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I: Introduction

There are many facets of the important status of Claudius Ptolemy (fl. second
century AD) in the history of science and philosophy. Still to this day, he is well-
known for his works on mathematical astronomy, astrology, geography, optics, and
harmonics. For many centuries and throughout various cultures and societies, he
was one of the main authorities in these fields. The Planetary Hypotheses cover a
further aspect of ancient science within his ceuvre, namely the question of how to
conceive of celestial motions in physical terms. Ptolemy tackles the arrangement of
the celestial spheres, their number, and the way in which they interact with each
other. In doing so, he dives deeply into questions that are not so much the object
of mathematical astronomy, but rather fall under what is usually called cosmology.
As far as we know, in the time before him, these questions had been studied in
works on natural philosophy or metaphysics, which is nicely illustrated by the fact
that Prolemy refers in Book II to both Plato’s Republic and Aristotle’s Metaphysics.
This connection between the astronomical theories from the A/magest, on which
Ptolemy relies in the Planetary Hypotheses, and accounts from natural philosophy
and metaphysics is unique within Ptolemy’s works, with the exception perhaps of
the first chapters of the Almagest.! When we acknowledge that Ptolemy indeed
turns to cosmological issues, we might wonder what he thinks is the method of
these issues: is it still observation and mathematical calculation, as in the Almagest,
or does one have to rely on further methods and principles that are already known
from other sciences as well? This question of the approach towards cosmological
issues will be one of the most important aspects of the present study.

A project on Ptolemy’s cosmology needs to rely on an established text of the
Planetary Hypotheses. Despite previous partial editions and translations, we still lacked
a complete edition of the Arabic text until now, which is the only complete witness,
since only the first part of Book I has survived in Greek. This is also the reason why
there is yet no detailed account of the theories presented in Book II in particular,
which is arguably the most complicated part of this treatise. Therefore, this study
contains a critical edition and modern translation of the Planetary Hypotheses. The
English translation is accompanied by a number of brief notes that mainly serve the
purpose of providing references to other ancient and medieval works. My commentary
on the edition and translation has the purpose of offering a more detailed analysis
of the content, especially of chapters that are not discussed in detail in Chapters II
and III. I divide the chapters into thematic groups and briefly discuss their content
and previous modern scholarship. I pay special attention to the purpose of each

1 For the scanty biographical evidence and an overview of his writings, see Feke and Jones,
‘Prolemy’, and Jones, “The Ancient Ptolemy’. For previous assessments of Prolemy’s cosmology, see,
most importantly, Taub, Ptolemy’s Universe, Murschel, ‘Structure and Function’, and Feke, Prolemy’s
Philosophy, especially pp. 176-200.
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12 CHAPTER I: INTRODUCTION

section within Ptolemy’s argument. In this way, the commentary is expected to
help the reader to understand the line of arguments throughout the entire work.
Of course, I also devote sections to an explanation of especially difficult passages.
Although it is not the main focus of the present study, in this commentary, I refer
to explanations of Ptolemy’s mathematical calculations and critical assessments of
the parameter values we find in the Greek and Arabic versions in previous modern
research.? Unlike these previous studies, my focus lies on the epistemological and
physical accounts discussed and applied by Ptolemy.

Thus, this study contains not only the edition and translation, but also provides an
interpretation of the transition from Ptolemy’s mathematical theories to a cosmological
account. In the process of editing, translating, and commenting, it became clear
that there are two subjects that deserve special attention, not only because they are
fundamental to an understanding of Ptolemy’s cosmological project, but also because
itis through these two subjects that we can follow the later reception of the Planetary
Hypotheses. The first is a methodological and epistemological issue. In the beginning
of Book II, Ptolemy distinguishes between the mathematical and the physical sciences
and devotes some of the following chapters to the latter. Ptolemy here leaves the ground
of mathematical and geometrical calculations from the A/magest and elaborates on
different arguments from natural philosophy in order to arrive at a possible physical
explanation of his mathematical models. The discussion has strong epistemological
implications when we read it together with A/magest 1.1, where Ptolemy claimed that
only mathematics provides us with certain knowledge and that physics is inferior
to it because it deals with ever-changing objects and thus offers merely conjectural
knowledge. This distinction resurfaces in the Planetary Hypotheses whenever Prolemy
alludes to arguments from natural philosophy, most obviously in his discussion of
planetary distances and sizes in Book I and the cosmological issues in Book II such
as the shape of the spheres. This is why Chapter II of the present study deals with
Ptolemy’s epistemology and with his theories of nested spheres and sawn-off pieces.

The second main issue is Ptolemy’s dynamic theory: how do celestial motions
come about? How do planets, stars, and spheres interact with each other? Are
the spheres mechanically connected with each other or is there another means
of transmission at work that uses philosophical concepts such as soul, nature,
and desire? Ptolemy addresses these questions in the first chapters of Book II.
Although this investigation takes its starting point from the question of the shape
and number of celestial bodies, it has a different context from the arguments of
the epistemological discussion that I address in Chapter II. Ptolemy’s main idea
is the analogy of the planetary systems and birds, in which the planet takes the
position of the bird’s heart as the origin of an impulse to move, and the spheres are
compared to the bird’s limbs that perform these motions. The background of this

2Most importantly, these studies are Neugebauer, 4 History, pp. 9oo-17, Swerdlow, Prolemy’s
Theory, and Duke, ‘Mean Motions’.
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THE PLANETARY HYPOTHESES 13

theory is formed by discussions on the natural motion of the fifth element, aether,
and of motions that are induced by souls, both in the sublunar as well as in the
supralunar world. I investigate this second main issue in Chapter III. In this way,
the Planetary Hypotheses serve as the main point of reference for Chapters II and
II1, which contain an investigation of its cosmological doctrines and, in the next
step, of their reception in later traditions, most importantly Greek authors in late
antiquity and Arabic works from the Middle Ages.

In what follows, I provide separate introductory remarks to the main parts of my
study. First, I briefly give an outline of the history of the text and previous modern
research before I add some remarks concerning the Arabic version and its relation
to the extant Greek fragment, and lay out the principles of my edition. I conclude
the introduction by presenting the scope of Chapters II and III, which cover the
late ancient and medieval reception of the Planetary Hypotheses.

The Planetary Hypotheses

History of the Text and its Authenticity

We know virtually nothing about the exact circumstances of the composition of the
Planetary Hypotheses. In addition to the ascription to Ptolemy, which can be defended
on textual grounds, we only know that Prolemy wrote it at a comparatively late stage
of his career, as it contains back-references to the Almagest.> On the other hand, there
is much more to say about the history of the extant versions and their reception until
modern times. The extant Greek manuscripts break off in the middle of Chapter .14,
and thus the last part of Book I as well as the entire Book II are missing. Of these
missing parts, we only have short Greek fragments from Chapters 1.17 and I1.12 in
Proclus’ commentary on the Timaeus and in Simplicius’ commentary on On the
Heavens.* These passages correspond closely to the extant Arabic version and thus
confirm its authenticity. In some Greek manuscripts, however, the text continues
until the end of Chapter I.14. This additional part is a literal copy from the analogous
section of the previous Chapter 1.13, with the exception that the mathematical
values were omitted. According to Fabio Acerbi, it is ‘very likely’ that this revision
was made by John Abramius in the 14™ century ap.> All three medieval Latin

30nthe dating and chronology of Ptolemy’s works, see Feke and Jones, ‘Ptolemy’, pp. 198-201,
and Jones, “The Ancient Prolemy’, pp. 25-27. See also the table on Prolemaic language in Jones, “The
Ancient Prolemy’, p. 21.

4Proclus, In Tim., Vol. 3, pp- 62:24-63:11, and Simplicius, [z Cacl., p. 456:22—27 (and p. 506:16-20
for a paraphrase of a part of Chapter I1.6). See also Jones, “The Ancient Ptolemy’, pp. 20-22.

5See Acerbi, ‘Byzantine Recensions’, p. 172, with reference to Pingree, “The Astrological School’,
p- 202. On the basis of this revision, Heiberg initially distinguished between two families of Greek
manuscripts. See his editorial preface in Prolemy, ‘Hypothesedn’, pp. clxvi-clxxiv.
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14 CHAPTER I: INTRODUCTION

translations depend on this revised Greek version. While the two earlier translations
from the 16" century AD also omit the values for the part added by John Abramius,
John Bainbridge, in his edition of the Greek text and his Latin translation from
AD 1620, added these values from an unknown source, possibly just providing the
results of his own calculations.® Perhaps Bessarion (d. AD 1472) played a role in this
story, as he was in possession of three Greek manuscripts containing the Planetary
Hypotheses, which he presumably took with him from Byzantium to Italy in the 15tH
century AD and thus roughly a century before the first two Latin translations were
made.” Be that as it may, we can clearly see that the entire extant Greek and Latin
tradition relies on one truncated version of the Planetary Hypotheses that made its
way to Byzantium, while the complete version was extant in the Middle Ages only
in the Islamic world and through the Arabic—-Hebrew translation by Kalonymus
ben Kalonymus (early 14 century Ap) in medieval France.®

Modern Research

The modern history of research on the Planetary Hypotheses saw some surprising
turns. At the beginning of the twentieth century, an edition of the Greek text was
published by Johan L. Heiberg, which was accompanied by a German translation
by Ludwig Nix that was finished after his death by Frants Buhl and Poul Heegaard.”
This German translation, however, also covers all of Book II because it is based
on the two Arabic manuscripts and not the Greek text. It tends to be a very literal
rendering of the Arabic version, with the downside of being sometimes even
harder to follow than the original Arabic text. Apparently, Buhl and Heegaard did
not notice that Nix’s initial translation lacked the second half of Book I, which
is, in fact, one of the most important parts of the Planetary Hypotheses, namely
a discussion of planetary distances and sizes. Thus, this part remained unstudied
for another six decades. Bernard R. Goldstein noted this omission after previous
findings on the reception of Ptolemy’s parameters in al-Birani by Willy Hartner.
Finally, in 1967, Goldstein published an English translation of this missing part
(Chapters 1.15-21 in the present edition), together with a facsimile edition of one
of the two complete manuscripts and the variant readings from the other.!® Apart

¢ On the Latin versions, see David Juste’s entries on the website of Prolemacus Arabus et Latinus:
David Juste, ‘Ptolemy, Planetary Hypotheses’ (update: 19.12.2020), Ptolemaens Arabus et Latinus at
https://ptolemaeus.badw.de/work/141 (last consulted on 7.1.2021).

7 See Shank, ‘Regiomontanus versus George of Trebizond’, p. 338 n. 105. Two of these copies
(MS Venice, Biblioteca Nazionale Marciana, gr. Z. 323 and 324) contain Abramius’ version, whereas
the third one (gr. Z. 314) was apparently copied from MS Vatican, Biblioteca Apostolica Vaticana, gr.
1594 and only contains the shorter version. See Acerbi, ‘Byzantine Recensions’, p. 163.

8 Through an inventory of his personal library, we know that Gersonides owned a copy of this
Hebrew translation. See Glasner, ‘Gersonides on Simple and Composite Movements’, p. 568 n. 132.

?See Ptolemy, ‘Hypothesedn’, especially pp. ix—x for the circumstances of the German translation.

10 See Hartner, ‘Medieval Views’, and Goldstein, “The Arabic Version’.
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THE ARABIC TRANSLATOR(S) 15

from a complete Spanish translation published by Eulalia Pérez Sedefio,!! the next
important publication was Régis Morelon’s edition and French translation of
Book I of the Arabic text, for which he also consulted the Hebrew version.!? The
present edition and translation benefitted much from this edition. The main reason
why Iinclude a new edition of Book I is to have the Arabic text of both books and
thus the fullest version of the Planetary Hypotheses finally printed and studied in
its entirety in one publication.

Recently, the Planetary Hypotheses became apparently irresistible to PhD
students, as four doctoral theses (including the present one) have been devoted to
this text since 2011. Elizabeth A. Hamm made a new English translation of the Greek
version that is accompanied by a thorough commentary.!> The Arabic reception of
the Planetary Hypotheses was studied by Guillaume Loizelet, who focused on the
chapters on planetary distances and sizes, and Sajjad Nikfahm-Khubravan, who
dealt with Ptolemy’s latitude theory and even appended a critical edition of the
Arabic text of Chapters 1.10-15.14

The Arabic Translator(s)

Regarding the Arabic translation of the Planetary Hypotheses, we do not have
much information on the date or translator. In the Leiden manuscript (MS Leiden,
Universiteitsbibliotheek, Or. 180, f. 2), Tabit ibn Qurra is credited as the author of
the revision extant in this witness. This ascription receives even more importance in
light of the fact that the earliest known reference to the Planetary Hypotheses comes,
in fact, from Tabit ibn Qurra and thus from the ninth century Ap. In his work on
the visibility of the lunar crescent, Tabit refers to the Planetary Hypotheses under
the following title: F7 Usil harakat al-kawikib al-mutabayyira (On the Principles
of the Motions of the Wandering Planets).” This title differs significantly from the
title used in subsequent times. In later authors, the work appears either as Kzzib
al-Iqtisis (Book of the Report) or as Kitab al-Mansirat (Book of the Sawn-off Pieces) 1

1 Gee Prolemy, Las bipdtesis; cf. the critical remarks in Toomer, ‘Review: Las hipétesis’.

12 Ptolemy, ‘La version arabe du Livre des Hypothéses’. In addition, Chapter L.21 was edited and
translated into French by Roshdi Rashed (see Rashed, ‘Fathitos (?) et al-Kindf’, pp. 558-59), and
a part of Chapter IL.12 by Roshdi Rashed and Erwan Penchevre (see Rashed and Penchevre, ‘Ibn
al-Haytham’, pp. 120-26).

BHamm, Prolemy’s Planetary Theory.

14 See Loizelet, Mesurer et ordonner, and Nikfahm-Khubravan, 7he Reception of Prolemy’s Latitude
Theories, especially pp. s65-81 for the partial Arabic edition.

15 See Tabit ibn Qurra, Envres d astronomie, p. 104:4—5. On the different titles in the Arabic
tradition, see Morelon’s introduction in Ptolemy, ‘La version arabe du Lzvre des Hypotheéses’, pp. 8—9.

16 The latter of these two refers to Ptolemy’s theory of sawn-off pieces (mansirit in Arabic)
from Book II; the former is an abbreviation of the more complete title that one finds in the Arabic
manuscripts, namely Kitab fi Iqtisas fumal balat al-kawakib al-mutabayyira (Book on the Report of
the Summaries of the States of the Wandering Planets) in the Leiden manuscript, and Kizab fi l-Hay a
al-musamma bi-l-igtisis (Book on the Configuration, called the Report) in the London manuscript.
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16 CHAPTER I: INTRODUCTION

In the tenth century AD, Ibn al-Nadim’s Fzbrist knows it as Kitab al-Igtisas abwal
al-kawakib (Book on the Report of the States of the Plancets)."” In fact, the title given
by Tabit is closer to the title we find in the Greek manuscript tradition, namely
Klaudion Ptolemaion hypotheseon (ton planomenon) (Ptolemy’s Hypotheses of the
Planets), and Proclus and Simplicius knew it under the short title hypotheseis.®
In the very first sentence of the Planetary Hypotheses, the Greek hypotheseis is
translated into Arabic as #s7l, which is the same translation as in the title given
by Tabit. The fact that Tabit’s title is closer to the Greek than the other later ones
indicates that Tabit had access to an alternative title by the initial translator, or that
he was familiar with the original Greek title of the Planetary Hypotheses and revised
the Arabic translation on the basis of it. What can be established through Tabit’s
reference, however, is that the Planetary Hypotheses had already been translated by
the ninth century AD.

Tabit’s involvement in the extant version of the text has been doubted on account
of the allegedly poor quality of the translation.”” A detailed comparison of the extant
part of the Greek text and its corresponding Arabic version does not confirm this
impression. In the following, I highlight some of the most important results of such
a comparison. Needless to say, this comparison is based on the extant truncated
version of the Greek text, which means that Ptolemy’s version might have looked
different. Nevertheless, the correspondence between the two versions suggests the
general stability of the text. However, these results may merely be of a provisional
nature. For example, in order to confirm whether Tabit ibn Qurra was involved
in the translation process, we would need to have a better idea of the revisions he
made for his version of the translation of the 4/magest by Ishiaq ibn Hunayn. We
still lack complete editions of the surviving Arabic versions of the Almagest.*° The
following observations on the translation of the Planetary Hypotheses can therefore
serve as another small step towards a better understanding of the way in which the
translators worked.

I take a closer look at Chapter L1 of the Planetary Hypotheses as an example
of the translator’s method. For a better orientation, I divided the text into four
sections. Passages in the Greek and Arabic versions that are more extensive than,
or are not found in, the other version have been underlined in the text as well as
the translation.?!

17Tbn al-Nadim, K724b al-Fibrist, p. 268:11.

18 On the Greek title, see Swerdlow, Prolemy’s Theory, pp. 20-21.

19 See, for example, Murschel, ‘Structure and Function’, p. 34.

20 This will soon change thanks to the effort of the Prolemacens Arabus et Latinus team. For the
different versions of the Arabic Almagest, see Kunitzsch, Der Almagest, pp. 1582 and, more recently,
Grupe, “Thabit ibn Qurra’s Version’.

*1 Greek text cited following Ptolemy, ‘Hypothesedn’, pp. 70:3~72:5 (cf. the English translation
in Hamm, Prolemy’s Planetary Theory, pp. 44—4s). For the Arabic text, see below Plan. Hyp. L1,

Pp- 222:4-224:6.
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We have described the principles on.
which the heavenly motions rely, oh
Syrus, in the account laid down by us
about the mathematical issues [i.e. the
Almagest]. In this course, we have
brought forward a demonstrative
proof and we have shown the aspect
in which each of the [motions] is
necessarily in agreement with what

is apparent to us, and the aspect in
which itis not in agreement, in order

to show by this the case of the circular
motion that necessarily belongs to
the things to which the natureis

common that stays in one condition

and is regularly arranged. For it is not
possible that [these things] receive an

increase or decrease in any way.

In this treatise, it is our aim to lay
down only a summary of these things
that we mentioned so that it is simple
to imagine them in our minds and
the minds of those who want to
construct instruments for them, both
if someone wishes to calculate by
hand to know the position in which
each of the motions comes to an end,
as well as if one wants also to join the
motions with each other and with

the motion of the universe by the

mechanical approach, which is [the
approach] of devices.

[This would not result] from
constructing a sphere in the
customary way. For in this kind of
the spheres — in addition to the fact
that some of it is in contradiction to
what is laid down and said regarding
the motions — rather only the
appearance of the thing becomes
evident and the true hypothesis

does not become apparent, so that
through this, rather the artefact and
not the hypothesis in truth becomes
apparent.
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21l L dly JS° Jl Jodl move regularly and circularly, even

if we are not able to assemble all of

the motions in accordance with our
intended aim, but we show by this
kind of construction the condition of

each of them separately.

Since the underlined parts represent the differences between the Greek and the
Arabic versions, it can be clearly seen that the majority of Chapter L1 is stable
in both versions and that there is more additional material in the Arabic than in
the Greek version. Again, it should be noted that this might stem from a more
extensive Greek version that is now lost. However, there are also some other
instances in which the Arabic translator clearly made some changes in order to
provide a comprehensible text. Take, for example, ‘the motions’ in Section 2,
which are shown in bold in the English translation. Although the Greek here
only reads autas (a simple pronoun referring to ‘them’), the Arabic translator
chose to reiterate the word harakdat to which the pronoun refers back. This occurs
throughout the Arabic text, mostly concerning motions and specific circles.??
Similarly, the Arabic translator apparently rendered the Greek howutos (‘in this
way’) as bi-hadd l-naw* min al-‘amal (‘by this kind of construction’) right at
the end of Section 4. Another illustration of the translator’s attempt to provide
a comprehensive Arabic version is his double addition of hagigi or bi-l-hagiga
(‘true, real’ or ‘in reality’) in Section 3. In this way, the translator highlights the
distinction he thinks Ptolemy has in mind between the phenomena (phainomena)
and the ‘underlying’, i.e. the hypotheses or model (hypokeimenon). More examples
can be found in the remaining chapters, such as at the end of Chapter 1.3, where
the Greek expression kata tén ekkeimenen periphoran (‘according to the established
revolution’) is translated as f7 barakat al-kull (‘regarding the motion of the
cosmos’).”> Here again, the translator replaces the unspecific back-reference with
the motion to which Prolemy actually referred. Throughout Chapters 1.10-13 of
the Arabic version, one comes across the addition of the expression bi-harakati-hi
whenever a circles moves another inner circle ‘by its own motion’, which is never
written in the Greek.?*

22 See for example Plan. Hyp. 1.8, p. 234:17.
23 Plan. Hyp.13,p. 228:6.
24 For example, see Plan. Hyp. 10, p. 242:19, and L.11, p. 246:4.
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All these examples indicate that the translator attempted to get rid of possibly
ambiguous expressions. Of course, this opens up the possibility that, in some
instances, the Arabic text is not always true to the original meaning intended by
Ptolemy. However, judging from the cases discussed above, the translator had a
good understanding of the text.?® Similar to these efforts, in both complete Arabic
manuscripts, we find headings for the chapters on the planets, such as ‘the condition
of the circles of the Moon’ (bl aflak al-qamar) in Chapter 1.9. Obviously, these
headings could have made their way into the Arabic text through manuscript
scribes. Nevertheless, we find similar attempts to further structure the text in
Chapters 1.10-14, where the Arabic version has additional instances of aydan (‘also’)
when introducing another circle.?

From a comparison of the terminology used in this translation versus other trans-
lations, no clear picture about the identity of the translator has emerged.27 However,
a large amount of the terminology used here is shared by works that are known to
have been translated by Tabit ibn Qurra, such as his translation of Nicomachus’
Introductio Arithmetica. Here is a brief list of examples from only Chapters 1.2
and 3: ckthesis — wad; ton kata meros — asya’ guz’iyya; auton hekaterothen — an
Sanbatay-hima; antikeimenon — mugabila.”® This means that we should seriously
consider Tabit’s involvement in the translation from a terminological perspective
at the present state of research.

I want to conclude the comparison by highlighting some of the most interesting
aspects of this translation. Throughout the entire text, in relative clauses, the Arabic
version omits the pronoun that refers back to the relative pronoun in sentences as
the following: ‘[things] that we have mentioned’ (a/lati dakarnd instead of allati
dakarna-ha). In the case of allati or alladi, this omission is not as usual as in the
case of ma. Most often, this concerns cases in which the subject is in the first person
singular or plural, and therefore when it is clear that the relative pronoun must be
the accusative object of the relative clause. Since this can be seen throughout both
main witnesses, this was apparently the decision of an adaptor earlier than the
witnesses or even by the translator himself.

25 This is mostly true for the entire text for which we have the Greek version. One exception,
however, can perhaps be found in Chapter I.2: see below, p. 225 n. 4. One must note again that this
deviation might also go back to a different Greek original.

26 For example, see Plan. Hyp. .10, p. 242:15,and L14, p. 258:6.

271 have mostly made use of the online database Glossarium Graeco-Arabicum (Ruhr-Universitit
Bochum), available at https://glossga.bbaw.de/. In addition, I have consulted the online transcriptions
of the two extant Arabic versions of the Almagest made by Josep Casulleras (for the Haggag version)
and by Pouyan Rezvani (for the Ishaq/Tabit version) for Prolemacus Arabus et Latinus, available
online at https://ptolemacus.badw.de/works_arabic. The terminology of the Arabic version of the
Planetary Hypotheses is accessible in the online glossary of Prolemaeus Arabus et Latinus (see https://
ptolemacus.badw.de/glossary (beta version)).

28See Plan. Hyp.12,p.224:7,8;1.3, p. 228:2, 4. For the corresponding expressions in Nicomachus’
Introductio, I rely again on the entries of the Glossarium Graeco-Arabicum (see https://glossga.bbaw.de/).
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In two cases, the Arabic version transliterates a Greek term, and in both cases, it is

followed by its Arabic equivalent. In Chapter 1.1, méchanikon is given as al-mibaniqi

wa-hiya al-hiya, and in Chapter 1.2, t¢ Syntaxei (the Greek title of the A/magest) is
given as Kitab al-Sintakisis wa-huwa al-Magisti.>
There are also some terms that are translated in more than one way:

ametastatos (‘unmoving’): at its first appearance in Chapter 1.3, it is translated as gayr
muntaqila. In Chapter 1.9, however, the Arabic has laziman li-hada I-falak gayr za’il
an-hi (literally: “adhering to this circle and not departing from it’). Afterwards, this word
comes up twice in every chapter. First, it indicates that the inclined circle in every model
is in a fixed position with respect to the main homocentric circle. In these instances, the
Arabic uses gayr za’il ‘an-hi. Second, when it comes to the description of eccentric circles,
the Arabic uses the longer form gayr 247l wa-la mutabarrik. These expressions remain
mostly unaltered throughout Chapters 1.10-14.3°

Derivatives of hypotithem: (literally ‘to place below, under’): for the noun hypothess,
derivatives of wad “are mostly used, except in Chapter I.1, where a4/ is used. As described
above, this expression also comes up in Tabit ibn Qurra’s citation of the work’s title.?!

hé ek tou kentrou (‘radius’): at its first appearance in Chapter 1.8, the Arabic uses a very
complicated description that imitates the Greek: al-hatt al-hari¢ min markazi-ha ila
al-hatt al-mubit bi-ha (literally: ‘the line that passes from its [with reference to a circle]
centre to its circumference’). However, in what follows, the translator started using the
technical term for ‘radius’, which is nésf gutr.3>

epipedos (‘plane’): sometimes given as sath and sometimes as basit.>?

peristropheé (‘revolution, course [of stars]’): translated as 4wda, dawr or dawarin. In the
later chapters on the planetary circles, when this term is used to signify diurnal rotation,
the translator uses a/-nahiyya allati yataharriku ilay-ha al-%lam (literally: ‘the direction
into which the world moves’).3*

These different translations might indicate the involvement of different translators
in the process or refinement of the vocabulary used by one translator in the process
of translating, but at the present state of research, this is far from certain. It is also
worth considering the translation of ekballo, which is in the passive and means ‘to
be drawn’, referring to lines, as haraga, as is the case in both Arabic versions of

2 Plan. Hyp. L1, p. 222:12-13, and L2, p. 224:7-8.
30 Plan. Hyp. 1.3, p. 226:12; L9, p. 236:15. As an example for the following chapters, see Plan.

Hyp.L11,p. 246:5, 10-11.

31 For the exception, see Plan. Hyp. 1.1, p. 222:4.

32 Plan. Hyp. 1.8, p. 234:12; for the later usage, see 1.9, p. 236:17 for example.

33 For sath, see, for example, Plan. Hyp. 1.3, p. 226:10; for basit, I.10, p. 242:16.

34 For 2wda, see, for example, Plan. Hyp. 1.4, p. 228:14; for dawr, 1.4, p. 228:8; for dawarin, 1.4,

p- 228:16; and for al-nabiyya allati yatabharriku ilay-ha al-alam, see 1.10, p. 242:17.
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Almagest 1.6 that I consulted (by al-Haggag and Ishaq/Tabit). In the Planetary
Hypotheses, it is mostly translated by yagizu, which means (actively) ‘to pass, go
through’.3

One of the most interesting translations is that of the Greek hozon. Prolemy
uses this word mostly in sentences such as the following: ‘this angle contains 45
degrees, by which one right angle is 90 degrees.”® The Arabic in the Planctary
Hypotheses always renders this term as follows: bi-l-migdar alladi yakan bi-bi.
We find exactly the same translation in al-Haggag’s version of the Almagest,
throughout nearly the entire text (with the exception of Chapter 1.14). On the
other hand, the Ishaq/Tabit-version reads bi-l-ag¢za’ allati bi-ha.>” This might
be the first textual indication that al-Haggag was the first translator of the
Planetary Hypotheses, as I have not found al-Haggag’s way of translating hozon
anywhere else.

