obtwg To Kévipa ioTdVTES
gito 81 Ta¢ Avapopdc T Kol dmoxAicelg 1o {wnedpov KiKAOL KoTopavddvovtee: kai To ko doa TovToIg EmsTan
(oikodeomdTOg ENUL Kol GYNUATOV TOTOVS” Koi Opla Kol OmOG LEV TOVTMV KPEITT®™ Omdoa 08 ¥Elpm), TPOVAEYOV TL
10i¢ Tuhopévorg, mepil GV EmnpoTiKESAV.”
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with the external apprehension of these bodies, and the ideas themselves, the object of pure
thought. I hoped from this study to apprehend something that was beyond the reach of mind,
something that was not subject to the limitations of substance.”*?
He goes on to elaborate somewhat on what mathematics involved, and on what subjects were related to it.
The study of astronomy accompanied the study of mathematics, as did the study of music:
“It was therefore consonant with this plan that I should pay especial attention to systems of
number and examine geometrical proofs, which some call 'logical necessities'. Moreover, |
devoted time to the study of music and astronomy, as well as to their various subsidiary arts. First
I would concentrate on each study by itself, then synthesize my knowledge, in the belief that the
several branches of learning would by their individual contributions lead me to one simple goal,
according to the teaching of Plato's Epinomis. So, thanks to these sciences, I was able to launch
out into the more advanced studies.”
These reports from Michael Psellos serve as examples of the general scarcity of detail available for
mathematical and astronomical education in the Byzantine Empire during this period. Accounts of
education will cover the topics of study, but the particular sources used by students for those topics go
unnamed, except for select works like the Elements and the Almagest. What comes across is a broad
picture of quadrivial studies, but with the details left unspoken. The study of astronomy usually appears in
the context of more advanced studies, often in the service of the study of philosophy.
Michael Psellos’s critiques of the astrologers above can be compared with his description of his
education. The details of what kinds of astronomy and astrology they had or had not studied reveals a

distinction between the training of the astrologers (who were practiced in techniques that might be found

in strictly astrological handbooks) and Psellos’s own, philosophically-directed education. It was in the

32 Chronographia 6.38, translation by Sewter (1953) 128. The Greek text is in Reinsch (2014) 122: “uéAov 8 peta
tadta €ml TV TpoOTV avaPaivery erlocopiov: kol Tty kabopav émommunv pveichol, v mEPL TOV doOUATOV
Bempiav mpodrafov &v T0ig Aeyouévolg pabnpacty (6 on péony v TaE TETOTAL, THG TE TEPL TA COUATO PVOEMS'
Koi Thc doyétov mpog TodTa VONcEMS Kol adTdv 81 TV 00c1dV, oic 1} kabapd copPoaivel vonoic), iv' éviedbev &l Tu
Kol vrep tadTo VTEPVOLV T VITEPOVCIOV KuTOANWouaL.”

3 Chronographia 6.39, translation by Sewter (1953) 128. The Greek text is in Reinsch (2014) 122-123: “8u tadta,
apOudv te pefddolg ovtov Evieivag Kol YEOUETPIKOG Gmodeibelg avalapfavay, ¢ avaykag Tiveg ovopalovotv: Tt
TE LLOVGIKOIG KOl GOTPOVOUIKOTG €vOl000g AOYolG kol €1 Tveg dAAal pobnoeg tadtong DITOKEITOL, O0VOE TOVTOV
ovdepiav dmoleinmv: kol TpdTo uEv Kot pioy ExGotny Sieélav: €10’ dndoag cuvayac, g 1 AAMAmY Tikovoog €ig
&v, g N Emwvopig fovietat, obtm St TouT@V T0ig DYNAoTépolg Enéfailov.”
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latter that astronomical studies via deductive mathematics and proofs were to be found. The Little
Astronomy may have served as a vehicle of this kind of education, but from the vagueness of the
description Psellos’s education could have easily comprised only the “major” texts, the Elements and the
Almagest, or have drawn from the variety of other geometrical works on astronomy that were available in
the Byzantine world — the anonymous quadrivium or works by authors like Theon, Cleomedes, etc.

3.4 Studying Mathematics in the Thirteenth Century Nicaean Empire

In 1204, Constantinople fell to the Fourth Crusade and the Byzantine Empire existed in exile until
Michael VIII Palaiologos reconquered Constantinople in 1261. This interim period saw three successor
states, the Empire of Nicaea, the Empire of Trebizond, and the Despotate of Epirus, where Byzantine
culture persisted. A number of scholars are known from this period and from the Palaiologan Renaissance
that flourished after the recapture of Constantinople. Several of these individuals are recognized for their
study of the astral sciences.

The below will offer an overview of select relevant figures but, as will become clear, the
surviving attestations of their work in the astral sciences have little to connect them with the Little
Astronomy.

3.5 Nikephoros Blemmydes (d. 1272)

Nikephoros Blemmydes was Byzantine scholar, teacher, and monk of the thirteenth century. He
received part of his education in the Empire of Nicaea and also travelled within Asia Minor.

He provides a report of his education in his work, 4 Partial Account. The course of his education
as he describes it starts with grammar, then Homer and poetry. Around age sixteen he studied logic, and
he took up the study of medicine for about seven years. He writes that he found a teacher, Prodromos, in

the Scamader region, where he had traveled despite it being under Latin control at the time. With
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Prodromos, in his twenties at the earliest, Blemmydes took up the study of mathematics. After this he
returned to logic, then progressed to physics.**
On his mathematical studies, Blemmydes has the following to say:

“So it was that I undertook the study of mathematics according to the textbook of Nikomachos,
and also the sort of ‘divination’ developed by Diophantos (not the full science, but that for which
my master claimed to be competent); geometry, both plane and solid, and with particular attention
to the Data and to spherical geometry, but also elementary optics and the theory of reflexion. I
then gave myself completely to astronomy.”*

Arithmetic was learned via Nicomachus; algebra via Diophantus. Geometry receives further details:
the Data was one of the works studied, along with works of spherics (cpaipikoic), optics (0mTIKOIC),
and catoptrics (katomtpikoig). It is not impossible that the Greek here refers not just to subjects but to
titles: the Sphaerica of Theodosius, and the Optics and Catoptrics of Euclid. This is made more
plausible by Blemmydes’s statement that the subject of astronomy followed these studies — the
arrangement is reminiscent of the several general and spherical geometrical works that headed the
Little Astronomy before its turn (with the Phaenomena) into astronomy proper.
Blemmydes continues by providing further details on his astronomical studies:

“I do not refer to the astronomy which is despised by sensible men (and which makes despicable
those who are not sensible), which deals with events and happenings and births and the foretelling
of special, appropriate occasions, and other such stupidities and follies. Rather, I mean the
astronomy that is lofty and elevating, that explains heaven’s cycle, both in the whole of heaven
and in its parts, and clarifies the movements of the stars, both those that are swept along having
the same motion as the whole, and only as parts of it, and those that have in addition a different
motion from the whole, one proper to themselves; this astronomy demonstrates the stars’ different
and peculiar rising and falling, their constant presence or their disappearance, their relations and
disagreements, their real and apparent changes, as also the growth and diminishing of night and
day (which are not the same everywhere) and the equinoxes. Astronomy explains also the
corresponding changes of the seasons, their coincidences or rather similarities, and many other

3% Heisenberg (1896) 41f.

35 Munitiz (1988) 46-47. See Heisenberg (1896) 4-5 for the Greek: ““Q md¢ fuiv xotompodvel 1o &pxov E0voc 6
navto petackevdlov PovAnpatt kol T®V cvvnbmv undév Asmopevov gig Muepotnto dlatifnot. kol o Thg
apOunTIic dxpoacdpevoc Nikopdyov kéx tfic Alo@avTov TH¢ olovel ypnopoloyikiic — ob yép mhong, GAN dong fv
gldnueV 0 ékdddoKmv, Og Eleye — ThC 1€ Yeopetplag TG v Emmédolg Kol GTEPEOIC, OV UMV GAAN Kol SEOOUEVOLG
EUEAETNOOG Kl GOOLPIKOTG Kol TOTg OAyopdyBo1g OnTiKoig Kol KoTonTpikois, dAog Eyopiat Th|g doTpovopiog.”
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such things. It brings to light the causes of all these and shows how they can all be exposed before
the naked eye, with linear proofs that require neither rhetoric nor grammar.”

The scholar takes pains to distinguish his astronomical studies from the more astrologically-inclined
subjects, which he speaks of disdainfully. In doing so, Blemmydes speaks quite clearly of which his
astronomical studies did and did not entail even if he does not indicate particular works.

The comments Blemmydes offers on his education also help to suggest what topics or works he
may have covered with his own students. Blemmydes is known to have taught George Akropolites,
Theodore II Laskaris, and Gregory of Cyrus (temporarily).

rge Pachymer 131

In the early Palaiologan period, the Byzantine scholar George Pachymeres authored another
instance of a quadrivium, titled the Treatise on The Four Mathematical Sciences: Arithmetic, Music,
Geometry, and Astronomy. Compared to the Anonymous Heiberg, its section on astronomy draws upon a
significantly wider range of authors: Euclid, Ptolemy, Plato, Aristotle, Cleomedes, Archimedes, Homer,
Theodosius, Aratus, Posidonius, Hipparchus, and Menelaus. Pachymeres frequently cites these authors by
name, sometimes indicating a particular work by title as well.”’

More Little Astronomy works receive citation in Pachymeres’ quadrivium. He references Euclid’s

Optics three times,*® his Phaenomena twice,” and Theodosius’s On Habitations once.* However, these

36 Munitiz (1988) 47. See Heisenberg (1896) 5 for the Greek: “ov Tfjg yopoi Prrtovpévng mapd tédv vodv £xoviav Kai
putovong Tovg vodv odK Eyovtag, €ig EKTEAESHOVG Amayovons Kol AmoPdoelg kol YEVEGELS Kol TEPIGKOMNGELG
Kop®dv Kol Apovg dAlovg kai Bapabpa, thig DWiBdpovog 8¢ kol dve @epodong, 1j TNV <Tob> 0VPUVOD TEPLPOPAV
ko' A0V aVTOV Kol Katd PEPT SLacaPEl Kol TAG TV AoTEPOV KIVIOELS, G001 TE GUV TQ TaVTL LOVEOS (G odTOD HEPT
eépovtar TV avTnv dool T TPOg TavTn Kol idtotdtny Eyovoty ANV avtipopdv, dMag tibnow, émroldg te kai
apaveiog Tapiotnol, oXECES T€ Kol AmooTAcElS Kol Tabn ta pev fvta ta 6& dokodvio Kol MUEPAV KOl VUKTAV
avENGELS KOl HEWDOELS, 0V TAG aOTOG GmavToyT, kKol icotnTag, £t &' EvaAlayds dpOV £TEPAG ETEP®OL Kal TOVTOTNTOG
7 Yobv opowdtntag Kol GAle ToALd TopomAncio Tapadid®ot, Kol TG andviev aiticg dtatpavol Kol V' dyv avThv
T TParypoTo keiobot Tapackevdlet S1d TG YPUUUIKTC dmodeieme, U PNTopIkiig dg0uév UNOE YPOUUATIKTG.”

37 The Elements is frequently cited by title: see for example Tannery (1940) 352, 360, 389. Other works by Euclid
are also denoted by their title, as below.

3% Optics propositions 3 and 36, in Tannery (1940) 366, and proposition 5 in Tannery (1940) 389.

3 Phaenomena propositions 1 and 9, in Tannery (1940) 371 and 380 respectively.

0 On Habitations proposition 8, in Tannery (1940) 382.
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instances represent only six Little Astronomy citations across a group of forty-six named references to
astronomical authors or works. Despite the increase from what was found in the Anonymous Heiberg, it
cannot at all be said that Pachymeres’ quadrivium was based upon the curriculum that the Little
Astronomy offered. Rather, the reappearance of references to these works, among other references to
authors like Cleomedes, Posidonios, Aratus, and Hipparchus, suggests instead the re-availability and
resumption of use of a wide variety of astronomical texts in this period. The usage of Little Astronomy
texts here is a small part of this larger trend.

4. Conclusion

The evidence for the study of the astral sciences in the Byzantine Empire during this period is
already limited, and tends to concern matters separate from the type of astronomy considered in this study
— namely, that dependent on proposition-based spherical geometry There is also the problem that what
sources are available do not offer details of exactly which works they studied. Even so, cases where
source works can be identified — like the two quadrivia — show essentially no dependence on the Little
Astronomy.

The difference in what was available between the Islamicate and Byzantine worlds may have
played a role here. Byzantine scholars pursuing the subject of astronomy and spherical geometry could
draw on a greater range of ancient geometrical authors beyond those whose works were included in the
Little Astronomy, not all of whom were translated or copied in Arabic. Islamicate scholars, when they
wished to study Greek geometry (be it preparation for the Almagest or otherwise), largely had the Middle
Books available to them, plus works by authors like Apollonius and Archimedes. The Middle Books were
not the entirety of Greek geometry available in Arabic, but they were a larger proportion of it — further,

we do see works outside it, like the Archimedean treatises, were sometimes added to it anyway.
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5. Coda: Arabic and Persian Connections

Shortly after the end of the timespan explored in this chapter, Theodore Metochites (1270 - 1332)
set out to write an epitome of the Almagest. This, however, was a daunting project, and one which
required sufficient preparatory studies in geometry and astronomy. Metochites himself admits as much,
writing in his Abridgement of the Elements of Astronomy (AGTPOVOUIKTC KOT  ETITOUNV CGTOLYEIDGENDC)
that, beyond thoroughly reading the Almagest cover to cover several times, he benefited from the study of
several mathematical texts. He refers to or names Euclid’s Elements (6on 1e év émmédolg Edxheion
otoyeobton kal don &v otepeoic) and his Optics, Catoptrics, Data, and Phaenomena (kol unv £t kol
Gitto 1@ avopi mpooeeipyaotar Ontikd 1€ Kol Katomtpikd xoi Agdopéva kol mepl 1@V Kot ovpavov
eawvopuévav); Theodosius’s Sphaerica (Bgodociov 1€ Zeapika) and his On Habitations and On Nights
and Days (kai 6ca mepl dlakpicemy, olkNoedV 1€ Kol VoKtV Kol fjuep®dv); and <Autolycus’s> On Risings
and Settings (dotpov €mtoldv te kol dvcewv). Several other works follow later in the section:
<Nicomachus’s> Introduction to Arithmetic and perhaps works on algebra (dpOuntikdv gicaywyai Kol
Babvtepar Bewpian), Apollonius’s Conics (Amoriwvioov tod Ilepyaiov Kmviké), and Serenus’s On the

Section of a Cylinder (Zepnvov Kviwvdpikd).*!

41 Metochites 1.1.32: see Bydén (2003) 436-437: “486ke1 81 Aowmdv obtw, Kol SAC &V TOVTOIC ELYOV, Té PV KT
Ta0TOV UETIOV oLV Toic ITtodepaiov — ypfjvon yap obtm Kol odk fv SAAwg Toic €keivov ypficOar — t& 88 kai
pebvotepoV T0HTOL Lot TOD 6KOTOD Kol TOD TOVOV 1| THiG YemUETPIKTG Oempiag gig TEA0g Epevva, dom te &v Emmédolg
EbdkAeidn otoryeodtor kol 6om év otepeoig, kol pnv &t kol dtra 1® avopl mpooeleipyaotar Ontikd te kol
Katontpwa koi Agdopéva kol mept T@V KAT 0DPAVOV PUVOUEVAOY, GOTEPEL TPOBLPE Tva TADTO KOl TPOavALL TV
€vtOc amoppntmv T Kol Ad0T™V dotpovouiog kod Thg OANG avti Kotaokevtic, ®@eodociov e Zpapikd Koi dca mepl
duakpicemv, 0IKNGEDY T€ KOl VOKTAV Kol NUep®dV, GALOT' GAA®V, mica avaykn, Kol AoTpmv ETTOADY T€ Kol d06E®V
mavtoiov e kol GAloiwv &v dAlolg Kol oV mavta maparinciov, kol mepl T@v 00 (mdokod Tunudtov Kol Tdv
Slpdpov adtod oynuaTIcU®V &V T mEPLOTPORT] ToD TavTog — TavTe PEV YE Kol ovepdS &g doTpovopiov 1om
Qépet, Kol TG Kat' avTiy Vmobéoic dEepydletar, kol Tadt &v dmhaic aloTicy dp' émaywyoic avip Siééeiot, Kol
YPOUUKOAC E6TY 00 KpoTHvel deifeot — kai uiv ETt Tepl ToTd Kol SAAOV OVTIVOVODY @ihomoviot kol aplOunTk@vy
sicaymyol kai Pabdtepon Bsmpiot, koi 0Ok 018" d1t & T dvopata KoTapOpeichal, ANV ye 6Tt Kol TPOG TADTA KOTd
v &€& apyiig mpobeocty Emyeddc fjvotov: a 8¢ dMt gipntai pot mpdtepov Amorlhmvioov tod Ilepyaiov Kovikd,
Bovpaotilg dvimg yempetpikilg E£emg kal kpdTovg &v Tty Tod Avopog deiypata, kol Lepnvov Kviwvdpucd, poiot'
€noviOn pot, dvodiegimra Taig KoToypaais EvTvyelv, Kol KOUT Tmg Epydon cuoyelv movidnacty, dco y' Eue
gldévar, 01 Vv €nimedov émickeyv Kol E6Tv OT@OoDV Ypiicbot kol mepdcbat el dAnong 6 Adyog.”
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In this account we can find a report mirroring reports that have already been seen many times in
the Arabic tradition: particular texts being read as preparation for work with the A/magest. This list lacks
references to Autolycus’s On the Moving Sphere or to Hypsicles’s or Aristarchus’s works, but otherwise
comprises a significant proportion of Little Astronomy or Middle Books texts. So it is in Metochites that
these works as a curriculum most noticeably resurface.*

Metochites indicates his teacher in mathematics was Manuel Bryennios (ca. 1275 - ca. 1340) — he
writes that Bryennios himself had learned astronomy from a relative of his who was knowledgeable in the
subject, and elsewhere writes that Bryennios had learned the subject from a man who had been to Persia.*
If both these reports are accurate, then Bryennios had a relative who had learned astronomy in Persia.
This would have been approximately around the time when Gregory Chioniades (ca. 1240 - ca. 1320) and
unknown others had traveled and brought back Persian astronomy to the Byzantine Empire.

The late thirteenth century Ilkhanate and its astronomical scholars and teachers — exemplified by
Nasir al-Din al-TaisT and Muhyt al-Din al-Maghribt — will be discussed in chapter 7. But by this point it is
clear enough that a student of astronomy in the Islamicate world often would have, in addition to
originally Arabic (and Persian) texts, encountered translations of, abridgements of, and commentaries on

originally Greek treatises. Gregory Chioniades is remembered for bringing Persian astronomy to the

42 Metochites complains about the lack of mathematical study available in the Byzantine Empire in his time in I.1.6:
see Bydén (2003) 420: “tdv yap &v 1@ 0ekAT® THG LTOWYEIDCEMG PNTAOV TE KOl AAOY®OV YPOUUDY TE Kol 0DV Kol
TV TOWKIAOV dmoTop®dv avideoc, m¢ eimelv, fv, appnTdg Te Kai dAoyog, opicty 1| &monteio, Kai oVK glxov OOV
évtadbo ypficbat, odT’ oikobev Tig AOTOG aVTOD EVCE®S Kol SVVANE®DG EKOGTOG, 0UT’ HAAOL TOL peToAapfdvewy
Omwg dpa. kol Aowdv Emerto mpooemktdoBor Kol mpootTifévor TVOE mepl TA OTEPER THG EMOTHUNG
TOALTPAYLOGUVIV, Kol HAAGTO THV T@V Tepl T0 Kovikd Bovpdtov g pabnuatikic, dppntov mavtdmact Kol
dvevvomtov mpiv | EvTuyelv ovivoodv kal Tpoooyelv &b pého ebpecty kai vmotdnmoty Atorlwviov Tod &k IIépyng,
avopog ®g aAN0dGg Bovpactod TV £E dpyig avOpaTmv, doa EUE €1déval, TePL TNV YEMUETPIKNY EMGTAUNY, 0OTOD TE
TNV TEPL TA KLAWVOPLKE, Kol XgpNvov, Kat’ adTOV 6Yed0V Avdpog 1 Tt Eyyiota, £T1 8¢ T TEPL GPATPOY KIVOLUEVV TE
Kol i, Botépov 81 pépoug Tfic padnuaticiic, oot Kol i1 Kol COPTTMMATA, 0iC BPa Kol GUVEIGEYOVTOL O THC
dotpovopkic Esmc DoBéoelc ®s0doaion Kol MVTVEV BALmY, Kol ovy fikioT EvkAsidon appovikoic te Adyoug Kol
KOTOTOUAG GUUEVTOVS Tf] TOD TTavTOg KATAoKEVT], Kol dvimg amodeléy doelotov Kol akAdvnToV Tiig Tdv dvimv
aAiniovyiag, Kai tiig Oelag mpovoiag kol KaAAiteyviog, MG einelv, DIOUVN GV TOUTAEICTOV TOVEOPOV AVOPDY.”

4 The first report appears in Metochites, Abridgement 1.1.26; see Bydén (2003) 432. The second report appears in
Metochites, Poem 1, 633-50; see Bydén (2003) 249.
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Byzantine Empire and translating several of these works into Greek. Byzantine students would have seen
little need of retranslating originally Greek works, but it is possible that exposure in Persia to the many
works on the Almagest and to works preliminary to its study influenced how these individuals engaged

with and taught astronomy when they returned to the Byzantine Empire.
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Chapter 7
Translations into Latin and Hebrew

1. Introduction

The circulation of the works which comprised the Little Astronomy and the Middle Books was
extensive enough that many of them received further translations between the ninth and thirteenth
centuries. These translations were into Latin and Hebrew. While there is not space in this study to
examine these translations in great detail, their historical occurrence and the contexts in which they were
produced are examined in this chapter as further evidence of how widely this astronomical curriculum
was circulated and used in the time leading up to the thirteenth century.
2. Translations into Latin
2.1 Overview

The following is an overview of the known translations into Latin from Greek and Arabic of
Little Astronomy / Middle Books treatises and treatises sometimes appended to these collections. Works
which are not known to be translated are included in the table to offer an impression of what proportion of
the collection was translated versus left untranslated. Attested translations are indicated with ‘x,’
translations of uncertain provenance are indicated with ‘?” and will be expanded upon below. Further
description and references for all these translations are offered in the following section.

The Arabo-Latin translators known to be involved are Plato of Tivoli (fl. 1116 - 1138), Gerard of
Cremona (ca. 1114 - 1187), and Campanus of Novara (ca. 1220 - 1296). The Graeco-Latin translator

known to be involved is William of Moerbeke (1215-35 - ca. 1286).!

! For more on these figures, see Haskins (1924). For Gerard of Cremona and his school, see also Burnett (2001). For
Campanus of Novara, see the introduction in Benjamin and Toomer (1971). For William of Moerbeke, see Clagett
(1982).

229



Arabo-Latin

Graeco-Latin

Plato of
Tivoli

Gerard of
Cremona

Campanus
of Novara

Anon.

William of
Moerbeke

Anon.

Data (Euclid)

X

Sphaerica (Theodosius)

X

Spherics (Menelaus)

On the Moving Sphere
(Autolycus)

Optics (Euclid)

Catoptrics (Euclid)

Phaenomena (Euclid)

On Habitations (Theodosius)

On Days and Nights
(Theodosius)

On Sizes and Distances
(Aristarchus)

On Risings and Settings
(Autolycus)

Anaphoricus (Hypsicles)

Lemmata
(pseudo-Archimedes)

Measurement of the Circle
(Archimedes)

On the Sphere and Cylinder
(Archimedes)

Commentary on the Sphere
and Cylinder (Eutocius)

On the Sector Figure (Thabit)

XX
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Arabo-Latin Graeco-Latin

Plato of | Gerard of | Campanus William of

Tivoli Cremona | of Novara Anon. Moerbeke Anon.
Commentary on the Sector
Figure (al-Nasaw1)
Book of Knowledge (Bantu <

Miisa)

Assumptions (Thabit)

On the Composition of Ratios
(Thabit)

Book of Enlightenment in
Astronomy (al-Kharaqt)

Table 7.1: Latin translations and translators of Little Astronomy / Middle Books texts
.2 Details of the Translati

The Elements and the 4lmagest

The translations of the FElements and Almagest into Latin through the thirteenth century are
summarized here so that they might be compared with what is found for treatises of the Little Astronomy
and the Middle Books. Euclid’s and Ptolemy’s treatises see translation out of both Arabic and Greek.

In the case of the Elements, Adelard of Bath produced an Arabo-Latin translation ca. 1120. A
second Arabo-Latin translation is commonly attributed to Gerard of Cremona’s efforts in Toledo — the
work is listed among the bibliography of Gerard’s translations by his students, and the translation style

matches his. Another may be the work of Hermann of Carinthia, ca. 1140. The twelfth century also saw a

231



translation of the Elements out of Greek.” These translations subsequently led to further adaptions and
editions in Latin.’

The Almagest, meanwhile, saw a translation produced out of Greek in Sicily ca. 1150. There were
additionally two Arabo-Latin translations before the end of the thirteenth century: Gerard of Cremona’s
translation, produced in Toledo between ca. 1140 and 1187, and a translation produced by an otherwise
unknown ‘Abd al-Masih of Winchester — the single extant witness of this text was copied in the mid 13th
century.*

Data

A translation from Arabic by Gerard of Cremona is attested in the list of his translations — “Liber
datorum Euclidis tractatus .i.” — however, this translation does not appear to have survived.’ There was
also a translation from the Greek which has been edited by Ito.°® The earliest extant manuscript of this text,
Oxford Bodleian Auct. F.5.28, dates on paleographic grounds from the middle of the thirteenth century;
Ito suggests that the production of this text should be situated among the Graeco-Latin translations of the
twelfth century. He argues its translator was also responsible for the Graeco-Latin translations of the

Optics and Catoptrics, and that it is possible this figure was the same as the Graeco-Latin translator of the

2 Adelard of Bath’s translation of the Elements is edited in Busard (1983), Gerard of Cremona’s in Busard (1984),
Hermann of Carinthia’s(?) in Busard (1968), and the Graeco-Latin translation in Busard (1987). For more details on
the Gerard translation, see de Young (2004). The Graeco-Latin translation is first discussed in Murdoch (1967).