Another indication that also points in the direction of al-Haggag is an allusion
to the process of turning in Chapter I1.17, Arabic part.3® One can compare
this passage to Ptolemy’s description of the construction of astronomical
instruments in the A/magest. Four times in that context, Ptolemy uses the
term torneuein (‘to turn on the lathe’) in order to describe a precise method of
producing regular rings.39 In two of these four instances, al-Haggag translates
torneuein with expressions that include derivatives of hart, whereas one cannot
find that in the Ishig-Tabit-version.*’ Supposing that behind the term art in
Planetary Hypotheses 11.17 is also the Greek torneuein, this would be another
term which the translation of the Planetary Hypotheses shares with al-Haggag’s
Almagest-translation.

The most important conclusion that one should draw from this comparison is to
acknowledge that the Arabic translation is a literal witness of the Greek text available
to us today, but with some additions. It is certainly true that the Arabic Planetary
Hypotheses is quite difficult to understand at times, and the exact reasons for these

35 See, for example, Plan. Hyp. 1.8, p. 234:13; cf. the versions of Almagest 1.6 by al-Haggag in
MS Leiden, Universiteitsbibliotheek, Or. 680, f. 4":34, and by Ishaq/Tabit in MS Tunis, Dar al-kutub
al-wataniyya, 7116, f. 4":12.

3¢ For example, see Plan. Hyp.1.3, p. 226:14-15,and L8, p. 236:1-2.

37 Take a look, for example, at Almagest 1.9 (Ptolemy, Syntaxis, 1.9, Vol. 1, pp. 34-35): for the
version of al-Haggag, see MS Leiden, Universiteitsbibliotheek, Or. 680, ff. 6":37—38 and 6":3—4. For
the corresponding occurrences in the Ishiq/ Tabit-version, see MS Tunis, Dar al-kutub al-wataniyya,
7116, f.7":5—7, 12—13. In later times, however, al-Battani and al-Birani used this Arabic expression in
asimilar way. See, for example, al-Battani, Opus Astronomicum, Vol. 3, p. 80:3, and many occurrences
in al-Birani, Chronologie, pp. 183-84.

38 See Plan. Hyp. 1117, p. 344:19.

39 See Prolemy, Syntaxis, .12, Vol. 1, pp. 64:13 and 66:19; V.1, Vol. 1, p. 351:12; VIIL3, Vol. 2,
p. 180:23.

40 For the important passages in al-FHaggag’s translation, see MS Leiden, Universiteitsbibliotheek,
Or. 680, ff. 10":31 and 1283 4.
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difficulties cannot be determined with certainty.*! The part of the Planctary Hypotheses
thatis extantin Greek is, in fact, only less than a third of the entire text. In addition,
this part only covers one thematic aspect that is very much related to the content of
the Almagest. Although this remains rather speculative, one idea would be that the
translator of the Planetary Hypotheses was mostly proficient in mathematics and in
the Almagest specifically (or perhaps even translated the A/magest himself, which
would be the case for al-Haggag). However, the Planetary Hypotheses then proceeds
with many optical remarks in the second half of Book I and with the metaphysical
and physical discussion on the shape of the spheres in the first half of Book II. These
are the parts that offer the most problems. Afterwards, the planetary models from
the latter part of Book II are quite clear, to the degree that one can reconstruct the
described diagrams without major problems.*? These issues will surely be better
understood once editions of the Arabic versions of the A/magest are available (for
which there is one main advantage in comparison with the Planetary Hypotheses,
namely that we know the translators). The present study and the preceding brief
comments are clearly not intended to be a definitive statement but are intended to
stimulate further research.

Editorial Principles

The Arabic version of the Planetary Hypotheses is extant in three manuscripts:

B: MS London, British Library, Add. 7473, ff. 81'-102": this manuscript is written
in one clear main hand. It is dated to May ap 1242 (f. 172¥). There are some
notes in a single second hand, namely a note of collation on f. 92 at the end
of Book I and marginal corrections. Of the five diagrams in the second part of
Book II, only three were drawn in spaces left empty by the scribe of the text
(ff. 96%, 98, and 997; empty spaces are left on ff. 100" and 101"), but they lack
most of the points described in the text. The manuscript contains works from
a wide range of fields, mostly mathematics and astronomy, but also philosophy.
A considerable part of the manuscript has a direct connection to Tabit ibn
Quirra. Besides some of his own mathematical works, the manuscript contains
Tabit’s translation of Nicomachus’ Introduction to Arithmetic next to a fragment
from Apollonius’ Conics, parts of the Arabic version of which are also ascribed
to Tabit.** In addition, the philosophical works include treatises by al-Kindj,
as well as two treatises on psychology, namely those by Bakr al-Mawsili and by
Avicenna.** This is worth mentioning insofar as the combination of mathematical

41 This was already stated by Régis Morelon, among others, in his edition of the Arabic version
of Book I. See Prolemy, ‘La version arabe du Livre des Hypotheses’, p. 9.

42'This was recently done by Roshdi Rashed and Erwan Penchevre, see Rashed and Penchevre,
‘Ibn al-Haytham’, pp. 120-26.

3 See Sezgin, Geschichte des arabischen Schrifttums V, pp. 139 and 165.

4 For the work by Avicenna, see Gutas, Avicenna and the Aristotelian Tradition, pp. 80-86.
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with philosophical — and especially psychological — issues in the Planetary
Hypotheses is mirrored by the contents of this collection.®

L: MS Leiden, Universiteitsbibliotheek, Or. 180: apart from the Planetary
Hypotheses, this manuscript contains only some sketchy astrological notes and
was apparently copied for personal use. It can perhaps be dated roughly to the
12 or 13 century Ap. The script is not as careful as that in B. The folios are
not in the correct order, and one must read them in the following order instead:
ff. 1V-21Y, 257-27", 227-24", 28'-44".4¢ There are empty spaces and even entire
folios left for the diagrams, which, however, are all missing (ff. 32, 36", 37", 41Y).
It seems that one sheet between ff. 39" and 40" was lost, which contained the end
of the text on the model of Mercury (Chapter I1.15) and the supposedly empty
space for the corresponding diagram. The title page (f. 2") contains a note that
this is the revised version (¢5/2h) by Tabit ibn Qurra.*’ This makes the inclusion
of much material connected to Tabit in B even more intriguing.

C: MS Cairo, Dir al-kutub, riyada Taymar 238: this fairly recent manuscript (early
20" century AD) contains only the beginning of the Planetary Hypotheses and is
clearly dependent on B. It is written in a very nice and careful ductus with red
rubrications.*®

Since Cis only a fragment and obviously dependent on B, the major witnesses are B
and L. Both show a number of gaps that can all be explained by scribal misreadings
that led to the skipping of a number of words or even lines. There is nothing to
be added to the stemma by Régis Morelon.*’ T have not included the medieval
Hebrew translation by Kalonymus ben Kalonymus in my edition, which, according
to Morelon, is closer to L than to B and is extant in two manuscripts, only one of
which contains the complete text.’® On the other hand, I have compared my edition
with the edition of Book I by Régis Morelon, which I include as another witness
(m). I note the few differences between m and the present edition in the critical
apparatus so that the reader knows when to turn to Morelon’s text for a different
reading. Despite the statement of collation in B, L turned out to be slightly more
reliable than B.>! This means that in cases in which one cannot rely on grammatical

ST rely on the description by José Bellver for Ptolemacus Arabus et Latinus, available online at
https://ptolemaeus.badw.de/ms/664 (last consulted on 17.01.2021), which should be consulted for more
details. See also the remarks by Régis Morelon in Ptolemy, ‘La version arabe du Livre des Hypotheses', p. 9.

46 Already established by Bernard R. Goldstein, see Goldstein, “The Arabic Version’, p. s.

47 See again José Bellver’s description online at https://ptolemaeus.badw.de/ms/667 (last consulted
on 18.01.2021), and Morelon’s overview in Ptolemy, ‘La version arabe du Livre des Hypothéses, p. 9.

“8 See José Bellver’s description online at https://ptolemaeus.badw.de/ms/679 (last consulted on
18.01.2021), and Morelon’s overview in Ptolemy, ‘La version arabe du Livre des Hypothéses, pp. 9-10.

9 Prolemy, ‘La version arabe du Livre des Hypothéses', p. 11.

50The complete text is extant in MS Paris, Bibliothéque nationale de France, hébr. 1028, ff. 54817,
and only a small fragment in MS Halle, Universitits- und Landesbibliothek, YB 4° 5, ff. 54"-56".

51 As noted earlier by Morelon in Prolemy, ‘La version arabe du Livre des Hypotheéses’, p. 9.
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arguments or the context, I often relied on the reading of L. As an example, this
happens in cases such as the difference between wa- and fa-.

Numerous quotes from the Planetary Hypotheses are contained in Ibn al-Haytam’s
Doubts about Ptolemy. This work was written before Ap 1038, while one of the
extant manuscripts (Oxford, Bodleian Library, Arch. Seld. A. 32) has been dated
to the time before AD 1235-1236.>* Thus, this witness predates at least B, which
might tempt one to include these fragments in the edition. Most of the differences
between the fragments in Dowubts about Prolemy and the main witnesses B and L
are either differences concerning diacritical points or explanatory additions clearly
by Ibn al-Haytam himself, for example in order to explain to which circle or sphere
Prolemy refers in a sentence that Ibn al-Haytam takes out of the context of the
passage. In addition, these fragments do not consistently confirm one of the two
main witnesses. In Chapter I1.3, for example, Ibn al-Haytam’s fragment reads similar
to B, and in Chapter I1.12 similar to L.>* L only provide references to the fragments
in the notes to the English translation for the orientation of the reader.

In the critical apparatus, the following abbreviations and symbols are used:
add (additur): an addition;
corr (corrigitur): a visible correction by a scribe;
del (deletur): words that are mistakenly deleted, i.e. crossed out, by a scribe;
mg (in margine): an addition or correction in the margin;
om (omittitur): an omission;
sl (supra lineam): an addition above the line;

t: uncertain readings, mostly concerning damaged parts of the manuscript.

[...]: used in the English translation for additions by myself.

|...]: division of the text into sections. For example, |2:3| signifies the beginning of
Chapter 2, Section 3.

As for the corrections in the main hand, I only provide the form to which the words
are corrected. I also do not note whenever the scribe crossed out mistakenly added
words. On the other hand, I highlight the deletion of words in case they are crossed out
by mistake. As for the way in which the numbers are written, both witnesses Band L
mostly use spelled numbers. In my edition, I follow this manner and I standardize the
utilization of long vowels without specifying when the witnesses have, for example,
talata instead of taldta for Arabic ‘three’. There are only some exceptions to these
general rules. In Chapters 1.6-7, B gives some numbers in Hindu-Arabic numerals
and others in abjad-notation (ff. 82¥:25-83":17). At the ends of Chapters1.9,1.13 as
well as .14, B gives in total seven values in abjad-notation (ff. 84":13, 87":17-21, and
87":25-88"1), and Hindu-Arabic numerals are also used in Chapter 1.18, however

52 See Rashed, “The Celestial Kinematics’, p. 1o. For a description of the Oxford manuscript, see
https://ptolemaeus.badw.de/ms/962 (last consulted on 18.01.2021).

53 Compare Plan. Hyp. 11.3, p. 290:4 with Ibn al-Haytam, al-Sukik, p- 46:3, and Plan. Hyp. I1.12,
p- 320:12 with Ibn al-Haytam, al-Sukik, p. 6o:13.
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again only in B (f. 90":3). In all these cases, I follow the example of L and the rest
of B and provide the numbers in their spelled form.

Apart from these exceptions concerning corrections and numbers, I include
every single variant from the three manuscripts in the critical apparatus. This implies
that I even note minor variant readings for example concerning diacritical points
(which are substantially given in both B and L), case endings in spelled numbers,
or missing overlines for the points in diagrams. Since there are only two complete
witnesses, it is particularly important to provide full variants from both, while at
the same time the apparatus does not become overly confusing. Indeed, the minor
variants that I include do affect the reading of the text from time to time. Let me
give two examples that should be well-known to Arabists. The diacritical points
that distinguish between the letters ya- and z4- differentiate between the subject or
the form of a verb. An example that comes up quite frequently is the verb with the
root ya/ta-h-r-k. By adopting ya-, this verb most often means that ‘a sphere moves
another sphere’ in the second form in the present tense, whereas reading z2- makes
the verb intransitive in the fifth form in the past tense, which simply means that ‘a
sphere moves’. In the chapters on the planetary models of Book I1, the points, lines,
and circles for the diagrams are given with overlined letters. On some occasions,
the scribe apparently forgot to add these overlines. In the case of a line from point
H/H to T, these two letters can also be read as pazt (the Arabic term for ‘line’)
and thus the meaning changes from ‘[the line from] H/H to T in the original
version to ‘line’. This works, of course, also the other way round when the scribe
accidentally added an overline to the Arabic word patt. To give another example,
the ‘[line from] K to L’ can be changed to k#l/, the Arabic term for ‘each’>* It is
therefore clear that even some of these minor variants affect the content of the text
and should be included in a critical apparatus.

There is one feature that deserves some additional clarification. Whenever the
subject of a relative clause in Arabic is not the relative pronoun, a pronoun needs
to be appended to the verb that refers back to the relative pronoun and thus to the
object of the verb. This rule is usually followed, though with the curious exception
when the verb of the relative clause is in the first singular plural, as in the following
example: ‘[the circle] that we have mentioned.” In most of these cases, both witnesses
B and L omit the pronoun, and in some cases, either B (nine times, most of them
towards the beginning of the text) or L (only once) adds it, sometimes even in the
wrong numerus. It seems that the original version did not include the pronoun
in these fixed sentences, and sometimes, a scribe at a certain point added it here
or there. In each case, I decided to follow the manuscript that does not write the
pronoun because it might go back to the translator himself. Of course, the variant
is still given in the apparatus.

>* Examples of such occurrences can be found in Chapter IL15.
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For the first part of Book I, I add a second apparatus below the Arabic one.
There, I note a selection of variants from the Greek version as printed in the edition
by Heiberg (H). I include Greek variants in two cases: first, when they enhance
the understanding of the Arabic version, and second, when there are omissions or
additions either in the Greek or in the Arabic version. In some cases, this might lead
us to make changes in the Arabic text. However, I have remained true to the Arabic
version as extant in B and L, and I only add a brief note to the translation when the
Greek helps us, for example, in structuring the train of thought. We should also keep
in mind that some additional sentences we find in the Arabic were either added by
later Greek or Arabic scholars, or were not transmitted in the Greek text like the rest
of Book I and all of Book II. Some mistakes in the Greek text were already noted and
corrected by John Bainbridge, some of which are confirmed by the Arabic text.>>

As for the diagrams in Book II, only three of them are contained in B, though
not in a complete fashion. There are previous reconstructions in the German
translation by Nix, Buhl, and Heegaard, and, more recently, a reconstruction of
the model of Saturn was made by Roshdi Rashed and Erwan Penchévre.® Because
of the lack of reliable diagrams in the manuscripts, I reconstructed the diagrams
from the description in the text. In this process, these previous reconstructions
have been of help.

As for the division of the text into chapters, my edition and translation follows
the text by Nix, Buhl, and Heegaard as I saw no reason to introduce major changes
that would mess with the established ways of referencing. I also adopted Goldstein’s
division for the second part of Book I and simply continued the count of chapters.
Furthermore, the text is subdivided into sections (indicated by vertical strokes in the
English and Arabic texts). This is a system applied by Ptolemaeus Arabus et Latinus
in order to enhance the comparison of a text in different versions (i.e., Greek, Arabic,
Latin) and is used especially for the glossaries, both online and — concerning the
Planetary Hypotheses — in the present volume.>”

I added full-stops to the Arabic text in accordance with the punctuation in
the English translation in order to facilitate the parallel reading of the English and
Arabic. These full-stops are omitted in the Arabic occasionally, for example when
I decided to split up along sentence in my English translation although the Arabic
sentence clearly goes on.

Two Notes on the English Translation: ‘Hypothesis’ and Sphere’

As there are some difficulties translating the Greek term hyporhesis, the same is true
for its Arabic counterpart, wad". Following the remarks by Gerald J. Toomer in his

55 For Bainbridge’s list of corrections, see Ptolemy, De planetarum hypothesibus, p. s2.

56 See Prolemy, ‘Hypotheseon’, pp. 123, 126, 132, 134, 139, and Rashed and Penchevre, ‘Ibn
al-Haytham’, p. 126.

57 For a beta-version of the online glossary of PAL, see https://ptolemaeus.badw.de/glossary.
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English translation of the A/magest, I decided to translate wad in most cases as
‘hypothesis’.’ The reader must know that the meaning of this term shifts depending
on the context. In Book I Ptolemy intends to refer to what has been ‘laid down’, so
to speak, in geometrical terms, whereas in Book II he uses this term to devote the
physical models of planetary motions instead. Although this is true in most cases,
there is at least one instance, namely in Chapter .9, where wad translates the Greek
thesis, which should instead be translated as ‘position”.>? Following this example,
I have chosen to translate the term wad “as ‘position’ whenever it seems preferable
with respect to the context.

I have previously written about the different translations of the Greek terms
for ‘circle’ (kyklos) and ‘sphere’ (sphaira). Although the translation of Arabic kura
as ‘sphere’ is uncontroversial, the two terms da %74 and falak share the meaning of
‘circle’, but the latter can also mean ‘sphere’ and thus can translate both Greek kyklos
as well as sphaira. For part of Book I, I made use of the extant Greek in order to
decide when to translate fzlak as ‘circle’ or as ‘sphere’, whereas the terms kxra and
dd’ira are always translated as ‘sphere’ and as ‘circle’, respectively. This means that
I do not make a terminological difference between kxra and falak when translated

as ‘sphere’ or between da’ira and falak when translated as ‘circle’.®

Prolemy’s Cosmology in the Medieval Arabic Tradition

As already outlined before, Chapter II of the present study deals with the episte-
mological status of astronomy and its relation to other sciences, and Chapter III
with Ptolemy’s theory of celestial dynamics. Nevertheless, both chapters follow
a similar structure. In the beginning of each chapter, I try to explain Ptolemy’s
accounts within the wider context of his time. Quite naturally, the important points
of departure are the two dominant figures of Plato and Aristotle, and I show in
some detail how Ptolemy relies on them, from Plato’s myth of Er in the Republic to
Aristotle’s On the Movement of Animals, On the Heavens, and Metaphysics. Before
I approach the reception of Ptolemy’s cosmology in the Arabic tradition, I devote
some pages to the Hellenistic and late ancient reception of the issues discussed by
Ptolemy for two main reasons. First, a comparison with the way in which other Greek
authors dealt with the relationship between physics and astronomy or with celestial
dynamics enhances our understanding of what Ptolemy might have had in mind,
since his own account is not as detailed as one would hope. Second, there are other
Greek cosmological works that decisively influenced medieval Arabic philosophy.

Take, for example, On the Cosmos by Alexander of Aphrodisias or Theophrastus’

58 See Toomer’s remarks in Prolemy, Almagest, pp. 23—24; see also Moureau, ‘Note’, and Bowen,
‘Hypothesis’. In the first chapter of the Planetary Hypotheses only, the Greek word hypothesis has been
translated differently, namely as as/, for which see the commentary on Chapter I.1 below (p. 353).

57 See Plan. Hyp. L9, p. 238:7.

60 For more details, see Hullmeine, “Was there a Ninth Sphere’, especially pp. 83-89.
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On First Principles, both of which were translated into Arabic. The influence of
Alexander’s cosmology on thinkers such as al-Kindi has already been the subject of
modern research, and the present study should not fail to acknowledge such lines
of transmission.®! One must especially keep Alexander in mind, as he was active
around the same time as Ptolemy and tackled the question of celestial dynamics in
a remarkably similar way. This means that in order to avoid a false conclusion on
the afterlife of Ptolemy’s theories, one must first set out the specific details by which
one can distinguish Ptolemy from other authors that have been read in the Middle
Ages. Especially for the late ancient authors such as Simplicius and Proclus, we do
not have as much evidence as we do for Alexander that their works were available
in the Islamic world. However, I include some remarks about their cosmological
theories, as they are the first figures in the history of philosophy in whose works we
can detect the influence of the Planetary Hypotheses.

As for the reception of Ptolemy’s cosmology in the medieval Islamic world, the
framework of such an investigation is given by the following list of authors who
refer to the Planetary Hypotheses by name or even quote from it:

— Tabit ibn Qurra (d. Ap 901, active in Harran and Bagdad),

— Ibn al-Haytam (d. around aD 1040, Basra and Cairo),

— al-Biriini (d. around Ap 1050, Hwirazm and Gazna),

~ al-Gizgani (fl. in the first half of the 11% century AD, various locations in modern
Iran),

— Ibn al-Salah (d. Ap 1154, Bagdad and Damascus),

— Averroés (d. Ap 1198, al-Andalus),

— al-‘Urdi (d. around AD 1266, Maraga),

— Bar Hebraeus (d. ap 1286, Maraga),

- Qutb al-Din al-8irazi (d. ap 1311, Maraga and Anatolia),

— Gersonides (d. AD 1344, South France).

This is a rather wide framework, given that these authors range from the ninth to the
fourteenth centuries AD, and from the Islamic East to al-Andalus in the West. Although
I will at least briefly mention each one of these authors, I put the strongest emphasis
on the authors that are highlighted because they deal with the Planetary Hypotheses
in more detail than the others.®? I also consider further authors, most importantly
al-Kindi, al-Farabi, Avicenna, and Nasir al-Din al-Tsi in the East, and Maimonides
and Ibn Bagga in the West. The first reason to include these other thinkers is that an
investigation of their works helps us understand the different developments in the
reception of Ptolemaic cosmology in their proper context. Second, it also turns out

61See, for example, Fazzo and Wiesner, ‘Alexander of Aphrodisias’.

62 An exception is perhaps Gersonides, who seems to have much to say about the Planetary
Hypotheses in his commentaries on Aristotle and Averroés written in Hebrew, and thus surely deserves
more attention. However, my focus lies on Arabic works. See Janos, “The Reception of Prolemy’s
Theory’ for Gersonides’ reception of the Planetary Hypotheses.
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that although they do not refer explicitly to the Planetary Hypotheses, they nevertheless
more or less clearly depend on it (either directly or indirectly).

Therefore, by considering all these different authors from different times and places,
and discussing some in more detail than others, I hope to provide a comprehensive
overview of the reception of Ptolemy’s astronomy and cosmology in general, and his
Planetary Hypotheses more specifically. According to my findings, these developments
can very roughly be divided into different stages. There are the early philosophical
and astronomical engagements in the ninth and tenth centuries AD in the Islamic
East when there was not yet an established tradition of a thorough critical reflection
of Ptolemaic cosmology, although it pops up in different centres like Damascus,
Bagdad, and Aleppo. The discussion of planetary distances and sizes is the most
discussed topic from the Planetary Hypotheses in this period, both in smaller treatises
devoted solely to this issue as well as in astronomical handbooks. A clear shift can
be observed with some of the key figures in the history of Arabic philosophy and
astronomy, namely al-Farabi, Avicenna, Ibn al-Haytam, and al-Birani in the tenth
and eleventh centuries AD. In their philosophical and astronomical works, they turn
to a critical assessment of Ptolemy’s cosmological theories, with a special emphasis
on Prolemy’s method and on the question whether astronomy needs to rely on
natural philosophy. The influence of these towering figures can easily be detected
in one of the most important schools in the history of Arabic science, namely the
group of scholars around Nasir al-Din al-Tasi working at the observatory in Maraga
in the 13t century AD. In their works, one can detect the connection between the
innovative astronomical activities at the observatory and the influence of earlier
scientists and philosophers such as al-Farabi, Ibn al-Haytam, and Avicenna. Finally,
there is the quite different tradition in al-Andalus, where Peripatetic philosophers
such as Ibn Bagga and Averroés urged a development that has been called a ‘revolt
against Ptolemaic astronomy’, and the Planetary Hypotheses are an important piece in
this ‘revolt’.¢3 Surely, all of these authors had their own approach towards Prolemy’s
cosmological theories within the context of their own interests. What connects all of
these schools and authors is that they use not only Ptolemy as their starting point for
cosmology, but also Aristotelian natural philosophy. Thus, Chapter II deals heavily
with this tension between Ptolemaic astronomy and Aristotelian physics. Ptolemy’s
cosmology left later authors with questions as to which of these two sciences was
superior to the other in epistemological terms, and whether the non-homocentric and
non-spherical celestial bodies violated Aristotelian physics or not. Ptolemy’s theory of
celestial dynamics, as can be seen in Chapter III, was compared with other dynamic
systems that had their origin in a variety of sources, although the question whether
the planets move on their own or are carried by a sphere touches upon Aristotelian
natural philosophy. In sum, Chapters II and III look at the way in which Ptolemy’s
Planetary Hypotheses influenced and challenged medieval Arabic cosmology.

63 Sabra, “The Andalusian Revolt’.
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As explained before, the commentary in Chapter VI does not engage in detail
with planetary models or mathematical calculations. My focus explicitly lies on the
philosophical problems just outlined. However, I refer from time to time to some
parameters concerning planetary distances and sizes whenever such a reference is
useful for tracking a possible influence of the Planetary Hypotheses. In this way,
the present study will establish, for the first time, the philosophical implications
of the Planetary Hypotheses with respect to Prolemy’s general epistemology, and
it will demonstrate its previously underestimated importance for the whole later
tradition of cosmology in the Islamic world.®* In doing so, I will look at a number
of different works: commentaries on or paraphrases of the A/magest, astronomical
compendia and introductory works, and philosophical works on metaphysics and
physics. Although there is yet much research to be done on most of these works,
I connect them through the overarching question of the reception of the Planetary
Hypotheses.

¢4 Simultaneously to the present study, Damien Janos worked on the reception of Prolemy’s celestial
dynamics in Arabic works. See, most importantly, Janos, “The Reception of Prolemy’s Theory’, which
develops some ideas already published in Janos, Method, Structure, and Janos, ‘Moving the Orbs’.
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I1: Astronomy, Natural Philosophy, and the
Physical Reality of the Celestial Bodies

Ptolemy’s Methodology and Epistemology in the Almagest and Planetary
Hypotheses

A thorough understanding of the Planetary Hypotheses, its agenda, and outcome
builds not only upon the content of this work itself but also upon Ptolemy’s
general methodology and division of sciences as presented in the first chapter of
the Almagest. Thus, although Al/magest 1.1 has been the subject of much modern
research, it is nevertheless necessary to present its most important implications.!
Let us take Chapter I1.3 of the Planetary Hypotheses as an example: in order to
settle the question of how the celestial spheres are shaped, Ptolemy claims that this
can be tackled by two approaches, the mathematical and the physical. Thereby, he
alludes to two of the three theoretical sciences he distinguishes in A/magest 1.1. One
therefore needs to go back to the A/magest in order to understand the philosophical
consequences of this claim.

In the first sentences of the A/magest, Prolemy distinguishes practical from
theoretical philosophy.2 Despite this distinction, he holds that mathematics, the
highest of the theoretical parts of philosophy, contributes significantly to practical
philosophy such as ethics, because studying mathematics is an essential part of a good
life.> Apart from that, practical philosophy does not play a role in the A/magest or the
Planetary Hypotheses, so we can jump to the next division Ptolemy sets forth in the
AZmagext.4 He divides theoretical philosophy into three disciplines, namely physics,
mathematics, and theology. His criteria are whether their objects are perceptible
and moving. As for theology, he states that it deals with the first cause of motion,
which itself is invisible and motionless.> Physics is its counterpart, for it deals with
perceptible qualities and its objects are ‘ever—moving’.6 After providing examples of
the quantifications with which mathematics deals, Ptolemy claims that mathematics
is in the middle of the first two divisions for two reasons. First, one can conceive of

1Among others, one should primarily refer to Boll, Studien, pp. 66—75; Pedersen, 4 Survey,
pp- 26—32; Taub, Prolemy’s Universe, pp. 19-37, Feke, Prolemy’s Philosophy, pp. 10-51.

2 Prolemy, Syntaxis, 1.1, Vol. 1, p. 4:7-9.

3'This is one of the main claims made by Liba Taub and Jacqueline Feke; see Taub, Prolemy’s
Universe, pp. 19-21 and 13538, and Feke, Prolemy’s Philosophy, especially Chapter 4. See also Boll,
Studien, pp. 70-71.