3 Adaptions and editions which were produced before the end of the thirteenth century include an adaption of
Adelard’s translation attributed to Robert of Chester (12th c.), edited in Busard (1992); another adaption attributed to
John of Tynemouth (13th c.), edited in Busard (2001); and an edition by Campanus of Novara (13th c.), edited in
Busard (2005).

4 On the Graeco-Latin translation, see i.e. Haskins and Lockwood (1910), Haskins (1912), and Angold (2020)
153-154. On Gerard’s translation, see Kunitzsch (1974) 83-112 and Kunitzsch (2004). On the translation by ‘Abd
al-Masih of Winchester, see Heiberg (1911), Haskins (1927) 108-110, and Burnett (1999).

5 See the list of translations in Burnett (2001) 277. Hultsch in Pauly and Wissowa (1907) 1043 believed the Latin
Data in Dresden Db 86 to be Gerard’s translation, but Ito (1980) 16 has found its text to be a match for the
Graeco-Latin translation.

®Tto (1980).
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Almagest.” The latter suggestion has however received pushback.® More detailed textual studies to address
this question have yet to be done.
Sphaerica

The Sphaerica had two Arabo-Latin versions by the thirteenth century. It was translated by
Gerard of Cremona, and this translation has been edited by Kunitzsch and Lorch.” The ascription to
Gerard is supported both by its match for his style and by its inclusion in the list of his translations
compiled by his students. It appears as the second entry under De geometria: “Liber Theodosii de speris
tractatus .iii.”'° The second version’s translator is uncertain; it has been attributed to either Plato of Tivoli
or to Campanus of Novara.
Spherics

Gerard of Cremona additionally translated Menelaus’s Spherics out of Arabic.'> This treatise is
listed as the fifth entry under De geometria by his students: “Liber Milei tractatus .iii.”"* A comparison of
the Latin text with the versions available in Arabic shows that the first two books seem to come from
some version of al-Mahani’s revision before al-HarawT's revisions, but the third book shows more

similarity with the edition of Ibn ‘Iraq and presumably draws from its source.'*

7 On Oxford Bodleian Auct. F.5.28, see Ito (1980) 39. On the proposed context of the translation, see Ito (1980)
23-41.

8 Clagett (1982) 358.

? Kunitzsch and Lorch (2010b).

10 See the list edited in Burnett (2001) 276.

' Pena (1558) first attributed this version to Plato of Tivoli, and was followed by Boncompagni (1851) 251-252 and
Heiberg (1927) viii. Lorch (1996) conversely argued that this version was the work of Campanus.

12 See Bjernbo (1902) 10ff.

'3 Burnett (2001) 276.

4 See Krause (1936) 111f and 85-86 for comparison of this translation with the Arabic versions. Hogendijk (1996)
demonstrates that the parts of Ibn Hid’s Book of Perfection which depend on Menelaus show that Ibn Hid had
access to an Arabic version of the Spherics with these characteristics: the first part showing similarity with
al-Mahant’s revision, and the second part with the source of Ibn ‘Iraq’s edition. The evidence put forth by Rashed
and Papadopoulos (2017) 26-71 confirm these findings.
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On the Moving Sphere

On the Moving Sphere was translated from Arabic by Gerard of Cremona; it is the ninth entry
under De astrologia in his students’ list: “Liber Autolici de spera mota tractatus .i.”" It has been edited by
Mogenet.'®
Optics

The Optics saw multiple transmissions into Latin, via both Greek and Arabic. The version which
circulated in Latin under the title De visu was translated out of Greek — scholarship tends to agree in
pointing to twelfth century Sicily as the context of this translation.'” It has been suggested that it, together
with the Graeco-Latin translations of the Data and Catoptrics, were all the work of one translator, though
this is not certain and has received pushback.'® This translation of the Optics has been edited by Theisen."
There are also four other versions extant in Latin manuscripts which appear to be adaptions of De visu.*

There are multiple Arabo-Latin translations of the Optics. One of these circulates with the title
Liber de aspectibus. It may have been translated by Gerard or a member of his school — while Euclid’s
Optics is not included in the list of Gerard’s translations, this version does appear in the manuscript Paris
lat. 9335, a codex containing a multitude of translations by Gerard and his circle.” This translation has

also been edited by Theisen.?

15 Burnett (2001) 278.

' Mogenet (1948).

17 See for example, Bjoérnbo (1909), Haskins (1912), and Steinschneider (1956). There are multiple thirteenth
century manuscript witnesses for the text, and one potentially twelfth century one — Oxford, Bodleian Corpus Christi
College 283 — on these, see Theisen (1972) 52-55.

18 See Ito (1980) for the argument in favor of this hypothesis, and Murdoch (1967) for the argument against it.

1 See the editions in Theisen (1972) 66-320 and Theisen (1979).

2 Theisen (1972) 12.

I Theisen 327-328.

22 See the edition in Theisen (1972) 336-384.
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A second is extant under the title Liber de radius visualibus. The translator is uncertain and the
earliest surviving manuscripts date to the thirteenth century.” It has additionally been edited by Theisen.**

Another version, under the title Euclidis de aspectuum diversitate, may also be a translation from
the Arabic rather than an adaption. The context of its production is unclear. It survives in a fifteenth
century manuscript and has yet to be edited.”
Catoptrics

The Catoptrics was translated from Greek, and there are extant two later adaptions of this
translation as well. All three versions have been edited and discussed by Takahashi.*® The translators and
adaptors are not specified in the manuscripts, but the earliest extant manuscript of the translation, Oxford
Bodleian Corpus Christi College 283, dates from the 12th-13th century.”’” The earliest extant manuscripts
of the two adaptions date from the thirteenth and twelfth centuries.”
Phaenomena

There is no extant medieval Latin translation of the Phaenomena, nor attestation of one.
On Habitations

On Habitations was translated from the Arabic by Gerard of Cremona, appearing as the sixth
entry under De astrologia in the list of his translations: “Liber Theodosii de locis habitabilibus tractatus

.1.” It has been edited by Kunitzsch and Lorch.”

2 The earliest extant manuscripts appear to be the thirteenth century Seville, Biblioteca Capitular Colombina MS
7.6.2 and Florence, Biblioteca Nazionale MS conv. soppr. J. I. 32. See Theisen (1972) 334-335.

2% See the edition in Theisen (1972) 403-422.

5 The manuscript in question is Vatican urb. lat. 1329. See Theisen (1972) 324, fn.10.

26 Takahashi (1992). For the edition of the Graeco-Arabic translation De speculis, see p.114-211; for the adaption
Liber de speculis, see p.212-291; for the adaption De speculis, see p.292-318.

?" Takahashi (1992) 77.

% For the adaption Liber de speculis, these are Oxford Bodleian Auct.F.5.28 and Venice Biblioteca Nazionale
Marciana, Zanetti Lat. 332: see Takahashi (1992) 78-79. The adaption De speculis is extant in only one manuscript,
the twelfth century British Library Add. 17368: see Takahashi (1992) 79.

» See the list of translations in Burnett (2001) 278. The edition is Kunitzsch and Lorch (2010a).
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On Days and Nights

There is no extant medieval Latin translation of On Days and Nights.
On Sizes and Distances
There is no extant medieval Latin translation of On Sizes and Distances.*°

On Risings and Settings

There is no extant medieval Latin translation of On Risings and Settings.
Anaphoricus

Gerard of Cremona produced a translation of this text from the Arabic, and this is noted in the list
of his translations as the sixth entry under De astrologia: “Liber Esculegii tractatus .i.” The Latin has been
printed by Manitius.*'
Lemmata

There is no extant medieval Latin translation of the Lemmata.
Measurement of the Circle

There are extant two Arabo-Latin translations of this short Archimedean treatise. The more
frequently copied was that of Gerard of Cremona — it is possibly the Measurement of the Circle which is
indicated in the list of his translations by the entry “Liber Archimedis tractatus .i.”*? There was also a
translation tentatively attributed to Plato of Tivoli, since it follows a different translation of his in Paris

lat. 11246 and uses similar terminology. Both translations have been discussed, edited, and translated by

3% Noack (1992) 45 notes it there is a small possibility that a Latin On Sizes and Distances by Gerard of Cremona
remains to be discovered. This possibility is raised largely by the text’s inclusion in a note in Paris lat. 9335, to be
discussed below. However, the treatise does not appear in the list of Gerard’s translations.

31 See the entry in the list of translations in Burnett (2001) 278. The edition is Manitius (1888).

32 Burnett (2001) 276.
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Clagett.*®> William of Moerbeke produced a translation of this text from the Greek in 1269, and this
translation has been edited by Clagett as well.**
On the Sphere and Cylinder

On the Sphere and Cylinder was translated from the Greek by William of Moerbeke in 1269. This
translation has been edited by Clagett.® There additionally exists a fragment of what appears to be an
Arabo-Latin translation of On the Sphere and Cylinder on f. 121r of the manuscript Oxford Digby 168.
Clagett suggests that this fragment might come from the work of Gerard of Cremona, as in the manuscript
it appears alongside several works translated by him.*
Commentary on the Sphere and Cylinder

Eutocius’s commentary on the above work was also translated from the Greek by William of
Moerbeke in 1269, and this translation has been edited by Clagett.”’
On the Sector Figure (Thabit ibn Qurra)

There are three Latin versions of On the Sector Figure extant. One of them was produced by
Gerard of Cremona, and this is supported by its entry in the list of his translations: “Liber Thebit de figura
alkata tractatus .i.” The second appears to be another translation, with interpretations of the Arabic text
not seen in Gerard’s version. The third in some places appears to be a rewriting, but in others includes
material from the Arabic not seen in the other two versions. These translations have been edited by

Lorch.®

33 Clagett (1964): on Gerard’s translation, see p. 30-58; on Plato(?)’s translation, see p.16-29.

3* Clagett (1976) 157-160.

35 Clagett (1976) 161-220. On William of Moerbeke as translator, see p. 28-53. Clagett (1982) 363-365 argues that
the manuscript Vat. Ottob. Lat. 1850 is an autograph of his.

3% Clagett (1952) 36-37.

37 Clagett (1976) 221-286.

3 See the list of Gerard’s translations in Burnett (2001) 276. The three Latin translations are discussed in Lorch
(2008) 30-36. The “Grecising” translation is edited in p.124-141, and the “inter universas” translation in p.142-153.
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Commentary on the Sector Figure (al-Nasaw1)

There is no extant medieval Latin translation of al-Nasaw1’s Commentary on the Sector Figure.
Book of Knowledge (Bant Miisa)

The Book of Knowledge of Plane and Spherical Figures was translated by Gerard of Cremona
and appears in the list of his translations under the entry “Liber Trium Fratrum tractatus .i.” It has been
edited by Clagett.*

Assumptions (Thabit ibn Qurra
There is no extant medieval Latin translation of Thabit’s Assumptions.

On the Composition of Ratios (Thabit ibn Qurra)

There is no extant medieval Latin translation of Thabit’s On the Composition of Ratios.
Book of Enlightenment in Astronomy (al-Kharagt)

There is no extant medieval Latin translation of al-Kharaqi’s Book of Enlightenment in
Astronomy.
2.3 Translations of Other Preliminary Astronomical Works

Thabit’s Simplification of the Almagest (Tashil al-Majisti)*® was translated by Gerard of Cremona.
In the manuscripts it receives the title Liber quem edidit Tebit filius Chore de his que indigent expositione
antequam legatur Almagesti; in the listing of Gerard’s translations, its entry is “Liber Thebith de
expositione nominum Almagesti tractatus .i.” It has been edited by Carmody.*' There is another version

appearing in two manuscripts — Burnett supposed it to be a distinct translation on the basis of one of these

39 See the list of translations in Burnett (2001) 277, and the discussion and edition in Clagett (1964) 223-367.
0 Note this text also is found transliterated into Hebrew as well — see Langermann (1996) 158.
4 See the list in Burnett (2001) 278. The text is discussed in Carmody (1960) 117-118 and edited in 131-139.
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manuscripts, potentially by Hugo of Santalla (12th c.), but the more complete manuscript shows matches
with the Gerard translation in several places and might indicate that the alternate version was a draft.**
3. Traces of Influence in Latin from the Curricula
3.1 The Graeco-Latin Translator of the Almagest

This translator’s identity is unclear. A later gloss in Vatican Pal. lat. 1371* claims the translator’s
name as Hermann, but there are several issues with interpreting this as Hermann of Carinthia (12th
century).*

The scholar does provide an interesting account of the path he embarked upon in order to access
and translate the Almagest in the preface to his translation:

“Certainly on the part of this which concerns the movement of the stars, Claudius Ptolemy,
polisher of the ancients and model for the moderns, most skilled in the science of the stars, wrote
thirteen books. These are called by the Greeks the Mathematical or Great Syntaxis; by the Arabs
a name “Almagest” which is a corruption. When I was laboring in medicine in Salerno, hearing
that a messenger of the king of Sicily, by name Aristippus, whom [the king] himself had sent to
Constantinope with imperial generosity, had carried these through Palermo, inspired with the
hope of my long-lived desire, I did not fear the barks of Scylla, I passed through Charybdis, I
went around the flowing fires of Etna, seeking him from whom I hoped for the end of my desire.
Finally finding him near the font of Pergusa, investigating the wonders of Etna with some danger,
hidden matters and [the fact that] clearly [my] mind was lacking experience in knowledge of the
stars prohibited him from handing over the aforementioned work to me. I, already attentively
learned in Greek letters, indeed first used as a prelude Euclid’s Data, Optics, and Catoptrics, and
Proclus’s Elements of Physics. Then, undertaking the aforementioned work of Ptolemy, kind
Grace providing me with a favorable expositor in Eugenius, a man as much learned in Greek as in
the Arabic language and not ignorant of Latin, (against the will of an ill-tempered man) I
translated this [work] into Latin.”*

2 The manuscripts in question are Dijon, Bibliothéque Municipale, 449 and Milan, Biblioteca Ambrosiana, A. 183
inf. See Burnett (2007) 33-35.

4 Vatican Pal. lat. 1371 may be viewed online in the DigiVatLib repository.

4 See Haskins (1912) 157 and more recently Angold (2020) 153-154.

4 Latin edited in Haskins and Lockwood (1910) 99-100: “Huius vero eam partem que siderum motus specculatur,
veterum lima, specculum modernorum, Claudius Ptolomeus astrorum scientie peritissimus .XIII. perscripsit libris.
Qui a grecis quidem mathematica seu meguisti sintaxis, a saracenis vero elmeguisti corrupto nomine appellantur.
Hos autem cum Salerni medicine insudassem audiens quendam ex nuntiis regis Scicilie quos ipse Constantinopolim
miserrat nomine Aristipum largicione susceptos imperatoria Panormum transvexisse, rei diu desiderate spe
succensus, Scilleos lactractus non exhorui, Caripdim permeavi, ignea Ethene fluenta circuivi, eum queritans a quo
mei finem sperabam desiderii. Quem tandem inventum Perguse prope fontem Ethnea miracula satis cum perriculo
perscrutantem, cum occulte quidem alia, manifeste vero mens scientie siderum expers prefatum michi transferre
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The translator’s mention of a preliminary course in Euclid’s Data, Optics, and Catoptrics (along with
Proclus’s Elements of Physics) stands out in this narrative.*® While this is hardly the full corpus of the
Little Astronomy, the three Euclidean works do appear as part of it later in its transmission. The
translator’s choice to study them prior to his attempt at translating the 4/magest echoes the Arabic use of
the Middle Books as preliminaries to the A/magest. Perhaps this reflects some transmission of this
didactic strategy to Sicily by the twelfth century. Certainly some Arabic influence can already be seen in
the translator’s comments about the Arabic title of the A/magest.
3.2 The Manuscript Paris lat. 9335

The manuscript Paris lat. 9335 is a codex from the twelfth century. It contains a large variety of

Latin translations from Arabic — its contents are as follows:*’

1. 1r-19r: Theodosius Sphaerica

2. 19r-21v: Autolycus On the Moving Sphere

3. 22r-23r: Hypsicles Anaphoricus

4. 23v-25r: Thabit ibn Qurra Introduction to the Almagest

5. 25r-28v: Theodosius On Habitations

6. 28v-30r: Archimedes Measurement of the Circle

7. 30r-31v: Ahmad ibn Yusuf Epistola abuiafar ameti filii josephi de arcubus simibilus
8. 31v-32v:  Al-Kindi De quinque essentiis

9. 32v-54v:  Menelaus Spherics

10. 55r-53v: Banii Miisa Book of Knowledge

11. 64r-75r1: Ahmad ibn Yusuf De proportione et proportionalite
12. 75r-82r: Al-Kind1 De aspectibus

13. 82r-83v: Pseudo-Euclid De aspectibus

14. 84r-88v: Tideus De speculis

15. 88v-92r: Euclid Optics (liber de aspectibus euclidis)

16. 92v-110v:  Al-Nayrizi Commentary on Euclid Elements X

opus prohiberent, grecis ego litteris diligentissime preinstructus, primo quidem in Euclidis Dedomenis, Opticis, et
Catoptricis, Phisicaque Procli Elementatione prelusi. Dehinc vero prefatum Ptolomei opus aggressus, expositorem
propitium divina michi gratia providente Eugenium, virum tam grece quam arabice lingue peritissimum, latine
quoque non ignarum, illud contra viri discoli voluntatem latine dedi orationi.”

4 See Haskins (1912) 158 for more discussion on the availability of these texts in Latin translations and the
possibility of their translation by the present translator.

47 A digital facsimile is available online in the Gallica repository. This manuscript has been described in Bjgrnbo
(1902b) 67-75.
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17. 110v-115v: Al-Khwarizmi Algebra

18. 116v-125v: Abu Bakr Liber mensurationis

19. 125v-126r: Sa‘id Abu ‘Uthman Liber Saydi abuothmi

20. 126r-126v: “Abd al-Rahman(?) Liber aderameti

21. 126v-133v: Abraham(?) Liber augmenti et diminutionis
22. 135r-139v:  Al-Kindi De gradibus

23. 140r-141r:  Capitulum cognitionis mansionis luna

24. 141r-143r:  Thabit ibn Qurra De motu octavae sphaerae
25. 143v-151v: Al-Farabi de scientiis

26. 151v-160v: ‘Arib Ibn Sa‘d al-Katib al-Qurtub1 Liber Anoe

Most notably for the purposes of this investigation, however, is the note which has already received some
discussion in chapter 3. On folio 28v there is a passage after the conclusion of On Habitations which
reads as follows:
The order which follows after the book of Euclid, which is found in the writing of Johanicus: 4
Euclid’s Optics, one book. § Theodosius’s Sphaerica, three books. 9 Autolycus’s On the Moving
Sphere, one book. § Euclid’s Phaenomena, one book. § Theodosius’s On Habitations, one book.
Autolycus’s On Risings and Settings, two books. § Theodosius’s On Nights and Days, two books.
4| Hypsicles’s Anaphoricus, one book. q Aristarchus’s On the Sizes and Distances of the Sun and
the Moon, one book.
Ordo qui est post librum Euclidis secundum quod invenitur in scriptis Iohanicii. § Euclidis de
aspectibus. tractatus unus. 4 Theodosii de speris. tractatus tres. § Autolici de spera mota. tractatus
unus. 9 Euclidis de apparentibus. tractatus unus. 4 Theodosii de locis habitabilibus. tractatus unus.
4| Autholici de ortu et occasu. duo tractatus. 9§ Theodosii de die et nocte. duo tractatus. q Esculei
de ascensionibus. tractatus unus. 9 Arsodochii de elongationibus planetarum et earum
magnitudinibus. tractatus unus.
As noted, scholars have previously identified this Johanicus as Hunayn ibn Ishaq, but comparison of the
Latin version of this report with its Arabic counterpart in Beirut MS St. Joseph University, BO 223A
makes it clear that the son Ishaq ibn Hunayn was probably mistaken for his more famous father Hunayn at
some point in the report’s transmission.
In any case, it is striking that the report translated into Latin appears to have been a very early one

— a list of the relevant treatises, copied and then transmitted from the writings of the ninth century Ishagq.

This report in the manuscript Paris lat. 9335, then, shows awareness in Latin of the core grouping of the
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Middle Books. It is not followed up with any acknowledgement of the texts that variously came to be
included later. The below lists the texts and their orders in the manuscripts Vat. gr. 204 and Seray Ahmet
III 3464 as examples of the Little Astronomy and Middle Books, respectively, to compare these with what

the note in Paris lat. 9335 presents:

Vat. gr. 204 Seray Ahmet III 3464 “Ordo qui est post librum
Euclidis...”
1. Sphaerica 1. Data 1. Optics
2. On the Moving Sphere 2. Sphaerica 2. Sphaerica
3. Optics 3. On the Moving Sphere 3. On the Moving Sphere
4. Phaenomena 4. Optics 4. Phaenomena
5. On Habitations 5. Spherics 5. On Habitations
6. On Days and Nights 6. Phaenomena 6. On Risings and Settings
7. On Sizes and Distances 7. On Habitations 7. On Days and Nights
8. On Risings and Settings 8. On Days and Nights 8. Anaphoricus
9. Anaphoricus 9. On the Linear Astrolabe 9. On Sizes and Distances
10. Catoptrics 10. On Risings and Settings
11. Data 11. On the Composition of
Ratios
12. On the Sector Figure
13. Commentary on the Sector
Figure
14. Anaphoricus
15. On Sizes and Distances
16. Book of Enlightenment in
Astronomy

Table 7.2: Comparison of manuscript content orders in Vat. gr. 204 and Seray Ahmet I1I 3464 with the
order presented in the report in Paris lat. 9335
In broad strokes, the orders of these lists largely match up. Paris lat. 9335’s report omits additions that
were made later in the Arabic transmission — it contains neither originally Arabic works nor the ancient
Greek mathematical treatises that saw later inclusion. The works of Archimedes do not appear here.
Euclid’s Data is not included either, though the Optics has been placed at the head of the list instead,

perhaps because of its role as background geometry that was useful for astronomical geometry but which
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did not properly fit in that subject. The relative order of On Risings and Settings and On Days and Nights
is flipped as well, though this change has little significance for the subject.

So by the twelfth century, awareness of the Middle Books grouping passes into Latin, though via
a relatively old description of the collection. The note in Paris lat. 9335 does lack the name or description
‘middle’ or ‘intermediate’, and the grouping of works is not overtly described as being intended for
preparation for the Almagest. Only the preceding work, the Elements, is indicated.

3.3 Gerard of Cremona

The Latin scholar responsible for transmitting the above note is unknown, but scholars often point
to Gerard of Cremona or his students — the manuscript in question is full of translations by the
well-known Arabo-Latin translator.

We are unusually well-informed about the translations of Gerard because of the Vita and listing of
translations written by his students. The narrative in the Vita notably highlights the A/magest as the text
that set Gerard on the path to becoming such a prolific translator:

“He was educated from this cradle of childhood in the bosom of philosophy and he had arrived at
a study of all parts of what was known to the Latins. Yet for love of the A/magest, which he
scarcely discovered among the Latins, he went to Toledo. There, seeing the abundance of books
on all subjects in Arabic and pitying the poverty of the Latins in the things he studied, he learned
the Arabic language for the purpose of translation. Thus, relying on both science and language...
he passed on Arabic literature. Until the end of his life he did not cease to transmit to the Latins
(as if to his dear heir), as plainly and clearly as was possible for him, books from many subjects,
whichever prevailed in elegance.”*®

A few details stand out in this narrative. First, we see the Almagest presented as a recognizably

prestigious scientific text. We also see that interest in astronomical knowledge, and specifically in the

8 The Latin has been edited in Burnett (2001) 275-276: “Et cum ab istis infantie cunabulis in gremiis phylosophie
educatus esset et ad cuiuslibet partis ipsius notitiam secundum Latinorum studium pervenisset, amore tamen
Almagesti, quem apud Latinos minime reperit, Toletum per<r>exit, ubi librorum cuiuslibet facultatis habundantiam
in Arabico cernens et Latinorum penurie de ipsis quam noverat miserans, amore transferendi linguam <e>didicit
Arabicam, et sic de utroque — de scientia videlicet et ydiomate — confisus... scripturam revolvit Arabicam, de qua
plurium facultatum libros quoscunque valuit elegantiores Latinitati tamquam dilecte heredi, planius ac intelligibilius
quo ei possibile fuit, usque ad finem vite sue transmittere non cessavit.”
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Almagest, is being presented in the narrative as an important motivator for Gerard. Further, we see that
upon failing to gain access to the Almagest in Latin, his next course was to seek out the text in Arabic.

Despite an awareness of an Arabic grouping of works on spherical geometry and the translation
of several of them by Gerard and his school, the listing provided in the Vifa does not suggest a concerted
effort to translate the whole of this corpus into Latin. The Vita groups works under several headings: De
dialectica (three works), De geometria (seventeen works), De astrologia (twelve works), De phylosophia
(eleven works), De fisica (twenty-one works), De alchimia (three works), and De geomantia (four works).
Works relevant to our study appear scattered under De geometria and De astrologia.

There seems to be little logic to the ordering of works within these subcategories beyond the most
basic. The Elements heads De geometria — it is followed immediately after by the Sphaerica, but from
there works vary. (Thabit’s On the Sector Figure also follows Menelaus’s Spherics). De astrologia is
headed by al-Farghani’s Rudiments, an introductory astronomical text, before listing the more complex
Almagest. But a text by Thabit on what should be read before the Almagest appears six entries later.