4In Prolemy, Die Harmonielebre, 111.6, Prolemy also differentiates between three practical sciences,
namely ethical, domestic, and political. See Feke and Jones, ‘Ptolemy’, p. 208.

5 See Prolemy, Syntaxis, 1.1, Vol. 1, p. 5:13-16. For the question as to whether this means that
Ptolemy supposes the existence of the Prime Mover like Aristotle, see Chapter III of the present study.

6See Prolemy, Syntaxis, 1.1, Vol. 1, p. 5:19-24.
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mathematical objects both with and without sense-perception. Second, it quantifies
both the ever-changing things as well as the unchanging acthereal ones.”

Ptolemy himself provokes the question of the influence of Aristotle, since he
writes at the beginning that Aristotle ‘fittingly’ (emmelos) divided theoretical
philosophy into these three kinds.® In his next step, however, Ptolemy abandons
the Aristotelian example. For Aristotle, theology is clearly the highest of these
three theoretical sciences, because it deals with the most honourable being,
God.? In Ptolemy’s Almagest, the division of theoretical philosophy depends
on the perceptibility and motion of the subject matters, and the rank of each
discipline depends on the epistemological status of these criteria. Ptolemy states

this straightforwardly:

From all this, we concluded that the first two divisions of theoretical philosophy should
rather be called guesswork (ezkasia) than knowledge (katalépsis epistémonike), theology
because of its completely invisible and ungraspable nature, physics because of the unstable
and unclear nature of matter; hence there is no hope that philosophers will ever be agreed
about them; and that only mathematics can provide sure and unshakeable knowledge
to its devotees, provided one approaches it rigorously. For its kind of proof proceeds by
indisputable methods, namely arithmetic and geometry.10

Theology and physics are differentiated from each other by the fact that theology
deals with the imperceptible, immobile, and thus never-changing God, whereas
physics deals with perceptible qualities. In Prolemy’s view, this is also what makes
them only conjectural sciences, namely that it is impossible to perceive its subject
properly, as in the case of theology, or that they are subject to constant change,
as in the case of physics. Mathematics, on the other hand, is a better (or even the
only) guide to sure knowledge for two reasons. First, it makes use of arithmetic and
geometry, tools that offer ‘indisputable’ proofs.11 Second, mathematical objects are
not changing (as in theology) but are still perceptible (as in physics). This becomes
especially clear in the case of astronomy. It studies the divine celestial bodies, which
are perceptible and move unceasingly and in an orderly fashion, and thus he singles

7 See Prolemy, Syntaxis, 1.1, Vol. 1, pp. 5:25-6:11.

8 For the details of Ptolemy’s division and its relationship to the different Aristotelian texts,
see especially Boll, Studien, pp. 71-75; Feke, Ptolemy’s Philosophy, pp. 15—25; and (most recently)
Bowen, ‘Hypothesis’, pp. 73-78 and 85-88. Feke, for example, concludes that ‘although Prolemy’s
definitions of the sciences are not Aristotle’s, they are still Aristotelian’ (p. 19). The tripartition of
theoretical philosophy by Aristotle can be found in Metaph. V1.1, 1026a6-22, X1.7, 1064b1-6, and
Phys. 11.2, 193b22-35, among others.

9 See, for example, Metaph. V1.1, 1026a18-23.

1o Prolemy, Syntaxis, 1.1, Vol. 1, p. 6:11-21, tr. by Toomer in Ptolemy, Almagest, p. 36, slightly
modified.

A highlighted by Feke, Prolemy’s Philosophy, pp. 115-16, Prolemy apparently does not consider
them as mathematical sciences themselves, for they are used as instruments in astronomy, harmonics,
and optics.
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out astronomy (and, since it is a part of mathematics, also mathematics itself) as the
part of theoretical philosophy that leads us onto the best path to secure knowledge.12
That Ptolemy puts mathematics as the highest science and degrades theology to a
conjectural discipline of philosophy is a fundamental break with Aristotle. However,
Aristotle in his Metaphysics also makes the degree of exactness dependent on motion.
He claims that the greatest exactness is when there is no motion, which puts theology
in the place of the science that offers the highest possible degree of certainty. Next,
however, is the science that deals with the primary, simplest kind of motion, which
is the regular circular motion of the heavens, whereas the sublunar motions and
changes discussed in physics do not fall under this category. In this way, Aristotle
seems to foreshadow Ptolemy’s view that physics is, compared with astronomy, of
an inferior epistemological status. On other occasions, however, Aristotle sorts the
sciences on epistemological grounds but ends up with a different order. There is
the famous passage in On the Parts of Animals 1.5, in which Aristotle emphasizes
that there is less insight into celestial than into sublunar things because we have
much more contact with animals than with the stars and planets. A similar point
is made twice in On the Heavens, namely that not all of the celestial attributes are
perceivable through the senses. This has the consequence that, in some cases, one
should be content with just a small amount of insight.13

Looking superficially over the content of the Almagest, this first chapter seems
only of minor significance for actual mathematical discussions.* Nevertheless, it is
not only the case that this chapter serves as a justification for studying astronomy. By
assigning the highest epistemological rank to mathematics, Ptolemy does not claim
that mathematics and astronomy a/ways provide us with sure knowledge about
every phenomenon. A telling and quite famous example comes from Book IIT of
the Almagest, in which Ptolemy presents two possible theories for the motion of
the Sun. Both of them can be constructed so that they conform to the phenomena.
To put it differently, astronomical observation tells us zbat the Sun’s motion is
such, but since there are at least two ways to represent it, it does not tell us why,
namely whether the Sun is carried by an eccentric sphere or an epicycle. His choice
of an eccentric sphere for the Sun’s motion relied on his principle of explaining
the phenomena by the simplest possible theory.’> In Ptolemy, this principle of

12 See the analyses in Boll, Studien, pp. 71-75; Bowen, “The Demarcation’, pp. 349—55; Feke,
‘Meta-mathematical Rhetoric’; and Feke, Prolemy’s Philosophy, pp. 26-29.

B Metaph. X111.3, 1078a9~14; Part. Anim. L5, 644b22~25; Cael. 11.3, 286a3~7 and IL12, 291b24-28
and 292a14-17. See also Pellegrin, “The Argument for the Sphericity’, pp. 168-69; and Feke, Prolemy’s
Philosophy, pp. 28-29. One could also point to the pseudo-Platonic Epznomis, in which astronomy
is appointed the highest rank of the sciences for its closeness to the divine, see Epin. 989a1—99ob4
and 992¢6-d3, but with no connection to its epistemological status.

14 A suggested in Boll, Studien, p. 70.

15 Proclus writes that already the Pythagoreans (or even Pythagoras himself) strived for the ‘fewest
and simplest hypotheses’ (ex elachiston kai baploustaton hypotheseon). See Proclus, Hypotypisis, p. 18:5-9
and van der Waerden, ‘Die Erkenntnistheorie’, pp. 238-39.
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simplicity is related to the divine nature of the celestial realm and the assumption
that the heavens are made out of a correspondingly divine element, aether.!® Prolemy
establishes the existence and nature of acther in A/magest 1.1, but without a specific
demonstration.”” Admittedly, he provides proofs that only spherical motions can
account for the phenomena in Almagest 1.3. At the end of this chapter, he writes
that one comes to the same conclusion ‘from certain physical considerations’.
Basically, the argument rests on the uniform nature of aether, which is, in its
entirety, shaped in the most regular possible way: the sphere. Ptolemy sums up this
short passage by claiming that it is ‘for this reason [...] reasonable (ex/ogon)’ that
the surrounding aether is spherical and has a uniformly circular motion.!® Again,
this underlines that physical arguments can be convincing and reasonable, but are
not demonstrative as mathematical proofs. Nevertheless, a proper proof for the
existence of acther in the first place along the lines of Aristotle’s On the Heavens is
missing from the A/magest.

The importance of A/magest 1.1 can also be detected later when Ptolemy makes
it clear that if we have a mathematical proof for a phenomenon, it is not necessary to
look for the cause. This assertion can be found in A/magest 1.7, which establishes that
the Earth does not have locomotion on the basis of the mathematical proofs from
Chapter .5 of the central position of the Earth in the cosmos. Ptolemy then writes:

Hence I think it is idle to seek for causes for the motion of objects towards the centre,
once it has been so clearly established from the actual phenomena that the Earth occupies
the middle place in the universe, and that all heavy objects are carried towards the Earth."”

In Ptolemy’s view, the observed phenomena provide us with certain proofs that
the Earth is always in the centre of the cosmos and cannot be outside of the centre
(Almagest 1.5) and that the heavy elements (earth and water) move towards the
centre of the cosmos (1.7). Accordingly, he considers it superfluous to ask why the
heavy elements move towards the centre. Of course, in Aristotle’s On the Heavens,
the downward motion of the heavy elements is the cause of the central position of
the Earth. Ptolemy, on the other hand, does not indicate the same rationale. Rather,
it seems that he considers two observed facts, namely (a) the observed phenomena
of the celestial motions and (b) the downward motion of earth and water, as
equally proving that the Earth must be the centre of the cosmos. At the end of

le Regarding the Sun’s model, see Ptolemy, Syntaxis, I11.4, Vol. 1, p. 232:5—17. For Ptolemy’s
account of his principle of simplicity, see Ptolemy, Synzaxzs, IIL.1, Vol. 1, p. 201:18-22 and XIIIL.2,
Vol. 2, pp. 532:12—534:6.

17 See Jones, ‘Prolemy’s Mathematical Models’, p. 31.

18 Prolemy, Syntaxis, 1.3, Vol. 1, pp. 13:21-14:16. The English terminology is taken from Toomer’s
translation (see Prolemy, Almagest, p. 40). For a more detailed analysis, see Taub, Prolemy’s Universe,
pp- 45-60. She focuses on the relation of Ptolemy’s account of aether in 4/magest 1.3 and its relationship
to Aristotle’s proofs of the circularity of the heavens, but not so much on the epistemological status
of the arguments. She also shows that Ptolemy’s account of aether is similar to Aristotle’s.

15 Prolemy, Syntaxis, 1.7, Vol. 1, p. 21:14-19, tr. by Toomer in Ptolemy, Almagest, p. 43.
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Almagest 1.7, he addresses the question that the Earth might be at the centre but
nevertheless rotates diurnally in its place. He also rejects this theory from observed
phenomena such as the motion of clouds. Thus, Ptolemy highlights all arguments
in this chapter as originating from observed phenomena. Only once does he refer
to a causal explanation, though marking it as superfluous.

In this short example, it seems that there is Aristotle’s distinction of hoti- (that)
and dihoti-demonstrations (why) at work in the background of Ptolemy’s distinction
of physics and mathematics. In the Posterior Analytics, Aristotle distinguishes
these two kinds of demonstration and makes the point that the science which
shows the fact is of a lower rank than the science which proves the cause and thus
why something is.2% Ptolemy’s position is quite contrary: if a science shows that
the heavens move circularly and that the Earth is in the centre of the cosmos,
there is no need to further ask why that is so. Of course, one still can find further
confirmation by looking at possible causes for a phenomenon, just as Ptolemy does
in Almagest 1.3, but these do not have the necessary status as astronomical proofs,
i.e. proofs from observation.*

Although Prolemy is not too explicit about the consequences of this methodological
framework for the following proofs in A/magest 1.3-8, there are, nevertheless, brief
glimpses in this direction. As just seen, Prolemy uses the word exlogon (‘reasonable’)
for the supporting evidence from physics in A/magest 1.3 that the heavens are spherical.
Strikingly similarly, he uses the same term in A/magest 1111 in the definition of a
solar year, but only in its comparative form exlogoteron. He argues that both the
mathematical and the physical approach imply that one should take the equinoxes
and solstices as the points that define a solar year. For the physical approach, he
writes that no alternative way of defining it is ‘more reasonable’.?> Another example
can be found in A/magest 111.4. Given that both the theory of an epicycle and of
an eccentric sphere could account for the phenomena of the single anomaly of the
Sun, Ptolemy asserts that it would be ‘more reasonable’ to assume the simpler of the
two theories.?? For Ptolemy, the word exlogos thus seems to indicate evidence that
is not gained from observation or mathematical reconstruction of the phenomena,
but builds on premises alien to mathematics such as the nature of acther and the
principle of simplicity, the latter of which is closely connected to the Aristotelian

claim that ‘nature does nothing in vain’.24

20There are a couple of noteworthy passages: 47. Post. 1.13, 78b34-79a16 establishes that different
subordinate sciences investigate the fact and the cause, I.14 shows that the syllogistic figure that
demonstrates the cause is the most scientific, and I.27, 87a31-37 shows that knowledge of the fact
and the cause is ‘more accurate and prior’. See Kullmann, Wissenschaft und Methode, pp. 204—12..

21 Briefly indicated in Bowen, ‘The Demarcation’, p. 353.

22 Prolemy, Syntaxis, I1L.1, Vol. 1, p. 193:7.

23 Again, see Prolemy, Syntaxis, 1.3, Vol. 1, p. 13, and IIL.4, Vol. 1, p. 232:14.

24 One can compare this use of exlogos to the Aristotelian usage (see Bolton, “Two Standards’).
A nice parallel is Simplicius’ reading of Mezaphysics X11.8, 1074a:14—17, where Aristotle depicts
his account of the number of unmoved movers as ‘reasonable’ (ex#logon). For Simplicius, this usage
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When Ptolemy labels the investigation of the causes as ‘idle’ (perissos), he speaks
from the point of view of the mathematician, as opposed to the natural philosopher,
who aims at a proper understanding of the causes. This way of distinguishing
between mathematics and physics is not original to Ptolemy. There is the famous
fragment in Simplicius’ commentary on Physics I1.2. The history of this report is quite
complicated: Simplicius quotes the commentary by Alexander of Aphrodisias, who,
in his turn, quotes Geminus’ (fl. roughly first century Bc) abridged commentary on
Posidonius’ work on meteorology.25 This testimony from Geminus’ commentary
confirms that physics and astronomy were indeed distinguished from each other
by the kind of their proofs. Physics and astronomy, as the fragment reads, have
the same aim — namely to prove theses such as ‘the Earth is spherical’ — but they
follow different methods. The natural philosopher is concerned with substances,
capacities, or generation and corruption, and thus often with the causes, whereas
the astronomer deals only with the quantitative aspects and extrinsic properties,
and thus not with the underlying causes.2® A little later, the report confronts the
philosopher with the question of which astronomical hypothesis one should follow
if more than one is able to ‘save the appearances’. The correct method, according to
Simplicius’ report, is to gather all the astronomical hypotheses and to pick the one
that conforms best with the causal theory (aitiologia).>” AsIam about to show, this
is actually exactly what Ptolemy does in Book II of the Planetary Hypotheses when
he describes the possible shapes of the celestial spheres and explains at length why
sawn-off pieces better fit the physical principles. As parallel as the descriptions of
physics and astronomy are in Simplicius’ report and, rather implicitly, in Ptolemy,
astronomy is certainly not considered as the highest science in the former. On the
contrary, Simplicius’ report rather states that astronomy has to take its first principles
from physics and there is no trace of an epistemological difference.?8

Obviously, Geminus or Posidonius and Ptolemy are not the only ancient
authors who were concerned with the issue of the relationship between physical
and astronomical proofs.?” The combination of this distinction with a strong

demonstrates Aristotle’s ‘uncertainty’ (endoiasmon) about that question; see Simplicius, /n Cael.,
p- 506:7-8.

2 Simplicius, In Phys. I-IV, pp. 291:21-292:31. Although much of the report thus goes back to
Posidonius, modern scholars treat this report as consistent with what Geminus wrote in his Znzroduction to
the Phenomena and therefore as a possible witness for Geminus’ views as well. See Bowen, “The Demarcation’,
pp- 330-31. James Evans and J. Lennart Berggren, the translators of Geminus’ Introduction to the Phenomena,
discuss this passage as evidence for Geminus’ view on realism; see Geminus, [ntroduction, pp. 53—58.

26 Simplicius, In Phys. I-1V, p. 292:3~15.

27 Simplicius, In Phys. I-1V, p. 292:15~20.

28 For the claim that astronomy takes its first principles from physics, see Simplicius, [n Phys. -1V,
p- 292:26-29. For further discussions of this report, see the introduction by Evans and Berggren in
Geminus, Introduction, pp. 53-8, and Bowen, “The Demarcation’, pp. 335—44.

29 Incidentally, see Ian Mueller’s article on a number of other authors (Mueller, ‘Remarks on
Physics and Mathematical Astronomy’).
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epistemological emphasis is very curious in Ptolemy and, as I have just described
in some detail, these different epistemological values of the sciences indeed have
an impact on the theories presented in the A/magest, although in a rather obscure
way. In the following, I want to argue that this ranking of the sciences is even more
important for understanding the Planetary Hypotheses, to the extent that Almagest 1.1
provides a crucial methodological background for understanding the project of the
Planetary Hypotbeses.

The Planetary Hypotheses starts as a reprise of the Almagest. The first half of
Book I deals with the simple returns of the celestial bodies and geometrical models
for the five wandering planets, the Sun, and the Moon, which have been updated
in comparison with the 4/magest. This is the first step that Ptolemy promises in
the outset of his work (Chapter 1.2). Afterwards, the second half of Book I already
reveals Ptolemy’s wish to give a coherent picture of how the cosmos can be conceived
in actuality. He had addressed the exact order of the planets already in the Almagest,
finishing, however, at a dead end. Because of the lack of clear observations, Ptolemy
claimed that the middle position of the Sun (with the Moon, Mercury, and Venus
below, and Mars, Jupiter, and Saturn above) is ‘more plausible’ (pithanatera).>® This
term can best be understood along the lines of exlogos discussed above, implying
that Prolemy is aware that he is leaving demonstrative grounds. Only with the
introduction of two new criteria in Planetary Hypotheses 116 is Ptolemy able to infer
the order and distances of the planets, departing from the few values for the Moon
and the Sun from the A/magest. These two new criteria are, first, that the ratios of
the relative distances from the geometrical models concerning the perigee and apogee
of the planets are like the true ratios, and, second, that there cannot be any void in
the cosmos and thus the maximum distance of a planet must be like the minimum
distance of the upper planet.’! After he has seemingly established the order and
corresponding distances of the planets, he notes that this is only the ‘most likely’
account (asbah al-umiir). Besides the strong connection with the epistemological
value of physics in Almagest 1.1, for which I argue in this chapter, one should
nevertheless also have Plato’s Timaeuns in mind, for the interlocutor Timaeus also
labels his cosmological account as ‘likely’.3> One can find the same hesitation at the
end of Planetary Hypotheses 1.19 regarding planetary sizes: the values given in this

30 Prolemy, Syntaxis, IX.1, Vol. 2, p. 207:13-22. For the parallel between pithanos and exlogos in the
Almagest, see Proclus, In Tim., Vol. 3, p. 62:18, and the discussion of this passage above (pp. 55-58).

31See Plan. Hyp.1.16. For Prolemy’s method, see the commentary on Chapters I.16-19 and the
summary in Goldstein and Swerdlow, ‘Planetary Distances’, pp. 138-43. One could argue that these
chapters on the order and distances of the planets are directed towards instrument makers, whom
Ptolemy addresses in Plan. Hyp. 1.1. The fact that he transfers the relative values into actual stades
tells us that Ptolemy goes beyond that and has a description of the physical cosmos in mind.

32 Tim. 29d2. This was already suggested in Taub, Prtolemy’s Universe, p. 167 n. 15. Cf. Feke,
Prolemy’s Philosophy, p. 188. Perhaps the Phaedo is also relevant, in which Socrates expresses his
doubt about attaining knowledge in natural philosophy (see Phd. 96a6—c2). For the terminological
correspondence to Almagest 1.1, compare the Ishag-Tabit-version, in which ‘guesswork’ (ezkasia) is
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chapter are only true, as Ptolemy admits, if the values for the distances are correct.
If, on the other hand, a void exists in the cosmos (for example, between the main
spheres of each planet), the distances have to be adapted and accordingly the sizes.
The difference between the values for the Sun and the Moon from the Almagest
and the remaining ones from the Planetary Hypotheses is the further addition of
two premises. In the language of Almagest 1.1, the former values are derived from
mathematical calculations and thus from indisputable proofs. The two additional
premises, however, are not derived from similar calculations and thus their result
is only called ‘most likely’. If these additional premises stem from physics, it would
nicely draw a connection between Al/magest 1.1 and their status as providing only
likely results. Concerning the first premise that the relative ratios are like the true
ratios, this might not be the case at first sight, for the true ratios still deal with
measuring the never-changing aethereal realm that Prolemy defined as the subject
matter of mathematics and astronomy in particular. Here, it simply might be the
case that the mathematician is not able to provide sufficient proof from observation
and calculation, and thus, although this premise is strictly not taken from physics
either, its result is not certain. This would somehow correspond to the case of the
anomaly of the Sun in A/magest I11.4; indeed, the premise of corresponding ratios
is the simplest possibility. In the case of the non-existence of a void, the connection
to physics is clearer. Aristotle discussed it not only in On the Heavens but also in
his Physics, and since the void cannot be measured in any way, it would be rather
strange to call the investigation into void mathematical. In addition, the principle
that nature does nothing in vain is about natural philosophy and thus occurs in
Aristotle’s On the Heavens and his biological treatises such as On the Progression
of Animals.3

In summary, whenever Ptolemy leaves clear mathematical proofs, he labels the
result as ‘reasonable’ or ‘most likely’, regardless of whether we call the other premises
physical or not. In the second book of the Planetary Hypotheses, however, Ptolemy
finally makes things much clearer by explicitly dividing his investigation of the shapes
of the spheres into a mathematical and a physical approach. He starts with the latter
and gives a version of his account of elementary motions that s slightly more detailed
than that in A/magest 1.1. Again, the ever uniformly moving aether is brought in
opposition to the sublunar elements.3* Ptolemy then turns to his subject matter of
Book II, namely the shape of the spheres, and starts with the mathematical approach.

translated as asbab wa-abra, ‘most likely and appropriate’; see MS Tunis, Dar al-kutub al-wataniyya,
7116, f. 2":9. I consulted the transcription by Pouyan Rezvani, available on the website of Prolemacus
Arabus et Latinus at: https://ptolemaeus.badw.de/text/Mo7 1 (visited on 20 January 2021).

33 See, for example, Phys. IV.6-9 for the discussion of void; for the statement that nature does
nothing in vain, see Cael. 1.4, 271232-33, and Inc. Anim. 2, 704b1s.

34 The important additional assumptions in Planctary Hypotheses 1.3 are that the celestial motions
of aether are voluntary and that certain powers inherent in the planets play a role. See Plan. Hyp. 11.3
and Chapter III of the present study.
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He claims that there are two options, namely that all celestial spheres are complete
orbs or that some of them are not complete but sawn-oft, for the planets are only
seen to move in a certain area above and below the annual path of the Sun. From the
mathematical data, Ptolemy explains that both of these options are possible, because
it does not make a difference to the resulting planetary motion whether the planetis
carried by a complete sphere or a ring.>> This claim strongly resembles A/magest 1114
on the equivalence of the eccentric and epicyclic theory for explaining the anomaly
of the Sun.3¢ Although, in the latter case, he was satisfied by adducing his principle
of simplicity as a strong indication of the eccentric theory, in the context of the shape
of the spheres, however, this is apparently not enough for Ptolemy, even though
he uses this principle as well at the end of the Planetary Hypotheses in arguing for
sawn-oft pieces. Nevertheless, he spends the following chapters providing the reader
with arguments against complete spheres and for sawn-off pieces.

It is quite noteworthy that Ptolemy refers to Plato and Aristotle explicitly by
name in his discussion of the shape of the spheres. In the case of these slices of
spheres, Ptolemy compares the solid slice to a tambourine and the hollow slices
to belts and bracelets, and, most interestingly, to Plato’s whorls.>” This is the only
explicit reference to Plato in Ptolemy’s extant works. It goes back to the so-called
myth of Er in Republic X.*® Within this account of Er’s near-death experience, Plato
includes the following description of the cosmos: it is dependent upon the spindle
of Necessity, whereas the celestial spheres are the whorls. In a normal spindle, there
was just one disc-shaped whorl. In the case of the cosmos, however, this whorl is
subdivided into a total of eight nested whorls (one for the fixed stars and one for
each Sun, Moon, and the five wandering planets), all of them hollow. The shaft goes
through the hole in the inner whorl.?? Thus, Ptolemy borrows the idea of hollow

35 Plan. Hyp.1L4.

3¢ As discussed by Feke, Prolemy’s Philosophy, pp. 191-92.

37 Plan. Hyp.11.4, p. 292:8. The Arabic term for the Greek sphondylos is falka or filka (see Lane,
An Arabic-English Lexicon, Vol. 6, p. 2444), which should not be confused with falak, ‘sphere’ or
‘circle’. On the Arabic terminology, see also Hartner, ‘Falak’, pp. 761-62.

38 The cosmological description is at Rep. X.616b2-617d1.

39 ¢f. Knorr, ‘Plato and Eudoxus’, p- 316, for an attempt to interpret this myth in a more elaborate
astronomical way. He argued that, in this myth, the three goddesses of fate together generate the diurnal
rotation of the cosmos and the complex planetary motions. There has been a debate about Plato’s
astronomical theories and how his accounts from Republic and Timaens can be interpreted, especially
in comparison with the theories of other astronomers of his time, the most important being Eudoxus
and, later, Callippus and Aristotle. Besides the article by Knorr just cited, see, among others, Heath,
Aristarchus of Samos, pp. 134—22.4; Vlastos, Plato’s Universe, pp. 23—65; Goldstein and Bowen, ‘A
New View’; and Gregory, ‘Eudoxus, Callippus’. See also Halliwell, Plato: Republic 10, pp. 17-21 for
Plato’s astronomical sources and especially for the connection of this myth to the rest of the Republic.
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spheres that are stacked into each other from Plato, and subsequently connects it
with his more advanced astronomical system.*°

Ptolemy then criticises Aristotle explicitly. Although I deal with the details of
his arguments in the commentary on Chapters I1.5-6, this is a suitable place for
a summary of these arguments, as whoever dealt with the Planetary Hypotheses in
later traditions obviously had to face these arguments. In Planetary Hypotheses11.5,
Ptolemy first criticises the idea that celestial motions are transmitted from one
sphere to the next sphere inside of it by celestial poles, an idea that he ascribes to
Aristotle. The idea behind this critique is pretty obvious: if he wants to argue for
the existence of sawn-oft pieces, which move independently from the part of the
heaven near the poles, he first needs to show that the poles and thus this area is
indeed ‘without meaning’, as he puts it in Chapter 1.18, i.e. without any function
for celestial dynamics. The most important argument builds upon the difference
between sublunar and supralunar physics, as presented in Planetary Hypotheses11.3.
The celestial element (aether) is always moving uniformly, without any change or
alteration. According to Ptolemy, it should not be compared with the sublunar
realm, where different physical bodies influence each other in their movements.
The same would be the case for celestial poles, which are somehow distinct from
the sphere and, since they are attached to the upper sphere, cause the inner sphere
to move with it. This leads to another set of problems, as Ptolemy wonders whether
the celestial poles should be considered as bodies or points. He dismisses the latter
option immediately, as mathematical points lack physical existence, and what is
not bodily cannot be connected to a body. This straightforward argument had
been brought forward already by Aristotle in On the Motion of Animals 3, where
he argues that even the cosmos needs an external immovable point by which it is
supported.*! Ptolemy, however, goes on to explain that the celestial poles cannot
be bodies either. This assertion would lead either to (a) that they are of the same
substance as the surrounding element (i.e. acther) or (b) that they would differ
from the acther of the spheres. Option (a), then, begs the question of what makes
them different from the rest of the spheres, so that one could ascribe to these
points the capacity of moving the rest of the sphere. For dismissing (b), Ptolemy
goes back to his theory of elementary motions. If the poles were not made out of
aether, their natural place would be different from that of the surrounding aether
and thus they could not stay in the acthereal realm.*? Thus, this set of arguments
ultimately ends with the claim that the assumption of celestial poles as distinct

40 Incidentally, the whotl also shows up in Strabo’s Geography, where he uses it to describe the
area between the equator and the Arctic circle; see Strabo, Geographica, 11.5.6, Vol. 1, p. 150:19-27.
This shows that Ptolemy was not the only one to follow Plato in using the whorl as an example of a
ring-shaped area taken out from a spherical object.