As an aside, the section De Fisica makes it clear that the ordering of this list is showing no
influence from curricular reading orders. The first nine works are Galenic works, but their arrangement
has nothing to do with the reading order suggested by Galen, nor the curriculums recorded by sources like
Hunayn ibn Ishaq, Ibn al-Nadim, or Ibn Ridwan.*

Of the Middle Books not listed above in the Vita, some made their way into Latin, others did not.
As discussed above, there are several works not included in Gerard’s students’ list which modern scholars

still suppose to have been his work.

* See Bergstrisser (1925) ¥4 «<VV-£ for the curriculum reported by Hunayn ibn Ishaq, Fligel (1872) 289-290 for
what is reported by Ibn al-Nadim, and Iskandar (1976) 249-252 for what is reported by Ibn Ridwan.
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Thus the wide circulation these texts enjoyed as members of the Middle Books brought them to
Toledo’s school of translation, but the didactic role which they served in the Arabic world does not appear
to have motivated the translation of the curriculum in full.

4. Translations and Transliterations into Hebrew
4.1 Overview

The following is an overview of the known translations into Hebrew or transliterations into
Judeo-Arabic of Middle Books treatises and treatises sometimes appended to the collection. The Elements
and Almagest are also included at the start and end of this list, and works which are not known to be
translated are still included in the table to offer an impression of what proportion of the collection was
translated versus left untranslated.

The translators known to be involved are Jacob Anatoli (ca. 1194 - ca. 1256), Moses ibn Tibbon
(fl. 1240-1283), Jacob ben Makhir (ca. 1236 - ca. 1304), and Qalonymos ben Qalonymos (1286 - after
1328).° The final column acknowledges where Judeo-Arabic transliterations of the relevant treatises
exist. Further information and references for the below translations and transliterations will be expanded

upon in the footnotes rather than elaborated on in the text.

5 On these figures see Lévy (1997b) 440-447. See also the relevant entries in the Jewish Encyclopedia (1901-1906).
For Jacob ben Makhir see also Mercier “Jacob ben Makhir ibn Tibbon” in the The Biographical Encyclopedia of
Astronomers.
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Qalonymos

Jacob Moses ibn | Jacob ben ben Anon Judeo-
Anatoli Tibbon Makhir Qalonymos ’ Arabic
Elements (Euclid)®' ? X X X X
Data (Euclid)* X
Sphaerica (Theodosius)> X X X
Spherics (Menelaus)* X

On the Moving Sphere
(Autolycus)®

Optics (Buclid)*® ?

Catoptrics (Euclid)

Phaenomena (Euclid)

On Habitations (Theodosius)

On Days and Nights
(Theodosius)

On Sizes and Distances
(Aristarchus)

On Risings and Settings
(Autolycus)

31 On the four translations of the Elements, see Lévy (1997a). Moses ibn Tibbon produced his in 1270 and Jacob ben
Makhir in 1289. There is also an anonymous version that presents Book I and beginning of Book II. A fourth is
attributed to a “Jacob” — if this is Jacob Anatoli, it would be the oldest version — see Lévy (1997c¢). On this
translation, see also Elior (2018). Books I and II of Moses ibn Tibbon’s and “Jacob’’s translations have been edited
in Elior (2021). There is also a Judeo-Arabic version of the Elements preserved in Paris BNF héb, 1381.

52 On the translation by Jacob ben Makhir in 1272, see Steinschneider (1956) 510.

53 On the translation by Moses ibn Tibbon in 1271, see Steinschneider (1956) 542. On the translation by Jacob ben
Makhir (begun around the same time, but the initial copy was stolen and he returned to the task 20 years later), see
Knorr (1986) 232-35. On the Judeo-Arabic transliteration, see Lorch (2014); he suggests the fourteenth century for
the two extant manuscripts (Florence Laur. Med. 124 and Cambridge University Library add. 1220).

3% On the translation by Jacob ben Makhir in 1271, see Steinschneider (1956) 516. Part of the text has been published
in Ginsburg (1943).

35 On the translation by Jacob ben Makhir in 1273, see Steinschneider (1956) 503.

%6 The translator is unknown — see Lévy (1997b) 433. The suggestion of Jacob ben Makhir is made by Mortara
(1878).
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Anaphoricus (Hypsicles)

Lemmata
(pseudo-Archimedes)

Measurement of the Circle
(Archimedes)®’

On the Sphere and Cylinder

(Archimedes)™® xx

Commentary on the Sphere
and Cylinder (Eutocius)*

On the Sector Figure
(Thabit)®

Commentary on the Sector
Figure (al-Nasaw1)

Book of Knowledge (Bant
Miisa)®!

Assumptions (Thabit)

On the Composition of Ratios
(Thabit)

Book of Enlightenment in
Astronomy (al-Kharaqq)®

Almagest (Ptolemy)® X

Table 7.3: Hebrew translations and translators of Middle Books texts

57 There are two known versions, both with unknown translators. Steinschneider (1965) 502 suggested Qalonymos
for the first, but Lévy (1997b) 437 disagrees. The two versions have been edited in Lévy (2011).

58 This text was translated twice by Qalonymos, per a copyist’s testimony in Oxford Bodleian Laud. or. 93, fol. 28b —
see the colophon translated in Lévy (1997c¢) 436 fn. 12.

% The translator is unknown but the suggestion of Qalonymos has been raised — see Lévy (1997¢) 437.

% On the translation by Qalonymos ben Qalonymos in 1311, see Steinschneider (1964) 126 and Lorch (2008) 37.

% There is a fragment of an anonymous translation in Paris BNF Zotenberg Heb. 1026 — see Lévy (1997¢) 437.

62 See Langermann (1996) 150 for a listing of three manuscripts containing the Arabic text in Hebrew characters.
The Hebrew translation appears in the fourteenth century manuscript Vat. ebr. 389, fol. 61a-123a.

5 On the translation by Jacob Anatoli between 1231 and 1236, see Steinschneider (1956) 523 and Zonta (1993).
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5. Traces of Influence in Hebrew from the Curricula

A full examination of the Arabic Middle Books’ influence on texts transmitted and studied in
Hebrew is beyond the scope of this present dissertation and deserves further study. Present scholarship
has found only limited Hebrew references to the relevant texts, but they are not nonexistent.*

In the twelfth century, Abraham bar Hiyya of Barcelona (ca. 1065-1145) composed a scientific
encyclopedia, The Foundations of Science and the Tower of Faith (Yesodey ha-tevuna u-migdal
ha-emuna). Only the mathematical sections are known to survive today, but in them he recommends the
study of Theodosius, Menelaus, and Autolycus.

Chapter 5 already made reference to Ibn Aknin, a Jewish scholar of the twelfth to thirteenth
century. Ibn Aknin’s list of books recommended after the Elements included Theodosius’s Sphaerica,
Menelaus’s Spherics, Archimedes’s On the Sphere and Cylinder, and Apollonius’s Conics, and this list of
recommendations was translated into Hebrew. Of course, this particular list shows only partial overlap
with the Middle Books. But the idea of books to be read after the Elements persists.

A notable potential reference to the Middle Books appears in the incipit of the Hebrew translation
of Euclid’s Optics. As noted in the table above, the translator is unknown, although Jacob ben Makhir has
been put forth. The source of the incipit itself is unclear, however — it reads as follows: “The translator of
this book said: his author said: After I completed the book which bears my name — and which includes
thirteen books — as an introduction to what would be necessary for [the study of] the book Almagest — I

undertook to compose this book.”® The reference is undoubtedly a curious one, since it seems to be

putting into the author (Euclid’s) mouth a claim that he composed the Elements and the Optics as

% The following three references have been noted in Lévy (1997b) 444 fn.34.

85 Millas Vallicrossa (1952) 41 and 78.

% Translation from Lévy (1997b) 444 fn.34. See for example Paris hebr. 1021, fol. 49a. This manuscript dates to
1507 CE and is available online in the Gallica repository. See also Paris hebr. 1011, fol. 65b, from the fourteenth
century — this manuscript is also available online in the Gallica repository. Lévy notes that not all manuscripts
contain the first few words (“the translator of this book said: his author said:”).
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preparation for the Almagest. For the purposes of this chapter, it is noteworthy that this report offers
evidence of awareness in Hebrew circles of the Opfics’ intermediary use between the Elements and the
Almagest.

These are instances of evidence from the twelfth and thirteenth centuries, but future study should
examine also historical materials beyond this, to seek out potential further ripples of influence from the
Middle Books. In the fourteenth or fifteenth century, for example, the Hebrew Geometrical Compendium
was composed, and among its sources were Euclid, Theodosius, Menelaus, Autolycus, Hypsicles,
Archimedes, and Thabit ibn Qurra.*’ In a recent study, Glasner argues that this work was composed in
Hebrew (rather than translated from an Arabic composition) for Jewish audiences and that it relied on

Hebrew translations of the sources in question.®®

Overall, the transmissions seen in this chapter further emphasize what was being found in
chapters 5 and 6 on the continuing traditions of the Middle Books and the Little Astronomy in Arabic and
Greek, respectively. The large majority of translations discussed in this chapter stem from the Arabic and
speak to the widespread use of the Middle Books. Translations from the Greek are far fewer, and there is

little to suggest they were inspired by any kind of ongoing study of the Little Astronomy.

67 Glasner (2019) 201.
68 Glasner (2019) 201, 204.
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Chapter 8
The Middle Books in the Thirteenth Century
1. Introduction

The purpose of this chapter is to lay out the context behind al-TaisT’s editions of the Middle
Books, in preparation for the examination of those editions in the following chapter. While there were
several editions of Middle Books texts and the Elements and Almagest in this period, al-TisT is the figure
who will receive focus in these two chapters because of the significant influence his editions held in the
subsequent centuries. This chapter will briefly sketch out the historical backdrop to the changing
Islamicate world of the thirteenth century before it delves into al-TisT, relevant portions of his scholarly
biography, and his editions. The following will furthermore note the editions of Muhyt al-Din
al-Maghribi, a colleague of al-TsT’s at the Maragha observatory. Al-Maghribi’s editions serve as an
example of how scholarly engagement with these texts was not limited to the efforts of al-Tsi, influential
though the latter’s efforts subsequently were. Rather, these activities can be fit into a broader pattern of
the production of editions (tahrir) in the thirteenth century. In the case of al-TusT and al-Maghribi, it can
be seen that their work with these texts clearly served teaching purposes. This will be considered from the
student’s side as well — this chapter will argue that Gregory Bar Hebraeus can be identified as a student
who engaged with the Elements, the Middle Books, and the Almagest through the editions of both al-TtsT
and al-Maghribi.

The historical biographical sources that are relevant for the figures in this chapter are the
following. The Chronography and Ecclesiastical Chronicle of Bar Hebraeus (d. 685/1286) both serve as
contemporary sources, as does the History of Physicians ( ‘Uyiin al-anba’ fi tabaqat al-atibba’) of Ibn Abi
Usaybi‘a (d. 668/1270) and the Obituaries of Eminent Men (Wafayat al-a ‘yan wa-anba’ abna’ al-zaman)

of Ibn Khallikan (d. 681/1282). The fourteenth century offers biographical dictionaries both in the
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Omissions of the Obituaries (Fawat al-wafayat) of al-Kutubi (d. 764/1363) and the Completion of the
Obituaries (Al-Waft bi ’l-wafayat) of al-Safadi (d. 764/1363). A later source is Kaitip Celebi's
encyclopedia, The Removal of Doubt from the Names of Books and the Arts (Kashf al-zuniin ‘an asami
al-kutub wa al-funiin), completed around 1062/1652. While this is a late work, it preserves bibliographical
data from sources no longer extant today.

2. The Islamicate World in the Thirteenth Century

Chapters 3 and 4 examined the translation and early study of Middle Books texts in the third /
ninth century in the Abbasid Caliphate, a power centered in Baghdad. Chapter 5’s span of centuries saw a
changing landscape: it touched for example on scholarship in the Taifa of Saragossa, one of the Muslim
kingdoms that arose after the decline of the Umayyads in al-Andalus, as well as in the Khwarazmian
Empire which had succeeded the Seljuk Empire. The power of the Abbasid Caliphate had fractured
already before the lifetimes of many of the scholars discussed.

Significant changes were also occurring over the course of al-TusT’s, al-Maghrib1’s, and other
thirteenth century scholars’ lives and careers. The major figures in this chapter traveled and studied in a
world of multiple Islamic political entities. Baghdad remained the center of the fractured Abbasid
Caliphate, while the Ayyubids held power in Syria. Other locations were ruled over by a variety of
smaller states, such as the Nizari Isma‘Tl1 state.

This landscape was overturned with the arrival of the Ilkhanids, who captured the Isma‘1l1 citadel
of Alamut in 654/1256, Abbasid Baghdad in 656/1258, and Ayyubid Damascus in 658/1260. The
Ilkhanids united these and other Muslim states of the period into one empire. Hiilagii Khan established the
new llkhanid capital at Maragha in northwest Iran in 654/1256. Both al-Tiist and al-Maghribi, as will be
seen below, weathered the turbulence of war and politics and established themselves as respected scholars

in the new Ilkhanate.
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3. Nasir al-Din al-Tast
3.1 His Scholarly Career
The purpose of this section is to lay out the broad strokes of Nasir al-Din al-TasT’s career and
intellectual activities as they pertain to mathematics and astronomy.' The scholar was a renowned
polymath — while this section will note some of his other works, its focus will be on his work with those
two subjects.
Al-TiisT was born in 597/1201 and spent his youth in Tus in northeast Iran, where he received his
early education in Imami (Twelver) Shi‘ism from his father, his uncle, and his father’s uncle. In his
spiritual autobiography written in Persian, Contemplation and Action (Sayr wa-suliik), al-TisT offers some
details of his early education. He writes how his father encouraged him to study widely:
“...But my father, a man of the world who had heard the opinions of different kinds of people and
had [received] his education from his maternal uncle, who was one of the attendants and students
of the chief da‘'1, Taj al-Din Shahrastana, was less enthusiastic about following these regulations.
He used to encourage me to study [all] the branches of knowledge, and to listen to the opinions of
the followers of [various] sects and doctrines.””

He furthermore records one of his early teachers in mathematics:
“Then it happened that one of the students of Afdal al-Din Kashi — may God have mercy on him —
came to the region. His name was Kamal al-Din Muhammad Hasib, who had acquired a first-rate
knowledge in a variety of philosophical subjects, especially in the art of mathematics; he had
previously been a friend and acquaintance of my father. My father suggested that I should learn
from him and frequent his company; so I began to study mathematics with him.”

Unfortunately this is the extent of the information this autobiographical work provides on al-TasT’s

secular education. The Kamal al-Din Muhammad Hasib named here is otherwise unknown, though it is

clear enough from his name (Hasib) that he was a mathematician.

! For a recent overview on al-TiisT, see Ragep (1993) 3-23.
2 Translation of the Persian from Badakhchani (1999) 26.
3 Translation of the Persian from Badakhchani (1999) 26.
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Further details of al-TiisT’s education can be gleaned from other sources. He relocated to Nisabur
in Khorasan to study with the physician Qutb al-Din al-Misr1 and with the polymath Farid al-Din
Damadh. As Ragep notes, al-TisT's time in Nisabur likely spanned some period between 610/1213 (when
he would have been twelve or thirteen years old) and 618/1221 (when Genghis Khan’s armies attacked
the region of Khorasan).*
Al-Tust subsequently traveled to Mosul, where he became a student of the Shi‘ite legal scholar
Mu ‘1n al-Din Salim ibn Badran al-MisrT and the famed Kamal al-Din ibn Yainus (d. 639/1242).° The latter
was well-known for his expertise in mathematics and astronomy. Ibn Abi Usaybi a reports on Ibn Yiinus’s
expertise in an unspecified variety of disciplines, and later several fields are mentioned: the religious
sciences, jurisprudence, philosophy, grammar, medicine, magic, mathematics, and alchemy.® Ibn
Khallikan, who studied with Ibn Yiinus in Mosul, offers more information on the scholar’s expertise with
astronomy and mathematics:
“[Kamal al-Din ibn Yinus] was acquainted with all parts of mathematical science explained by
Euclid, astronomy, conic sections, mean proportionals (mutawassita), the Almagest, the different
modes of calculation both numerical, and algebraic, arithmetic, the system of double false
position, music and mensuration. In all these sciences he was without a rival.”’

The word “mutawassita,” especially located after the Elements and immediately before the A/magest, is

worth attention. De Slane translates ““Uaw 53l as “mean proportionals,” but in this context it seems much

more likely that Ibn Khallikan means instead the middle subjects, namely those of the Middle Books. And

4 Ragep (1993) 6. Ibn Abi Usaybi‘a (2000) 2.30 reports that Qutb al-Din al-MistT perished in the attack on Nisabar
in 618/1221.

5 Al-TasT’s studies with Kamal al-Din ibn Yiinus are reported by Safadi and Kutubi, on the authority of al-Shams,
son of Mu’ayyad al-Din al-‘Urdi.

% See Ibn AbT Usaybi‘a (2000) 10.83 and 15.40.

" Trans. de Slane (1868) 468. See Abbas (1977) 312 for the Arabic:

" Sl ey 83 i el Laline Al gy A sl anaall 5 o siall 5 s jaall s Agl s (unl) (e Al 058 oy
Aabisall g (s sall g ulladll (3 pha s kel Y1 g AL 5 uall 5 4ie 7 gidall lisall ) i) 5 4S04 "
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while the extant sources may not speak to precisely what Nasir al-Din al-TasT studied with Ibn Yiinus,?
but it can be presumed that the former’s education involved many of the subdisciplines and texts that Ibn
Yunus was noted to be experienced with. So it was plausibly with this scholar that al-Tus1 worked
through the curriculum that comprised the Elements, Middle Books, and Almagest.

Ibn Khallikan also preserves a further report on Ibn Ytinus’s practice with mathematics from Aba
al-Barakat ibn al-Mustawft:

“[Kamal al-Din ibn Yunus] was... a most learned man, well versed in every science and
particularly distinguished by his acquaintance with those of the Ancients (the Greeks), such as
geometry and logic. He got over the difficulties of Euclid and of the Almagest under the tuition of
the shaikh Sharaf ad-Din al-Muzaffar Ibn Muhammad Ibn al-Muzaffar at-Tsi...””
A short scholarly genealogy becomes apparent from these reports, one in which mathematical and
astronomical study using Euclid, Ptolemy, and perhaps other “ancients” (J3 s¥') featured strongly.

After his studies, al-TiisT’s career took him to the Nizari Isma‘1l1 state, where his first patron was
the Isma‘1lt governor of Quhistan. Al-TisT dedicated a text — the Risalah Mu Tniyya — to this patron in
632/1235."° He spent some time in Quhistan before moving (or being relocated) to the Isma Tli capital at
Alamiit at an unspecified date."" As noted above, Alamiit fell to Hiilagii Khan in 654/1256. Al-Tiasi, who

was located at this capital at the time, successfully transitioned from the Isma‘1l1 court to Hiilagii Khan’s

court.

§ Al-Kutubi and al-Safadi note only that al-TiisT studied with Kamal al-Din. See al-Kutubi (2000) 253: “cpall el JU
il (g mall G O alls il Cma s (Leasall Guisp (o pall JWS G alall jpeaill 331 o jal) 234l (027 and al-Safadi (2000)
148: “ A imall (5 padll Ol o o plls cpall ara g (o gall (i ga cal cpall JUS ) e alall juaill Al ol sl cpl peedll JUB 57,
% Trans. de Slane (1868) 468. See Abbas (1977) 312 for the Arabic:

10 G gl e Jaally el Ja ) L (ma Lot it 5 (Sliall 5 AesiglS i1 oo 3 5a g ale IS b o pum pdia e
bl alad) o deaa gy Hiladll"

In addition, Ibn Abt Usaybi‘a (2000) 15.24 and 15.33 reports further on Sharaf al-Din al-TsT’s renown as a scholar
of the geometrical and mathematical sciences.

19 Abd al-Rahim b. Abi Mansiir Nasir al-Din Muhtasham (d. 655/1257). See Ragep (1993) 10.

' Ragep (1993) 11.
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The famous Maragha Observatory was founded in 657/1259 by the order of the Ilkhanid ruler
Hiilagii Khan. In the preface to his Zij-i llkhani (Illkhanan Zij; the 7ij is a genre of tabular astronomical
texts), al-TusT reports that Hiilagii Khan had ordered him to observe the stars and that he and the other
astronomers chose Maragha as the site for the observatory:

“At the time that [Hulagu Khan] seized the dominions of the heretics, I Nasir al-Din who am of
Tus and had fallen into the power of the heretics — me he brought forth from that place and
ordered to observe the stars. He sought philosophers having knowledge of observation, such as
Mu’aiyid al-Din ‘Urdi who was in Damascus, Fakhr al-Din Khilati of Tiflis, Fakhr al-Din
Maraghi of Mausil and Najm al-Din Dabiran of Qazvin. They chose Maragha as the place for the
observations to be made, and applied themselves to this task, making instruments and erecting
buildings suitable for this purpose. He also ordered them to bring books from Baghdad, Syria,
Mausil and Khurasan and to put them in the place where they would make observations, so that
the whole affair went forward in excellent order.”"
Other biographical sources report that al-TiisT had been the one to come to the khan with the request to
construct an observatory in Maragha. This request was granted, and the observatory even secured waqf
funds for its continuing activities."” Research at this observatory led to new astronomical tables,
mathematical models, and planetary theory. Al-TusT served as its first director until his death in 672/1274.

Al-Tts1 was a prolific writer, and evidence of his engagement with the mathematical and
astronomical sciences can be found at all stages of his career."* See for example his early Persian treatise
on astronomy, the Risalah Mu niyya, dedicated to the first of his Isma‘ili patrons in 632/1235; his

appendix to the previous work, the Hall-i Mushkilat-i Mu ‘iniye, for that same patron in 643/1245; his

influential Arabic treatise, the al-Tadhkira fi ‘ilm al-hay’a, completed in 659/1260-1 during his first few

12 Translation of the Persian from Arberry (1958) 259-260.

13 For the report on al-Tiis, see al-Safadi (2000) 146. The wagqf fund is often pointed to as one of the factors which
contributed to the length and success of the observatory, since with this fund it was able to persist after the death of
its original patron Hiilagli Khan in 663/1265 and that of its original director al-TasT, nine years later. Naturally, the
continuing favor of the khans remained an important factor as well: on their continuing patronage, see Yang (2019)
394.

4 Inventories of al-TiisT’s works can be consulted in a variety of sources, including Brockelmann (for his Arabic
works) and Storey (for his Persian works). A more recent partial listing can be found in Rosenthal and Thsanoglu
(2003) 211-219.
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years at Maragha; and his Zij-i Ilkhani, completed in 670/1272 and presenting the results of his work with
one of the observation programs at Maragha.
3.2 Timeline of al-Tas1’s Editions

Al-Tust produced editions of all three units of the curriculum: the Elements, the Middle Books,
and the A/magest. Manuscript colophons preserve dates for many of these editions and reveal that he
completed the majority of these works during his time with the Isma‘1lis, before he joined Hiilagii Khan
and began work at Maragha. The following is a summary of the information that can be gleaned across

the manuscripts:

Edition Hijri Date Gregorian Date

Almagest® 5 Shawwal 644 H 13 February 1247 CE

Elements' 22 Sha‘ban 646 H 10 December 1248 CE

Sphaerica" Jumada al-"Ula 651 H July/August 1253 CE

On the Moving Sphere' Jumada al-’Ula 651 H June/July/August 1253 CE
/ Jumada al-’ Akhirah 651 H"

Optics™ end of Shawwal 651 H December 1253 CE

'S Saliba (1987) 5.

16 See for example the colophon in British Library Add MS 23387, fol. 216v:

A o T (e \ iiaall & 8y ey (Bse gpd Al desy | WDISH AIAE 4y el Lo s QUK T3y a8 8 et 85 08 D)
Crallall )y daall 5\ & o 646 Ains & lal) Glnli 2D 8\ dny puia HsisAn "

This manuscript is available online in the Qatar Digital Library.

17 See Hyderabad (1939-40) Kitab al-Ukar 52: “UA w5l (A oy aS (e Caiadl ¢ 57

Compare Ayasofya 2758, fol. 90a: “10) 4w e S5V gdlea 5 7 57

Compare Ayasofya 2759, fol. 49b: “Ua diu ¥ salea o a3 (e aiaall ¢ 3°

'8 See Hyderabad (1939-40) Kitab al-kurah al-mutaharrikah 10: “Oe Ss¥) a8 o yal (e dile A 4as ;) Caiiadl ¢
La 4

Compare Bodleian Marsh 709, fol. 5a: “10) 4w Js¥) salan jed (e V dmaadl o g0y jad (pe Cabiaall ¢ 8

19 See Ayasofya 2758, fol. 92b: “10) 4w ,A¥ (gilea 5 5 37

20 See Hyderabad (1939-40) Kitab al-mandzir 24: “Ga au (e J) s JA) 5 G agle il das o g jat (e jaall § 58

Compare the colophon for BnF arabe 5974, fol. 76b: “Ua diu J) 65 (-xa ) o a3 e 4l das y sl & 857

Note Krause (1936) 500 indicates the text was completed on 13 Shawwal 651 H, but it is unclear what his source
was for this date.
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Phaenomena®

20 Rabi‘ al-’ Akhir 653 H

20 May 1255 CE

Days and Nights* 7 /9 Jumada al-’Ula 653 H 14 /16 June 1255 CE
Sizes and Distances™ 653 H 1255/6 CE
Risings and Settings™ 653 H 1255/6 CE
Anaphoricus® 653 H 1255/6 CE
Thabit Assumptions* 653 H 1255/6 CE
Archimedes Lemmata®’ 653 H 1255/6 CE
Archimedes Sphere and 661 H 1262/3 CE

Cylinder and Measurement of
the Circle®®

Menelaus Spherics® Sha‘ban 663 H May/June 1265 CE

Table 8.1: Dates for the editions by al-Ttst

2! See Hyderabad (1939-40) Kitab al-zahirat al-falak 33: “z5 - AV aus (67 J) b onal (e iadl ¢ 57

Compare the colophons recorded in Sulayman (1996) 120, which give the date as well: “z 4w AY xu) (s z J)”
Compare the colophon for BnF arabe 5974, fol. 86a: “zis 4w LAY g (6 7 J) o o rond (e dl) des ) Cilaall ¢ 357

Note Krause (1936) 500 indicates the text was completed on 10 Rabi‘ al-’ Akhir 653 H, but it is unclear what his
source was for this date.

22 See Sezgin (1974) 156 and Hyderabad (1939-40) Kitab al-ayyam wa-al-layali 30: ‘3w A5 sales b Cabaall ¢ 3
(e 5 Q7

Compare the colophon for BnF arabe 5974, fol. 94a: “Ailain g (ppsed g G5 A oY) (alen guili oy jad (e caiiadll ¢ 847

2 See BnF arabe 5974, fol. 107a: “za - s 5 @ J - (e ol sie il Cabaall ¢ ji 57

Krause (1936) 503 apparently encountered a different report, and indicates the completion year as 658 H.

2 See Hyderabad (1939-40) Kitab al-tulii* wa-al-ghuriib 28: “ds - 7 & 5- < - o p ol (e e &l das ) Chivad) ¢ 54
Compare the colophon for BnF arabe 5974, fol. 101a: “gid du- 7 s - @ j - (Ao npal Ge dil daa ) Caiadl ¢ 547

2 See Hyderabad (1939-40) Kitab fi al-matali * 6: “zoa - s - (5 (5 3 ) o3 a8 (e adle il daa ) el ¢ @7

Compare the colophon for BnF arabe 5974, fol. 102a: “zia 4w (s (5 2 ) s pal g il deay ol ¢ 857

26 See Hyderabad (1939-40) Kitab al-mafriadat 14: “@5 - - 7 3 5 - A 4de 4l des ) Cabadll & 47

7 See Hyderabad (1939-40) Kitab al-ma khiidhat 17: “za (o & ) J) 4de ) des ) Cobiaal) ¢ 87

2 These two text were edited together as one, with Measurement of the Circle being added to Sphere and Cylidner as
an appendix. Van Lit (2012) 4 notes that “TusT wrote his revision of The measurement of the circle at around
661/1262-63,” and Krause (1936) 501 indicates the text was completed on 661 H, but neither provide the source for
this date.

» See Katip Celebi, ed. Fliigel (1835) 391: “Ailaiu g (i g M A ¢ Jlands (A1 oy i (e g A7
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The year component of these dates are also recorded in Sezgin, with little variation.”® These
colophons are not present in all manuscripts: Tabriz National Library 3484, for example, lacks them for
all works.

These dates of completion reveal an order to al-TiisT’s work: the scholar dedicated himself to the
task of editing the A/magest first. With Ptolemy’s treatise completed, he then went back to produce his
own edition of Euclid’s Elements. He approached the Middle Books last.?!

Within that final collection it is possible to identify three groupings: the works edited in 651 H,
those edited in 653 H, and those additional works edited later. This rough division does broadly agree
with the order of study that has been discussed for the Little Astronomy. The Sphaerica, On the Moving
Sphere, and the Optics were completed in 651 H. Some manuscript colophons for these texts offer the
relevant months, which show that al-TusT’s editing project proceeded through these texts in the standard

order.*® Based on this evidence, either the Sphaerica and On the Moving Sphere were both completed in

Jumada al-"Ula (June/July), with the Optics following in Shawwal (December); or there is a clear

3% The data in the table agrees with Sezgin’s data for the Almagest (Sezgin (1978) 93), the Elements (Sezgin (1974)
111), the Sphaerica (Sezgin (1974) 155), On the Moving Sphere (Sezgin (1974) 82), the Optics (Sezgin (1974) 117),
the Phaenomena (Sezgin (1974) 119), and Risings and Settings (Sezgin (1978) 74). Sezgin records the year 654 H
for the Anaphoricus (Sezgin (1974) 145), which disagrees with the year 653 H above.

3! Note that there is also an edition of Apollonius’s Conics attributed to al-Tiisi. According to the colophon of the
manuscript Leiden or. 14 on p.163, this was completed in 645 H ({ius (=il s sed) and so would have been
produced between the editions of the A/magest and the Elements. There has been no evidence to suggest the Conics
ever numbered among the Middle Books, and here too, while al-TaisT does produce an edition of this text, it is
separate from his later project to edit the Middle Books.

32 In practice, the order of al-Tast’s Middle Books as they were subsequently copied in manuscripts seems to have
varied significantly. The order of his “Tahrir al-Handasiyat” as it is presented in Kéatip Celebi is consistent with the
standard order up until Euclid’s Phaenomena, but the treatises afterwards are listed differently. Granted, Katip
Celebi or his source may not have intended this list to be arranged in agreement with an order of study: he does list
the Elements and the Almagest first before proceeding to the Middle Books. The order of his list is: Elements,
Almagest, Euclid Data, Theodosius Sphaerica, Menelaus Spherics, Autolycus Moving Sphere, Euclid Optics, Euclid
Phaenomena, Theodosius Days and Nights, Autolycus Risings and Settings, Hypsicles Anaphoricus, Aristarchus
Sizes and Distances, Archimedes Lemmata, Thabit Assumptions, Banii Miisa Book of Knowledge, Archimedes
Sphere and Cylinder, and Theodosius Habitations. See Fligel (1837) 213.
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progression starting with the Sphaerica in Jumada al-’Ula (June/July), then On the Moving Sphere in
Jumada al-’ Akhirah (July/August), and lastly the Optics in Shawwal (December).

The more particular astronomical treatises — the Phaenomena, On Risings and Settings, On Days
and Nights, and the Anaphoricus — were completed in 653 H.>> As above, their manuscript colophons
sometimes indicate the month of completion. The Phaenomena, completed in Rabi al-’ Akhir (May), is
situated earliest among those works with this information; it is followed by Days and Nights, completed
in Jumada al-"Ula (June/July).

653 H was also the year in which two of the Arabic additions to the Middle Books — Thabit’s
Assumptions and Archimedes’ Lemmata — are recorded to have been completed. But other additions to the
Middle Books received new editions by al-TusT much later, during his time at Maragha. The Measurement
of the Circle may have been completed in 661 H, while Katip Celebi records the date of the edition of
Menelaus's Spherics to be 663 H. Clearly al-TaisT’s editing project was interrupted by the siege of Alamut
and his transition to the Ilkhanid court.

The Spherics seems to have been the final edition of al-TisT’s project. It is in his introduction to
this text that he comments on his specific intention to edit the Middle Books: “I wanted to edit the books
characterized as the Middle [Books] — I mean the books whose subjects are in the middle of the
educational arrangement between the Elements by Euclid and the Almagest by Ptolemy.”* The term
“educational arrangement” (al-tartib al-ta ‘limi) here reinforces that al-TiisT was thinking about these texts

in a curricular context.

3% Sezgin (1974) 145 has 654 H as the completion date for the edition of the Anaphoricus, which would provide a
more evident agreement with the order. This, however, disagrees with the manuscripts cited above.

3 Hyderabad (1939-40) Kitab Manald us 2: “lws 55 o) ks (e (o i€ i | s sially dis g sal) S ) pal o ) € ()
s spallad ol QLS G g (ulBY J sea¥) GBS (el s i 87

260



3.3 Al-Tust on his Almagest and Elements

While al-TusT does not elaborate on his editorial intentions for the Middle Books in the text he
presents, it is possible to look to his related editions, those of the Almagest and the Elements, for insights
into his rationale and process.

In his edition of the A/magest, the scholar lays out his goals very clearly in the introduction to the

text:

“One does not omit the theoretical goals nor the practical methods of this book down to the
arrangement of the chapters, the computational sections, the tables and the arrangement of the
diagrams. Nothing outside of it corrupts it except what it needs to present for the facilitation of
difficulties or resolution of doubts. I mention some of what the moderns invented or used, with
which the theories are increased in beauty and brilliance or the processes are decreased in toil and
hardship, with the stipulation that there is a preference for brevity and abbreviation and caution
against elaboration and repetition.”

Y g lia sl s Jshandl o ga s s Hlsaldl () saf 5 J gl a5 in Alend) analio g 25 pdaill CUSH @l aalia 4358y Y
s O sitaall adariivl L (iany ) el s JS3) O ol sane et 4wl ) pling Lo e die gz A oS ausdy Vg
Shaia¥W s Slanyl U Ja phs slic 5 13 4t cillaal) Cual §f 2l g Gua 4n <l plail) caal ) Laa o9 AL aal) caad
B Ss Hle¥) e )Y
So al-TiisT intends to maintain all parts of the structure of the original Almagest, and to limit himself from
adding to the text except in cases where, in his judgment, such additions would improve clarity or address
doubts. Stylistically, however, his text aims for brevity.

Furthermore, in his edition of the Almagest he shows care in distinguishing between Ptolemy’s
original material and the later material he himself had brought to the new edition. He offers a description
and rationale for his efforts:

“I noted clearly what was outside the original [text] of the book, which I added so that
understanding might be acquired with minimal exertion. I differentiated between diagrams of the

main [text] and the rest of what I added via the color of the lines and the numerals so they might
be distinguished at first glance, without need of increased concern. But I took on this burden

3% Al-TusT’s edition of the Almagest has not been edited. The Arabic text is from the Ptolemaeus Arabus et Latinus
project’s transcription of Istanbul Nuruosmaniye Kiitiiphanesi 2941, fol. 1b. The witness was completed in late
Sha‘ban 684/late October 1285 and is one of the earliest extant witnesses to the text.
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because the book is known among scholars who specify it in their discussions and they cite the
location of its matters from the sections and the diagrams in their notes.”

Giall QIS o il s agle ) janls G g8l Jiand 4] bl Lie QUSY dal (e 2 A 8 e e B jea g

O Al ks L) 5 plaia) 32l ) N zliin) e (he il ool 3 ) Sl Gl Y15 Jashaall ol 4yl L Wy

36 agi¥ s 8 JSIY) 5 J saadll (o Aliliss il ga ) ()5 05 agd ) slae i Adde () slaby alall dal (G le QLK)
Extant manuscripts of al-Tus1’s Almagest do indeed show these editorial choices. An example of the use
of different ink colors to immediately distinguish diagrams he added from ones original to the Almagest

can be seen in the manuscript Istanbul, Nuruosmaniye Kiitiiphanesi 2941. Below are the first eight

diagrams of the manuscript, spanning folios 5a to 6a, in comparison with the the first seven figures from a

Greek manuscript of the Almagest, Paris gr. 2389.%

Greek and Arabic Diagram 1 Greek and Arabic Diagram 2
B < r
B
I—3 > ° = A
A Z A E T
A

Greek and Arabic Diagram 3

r
<

36 Istanbul Nuruosmaniye Kiitiiphanesi 2941, fol. 1b.

37 For the Greek diagrams, see folios 12v-16r of this manuscript. Compare also Heiberg (1898) 32-45 for diagrams
to these propositions.
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Greek and Arabic Diagram 5 Arabic Diagram 6

m L 7 \
A £ o 5 ’ N/A
w ' | 5
Greek Diagram 6 and Arabic Diagram 7 Greek Diagram 7 and Arabic Diagram 8
A <
B

Table 8.2: Use of different ink colors in the diagrams of al-TusT’s edition of the A/magest
In this witness to al-Tust’s edition of the A/magest, diagrams original to the Almagest are drawn with red
lines and black labels. Diagrams which al-TtsT adds to the text are drawn conversely with black lines and
red labels. In the example diagrams above, the sixth is an addition by al-TtsI, lacking a counterpart in the
Greek text, and is indeed drawn with the appropriate color scheme.
After completing his edition of the A/magest, al-Tus1 proceeded onwards to the Elements. He
explains as much in the introduction to his edition of the latter text:
“After I completed the edition of the Almagest, 1 thought to edit the book, Elements of Geometry
and Arithmetic, attributed to Euclid of Tyre, briefly without fault. And it inquires into the proofs
of its goals without tediousness. I added to it what was suitable from what benefitted me in the
books of this science’s scholars and what I discovered with my talent. And I distinguished what is

found in the original book in the two copies of al-Hajjaj and Thabit from the additions to it, either
with indications to these or with a difference of colors and their numerals.”®

3 Translated from p.2 of the Istanbul (1801-2) printing of the Arabic text:
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As he did for the A/magest, in the introduction to the Elements the scholar expresses a desire for brevity
and removing repetition, along with an allowance for similar kinds of additions to Euclid’s text as those
permitted for his edition of the A/magest. He notes again his use of different colors and numbers to
distinguish between original material and later additions.

Studies on al-Tust’s Almagest and Elements have acknowledged that these features are indeed
present in the editions. Al-TusT does not take away from the broader structure of the original works —
propositions and similar units of the works are maintained. But the texts themselves have been
streamlined and condensed.

The extent to which his editions of the Middle Books follow this pattern will be discussed more
thoroughly in the following chapter, but al-TusT’s efforts with the Almagest and the Elements establish
similar expectations for the third and final part of his curricular editing project.

4. Muhy1 al-Din al-Maghribi

4.1 His Scholarly Career

Muhy1 al-Din al-Maghribi (d. 682/1283) came from al-Andalus and previously worked in Syria
under the Ayyiibids.”* Compared to al-TaisT, much less is known about al-Maghribi’s education and early

career. Extant sources on al-Maghrib1 do not report on these topics.

" oralind g Jia e Sladls (g seall Gl I Gguaiall sl s digl Jsaal QUS 0a) o ) aaall et e e 8 Ll aagg
b I Joal (he 2a 50 e g o giny i dibatind 5 alall 138 Jal (S (e diniind Les 43 (3l Le 4 Cinal 5 e e sl saualia Cu
Ll 5 JISEYT sl DAL ) el 15 HLaVL Ll agle 3y 3al) e iy rlaal) i

Note that while there is a printed edition of the Elements attributed to al-TusT in Kitab Usil li-Uqlidis min ta’lif
Khawdjah Nasir al-Din al-Tiisi (Rome: Typographia Medicea: 1594), this has been recognized to be a
misattribution. That text was the work of a different and anonymous editor, also in the second half of the thirteenth
century. The date of completion in the colophon, 698 / 1298, postdates al-Tiisi’s death, as Sabra (1969) 18 points
out. Al-TasT’s own edition of the Elements has not yet been critically edited. As de Young (2008-9) 3 notes, the
misattribution of the published treatise to Tusi has led to some incorrect claims in the secondary scholarship about
al-Tus1T’s work on the Elements.

¥ For more on Muhyi al-Milla wa al-Din Yahya Abu ‘Abdallah ibn Muhammad ibn Abi al-Shukr al-Maghribi
al-Andalusi, see e.g. al-Fuwatt (1955) 115, Saliba (1983) 391-392, and Comes (2014).
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Al-Maghrib1 was captured during Hiilagii Khan’s campaigns in Syria in 658/1260 and it was his
expertise with the astral sciences which saved his life, according to the account which he himself told to
Bar Hebraecus. Upon hearing about al-Maghribr’s skill, Hiilagii Khan sent him to the Maragha
Observatory to take part in the work there.* Like al-Tasi, al-Maghribi’s work at Maragha involved
making astronomical observations, writing texts, and teaching.

This can be seen in some of the texts which have come down to us. The Adwar al-anwar
(675/1276-7), for example, is the zij he produced out of his observation program at Maragha, which
seems to have been run separately from al-Tust’s. The ‘Umdat al-hasib wa-ghunyat al-talib, meanwhile,
is a z1j which speaks to his teaching activities, as it was a work for students that was put together by one
of al-Maghrib1’s pupils during study under the astronomer.

4.2 Rough Timeline of al-Maghribi’s Editions

Al-Maghribl too was responsible for new editions of the Elements and the Almagest.*' 1t is
unclear whether al-Maghribi, like his colleague, edited the whole of the Middle Books as well, but
modern scholarship has long been aware of his editions of two of the relevant texts, Theodosius’s
Sphaerica and Menelaus’s Spherics.*> He is more recently recognized to have produced an edition of
Autolycus’s On the Moving Sphere.* In addition, al-Maghribi produced an edition of Apollonius’s Conics
— while this treatise does not seem to have been part of the tradition of the Middle Books themselves, it

speaks to his work editing ancient Greek mathematical treatises.

40 Bar Hebraeus (1958) 280-281.

4 For the Elements see discussion in Sabra (1969) 13ff. For the report of the Almagest see Fliigel (1850) 387, 389.

42 See Carra de Vaux (1891) for more on al-MaghribT’s edition of Theodosius’s Sphaerica. Rashed and Papadopoulos
(2017) 15 note his edition of Menelaus’s Spherics but it has not been edited.

4 This had been misidentified in manuscript catalogues as the edition of al-Tiisi. See for example the witness in
Chester Beatty Ar. 3035, whose catalogue entry can be found in Arberry (1955) 13. The copy of On the Moving
Sphere in this manuscript does not name its editor, but shows stylistic similarity with other editions by al-Maghribi.
See Nikfahm-Khubravan and Eshera (2019) 10-11 for some comments on al-Maghrib1’s edition.
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Consideration of the manuscript evidence similarly allows for a rough dating of al-Maghrib1’s
activities editing these works. In the case of his edition of the Elements, the oldest manuscript extant
today is MS Bodleian Library Or 448, which was completed in Maragha in 659 / 1260-1.** As noted
above, the year 1260 is also the year in which al-Maghribi was captured by Hiilagii’s forces, after which
he was sent to the Maragha Observatory. Either his works had preceded him in making their way to the
observatory, or his relocation prompted their use and copying. Either way, al-Maghrib1 must have first
produced his edition of the Elements during his time with the Ayyubids, not during his time at Maragha.
Similarly to al-Tisi, he was a scholar who brought his already extant experience and scholarly
productions with him to the observatory.

Al-Maghrib1’s edition of the A/magest is known from a report about one which he produced for
Bar Hebraeus. Katip Celebi does not give a date in which Bar Hebraeus requested an edition of the
Almagest from al-Maghribi, nor a date for this edition’s completion. However, such a request would
necessarily have been made during al-Maghrib1’s career in Maragha, as this is where Bar Hebraeus
interacted with him. The Syriac scholar may have sought an edition of the A/magest during his 1273 visit
to Maragha in which he studied that particular text, but his first visit was as early as 1268 and he made
subsequent visits as well.

For al-Maghribt’s editions of the Middle Books texts, there is some information to be found in the
manuscripts. For On the Moving Sphere, the colophon in Chester Beatty Ar. 3035 states that its witness
was completed in 26 Rabi‘ I 669 (11 November 1270). For the Sphaerica, an ownership note in Mashhad
Kitabkhana-yi Markazi Astan-i Quds 5232 records the date as 680/1281. While these reports provide
termini ante quem, they unfortunately reveal little about the order of editions, or at what stage in his

career al-Maghribi worked on them.

* Sabra (1969) 21.
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4.3 Al-Maghribi on his Elements

Like al-Tusi, al-Maghrib1l was well-acquainted with prior scholarship on the Elements. In the
introduction to his own edition, he comments on past editions by Ibn Stna (d. 427/1037), Nisaburi, and
Abt Ja‘far al-Khazin (d. 361/971). He expresses similar sentiments about how prior editions did not meet
the expectations he would set for his own work, and hence he was setting out to produce something that
would achieve those goals. Al-Maghrib1 specifies what these goals are as part of his introduction. His
edition would clarify anything needing explanation, aim for brevity and cut out repetition, provide
answers for doubts, and add whatever lemmas that are required by the propositions.*’

In the case of the Almagest, al-Maghribi’s edition is not known to be extant today. He is reported
to have produced an edition on the request of Bar Hebracus. His text comprised ten books, clearly an
abbreviation of the original Greek’s thirteen.*® Further study of al-Maghribi’s extant editions would be
required to judge whether the scholar was, as a rule, more willing than al-TisT to change the structure of
the original text, or whether this abbreviation rather might have been to address needs particular to Bar
Hebraeus’s request. His edition of On the Moving Sphere suggests it may be the former, since in it
al-Maghrib1 adds two propositions between propositions 11 and 12.¥
5. Teaching at Maragha: Al-Tist and al-Maghribi

While al-TiisT and al-MaghribT presumably taught at various points in their careers, it is during
their time at the Maragha Observatory that their teaching activities are indicated in the surviving sources.

In general, sources speak of numerous students at the Maragha Observatory. Many of these were attached

4 This introduction is discussed in Sabra (1969) 14-15.
4 Fliigel (1850) 387, 389. There exists a Talkhis al-majisti by al-Maghribi that is extant: see Saliba (1983). In the
preface to this al-Maghrib1 also mentions a summary of the A/magest he had produced titled Khulasat al-majisti,

which has not been discovered. It is not clear if either of these treatises are the edition produced for Bar Hebraeus.
47 Nikfahm-Khubravan and Eshera (2019).
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to Nasir al-Din al-Tas1, though their studies persisted after his death, as the report about Abaga Khan
funding them afterwards shows.*®

Several of al-Tust’s students are known by name, including the famous Qutb al-Din al-Shiraz1 (d.
710/1311), who studied astronomy under him.* An impression of some of the texts al-Shirazi must have
read under al-TusT can be gleaned from his subsequent works as well as manuscript evidence. Al-TsT’s
edition of the Almagest was evidently one of these works studied, and the multiple early manuscript
copies in al-Shirazi’s hand or copied from his hand show that al-Shirazi contributed to the broader
circulation of this edition after he left Maragha.”® Al-Shirazi also studied the Tadhkira under his teacher: a
colophon to a manuscript of the Tadhkira copied from al-Shirazi’s own copy reports that the scholar had
read it back to al-Tusi. The Tadhkira proved to be an important influence on al-Shirazi’s subsequent
astronomical works.”!

Manuscript notes also survive to indicate that al-ToisT was teaching several of his other
mathematical texts. Notes and the colophon on one witness of his Tadhkira, for instance, show that he was
teaching this text at Maragha alongside his other scholarly activity.® Since the codex in question also
contains al-TusT’s edition of the Data, it is not impossible that he was actively teaching this text at the

time as well.

* Sayil1 (1960) 219. Bar Hebraeus’s Chronography reports al-TiisI allotting stipends to the teachers and students
under him during his lifetime: see Bar Hebraecus (1932) 451.

4 Al-Fuwatt (1955) 440-441. While in Maragha, al-Shirazi also benefited from studies with the philosopher Najm
al-Din al-Katib1 and the astronomer Mu’ayyad al-Din al-"Urdi.

0 E.g. Chester Beatty Library, Ar. 3637 (691/1292), Nuruosmaniye Kiitiiphanesi 2941 (684/1285), and Bibliothéque
nationale de France ar. 2485 (9th / 15th century).

5! On al-Shirazr’s authorized copy of the Tadhkira, see Ragep (1993) 72-73 and 78. On the influence of the Tadhkira
on his works, see ibid., p. 57. On al-TusT’s intentions for the Tadhkira’s usefulness to students and nonspecialists, see
ibid., p. 37-38 and 56.

52 Sidoli and Isahaya (2019) 91. The manuscript is Tehran, Sipahsalar 4727, completed in 671/1272.

33 Sidoli and Isahaya (2019) have put forth the hypothesis that the version of the Data in this particular manuscript
was an earlier draft compared to a more polished one that can be found in codices related to Haci Selim Aga Library
743 (671/1272). The hypothesized earlier draft contains material in the marginalia that appear worked more
thoroughly into the text of the hypothesized later draft. This suggests that the processes of teaching and improving
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5.1 Studying at Maragha: Bar Hebraeus

The Syriac scholar Bar Hebraeus (d. 1286 CE) writes about several visits he made to Maragha.
This section will look at him in more detail as an example of an individual who plausibly interacted with a
range of subjects in the astral sciences at Maragha: spherical geometry, hay’a (treatises on
cosmographical subjects, especially geometrical models and configuration of the universe), and zijes.

Bar Hebraeus pursued the astral sciences in several ways during his time in Maragha. Part of this
involved work with the curriculum of the Elements, the Middle Books, and the Almagest. Bar Hebraeus
writes that his first visit to Maragha in 1268 included work with Euclid and his second in 1273 with the

[.54

Almagest.>* Scholars have previously interpreted the Syriac verb used in connection with these texts to
mean that Bar Hebraeus was involved in teaching or commenting on the Elements and the Almagest at the
observatory. Takahashi has more recently put forth the suggestion that the verb in question should be
interpreted as “studied.”

Bar Hebraeus’s writings furthermore demonstrate familiarity with al-TusT, though it is not certain
whether he studied with him directly.”® Regardless, the Syriac scholar worked with the Middle Books
astronomical curriculum through al-Tusi’s editions of many of the texts. This is suggested by two

manuscripts from this curriculum, one of which is plausibly connected with Bar Hebraeus and the other of

which names him in an ownership note.

this text were intertwined — al-Tas1 was plausibly collecting and evaluating new material in the course of teaching
the text.

3 In his Ecclesiastical Chronicle: see Abbeloos and Lamy (1877) 441-443.

55 Takahashi (2005) 84. The verb is the Syriac “§¥@’ — past scholars have interpreted this to mean Bar Hebraeus
taught or orally explained Euclid and the Almagest. Takahashi compares its use to that of its Arabic equivalent
“halla” which Bar Hebraecus uses to mean “study”. For an overview of how these passages in Bar Hebracus have
been interpreted, see Borbone (2017) 125-126.

% See Bar Hebraeus’s comments on al-TiisT in Budge (1932) 451-452. See also the similarities between Bar
Hebraceus’s Ascent of the Mind and al-TusT’s hay ‘a treatises, discussed below.
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The first of these is London, British Library, Add. 23387, which contains al-TiisT’s edition of the
Elements. Syriac and Garshuni notes written in a thirteenth-century Western serfo appear in this
manuscript. A recent study has compared the handwriting of these notes with a sample of Bar Hebraeus’s
own writing and argues it is plausible these notes come from the Syriac scholar.’” The colophon on folio
216b declares that the manuscript in question was completed on 15 Rabi" I 656 (21 April 1258). It is not,
therefore, a manuscript which was written during Bar Hebraeus’s study of the Elements in Maragha, since
this occurred ten years later. If the Syriac scholar used it during his time at the observatory, he acquired an
existing codex for his studies.*®

The second of these manuscripts is Istanbul, Hac1 Selim Aga 743, which contains al-TusT’s
edition of the Middle Books. A Syriac ownership note written in a Western serto states that the codex
belonged to “Gregory, the lowly maphrian” with a year that corresponds to 1280-1 CE.** Several of the
texts in the manuscript have dates of completion, ranging from 671-678 / 1272-1279.%° 1t is unclear
precisely when this manuscript came into Bar Hebraeus’s possession. He may have acquired several
initial treatises during his second visit to Maragha, and added to the compilation manuscript over time. He
may have acquired it during one of his later visits to Maragha, such as the one in 1279. Or the manuscript

may have come into his possession elsewhere. He certainly owned it by 1281 at the latest.’