4 Mot. An. 3,699a20-2.4.

42 See Plan. Hyp. ILs, pp. 294:21-296:17.
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physical entities with the capacity to move the aethereal spheres is not conceivable
in the heavenly realm.

Another line of argument again starts with a comparison with sublunar physics
and is probably another direct reply to Aristotle. Ptolemy makes the point that even
on Earth, round objects (balls, globes) do not necessarily need an unmoved external
pole, and he refers to rolling motions as an example. His idea seems to be that if
we observe a ball rolling on the floor, it does not have a physical body on which it
is fixed and around which it rotates. The way he puts it is highly illuminating, for
he says that the rolling spheres ‘do not depend on any one external thing’, and he
goes on to say that ‘it is not possible for something fixed to be the cause of motion,
but rather, the cause must be something other than these points.”*®> Contrary to
Aristotle in On the Motion of Animals, Ptolemy apparently denies the necessity of
an external resting support on which the spheres depend for their motion or at least
that these leaning points induce the spheres’ motion, and indicates that the circular
motion arises from the inside of the sphere itself.

Ultimately, this rejection of celestial poles as transmitters of motion also implies
that Aristotle’s counteracting spheres, which Prolemy mentions twice in this context,
become superfluous. If the motion of an upper sphere is not mechanically transmitted
through the poles to the inner one, the complex motions of the upper planet do not
influence the motion of a lower planet and thus do not need to be cancelled. This
is what Ptolemy tries to establish with his alternative theory of celestial dynamics
that rests on the idea that certain capacities connected to souls induce the celestial
motions. While the details of this theory will be discussed in the next chapter, it
should be clear by now that Ptolemy has two main reasons for opening up this
argument. First, he must argue that the poles and thus the entire regions around
them are indeed superfluous for an explanation of planetary motions, which allows
us to assume sawn-off pieces. Second, by identifying the mechanical transmission
of motions via poles and Aristotle’s theory of counteracting spheres, he uses the
same arguments against these unrolling spheres that oppose his economical theory
of celestial motions that uses as few spheres as possible.

This last principle is first laid out in Planetary Hypotheses 11.6. Ptolemy claims
that in the case of sawn-off pieces, they are in direct contact with each other and with
a certain area of the aether that imparts diurnal rotation to each of them. Ptolemy
explains why one needs fewer spheres in the case of sawn-oft pieces in more detail
later when he presents the planetary models. However, to put it very briefly here, the
area of the parts of the spheres that have been abandoned is now filled with aether
or, as Prolemy puts it, ‘the rest of aether’. This acther moves naturally in the diurnal
direction and is in direct contact with the main sphere of each planet below it, not
only with the one next to it, due to the ring shape of the sawn-oft pieces. Moreover,
the parecliptic shells, which are the result of an eccentric complete sphere rotating

3 Plan. Hyp. ILs, pp. 294:6-9.
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within another complete sphere, do not occur anymore, because a ring rotating
within another ring does not divide that ring into two unconnected parts.44

Chapters I1.5-6 are therefore of special interest to the historian of astronomy
as well as philosophy. It is true that Ptolemy does not tell us very much about the
astronomical system of Aristotle and his predecessors.*> He simply ascribes to
him and other ‘natural philosophers’ the theories of celestial poles that transmit
motion and of counteracting spheres, although it is not entirely certain whether
this is actually a fair presentation of Aristotle’s cosmology, given that unmoved
movers also play a crucial role in jt.4¢ Although Ptolemy directly opposes what he
at least considers as Aristotle’s position, he apparently wants to place himself within
the Platonic tradition when he compares his sawn-off pieces with Plato’s whorls.
A similar move is known from Dercyllides’ On the Spindle and Whorls in Plato’s
Republic, a fragment of which is preserved in Theon of Smyrna’s Mathematics Useful
for Reading Plato. Whereas the former is roughly dated to the first century AD, the
latter lived only slightly before Ptolemy at the beginning of the second century AD.¥
Theon reports that Dercyllides

accuses all those philosophers who, as if unifying inanimate celestial bodies, introduce
multiplications of spheres to the spheres and the circles of the celestial bodies, as Aristotle
thinks it right to do, and among the mathematicians Menaechmus and Callippus, who
introduced some spheres to carry the stars and some to unwind (anelittousais) the other
spheres.®

Although Dercyllides’ work is not extant in its entirety and we thus do not know
what exactly Dercyllides had to say about Plato’s whorl, the fragment in Theon
testifies that Dercyllides saw himself in line with Platonic astronomy and argued
that celestial bodies choose their motions.*’ Theon himself also claims that — after
citing the entire myth of Er in Mathematics Useful for Reading Plato — he had
written a commentary on Plato’s Republic, in which he had discussed the myth of

4 For the details, see the commentary on Chapters IL11-16.

45 Since, apart from these cosmological arguments, Ptolemy does not discuss homocentric
planetary theories, I refrain here from a proper analysis and comparison, and also because it has been
the subject of much research already. See the literature cited in the commentary on Chapters II.5—6
and also below (pp. 151-52 n. 4).

46T will deal with this question briefly in Chapter III.

7 The dating of Theon of Smyrna depends on a bust that apparently stems from the Hadrianic
time. However, Theon of Smyrna should not be confused with the Theon to whom Ptolemy refers
in his Almagest. See Jones, “Translating Greek Astronomy’, pp. 467-68.

48Theon of Smyrna, Expositio, 201:22-202:2, tr. by Richard Sorabji in Sorabji, ‘Adrastus’, p. 586.

) The entire passage in question is at Theon of Smyrna, Expositio, 198:9~202:7. See van der
Waerden, “The Earliest Form’, p. 183, and Zhmud, The Origin, pp. 234—35. For possible sources
of Dercyllides’ account, see van der Waerden, ‘Die Erkenntnistheorie’, pp. 229-34. Richard Sorabji
suggested that the fragment in question is not from Dercyllides but from Adrastus, whom Theon
had indeed cited before he mentions Dercyllides; see Sorabji, ‘Adrastus’, pp. s84—86. Against that,
see Petrucci, ‘Il Commento’, p. 14, . 49.
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Er, and even that he attempted to construct a model analogous to the description
in the myth.>® Alexander Jones argued that we find Platonic as well as Aristotelian
elements in Theon’s cosmology and that Theon even tried to interpret Aristotle’s
Metaphysics XI1 and Plato’s myth of Er as allowing for the existence of non-homo-
centric spheres.

In addition, there is the evidence of two Peripatetic philosophers, Adrastus and
Sosigenes (both fl. second century AD). The former is cited extensively by Theon of
Smyrna and Sosigenes, whereas the latter was the teacher of Alexander of Aphrodisias
and thus an older contemporary of Ptolemy. Like Theon of Smyrna later, Adrastus
also dealt with astronomy within a commentary on a Platonic work. In Adrastus’
case, however, the commentary was on the 77maeus. Although this commentary
is not extant, many fragments survive in later authors.”> Through these citations,
we know that Adrastus devised a physical theory for the planets that made use of
epicycles and that he thought that epicycles had already appeared in Plato and
Aristotle.>3 Nevertheless, he is still considered as a Peripatetic due to his overall
agreement with Aristotle on issues of natural philosophy; indeed, the claim has
been made that Adrastus considered Aristotle’s astronomical theories as a necessary
development of Plato’s Timaeus.>*

The same is valid for Sosigenes, of whom Simplicius preserves a lot in his
commentaries on Aristotle’s works. We know that Sosigenes wrote an astronomical
work that included a discussion ‘on the counteracting spheres’ (en rois peri ton
anelittouson), as reported by Proclus in his Exposition of Astronomical Hypotheses.>
It should be mentioned as a side note that the Greek term anelittousai does not
necessarily denote the counteracting spheres added by Aristotle exclusively, but is
often used more generally of the homocentric spheres of Eudoxus and Callippus.>®

Like Adrastus before him, Sosigenes apparently was not satisfied with the
astronomical theories of Eudoxus, Callippus, and Aristotle. As Simplicius testifies,
Sosigenes complained that ‘the [spheres] of the Eudoxans do not in fact save the

39See Theon of Smyrna, Expositio, pp. 143:7—146:5, as briefly pointed out in Jones, ‘Translating
Greek Astronomy’, p. 467.

31 See Jones, ‘Translating Greek Astronomy’, pp. 475-78. As a minor point, it is interesting to
note that it is ‘out of place’ (atgpos) that the ‘mathematicians’ argue whether the Sun moves on an
epicycle or an eccentric circle; see Theon of Smyrna, Expositio, p. 154:12—17.

52 See Moraux, Der Aristotelismus. Zweiter Band, pp- 296-99, and Petrucci, Il Commento’,
especially pp. 14-25 for the astronomical part.

53See Moraux, Der Aristotelismus. Zweiter Band, pp- 305—13, and Sorabji, ‘Adrastus’, pp. 581-84.

54 As argued in Petrucci, ‘Adrastus on Aristotle’.

55 See Proclus, Hypotyposis, p. 130:18—19. It is not entirely certain whether this should be considered
as the actual title of this treatise, since it is otherwise (for example, in Simplicius) not attested. See
Bowen, Simplicius on the Planets, pp. 249-so0.

3¢ See Moraux, Der Aristotelismus. Zweiter Band, pp. 344—47, and Bowen, Simplicius on the
Planets,p. 135 n. 113.
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phenomena’.” Because of the difficulty of exactly determining where the citations
of Sosigenes end in Simplicius’ commentary, it is not easy to extract a complete
picture.58 In any case, Simplicius at least makes it clear that Sosigenes raised some
doubts about the theory of eccentric spheres and epicycles, the most obvious one
being that such spheres contradict Aristotle’s teaching that every celestial body
should move around the centre of the cosmos.>® In Sosigenes, we thus find the two
main worries the Peripatetics had to face in this period. The first was that the new
astronomical tools (epicycles and eccentric spheres) could account better for the
apparent celestial motions than the homocentric theory of Eudoxus, Callippus,
and finally Aristotle. The second was that this alternative astronomy might conflict
with Aristotle’s natural philosophy.

In summary, Ptolemy’s attack against Aristotle in Planetary Hypotheses 11.5-6 is
placed in a time of merging and debating various Platonic, Aristotelian, and recent
astronomical elements. There is enough evidence of philosophers who critically
engaged with Aristotle’s astronomy, often within a Platonic frame, though still
subscribing to fundamental Aristotelian positions such as the existence of acther.
Providing an explanation of Plato’s whorls in connection with a working astronomical
theory seems to have been an important motivation for a number of authors in
this time. Against this backdrop, one can understand why Ptolemy compares his
sawn-oft pieces to Plato’s whorls. The appearance of the Platonic whorls in other
astronomical works strongly suggests that Ptolemy does this not only because he
strives for an authoritative philosophical justification for his sawn-off pieces, but even
to show that he does not consider his theory as his own new one. On this account,
we can read Planetary Hypotheses 11.4, in which Prolemy presents the two theories of
complete spheres and sawn-off pieces, as a brief introduction into recent discussions
on Plato’s and Aristotle’s astronomical accounts. An illustration of the importance
of Plato and Aristotle for this first half of Book II of the Planetary Hypotheses is
the fact that Prolemy refers to both of them, and not to other philosophers, in

57 Simplicius, [z Cael., p. s04:17-18, tr. by Alan C. Bowen in Bowen, Simplicius on the Planets,
p- 165. The expression ‘saving the phenomena’ goes back the famous story by Sosigenes, as cited by
Simplicius, that Plato set this as the astronomers’ task, namely to find an astronomical theory with only
uniform circular motions that fitted the celestial appearances. See Simplicius, [z Cael., p. 488:21-24.
There is copious literature on this report and its historicity. See, among others, Duhem, 2&zv 7o
@auvdueve; Mittelstrass, Die Rettung; the comments by James Evans and J. Lennart Berggren in the
introduction to Geminus, /ntroduction, pp. 49-58; Bodndr, ‘Sozein ta phenomena’; and Bowen,
Simplicius on the Planets, pp. 251-59.

>8 As an example, it has been argued that at 505:23-27 of Simplicius’ commentary on On the
Heavens, Sosigenes makes an attempt to show that even Aristotle had recognized some problems
with this theory, whereas Alan C. Bowen argued that this part does not belong to the citation from
Sosigenes anymore. See Schramm, Ibn Al-Haythams Weg, pp. 46—47; Moraux, Der Aristotelismus.
Zuweiter Band, p. 354; and Bowen, Simplicius on the Planets, p. 165 n. 268.

59 See Simplicius, I Cael., p. 509:19-28; Schramm, [bn Al-Haythams Weg, pp. 55-63; and
Moraux, Der Aristotelismus. Zweiter Band, 355—57.
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Chapters I1.4-5. Ptolemy’s main aim in Book II of the Planetary Hypotheses then
is not only a defence of his own, new theory on the shape of celestial bodies but also
an attempt to combine Plato’s whorls, Aristotelian natural philosophy, and more
recent inventions such as epicycles and eccentric spheres.

What distinguishes Ptolemy’s discussion, however, from (at least some of) his
predecessors is the context in which he discusses the Platonic and Aristotelian
heritage. His agenda was not to harmonise Aristotle’s homocentric theory with the
appearances or the theories of epicycles and eccentric spheres, because, supposedly,
he thought that his reconstructions from the A/magest had sufhiciently established
that they work better. Thus, Aristotle’s homocentric theory is not discussed with
respect to the question whether it fits the appearances but instead whether it is
coherent from the physical point of view.

In addition to refuting Aristotle’s complete spheres, Prolemy also explains at length
why his theory of sawn-off pieces, in his eyes, should be preferred. Nevertheless, in
Chapters I1.11-16, he finally presents the planetary models in both ways, namely, if
we adopt complete spheres and if we adopt his sawn-off pieces. One reason why he
does that is obviously the attempt to prove that his new theory indeed needs fewer
spheres than any system involving complete spheres, even if one does not follow
Aristotle’s idea of counteracting spheres. Still, there is a lack of a final statement,
something along the lines that ‘since I have proven now that we indeed need fewer
spheres in the case of sawn-oft pieces, this is how the cosmos is constituted’. As
I have argued in this chapter so far, here again, we can detect Ptolemy’s caution
concerning indications deriving from physical arguments. As he said in the beginning
of Book II, there is no mathematical reason definitely proving that one of the two
theories is correct or incorrect. Thus, all the physical arguments in the following
chapters and his demonstration that his own theory is more economic are not
necessary proofs. This is the second reason why Ptolemy provides two versions for
each planetary model and this again highlights how the epistemological distinction
of the three theoretical sciences in A/magest 1.1 permeates the entire Planetary
Hypotheses. This interpretation has the obvious downside that many results from
the Planetary Hypotheses have to be considered as only conjectural in Ptolemy’s
own terminology. In this context, one can point to Ptolemy’s description of his
principle of simplicity in A/magest XII1.2. There, Ptolemy makes the point that
although his planetary models might seem rather complicated, they still could be
characterised as simple, for simplicity in the terrestrial world might be completely
different from simplicity in the celestial realm. Alexander Jones described this as a
‘dangerous (and perhaps desperate) move [...] since one might wonder whether it
leaves any place for simplicity arguments in astronomy.”®® Since Ptolemy uses this
principle of economy in the Planetary Hypotheses despite these general reservations

0 Jones, “Theon of Smyrna and Ptolemy’, p. 95, with reference to Ptolemy, Syntaxis, XII1.2,
Vol. 2, pp. 532:12—-534:6.
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about its demonstrable status, one could wonder about the actual agenda and aim
of this work, and one could be worried about how seriously he takes the results of
his own work.

Fortunately, Ptolemy also wrote a work called On the Kriterion and the Hegemonikon,
in which he lays out his epistemological principles. Although the authenticity of this
work has been doubted, Jacqueline Feke, in her account of Ptolemy’s philosophy,
has shown how On the Kriterion is consistent with the philosophical doctrines from
his other works.®! As the title suggests, this work is divided into two parts. The first
deals with Ptolemy’s criterion of truth, the second with the ruling part of the soul. Of
interest to the present question is the first part, in which Ptolemy discusses the way
in which knowledge is generated. Ptolemy introduces us to this topic by providing
an analogy with a law court. This leads him to say that if truth is the goal, sense
perception is the instrument by which the intellect, the agent of judgment, judges.
Reason is the means by which the intellect is able to judge the perceived things.62
After distinguishing body and soul, Ptolemy compares two capacities of souls with
respect to their activity, namely sense perception and thought. He describes that
first the senses perceive things, then phantasia transmits what is perceived to the
intellect, and that thought comes into play here and makes judgements about them.
The difference between sense perception and thought, according to Ptolemy, is not
the object. Instead, the senses only deal with things while they are perceiving them.
In doing so, they are independent from intellect. The intellect, on the other hand,
needs sense perception, at least in the beginning, for without the signal from the
senses, there is nothing to which it could apply thought.®®> Although this sounds
like a straightforward empiricist statement, Ptolemy argues in the following that one
should not favour intellect over sense perception or vice versa, for they both play a
necessary role in generating certain knowledge. Next, Ptolemy acknowledges that
both are liable to deception, for example, when things affect more than one sense at
atime. Whenever the senses, however, perceive simple things, their judgments get at
least as close to truth as humans can ever get.®* This first part closes with Ptolemy’s
distinction between opinion and knowledge. He describes this distinction and
transition as follows:

61 See Feke, Prolemy’s Philosophy, especially pp. 14463, and previous studies in Boll, Studien,
pp- 77-93, and Long, ‘Prolemy Oz the Criterion’, including discussions on the question of its
authenticity. Since these studies discuss Oz the Kriterion and its influences in detail, I restrict myself
to a couple of notes that might be helpful for understanding what Ptolemy means by certain assertions
regarding the soul, intellect, and volition.

©2 Prolemy, ‘Peri Kritériow’, pp. 5:4-14. I made use of the English translation by the Liverpool-
Manchester Seminar on ancient Greek philosophy, published with a revised text in Huby and Neal,
The Criterion of Truth, pp. 179-230.

©3 Prolemy, ‘Peri Kritériow’, p. 13:3-14:3.

¢4 Prolemy, ‘Peri Kritériow’, pp. 15:5-16:7.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



PTOLEMY'S METHODOLOGY AND EPISTEMOLOGY 47

When the internal Jogos of thought combines with these simple and non-inferential k7zteria,
even Jogos can still only form opinions if it concentrates exclusively on its immediate object.
But when it makes clear scientific distinctions, it at once enters the state of knowledge.
This involves separating and combining the differences and non-differences between actual
things, and moving up from particulars to universals and on to the genera and species of
the objects before it.®®

What does this epistemological framework mean for Ptolemy’s astronomy? First, the
relative importance of sense perception is mirrored by Ptolemy’s downgrading of
theology, since its object cannot be properly perceived, and elevation of astronomy,
since the motions of the stars can be perceived and never change, which makes it
easier to go from particular observations to universal planetary models, for example.
This is what Ptolemy does in the A/magest and he thus can label the result as solid
knowledge according to his criteria from Oz the Kriterion. Nevertheless, astronomy,
one could add, is not always as certain as A/magest 1.1 seems to suggest, for Ptolemy
notes later in IT.1 and IX.2 that observations might be inaccurate because of imprecise
methods or having only a small number of observations.®® This means that even
in astronomy, there is room for some uncertainties. One can only be as certain as
humans can get, as Ptolemy expressed it in Oz the Kriterion, in light of the quality
of the empirical observations. In this context, then, theology and physics should
not be seen as pseudo-sciences without any value but simply as sciences leaving
more room for ambiguity than a mathematical science such as astronomy. These
uncertainties of astronomical science, however, do not result from a general human
incapability to grasp certain objects of the cosmos. Instead, they arise from occasional
observational imprecisions that can have a negative impact on the exactness of our
astronomical knowledge. This means that ongoing observations and a refinement
of astronomical instruments can generate better astronomical theories, as is the
case with Ptolemy and his predecessors, or with the earlier A/magest and the later
Planetary Hypotheses. In the same way, further application of thought and a more
and more skillful analysis can disprove one physical opinion after the other to finally
reach a firmer opinion that is more likely than the previous ones.

The sources of Ptolemy’s epistemology have already been extensively discussed.
In summary, they all amount to the conclusion that he indeed borrows notions from
different traditions, most importantly Aristotelian, Platonic, and Stoic elements,
though there are differences as to which of these sources might have been the most

65 Ptolemy, ‘Peri Kritériow’, p. 18:9—17, tr. from Huby and Neal, The Criterion of Truth, p. 1205.
See also Polemy, ‘Peri Kritériou’ p. 6:9—11, where opinion and knowledge are introduced. For similar
summaries of Ptolemy’s epistemology from O the Kriterion, see Boll, Studien, pp. 77-87; Long,
‘Prolemy On the Criterion’, pp. 162—65; Feke, Prolemy’s Philosophy, pp. 35-37.

€6 See Feke, Prolemy’s Philosophy, pp. 131-34.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



48 CHAPTER II: ASTRONOMY, NATUR AL PHILOSOPHY

important.é7 From these previous studies, it becomes clear that Ptolemy was able to
draw from a huge variety of sources regarding scientific truth and conjecture. More
illuminating might be the comparison to his contemporary Galen, who is famous
for his critique of speculative philosophy, for example, concerning questions such as
the eternity of the world and the existence of a void outside of our cosmos.®® In his
view, these are good examples of questions on which philosophers cannot actually
come to a final agreement, which is very much the same attitude Ptolemy exhibits
concerning theological or physical questions in general. Like Ptolemy, Galen also
emphasizes the important role of both reason and sense perception in attaining
truths. Finally, we can use Galen’s notion of ‘approximating the truth’ to better
understand what Ptolemy could mean by ‘conjecture’. As Riccardo Chiaradonna
argued, in Galen, one finds the distinction between what is merely persuasive and
what approximates the truth. As opposed to the former, which simply states that an
argument is persuasive, but does not entail any epistemological value beyond that,
the latter can indeed be described as likely to be true.®® For our present investigation,
this means that the relationships among truth, probability, and persuasion were the
subject of ongoing discussions, and probability or conjecture did not generally have
the simple meaning of making an unfounded guess.

Let us turn back to Al/magest 1.1. Before Ptolemy distinguished among the
three theoretical sciences, he distinguished theoretical philosophy in its entirety
from practical philosophy, claiming that ‘it is impossible to achieve theoretical
understanding of the universe (¢és de ton holon theorias) without instruction’.””
Notably, this claim comes before the separation of mathematics and astronomy
from the other theoretical sciences, and thus he plans to ‘devote most of our time
to intellectual matters, in order to teach theories, which are so many and beautiful,
and especially those to which the epithet “mathematical” is particularly applied.”*
This means that Prolemy considers mathematics as probably the most important of
the theoretical sciences for a thorough understanding of the cosmos, but apparently
not the only one. Although it is certainly true that the A/magest mostly deals with
mathematics, there are certain aspects of the cosmos that need physical arguments,
of which we have seen examples throughout the present chapter. These physical
arguments may not be as certain as mathematical proofs, but Ptolemy shows

67 See Boll, Studien, pp- 77-93, for the identification of Aristotelian elements; Lammert, ‘Eine
neue Quelle’, and Lammert, ‘Eine neue Quelle. Zweites Kapitel’, on the Stoic context; and, recently,
Feke, Prolemy’s Philosoply, Chapter 3 for its closeness to philosophical handbooks e.g., by Alcinous.
See also Long, ‘Prolemy Oz the Criterion’, pp. 163-65.

68 For these two examples, see Adamson, ‘Galen on Void’, and Koetschet, ‘Galien, al-Razi’. For
the following brief comparison of Prolemy’s epistemology to that of Galen, I rely on Chiaradonna,
‘Galen on What is Persuasive’. Ptolemy had already been compared to Galen by Anthony A. Long.
See Long, ‘Ptolemy On the Criterion’, pp. 165—71.

69 See Chiaradonna, ‘Galen on What is Persuasive’, especially pp. 80-88.

70 Prolemy, Syntaxis, 1.1, Vol. 1, p. 4:14, tr. by Toomer in Ptolemy, Almagest, p. 35.

71 Prolemy, Syntaxis, 1.1, Vol. 1, p. 5:4—7, tr. by Toomer in Ptolemy, Almagest, p. 35.
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in the Planetary Hypotheses that some physical theories are preferable to others,
whereas yet others are already excluded by mathematics. Speaking in more general
epistemological terms, in these cases where mathematics is not decisive because
what has been perceived by the senses is not enough to judge the underlying causes,
reason steps in and qualifies some of the possibilities as less or more reasonable than
others. Moreover, as we have seen, astronomical observations are not completely
free from any doubt.

In addition, Ptolemy offers a further reason why one should engage with physics,
although it has an inferior epistemological status to astronomy. Theoretical philosophy
in general, and within it mathematics in particular, also has an important ethical
value for Prolemy. Just as Plato did in the 77maeus, Ptolemy connects the study of
the celestial motions with the orderly state of the human soul and the direction of
actions towards what is good:

With regard to virtuous conduct in practical actions and character, this science, above
all things, could make men see clearly; from the constancy, order, symmetry and calm
which are associated with the divine, it makes its followers lovers of this divine beauty,
accustoming them and reforming their natures, as it were, to a similar spiritual state. It is
this love of the contemplation of the eternal and unchanging which we constantly strive
to increase, by studying those parts of these sciences which have already been mastered by
those who approached them in a genuine spirit of enquiry, and by ourselves attempting
to contribute as much advancement as has been made possible by the additional time
between those people and ourselves.”*

These passages nicely underline the description of the A/magest as a pedagogical
work that has been made by some modern scholars.”® As a last point on the nature
of the Planetary Hypotheses, I want to suggest that Prolemy follows the same
methodology as in the Almagest. All these instances of a continuation from the
Almagest to the Planetary Hypotheses might not be too surprising, since Ptolemy

72 Prolemy, Syntaxis, 1.1, Vol. 1, pp. 7:17-8:6, tr. by Toomer in Prolemy, Almagest, pp. 36-37. For
detailed analyses of Ptolemy’s theory of the ethical value of theoretical philosophy, see Taub, Ptolemy’s
Universe, pp. 135—38; Feke, Ptolemy’s Philosophy, Chapter 4. In Tim. 47bs—c4, Plato describes how
God provided humans with sensation to perceive the celestial motions so that they can harmonize
their souls accordingly. Compare this also with Ptolemy’s description of the goal of astronomy as
approaching the divine in Prolemy, Syntaxis, IV.9, Vol. 1, p. 328:3-11.