" Borbone (2017) 129-131.

%8 The manuscript additionally would have had to have been copied outside of any circles associated with al-TisT,
since in the colophon the scribe seems to have erroneously believed that al-TtsT had already died.

% The ownership note appears on f. 136r; see Takahashi (2014) 322. The contents of the manuscript are the fifteen
treatises which comprised al-Tiist’s edition of the Middle Books: Theodosius’s Sphaerica, Theodosius’s Nights and
Days, Autolycus’s Risings and Settings, Hypsicles’s Anaphoricus, Aristarchus’s Sizes and Distances,
pseudo-Archimedes’s Lemmata, Thabit’s Assumptions, the Banii Misa’s Book of Knowledge, Archimedes’s Sphere
and Cylinder, Menelaus’s Spherics, Autolycus’s On the Moving Sphere, Euclid’s Data, Theodosius’s On
Habitations, Euclid’s Optics, and Euclid’s Phaenomena.

8 Euclid’s Data: 14 Rabi‘ 11 671 H, Euclid’s Optics: Rabi‘ 11 671 H, Autolycus’s Moving Sphere: 4 Muharram 672
H, Menelaus’s Spherics: 9 Jumada 678 H, Theodosius On Habitations: 671 H. See Krause (1936) 499-504.

81 For his visit in 1279, see Abbeloos and Lamy (1877) 447-450. For the suggestion that Bar Hebraeus personally
transcribed the Arabic of the editions of Archimedes in this manuscript, see Sayili (1956) 11 and Borbone (2017)
130-131.
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Bar Hebraeus's study of this astronomical curriculum can also be seen in a third manuscript:
Mashhad, Kitabkhana-yi Markazi Astan-i Quds 5232. The codex's first folio is marked by an ownership
statement that matches the ownership statement in the prior manuscript. Unlike the prior manuscript,
however, the two Middle Books texts contained in this codex (the Sphaerica and Moving Sphere) are the
editions of al-Maghrib1.%?

There is further evidence for Bar Hebraeus having studied the A/magest at Maragha, though not
in the recension by al-Tiis. As noted above, Kéatip Celebi reports that the Syriac scholar requested a new
edition of the Almagest from al-Maghribi.®

Outside of this astronomical curriculum, hints of other texts Bar Hebraeus may have encountered
at Maragha are offered by the Syriac scholar’s own works. His Ascent of the Mind, completed in 1279, is
a handbook of astronomy that bears similarity to al-TiisT’s say ‘a treatises. Some scholars have pointed to
al-Tust’s Tadhkira as its model based on its agreements in structure and values. More recently, al-TisT’s
Zubdat al-idrak fi hay at al-aflak (undated) has been raised as a possible model for Bar Hebraeus’s text.**
The Zubdat al-idrak is a short and simplified /ay’a treatise that is intended to epitomize works on the
subject.®® While this shorter work appears to have had little lasting influence compared to al-TisT’s other
treatises, it is possible that it was being used as an elementary teaching text during Bar Hebraeus’s time in
Maragha. Lastly, Bar Hebraeus reports that he wrote a book on zijes for beginners in Syriac.®® This work

has not been found, so it is not certain which zijes Bar Hebracus may have drawn upon for it. In any case,

82 For a description of this manuscript, see Nikfahm-Khubravan and Eshera (2019) 48.

% Fliigel (1850) 387, 389.

8 For its relation to the Tadhkira, see Nau (1899) vii. For the possible connection with the Zubdat, see Takahashi
(2011), p. 486-487.

8 Al-TasT may have intended the Zubdat al-idrak as an abridgement of his Tadhkira, but the former text has
received very little study and so its relationship to the scholar’s other treatises is unclear: see Ragep (1993) 66-67.
One difference between the Zubdat al-idrak and the Tadhkira is the former’s avoidance of criticisms of the
Ptolemaic system. The idea that Bar Hebraeus preferred it as a model because of this closer adherence to Ptolemy
has been raised by Takahashi (2011) 487.

% Budge (1932) xxxiii.
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the (former) existence of this treatise raises the possibility that his astronomical studies at Maragha

included various zij texts.
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Chapter 9
The Edition of Nasir al-Din al-Tist
1. Introduction

The Tahrir al-Mutawassitat of al-TiisT presents a form of the Middle Books where it is possible to
say with certainty that a single editor set out to shape the whole of the curriculum as a unit. Chapter 2, in
addressing the Greek manuscript tradition of the Little Astronomy, ascribed many of the deliberate
alterations to editors with didactic motivations, but these individuals were multiple and anonymous.' The
alterations discussed in chapter 4 present a similar scenario, where alterations could have been introduced
by any of the multiple translators and correctors;” further, they may diverge from the Greek because of the
particular state of the texts in Greek at the time of their translation.

The case of al-TiisT’s edition is less obscured. The edition was produced in the thirteenth century,
and it is possible to have an idea of what several of the texts preceding his edition looked like because the
thirteenth century is the period from which several important Arabic manuscripts survive. The educational
context of these texts and al-TtsT’s work within that sphere are clear from his own comment, brief though
it is, about the Middle Books as an educational arrangement between the Elements and the Almagest. And
even as the editor rewrites each proposition in his own contemporary mathematical style, he takes care to

separate out most of the additions he himself makes to the text.

! While it might be tempting to ascribe editorial efforts with the curriculum to a historical individual like Theon of
Alexandria, ultimately there is little evidence for such suggestions beyond his being a known mathematical and
astronomical scholar of the period.

> And later editors of the texts, endeavor though we may to access the text in a form close to its ninth century
version.
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2. Overview of Evidence

While al-Tast’s edition of the Middle Books is available for study in printed form, it should be
recognized that it has largely not been critically edited. The only critical editions are for his renditions of
Euclid’s Phaenomena, in Sulayman (1996), and of On the Measurement of the Circle, in van Lit (2012).
Instead the full edition of the curriculum is printed in Hyderabad (1939-40), as previously noted; this is
based on at least three manuscripts but lacks a critical apparatus. There is also a facsimile printing of the
manuscript Tabriz 3484 (late 7th-early 8th / late 13th-early 14th c), which serves as a useful comparison
to the Hyderabad edition.’

Before delving into the major sections of this chapter, it should be noted that while al-TaisT’s
Tahrir al-Mutawassitat has not been studied as a unit, several studies hae been done on works within the
grouping.* These studies, taken together, present a (nearly) consistent picture of al-TiisT as an editor.” The
scholar after all presents not just his own copy (433) of the Middle Books, but a deliberately produced
edition (U1u~5). As part of his project, he does intervene liberally in the text. Where many of the original
Arabic translations followed the Greek quite closely, echoing its phrasing and following all the
mathematical Greek tendencies towards features like repetition, this is not the aim of al-TiisT. Rather, the
texts which have been studied all show his tendency towards conciseness and the elimination of

repetition. Since al-TisT has expressed such preferences in his other editions, as the last chapter discussed,

? For the facsimile, see Aghayani-Chavosh (2005).

4 On the edition of the Data, see Thaer (1942) and Sidoli and Isahaya (2019). On the edition of the Sphaerica, see
Sidoli and Kusuba (2008). On the edition of Sizes and Distances, see Berggren and Sidoli (2007). On the edition of
Thabit’s Assumptions, see Dold-Samplonius (1996). On the edition of the Sphere and Cylinder and Measurement of
the Circle, see Lorch (1989). On latter, see also van Lit (2012). On the edition of the Book of Knowledge, see Rashed
(1996).

> The two exceptions are the edition of Thabit’s Assumptions and On Measurement of the Circle, which will be
discussed.
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to find similar efforts in the edition of the Middle Books is only to be expected. Examples of al-Tust’s
style will be seen in the section below on substitution of proof.

While al-Tiist is willing to intervene in the texts, he does so only in particular ways. He will
rewrite the text at the local and stylistic level, but he strives to remain faithful to his source texts on the
global and structural level. As will be seen below, he refrains from rearranging propositions — there are
perhaps only two exceptions, in the case of Thabit’s Assumptions and Archimedes’ On the Measurement
of the Circle.® He also generally refrains from adding or suppressing propositions, maintaining the larger
structure of the sources available to him. Al-TusT takes care to note the number of propositions in each
text and where he found that number differed in different copies. The sections below will look further at
how the curriculum’s texts referenced each other and how a consistent numbering scheme would facilitate
this.

In his edition, al-TasT also clearly indicates what portions were his own addition versus what was
originally the content of these works. The editor most frequently demarcates his own contributions with
the opening “I say...” (Jsi). In cases where he is drawing from another scholar’s commentary, as in
Archimedes’s Lemmata, he indicates this as well — in the Lemmata multiple additions start with “the
teacher said...” (3i.Y) J&). These comments consistently appear after the ending QED statement of the
proposition (“sba,f L <llds” in al-TisT’s editions) and do not interrupt the flow or logic of the proposition
itself.

Overall, then, the secondary scholarship agrees in depicting al-TiisT as an editor who balanced

streamlining the texts with maintaining their larger structure and also as an editor who carefully delimited

® These texts serve as a significant enough break from al-TiisT’s usual editing practice that they will be discussed in
the section below on change in order of propositions.
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his own comments from what he saw as original to the works. Al-TiisT’s additions vary in character, from
providing information about what is found in other copies of the text to offering mathematical comments
that provide background or address gaps in the text. These comments will be discussed further below.

3. Summary of Deliberate Alterations in al-Tus1’s Edition

3.1 AL-TasT on his Editing Project

As part of his project, al-TtsT gave each of the works in the Middle Books a (usually short)
preface. At minimum, this preface declares the number of books and propositions in the work. Often it
notes which translator and/or corrector al-TusT understood to have been responsible for the manuscripts he
had in hand. And, in several cases, the preface offers further details on the materials al-TtisT had available
to him and on how he sought to craft a coherent edition from imperfect sources.

While Euclid’s Data appears at the head of the grouping, its preface is lacking in detail. It is
instead the final work which al-Tist edited, Menelaus’s Spherics, whose preface mentions the scholar’s
decision to edit the whole of the Middle Books. This has already been discussed, but the full preface
speaks also to the difficulties al-TiisT encountered when working with this text, and to the varied
engagement it had from different scholars:

I say (praise be to God and praise on him in what is proper for him and prayers upon Muhammad
and his family) that I was wanting to edit the books called the Middle (Books), I mean the books
whose matters are in the middle in the educational arrangement between the book of Elements by
Euclid and the book of the 4/magest by Ptolemy. So when I arrived at the book of Menelaus on
Spherical Figures, 1 found for it many different copies without reception of the issues and failed
corrections for them like the correction of Mahani and Abui al-Fadl Ahmad ibn Abi Sa‘d
al-Haraw1 and others, some of them not complete and some of them not correct. So I remained
baffled in the explanation of some of the issues of the book until I came across the correction of
al-Amir Abii Nasr Mansir ibn ‘Iraq, God have mercy on him. So it became clear to me from what

was expected in it. So I edited the book to the extent of my capability and my success is only
through God...”

" Hyderabad (1939-40) Kitab Manald us 2:
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The Spherics is, itself, a mathematically challenging text, and errors introduced from
misunderstandings or poor copying only exacerbate this. But it was not the only text which al-Tus1
highlights as a challenge in the course of his project. Another one of the works added to the Middle
Books, Archimedes’s On the Sphere and Cylinder, also caused him difficulties:

That I have been in search of the study of the mentioned issues in the Book of the Sphere and
Cylinder by Archimedes for a long time, for the many needs of it in the noble subject of
geometry, until [ arrived at the famous copy of the book which Thabit ibn Qurra corrected. And
this lacks some axioms from insufficient understanding by its transmitters to Arabic concerning
its comprehension. And its weakness is because of this from the transmission. So I examined it
and the notebook was faulty due to ignorance of its copyist, so I remedied it to the extent
possible. I endeavored in investigation of the mentioned affairs in it until I completed the second
book, and I discovered what Archimedes neglected from the introduction based on some of his
demands in it. So I was confused by it and my desire for its acquisition increased. Then I
succeeded with an old notebook in which was the commentary of Eutocius of Ascalon on the
problems of this book, which Ishaq ibn Hunayn translated to Arabic in a discerning translation.
And in that notebook also was the text of the book from its beginning to the end of the fourteenth
figure in the first book, also from the translation of Ishaq, and what Eutocius mentioned in the
course of his commentary on the text of the book was in accordance with this copy, so I found
from this notebook what I had required. And I decided to edit the book according to the
arrangement and to summarize its meanings and to explain its axioms which rather become clear
through the geometrical principles and to present the principles (which are) needed by these in it.
And I mention what figures in it (are) from what the commentary of Eutocius presented or (from
what) I made use of from other books of the people of this craft. And I distinguished between
what is in the main text of the book and what is not in it via indication of this. And I established
the number of the figures according to their collection in the two accounts: that the figures of the
first book in the copy of Thabit are 48 and in the copy of Ishaq are 43. So I did this and I attached
to its end the book of Archimedes on the Measurement of the Circle, for (that work) was based on
some of the axioms mentioned in this book.*
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¥ Hyderabad (1939-40) Kitab al-kurah wa-al-ustuwanah 2-3:
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It is perhaps surprising to read that al-TtsT encountered so many difficulties working with texts
that were — at least sometimes — used as part of a widely-transmitted curriculum. The cases of the
Spherics and On the Sphere and Cylinder may possibly be excused because these texts did not number
among those which formed the core of the curriculum, but rather they were sometimes added to it when
scholars deemed them useful. But in the preface to the Phaenomena, a text solidly numbering among the
Middle Books, we read the following:

The editor of this book says... nothing of this book came to me except a highly defective copy,
most of it (full of) misspellings and distortions. Since it was not possible to study anything from it
except with the utmost strain, and the commentary on it by al-Tabriz1 [sic]’ was also very poor, so
I redoubled the study of both of them and I edited anything from the book that was contradictory
to me according to what I envisioned. So if it is not in agreement with the book, this is the reason
for it. And it is my intention that I repair its faults if I come across a correct copy, inshallah, and
he is the guardian of success."’
So despite the Middle Books being a recognized grouping in astronomical education, it should not be
taken for granted that this circumstance encouraged the transmission of all these texts equally as well or

as widely. For whatever reason, al-TiisT found copies of these texts in varying levels of coherence.

Furthermore, some texts which were more tangentially connected to the grouping — as al-Nayrizi’s
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? Note that the “al-Tabrizi” above and also cited elsewhere in the Phaenomena should be understood to be an error
for the famous mathematician al-Nayrizi (d. 310/922). The error arises because the names are indistinguishable if the
Arabic is left undotted (s u vs. s n i), as often happens in the manuscripts.

' Hyderabad (1939-40) Kitab al-zahirat al-falak 2:
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commentary on the Phaenomena may have been — ultimately did not survive past al-Tiis1’s new edition of
the curriculum, which circulated widely and likely superseded the earlier texts."

These prefaces also make clear that — despite the imperfect witnesses some of his manuscripts
contained — al-TusT did have for many of the Middle Books multiple manuscript copies at his disposal.
Several other texts contain references to work with multiple copies. In the comment to his Data 64, he
writes that the proposition “found in the copies is thus” (1Xa F&uill & 25 5all) "2 Several times in the
Sphaerica al-Tis1 notes differences that are found “in some copies” (&~ill (= A)."* In Phaenomena
proposition 8, he mentions material found “in a copy” (il (s #). ' The preface of Nights and Days
acknowledges how the title differs between “On Days and Nights” (3wl s ab¥) ) and “On the Night and
Day” (Ul Jilll 8) “in some copies” (F&= oz A)."5 And for Thabit’s Assumptions, the editor notes how
proposition counts differed “in some copies.”'® So for seven of the Middle Books which al-TusT edited,
there is clear evidence that he had more than one exemplar from which to work. While there are no other
such hints for the other seven Middle Books he edited, we can assume that if multiple copies were
available to him, he certainly used them.

Further, the prefaces show that al-TtsT’s editorial process involved not just consulting multiple

witnesses for these texts, but also available commentaries on them. The above passages already show how

" Granted, there are still extant manuscripts of Eutocius’s commentary, though none are complete; see Lorch (1989)
106.

'2 Hyderabad (1939-40) Kitab al-Mu ‘tiyat 27.

3 See Hyderabad (1939-40) Kitab al-ukar 2, 19, and 48 for the following. The Sphaerica preface notes that “in some
copies” (il yazs 8) a proposition is missing. The comments to IL.prop.12 and IIl.prop.11 also reference material
found “in some copies.”

!4 Hyderabad (1939-40) Kitab al-zahirat al-falak 12. Admittedly, it is not immediately clear if al-TusT added this
material or if he found it already added in his source. He does not head the material with “I say” as he does for the
majority of his other additions.

!5 Hyderabad (1939-40) Kitab al-ayyam wa-al-layali 2.

'S Hyderabad (1939-40) Kitab al-mafriadat 2.
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he drew upon al-Nayrizi’s commentary on the Phaenomena and the translated commentary of Eutocius on
the Sphere and Cylinder. In Archimedes’s Lemmata the scholar relies on the work of “the distinguished
teacher” al-Nasawi, to the extent that where in his other MB editions al-TusT includes his own statements
with “I say,” in the Lemmata instead we find “the teacher said.”

2 Concordan f Pr ition

As was done for chapter 4, the following will present concordances of the propositions according
to al-TisT versus the earlier Arabic versions (and the Greek ones before them). Proposition numbers used
in this chapter will be those from al-TiisT’s edition, except where indicated otherwise.

Euclid’s Data

The proposition arrangement of al-TuisT’s edition of the Data agrees with that of the Kraus MS. It
has a total of 95 propositions, an increase of four from Seray Ahmet 111 3464’s 91 propositions because of
the divisions of multi-part propositions into separate ones.

Th ius’ jal}

Al-TusT’s edition of the Sphaerica is similarly quite close structurally to its predecessors. The one
difference is in Book II, where the manuscripts Seray Ahmet III 3464 and Paris hebr. 1101 have 22
propositions and al-TiisT has 23 because he has divided their proposition 11 into two separate
propositions. Al-Tts1’s proposition count agrees with that in Priv. lib. M. Nabi Khan, but this is because
though the latter agrees with the other two manuscripts in not dividing proposition 11, it still numbers the
following proposition as 13 and skips the numeral 12 entirely.

Autolycus’s On the Moving Sphere
Comparing al-TusT’s edition of On the Moving Sphere with the earlier version in Bodleian Hunt.

237 and with the original Greek shows full structural agreement between the three versions of the text.
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Euclid’s Optics

A comparison of the proposition arrangement of al-TusT’s Optics with the earlier version of the
Optics according to Kheirandish shows full structural agreement in the case of the propositions. Al-Tust
does however rearrange and add some preliminary material in the definitions.
Euclid’s P

There is more significant structural disagreement between al-TusT’s edition of the Phaenomena,
the version presented in Leiden Or. 1031, and the Greek. Where the Greek recension B had a total of 18
propositions (according to Menge) and Leiden Or. 1031 had 20 propositions, al-TisT’s edition comes to a
total of 23. Furthermore, he notes in the preface that some manuscripts he encountered had up to 25."
Al-TasT’s edition is increased by three from Leiden or. 1031°’s version through division of propositions: he
presents Leiden or. 1031’s proposition 2 as his propositions 2, 3, and 4. He also presents Leiden or. 1031°s
proposition 20 as his propositions 22 and 23. But there are other structural differences between the two
versions which cancel out in the proposition count. The material which Leiden or. 1031 labels as
proposition 16 (which is an alternate proof of the preceding proposition in the Greek transmission) does
not make it into al-TTsT’s text. Meanwhile, al-TiisT’s proposition 17 is not present in Leiden or. 1031°s
text. It is not, however, an original contribution by the editor — it can be recognized as having its source in
the Greek tradition. In recension A, this material was a lemma in the text; in recension B, it was a

scholium.

'7 Since al-TusT presents the text with 23 propositions, it is not immediately clear what would have resulted in some
manuscripts having 25, whether this was through division of other propositions or through the addition of material.
Perhaps this was caused by the two Greek recensions intermingling in the Arabic tradition — we have already seen
material from the A recension being incorporated into a version that otherwise is largely based on the B recension.
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T L G T L G T L G

intro intro intro 9 7 7 17 (*)'®
1 1 1 10 8 8 18 15 1419
2 2 2 11 9 9 16 14%
3 2 22 10 10% 19 17 15
4% 2 22 12 10 10% 20 18 16
5 3 3 13 11 11 21 19 17
6 4 4 14 12 12 22 20 18
7 5 5 15 13 13 23 20 18
8 6 6 16 14 14

Table 9.1: Concordance of propositions for the Phaenomena.
T = al-TasT’s edition, L = Leiden or. 1031, and G = the Greek according to Menge (1916).

Theodosius’s On Habitations

There are no significant structural differences between al-Ts1’s edition of On Habitations and the
earlier Arabic or Greek versions.

Theodosius’s On Days and Nights

The propositions of al-TsT's edition of On Days and Nights agree structurally with the earlier
Arabic translation and the Greek text in its first book. The definitions agree with the earlier Arabic
version as well. It is in the second book, where the earlier Arabic and Greek texts saw more structural

disagreement, that this also happens between al-TisT's edition and its extant predecessors. Like the earlier

'8 This material is a scholium in the B recension and a lemma in the A recension.

' This is part two of the proposition.

2% This is the alternate proof to the proposition.

2! This is part three of the proposition.

*2 The first part of Leiden or. 1031’s proposition 10 corresponds to the proof in the B recension.

> This “proposition” is the fourth case of the Greek proposition 2. Note that Hyderabad (1939-40) Kitab al-zahirat
al-falak 8 and Sulayman (1996) 74 do not number this “proposition” and instead silently skip the numeral 4 and
continue on to label the next proposition as 5. However the manuscript Tabriz 3484, p. 126, shows that this material
did sometimes receive the numeral 4.

2% This is part four of the proposition.

> The second part of Leiden or. 1031’s proposition 10, and al-TiisT’s edition, corresponds to the proof in the A
recension.
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Arabic translation partially edited by Kunitzsch and Lorch, book 2 of al-TisT's text is in 21 propositions.
But a comparison of enunciations between the two shows that it seems to lack the earlier translation's
proposition 11.16 and that it seems to add a proposition 11.17 that does not correspond with the earlier

material. Future study of the Arabic On Days and Nights when its full text is available would be

worthwhile.
T K&L G T K&L G T K&L G
Book Il

1 1 1 9 9 9 15 15 14
2 2 2 10 16

3 3 3 10 10 16 17 15
4 4 4 11 11 11 17

5 5 5 12 18 18 16
6 6 6 12 12 19 19 17
7 7 7 13 13 20 20 18
8 8 8 14 14 21 21 19

Table 9.2: Concordance of propositions for On Days and Nights Book I1.
T = al-Tast’s edition, K&L = Kunitzsch and Lorch (2011), and G = the Greek according to Fecht (1927).

Aristarchus’ iz Di

There are no significant structural differences between al-TaisT’'s edition of On Sizes and
Distances and the earlier Arabic translation — it maintains the seventeenth proposition of the Arabic which
is not present in the Greek. Where the Kraus MS and Columbia Or. 45 disagree on whether the Greek
proposition 8 should be merged with the proposition before or after it, al-Tust follows the Kraus MS in
merging it with the proposition before.

Autolycus’s On Risings and Settings

Al-Tust’s edition of On Risings and Settings has some structural disagreements with the earlier

translation preserved in Leiden or. 1031 because of how al-Tust’s edition divides some of the
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propositions. In Book I he presents 15 propositions (two more because of two divisions), and in book II
he presents 20 (one more because of one division). His total of 36 propositions is similarly higher than the
total of 33 recorded in Bodleian Thurston 11°s list. All three versions, however, contain the same

definitions. The concordance is laid out below:

T L G T L G T L G T L G
Book | Book Il

1 1 1 9 7 7 1 1 1 12 11

2 2 2 10 8 8 2 2 2 13 12 1"

3 3 3 11 9 9 3 3 3 14 13 12

4 4 4 12 10 10 4 4 4 15 14

5 5 42 13 11 11 5 5 5 16 15 13

6 5 427 14 12 12 6 6 6 17 16 14

7 (*)%® 5 15 13 13 7 7 7 18 17 15

8 6 6 8 8 8 19 18 16
9 9 9 20 19 17
10 10 10 21 20 18
1 10%

Table 9.3: Concordance of propositions for On Risings and Settings.
T = al-TusT’s edition, L = Leiden or. 1031, and G = the Greek according to Mogenet (1950).

Hypsicles’s Anaphoricus

AI-TusT presents overall the same material for the Anaphoricus, but conceives of it differently
than the earlier Arabic translation did. Rather than claiming the parts of the text as five propositions, as
was seen in chapter 4, he writes that the text “comprises three parts: lemmas and starting-point and two

propositions” (<& s jray Gleate & Je Jaily) 0 AL-TiisT’s lemmas are three in number and correspond

2% This is case two of the proposition.

" This is case three of the proposition.

% This is not numbered as a separate proposition in Leiden or. 1031, but it is preceded by the proposition before it
ending with the usual QED.

 This is case two of the proposition.

3 Hyderabad (1939-40) Kitab fi al-matali ‘2.
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to the first three propositions according to the Arabic translation; his two propositions in the latter part
correspond with the final two propositions.