73 Among others, see Bernard, ‘In What Sense’, pp. 98-99, and, most recently, Kremer, ‘Experience
and Observation’, p. 215. This is also confirmed by the way in which the A/magest was indeed used in
late antiquity, for example, as well as in the medieval Arabic tradition, where philosophers themselves
or biographers claim to have studied Prolemy’s A/magest and, through it, astronomy in general. See
Pingree, “The Teaching’, and Jones, ‘Uses and Users’, for the late ancient tradition. In Avicenna’s
autobiography, Avicenna first describes how he studied the A/magest after mastering Euclid. Then
his pupil, al-Cﬁzgini, continued the biography, and when he describes how Avicenna finished the
The Cure in Isfahan, he simply uses ‘Almagest’ as an equivalent to astronomy. See Avicenna and
al-Gazgani, The Life, pp. 22:5-24:6 and 64:5-66:4.
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himself connects the two works in the preface of the Planetary Hypotheses.”* As an
example of Ptolemy’s methodology in the A/magest, one can look at how Ptolemy
unfolds his theory of Moon, as Alexander Jones has already done.” Ptolemy does
not simply provide a final model for the Moon’s motion and shows how it conforms
with the observational data. Rather, he shows a way to get to this correct model and
how this process is properly done, although this includes making a mistake on the
way that has to be corrected in the end. The same methodology can be observed
in the Planetary Hypotheses on different occasions. For example, in Planetary
Hypotheses 1.19, he takes us through the various steps for calculating the volumes of
the planets. Here again, he first gives values for the diameters under the condition that
all diameters form the same apparent angle at their mean distance, which facilitates
the calculation in the first place, despite being only approximations. Thus, in the
next step, he shows how to correct that and how to derive the correct values for the
relative diameters.”® Alternatively, let us take a look at how he unfolds the setup of
the cosmos in Book II. He not only claims that his theory of sawn-oft pieces is more
economical in general terms, but he also explains, for each planetary model, how
many complete and how many sawn-off pieces we would need and why that is so,
after their compliance with the previously established principles of physics has been
secured. If we adopt the notion that Ptolemy teaches his readers in the A/magest how
mathematical astronomy should be done, they now learn in the Planetary Hypotheses
how to properly connect these astronomical theories with physical arguments, even
though they might not provide us with the same degree of certainty. The doubts he
usually connects with his arguments concerning the non-existence of the void or
that nature does nothing in vain simply pick up his lament from A4/magest 1.1 that
philosophers may never agree about theological or physical issues. Thus, Ptolemy
shows in the Planetary Hypotheses how a theoretical philosopher, as part of his or
her path towards ethical well-being, can study astronomy and physics and arrive at

some degree of probable knowledge.

Ptolemy’s Epistemology and Astronomy in Late Antiquity

In the next chapter, I will draw a picture of how these different issues concerning
the relationship between physics and mathematics, their different epistemological
values, and the consequences of this relationship for statements about the physical
nature of astronomical models were treated in the medieval Arabic tradition.
First, however, this is the place for some brief notes about the reception of the
Ptolemaic tradition during late antiquity. Although this is not the main aim of
the present investigation, the reception of these topics and of Ptolemy’s Planetary

74N point made already by Régis Morelon, see Morelon, ‘Le Livre des hypotheses’, p. 99.
75 Jones, ‘Prolemy’s Mathematical Models’, pp. 28-29.
76 Plan. Hyp. 119, pp. 278:14-280-21.
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Hypotheses in particular can help us understand which problems authors saw
in Ptolemaic astronomy and cosmology. In fact, when we are talking about
late antiquity, we are roughly talking about the time between Ptolemy and the
translation of Greek philosophical and scientific texts into Syriac and Arabic.
Thus, an attempt to cast light on astronomy and philosophy in this period can
establish certain lines of transmission. For example, we know that Neoplatonic
works were a prominent part of this translation movement and thus had a huge
impact on Islamic philosophers.”” Even if it is not always possible to determine
this transmission, we will still get a better idea of the problems at which we are
going to look in the next chapter.

Undoubtedly, Ptolemy and, most famously, the A/magest have attracted wide
interest by astronomers and philosophers equally.”® Two centuries after Ptolemy,
Pappus and Theon of Alexandria wrote commentaries on Ptolemaic works. Of the
former’s commentary on the A/magest, only the comments on Books V and VI have
survived. Theon of Alexandria wrote two commentaries on the Handy Tables as well
as (with editorial help by his daughter Hypatia) a commentary on the A/magest,
which is preserved nearly in its entirety.”” Concerning the topics discussed in this
chapter, these two commentaries, although they were subsequently quite influential,
do not add new discussions. Given that we only have Books V and VI of Pappus’
commentary, this is natural in Pappus’ case. Theon’s commentary to Ptolemy’s
epistemological framework from A/magest 1.1 is a straightforward presentation
without any critical or approving remarks.®” In addition, there is no explicit reference
to the Planetary Hypotheses in the four books of Theon’s commentary that have
been edited so far.

This last point changed with the Neoplatonic commentators, especially Proclus
(d. AD 485) and Simplicius (fl. sixth century AD), who refer to the Planetary
Hypotheses by its title and even quote parts verbatim. This development is surely
no coincidence, for several philosophers connected to the Neoplatonic school in

77 As an example, see the various articles in D’Ancona, The Libraries.

780n the decreasing number of astronomers and astrologers after the second century AD, however,
see Thomann, “The Second Revival’, pp. 909-13.

77 See the editions by Adolphe Rome in Pappus, Commentaires (on Books V-V1 of the Almagest),
Theon of Alexandria, Commentaire sur les livres 1 et 2 (on Books I and II of the A/magest), Theon of
Alexandria, Commentaire sur les livres 3 et 4 (on Books IIl and IV of the Almagest). For an overview,
see Bernard, “The Alexandrian School’. Ibn al-Nadim’s Fzbrist knows both authors, but only a work by
Theon on the A/magest. This is mentioned as the ‘Introduction to the Almagest in an old translation’
(Kitab al-Mudbal ila I-Majisti bi-naql gadim), which might point at an otherwise unknown Arabic
translation. See Ibn al-Nadim, K7¢4b al-Fibrist, Vol. 1, p. 268:29 (and also Kunitzsch, Der Almagest,
pp- 118-19 1. 17); for Pappus’ entry, see p. 269:8—10. Franz Rosenthal identified that al-Kindi depends
on Theon’s commentary in his own paraphrase of the first eight chapters of the Al/magest, proving
that al-Kindi had direct access to (at least a partial version of) Theon’s commentary (see Rosenthal,
‘Al-Kindi and Ptolemy’, pp. 446-53).

80 See the text in Theon of Alexandria, Commentaire sur les livres 1 et 2, pp. 319~24, and similarly
Mansfeld, Prolegomena Mathematica, p. 77.
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Athens are known to have written astronomical works: Syrianus wrote an astro-
nomical work that is perhaps comparable with the commentaries by Pappus and
Theon. Of his successor as leader of that school, Proclus, we have his astronomical
compendium Exposition of Astronomical Hypotheses (Hypotyposis ton astronomikon
hypotheseon). Ammonius, a pupil of Syrianus, wrote a work on the astrolabe,
as did his pupil John Philoponus, and Simplicius includes much astronomical
material in his commentary on Aristotle’s Oz the Heavens.3! Of these, Proclus was
the first to cite the Planetary Hypotheses in his commentaries on Plato’s Timaeus
and Republic. Although Proclus is thus an important figure for the reception of
Ptolemy’s cosmology, I will restrict myself to a couple of remarks, since none of the
works in question were (fully) available in Arabic, as it seems.?? In general, Proclus
argues against Ptolemaic astronomy and its use of eccentric and epicyclic spheres
on various occasions. At the end of the Exposition of Astronomical Hypotheses,
Proclus wonders whether the eccentrics and epicycles are only conceived in the
mind (epinoeisthai) or whether they actually exist (hypostasin exein) in the spheres
to which they are attached:

If they are only conceived, they [viz. the astronomers] have moved from physical
bodies to mathematical notions and explain from things that do not exist in reality
the causes for physical motions, without [even] being aware of it. [...] But if they have
actual existence, they destroy the continuity of the spheres in which the circles are,
these separately moving [circles] and those separately moving [spheres], not uniform
to each other, but rather contrary to each other; [and they do this,] confounding their
distances to each other, as if they are sometimes brought together and become in one
plane, and sometimes they depart from each other or cut each other. [...] Besides these
[problems], the transmission of these constructed hypotheses appears arbitrary. Why
does the eccentric behave as it does in each case, being fixed or moved, and the epicycle
in this way, whereas the star is moved in the opposite or the same direction? They do
not talk at all about what the causes are of these planes and distances, I certainly mean
the true causes [...]. However, while they [viz. the astronomers] advance in the reverse
order, they do not conclude from the hypotheses the next [things], as the other sciences,
but from the conclusions, they try to form the hypotheses from which one [actually]
needs to show them.%3

81See Goulet and Luna, ‘Syrianus d’Alexandrie’, pp. 704—0s for Syrianus; Proclus, Hypotyposis;
Philoponus, ‘De usu astrolabii’, especially p. 129:9 for the reference to Ammonius. Also see Pingree,
“The Greek Influence’, pp. 32—34. For Simplicius, see Bowen, Simplicius on the Planets.

82 0n the Arabic fragments from his commentary on the T7macus, see Arnzen, ‘Proclus on
Plato’. These do not include the passages that are important for the present study. Ibn al-Nadim
mentions a Syriac version of a commentary on the tenth book of the Republic (see Ibn al-Nadim,
Kitab al-Fibrist, p. 252:21). Detailed analyses of Proclus’ astronomy have been offered in Segonds,
‘Proclus: Astronomie’, and Siorvanes, Proclus, pp. 262—-316.

83 Proclus, Hypotyposis, pp. 236:18-238:20; my English translation has been made with reference
to the facing German translation by Karl Manitius.
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In this passage, Proclus questions the value of the theories that include epicycles
and eccentrics for physical and metaphysical investigations. If the astronomers
use them only as mathematical entities, they do not provide any explanation for
the causal relations of the spheres. However, if they are considered as physical
entities, Proclus finds it problematic to explain their different motions within a
coherent setup of the cosmos. In addition, he complains that the astronomers fail
to explain why all these different spheres move exactly how they need to move in
order to agree with the phenomena. One could wonder whether this is actually a
fair point, especially with Prolemy’s Planetary Hypotheses in mind. Proclus himself
opts for an independent motion of the planets themselves, which is rather close
to Ptolemy’s suggestion of freely moving planets within a set of spheres.3* The
last point of attack might go back to Ptolemy’s own confession that he sometimes
does not arrive at certain theories from previously established principles.®> Still,
Proclus admits in the last passage of his Exposition that the Ptolemaic astronomical
hypotheses that he had presented before and that included eccentric and epicycles
are indeed ‘the simplest and most fitting to divine bodies’.%¢ In short, Proclus argues
that these theories might be helpful for an investigation of the planets’ circuits,
but that this is not sufficient for proper Platonic astronomy, as Plato demanded
that the philosopher should go beyond the celestial objects that can be perceived
through sight and instead attempt to reach the true forms that can be grasped by
reason and 'chought.87

On the other hand, Proclus also opposes earlier Platonists who, as we have just
seen, tried to read epicycles into Plato’s myth of Er in Republic X. In a number of
passages in his commentaries on Plato’s T7maens and Republic, he emphasizes that
he does not consider epicycles as part of Plato’s astronomy. To be clear, he also
speaks of celestial spheres as whorls, but he does not identify these whorls with
epicycles.88 In some of these passages, he argues not only against the theory of
eccentrics or epicycles, but also against those who employ ‘counteracting spheres’
(anelittousai). His main worry with these theories is that they undermine Plato’s

84 For an evaluation of Proclus’ view on celestial dynamics, see Siorvanes, Proclus, pp. 271-84.
On Prolemy’s view on this issue, see Chapter III of the present study.

85 Prolemy, Syntaxis, IX.2, Vol. 2, p. 212:3-5.

8¢ Proclus, Hypotypisis, p. 238:23, and also Proclus, In Tim., p. 148:23-30.

87 As stated for example in Rep. 529c6—530a2. Compare this with Proclus’ own distinction at
the outset of his work, which offers an explanation why he deals with Ptolemaic and not Platonic
astronomy (Proclus, Hypotyposis, p. 2:1-13). For an evaluation of the passages discussed here, see Lloyd,
‘Saving the Appearances’, pp. 204—11; Segonds, ‘Proclus: Astronomie’, pp. 331-33; and Opsomer,
‘Mathematical Explanation’, pp. 95—104. For Proclus’ reception of Plato’s demand for an astronomy
that goes beyond the sensible objects, see again Segonds, ‘Proclus: Astronomie’, pp. 324-25.

88 Most straightforwardly at Proclus, Iz Tim., Vol. 3, p. 146:14-17, and also (among others)
pp- 56:25—57:4 and 96:19-21, and Proclus, I Rep., Vol. 2, pp. 214:6-13 and 227:23-228:9. Fora
summary of Proclus’ reconstruction of Platonic astronomy, see Opsomer, ‘Mathematical Explanation’,
pp- 86-95.
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demand for regular circular motions. In another passage of his commentary on the
Republic, he explains further his worry with the counteracting spheres:

Some will say on the basis of mathematics that they use hypotheses of this sort [that
include epicycles] in order to save the appearances. But those who are devoted to the
philosophical Muse should insist that nothing happens without reason. Nothing happens
randomly or by chance, but everything according to reason ... For the rallying-cry of the
Pythagoreans was the task of ordering the apparent irregularity of the motions of the
heavens into evenness and order using the simplest possible hypotheses. However, those
who use counteracting spheres (anelittousai)® by no means accomplish this, since they
multiply their hypotheses far beyond even the complexity of the appearances, and they
create incredible spheres and construct an entire complex universe just to contrive the
single order of one star. Moreover, the cause they identify is not suitable for the creation
of multiplicity and variety. Additionally, the hypotheses themselves have been refuted by
later [astronomers] on the grounds that they do not actually save all of the phenomena
nor do they even adequately explain the ones they do save. This is what Ptolemy treated
in the books of the Hypotheses.”

The first part goes nicely with the passage above. The reference at the beginning goes
back to a previous discussion of epicycles, so Proclus claims — as in the Exposition
— that philosophers should not be content with these theories because they lack
an explanation of the causes behind celestial motions. The first point of his attack
on the counteracting spheres is the same already made by Ptolemy in Planetary
Hypotheses 11.6, namely that in this system, there are more spheres than are actually
needed to account for the planetary motions. The following point regarding the
cause is not as obvious as the previous one, but it might also go back to the same
chapter in Ptolemy, in which Ptolemy argued that fixed bodies cannot be the source
of motion.”! Another argument made by Ptolemy is that the counteracting spheres
would somehow be responsible for the motions of the upper spheres. This argument
is also preserved by Simplicius, who writes that they make, according to Ptolemy,
the inner spheres the ‘causes’ of the revolutions of the upper spheres.”” It is possible
that Proclus also has this argument in mind, which, however, also comes from the

89 Pass (see the following note) translates anelittonsai as ‘extra circles’, arguing that Proclus does
not mean the homocentric system used by Eudoxus and Aristotle, but rather the Prolemaic system.
I argue that Proclus indeed here (and also in the other instances cited above) alludes to Aristotle’s
system; otherwise, his reference to Ptolemy’s Planetary Hypotheses that I discuss here would not make
as much sense. Moreover, if Proclus’ critique that this system is far too complicated really addressed
Ptolemy’s astronomy, this would contradict his assertion at the end of the Exposition that the system
of epicycles and eccentrics is the simplest possible. Pass, ‘Platonism and Planetary Motion’, p. 383,
explains this last point by a development in Proclus’ writings.

20 Proclus, In Rep., Vol. 2, pp. 229:26-230:15, tr. by David Blair Pass in Pass, ‘Platonism and
Planetary Motion’, pp. 385-86, with a few of my own modifications.

1See Plan. Hyp. 11.6, p. 300:3-5.

92 See Simplicius, [z Cael., p. 506:16-22, and the discussion of Simplicius, see below pp. 58-61.
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Planetary Hypotheses. This is why Proclus refers to the Planetary Hypotheses, and
he surely has Ptolemy in mind again when he claims that the counteracting spheres
have also been rejected for astronomical reasons.

This seems to be a safe reason to believe that Proclus indeed had access to the
Planetary Hypotheses. Despite that, there is some debate about whether Proclus really
knew the entire Planetary Hypotheses directly or whether he became acquainted
with it (or parts of it) at a later stage of his career.”> When Proclus discusses the
order of the planets, he makes seemingly odd assertions about Ptolemy’s Almagest
and Planetary Hypotheses:

While Ptolemy does indeed say in the Synzaxis that if one follows [the criterion of] ‘the
reasonable’ (£0 exlogo) or ‘the probable’ (£0 pithano), then it is fitting to place the Sun in the
middle position among the seven [planets] in order that, among the five planets, those that
are entirely and completely set apart from it might be prior to the Sun, while those that
accompany the Sun and go before or flank it might come after. However, in the Hypotheses,
he is not entirely insistent (diateinomenos), nor does he draw a conclusion (syllogizetar) in
these hypotheses about them [i.e., the planets and their order] from the distances.

‘It follows from what has been shown in the Syntaxis that — taking the unit as the
[distance] from the centre of the Earth — the closest distance for the Moon is 33
[Earth radii], while the furthest is 64 [radii] (leaving off the fractions in order that we
may have the ratios expressed in whole numbers). Furthermore, the shortest distance
between us and the Sun is 1076°* [Earth radii], while the greatest is 1260 [radii]. Now
since the ratio that is posited between Mercury’s nearest distance and its furthest is
approximately that of 34 to 88, and since” it is clear that the furthest distance of the
Moon coincides with the least distance of Mercury, the greatest distance for the latter
will be 166 while the closest is 64. Furthermore, since,”® in the case of Venus, the ratio
of the closest distance to the furthest distance is approximately that of 16 to 104,
and since” it is clear that the furthest distance of Mercury coincides with the closest
distance of Venus, the greatest distance of Venus will be 1079 [Earth radii] and the
closest about 166 [radii].’

As a result, since the closest distance of the Sun is 1076, there will be a remainder of a
certain size [between it] and the furthest distance of Venus, which would be unaccounted
for according to these assumptions. It is obvious that the sphere of Venus and that of
Mercury must be arranged between the sphere of the Moon and that of the Sun, for
the greatest distance of the Moon [from the Earth] coincides with the closest distance
for Mercury, while the furthest distance for Mercury coincides with the closest distance

93 See Neugebauer, A4 History, pp. 918—19; Segonds, ‘Proclus: Astronomie’, p. 329 n. 32; and
Bowen, Simplicius on the Planets, p. 212.

%% See Swerdlow, Prolemy’s Theory, pp. 134-35.

> 1n Plan. Hyp. 117, p. 270:11: if’ (in).

%In Plan. Hyp.1.17, p. 270:13: fa-inna.

7In Plan. Hyp. 117, p. 270:14: if (in).
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for Venus, and in the case of the latter, the greatest is quite close to the nearest distance
for the Sun. But it is necessary that there be no void. Ptolemy concludes on the basis of
such arguments that the Sun is in the middle of the seven planets. But of the specialists
[i.., the astronomers], little account [need be taken] as they argue from plausibility
(pithanologounton).”®

The account of the planetary distances should be compared with the nearly identical
text in the Arabic version of the Planetary Hypotheses.”® T have added the quotation
marks to indicate the passage where both versions show nearly literal correspondence.
In addition, I have indicated every discrepancy between the Greek text preserved
by Proclus and the Arabic version by underlining. These discrepancies are mostly
limited to conjunctions the meanings of which have been altered in the translation
process. It is important to highlight that the second reference to the Almagest,
which might be misleading, since it could make one think that the citation stems
from the Almagest, is actually already present in the Planetary Hypotheses itself.
The last passage is a paraphrase of Ptolemy’s proof that only Mercury and Venus
fitinto the space between the Moon and the Sun but not the upper planets (Mars,
Jupiter, and Saturn). In fact, Proclus does not talk about the upper planets at all.
That there cannot be a void in the cosmos is only explained by Ptolemy at the end
of 1.18 (namely, a little bit after the cited passage) but apparently, Proclus felt the
need to add this point here in order to explain why Ptolemy wants to bring together
the smallest and greatest distances of the planets.

While this clearly shows that Proclus was able to quote the Planetary Hypotheses
literally, one might wonder what Proclus means by his introduction that Ptolemy
was not ‘entirely insistent’ in the Planetary Hypotheses. A helpful explanation has
been offered by Dirk Baltzly in his note to the sentence in question. According to
Baltzly, Proclus criticises Ptolemy for not inferring the planetary order from the
calculated distances, but that he uses the order that he finally establishes to calculate
the distances of Mercury and Venus. Only after that Ptolemy notices that there is
actually only place for Mercury and Venus between the Sun and the Moon, and
thus deems it a good argument for the correctness of his planetary order.!? If this
is true, it would be similar to Proclus’ complaint in the Exposition that the astron-
omers draw their hypotheses from the conclusions and not the other way round.
Although Proclus is not very explicit about that point, which is why this sentence
is hard to interpret, we should not read it as if Proclus believes that Ptolemy did
not engage with planetary order or distances in the Planetary Hypotheses at all, as
is obvious from the following verbatim quote. Despite this difficult issue, Proclus’

9 Proclus, In Tim., Vol. 3, pp- 62:17-63:21, tr. by Baltzly in Proclus, Commentary on Plato’s
Timaeus. Vol. V, pp. 125—27. Slight modifications, Greek terminology, quotation marks and
underlinings were added by me.

??See Plan. Hyp.1.17, p. 270:5~16.

100 Gee Baltzly’s note in Proclus, Commentary on Plato’s Timaeus. Vol. 5, p. 126 n. 238, and his
introduction on p. 21.
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labelling of Ptolemy’s arguments as ‘reasonable’ (ezlogos) or ‘plausible’ (pithanon)
seems to be more crucial. The latter expression is found exactly in the passage on
the order of the planets in Almagest IX.1.191 We have already seen Prolemy’s use of
eulogos in other instances when he refers to non-astronomical or non-mathematical
arguments. Proclus, therefore, simply underlines Ptolemy’s own disclaimer from the
Almagest regarding the value of his arguments. The same is true for the Planetary
Hypotheses, where Prolemy admits that his calculation of the distances is ‘most likely’
(asbab al-umiir), although here, he seems to refer only to the distances and not the
order.192 This is the point of Proclus’ attack after the citation, for he questions the
values of those probable accounts set forth by mathematicians. He makes the same
move in the Exposition, where he speaks about the order of the planets twice.!® In
the first instance, he only evaluates the strategy from the Al/magest and ascribes it
explicitly to Ptolemy. Proclus writes that Ptolemy relied on ‘the plausible rather
than on the necessary’ (pithanon mallon é anagkaion), and goes on that he had
no ‘proof’ (apodeixis) of it. He closes this first discussion by claiming that he is
going to show ‘how one could plausibly (pithands) find a proof (apodeixin) for the
order of these planets from their hypotheses’.1** Apparently, he thus has a passage
towards the end of the Exposition in mind, where he again addresses the order of
the planets. Although he describes the same method from the Planetary Hypotheses
that he quoted verbatim in his commentary on the T7macus, there are two main
differences between these two accounts. First, he does not mention Ptolemy here
anymore but only writes that ‘some’ (¢zzes) used the described method. Second,
he does not use the values from the Planetary Hypotheses but apparently uses the
basic values from the Al/magest to calculate the distances for Mercury and Venus
himself, and thus these values are different from the ones found in the Planetary
Hypotheses, in which Ptolemy adjusted some of the parameters compared with the
Alma gext.los These differences are not easy to explain, but attempts have been made
to find here an indication of the chronology of Proclus’ works, as the Proclus of
the Exposition did not know yet the Planetary Hypotheses directly, but the Proclus
of the commentaries did s0.1°® Against this, his commentary on the Timaens is
usually considered (following Proclus’ biographer Marinus) as an early writing and
the Exposition as being rather late.1%7 This suggests that Proclus decided to calculate
the planetary distances according to the method found in the Planetary Hypotheses,

101 Prolemy, Syntaxis, IX.1, Vol. 2, p. 207:13-22.

102See Plan. Hyp. 118, p. 276:11-12.

103 See the discussion in Hartner, ‘Medieval Views’, pp- 258-61.

104 Proclus, Hypotyposis, pp. 140:26, 142:5, and 144:25-26.

105'T'he entire section can be found in Proclus, Hypotyposis, pp. 220:18-224:16. On the different
values for Mercury and Venus, see Hartner, ‘Medieval Views’, pp. 266—73; Goldstein, “The Arabic
Version’, pp. 9—10; and Carman, ‘Rounding Numbers’, pp. 227-28.

106 See Segonds, ‘Proclus: Astronomie’, p. 329 n. 32.

107 See Manitius’ remarks in Proclus, Hypotyposis, pp. 279-80, and Siorvanes, Proclus, pp. s—6.
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but on the basis of the values from the A/magest, and that he left the reader in the
dark about the reasons for that.108

As a last point on this discussion, which could easily be expanded in much
more detail, Proclus seems to be a bit more favourable toward calculating planetary
distances and thus arriving at their order in the Exposition than in his commentary
on the Timaeus. Despite his critical assessment in the latter treatise, he does not
criticise such calculations again in the Exposition. Instead, at the end of the first
mention of the order of the planets, he promises another method of ‘how one could
plausibly (pzthanos) find a proof (apodeixin) for the order of these planets from their
hypotheses’ (as quoted already above).!?? Earlier, Proclus had distinguished between
the necessary and plausible account of Ptolemy, which lacked a proper proof. This
characterization of the method, however, includes both terms, which seems to
indicate that Proclus indeed favours the method from the Planetary Hypotheses over
the one from the A/magest. Nevertheless, it remains unclear whether this proof is
demonstrative enough for Proclus.!10

Proclus’ relationship with Ptolemy is thus ambiguous. On the one hand, he
acknowledges that Ptolemy offered the simplest model for celestial motions and
he explicitly refers to the Planetary Hypotheses for his attack on Aristotle’s coun-
teracting spheres. On the other hand, he leaves no doubt that Ptolemy’s project
is, in his view, insufficient, because Ptolemy turns to merely plausible arguments.
In addition, Ptolemy and the other astronomers leave open the question of the
underlying causes of celestial motions. For answering that question, Proclus relies
completely on voluntary motions by the planets, which are to be understood as
being independent from the spheres. This, however, is actually pretty close to what
Ptolemy suggests in the Planetary Hypotheses, although Ptolemy still makes use of
eccentrics and epicycles.

The other Neoplatonic commentator who shows direct knowledge of the
Planetary Hypotheses is Simplicius. His commentary on Aristotle’s On the Heavens is
interspersed with discussions on the history and current developments of astronomy.
Ptolemy was, in Simplicius’ view, an important authority to refer to in these matters.
In his comments on Chapter I1.8 of On the Heavens, Simplicius tries to harmonize
Aristotle with Plato. Although Aristotle argues in this chapter against any motion
for the planets and stars, Simplicius claims that both of them admitted that they
indeed rotate around their own axes in addition to being carried along by their
spheres.!!! To this, he adds a citation from Planetary Hypotheses 11.2:

108 of. Swerdlow, Prolemy’s Theory, pp. 135—36.

109 Proclus, Hypotyposis, p. 144:25—26.

110 Despite such reservations, he follows what he thinks is Plato’s order of the planets, namely that
Mercury and Venus are above the Sun. See Segonds, ‘Proclus: Astronomie’, pp. 325—26 and 329, and
Siorvanes, Proclus, pp. 307-10.

U See Simplicius, Iz Cael., pp. 454:23-456:22.
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One should also pay attention to Ptolemy, the best of the astronomers, when he says in
the second book of his Hypotheses: ‘Consequently, it is quite reasonable that, because this
is both a capacity and an activity of theirs, each of the heavenly bodies moves, to be sure,
in its own place, that s, [each moves] smoothly and in a circle back around its own centre,
since it is right that this [moving in its own place], which also secures [each heavenly body]
in the structures containing it, belong to it first.”1?

Simplicius does not further develop on this citation and he does not indicate
that Ptolemy does not in fact talk about mere rotation in place. Instead, Ptolemy
suggests that he could eliminate the last carrying sphere if the planets had simple
circular locomotion on their own account. This is not what Simplicius argues for
in his attempt to harmonize Plato and Aristotle. It is not entirely clear whether
he is silent about Ptolemy’s opposition to Plato and Aristotle because he does
not fully understand Ptolemy’s account or because he wants to use Ptolemy’s
authority as evidence for independent planetary motions, despite understanding
that Prolemy goes beyond his own account. Of course, Simplicius was generally
more inclined to highlight agreement among the ancient authorities, so he might
have similar motivation here. Nevertheless, contrary to Proclus’ statement that
the astronomers did not properly deal with the causes of celestial motions,
Simplicius shows that the Planetary Hypotheses were used to discuss the sources
of planetary motions.