3.3 Other Deliberate Alterations

As has already been indicated, in his editions al-TiisT took care to separate out his own comments
from the texts of the Middle Books. The following table gives a general overview of the deliberate
alterations that can be found within what is presented as the main text. Alterations which occur within
al-TasT’s own comments follow in the table after. For both tables, propositions are numbered according to

al-Tust’s edition. The alterations are identified in comparison with the earlier Arabic versions.
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Data Sph. |
d.A 16 46 76 d.A
d.2 17 47 77 d.2
d.3 18 48 78| d.3
d.4 19 49 79| dd
d.5 20 50 80 d.5
d.6 21 51 81 d.6
d.7 22 52 82 d.7
d.a 23 53 83| d.a
d.9 24 54 84 d.9

d.10 25 55 85| d.10

d. 11 26 56 86| d.11

d.12 27 57 a7 1

d.13 28 58 88

d.14 29 59 89

d.15 30 60 a0

2 32 62 92

3 33 63 93

4 34 64 94

& 35 €5 95 g

8 38 66 10

7 a7 67 11

8 3s €8 12

8 a9 69 13
10 40 70 14
1 41 7 15
12 42 72 18
13 43 73 17
14 44 74 18
15 45 75 19

20
21
22

| o~ o B L) R
M o~ 0 B W R

[
R =T
e o
= =]

14

R B3 BRI R = 2 2 & _x
[ N R o T R R R R Y

Opt.
intro
d.A
d.2
d.3
d.4-1
d.4-2
d.4-3
d.4-4

Ph.| Hab.|D&N | Il S&D|R&S| Il Ana.
20 50| intro 1 d.1 1 d.1 d.1 1| lem.1
21 &1 1 2| d2 2| d2| d2 2| lem.2
22 &2 2 3| d3 3| d3| d3 3| lem.3
23 &3 3 4 1 4 d4| d4 4 1
24 54 4 & 2 § db| db & 2
25 &5 5 6 3 6| dB| dBb 6
28 &6 6 7 4 7 1 d.7 7
27 &7 7 a8 5 8 2| dB 8
28 58 8 g 6 8 3| do 8
29 88 ] 10 7 10 4 1 10
30 60 10 11 8 11 & 2 11
3 &1 11 12 ] 12 6 3 12
32 62| 12 10 13 7 4 13
33 63 13 11 14 8 5 14
34 64 14 12 15 g 6 15
35 15 [-p] 10 7 186
36 16 16 11 8 17
a7 17 17 12 8 18
a8 18 18 13 10 19
a9 [-p] 19 14 11 20
40 18 20 15 12 21
41 20 21 16 13
42 21 17 14
43 22 15
44 23
45
46
47
48
49

Rearranged propositions

Fusion / division of propositions
Addition / suppression of alternate proofs

Addition / suppression of cases
Addition / suppression of material
Change in status

Table 9.4: Overview of deliberate alterations in the main body of core Middle Books works. Entries
indicated with “[-]” represent material from the Arabic which does not appear in al-Tis1’s edition.
[-] = cases or proofs, [-p] = propositions

When the comments al-TiisT identifies as his own are separated out, the alterations in the

remaining text are comparatively few. Of these, the alterations which arose as al-Tis1’s personal choice

are likely even fewer. The concordances above have already noted how for the Data, the new edition
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arranged its propositions in the same way as the Kraus manuscript did: both total 95 propositions rather
than Seray Ahmet III 3464’s 91 because some propositions have been split and separately numbered as
two. In producing his Data, the editor most likely worked with exemplars that already presented 95
propositions. This will be further expanded upon below; it is possible that such a scenario was the case for
several of the divided propositions seen in the survey.*!

Addition or suppression of material within the main content of these works is uncommon. Outside
of the preliminary material to the Optics, it can be seen occurring in the Phaenomena and in On Days and
Nights, both texts which had complicated transmissions.

In comparison, the following table shows the material which al-Tiis1 added in the form of
comments. Some of these contribute alternate proofs or additional cases to the text, and are indicated as
such. Others — textual or mathematical comments, or new lemmas and other such supporting material —

are indicated as the more general ‘addition of material.’

3! Examination of the Kraus manuscript’s witness of On Risings and Settings would be worthwhile to see whether it,
like that codex’s witness of the Data, divides the propositions in the same way al-TusT does.
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Data Sph. I I m| Ms| opt Ph.| Hab.|D&NI1  1I| saD|R&sI 1| Ana.
41 16 46 78| d1 19 d1 1 44| inro 20 50| intre| 1| dA 1| d1| da 1| lem.1
d2 17 47 77| d2 20 1 2| d2| &1 21 51 1 2| d2 2| d2| d2  2|lem2
43 18 48 78| d3 2 2 3 d3] d2 22 52 2| 3 d3 3] d3] d3  3|lem3
g4 19 49 79| d4 22 3 4| d4] da 23 83 3 4 11 4| d4| ds4 4 1
45 20 50 80| d5 4 5| 1| d41 24 54 4 s 2 5 ds5 ds5 5 2
d6 21 51 81 ds 5 6 2 d42 25 55| 5 8 3 6 db| d& &
d7 22 52| 82| d7 6 7| a3 d43 26 s8 8 7 4 7 1 d7 7
d8 23 53] 83| ds 7 8 4 d44 27 57 7| 8 5 8 2 ds8 8
49 24 54 84| do 8 9 s d5 28 ss 8 9 6 9 a3 da 9
d10 25 56 85| d.10 9 10| 6 d6 =20 s3| 9 10 7 1o 4 1 10
d11 26 56 86| d.11 10 1 7| 47 a0 eo| 0| 1 B 1 5 2 1
g1z 2r 57 87| X 1 12| 8 1 31 s M| 12 9 12| s a3 12
d1al 28 58 88 1 12 13| o 2 3 62 12 10 13 7| 4 13
d14, 28 59 89 2 12 14| 10/ 3 33 83 13 1 14 8 5 14
d15 30 60 0| 3 14 11 4 34 B4 14 12 15 9 & 15

1 31 81 o 4 15 12| 5 35 15 18| 10| 7 18
2 3 6 92 5 16 6 36 16 17 1 8 17
a 3 63 93 6 17 7 a7 17 @ 12| 9 18
4 34 84 94| 7 18 8 a8 18 19 13 10 19
5 a5 65 95 8 19 9 39 19 200 14 11 20
6 36 66 9 20 10 40 20 21| 18] 12 21
7 ar 67 10 21 141 21 16| 13

8 38 68 11 22 12 42 22 17| 14

o 3 69 12 23 13| 43 23 15

10 40 70 13 14 44

1 41 7 14 15 45

12 42 712 15 16 46

13 43 73 16 17 47

14 44 T4 17 18| 48

15 45 75 18 19 49

Addition of alternate proofs Addition of cases Addition of material

Table 9.5: Overview of deliberate alterations in al-Tts1’s comments to core Middle Books works. The “X”
in Sphaerica Book I indicates preliminary material al-TiisT adds after the main definitions.

The general impression that this table offers is how widespread al-Tisi’s contributions are
throughout these Middle Books. Of the ten works examined here, only On the Moving Sphere and the
very brief Anaphoricus lack any comment from the editor. In a few other texts they appear sparsely, but
the Data, the Sphaerica, the Optics, the Phaenomena, and On Days and Nights show a multitude of

comments. The purposes of al-TiisT’s comments vary: some present alternate cases or proofs, as has been
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indicated. Some note differences in the manuscripts he consulted. Some clarify the requirements of the
proposition, or present lemmas that will be used later in the text, or otherwise comment on the
mathematics involved. They will be discussed in more detail below.
3.4 Al-Tast’s Edition and the Greek Recensions of the Phaenomena

The witness to the Phaenomena in Leiden or. 1031 was identified in chapter 4 as being a
translation of recension B of the Greek text (with select small instances of material from the A recension).
Al-TasT, conversely, seems to have had as an exemplar a manuscript which at least partly drew from the A
recension. This can be seen through a few details to be discussed below. But its proposition 12 (= Greek
proposition 10) clearly presents the A recension’s version of the proof. Its proposition 17 corresponds to
material which in the B recension appeared as a scholium but in the A recension as a lemma within the
text — furthermore, in some Greek manuscripts of the A recension this lemma is numbered as its own
proposition.** And al-TisT’s edition lacks the alternate proofs which appear in the Greek B recension and
in Leiden or. 1031.

It seems then that some form of the A recension of the Phaenomena was translated into Arabic,
and not only was a small fragment of it incorporated into Leiden or. 1031’s witness or one of its ancestors,
but a manuscript of it was still extant in al-TiisT’s day, even if in poor condition.

4. Deliberate Alterations and References in Detail

4.1 Substitution of Proof

The editor thoroughly rewrites the propositions of each of the texts in question. Since chapter 4
has already discussed On Habitations proposition 2, which in the Arabic was a quite close rendition of the

Greek, this can be used as a comparison to show a general example of al-TsT’s style.

32 See Menge (1916) 84.
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Earlier Arabic Version

Al-Tusr’s Version

2

For those whose places of habitation are under the
circuit of the equator, all the fixed stars rise above
them and set from them, and the time of their
movement above their horizon is equal to the time
of their movement below it.

Example of this: we assume for those whose
places of habitation are under the equator a line of
the meridian: in the sphere of the cosmos circle
ABGD and in the sphere of the earth circle EZHT,
the diameter of the circuit of the equator line AB,
and we assume some place of habitation at point
E. So the zenith of the place of habitation E is
point A.

I say: for those whose places of habitation are at
point E, all the fixed stars rise above them and set
from them and the time of their movement above
their horizon is equal to the time of their
movement below it.

Proof of this: we assume as center of the earth
point K, so point K is indeed the center of the
cosmos. And we draw through point K a line
standing on line AB, and it is line GKD. So it is
clear that line GKD is the axis of the sphere, and
that the circle drawn on diameter GD standing on

For those whose places of habitation are under the
circle of the equator, all of the stars and the points
rise above them and are absent from them except
for the two poles. And the time of visibility and
invisibility for each one of them is equal.

So let one of the semicircles of their day be on the
sphere of the cosmos AGBD and on the earth
EZHT, and let AB be on the surface of the circle
of the equator, and (let) the habitation (be) E. I
impose its zenith as A, (and) the center of the
cosmos as K. And let GKD pass through it as a
perpendicular on AB, so it is the axis of the
sphere. The circle on which GD is a diameter and
on which AB is perpendicular is a horizon of
habitation E. And let A be a pole on it, it and
circle AGBD and the circle of the equator, the
three are intersecting at right angles. Similarly the
(horizon of) habitation E is passing through the
poles of the equator cutting all the parallel
(circles) in half. Therefore the portions of the
orbits, I mean the visible and invisible, are equal,
and similarly the times of the progressions of all
the points and stars above the earth are equal to
the times of their progressions below it, and this is
what we wanted.
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line AB is the horizon of place of habitation E,
and the circle drawn on diameter GD which stands
on circle ABGD passes through the two poles of
the sphere. So the horizon of place of habitation E
passes through the two poles of the sphere. Since
the fixed stars travel on parallel circuits parallel to
the circuit of the equator, and the circle passing
through the two poles of the sphere cuts the
parallel circles in half, and the horizon of place of
habitation E passes through the two poles of the
sphere, then the horizon of place of habitation E
cuts in half the parallel circuits on which the fixed
stars move. So the time of the movement of the
fixed stars above the horizon of place of habitation
E is equal to the time of their movement below it,
because each of them in place of habitation E
travels a semicircle above the earth and a
semicircle below the earth. And this is what we
wanted to demonstrate.

Al LIS 21 (81 el Jane olli cint agiSlasa (il
Lisboue well (358 W e e O5Sus pgie nds aele

Coai lad el Jase cand agiSlue Gl (i of @l Jia
oY 3 S (e Lals (2 o 1) 35300 IS5 S e Wl gl
(u\)hJL@\dmﬂh#ua)ﬂ}(Lg‘)a) 3)3\.\5
(b)uww\)\;w&u}%ﬂ(o)&sasicuhsﬂuuaﬁ}

c(\)&i\

bl LIS Al ()5S (o) ddais o agiSlua cpdll ) Jsila
Lsbie agil (58 W e (la) 0sSas peie sl agle
¢Adaln uw u\.A)l

S e () A () A ) V) S s i of Sl la
(@) b e Ll e () dhais Lo 7 ja0, JS) 3 S
Ols 38 Homa s (2 & 2) ba of ks (0 & ») s
38 A (@) ba e L (aa) Sl e A g sall 530
e Al (3 ) ki o degu el 3 5l () Sl
D3 (o) (Sase 381 1383 SN ok e jsat (3 1) 500

Lﬁ_ﬂ\} g_;S\}SS\ @A;S J\.@_J\ dd’.a 3)3\& Al (';@_\SL\AA u.l.\n
Dselall Ula) 055 bl DA L agie Cuyy agile allay
(O gluia Legia h\}dﬁ;w\}

Ses(ez ) JNs S e aa i cailbail jily gaal oSild
D) Jase 353y mhaw (@) G845 (B 5 o) =LY
G z) 4 ey (@) Aladl S e (1) 4l Crans (o) oSasdl
(2z) 0sSE A5l 5 Sl sae sgb (@) e Jasee (2
Lkt (1) 0585 (8) (Smso 38 o Lgtle LB (o 1) 5 Led 1 yLad
dakalaie B3 Hleill Jara 3 ilag (2 z 1) B Alay o (sSi Ll
Lakli Ll Jane ks b jle (o) (Sase ()5S IS5 230 8 e
o) Q) e Glasdll 138 AL Adaia Ll 45 ) gal) areal
e e L)l OS5 Gl hluie 8l ekl
gind Ll ppese 30 3Y Lysbse V) B350 SISl 5 bl

3 oLy )l Lacllyg

3* Hyderabad (1939-40) Kitab al-masakin 2-3.
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Table 9.6: Comparison of Arabic versions of On Habitations proposition 2

Here we see small a mathematical addition to al-TusT’s text — he clarifies in the enunciation that the poles
of the celestial sphere of course do not rise and set — but overall the text is significantly condensed. The
editor presents the proposition in a bit over half the words of the earlier Arabic rendition. One feature
which he removes, a feature which has its origins in the original Greek structure of the proposition, is the
specification (the section which the earlier Arabic opens with “I say...”). The specification would restate
the enunciation in terms of the labels the start of the proof had set out; it is by nature a repetitive element
of the original Greek mathematical proof. Al-TasT consistently excises these from his text. The editor’s
overall proof is streamlined as well. Where the earlier Arabic text, following the Greek, methodically
walks through a series of logical steps and invokes the different parts of the figure by their labels again
and again, al-Ttst much more quickly conveys to his reader that the circle of E's horizon, the circle of the
equator, and the circles of the fixed stars are all three perpendicular to each other, and as such the horizon
bisects the circles of the fixed stars.

An instance of substitution of proof which is of note for what it suggests about the transmission of

a text appears in al-TusT’s edition of the Phaenomena. Chapter 4 already discussed how the witness to the

Phaenomena in Leiden or. 1031 followed the B recension except in its proposition 10 where, after

3 Kunitzsch and Lorch (2010a) 20-22.

292



presenting the B recension’s proof, it proceeded to present an alternate proof found in an unspecified

version via Syriac, which was shown to be the A recension’s proof for that proposition. Al-TiisT’s edition

does not present a double proof for this proposition (proposition 12 in al-TtsT’s count). But the single

proof al-TisT presents is clearly the proof from the A recension. It lacks any reference to the summer and

winter tropics in the exposition, the usage of labels follow what is seen in the A recension, and its (brief)

summation of the case where the two arcs rise in equal times is closer to A’s rendition than B’s.

Greek Recension A

Al-Tasr’s Version

If two semicircles of the circle of the zodiac rise in
unequal times having some common arc, and the
opposite arcs in unequal times also rise, there will
also be the same difference of times in which both
the semicircles rise and the opposite arcs rise, and
if two semicircles of the circle of the zodiac rise in
an equal time having some common arc, the
opposite arcs also rise in an equal time.

In the cosmos let the horizon be ABG, and let the
circle of the zodiac have position AEGD, and let
equal arcs AD, GE be taken; therefore, D is
diametrically opposite to E. And let semicircles
ADG, DGE in unequal times rise.

Each two semi(circles) of the circuit of the zodiac
that share in an arc, the two times of (their) risings
are different, after the common part sinks down
the two remainders of them also have different
times of rising. And the remainder between them
is like the remainder between the two times of
rising of the semi(circles). And if the two times of
their rising are equal, the two remainders are also
like this.

So let the horizon be ABG, and the circuit of the
zodiac ADGE, and let semi(circles) ADG, DGE
share from it in arc DG. So the two risings of
semi(circles) ADG, DGE are different. We
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I say that also the opposite arcs AD, GE in
unequal times rise, and the same difference is in
the times in which semicircles ADG, DGE rise
and in which arcs AD, GE rise.

For since the semicircles ADG, DGE in unequal
times rise, let the common rising time, that of DG,
be taken away; (for, the arc DG always rises in a
time equal to itself); then the remaining arcs AD,
GE in unequal times rise, and the same differences
are between the times in which semicircles ADG,
DGE rise and the opposite arcs AD, GE (rise).

Indeed again, (suppose) the semicircles ADG,
DGE in equal times rise.

Let the common time of arc GD be taken away;
then the remaining AD, GE in an equal time rise.

remove arc DG; the remaining two risings of arcs
AD, GE are also different because the rising of arc
DG was removed from them, and it (DG) is the
same thing, and the difference between the two
risings of ADG, DGE is like the difference
between the two risings of AD, GE. If the the two
risings of semi(circles) ADG, DGE are equal, the
remaining two risings of AD, GE are also equal
for the same (reason) as this. And this is apparent,
and this is what we wanted.

‘Eav 100 t@v {mdiov kiKAov dVo MuiKokAlo &v
avicolg ypdvolg GvatéAln Kowny Twvo. £xovtol
TEPLPEPEIOY, KOl Ol GmeEvVOVTiOV TEPPEPEIaL £V
avicolg ypdvolg dvatéldlovowy, kol 1] avTh
Slapopd Eotan TV YPOVOV, &V 01¢ TE TE MUIKVKAL0L
avatéAler  xol ol Gmevavtiov  meplpépelon
avoatélhovotv: Kol €av 10D Tdv {®diov kuKlov
dvo Muwdxkhe €v iom ypove AvatéAln Kownv
Tva. €YOVTO  TEPLQEPEIY, Kol ol OmeEvavTiov
TEPLPEPELNL €V 10 YPOVD AVOTEAAOVGLY.

£oto &v koou® opilov 6 ABI, 6 6¢ 1dv (@diov
KOKAog Bty éxétm v AETA, xal drnenebocay
ioon meprpépetar ai AA, TE- kotd diduetpov dpa
éoti 10 A 1® E. ta 6¢ AAT, ATE fjuucdkho &v
Gvicolg ¥poOvoLg AVOTEAAET®"

Aéyw, 611 kol ol drevavtiov Tepeépetal ai AA, T'E
&v avicolg ypovolc avatélhovot kol 1 aOT
dlpopd €ott TOV Ypovev, €v oig o AAL, ATE

At LS & (uf (A OIS s ) el (e Cpiia S
Ll A ikl Bl 2y Legia gLl oIS g glhll il
s o el Legiys Jadll S5 g 5IRI e ilide
L) Ll S g sthall e ) (s sbutia BIS gl 5 (piaill g sl

GRS

1) Lt iy oo 2 ) sl el g (o 1) GBI (S8
2 i lallas IS (8 (2 2) (e (B Ak (62 ) (2
(st e (s ¢ 9) s Lkl s ¢0piline (o 2 3) (2
lgie Ty (= 3) o s adlae Y ¢opiiling Ll (5 2) (2 )
(e 9) (= 2)) ltae (g Jualiill (5S35 canly (o5 (25
2) hal ladlae il o 5 (6 2) (2)) Aldae g Jealélis
Lad (6 =) (0 1) bl cady oivdia (6 = ) (=

36 5l i La lld g ¢ jalls @lld g Gl Jial oy gludia

3% Sulayman (1996) 94-95; compare Hyderabad (1939-40) Kitab al-zahirat al-falak 19.
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NukokAMa dvatédder kol év oic oi AA, TE
TEPLPEPELOL AVOTEAAOVGLV.

énel yop ta AAL, AT'E nudkiio &v davicolg
xPOVolG dvatéddel, kowvog aenphobom o tiig Al
GvatoAf|g xpovog: (1 yap Al meprpépeia eovti) del
&v To@ ypoéve dvatédder): Aowmai dpa ai AA, TE
TEPLPEPELOL &V AVIOE® YPOVE AvaTéALOvGL Kol ol
avtai Stapopai elct TV Ypdvav, &v ol Td te AAT
ATE fuucokho dvatéddel kol ol amevoviiov
neprpépetat ai AA, TE.

wéAwv on 10 AAL, AT'E nukdkiia év ico ypove
avaTéLAEL

Kowog apnpnobo 6 tiic I' meprpepeiog ypdvog:
howmai dpa ot AA, TE év oo ypovo
avatédhovoy.*

Table 9.7: Comparison of Phaenomena proposition 10 in Greek recension A and al-TsT’s edition

The usual features of al-TGsT’s style occur in this proof as well: the specification is eliminated as repetitive

and the entire proof is streamlined — compared to the version which was preserved as an alternate proof in

Leiden or. 1031, al-Tist has condensed the text by approximately a quarter.

4.2 Alternate Proof

The alternate proofs present in al-TaisT’s edition occur in his Data’s proposition 64 (= Greek 62);

his On the Moving Sphere proposition 2; his Optics propositions 3, 10, and 26 (= Greek 3, 9, and 25); his

Phaenomena proposition 8 (= Greek 6); and his On Sizes and Distances proposition 13 (= Greek 15).

These are presented in several different ways. In the comment to Data 64, he heads the alternate

proof with “I say the [text] found in the copies is as such: and we work this proposition in another way”

* Menge (1916) 54-56, main text.
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(Al dea Slo JSal 13 Janiy 1388 il 8 3o sall J81) 37 In On the Moving Sphere, it is introduced with “and
this proposition is found in another copy as such” (13a s Al daus 8 A 138 2 54).%® The alternate proofs
to the three propositions in the Optics are clearly included among al-TusT’s comments — they are headed
with “I say” (Js) but without further comment.” In the Phaenomena the language is simply “and in a
copy” (3w 45).%° And in On Sizes and Distances the language is “and by another way” (s_3) 4e> e 5).*!

Comparison with the earlier Arabic translations of On the Moving Sphere and On Sizes and
Distances shows that these two alternate proofs were already incorporated into the Arabic texts — the
doubling of proofs was not a deliberate addition of al-TtsT’s, and as such they are incorporated into the
main proposition rather than set apart within one of his own indicated comments. The fact that the
Phaenomena’s alternate proof is similarly set apart by “and in a copy” alone, without the editor’s usual “I
say,” implies that al-TtsT may have found this material already incorporated in the sources he consulted
like he would have for On the Moving Sphere and On Sizes and Distances.

Overall, al-TTsT maintains the alternate proofs which are found in the earlier Arabic versions.
Some instances — like the doubled proof seen in the earlier version of the Data’s proposition 37 — are not
listed above because in al-TisT’s edition they are presented as two separately numbered proofs (in this
example, his propositions 38 and 39), but they are still present.

The Phaenomena is the work in which the editor does not preserve alternate proofs found
elsewhere in the extant manuscripts, but this may be caused more by those proofs not being transmitted in

any of the manuscripts al-TisT had available to him than by a conscious choice to excise it. Proposition 12

¥ Hyderabad (1939-40) Kitah al-Mu ‘tivat 27.

** Hyderabad (1939-40) Kitab al-kurah al-mutaharrikah 3.

¥ Hyderabad (1939-40) Kitab al-mandzir 4,7, and 11.

40 Hyderabad (1939-40) Kitab al-zahirat al-falak 13.

4! Hyderabad (1939-40) Kitab fi jirmay al-nayyirayn wa-al-bu ‘dayhima 18.
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of his Phaenomena (= Greek 10), for example presents only the one proof, which as noted is the one
descending from the Greek recension A.** Comparison with more witnesses would be worthwhile to see
whether this version of the proof appears elsewhere, as it did in Leiden or. 1031. Considering al-TisT’s
tendency to preserve content rather than omit it, it is quite possible that the witnesses he had at hand only
preserved propositions without alternate proofs.

The case of Data proposition 64 (= Greek 62) especially shows al-TusT’s efforts to have his
editions faithfully present what he found to be in circulation. Sidoli and Isahaya have argued that this
alternate proof was not originally included in al-TusT’s draft of the text. Rather, early manuscripts show it
being added as a marginal comment, and it was moved into the main text only afterwards, in what Sidoli
and Isahaya believe to be a later draft of the text.”’ If this is correct, al-TiisT did not find this proof in the
manuscripts he initially had on hand, but noted it down later and only subsequently incorporated it into
his edition. Besides speaking to al-TiisT’s continuing efforts to improve his editions, this instance is
notable because the proof that he introduced to comment on was an erroneous one, and al-TaisT was aware
of this. In the manuscripts where it is present as a comment, he introduces the proof with the
aforementioned “I say the [text] found in the copies is as such: and we work this proposition in another
way...” After laying out the details of the proof and his issues with it, he concludes with “so let it be seen
in it that this proposition is a mess” (Uaie JSall 13 (& 48 Jlails) “ Evidently faithfully preserving what
was in his sources — material which his contemporary and predecessor scholars were well acquainted with
— was important enough to al-TiisT that in a later draft of his Data he added in a false proof to comment on

its failings. It may be also that the authorities attached to this proof were notable enough that al-Tas1

42 Hyderabad (1939-40) Kitab al-zahirat al-falak 19.
4 Sidoli and Isahaya (2019) 96-98.
“ Hyderabad (1939-40) Kitdb al-Mu 1yt 28.
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found it important to comment on it — the marginal comment version of this proof reports that it had been
read back to al-Nasawi by al-Sizji.*’ Interestingly, al-TtisT removes the mention of these authorities in the
version that he presents in his comment.