Simplicius also refers to Ptolemy in the context of the planetary order, the
topic with which Proclus was so deeply concerned. In a reference to Alexander of
Aphrodisias, he assumes that either a scribal error or adherence to Plato’s Republic was
responsible for the statement that Mercury is above Venus. Against this, Simplicius
writes that it was proven on the basis of the planetary distances that Mercury is
below Venus, referring, however, not to Ptolemy’s Planetary Hypotheses but to
the Almagest.'3 This reference is odd, since he lays out the theory of contiguous
nested spheres, namely that the greatest distance of Mercury is like the smallest
distance of Venus, which Ptolemy only introduces in the Planetary Hypotheses.
Nevertheless, this can easily be explained, for Ptolemy himself writes in the beginning
of his presentation of this method that it is based on what he had calculated in the
Almagest. We have just seen that Proclus included this reference in his citation,
so this is also the case here in Simplicius, although he just gives a summary. The
citation given above shows that Simplicius had access to the Planetary Hypotheses
independently from Proclus, for Proclus did not provide the same citation. Thus,
itis possible, but not very likely, that Simplicius did not know that the material on
the nested cosmos actually stemmed from the Planetary Hypotheses. !4

12 Simplicius, [ Cael., p. 456:22~27, tr. by Bowen in Bowen, Simplicius on the Planets, p. 32,
slightly modified. See the Arabic version at Plan. Hyp. IL.12, p. 320:19-322:2.

13 See Simplicius, In Cacl., p. 474:14-28.

114 .f Bowen, Simplicius on the Planets, pp. 211-13.
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Another interesting parallel between Simplicius and Proclus can be observed in
Simplicius’ long discussion of astronomical hypotheses. In On the Heavens 11.12,
Aristotle addressed the question why there is only one planet for the lower spheres,
but a huge number of fixed stars for the outermost one.l® Simplicius’ subsequent
discussion of Aristotle’s astronomy and post-Aristotelian trends stands in the context
of a wider defence of Aristotle’s cosmology against attacks undertaken by authors
such as John Philoponus.!® In short, Simplicius admits the problems that arise in
Aristotle’s homocentric theory, most obviously the lack of any explanation of the
varying distances of the planets to the Earth. Of special interest in terms of his usage
of Ptolemy are some arguments against the counteracting spheres that were taken
trom the Planetary Hypotheses:

Ptolemy too criticises them [the counteracting (anelittonsai) spheres]'”

on the grounds
that they introduce a great multitude of spheres for the sake of the joint return of the seven
planets in relation to the rotation of the fixed [sphere] alone, as well as for saying that [the
spheres] contained by the containing [spheres], that is, the innermost [spheres], are causes
of the joint return for the [spheres] above them, although nature always makes higher
things causes of motion for things that are lower. Certainly, even in human beings, it is
from on high, that is, from our ruling part, that the impulses for motion are distributed

through the nerves to all our orgalns.118

Simplicius refers to two arguments that he claims to have stemmed from Ptolemy,
although he does not say from which work he took them. The identification of the
arguments with material from the Planetary Hypotheses is, however, straightforward.
The first argument, namely that the number of counteracting spheres is larger than
actually needed for complex planetary motions, appears very similarly in Planetary
HypothesesIL.5. There, Ptolemy described why Aristotle had to add the counteracting
spheres in the first place, namely because each planet needed to partake in the daily
rotation of the sphere of the fixed stars but not interfere with the motions of the
other planets.!”” Not only does Simplicius paraphrase Ptolemy’s critique but he also
preserves — by his addition ‘for the sake of the joint return of the seven planets
in relation to the rotation of the fixed [sphere]” — the reason that led Aristotle to
their conception. The second argument is put forward by Ptolemy in Planetary
Hypotheses 11.6. There, Ptolemy ridicules the idea that the counteracting spheres,
which are posited below the sphere that carries the planet, are nevertheless to be

5 See Cael. 11.12, 292b25-293a12.

16 Simplicius’ discussion of these astronomical hypotheses can be found — with some interruptions
— in Simplicius, Iz Cael., pp. 488:3—510:35. For discussions of this text that were the basis for the
following summary, see Bowen, Simplicius on the Planets, pp. 37-72, and especially pp. 27-33 for
the identification of Philoponus as a major opponent.

17 This was added by myself.

118 Simplicius, Iz Cael., p. 506:16—22, tr. by Bowen in Bowen, Simplicius on the Planets, pp. 169—70.

Y Plan. Hyp. 1.5, p. 292:16-294:1.
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counted among the group of spheres of that planet. He makes the sarcastic claim
that by this reasoning one could also claim that the Moon has a share in the motion
of Saturn.!20 Simplicius compares this second argument with how decisions to act
are made by humans and how the body reacts to these decisions. The main idea
is the following: the ruling part sends out impulses through the body and these
impulses are transmitted via the nervous system and arrive at the different organs.
In Planetary Hypotheses 11.7, Ptolemy uses the exact same scheme as an illustration
of how the planets direct the motions of their surrounding spheres. Admittedly,
here, Simplicius could draw on sources other than Ptolemy for this analogy. He also
uses it in a slightly different context, as Ptolemy does not add it to his rejection of
counteracting spheres but describes what he imagines to be the cause of celestial
motions. Nevertheless, it is rather likely that Simplicius got the idea of the analogy
of the human nervous system to the celestial motions from Ptolemy, and one can
highlight once again that he did so independently from Proclus, who does not
allude to this amallogy.121

On the basis of such doubts about the homocentric theory, Simplicius concedes
that theories involving eccentrics and epicycles better represent celestial motions,
and they do so by using fewer spheres and thus simpler models.'*> We see that
the criterion of the simplicity of celestial motions resurfaces here, and it is again
used against Aristotle’s calculation from Metaphysics X11.8. On the other hand,
Simplicius is also hesitant to consider these newer astronomical hypotheses as
reflecting the causes of celestial motions. Earlier, in one of the passages where he
writes that they save more phenomena than the homocentric theory, he had added
that they do not save all of them. At the end of the corollary on homocentric
astronomy, Simplicius comes back to the problems that Aristotle had set out in
On the Heavens11.12 and concludes this discussion by stating that Sosigenes (who
lived around Ptolemy’s time) had put forward more astronomical arguments against
eccentrics and epicycles.!?3

We can infer from these passages that Ptolemy was indeed an important authority
for the late ancient commentators of Plato and Aristotle. Although both Simplicius
and Proclus still have serious reservations about the physical or metaphysical
consequences of Ptolemy’s astronomical theory, they acknowledge its advantages
over previous homocentric theories and especially over Aristotle’s counteracting
spheres. They explicitly use Prolemy’s Planetary Hypotheses in their rejection of these
counteracting spheres, as well as in the context of self-moving planets. Another example

120 Plan. Hyp. 116, pp. 300:8—11. Cf. Bowen, Simplicius on the Planets, pp. 278-83.

12I'The fact that these three parts of the rejection come from different chapters in Book II of the
Planetary Hypotheses indicates that he is well informed about the contents of the Planetary Hypotheses.
If we take this together with the verbatim quote noted earlier, there is no reason to doubt that he had
direct access to at least the entire Book II.

122 Simplicius, In Cael., pp. 506:8-10 and 509:16-19.

123 Simplicius, /n Cael., pp. 506:10 and 509:19-510:31.
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of Simplicius’ usage of Ptolemy is a citation from the A/magest in his commentary on
Aristotle’s arguments for the sphericity of the cosmos. Simplicius preserves doubts
about some of Aristotle’s arguments that had previously been made by Alexander
of Aphrodisias concerning possible other shapes of the spheres, such as lentil- or
egg-shaped. Simplicius acknowledges that Alexander is right in arguing — against
Aristotle — that a lentil or an egg can rotate around poles without creating void
spaces, provided that one choses the correct pair of poles.* After admitting that
there are indeed such reasonable doubts about the arguments used by Aristotle,
Simplicius tries to emphasize that there is nevertheless no other possible shape for
the cosmos than a sphere and cites two arguments from A/magest 1.3.1% Arguably,
this again highlights the high esteem in which Ptolemy is held by Simplicius (note
that he referred to Ptolemy as the ‘best of the astronomers’ in the citation above).
He then goes further by claiming that Ptolemy not only agrees with Aristotle on
the spherical shape of the cosmos but also with Plato. This illustrates the different
agendas of Proclus and Simplicius. Whereas Simplicius tries to harmonize the
Platonic with the Aristotelian accounts (and, in this respect, even with Ptolemy),
Proclus turns his attention more to Plato and speaks of planetary spheres as ‘whorls’,
allowing for neither Aristotle’s homocentric cosmos nor for eccentrics and epicycles.

In addition to Simplicius’ and Proclus’ usage of Ptolemaic material from the
Planetary Hypotheses on the order of the planets, and in order to further illuminate
their attitude towards Ptolemy, one could also point to their stance on precession,
for they disagree on that point. While Proclus rejects it, Simplicius accepts the
idea of a starless sphere above the fixed stars that accounts for the precession of the
equinoxes. Simplicius further connects this discovery with Ptolemy and informs
us that his teacher Ammonius confirmed Ptolemy’s observation.!?® In their case,
I have already pointed briefly to the fact that the works investigated here were not
(fully) translated into Arabic.!?” This is different for Simplicius’ contemporary
John Philoponus, whose works arguing against the eternity of the world, directed
against Aristotle and Proclus, were both available in Arabic. We have an amazing
report by al-Birani on how he became acquainted with the belief that Ptolemy
introduced a ninth sphere to his cosmos. He wrote that he found this remark in
Philoponus’ Against Proclus On the Eternity of the World, but he was unable to find
the corresponding passage in Ptolemy. In fact, Philoponus makes the assertion that
Ptolemy introduced the ninth sphere due to the discovery of the precession not only

124See Cacl. 114, 287a11~22, and Simplicius, /n Cael., pp. 409:32—410:8. The exact same criticism
of Aristotle’s argument reappears in the medieval Arabic tradition in the correspondence between
al-Birani and Avicenna, and I will discuss it in more detail in that context (see pp. 87-88 below).

125 See Simplicius, In Cael., p. 411:3-9, and Prolemy, Syntaxis, 1.3, Vol. 1, pp. 13:11-12, and
13:22—14:4.

126 See Proclus, Hypotypasis, p. 234:7-23, and Simplicius, In Cael., p. 462:12-31.

127 For Proclus, see above p- 52 n. 82. For Simplicius’ commentary on the On the Heavens, see
DPeters, Aristoteles Arabus, p. 36.
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in Against Proclus On the Eternity of the World, but also in On the Creation of the
World and his commentary on Aristotle’s Meteorology. In a previously published
article, I have shown that al-Birani is a valuable witness for how the ninth sphere
was ascribed to Ptolemy and then entered the Arabic tradition.!?®

In order to complement the picture of the treatment Ptolemy and his astronomy
received from the Platonic and Aristotelian commentators, one can also add here
that Philoponus’ attitude is ambiguous. For his refutation of Aristotle’s acther in
his Against Aristotle On the Eternity of the World, he gladly refers to eccentrics and
epicycles as contradicting Aristotle’s demand for simple circular motions, and he
writes that Alexander followed Aristotle’s theory.129 Moreover, in the passages on
the ninth sphere from Oz the Creation of the World just cited, his worry is to show
that the Biblical report of a starless sphere is in agreement with recent astronomy,
and in that respect, he considers Ptolemy a more trustworthy authority than Plato
or Aristotle, who did not allude to such a sphere. On the other hand, in the same
passage, Philoponus shows some reservations about the astronomical models and
their reliability. Although calling Ptolemy the ‘most exact’ (akribestatos), Philoponus
deems astronomical hypotheses unprovable, for they all contradict each other con-
stantly.!3* This attitude by Philoponus puts him into a similar tradition to Proclus
and Simplicius, namely in identifying Ptolemy’s theories as the best possible ones
and in using them in order to reject certain Aristotelian teachings (homocentrism
in the case of Proclus and Simplicius, and aether in the case of Philoponus) but
still remaining hesitant about their insight into the truth of the heavens. In this
respect, they differ from other commentators such as Alexander of Aphrodisias
and Themistius, who apparently still followed Aristotle’s astronomy and did not
show any critical engagement with his homocentric theory.13!

This summarizing account has shown how Ptolemy in general and his Planetary
Hypotheses more specifically were received and used in late antiquity. With Simplicius
and Proclus, we have two influential authors who quote from the Planetary Hypotheses
verbatim, thus showing that people considered it as a valuable source for arguments

128 See Hullmeine, ‘Was there a Ninth Sphere’. For the primary texts, see Philoponus, De acternitate
mundi contra Proclum, p. 537:7—-10; Philoponus, De opificio, pp. 15:17-16:8 and 113:15-116:17;
and Philoponus, Iz Meteor., p. 110:14.

129 This fragment is preserved by Simplicius. See Simplicius, /z Caél., p. 32:1-11.

130 Philoponus, De opificio, pp. 114:24-116:17.

131 For Alexander, see again the fragment from Philoponus’ Against Aristotle On the Eternity of
the World in Simplicius, In Cael., p. 32:1-11. A fragment preserved by Averroés and translated in
Freudenthal, ‘Die durch Averroes erhaltenen Fragmente’, p. 111 n. 33, states that both Alexander
and Themistius followed the homocentric theory (on the authenticity of these fragments, see Di
Giovanni and Primavesi, “Who wrote Alexander’s Commentary?’). For a modern evaluation, see
Bodndr, ‘Alexander of Aphrodisias’, and Meyrav’s comments to his edition of the Hebrew text of
Themistius’ commentary on Metaphysics X11 (see Themistius, Paraphrase of Aristotle’s Metaphysics
12, pp. 455—56). I will deal with Alexander in more detail in Chapter III, as he will be more important
in the topic of celestial dynamics.
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against Aristotle’s homocentric astronomy. Other important issues arising from
this work were the order of the planets, the number of spheres, and the cause of
celestial motions. These topics have in common that either Plato and Aristotle
are placed in opposition to each other, or that Plato or Aristotle are challenged by
recent astronomical models. In these cases, Ptolemy was used to exemplify the recent
astronomy and, as we have just seen, he was held in high esteem. This does not mean
that the commentators happily discard Aristotelian philosophy in light of new
theories such as epicycles and eccentrics, for they still attempted to mediate between
natural philosophy and astronomical models. Nevertheless, simply the fact that they
engaged with this question, including thinking about the value of such astronomical
hypotheses in the search for true reality, shows that they recognized that these more
accurate hypotheses were able to question fundamental ideas from natural philosophy.
We see Prolemy at the outset of a tradition that discusses the difference between some
parts of astronomy that can be or have been proven by necessary demonstrations and
other parts that are merely accepted because they seem more plausible than others.
It is striking that there is no sign whatsoever of an engagement with Ptolemy’s
sawn-off pieces in any of the late ancient commentators, although both Proclus and
Simplicius, for example, quote from Planetary Hypotheses 11.5-6, the chapters in
which Ptolemy argues against complete spheres and for sawn-off pieces, and although
they both consider the simplest one to be the best possible astronomical account,
which is exactly what Ptolemy tries to achieve with his sawn-oft pieces. In fact, the
sawn-off pieces could easily be compared with Plato’s whorls, as did Ptolemy himself.
This would therefore be a good opportunity to highlight the agreement between
these two major authorities. In the case of an Aristotelian such as Simplicius, this
lack of reception is more understandable, since whorls were not part of Aristotle’s
cosmology anymore. It had already taken Simplicius much effort to excuse Aristotle’s
homocentric theory and to harmonize different aspects of Meztaphysics X1 and On the
Heavens with Plato and more recent developments in astronomy. Although Ptolemy
himself does not deem the spherical shape of the cosmos and the sawn-oft shape of
the inner bodies to be problematic (since he fills the remaining parts with diurnally
rotating aether), Aristotelians could see yet another problem in the contradiction
between these slices on the one hand, and among Aristotle’s On the Heavens 11.4,
Prolemy’s Almagest 1.3, and the theory of a fifth element obviously propagated by
both of them on the other hand. Moreover, since there is no indication of sawn-off
pieces in the much more influential A/magest, they might have found it safer to
consider the Almagest as the work in which Ptolemy laid down his true astronomical
theories, whenever they came across an apparent contradiction in his works. Whereas
Simplicius was not eager to highlight a disagreement between Aristotle and Ptolemy
on the shape of the spheres, Proclus in fact adopted the notion of whorls in his
commentaries on 7zmaens and Republic. Although he criticised astronomers such
as Ptolemy for stopping at the sensible celestial objects and not going beyond them
to the intelligible realm, he stills holds Ptolemy in high esteem. Why did he not
refer to the fact that Ptolemy apparently agreed with Plato? The reason is that also
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Plato conceived of perfect celestial spheres despite describing them as whorls in the
myth of Er. After all, Plato describes in the Tzmaeus that the cosmos has the shape
of a perfect sphere, since it is the most perfect of all spheres and is best suited to
imitate intellect.!** In his commentary on the passage in question, Proclus follows
Plato and defends his arguments for the spherical shape of the cosmos. He first
gives Plato’s demonstration, which he thinks is superior to others, since it gives the
reason and not just the fact. Afterwards, he adds the ‘physical’ proofs of Aristotle
and ‘mathematical’ proofs, suggesting that the overwhelming majority of thinkers
followed Plato.!?3 The main idea of the whorls in Plato, on the other hand, was to
present hollow spheres that are stacked within each other and not to suggest a shape
such as that of Ptolemy’s sawn-oft pieces. Admittedly, these arguments draw mostly
on the shape of the entire cosmos. Nevertheless, as Plato’s presentation suggests,
each part of the celestial cosmos resembles the whole and thus each inner celestial
body should have the same shape as the entire cosmos. In the end, the sawn-off
pieces posed major philosophical problems for both Aristotelians and Platonists.

The Arabic Tradition

The previous chapter has mainly revolved around the relationship between
mathematics and natural philosophy, both in the context of their value for
generating knowledge as well as in the specific context of the harmonization
of physical laws and planetary models. In the medieval Arabic tradition, this
dichotomy has been addressed in philosophical as well as astronomical contexts.
It is a common feature of works that belong to the tradition usually called %/m
al-hay’a (‘science of configuration’) that they contain chapters on the structure of
the cosmos, for example on the planetary distances. As F. Jamil Ragep has argued
in his presentation of al-Tasi’s Memoir on Astronomy (Tadkira f7 im al-hay’a),
one model for such works was the Planetary Hypotheses (although he admits that
there are some differences between the Planetary Hypotheses and the tradition of
“m al-hay’a as well).13* On this basis, one interesting aspect will be to identify
specific traces of the Planetary Hypotheses left in the medieval Arabic tradition.
For this purpose, it will be useful to define some original Ptolemaic claims as
fingerprints in order to identify the texts that draw on the Planetary Hypotheses,
whether this happened directly or indirectly. The major underlying theme is
Ptolemy’s characterization of physics as conjectural. Ptolemy strictly follows this
idea in both the Almagest and the Planetary Hypotheses. Needless to say, Ptolemy
was not the main authority on the division of sciences, but we will certainly see

132 See Tim., 33b1—7 and 34a1—4.

133 Proclus, In Tim., Vol. 3, pp- 68:6-81:11.

134 Gee Ragep’s introduction in al-Tasi, Memoir on Astronomy, Vol. 1, pp. 27-29; also see Ragep,
Jaghmini’s Mulakbkbas, pp. 44-46.
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how medieval authors construed the thematic and epistemological distinction
between mathematics or astronomy and physics. Ptolemy’s distinction finds its
echo in the other original topics discussed in the Planetary Hypotheses, namely
the planetary order, distances, and sizes, as well as the shape of the spheres. As
I have argued previously, Ptolemy follows his basic methodology not only in the
Planetary Hypotheses. I have shown that he already had the physical arrangement
of the cosmos in the A/magest in mind but only extended this discussion in
the Planetary Hypotheses. 1 have identified instances in the A/magest in which
Ptolemy reflects on the validity of some of his arguments, such as in the cases of
the difference between epicyclic and eccentric models, the argument of simplicity,
and the planetary order. On this basis, sure fingerprints of the Planetary Hypotheses
are his famous sawn-oft pieces (mansurat), his method and values of planetary
distances and sizes, and the connection between these issues and discussions on
their epistemological status. While I stick to these topics because they are essential
parts of Ptolemy’s cosmology, I will also consider authors who do not directly
refer to Ptolemy but nevertheless have interesting things to say about these issues
in order to follow the way in which they were treated in different traditions. This
investigation will cast more light on the recipients of the Planetary Hypotheses
and their broader scientific environment.

Early Astronomers in the Ninth and Tenth Centuries Ap*

Let us begin the present investigation of medieval Arabic cosmology with a very
important figure of early Arabic astronomy. Tabit ibn Qurra (d. Ap 901) played
a major role as a translator of Prolemaic works. He revised Ishiq ibn Hunayn’s
translation of the A/magest and, as outlined in the introduction, possibly also the
anonymous translation of the Planetary Hypotheses. He is the first Arabic author
who refers to the Planetary Hypotheses. In On the Calculation of the Visibility of the
Crescent Moon, he briefly reports that in his book ‘on the principles of the motions
of the wandering planets’ (£7 Usil harakat al-kawaikib al-mutabayyira), Prolemy
determined two different values for the visual angles of Venus as seven and five
degrees, information that stems indeed from Planctary Hypotheses 1.20.13¢

135 The story of early Arabic astronomy has already been presented in much more detail, for which
see works such as Saliba, Islamic Science. My focus lies, as outlined before, on the reception of ideas
that can be traced back to Ptolemy. The reception of Ptolemy’s theory of planetary distances and
sizes in the Arabic tradition is also the subject of Guillaume Loizelet’s PhD dissertation, see Loizelet,
Mesurer et ordonner, Chapters 6-9.

136 Edited and translated into French by Régis Morelon in Tabit ibn Qurra, Envres d astronomie,
pp- 93—112. See also Morelon’s introduction on pp. cxiii—cxv. For Loizelet’s assessment of the question
whether Tabit had direct access to the Plaentary Hypotheses, see Loizelet, Mesurer et ordonner,
pp- 300-09. See especially pp. 308—09, where Loizelet discusses this reference to the Plaentary
Hypotheses in more detail, concluding that Tabit could also rely here on another source that cited the
Planetary Hypotheses.
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Tabit wrote a number of treatises on specific aspects of the A/magest, including
geometrical discussions, for example, in the treatise cited above on the visual angle
of the crescent Moon. Besides such specific technical treatises, he is also famous for
ashortintroduction into astronomy entitled Simplification of the Almagest (Tashil
al-Magisti), which became very influential through its Latin translation by Gerard
of Cremona (De hiis que indigent expositione antequam legatur Almagesti).}>” After
introducing the general astronomical terms, Tabit describes the cosmos in a way
similar to Ptolemy, though very condensed. Although he does not give a definition
of the term falak (‘sphere’ or ‘circle’), he explains that the planets move within
these aflak (‘spheres’) and are sometimes closer to the Earth and sometimes farther
away. He subscribes to Ptolemy’s theory of nested spheres when he writes that the
lowest position within the sphere of Mercury is in contact with the farthest position
within the sphere of the Moon, and that, accordingly, this principle holds true
for the remaining planets as well.1*8 This indicates that he clearly construes these
spheres as three-dimensional entities. Embedded in these main spheres, so to speak,
are the eccentric sphere of the Sun and the eccentric spheres as well as epicycles for
the other planets.

Only at the end of the treatise, Tabit counts the number of anomalies for each
planet and explains on this basis which of the planets are moved by which spheres,
namely eccentric spheres and/or epicycles.!* The summary of the anomalies of each
planet is very similar to the summary oftered by Ptolemy in Planetary Hypotheses 1.15.
The best evidence that Tabit indeed made use of the Planetary Hypotheses, however,
is his usage of Ptolemaic values for the distances and sizes."*® Without much ado,
Tabit lists rounded values for first the sizes and then the distances of the planets.
Most of them agree perfectly with the values from the Almagest (for the Sun and the
Moon) and the Planetary Hypotheses. The two divergences can easily be explained.
First, Tabit gives the size of Venus as 1/37 of the size of the Earth, whereas in the
Planetary Hypotheses, it is 1/44. There is, though, already within the Planetary
Hypotheses the oddity that the values of the diameter of Venus do not conform to
this calculation. Further, Ptolemy lists Venus as larger than the Moon, which is not
the case with Ptolemy’s own value of 1/44. To make a long story short, Tabit might
simply have recognized this problem and adopted the value of 1/37 that would actually
conform to the calculation by Ptolemy himself and would make sure that Venus
actually was larger than the Moon. Either Tabit did this calculation by himself, or
he drew on an earlier set of planetary distances, namely those by al-Fargani, whom

137 Morelon edited and translated the Arabic version in Tabit ibn Qurra, Envres dastronomie,
pp- 1-17, and the Latin was edited by Francis J. Carmody (see Carmody, The Astronomical Works,
pp- 131-39).

138 Tabit ibn Qurra, Envres d astronomie, p. 5:9-13.

139 Tabit ibn Qurra, Envres d astronomie, pp. 6:6-8:4 and 15:9-17:6.

140 See Swerdlow, Ptolemy’s Theory, pp. 141 and 175~76, and Americo, An Analysis of Ninth-
Century Reception, pp. 254—55 and 257—-58.
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I discuss below.'! In fact, three centuries after Tabit, this problem was indicated
by Ibn al-Salah (d. Ap 1154), who writes in his commentary on the star table of the
Almagest that Prolemy, in the Planetary Hypotheses, gives the value of 1/44, whereas
the correct ratio should be 1/37.142 Second, the reader of the Planetary Hypotheses
faces the problem that Ptolemy states that there is no void in the cosmos, and thus
the smallest and greatest distances agree with each other. However, he calculates that
Venus’ greatest distance is 1079 Earth radii, whereas the Sun’s smallest distance is
1160 Earth radii. Tabit simply drops the latter value, stating that the Sun’s smallest
distance is the same as Venus’ greatest distance.*> He does not even hint at the
problem in Ptolemy. Perhaps Tabit feels that a longer discussion of this discrepancy
would be out of place in his small introductory treatise on astronomy. In summary,
these two divergences are not enough to doubt that Tabit indeed used the Planetary
Hypotb€s€5.144 Asaside note, there is a curious detail in one of the extant manuscripts
of Tabit’s Simplification of the Almagest, namely in MS London, British Library,
Or. 4104. Régis Morelon discovered that this Judaeo-Arabic witness includes
some glosses that were copied into the main text, and that one of them is, in fact, a
quote (though nota literal quote in comparison to the extant main witnesses) from
Planetary Hypotheses 1.19 on the order of the planetary sizes.'*> Even if we do not
want to argue that this gloss goes back to Tabit himself, it shows that Tabit’s text
was read against the Planetary Hypotheses at some point.

Although his cosmos looks similar to Ptolemy’s, Tabit does not provide the reader
with the principles that form the basis of this cosmos. He only briefly touches on the
apparently irregular planetary motions, although they should indeed be considered
as regular, and he seems to adhere to the view that the planets are carried by the

141Gee the commentary on Chapers I.16-19, and Goldstein, “The Arabic Version’, p. 12; Swerdlow,
Prolemy’s Theory, p. 176; Carman, ‘Rounding Numbers’, pp. 229-32.

142 See Kunitzsch’s edition and translation in Ibn al-Salah, Zur Kritik der Koordinateniiberlieferung,
p. 150:15—18 (Arabic) and p. 48 with n. so (German translation and Kunitzsch’s comment).

143 Tabit ibn Qurra, Envres d astronomie, p. 14:12~13.

144 There is a Latin work entitled O the Magnitude of the Stars and Planets and the Ratio of the
Earth (De Quantitatibus stellarum et planetarum et proportio terre) ascribed to Tabit ibn Qurra (edited
by Francis J. Carmody in Carmody, The Astronomical Works, pp. 145-48). In this work, one finds
a set of values different from those in the Planetary Hypotheses but in agreement with al-Fargani’s
values. For a recent discussion, see Americo, An Analysis of Ninth-Century Reception, pp. 247-58,
who concludes on p. 258 that the author of the Latin On the Magnitude is not the same as the one
of the Simplification of the Almagest, namely Tabit. Even stronger evidence comes from the fact
that the Latin work cites Gabir ibn Aflah’s Islah al-Magisti. Since Gabir ibn Aflah lived in the 12t
century AD, this text cannot be dated to the ninth century. This was indicated already by Heinrich
Hermelink in his review of Carmody’s edition, see Hermelink, ‘Review of: Francis J. Carmody, The
Astronomical Works’, p. so2. The citation of Gabir can be found at Carmody, The Astronomical
Works, pp. 145:35-146:9.

195 See Tabit ibn Qurra, Euvres d astronomie, pp. x| and 14 (note to line 4 in the Arabic apparatus).
Cf. Plan. Hyp.L.19, p. 282:7-10.
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spheres and do not move freely.!*¢ He does not explain why the planetary spheres
are in touch with each other or why there cannot be any void between them, or his
method of calculating the distances. Accordingly, this means that he does not discuss
cosmological or physical principles and their relationship to mathematical astronomy.
This might be due to the introductory style of this short work. In another work on
the planetary models, Tabit ibn Qurra elaborates at least a little bit more on such
cosmological principles. This work, entitled On the Spheres, their Constitution, the
Number of their Motions and the Size of their Path (Fi Dikr al-aflak wa-balgi-hi
wa-‘adad barakati-ha wa-miqdar masiri-h), is as concise as the Simplification of
the Almagest. Tabit aims to provide brief presentations of the spheres (aflak) that
are embedded in the main spheres (kx74t) of the planets and are responsible for their
apparent motions.'#” Although the introduction is kept again rather brief, Tabit
gives an outline of the entire cosmos. As in his Simplification of the Almagest, he
adopts Ptolemy’s nested spheres that are in direct contact with each other and he
further adds the sublunar elements that are arranged ‘like a sphere’ (ka-/-kura) as
well. The Earth is situated in the centre of the cosmos, being circular like a sphere.
In comparison with the sphere of the fixed stars, the Earth is only as big as a point,
and there are two primary motions in the heavens.!*® These principles, which go
back to both Aristotle’s On the Heavens and Ptolemy’s Almagest, are not mentioned
in the Simplification of the Almagest. Nevertheless, this second treatise also lacks
proper arguments for the truth of these principles.

There are a couple of factors that can explain why we do not have a more elaborate
discussion of physical principles and their relationship to mathematics in Tabit’s works.
It is clear that Tabit was also interested in philosophical issues, as is evident from the
medieval lists of his works and, for example, from the extant Concise Exposition of
Aristotle’s Metaphysics (1albis ma ata bi-hi Aristutalis fi kitabi-bi Fi-ma bad al-tabia) ¥
Other philosophical works in which we could expect Tabit to have discussed the
sciences and perhaps even their relationship to each other or epistemology such as
his On the Order of Reading the Sciences (Fi Maratib gird’at al-‘uliim) are lost.>° As
emphasized above, the two cosmological treatises that are extant aim to provide a brief
introduction. Another explanation comes from Régis Morelon, who labelled Tabit’s
role as the ‘mathematization of astronomy’. By this, he meant that Tabit attempted
to prove geometrically some of the statements for which Ptolemy relied on empirical
arguments. Morelon saw him as an important figure for establishing mathematical

146 Tabit ibn Qurra, Euvres d astronomie, pp. 6:12—14, 7:11-12, and 15:4-8, where he briefly
defines what he understands by regular motion.

147 See the edition and French translation by Régis Morelon in Tabit ibn Qurra, Envres
d astronomie, pp. 18—25.

148 Tabit ibn Qurra, Envres d astronomie, pp. 19:4-20:16.

149 See the edition and translation by David C. Reisman and Amos Bertolacci, Reisman and
Bertolacci, “Thabit ibn Qurra’s Concise Exposition’.

150 isted in al-Qifti, 7 rib al-hukama’, p. 118:4.
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astronomy in ninth century Bagdad.’>! That Tabit indeed wrote about the interaction
of physical spheres is reported by Maimonides, who claims that Tabit posited a body
between two independently moving spheres. This testimony, taken together with the
mere fact that Tabit followed the nested cosmos from Ptolemy’s Planetary Hypotheses,
demonstrates his interest in the relationship between mathematical astronomy and the
underlying physical principles. Morelon used this fragment from Maimonides, among
others, to argue that Tabit tried to introduce terrestrial physics to the celestial realm,
something against which Ptolemy explicitly argued in the A/magest as well as in the
Planetary Hypot/oesfs.lsz It is most unfortunate that the work to which Maimonides
refers seems to be lost, so there is nothing more to add.

As just seen, Tabit ibn Qurra included a discussion of planetary distances in
his short introduction to astronomy. In fact, the ninth and tenth centuries saw a
number of works that dealt exclusively with planetary distances and sizes. These
authors include Habag al-Hasib (d. around ap 870), Aba Ga'far al-Hazin, al-Qabisi,
and al-Sagani (all three lived in the tenth century ap).!>3 This topic was indeed so
popular that it became an essential part of many works of the later Wm al-haya
tradition.’>* From the fragments of Ya'qub ibn Tariq (eigth century Ap) that are
preserved in al-Birani’s /ndia, we also know about the transmission of Indian
parameters for the planetary distances into the Islamic world.”>> Another sign
of its popularity is the fact that the chapters on the planetary distances that were
originally part of a larger hay’a work were also copied into manuscript collections
detached from the rest of the original work. For example, one finds al-Tasi’s section
on the planetary distances from his Memozr on Astronomy in a manuscript held
in the Chester Beatty Library, Dublin (Arabic 5254). This manuscript, dated to
the 16 century AD, also contains al-Qabisi’s treatise on planetary distances and is
therefore a valuable witness of the popularity of this topic even in the later period.!>¢

151Gee Morelon, “Tabit b. Qurra and Arab Astronomy’.

152 For the fragment in Maimonides, see Maimonides, The Guide, Vol. 2, p. 325. For Morelon’s
analysis, see Morelon, “Tabit b. Qurra and Arab Astronomy’, pp. 125-30 and 136-38. Loizelet,
Mesurer et ordonner, pp. 350—51, argues that this is a misattribution and Maimonides actually refers
to the Liber de orbe (for which see Mimura, “The Arabic Original’).

153 The text by Habas al-Hasib, entitled Book of the Bodies and Sizes (Kitab al-Agrim wa-l-abid),
has been edited by Tzvi Langermann (see Langermann, “The Book of Bodies and Distances’). Al-Hazin’s
work is lost (see Sezgin, Geschichte des arabischen Schrifttums V, p. 299), but traces of it have been
identified and discussed by Jan P. Hogendijk in his edition of al-SaganT’s treatise, entitled Treatise
on the Distances and Sizes (Magqdla fi I-Ab%d wa-l-agram) (see Hogendijk, ‘al-Saghani’s Treatise’).
Hogendijk also edited and translated al-Qabisi’s work on planetary distances and sizes (Résdla f7
l-Ab'ad wa-l-agram), for which see Hogendijk, ‘al-Qabisi’s Treatise’.

154 Gee Ragep, Jaghmini’s Mulakblkhas, p. 46.

155 The fragments are gathered and discussed in Pingree, “The Fragments of the Works of Ya'qub ibn
Tariq’, especially pp. 105-09. See also Loizelet, Mesurer et ordonner, Chapter 2 for a recent overview on the
issue of planetary distances in Indian astronomy, and pp. 341-61 for the tradition around Ya'qub ibn Tariq.

156 See the online description on the website of Prolemacns Arabus et Latinus: https://ptolemaeus.
badw.de/ms/916 (last consulted on 28.07.2022). The excerpt from al-Tasi’s Memoiris on ff. 154"~ 161"
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However, by the ninth century AD, the topic of planetary distances and sizes was
already part Qf a larger and very influential work, namely al-Fargani’s Summary of
Astronomy (Gawami* im al-nugim), which became known in the Latin translation
as Elementa astronomica.”>” This work differs from the other treatises that only deal
with planetary distances, as well as from the two introductory works by Tabit in an
important aspect. In Chapters 2-5, al-Fargani presents the cosmological principles
which also Ptolemy set out at the beginning of the A/magest: the cosmos is spherical
(Chapter 2 = Almagest 1.3), the Earth is also spherical (Chapter 3 = Almagest 1.4),
the Earth is situated at the centre of the cosmos and only has the size of a point in
comparison with the entire cosmos (Chapter 4 = A/magest1.5-6), and there are two
primary motions in the celestial realm (Chapter 5 = Al/magest 1.8). These chapters
nicely illustrate al-Fargant’s dependence on Ptolemy’s A/magest, as the observational
arguments for these principles are basically the same. One curious exception, however,
is Prolemy’s physical argument for the sphericity of the cosmos. As mentioned above,
Ptolemy concludes A/magest 1.3 with further ‘physical considerations’ that concern
the nature of acther. Al-Fargani drops this argument and does not mention aether
as a constituent of the cosmos at all.

In Chapter 12, al-Fargani presents the basic outline of his cosmology, similar
in style to what we have seen in Tabit ibn Qurra. Given the prominent story
of Ptolemy’s ninth sphere to which we have already pointed in the context of
John Philoponus’ influence on the Arabic tradition, it is interesting to note
that al-Fargani here explicitly speaks of eight spheres. In this context, he uses the
words falak and kura interchangeably for the main spheres of each planet and
the fixed stars, in which the eccentric spheres and epicycles are embedded. Most
importantly, these main spheres are nested into each other according to the perigees
and apogees of their planets, without any discussion of empty spaces between
them.!®® The last chapters to which I want to draw attention here are Chapters
21 and 22 on planetary distances and sizes. Al-Fargani opens up this topic with
the following claim:

Ptolemy demonstrates in his book only the extent of the distance of the Sun and the Moon
and we do not find him mentioning the distances of the other planets, except that he
demonstrated what we have presented of the distances of the centres of the spheres from
the centre of the Earth and the extents of the epicycles.!>’

1571t was edited by Jacobus Golius in the 17" century (see al-Fargani, Elementa Astronomica).
For a similar investigation of possible traces of the Planetary Hypotheses in al-Fargani, see Loizelet,
Mesurer et ordonner, pp. 291-300.

158 See al-Fargani, Elementa Astronomica, especially pp. 45:13-46:6 (Arabic part). For the
ascription of the ninth sphere to Ptolemy in the Arabic tradition, see Hullmeine, “Was there a Ninth
Sphere’, pp. 80-82.

159 al-Fargani, Elementa Astronomica, p. 80:5-10 (Arabic part).
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Given that Ptolemy indeed calculates only the distances of the Sun and the Moon in
his Almagest and the others in the Planetary Hypotheses, this passage indicates that
al-Fargani was not familiar with the Planetary Hypotheses. He gives the same account
regarding the sizes of the planets in Chapter 22.160What is curious, however, is that
in order to infer the remaining distances, he uses the same method as Ptolemy does
in the Planetary Hypotheses:

[1] If we make the farthest distance of the Moon from both its spheres combined (I mean
the eccentric sphere and the epicycle) [corresponding to] the closest distance of Mercury,
and [2] if we apply these aforementioned ratios and if we do the same for Mercury and
Venus, we find that the farthest distance of Venus from both spheres combined is the
closest distance of the Sun, which Ptolemy had demonstrated. We conclude from this
that there is no empty space between the spheres.¢!

Al-Fargani supposes two conditions on which he builds the calculation of the
distances, and these are the same as those one finds in the Planetary Hypotheses:
[1] the greatest distance of a lower planet equals the smallest distance of the next
upper planet; [2] the ratios of the relative distances as calculated in the A/magest are
applied. While Ptolemy relied on partially new calculations, al-Fargani only made
use of the values from the A/magest, which he also uses in the next chapter for
the calculation of the sizes.!°Z Nevertheless, he concludes with the same finding as
Ptolemy in the Planetary Hypotheses, namely that Mercury and Venus nicely fitinto
the space between the Moon and the Sun, and that this is good evidence that there
is no empty space in the cosmos. Al-Fargani’s cosmos looks the same as Ptolemy’s,
and he even transfers the distances from Earth radii into miles, just as Ptolemy did.
It is evident that al-Fargani followed Ptolemy in supposing that the mathematical
models of the Almagest give us an idea of how the cosmos is actually arranged.
This means that al-Fargani was familiar with Ptolemy’s theory of nested spheres
without knowing that this material stems, in fact, from the Planetary Hypotheses,
thus showing no direct acquaintenance with this treatise.!®> In addition, we find
again no discussion of the origin or transmission of celestial motions, nothing
about why he strives to avoid empty space between the Moon and the Sun, and no
insight into his opinion on other principles from natural philosophy such as the
existence of aether.

Let us take a brief look at the other treatises on planetary distances and sizes
already mentioned above. As Tzvi Langermann concluded, the treatise by Habas
ibn al-Hasib is mostly focused on the astronomical activities conducted in the early
ninth century Ap. He only reports the distances and sizes for the Moon and the

160 Gee al-Fargani, Elementa Astronomica, p. 83:4-8 (Arabic part).

lel al-Fargani, Elementa Astronomica, p. 80:11-17 (Arabic part).

162 For a recomputation, see Swerdlow, Prolemy’s Theory, pp. 138-40 and 174-75.
163 In this conclusion, I follow Loizelet, Mesurer et ordonner, pp. 299-300.
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Sun from the A/magest.'** More relevant to the present discussion is al-Qabisi, who
worked at the court of Sayf al-Dawla in Aleppo, and of whom we know that he also
wrote a commentary on al-Fargant’s Summary ofAstronomy.l“ He repeats the same
statement cited above from al-Fargani, namely that ‘Ptolemy only demonstrated
the magnitude of the Sun and the Moon and their distances by a proof, but he
did not discuss (the size and distance of) the other celestial bodies’.}*¢ Al-Qabisi
introduces his work with certain ‘principles’ (2wail). These are the same that we
find in Almagest 1.3-8 and in al-Fargani, and al-Qabisi only names the principles
without any sort of proof or argument.167 In al-SaganT’s treatise, we find again the
remark that Ptolemy in the A/magest only treated the distances and sizes of the
Sun and the Moon, and in his own presentation of the remaining distances, he
does not show any direct knowledge of the Planetary Hypotheses.'®8 As argued by
Jan P. Hogendijk, for his treatise, al-Sagani relied on two lost works, one by Tabit
ibn Qurra and another by al-Hazin, and Hogendijk further shows that al-Hazin
must have known the calculations from the Planetary Hypotheses.169 To this list,
one can easily add more names, such as al-Battani, whose zi¢ also contains a chapter
on planetary distances and who probably did not use the Planetary Hypotheses
directly.!”°

From this summary, no clear picture of the dissemination of the Planetary
Hypotheses emerges. While there are some hints that it was known to and used by
Tabit ibn Qurra, who worked in Bagdad until his death in Ap 901, and al-Hazin,
who lived at the court of Rukn al-Dawla in Rayy and died around ADp 970, other
IOth-century authors like al-Qabisi, who worked at the court of Sayf al-Dawla in
Aleppo, and al-Sagani, who lived in Bagdad just a century after Tabit, do not show
any sign of direct acquaintance.””! The dissemination of these astronomers across a
number of political centres should be seen in the light of the establishment of more
powerful local rulers from the end of the ninth century onwards. Johannes Thomann
labelled the period from the middle of the tenth century AD as the ‘second revival of

164 Gee Langermann, “The Book of Bodies and Distances’, pp. 109-10.

165 See Hogendijk, ‘al-Qabist’s Treatise’, pp. 171-72.

lee Following the edition and English translation by Jan P. Hogendijk in Hogendijk, ‘al-Qabisi’s
Treatise’, pp. 177 (translation) and 207:7-9.

167 Eor the Arabic text, see Hogendijk, ‘al-Qabisi’s Treatise’, pp. 207:21-208:2.

168 Al-Sagani’s statement concerning the A/magest can be found in Hogendijk, ‘al-Saghant’s
Treatise’, p. 24:16-17.

169 Gee Hogendijk’s commentary in Hogendijk, ‘al-Saghani’s Treatise’, pp. 10-19.

170 Following Swerdlow, Prolemy’s Theory, pp. 143—46. See also Loizelet, Mesurer et ordonner,
pp- 310-11.

171 Regarding the biographical details, see for Tabit ibn Qurra see Morelon’s introduction in
Tabit ibn Qurra, Euvres d astronomie, pp. xi—xii; for al-Hazin, see Rashed, Les mathématiques
infinitésimales. Vol. 1, pp. 738-39; for al-Qabisi, see Thomann, “The Second Revival’, p. 92.1; for
al-Sagant, see Sezgin, Geschichte des arabischen Schrifttums V, p. 311.
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astronomy’ after a comparable decline in the previous century.!”? Despite the fact that
apparently some authors did not use or even know the Planetary Hypotheses directly
until at least the tenth century, Ptolemy’s theory of nested spheres in combination
with his calculation of the planetary distances nicely illustrates that the Planetary
Hypotheses indeed influenced Arabic cosmological treatises. This influence can be
detected across all these different centres of astronomical activity. All of the authors
that were discussed in this chapter go beyond the simple presentation of geometrical
models and transfer these into a physical account of cosmology, but without going
into much detail about the origin and transmission of motion.

Usually, Ptolemy is credited with the introduction of this theory of a nested
cosmos, by both modern as well as medieval authors.!”> What are, in sum, the details
of Ptolemy’s nested cosmos? Firstly, it consists of an awareness that astronomers
not only deal with circles and lines and thus abstract representations, but also
think about the planets and their spheres and thus the composition of the cosmos
in a three-dimensional way. Secondly, the theory of compactly packed spheres,
i.e. spheres that are in touch with each other, is connected both by Ptolemy and
later by Arabic authors with the computation of planetary distances. As becomes
apparent in Planetary Hypotheses 1.17, Ptolemy introduces two criteria in order to
be able to calculate those distances that he was not able to calculate in the Almagest
solely on the ground of observations. These two criteria are the non-existence of
void spaces and the correlation of relative distances with their actual distances.
The influence of Ptolemy’s theory cannot be seen in authors simply using one of
those aspects. For example, the non-existence of void was an important part of
Aristotelian natural philosophy and therefore, in itself, does not provide us with
an argument for claiming a Ptolemaic influence. When one finds in later authors
the combination of all of these aspects together in a cosmic theory, then one can
make a solid argument that there must be some Ptolemaic influence at work, as this
combination of a three-dimensional cosmos, nested spheres, and the calculation of
planetary distances is original in Ptolemy’s Planctary Hypotheses.\”4

Carlo Alfonso Nallino, in his edition of al-Battant’s zi¢, pointed to al-Birani’s
statement in his /zdia, where al-Birtini compares Ptolemy with the Indian table of
distances he found in Ya'qab ibn Tariq:

This teaching [the one reported by Ya'qab ibn Tariq] is contrary to that on which Ptolemy
built the discussion of the distances in his Planetary Hypotheses [Kitab al-Mansirit]
and which the ancients and the moderns followed. For their principle concerning [the
distances] [builds] upon the fact that the farthest distance of each planet [corresponds

172 See Thomann, “The Second Revival’, pp- 916-18.

173 See for example Ragep, Jaghmini’s Mulakbkbas, p. 44, and Goldstein and Hon, “The Nesting
Hypothesis’, pp. 209-11.

1741 oizelet singles out seven criteria for judging whether a later author knew the Planetary Hypotheses,
or at least the part on the planetary distances and sizes. See Loizelet, Mesurer et ordonner, p. 159.
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to] the closest distance of [the planet] above it, while there is no space devoid of action
between both their spheres. According to this teaching, there is between the two spheres
a space free of them, in which there is [something] holding [it] like an axis, around which
there is revolution, as if they think of aether as something with a weight so that it needs
[something] holding the inner sphere in the middle of the outer [sphere].!”

Al-Birani shows here his knowledge of Ptolemy’s theory of nested spheres from
the Planetary Hypotheses and actually states that this system comes from this book.
Another indication of Ptolemy being the main source for the theory of nested spheres
is al-Fargani, even though he was himself not aware of this source. Nevertheless, he
not only presents the same theory as Ptolemy, but even uses, as we have seen, the
same method for this system, which enables him to calculate the distances, and he
was followed by every author at whom we have just looked. This strongly indicates
that this idea had already reached the Arabic astronomers at a comparative early
stage, probably together with the translation of the A/magest. In some cases, we
have seen that the authors adopted the nested cosmos unaware of its source. Given
that late ancient philosophers and astronomers such as Proclus also discussed this
theory, there might even be other channels of transmission, which, however, in their
turn, go back to the Planetary Hypotloeses.176

Apart from tracing the impact of the Planetary Hypotheses concerning the
way in which medieval Arabic astronomers presented the cosmological setup,
I have pointed out that they apparently did not take physical considerations into
account.'”” On the other hand, one must bear in mind that the treatises discussed
above are only introductions to astronomy or deal with the planetary distances
exclusively. As it seems, the ‘genre’ of planetary distances and sizes in the ninth

15 al-Birtini, Kitab fi Tabqiq ma li-l-hind, pp. 400:1~401:2. This passage has already been referred
to and translated by Nallino in al-Battani, Opus Astronomicum, Vol. 1, pp. 287-88, and by Willy
Hartner (see Hartner, ‘Medieval Views’, pp. 257—-58). Al-Biran’s presentation of this Indian system has
been translated and discussed by David Pingree (Pingree, “The Fragments of the Works of Ya'qab ibn
Tariq’, pp. 105-09). The fragment itself, as cited by al-Birani, does not mention spheres. In the table
of distances, one finds the empty spaces discussed by al-Birani. However, they correspond, in nearly
every case (with the exception of the space between Saturn and the fixed stars), to the diameters of the
planets. As Pingree notes (Pingree, “The Fragments of the Works of Ya'qab ibn Tariq’, p. 107), this
could indicate that the greatest distances ‘are to the nearest points on circumferences of the planets’,
which would leave open the possibility that we are faced here with a system of nested spheres as well.
The few remarks made by Tzvi Langermann on account of Ibn Hibinta are along similar lines (see
Langermann’s introduction in Ibn al-Haytam, On the Configuration, p. 2.9). However, al-Birani may
have drawn on more information from Ya‘qab ibn Tariq’s book.

1761 oizelet, Mesurer et ordonner, Chapter 8 argues that there are at least four different traditions
on planetary distances that can be detected in Arabic treatises of the tenth century, which more or
less depend on indirect or direct knowledge of the Planetary Hypotheses.

77 An exception is al-Battini, who at least briefly mentions the distinction between the four
sublunar elements that are the causes of generation and corruption on the one hand, and aether on the
other hand, which is described as follows: ‘Above them is a fifth nature, about which no truth is said,
which the senses do not grasp, and the quality of which the intellect ( 2¢/) does not comprehend.” See
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and tenth centuries excluded such concerns, as did an explicit introduction
to astronomy such as al-Fargant’s Summary of Astronomy. This might explain
the lack of any discussion about the consequences of these systems for natural
philosophy, and the same authors perhaps addressed such issues in other works.
Unfortunately, a more complete view of the cosmology of these authors is
prevented by a loss of sources that could presumably cast more light on these
issues. For example, al-Qabisi refers in his work On the Testing of Those Who
Call Themselves Astrologers (Risala fi mtiban al-munajjimin mimman huwa
muttasim bi-hada l-ism) to another work of his entitled Doubts about the Almagest
(Sukitk fi I-Magisti).\”8 This makes him a precursor of Ibn al-Haytam’s Doubts
about Ptolemy (al-Sukitk ald Batlamyis), in which the author indeed discusses
topics such as the relationship between physical and mathematical proofs or the
transmission of celestial motions within aether. In fact, there is a large number of
commentaries on the A/magest from the ninth and tenth centuries. Unfortunately,
some of these are lost, such as The Purposes of the Almagest (Kitab Argad
al-Magist) by Ibrahim ibn Sinan, the grandson of Tabit ibn Qurra. Others are
only concerned with mathematical aspects and not with Book I of the A/magest,
in which Ptolemy laid out his methodology. At least we have a fragment from
al-Hazin’s commentary on Book I, but in this, al-Hazin is mostly concerned
with the trigonometrical section and not with the first chapters.!”? In addition,
al-Birani transmits al-Hazin’s attempt to replace Prolemy’s eccentric solar model
with a homocentric one. As far as we can tell from al-Biran©’s reports, al-Hazin’s
motivation was not a return to an Aristotelian cosmology and we have no reason
to believe that behind his model stands a critique from the physical point of view
(as we can observe later in al-Andalus).!8°

Luckily, there is some evidence that this is only valid for these genres and not for
astronomical research in the ninth century in general. In one of his works, Qutb
al-Din al-Sirazi gives a long citation from a work on the motions of the eighth and
ninth sphere and ascribes it to Muhammad ibn Msa, the eldest of the three Bana

al-Battani, Opus Astronomicum, Vol. 3, p. 182:7-8; this element is explicitly called #ytar on p. 182:1,
where he writes that the stars move (¢2¢77) in it. The reference stems from Tzvi Langermann in Ibn
al-Haytam, On the Configuration, p. 27.

178 See Sezgin, Geschichte des arabischen Schrifttums VI, p. 210.In the introduction of On the Testing
of the Astrologers, al-Qabisi distinguishes between perfect astrologers and astronomers on the one
hand, and those who lack this perfection. He puts an emphasis on the fact that true astrologers make
use of rational demonstrations, whereas the others do not know such demonstrations. See Burnett,
‘The Certitude’, pp. 203—04, and Thomann, “The Second Revival’, pp. 923-28. This indicates that
al-Qabisi did consider, at least in an astrological context, methodological and epistemological questions.

179 For an overview, see Thomann, ‘Ein al-Farabi zugeschriebener Kommentar’, pp. 40-48. For
Ibrahim ibn Sinan, see Sezgin, Geschichte des arabischen Schrifttums VI, p. 195, and for al-Hazin, see
again Thomann, ‘Ein al-Farabi zugeschriebener Kommentar’, p. 42, and Morelon, ‘Eastern Arabic
Astronomy’, p. so.

180 The fragments are translated and discussed in Samsé, ‘A Homocentric Solar Model’.
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Misi who were active in ninth century Bagdad. This fragment has even more
relevance to the present study if one considers that it was Muhammad ibn Masa
himself who brought Tabit ibn Qurra to Bagdad.'®! Since the source of this citation
apparently stems from the ninth century Ap, the significant differences in comparison
with the other treatises discussed above are worth being highlighted briefly.!* In
the beginning of al-Sirazi’s citation, Muhammad ibn Msa first makes an allusion
to the Aristotelian Unmoved Mover. He then quotes from A/magest 1.1 on the
ungraspable nature of God and its claim that astronomy has to be considered as the
most excellent science, as it offers the best path to theology.183 These references to
the divine Prime Mover and to Ptolemy’s division of theoretical philosophy stand
out among the other astronomical treatises of that time. In addition, they signify
that Muhammad ibn Musa considered himself in the tradition of the A/magest
when he avrgued against the existence of a sphere outside that of the fixed stars. For
this, as al-Sirazi tells us, was the purpose of Muhammad ibn Msa’s treatise ‘on the
unsoundness of the ninth [sphere]’.184

In a nutshell, Muhammad ibn Masa first describes that it is indeed possible
that an outer sphere moves an inner sphere if it has a different centre and moves
around another axis. The problem for the existence of a ninth sphere, then, is that
itis assumed to have the same centre as the inner sphere which is supposed to move
along with it. To drive his argument home, he also excludes the possibility that the
outer and the inner sphere are not circular.®5 As already stressed by George Saliba,
Muhammad ibn Masi stays within an account of how motion is transmitted in the
sublunar realm and he does not allude to the possibly different nature of the aethereal
heavens.!3¢ As we have seen, this was actually the main point of critique of Ptolemy
against the theory of poles that transmit the motions. It seems that Muhammad
ibn Misa also thinks in the way criticised by Ptolemy, without, however, adducing
a theory that poles impart motion to the inner sphere.

To avoid the problem, Muhammad ibn Masa turns to the theological explanation
that ‘this eastern motion is due to a mover which is not a body, nor does it have
a nature, nor does it move when it moves [something].”®” This description is the
same as the one attributed to the ‘wise philosophers and ancient astronomers’

181 Thjs story is repeated quite often. See, for example, Rashed, “Thabit ibn Qurra, Scholar’, pp. 3-4.

182 The complete citation was edited, translated, and discussed by George Saliba (see Saliba,
‘Early Arabic Critique’) and, before him, was mentioned by F. Jamil Ragep in al-Ttsi, Memoir on
Astronomy, pp. 389—90.