Meanwhile, proposition 3 of the Optics is another case of al-TiisT incorporating supplementary
material available in the sources into his text, since this proof originally appears in the margins of a
manuscript of the early version of the text.** Whether al-TasT encountered the alternate proofs to
propositions 10 and 26 in his sources as well or whether he introduced them himself is unclear. They
certainly could have been al-Tus1’s own work.

4.3 Addition / Suppression of Cases

Added cases are seen in al-Tust’s Data 14, 15, 44, and 80 (same in Greek); his Sphaerica 11.15
(same as Greek); his Optics 34 and 56 (= Greek 32 and A49); and his On Days and Nights 11.15 (= Greek
14).

In the Sphaerica and the Optics, these occur within the main body of the proofs themselves.
These additions are located at the end of the proof and serve as brief acknowledgements of other cases;
none are especially long.*’ In the Data and On Days and Nights, they instead appear within his comments,
after the main proof.*®

The example of Data 80 is worth further note. Sidoli and Isahaya have argued that it provides

further hints towards al-TusT’s continuing editorial process across multiple drafts of his edition. The

* This marginal comment was briefly noted also in chapter 5.

4 1t appears in Seray Ahmet I11 3464. See Kheirandish (1999) I1 35.

47 See Hyderabad (1939-40) Kitab al-ukar 23 and Kitab al-manazir 13 and 21. See also discussion in Sidoli and
Kusuba (2008) 31 and Kheirandish (1999) II 73 and 92.

* See Hyderabad (1939-40) Kitab al-mu ‘tayat 7-8, 19 and 36 and Kitab al-ayyam wa-al-layali 27 See also
discussion in Sidoli and Isahaya (2019) 92-93, 95-96, and 101-102.
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comment in question does not appear in all the manuscripts; rather, it occurs in the family which they
hypothesize to represent the earlier draft of al-TusT’s text. The comment claims that, though the
enunciation of the proposition is general, the demonstration of the proposition holds true only for the case
where a particular angle is acute, and so a different demonstration must be set forward for the other cases.
Sidoli and Isahaya point out that this is not correct, the proposition as written does actually hold for any
angle, not just the acute case. Since this erroneous comment does not appear in the hypothesized later
draft of the text, they argue that al-TiisT most likely noticed his error and excised it.*’
4.4 Change in Order of Propositions

Overall, al-TiisT does not change how propositions in his editions are ordered compared to the
earlier Arabic versions.

While Thabit’s Assumptions is not one of the main texts examined in this study, it provides a
significant enough divergence from this overall pattern that it deserves note here. The following aligns the
propositions in al-TasT with those in the one extant manuscript for what has been supposed to be Thabit’s

version:

al-Tast | 1 | 2 |3 4516|789 |10]11]12]13]14 15|16 17] 18

Thabit | 5 | 6 | 8 |33 9 |10|17]119]129130 (134 |35]|11 36| 1 ]|2]3]4

al-Tast | 19 (20 |21 |22 23124 [25]26(27 128 (2930313233 |34|35]36

Thabit | 7 |26 [31 |12 (24|13 (162314 | 15|18 2021 (2225272832

Table 9.8: Comparison of proposition orders in the Assumptions between al-TiisT’s and Thabit’s versions

# Sidoli and Isahaya (2019) 101.
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Dold-Samplonius suggests that al-TtisT was the one responsible for rearranging the propositions of the
treatise.™® However, we only have one extant witness for “Thabit’s” version, MS Ayasofya 4832 (4th /
11th century). It is very difficult to say at this time whether that manuscript indeed preserves the text as it
was originally arranged, or whether it may itself present a separate and reordered version. It would be a
unusual choice for al-TusT to restructure the text, let alone so dramatically. This is especially so
considering his note at the beginning: “and it is thirty-six propositions and in some copies thirty-four
according to the fixed arrangement of black numerals in the margins, and proposition four and proposition
twenty-three are not in it” (25 A8 Y0 Gl i il e ASE (650005 day ) goill amy (A9 DSE 8 5 A3 A
S JSE Y o JSG 4 o) ol Bpdlall e 3T If he fully reordered the propositions, the numbers he provides for
the missing propositions have meaning within his own edition, but lose all meaning when consulting the
text prior to his edition.

Similarly, On Measurement of the Circle is not one of the main texts under study, but receives
brief comment here since al-TwsT moves Archimedes’s third proposition forwards to serve as the second
instead. Van Lit supposes that this reordering is because Archimedes’s second proposition relies on the
result of his third proposition.*> There would then be motivation for an editor to reorder the text, even if it
departs from al-TusT’s usual pattern. But the edition of On the Measurement of the Circle is already an
unusual case. The editor writes that he chose to add it as an appendix to the larger On the Sphere and
Cylinder, and this is indeed how it is transmitted in subsequent manuscripts, appended to the end of the
longer text. It is not presented as a standalone work — its beginning lacks the standard bismillah, and the

work is described as the “chapter of Archimedes on the measurement of the circle” (LSS (& (uared ) Allaa

% Dold-Samplonius (1996) 211.
3! Hyderabad (1939-40) Kitab al-mafiiidat 2.
% Van Lit (2012) 32.
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5_»lAll) rather than as an edition (_:_~3) of that text. Perhaps since the short work as a whole was already, in
some ways, an addition by al-TusT to On the Sphere and Cylinder, he allowed himself more flexibility in
rearranging it. Or he encountered a copy which had already taken the liberty of doing so, but if so such a
version has not yet been found.

4.5 Fusion / Division of Pr ition

There are what appear to be instances of division in al-TasT's text, but the example of the Data
raises the possibility that al-TisTs sources themselves were already responsible for these divided
propositions. For the earlier Arabic version of that text, the witness in Seray Ahmet III 3464 has 91
propositions, but the proposition count rises to 95 in the Kraus manuscript. This is because content which
the former codex presents as one proposition with doubled proofs, the latter presents as two separate
propositions. So Seray Ahmet III 3464’s propositions 19, 37, 43, and 60 become the Kraus manuscript’s
propositions 19-20, 38-39, 45-46, and 63-64 respectively. Al-TisT’s proposition arrangement agrees with
the Kraus manuscript, and he very likely relied on a version like it.

Evidence from the Sphaerica offers further support. This is a work which the editor did encounter
in differing counts of propositions, and he acknowledges this at the very start of his edition: “It is three
books and fifty nine propositions, and in some of the copies with an omission of a proposition in the
number” (222]) & JS4 laiyy gl (many A5 JSG () gsed 5 daui s OV &3 58) % The phrasing of this conveys
that the proposition in question is not entirely absent from the text, but rather is not numbered. Later on,
the editor writes in his comment to proposition I1.12: “and in some of the copies this proposition is not

counted separately but rather is counted within the reckoning of the preceding proposition” (Gl (e 45

53 Hyderabad (1939-40) Kitab al-ukar 2.
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pagiall JCAI Glus e 22y By a8 DIKS 13 2y ¥)%* This is the proposition missing in number which was
referenced in the preface — the discrepancy is because some manuscripts fuse it with its preceding
proposition, but al-TiisT follows other sources and leaves them divided.

There is also the evidence from the preface of Thabit’s Assumptions, discussed above, which
indicated a disagreement between proposition counts in the sources and provided numbers for which
propositions al-Tus1 found to be missing. While not a case of fusion or division of propositions, this
evidence together with the Sphaerica’s evidence shows that al-TtisT had a practice of telling his reader
where structural disagreements appeared in his sources, and that he would clearly indicate within his own
edition which propositions were affected by these disagreements. Since the divisions receive no remark in
his edition of the Data and since there is precedence for propositions to have already been divided in
versions of the text prior to al-TasT, such versions were very likely the ones which he used. Division of
propositions also appear to be occurring in al-TasT’s editions of the Phaenomena and On Risings and
Settings — it is quite possible that here, too, these divisions were not actively introduced by al-TasT but
were already present in his sources.

In the edition of the Phaenomena, Greek proposition 2 gets split into three propositions as
different cases are numbered separately. The last proposition of the work is also divided in two in
al-TusT’s edition. These propositions were indeed probably already divided in the editor’s sources because
in the preface he writes that he found the Phaenomena in 23 propositions, and even up to 25 in some

copies.” This is already higher than Leiden Or. 1031’s 20 propositions — the number 23 is reached

> Hyderabad (1939-40) Kitab al-ukar 19.
> Hyderabad (1939-40) Kitab al-zahirat al-falak 2.
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through the divisions that have been mentioned.’® There is however a difference between the examples of
al-TusT’s Phaenomena and Sphaerica, however — though al-TusT notes in the preface encountering the text
in different numbers of propositions, he does not specify in his comments anything like what he did for
Sphaerica 11.12. Perhaps this is because al-TiisT considered his work with the Phaenomena incomplete, as
he indicates in the preface with his intention to return to it should he encounter a better source for the text.
But the difference is worth noting.

4.6 Change in Status

For change in status, the possible instances are his Phaenomena proposition 17, which
corresponds to Greek material that circulated as a scholion or a lemma, and his Anaphoricus, where
al-TasT makes clear that the parts of the text are not all traditional propositions.

The instance in the Phaenomena, however, was probably not a change in status introduced by
al-Tus1 himself — in the A recension of the Greek text, this lemma was sometimes numbered as its own
proposition.”” The editor probably had a source text that did the same.

The example of the Anaphoricus is because this was not actually a traditional proposition-based
text, though its earlier version in the Arabic did number its five parts as five propositions. Al-TasT instead
indicates the first three sections as lemmas, then the start of the astronomical section as providing

starting-points, then that there are two figures which follow after.

%6 It may be that the proposition count of 25 was reached also through division of propositions. In the witness to his
Phaenomena in the manuscript Columbia or. 306, for example, the alternate proof to al-TusT’s proposition 8 is
numbered separately, as is the end of his proposition 11. See Columbia or. 306, fol. 76a and 78a. From fol. 76a
onwards, there are two sets of proposition numerals: the original continues in red ink and the count with the added
“propositions” is presented in black ink.

7 See Menge (1916) 84.

303



4.7 Addition / Suppression of Material

The comments which al-TiisT adds to several of these Middle Books have been discussed in
several studies.”® Both the comments to the Data and the Sphaerica show a wide mixture of interests,
from adding further preliminary material or connecting it more explicitly to the propositions which rely
on it, to comments on the history and copies of the text, to more complex mathematical material
addressing gaps in the text.

An interesting example of the latter is his lemma to Sphaerica 111.12, which is based on an earlier
proposition II.11. AI-TsT prepares his reader for the future lemma already in his comment to 11.14 (=
Greek 11.13), where he gives a short lemma that he notes will be required in material to come.”

The Optics, meanwhile, shows suppression of material by al-Ttusi. We have already discussed
how within the texts, his style is to condense and streamline. In two places in the Optics, propositions 15
and 17, the editor suppresses the demonstration of the proposition because the demonstration is the same
as the one which precedes it. Al-TaisT does not remove the entire proposition — it remains structurally a
part of the text — but after setting out the enunciation and exposition, he cuts the proposition short: “the
demonstration is like what passed in the preceding proposition” (el JS&I (& je WS ol ) 60
4.8 References to the Curriculum within the Texts

In his preface to the Almagest, the editor expressed a preference for maintaining the proposition

structure he received because scholars were accustomed to referencing particular propositions and

% For the Data, see Sidoli and Isahaya (2019); for the Sphaerica, Sidoli and Kusuba (2008); for On Sizes and
Distances, see Berggren and Sidoli (2007).

% Sidoli and Kusuba (2008) 17-18.

5 Hyderabad (1939-40) Kitab al-manazir 8.
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diagrams in their own lessons and works.®' He seems to have been motivated similarly in his edition of
the Middle Book, in whose main text can be found multiple cross references to other curricular
propositions. While references within the main text are not so frequent as referential scholia, which will
be discussed in the next section, they do appear within al-TasT’s edition of the curriculum and as
intentional pieces of the text, not inadvertently incorporated marginalia. They appear both within the main
propositions and al-TisT’s separate comments.

Both can be seen in the Sphaerica. Proposition II1.9 references material to be found after the tenth
proposition (L&l JSEN aay ¢lld 2a 5y); later, al-TasT’s comment on 111,12 refers back to I1.14 (ke al JI) JSA)
Apll) AEall (4e) and TL1T (38D A& G e s3a JSiN) ©

There are also two citations in his comments to the Optics, as propositions 43 and 48 reference
each other. At the end of proposition 43, al-Tisi’s comment mentions a related case and says, “and we
will mention this proof in proposition 48" (U ¥ s (<Gl A 8 S 1aa S3i ), Proposition 48 then ends
with “I say: and this is what we mentioned at the end of proposition 437 (JS&l AT 8 4k oli S5 L 138 5 J &
O ¥y &IEN) © AL-TisT says nothing to suggest he is aware that his proposition 48 originally followed
immediately after his proposition 43 in their Greek versions — this detail of textual history does not seem
to have been preserved in the Arabic translation, which reordered the propositions. But the relation of the
propositions is clear enough to al-Tust that he draws the link, making it clear to his reader that the

separate case one could conceive of in proposition 43 would be addressed at a later point.

¢! Istanbul Nuruosmaniye Kiitiiphanesi 2941, fol. 1b: “But I took on this burden because the book is known among
scholars who specify it in their discussions and they cite the location of its matters from the sections and diagrams in
their notes...”

62 Hyderabad (1939-40) Kitab al-ukar 43, 50, and 51 respectively.

8 Hyderabad (1939-40) Kitab al-manazir 17 and 19.
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The Phaenomena is particularly scattered with references to other texts. Its preface cites the

Optics, as it has since its Greek transmission.** In the propositions the citations are the following:

Proposition 2:
“As for the first case, it is evident from what Autolycus mentioned in the tenth
proposition of his treatise on the Moving Sphere” (& o851 shsl o S5 Laa allaé J Y1 Sall Ll
A el 5 S0 b aillia e pilall JSEIN6S

- Proposition 7:
- “according to what was proved in proposition 5 of this treatise” (< - o - IS5 (& (i e e
AN 0306

- Proposition &:
- “as for what was presented in proposition 5 (s - JS& 8 a8 Ll 5)¢7
- “and concerning the definition of it Autolycus [in] his book” (4US (5l sh sl 45 jalea Lal )%
- “and with the definitions of Autolycus” (U5 sk sl 3 j3las 5)%

- Proposition 9:
- “as for what was proved in proposition 11 of the book of Autolycus” (- L - JS& (A s Lals
0 gl 5] S ()7

- Proposition 10:
“for what was established in proposition 7 of book 3 of the Sphaerica of Theodosius” (!
s sl S e - - Al e - - U B )T
“for what was established in proposition 5 of book 3 of the Sphaerica of Theodosius™ (‘e
Cosmmasdsl S e - - Al (a0 - JS B )2
- Comment to proposition 15:
- “so according to what Menelaus demonstrated in his book on Spherical Figures” (L =

LS JISBY) (84S a5V ()

- Comment to proposition 18:

% Hyderabad (1939-40) Kitab al-zahirat al-falak 2.
% Hyderabad (1939-40) Kitab al-zahirat al-falak 7.
% Hyderabad (1939-40) Kitab al-zahirat al-falak 11.
7 Hyderabad (1939-40) Kitab al-zahirat al-falak 12.
% Ibid.

% Ibid.

" Hyderabad (1939-40) Kitab al-zahirat al-falak 14.
"l Hyderabad (1939-40) Kitab al-zahirat al-falak 16.
2 Ibid.

" Hyderabad (1939-40) Kitab al-zahirat al-falak 24.
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“what I presented in the sixteenth proposition” (e (uabudl JS&I s )5 o)™

This is an unusual degree of density for references, and nearly all of them appear in the main text of the
Phaenomena rather than in al-Tisi’s comments. There are perhaps two relevant details to consider here:
(1) al-Tast found it necessary, because of the poor state of his exemplars, to rework much of the
Phaenomena and (2) there are several manuscripts where the Phaenomena has a notably high density of
referential scholia. We will see below that it has the highest count in MS Tabriz 3484, despite not being
one of the longest texts. Perhaps this has origins in al-Nayr1zi’s commentary — while his commentary on
the Phaenomena is not extant, it can be seen in his commentary to the Elements that he regularly referred
back to earlier propositions in the course of his explanation.” So al-TasT’s efforts to work with
al-Nayrizi’s commentary (unsatisfactory though he found that witness, as well) to address his deficient
Phaenomena source may have introduced more cross textual material than is otherwise seen in his
editions of the Middle Books.

There are several other works which contain references to other texts, but none as numerous as
the Phaenomena. On Days and Nights has two comments on propositions I1.3 and II.4 referring back to

I1.1 and II.2 respectively.” It also includes the reference to the preceding book that appears in proposition

™ Hyderabad (1939-40) Kitab al-zahirat al-falak 28.

> See Besthorn and Heiberg (1897), (1900), and (1905) for the edition of al-Nayrizi’s commentary. Books 1I-IV
have been translated into English in Lo Bello (2003) and (2009). Besthorn and Heiberg’s edition is available on the
Digital Corpus for Graeco-Arabic Studies (https://www.graeco-arabic-studies.org/). Querying that digital text
reveals that al-Nayrizl cites other propositions approximately 418 times in the course of his commentary. 401 of
these instances follow the abbreviated formula “[proposition numeral] (= [book numeral]” — see for example his
comment to proposition 1.15 (p.82), which cites “so by the proof of 1.13” (} (e =23 Ol s28),

76 Hyderabad (1939-40) Kitab al-ayyam wa-al-layali 17: “Js¥) JS& 3 e le Jia cpsis”; and 18: “8 e Lo Jiar G
Sl JLa
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11.9’s enunciation, and which was seen also in chapter 4.”” The Lemmata attributed to Archimedes has a
citation to Elements XII1.13 in the comment to proposition 15."

Citations also appear in the edition of Sphere and Cylinder, for example propositions 1.48 cites
propositions 1.35 and 1.36.” We should note also that there are a multitude of references to Euclid,
Eutocius, Apollonius, and citations of the Elements and the Conics — these would seem to be the result of
al-Tus1’s use of the translated commentary of Eutocius. Furthermore, appended to the end of the edition of
Sphere and Cylinder is the edition of Measurement of the Circle. In his comment to his second
proposition, al-TusT specifically invokes the Al/magest when discussing principles behind the alternate
proof he presents: “I say the astronomers have another way and it is that they obtain a chord of a small arc
which is a part of the circumference of the circle with the principles which are demonstrated in the book
of the Almagest and the rest of their books of demonstrations.”*

4.9 Referential Scholia

The past chapters have already shown that scholia referring back to earlier propositions in the
curriculum can be found in manuscripts both of the Little Astronomy and the pre-Tusi Middle Books. It
should be no surprise, then, that these brief citations continue to appear in manuscripts of al-TiisT’s edition
as well.

In the manuscript Tabriz 3464, these referential scholia appear on most of the Middle Books

works. The citation style is again abbreviated, and especially so for citations of the Elements. For citations

" Hyderabad (1939-40) Kitab al-ayyam wa-al-layali 21: “s2x) 53 ) sa (A Cuje 5l Cualla 13 Ll A o¥) Al 8 L WY ellh g
Dl a8 GO (15 ed Lein”

™ Hyderabad (1939-40) Kitab al-ma khidhat 18: “Jsa¥) (e e G AGal e e I AN 3 ll (45 8 57

™ Lorch (1989) 99.

% Hyderabad (1939-40) Kitib al-kurah wa-al-ustuwanah 131: “s_pua o8 jis O shany agil a5 DAT Gaoh Gaeaially J 8
Lila all eSS (a0 e 5 mmaall QIS 8 i ) JsaWL 80 Jama (g e S (55807
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to the Elements, Tabriz 3464 follows the style seen in Leiden or. 1031, where the Elements is indicated
with the abbreviation “@” for Euclid. Other works cited in Tabriz 3484 do not have their titles
abbreviated, and so Sphaerica 1.21 for example is cited as “_SY) (e 118

A survey of the referential scholia in Tabriz 3484 shows that the previously established pattern

holds: only earlier propositions from within the curriculum receive citation.

- the Data: at least 39 scholia,®" all to the Elements

- the Sphaerica: at least 51 scholia,*” all to the Elements

- On the Moving Sphere: 31 scholia, all to the Sphaerica

- the Optics: 28 scholia, all to the Elements

- the Phaenomena: 82 scholia: 52 on the Sphaerica, 15 on the Moving Sphere, 15 on itself
- On Habitations: none

- On Risings and Settings: 1 scholium, on itself

- On Days and Nights: 9 scholia: 6 on the Sphaerica, 2 on the Phaenomena, and 1 on itself

- On Sizes and Distances: none

- Anaphoricus: none

We can compare the citations in Tabriz 3484 on Sphaerica book 1 propositions 1-8 with what was
found in chapter 4 for the manuscripts Leiden or. 1031 and Seray Ahmet III 3464. The referential scholia
in those manuscripts were more numerous — in al-TisT’s edition in Tabriz 3484, there are only eight such

scholia on those propositions. They do, however, fully agree with the earlier manuscripts:*

- Sph.1.prop.2 references El.11.prop.13 (p.28)
- Sph.1.prop.3 references El.3.prop.2 (p-28)
- Sph.1.prop.4 references El.3.prop.17 (p.28)
- Sph.1.prop.4 references El.11.prop.4 (p.28)
- Sph.1.prop.5 references El.11.prop.13* (p.25)
- Sph.1.prop.7 references El.1.prop.8 (p.25)
- Sph.1.prop.7 references El.11.prop.4 (p.25)
- Sph.1.prop.8 references El.1.prop.4 (p.25)

81 Some folios of the Data in Tabriz 3484 are in disarray or missing.

82 Some folios of the Sphaerica in Tabriz 3484 are in disarray or missing.

% Note the pagination for Tabriz 3484 is out of order because the folios were bound and paginated incorrectly.
% This agrees only with Seray Ahmet 111 3464, not Leiden or. 1031.
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We can also compare the citations in Tabriz 3484 to those in Leiden or. 1031 for the Phaenomena and On
Risings and Settings. For the latter text, we see no overlap,® but there is some for the former. It is striking,
however, how different the referential scholia look for the Phaenomena between Leiden or. 1031 and
al-Tast’s edition. Only twelve overlap between the two versions, even when accounting for different

proposition numbering schemes between al-TusT’s editions and the earlier texts. They are highlighted

below.
Leiden or. 1031 Tabriz 3484
Appears on® Cites
Folio | Referential Scholia Referential Scholia | Pages
Phaen.intro T6a | esmsasld SV el e Sph.1.prop.1
Phaen.intro T6b | ossmsa sl SV e ) (e Sph.1.prop.20
Phaen.intro 760 | < ’L’ j;;j“‘ ); MS.prop.2 Kl gee | pl24
Phaen.intro 76b 48 aiall o JSI e MS.prop.12
Sph.1.prop.21 S @)Is p.125
Sph.1.prop.21 Y ped p-125
Phaen.prop.2 77b AY o e ladanls Sph.2.prop.9 SV ek p.125
Sph.2.prop.9 AV e ol p.125
Phaen.prop.2 77b AV e e danls Sph.2.prop.5 AY e p.126
Phaen.prop.2 78a AV Gal e s Sph.1.prop.18
Phaen.prop.2*’ Sph.1.prop.14 AY Gl y p.126
Phaen.prop.2® Sph.1.prop.16 Al | pl26
Phaen.prop.2 78a S o g Sph.2.prop.15 A ey p.127
Phaen.prop.2 Sph.1.prop.16 A e o p.127

% Tabriz 3484 shows only On Risings and Settings 1.prop.12 citing its own earlier proposition 1.prop.3. In Leiden
or. 1031, referential scholia in this text cut off after 1.prop.6.

% The proposition numbering used here is the one which appears in Leiden or. 1031. Disagreements with al-Tas1’s
proposition numbering will be noted in the footnotes.

¥7 This is the start of al-TsT proposition 3.

% This is the start of al-TsT proposition 4.
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Phaen.prop.2 78a AY e e Sph.2.prop.7 SV | pl27
Phaen.prop.2 78b AV e @ e Sph.2.prop.14 A ey p.127
Phaen.prop.2 Sph.2.prop.14 AV ey p.127
Phaen.prop.3* MS.prop.1 (f)as,aidls S e [ p 127
Phaen.prop.3 78b 48 el o )SI e MS.prop.7 Soaidle Sl ge 5 [ p127
Phaen.prop.4% Sph.2.prop.15 A g p.128
Phaen.prop.4 Sph.2.prop.15 A ey p.128
Phaen.prop.4 79a 48 yaiall o SI e MS.prop.2 S pidls Sl ge | p.128
Phaen.prop.4 Sph.2.prop.15 A e p.128
Phaen.prop.4 Sph.2.prop.14 A ey p.128
Phaen.prop.4 MS.prop.2 B pidls S ge | p.128
Phaen.prop.5°' Sph.2.prop.15 SV g4y [ p128
Phaen.prop.5 Sph.2.prop.14 AV ey p.128
Phaen.prop.5 MS.prop.2 B aidls Sl ge | p.128
Phaen.prop.5 Sph.2.prop.15 S g p.128
Phaen.prop.5 Sph.2.prop.14 S ey p.128
Phaen.prop.5 MS.prop.2 B pidls Sl gec | p.128
Phaen.prop.6” Sph.1.prop.21 Y el S p.129
homons | smaiees | P
Phaen.prop.6 Sph.2.prop.5 SY e e p.129
Phaen.prop.6 Sph.2.prop.9 SV ek | p129
Phaen.prop.6 Sph.2.prop.17 AY G i p.129
Phaen.prop.6 80b DSV e @ e Sph.2.prop.19

Phaen.prop.7” Sph.2.prop.14 AV ey p.131

% This is the start of al-TtisI proposition 5.
% This is the start of al-Tiis1 proposition 6.
%! This is the start of al-Tiis1 proposition 7.
%2 This is the start of al-Tiis1 proposition 8.
% This is the start of al-Tiis1 proposition 9.
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Phaen.prop.7 81b LSl (e Phaen.prop.6

Phaen.prop.8* Sph.2.prop.14 Aoy [ p132
Sph.2.prop.17 AV e p.132

Phaen.prop.8 82b AV e @ e Sph.2.prop.12

Phaen.prop.8 83a AN Sph.2.prop.18 A pom p.132

Phaen.prop.9” Sph.2.prop.16 AW e p.133

Phaen.prop.9 83b A o ek Sph.2.prop.19 Aok | p133

Phaen.prop.9 83b LSl s (g, Phaen.intro

Phaen.prop.9 MS.prop.2 B aidls Slge | p.133

SV ek

Phaen.prop.9 Sph.2.prop.19, DSV bkaes | p.133
MS.defs 38 il

Phaen.prop.10”” | 84b RN oS Phaen.prop.9

Phaen.prop.11”* | 86b LS e Phaen.prop.6

Phaen.prop.11 87b S ea Sph.3.prop.3

Phaen.prop.11 9la S ez e Sph.3.prop.3

Phaen.prop.12% Sph.2.prop.15 Y e 4 p.135

Phaen.prop.12 Sph.2.prop.14 A ey p.135

Phaen.prop.12 MS.prop.2 A8 jaiall 5 Sl e p.135

Phaen.prop.12 Phaen.prop.7, 100 e 1o . . p.136
Phaen.prop.6 QUSH 38 ez Qi da

Phaen.prop.12 Sph.2.prop.14 S ey p.136

Phaen.prop.12 Sph.2.prop.17 A p.136

Phaen.prop.12 Sph.2.prop.18 S e p.136

% This is the start of al-Tiis1 proposition 10.
% This is the start of al-TisT proposition 11.
% In al-Tist’s edition, Autolycus’s definitions appear under the header “_x=" — these are starting-points of the text.

°7 This would be al-TisT proposition 12, though al-TiisT follows a different recension than what is seen in Leiden or.

1031.

% This is the start of al-Tiis1 proposition 13.
% This is the start of al-TisT proposition 14.
1% Note that al-Tiis1’s Phaenomena propositions 8 and 9 would align with Greek propositions 6 and 7.




Phaen.prop.12 MS.prop.2 A il 381 (e p.136
Phaen.prop.12 Sph.2.prop.14 AV ey p.136
Phaen.prop.12 85a A ea g Sph.3.prop.8

Phaen.prop.13'"'| 91b N Phaen.prop.12

Phaen.prop.13 92a sl e b Phaen.prop.11

Phaen.prop.14'*® Sph.2.prop.15 A e p.138
Phaen.prop.14 Sph.2.prop.7 SY e ) p.138
Phaen.prop.14 Sph.1.prop.16 A e o p.138
Phaen.prop.14 Sph.3.prop.1 A g p.138
Phaen.prop.14 Sph.2.prop.5 SV e o p.138
Phaen.prop.14 Sph.1.prop.17 AY el p.138
Phaen.prop.14 Sph.1.prop.16 AV e o p.138
Phaen.prop.14 Sph.3.prop.1 A ez p.138
Phaen.prop.14 MS.prop.1 S pidls gl | p.138
Phaen.prop.14 Sph.2.prop.14

Phaen.prop.14 92b | SV e e S A Sph.2.prop.14 AV ey p.139
Phaen.prop.14 MS.prop.2 B pidls Sl g | p139
Phaen.prop.14 Phaen.prop.11 1P s e p.140
Phaen.prop.15'* MS.prop.1 A8 jaiall 3 Sl e ) p.140
Phaen.prop.15 MS.defs S pidl3 8 jaa | pl141
Phaen.prop.15 94a | SY e e nSE Sph.2.prop.14

Phaen.prop.15 95a | ALSIa Geasw ) IIZEZZEEEEE g’ 1P (4o 2 p.141
Phaen.prop.15 Sph.2.prop.20 Spead p.141

!9 This is the start of al-TasI proposition 15.
12 This is the start of al-TaisI proposition 16.
1% Note here that al-Ttist’s Phaenomena proposition 13 would align with Greek proposition 11.

1% This is the start of al-TiisT proposition 18. Al-TiisT proposition 17 is not in Leiden or. 1031, nor does it have any

referential scholia in Tabriz 3484.
1% Note here that al-Ttis1’s Phaenomena proposition 14 would align with Greek proposition 12.




Phaen.prop.17'% Sph.2.prop.17 SV n [ p14l
Phaen.prop.17 Sph.2.prop.19 S e dy p.141
Phaen.prop.17 MS .prop.2 A8 il 3 SN e p.141
Phaen.prop.18'"’ Phaen.prop.14 18 (e p.144
Phaen.prop.18 Phaen.prop.17 Wl ey | p.144
Phaen.prop.18 Sph.2.prop.14 SV ey p.144
Phaen.prop.18 Phaen.prop.14 MO ey | p.144
Phaen.prop.18 Phaen.prop.15 Mol gaday [ p.144
Phaen.prop.19'"2 Phaen.prop.16 Bl (e p.144
Phaen.prop.19 Phaen.prop.15 Mol ey | p.144
Phaen.prop.20'"? Phaen.prop.14 MOl (g p.145
Phaen.prop.20 Phaen.prop.15 Wl e day | p.145
Phaen.prop.20 Phaen.prop.16 ML) (ge p.145

Table 9.9: Agreement of referential scholia between Leiden or. 1031 and Tabriz 3484
Since al-TusT has been shown to have worked with a different Arabic version of the Phaenomena than the
one presented in Leiden or. 1031, this would suggest either that the referential scholia on these two
different versions also diverged significantly or that the ones on al-TisT’s edition were produced

separately for the new edition. The al-TusT scholia do follow his proposition numbering system, though

1% This is the start of al-TasT proposition 19.

97 This is the start of al-TasT proposition 20.

1% Note here that al-Tiis1’s Phaenomena proposition 16 would align with Greek proposition 14.
1% Note here that al-Tiis1’s Phaenomena proposition 19 would align with Greek proposition 15.
19 Note here that al-Ttst’s Phaenomena proposition 18 would align with Greek proposition 14 alternate.
"' Note here that al-TaisT’s Phaenomena proposition 19 would align with Greek proposition 15.
"2 This is the start of al-TtsT proposition 21.

'3 Note here that al-Ttisi’s Phaenomena proposition 20 would align with Greek proposition 16.
14 Note here that al-Ttis1’s Phaenomena proposition 19 would align with Greek proposition 15.
"3 This is the start of al-TtsT proposition 22.

!¢ Note here that al-Ttis1’s Phaenomena proposition 16 would align with Greek proposition 14.
"7 Note here that al-Ttis1’s Phaenomena proposition 19 would align with Greek proposition 15.
"8 Note here that al-Ttis1’s Phaenomena proposition 20 would align with Greek proposition 16.
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since the editor mentioned finding copies of the text with 23 and 25 propositions they may still have their
origins in the sources he used rather than in his own edition.

It should be noted, however, that several of these referential scholia appear not on the main
proposition itself, but on al-TiisT’s comment to that proposition, showing that at least some of them were
the result of active study with al-Tust’s new edition. Such is the case, for example, for al-TiisT’s first
comment on his proposition 16 of the Phaenomena — a scholion on it refers back to proposition 13 (= =2
QLS 1) 119

The manuscript Tabriz 3484 has been examined here as a witness relatively close to al-TasT’s
original texts, but these referential scholia do persist in other codices of the edition. In the Bodleian
manuscript Arch. Seld. A. 45, for instance, we find the Sphaerica citing the Elements with the same
formula “[proposition numeral] [book numeral] &.”'*° On the Moving Sphere cites the Sphaerica;'*' the
Data cites the Elements;'** the Optics also cites the Elements;'* On Risings and Settings cites itself;'** the
Phaenomena cites the Sphaerica,'™ On the Moving Sphere,'*® and itself;'?’” On Days and Nights cites the
Sphaerica'® and the Phaenomena.'” The manuscripts Bodleian Arch. Seld. A 46 and Bodleian Marsh
709 have these citations as well, and presumably they continue in many other witnesses to al-TasT’s

edition.

119 Tabriz 3484, p.140.

120 See for example “3 L 37 on fol. 3b.

121 See for example “_SY! (e <7 on fol. 21a.

122 See for example “G ! —<” on fol. 28a.

12 Qee for example “3 ! <" on fol. 87a.

124 See for example “—\Sll (2 2 on fol. 106a. This is in fact the same reference as Tabriz 3484: RS.1.prop.12 citing
RS.1.prop.3.

125 See for example “_S¥) (e w27 on fol. 117b.

126 See for example “4S jaiall o KU (e 7 on fol. 117a.
1?7 See for example “—LSV (42 = on fol. 122b.

128 See for example “_SI — 1 on fol. 136b.

129 See for example “< jalall (s = on fol. 129b.
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5. Interpretation of Attested Alterations and References

AI-TasT does not set out a reason for his choice to edit the Middle Books anywhere within his
editions. As noted, in the preface to the final text he mentions only that he had decided to set upon editing
the educational arrangement. The editor does not take time to extol the value or uses of the Middle Books
— rather, he seems to expect that his intended audience would already understand the use of the
curriculum.

Al-TsT was very conscious, however, of how his work on these texts was the latest in a long
history. He takes care to note the translators, correctors, and other editors who had a hand in the sources
he used for his edition; further, in several works he notes past commentators as well and incorporates their
comments into his new text. Al-Tasi, then, in some cases, follows by adding his own contribution to the
conversation. The story of the Middle Books that emerges from al-Ts1’s historical scholarship identifies
its translators into Arabic as Ishaq ibn Hunayn, Qusta ibn Liuqa, and Thabit ibn Qurra. One patron is
named, and this occurs in the Sphaerica, near the head of the cycle of texts: Abii I-‘Abbas Ahmad ibn
Mu‘tasim bi-11ah. Several correctors are named: Thabit ibn Qurra (again), al-Kindi, Mahani, al-Haraw’,
al-Amir Abli Nasr Mansiir ibn ‘Iraq. Several commentators and other individuals also appear throughout
the curriculum: al-Nasawi, al-Sizj1, “al-Tabriz1” (al-Nayrizi), Abu Sahl al-Quht, and so on.

The long history of this curriculum as an ordered one, in which earlier propositions were
considered to support deductions in later ones, also left its mark on al-TiisT’s edition. Intra-corpus citations
of Middle Books works occur more frequently in this edition than what was seen in the earlier Arabic
translations or Greek texts. Certainly referential scholia abounded through different stages of the

curricula’s transmissions, but it is in al-Tas1’s edition where such citations are more often woven into the
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main texts. As discussed, this occurs most frequently in al-TwsT’s edition of the Phaenomena, perhaps
because he made use of an exterior commentary as an aid to approaching the problematic text.

Chapter 8 discussed how many of al-Tust’s editions circulate with dates in the colophon
indicating when the edition was produced. This chapter, meanwhile, has introduced evidence that shows
al-TusT’s editorial procedure did not necessarily have a finite end. Rather, in the preface to the
Phaenomena for example he expressly admits his dissatisfaction with the sources available to him and
states his intention to improve the text should he acquire better manuscripts in the future. Meanwhile, two
separate families of manuscripts seem to show two different drafts of his Data, where the earlier draft
accumulated potential material to be added as marginalia, and the later draft shows this worked into the
text. So al-TusT approached the creation of his editions as more of an ongoing process, and it is quite
possible that this continuing work intersected with teaching or other scholarship he devoted his time to.

For al-Tist’s editorial process in the Middle Books, we see that it indeed takes much the same
form as what he described for his Elements and Almagest. Al-TiisT’s editions are not aimed at preserving
and maintaining the original words of these texts’ authors (or at presenting a reasonably faithful rendition
of them in Arabic). The exact words of the Middle Books were not what al-TiisT saw as the important
substance of these works. Rather, the editor liberally rewrites the text. He speaks to this in his prefaces to
the Elements and Almagest. he will streamline the texts, eliminate repetition, and make them clearer. He
undoubtedly does so in the Middle Books as well, as samples of his proofs in this chapter have shown.

But further, al-TusT evidently does not see the logic of the proof as immutable either. His edition
does not limit itself to presenting the same received proofs in new words — there are cases where instead
the editor restructures the logic of the proof as well. His edition transmits mathematical arguments, but he

finds it permissible to intervene in these too where he deems it appropriate, acting as a participant in these
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texts’ transmissions who is qualified to dialogue with, correct, and improve on his predecessors. Many of
al-TusT’s original contributions are separated out as comments, but these restructured proofs are
contributions in their own way. At the same time, al-TisT occasionally encountered a proof which he must
have considered used often enough, or attached to significant enough authorities, that he instead chose to
report on it and its argument even where he saw that argument as unsatisfactory. The example of the
comment to his Data 64 stands out.

There are features, however, which the editor takes a conscious approach to maintaining. As
noted, he is very aware that the Middle Books has a long tradition, not just one of being copied and
passed down, but of being studied and commented on and referenced. Scholars were accustomed, he says
in the preface to his Almagest, to discussing and citing particular propositions and diagrams. The
referential scholia we have seen throughout the transmissions of these curricula show that they, too,
received frequent reference, at the very least in the course of an individual’s work with the Middle Books.
These kinds of scholarly practices plausibly motivated al-Tasi to maintain the overall structure he
received for these texts. Where his sources disagreed on proposition counts, or on whether something
should be one proposition or two, he indicates this. His editions were clearly intended to be useful in the

context of an ongoing tradition of teaching or studying astronomy with the Middle Books.
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CONCLUSION

This dissertation has traced the paths of the Little Astronomy and Middle Books through many
long centuries. It is helpful to synthesize the results which have emerged in these chapters into a more
continuous whole. We will first note the important conclusions to be taken from the historical chapters —
that is, chapters 1, 3, and 5-8. With this long history of transmission and use set out, we will then discuss
how the findings in the philological chapters — that is, chapters 2, 4, and 9 — accord with this picture and
offer further insights into it.

Chapter 1 considered the question of the so-called Little Astronomy, a group of Greek
mathematical and astronomical texts generally accepted by modern scholars to have served some extent
of a didactic purpose in late antiquity, the details of which however have been contested. An aim of the
chapter was to disentangle what could be said about the Greek Little Astronomy from claims that have
been retrojected onto it from reports about the Arabic Middle Books. But the key result of chapter 1's
investigation is that some kind of astronomical curriculum comprising many of the texts in question (and
this number likely varied over time) did indeed exist, that it had its origins perhaps as far back as the
second century CE, and that this was an ordered grouping that proceeded from more general treatises to
more particular ones along Aristotelian-inspired lines. Proposition-based texts in Greek geometry were
naturally structured so that later propositions could make use of results demonstrated in earlier ones.
Chapter 1 found evidence from the orders in manuscripts, from reports by contemporary scholars, and
from the referential scholia to show that the curriculum of the Little Astronomy was one which proceeded
through its works in a similar manner. The Little Astronomy's prior propositions were being used to
understand the arguments of subsequent ones — and this despite the fact that the component texts were

originally produced in different contexts and a different order.
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So Greek late antiquity saw the circulation of an ordered grouping of texts used since at least the
second century CE to study astronomy. The ninth century saw their translation into Arabic — and some
made their way into Syriac as well, and perhaps earlier, but what survives of this evidence is limited.
Chapter 3 set out how the texts were translated by several different translators, some of them several
different times, and how many of them went through further corrections shortly afterwards as well. But a
crucial takeaway of that chapter is how very rapidly, already in the lifetimes of their translators, there
emerges something called the Middle Books, explicitly described as what was necessary to read before
the Almagest. Later sources make it clear that the component works of the Little Astronomy comprised
the Middle Books.

It is an obvious statement to make, but the Almagest was written in Greek, it was produced in a
context where the way in which one did mathematics was largely using the methods of Greek geometry.
Ptolemy himself notes in his introductory chapters the expectation that his reader will not be unfamiliar
with astronomical studies.! Studying Ptolemy outside of this Greek context presents an immediate
challenge. In light of this, it is not so surprising that in Arabic the refrain "necessary to read before the
Almagest" starts becoming attached to the Elements and to the group of texts which were indeed used to
study astronomy in Greek. The report from Galen showed that a curriculum which was or evolved into the
Little Astronomy probably already existed before Ptolemy wrote his A/magest. The Greek curriculum did
not have its origins in preparing a student for the Almagest, but the Arabic Middle Books took the extant
Little Astronomy and leveraged it to address the need for a preparatory arrangement of Greek geometry
and astronomy that would make the A/magest more accessible.

Part III of the dissertation — chapters 5, 6, and 7 — addresses what happened to these curricula

after the third / ninth century and leading up to the seventh / thirteenth century when the Middle Books

! Heiberg (1898) 8.
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would receive an influential new edition. This study has demonstrated that in the interval between, the
Arabic tradition speaks to a continuing and varied engagement with the Middle Books, and the Greek
tradition speaks to what seems to be a stark absence of engagement with the Little Astronomy. The
component texts did not fully cease to be copied in Greek, but that is about as much as can be said for the
Little Astronomy. The interval between also saw translations into Latin and Hebrew, and these endeavors
similarly speak to the ongoing use of the curriculum in Arabic and the comparative lack thereof of the
curriculum in Greek: nearly all of these translations were produced from Arabic, and what did enter Latin
from Greek were rather the texts which saw circulation outside the Little Astronomy. In the
Greek-speaking world, it is not until the end of the thirteenth or beginning of the fourteenth century that
we find an individual who speaks of the preparations he undertook before setting out to write an epitome
of the Almagest as involving the study of many texts which we can recognize as members of the Little
Astronomy / Middle Books. This individual, Metochites, claims his own teacher Bryennios had learned
astronomy from a man who had been to Persia. It is quite possible that the renewed use of these curricular
texts seen here was influenced less by a continuing use of the Little Astronomy in the Byzantine world
(for which we find little evidence) and more by the very widespread use of the Middle Books in the
Islamicate world. Metochites’s study of these texts to support work with the Almagest, and, moreover, his
interest in producing his own epitome of the A/magest, have interesting parallels with ongoing activities
in the seventh / thirteenth century Islamicate world.

The entangled study and editing and teaching of the Elements, the Middle Books, and the
Almagest in Arabic was set out by chapter 8. The seventh / thirteenth century was a period of significant
political change in the Islamicate world, as the campaigns of Hiilagii Khan amassed multiple different
political entities under the new reign of the Ilkhanate. But the astronomical scholarly activities under

discussion persisted, even as two of their notable actors, Nasir al-Din al-Tist and Muhy1 al-Din
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al-Maghribi, were at or caught in the center of the khan’s campaigns. Since the astral sciences found a
strong supporter in Hiilagii Khan, the rise of the Ilkhanate in fact led to the creation of a new astronomical
center in Maragha with the founding of the Maragha Observatory. Chapter 8 demonstrated that Maragha
was not the impetus for all the many new editions of Greek mathematical and astronomical works in this
period — al-TisT’s editing projects and perhaps at least one of al-Maghribi’s were begun before, in the
Nizari Isma’ili state and (probably) Ayyubid Damascus, respectively. The choices al-TtisT reports making
in his own edition speak to the ways in which his contemporaries and scholars before him were already
accustomed to working with the Elements, the Middle Books, and the Almagest. But Maragha
concentrated them and astronomers like them in one setting, which then became the destination for many
students, one example of which was the famed Syriac scholar Bar Hebraeus.

The Little Astronomy and the Middle Books were undoubtedly related but should not be taken as
identical, or as created to serve identical goals. Nor should either curriculum be seen as static. The Little
Astronomy’s core works appear to have been the Sphaerica, On the Moving Sphere, the Phaenomena, On
Habitations, On Days and Nights, On Sizes and Distances, On Risings and Settings, and the Anaphoricus,
but the grouping accumulated other works over time. The Optics was perhaps incorporated later, as
preliminary material for the Phaenomena, whose preface (also perhaps a later addition) references it. The
Optics is likely responsible for sometimes drawing its related text the Catoptrics into manuscripts of the
Little Astronomy with it, but the latter did not become a true part of the curriculum. By the ninth century
the Data seems to have been drawn into the grouping as well, used as supplementary material that
supported geometrical studies in general.

Meanwhile, the Middle Books seem to have comprised the same core nine works early on, and
the Data is very quickly added to the head of this collection. But to this core grouping are added other

works, both originally Greek and originally Arabic, and some more consistently than others. The Spherics
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of Menelaus appears frequently, as do works like Thabit’s which grapple with the sector theorem — a
fundamental theorem of spherical geometry and one which features in the A/magest. Other works by
Thabit and his patrons the Banti Miisa see occasional inclusion, as do works attributed to Archimedes and
occasional works by later Arabic authors. In the seventh / thirteenth century al-Tast’s edition of the
Middle Books comprised the same core ten works plus Menelaus’s Spherics; the Archimedean Lemmata,
On the Sphere and Cylinder, and On the Measurement of the Circle; Thabit’s Assumptions; and the Banii
Misa’s Book of Knowledge. But it is clear from these chapters that this was just one instance of many
slightly varied Middle Books seen over the centuries, all of which shared a certain core but which
fluctuated in other inclusions.

The philological chapters of this study offer further details on how various scholars throughout
history, named and unnamed, interacted with these treatises and with the curricula overall.

The Greek story is largely one of addition, especially of preliminary material. We find evidence
of content being incorporated as the “clearer” proof — these are deliberate alterations that would make
sense in a didactic context. We see our unknown editors are not beholden to some sort of static received
text, but do intentionally contribute to it in ways which they perceive make it more useful or address its
gaps. Further, within the Little Astronomy is preserved a version of the Optics, recension B, which seems
to be older than the version which circulated outside the curriculum (recension A). It is the outside
recension which shows more active engagement and alteration, such as alternate proofs, suggesting that
the version which became attached to the Little Astronomy partially fossilized — it was perceived as a
useful inclusion, but the more active editorial and mathematical interventions were geared towards the
treatises on spherical geometry, the actual subject of the Little Astronomy.

We can try in our study of alterations to the Little Astronomy to focus on material introduced

before the ninth century, but the fact that most of our extant manuscripts date from the thirteenth century
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makes it difficult to fully avoid later variants. Comparing the Arabic evidence with the Greek shows that a
notable amount of material is absent from the Arabic, and the immediate argument this fact suggests is the
argument that the Arabic translated older or otherwise different versions of these texts than the ones
which survive today in Greek.

But the Arabic does also show additions of material, or combinations from different versions or
from scholia, which seems to show an active attempt to reckon with what varied material they were
finding in their sources. Propositions do not appear to have been actively excised. The ways in which
alternate proofs are introduced between the Greek and the Arabic offers an interesting comparison. In the
Greek, frequently we simply see “alternatively” (&AAwc) which has a parallel in the Arabic “in another
way” (s34 o). But the Greek also sometimes explicitly identifies the alternate proof as “clearer”
(cageotépa), implying a particular reasoning behind the choice to include it. Meanwhile in the Arabic we
sometimes see “in another copy” (soal 45w &), which suggests more of a collation effort. Arabic
scholars were working with a tradition received out of Greek which already circulated in several versions,
and which saw several versions through the subsequent efforts of different correctors. It is perhaps not so
surprising to see more of an active collation effort in this period of the Arabic versus in Greek late
antiquity.

One of the other ways in which Arabic scholars worked with these texts, conversely, seems to
have been aimed at presenting the texts more logically and comprehensively. So a proposition is
introduced to serve as the converse of another, so definitions are added and rearranged to agree with the
order in which they are encountered in the propositions.

These various editorial activities, however, are not necessarily connected with the Middle Books
as a unit; they could just as easily have been applied to the individual texts more generally. Historically

the Middle Books seem to have developed and seen use early on, but the deliberate alterations at this
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stage cannot be clearly linked to this. While a pattern of intertextual citation in the form of the referential
scholia may have been introduced with the translations from the Greek, such a practice of referring to
particular propositions by particular numbers apparently did not disincentivize alterations which resulted
in proposition numbers changing. The Middle Books were, to differing degrees, in a more unstable
structural state in the period after their translation into Arabic.

Fast-forward to the seventh / thirteenth century. The Middle Books have seen circulation and use
across the Islamicate world — with this wide circulation of hand-copied texts, it is unsurprising that the
manuscripts present many of them in slightly different versions, or with slightly different proposition
counts. But in some cases there appear to have been efforts to maintain something more consistent, as
suggested by Bodl. Thurston 11°s list of Middle Books together with the count of their propositions, or the
occasional practice by copyists to indicate in the colophons how many propositions their texts contained.

Chapter 8 introduced some of the statements al-TiisT1 made on his editions of the Elements and
Almagest, which proved similarly relevant in his edition of the Middle Books, examined in chapter 9. The
kinds of alterations that appear in his edition of the Middle Books and some of the comments he makes on
these texts show that he was very consciously working within a long and continuing tradition. He
structured his editions in ways so that they might be entered into the ongoing practices of studying these
texts, of having discussions on particular points within them, of commenting on them or otherwise
referencing them in one’s own writing. It seems he takes care to introduce proofs that circulated in
connection with these texts, even if only to comment on how the proof in question was not satisfactory.
Al-TiisT was very much inserting his editions into an ongoing conversation, and himself as an active and
competent contributor to the tradition.

Nor did the editor’s involvement with these texts cease after he put his editions into circulation.

The hints of improving drafts of the Data along with al-TaisT’s stated intention to improve the edition of
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the Phaenomena should he find a better text show that his editions continued to be a work in progress.
And though most of his editions were first produced during his time in the Nizari Isma’ili state, they
likely saw continuing work and study and copying during his time in Maragha, which as the
contemporary astronomical center probably played some role in how widely copied the editions of al-TtisT
subsequently came to be.

The story of the Middle Books hardly ends with al-Tiis1. These works continue to circulate and
see further transmission and use. Al-TisT's edition of the Sphaerica comes to be translated into Persian.’
As noted, the practice of studying astronomy via the Middle Books and the Almagest in the Islamicate
world may have had some influence on astronomical endeavors in the Byzantine world at the end of the
thirteenth century. And translations were being produced into Hebrew, also at the end of the thirteenth
century. But it is fitting to end this study with the one known historical figure whose name is

unquestionably attached to an edition of the whole of the astronomical curriculum.

2 As do his editions of the Elements and Almagest. See Rosenfeld and Thsanoglu (2003) 212-213, 215.
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