183 G4liba, ‘Early Arabic Critique’, p. 130, Arabic p. 2:5—10. On the question of which translation
of the Almagest he used, see Saliba, ‘Early Arabic Critique’, pp. 126-29.

184 Saliba, ‘Early Arabic Critique’, p. 130, Arabic p. 2:1-2, tr. by Saliba on p. 13 1.

185 For the main geometrical argument, see Saliba, ‘Early Arabic Critique’, pp. 132—136, Arabic
pp- 3:7-8:9.

186 See Saliba’s introduction, Saliba, ‘Early Arabic Critique’, pp. 121 and 125-26.

187 Saliba, ‘Early Arabic Critique’, p. 130, Arabic p. 2:11-13, tr. by Saliba on p. 131. See also at
the end, on p. 136, Arabic p. 8:8, that there is no ‘circular body’ around the sphere of the fixed stars.
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at the beginning of al-Sirazi’s citation and surely goes back to Aristotle’s Prime
Mover, which, as Muhammad ibn Misa apparently thinks, is in agreement with
Ptolemy’s Almagest 1.1. Thus, Muhammad ibn Msi is able to confirm Ptolemy’s
statement that astronomy indeed is a suitable path towards theological knowledge.
He has proven that there cannot be a working astronomical model for a bodily
sphere moving the sphere of the fixed stars, from which he infers that the mover
of this sphere cannot be bodily and in motion itself. As far as one can tell from
the state of modern research, this intermingling of astronomy and theology, and
this reception of Aristotle’s Prime Mover and Ptolemy’s division of the sciences
is unique in the context of the astronomical writings of the ninth century. One
has to emphasize here, however, that Muhammad ibn Masa’s aim is not to prove
God’s existence. His main interest, judging from the fragment preserved by
al-Sirazi, is to prove that there cannot be a concentric ninth sphere moving the
eighth accidentally by its motion. In a next step, he makes the transition to the
theological explanation of how God acts on the eighth sphere. This is the reason
why he alluded to Ptolemy’s single theological statement from the A/magest at
the outset of his discussion.

In this section, I have focused more narrowly on the aspect of cosmology from
the Planetary Hypotheses that had the greatest success in the first three centuries
of the Islamic region, namely the cosmos as consisting of solid spheres which are
nested into each other and embedded, in which the different minor spheres are
responsible for moving the planets. The calculation of the distances and sizes of
the planets presupposes that the authors accepted that (a) there is no void in the
cosmos, and (b) that the relative distances of the perigee and apogee of each planet,
as they are calculated on the basis of the geometrical models in the A/magest, can
be translated into physical reality. Furthermore, I addressed the problem that we
do not have much information on whether the astronomers from the ninth and
tenth centuries also took considerations from natural philosophy into account,
in a similar way to Ptolemy in the Almagest and the Planetary Hypotheses. At the
present state of research, the evidence from Muhammad ibn Masi and Tabit ibn
Qurra stands out as an exception, although there might be more discoveries to be
made that could challenge that view. In this light, one must refer to Ibn al-Haytam’s
complaint in the introduction to his Configuration of the World. According to
him, his predecessors failed to describe a physical explanation of the motions from
Prolemy’s geometrical models within solid bodies. Given our lack of sources from
this period, it remains unclear whether this is a generally fair critique.'®® With the
astronomers from the time around AD 1000, there is an evident change insofar as
more works are extant in which the relationship between physics and mathematics

188] thus follow F. Jamil Ragep’s hesitance to accept Ibn al-Haytam’s self-depiction (see al-Tst,
Memoir on Astronomy, Vol. 1, pp. 30-33) and also Tzvi Langermann’s analysis in Ibn al-Haytam,
On the Configuration, pp. 25—29.
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or astronomy was addressed, and which thus contained more philosophical material.
However, before we take a closer look at authors such as Ibn al-Haytam, al-Birani,
and Kuasyar ibn Labban, let us see how the early philosophers from the falsafa
tradition dealt with the Ptolemaic heritage.

Prolemaic Astronomy in talsata: al-Kindsi, al-Farabi, and Avicenna

So far, I have focused more narrowly on cosmological works by authors who are
mostly known for their mathematical and astronomical works. However, the same
period witnessed the rise of falsafa, philosophy taking its roots from the ancient
Greek tradition. Three of its most prominent proponents, namely al-Kindi, al-Farabi,
and Avicenna, also wrote works in the tradition of Prolemy’s Almagest.

As for al-Kindi (d. around Ap 870), his engagement with Ptolemy is mostly
evident through a commentary on the armillary sphere described in Book V of
the Almagest (Risala fi Dat al-balag),”® and through his paraphrase of the first
eight chapters of the Almagest.190 In this paraphrase, he includes much additional
material from the commentary by Theon of Alexandria. As Rosenthal notes,
al-Kindi indicates that he at least intended to continue this paraphrase of the rest
of the Almagest. Rosenthal also concluded that al-Kindi does not provide much
original engagement and closely follows the A/magest itself and the commentary
by Theon of Alexandria.’! Nevertheless, there is one interesting aspect right at
the beginning that should be highlighted. In the dedication to his son Ahmad ibn
Ya‘qtb,”? al-Kindi states that the Almagest poses some difficulties for the reader,
since one not only needs to have mastered arithmetic and geometry but also to have
a good grasp of physics and theology or metaphysics. He then adds that although
Ptolemy ‘prioritizes an account that is superior to the physical account’, Ptolemy
later makes use of this ‘physical account’ in the chapter on the shape and motion
of the cosmos.1?3 Though al-Kindf’s choice of the indeterminate usage of ‘account’
(gawlan)is not unambiguous (provided that the extant text is not corrupt), we can
be sure that he has Ptolemy’s epistemological distinction between mathematics
and physics in mind. Despite Ptolemy’s claim that physics is only conjectural in
opposition to mathematics, al-Kindi maintains that the reader of the Almagest still
needs to have a proper understanding of natural philosophy as well, and al-Kindi

189 See the edition and Italian translation by Giuseppe Celentano in al-Kindi, L epistola di al-Kindi
sulla sfera armillare.

190 Eirst described in detail in Rosenthal, ‘Al-Kindi and Ptolemy’, modern edition by ‘Azmi Taha
al-Sayyid Ahmad in al-Kindi, K#tdb fi [-Sind‘a al-‘ugma.

PISee Rosenthal, ‘Al-Kindi and Ptolemy’, pp. 437-38 and 446-55.

192 Ag reported in the apparently later appended table of contents (see Gannagé, ‘Al-Kindj,
Ptolemy’, p. 84).

193 See al-Kindi, Kizdb 1 1-Sind a al-‘ugma, p. 118:12—18. This was briefly pointed out in Rosenthal,
‘Al-Kindi and Ptolemy’, p. 440.
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refers to the arguments in A/magest 1.3 that Ptolemy himself had labelled as ‘physical’.
It is quite interesting that al-Kindi points to this possible misunderstanding even
before introducing Ptolemy’s division of the sciences. In fact, this might indicate
that al-Kindi was worried that students could take Ptolemy seriously and not study
natural philosophy (and neither theology) anymore because it provided them only
with conjectural knowledge. This does not mean, however, that al-Kindi departs
significantly from Ptolemy. In his paraphrase, al-Kindi stays along the lines of Prolemy
and his commentator Theon when he claims that mathematics provides certain
knowledge, physics deals with ever-changing objects, and the object of theology is
ungraspable by the senses.””* One might also refer to Peter Adamson’s reading of
al-Kind1’s methodological introduction to the discussion of the eternity of the world
in his On First Philosophy (Fi l-falsafa al-uld). There, al-Kindi first emphasizes the
different means of perceiving things that do not change (the intellectual perception
of universals) and of things that do change (the sensual perception of particulars).
He goes on to explain that the correct method of investigating immaterial things
is mathematical, whereas this mathematical method should not be applied to
ever-changing physical objects.” In his cosmological picture, al-Kindi also follows
Ptolemy, though not exclusively. Other main sources are Aristotle and Alexander
of Aphrodisias. Al-Kindi adopts both the Aristotelian elemental theory and the
physical principles from Almagest 1.3-8. However, since he connects these topics
with other issues such as God’s providence and celestial dynamics, I will discuss
al-Kindi’s cosmology in more detail in Chapter III.

At this point, it remains to say that we do not have any sign that could make
us believe that al-Kindi had knowledge of the Planetary Hypotheses. It is different
for al-Farabi (d. Ap 950), as it has previously been argued that al-Farabi knew
about the content of the Planetary Hypothesis and was influenced by it in his
own cosrnology.196 Since this evidence comes from al-Farabi’s theory of celestial
dynamics, it will be discussed in the next chapter. In the context of the present
chapter, there are a couple of things to say concerning al-Farabi’s views on the
status of astronomy.

I have already briefly mentioned that al-Farabi wrote a commentary on the
Almagest. Johannes Thomann was able to identify parts of that commentary in
two manuscripts in Tehran that, unfortunately, only cover a part of Book IX and

194 See al-Kindi, Kizab f11-Sinda al-‘ngmd, p. 127:1-15, discussed in detail in Gannagé, ‘Al-Kindi,
Prolemy’, pp. 91-94.

195 See Adamson, A/-Kindi, pp. 33—37 and 88—90; for an English translation of this methodological
introduction, see Adamson and Pormann, The Philosophical Works, pp. 14-18. Emma Gannagé
has also previously argued that al-Kindi follows the view that mathematics is the best path to sure
knowledge in other works (see Gannagé, ‘Al-Kindi, Ptolemy’). On the place of mathematics and
especially geometry in al-Kindi’s thought, see Endress, ‘Mathematics and Philosophy’, especially
pp- 127-35, and Gutas, ‘Geometry and the Rebirth’.

196 See, for example, Janos, Method, Structure, pp. 347-48.
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Books X-XII1."7 The parts that would be most interesting to have, namely on
Almagest1.1-8, are therefore not extant as far as we know. Nevertheless, Thomann
has already highlighted a quite interesting statement concerning Ptolemy’s account
of the simplicity of nature from A/magest X111.2. In reply to Ptolemy’s remark that
we cannot really judge about what is simple in the celestial realm, al-Farabi quickly
dismisses this statement in his commentary because one would need to consider itin
terms of physics or metaphysics, stating that it is ‘outside of the kind of mathematics’
(barig ‘an gins ilm al-talim).”*® In light of this statement, it becomes even more
urgent to get a look at his commentary on Almagest 1.1.

However, we know much about his division of the sciences from other works,
and his stance on astronomy in relation to natural philosophy and metaphysics has
been studied in detail by Damien Janos.!”” While al-Farabi follows the division of
the sciences that he could find in Ptolemy as well as in other ancient or late ancient
Greek authors, he certainly does not follow Ptolemy’s epistemology. In his work
on music (K7tab al-Miisiqa al-kabir), al-Farabi holds, contrary to Prolemy, that
astronomy deals with the observed appearances and natural philosophy with the
essential features of bodies and the underlying causes for these appearances. The
astronomer must turn to physical arguments to prove the causes of his observations.
In addition, he uses Aristotle’s distinction of hot7 and diboti proofs (inni and limmi
in Arabic) to put metaphysics at the highest position among the theoretical sciences,
as it is the science par excellence that provides us with proofs of the cause.?%% T have
argued above that we find the same elements in Ptolemy as well as in other authors,
asis evident, for example, from the fragment on Geminus reported by Simplicius to
which Janos also refers as a forerunner of al-Farabi.?"! The main difference between
Ptolemy and other ancient sources lies in his epistemological consequences: since
physics and theology are only conjectural, their epistemological value is inferior to
that of mathematics and astronomy; nor is it necessary to go back to them in order
to look for the causes when we have certain knowledge of the observed phenomena.
In this, Ptolemy is not only in opposition to Aristotle and Simplicius’ report on
Geminus and Posidonius, but also to al-Faribi, who does not doubt the need for
astronomers to start from certain physical and metaphysical principles.

Again, we do not know what al-Farabi had to say about Ptolemy’s epistemology
from Almagest 1.1, since that part of his commentary does not seem to be extant.

197 See Thomann, ‘Ein al-Farabi zugeschriebener Kommentar’, Thomann, ‘Al-Farabis Kommentar’,
and Thomann, “Terminological Fingerprints’.

198 See Thomann, ‘Ein al-Farabi zugeschriebener Kommentar’, pp. 58—59. The passage can be
found in MS Tehran, Kitabhana-yi Maglis-i $ura-yi Islimi, 6531, f. 188":1-12 (following the foliation
written in pencil on the recto pages; Thomann gives f. 191).

1911 the following, I rely on two of Janos’s contributions, namely Janos, ‘Al-Farabi on the Method’,
and Janos, Method, Structure, pp. 43-84, which is mostly based on the former.

2007anos, ‘Al-Farabi on the Method’, pp. 255-56 and 260-62.

201 See Janos, ‘Al-Farabi on the Method’, pp. 258-59.
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Given the evidence of his other extant works, however, it would be surprising if he
accepted itin its entirety. Even al-Kindi, who is otherwise not too critical of Ptolemy
in his paraphrase, highlights right at the beginning that Prolemy’s distinction should
not be taken in such a way that one abandons natural philosophy because one needs
both natural philosophy and theology to understand Ptolemy’s A/magest and therefore
astronomy in general. In this context, one of the mostimportant features of al-Farabi,
though, is the explicit introduction of proofs of that and why (inni and limmi) for
distinguishing between mathematics on the one hand, and physics and theology on
the other hand. This distinction comes together with a more profound theory of
the subordination and dependence of the various disciplines of philosophy. As Peter
Adamson argued, the tradition around al-Kindji, in contrast, looked at each science
rather differently. According to Adamson, one of the reasons for the shift from
al-Kindi to al-Farabi was the comparatively late translation of Aristotle’s Posterior
Analytics by Abi Bisr Matta (d. Ap 940).2%% In the present context, this late date
of translation has particular importance, since the Posterior Analytics is the place
where Aristotle introduced his boti/dihot: distinction that now surfaces in al-Farabt’s
distinction between mathematics and natural philosophy. Moreover, the development
from al-Kindi to al-Farabi can also help us understand that the relationship between
mathematics and physics received more attention around one generation after the
death of al-Farabi, as I am going to show in what follows. In addition, this point by
al-Farabi will become important for the later b2y’ tradition exemplified by Nasir
al-Din al-T'asi, who also makes use of that distinction to justify why one needs to
include a discussion of the physical principles that underlie astronomy.?%3

In this list of the most prominent Muslim philosophers of the Middle Ages,
Avicenna (d. 1037) should not be left out. He must be mentioned not only because
of his enormous influence on subsequent traditions but also because he made some
valuable contributions to astronomy more specifically. A very striking example
of this is that he apparently was the first one to call astronomy %m al-hay’a (‘the
science of configuration’) instead of %m al-nugiam (‘the science of the stars’). As
emphasized by F. Jamil Ragep, this is a major shift since %m al-haya previously
denoted the physical arrangement of the spheres, planets, and the Earth. Making
this term the overarching name of astronomy puts the emphasis on the physical
structure of the cosmos.20%

Accordingly, Avicenna calls the astronomical part of his philosophical summa,
The Cure (Kitab al-Sifz’), by the same name: %m al-hay’a. This part follows the
Almagest in its general outlook quite closely and it is even called Epitome of Ptolemy’s
Treatise on Mathematics, that is the Almagest (1albis Kitab Batlamyis fi I-talim

202 Adamson, “The Kindian Tradition’, pp- 355—60, with reference to Peters, Aristoteles Arabus,
pp. 17—20 for the Arabic tradition of the Posterior Analytics.

203 See al-Tast, Memoir on Astronomy, Vol. 1, pp. 38—46, and Janos, ‘Al-Farabi on the Method’,
pp- 262—63 and Janos, Method, Structure, pp. 82—84. See below (pp. 130-40).

204 See Ragep’s introduction in al-Ttst, Memoir on Astronomy, pp. 34-35.
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wa-huwa Kitab al-Magisti). While al-Kindf’s paraphrase has literal correspondences
to the Almagest and Theon’s commentary and was thus intended to introduce the
reader into the main topics of Book I, and while al-Farabi’s commentary (at least
concerning the extant parts) follows the text closely and expands on it, Avicenna’s
astronomical section is an abridged version (¢4/his) that omits, for example, some
tables, proofs, or figures.?%> The first noteworthy omission, however, is that of the
very first chapter. Thereby, Avicenna passes over Ptolemy’s division of the sciences
and his epistemological remarks. A possible explanation for this omission is that
although this section on astronomy is basically an abbreviation of the A/magest,
his entire summa deals with all of these different sciences and thus Avicenna does
not need to elaborate on Ptolemy’s division in the section devoted to astronomy.
However, wherever Ptolemy made some remarks in the A/magest concerning the
conjectural status of physical arguments or that one does not need them at all in the
case where one has sufficient mathematical proof, Avicenna omits them entirely or
does not say that such arguments are only persuasive or reasonable. For example,
Avicenna does not mention Ptolemy’s argument concerning the question of what is
simple in the heavens from A/magest X111.2. This fits with al-Farabi’s judgment that
this question should rather be discussed in physics or metaphysics. When it comes
to.Almagest 1.3, where Ptolemy made use of further ‘reasonable’ physical arguments
for the perfect shape of a sphere, Avicenna simply states that there are other aspects
that could ‘convince’ (yagna ‘) one of the spherical shapes of the heavens.?% In his
summary of this argument of the perfect status of the circular sphere, he does not
explain that Ptolemy labels them as coming from natural philosophy. Next, Avicenna
drops Ptolemy’s remark that it is superfluous to investigate the causes why heavy
objects move to the centre of the cosmos when observations already prove that the
Earth has to be there. Surely, this is something that Avicenna would have judged
as deeply un-Aristotelian. Instead, he gives an account of the natural motions of
the four simple elements which is more detailed than Ptolemy’s brief remarks. He
closes this chapter as follows: “This is a summary (¢zwami‘) of what [Ptolemy] said,
and we have indeed shown in [the section on] physics (#4b1%yyat) that this motion
for the Earth is impossible.”” Contrary to Ptolemy, Avicenna apparently believes
that his arguments from his section on natural philosophy (more specifically, from
his reworking of Aristotle’s On the Heavens) are, by themselves, sufficient proofs
for the Earth’s lack of locomotion.??®

205 . the differentiation between these kinds of treatises on the Almagestin Thomann, “Terminological

Fingerprints’, pp. 302-03. For Avicenna’s own description of his abbreviation, see Avicenna, “Ilm
al-hay’a’, pp. 15:8-16:6. For the following account, see also Janos, ‘Moving the Orbs’, pp. 170-71.

206 Avicenna, “Ilm al-hay’?’, p. 19:5.

207 Avicenna, “Ilm al-hay’a’, p. 26:8-9.

208 See Avicenna, ‘al-Sama” wa-l-Glam’, especially the first chapters on pp. 1-36. On Avicenna’s
methodology of natural philosophy, sece Lammer, The Elements, pp. 43—109. Avicenna’s chapter on
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Avicenna adds a final chapter to his abbreviation of the Almagest that is called
‘Beginning of the book in addition to the abridgment of the A/magest, what is not
demonstrated in the Almagest’ (Ibtida’ al-maqala al-mudafa ila ma btasara min
kitab al-Magisti mimma laysa yadullu ‘alay-bi I-Magisti).** Right at the beginning
of this chapter, Avicenna clearly states the need to combine astronomy and physics
for a more complete cosmological understanding:

It is necessary for us to draw a comparison between what has been mentioned in the
Almagest and what is thought (74 gsl) from physics and to know how these motions

come about.?1°

Among other topics, Avicenna also addresses here the problem of the interaction
of two nested spheres, and, more specifically, how an inner sphere is moved by an
outer sphere when their axes are not collinear. We have seen that this issue had
already attracted some interest in earlier times, as the example of Muhammad ibn
Masa illustrates. Curiously, in his Persian summa, the Danesname, Avicenna writes
about physics that it is the most accessible to humans, whereas it also offers the
most uncertainties due to its subject matter, which involves change and motion.?!!
This is the same argument that led Ptolemy to claim that mathematics is superior
to physics and to highlight frequently that some of the arguments drawn from
natural philosophy are merely persuasive. Nevertheless, as is clear from the previous
overview, Avicenna does not follow Ptolemy in assuming that mathematics is more
valuable for attaining true knowledge. Instead, when it comes to the physical
arguments from the A/magest, he either omits them entirely or he drops Ptolemy’s
remarks about their epistemological inferiority. In an interesting passage on the
relationship between astronomy and natural philosophy from the physical section
of his The Cure, Avicenna seems to refer to Almagest 1.3 in order to argue that
astronomy and physics occasionally share not only premises, but also their subject
matter. Concerning questions such as the sphericity of the heavenly body, Avicenna
claims, astronomers adduce observational arguments that show the fact, whereas
natural philosophers produce arguments from the cause. He certainly has here
Almagest 1.3 in mind, where the same argument concerning the homogeneous
nature of aether is labelled as a ‘physical consideration’ after the enumeration of
arguments from observation, which Avicenna ascribes to the mathematicians.?!?

the lack of the Earth’s motion from The Cure also circulated as an independent treatise, see Ragep
and Ragep, “The Astronomical and Cosmological Works’, p. 6.

209 For a brief overview, see Ragep and Ragep, “The Astronomical and Cosmological Works’, p. 6.

210 Avicenna, “Ilm al-hay’a’, p. 651:3—4.

2 Avicenna, Le livre de science, p. 13 4.

212 Gee the Arabic text and English translation by Jon McGinnis in Avicenna, The Physics of
The Healing, Vol. 1, p. 56:6—15 (Arabic part). My attention was drawn to this passage by a recently
published article by Hossein Massoumi Hamedani, see Massoumi Hamedani, ‘Physics and the
Mathematical Sciences’. In this article (see especially pp. 27-30), Massoumi Hamedani argues that
Avicenna opts against mixing the respective methods of each philosophical discipline, especially with
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The fact that Avicenna starts his appended chapter ‘on what is not demonstrated
in the Almagest’ with the claim that he wants to harmonize ‘what has been mentioned
in the A/magest’ with natural philosophy shows that, in his opinion, the A/magest
alone does not offer this harmonization. However, Avicenna does not provide an
explanation of which Ptolemaic elements need to be discussed or reconsidered from
a physical point of view. A suitable example of such an attempt is the infamous
equant. As Avicenna’s student al-Gtizgani (fl. first half of the 11 century ap)
informs us, Avicenna claimed to have solved the problem of how to configure the
equant’s motion without violating Physical principles. Since Avicenna did not share
his solution with his students, al-Gazgani ofters his own solution in a work of his
own.”!3 Another interesting aspect is that Avicenna ascribes to Aristotle a planetary
model that includes epicycles, an assertion that we have already found in Adrastus,
who apparently tried to harmonize Peripatetic philosophy with recent astronomical
theories.?'* Nevertheless, Avicenna did not compose an astronomical work that
deals with the relationship between astronomical models and their physical reality
as thoroughly as they are discussed in the Planetary Hypotheses, such as the ensoul-
ment of spheres and planets, counteracting spheres, or other shapes of the spheres.
Although the fact that his student al-Gﬁzgini refers to the Planetary Hypotheses in
his astronomical work suggests that it circulated in Avicenna’s direct environment,
Avicenna does not show any knowledge of it in this abridged version of the A/magest.
On the other hand, Avicenna does consider astronomical theories in the context of
his metaphysical and physical works. Since there Avicenna has interesting things to
say about celestial dynamics that are related to the issues discussed in the Planetary
Hypotheses, I will return to this question in Chapter IT1.2 Surely, these accounts had
agreatimpact on later philosophical discussions, as did Avicenna’s entire ceuvre.21é
Nevertheless, there are more detailed investigations of Ptolemaic astronomy and its
relationship with natural philosophy in other authors contemporary with Avicenna
who are openly critical of Ptolemy, to whom I will turn in the following.

respect to the examples of astronomy and physics. This would be the same position held by al-Birani.
I am not certain whether such a need for a strict separation is what Avicenna intends in this passage
or whether one should read it as a rather descriptive statement on astronomy and physics sharing the
same subject matters and only diverging in the kind of proofs they offer. Even if Massoumi Hamedani’s
interpretation is true, Avicenna would not be as explicit about it as al-Birtini, and he certainly does not
follow such a separation of methods in the astronomical part of his The Cure, as I have just outlined,
since he includes physical arguments there.

213 See Saliba, ‘Ibn Sina and Aba ‘Ubayd al-Juzjani’, and Ragep, “The Khilds kayfiyyar .

214 See Avicenna, al-Mabda’, p- 68:10—22. I will discuss this passage in more detail in Chapter III.

215 For example, he discusses the topic of the number of spheres within metaphysics, as it is a
question about the number of unmoved movers (in the tradition of Aristotle’s Metaphysics).

216 See for example, Morrison, ‘Falsafa and Astronomy’.
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The Rise of a New Cosmological Tradition: al-Birini, Ibn al-Haytam, and Kisyar
ibn Labban

In the context of ninth- and tenth-century astronomical treatises, one can observe
that the authors of that time usually left out certain aspects of Ptolemaic cosmology.
We have seen the examples of Tabit ibn Qurra and Muhammad ibn Masa, who
thought about the transmission of motion from one sphere to the other in physical
terms. Nevertheless, topics such as the distinction between mathematics and natural
philosophy or the shape of the spheres were not as popular as planetary distances
and sizes, for example. In his investigation of astronomy in the Islamicate world
before the astronomers from Maraga, George Saliba stated that ‘in the eleventh
century, criticism of Ptolemy seems to have become more systematized.”?"” In fact,
we see an increased interest in addressing the topics in which we are interested in
this chapter exactly around ap 1000.

Let us start with one of the most important medieval astronomers, Abt I-Rayhan
al-Birani (d. around ap 1050). Like his younger contemporary Avicenna, he
travelled a lot during his life in the Islamic East and eventually came to the court
of Mahmiid of Gazna (d. ap 1030). This last period of his life turned out to be
very productive, as he found the time to finish three major works in Gazna, first, an
introduction to astrology dedicated to Rayhana bint al-Hasan, the Instruction in
the Principles of the Art of Astrology (Kitab al-Tafhim li-awa’il sind‘at al-tangim);
second, his famous work on Indian traditions, beliefs, and astronomical teachings,
the Verification of what among the Indians is Acceptable to Reason or Unacceptable
(Kitab fi Tabqiq ma li-I-hind min maqila magbila fi -I-‘aql aw mardila) (here
briefly called /ndia); and third, his main astronomical work al-Qanzin al-mas‘ndi
(briefly Qansun), dedicated to Mahmud’s son and successor Mas‘ad. The basic
structure of al-Birani’s cosmos cannot surprise us by now, for it consists of the
well-known nested spheres that are in direct contact with each other. In both the
Instruction in the Principles and the Qaniin, this is part of the very beginning of
his presentation of astronomy, and al-Birani introduces the term aether, which
he ascribes to the philosophers (fa/dsifa) in his Instruction in the Principles. In
this latter work, al-Birani is more explicit about the thickness of each sphere (he
generally uses kura for these main spheres), as he connects it with the fact that the
planets, which move inside these spheres, have a smallest and a greatest distance
from the Earth. Al-Birani shows his allegiance to the Aristotelian and Ptolemaic
worldview in distinguishing the circularly moving aether from the four sublunar
elements that naturally move in a rectilinear fashion.?'® These principles from
natural philosophy are explained in the beginning of the astronomical section in

217 Saliba, “The Astronomical Tradition’, p. 88. See also Saliba, Islamic Science, pp. 93-94.
218 51 Birani, Kitab al-Tafbim, pp. 43:5—46:12 (Arabic text), and al-Birani, K7tdb al-Qandin,
Vol. 1, pp. 21:19-23:2.
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the Instruction in the Principles and in an introductory chapter in the Qansin with
the title ‘on the information about the configuration of the entirety of existing
things in the world in order to give a summarizing and concise introduction’.?®
Before we proceed with al-Birani to the celestial realm, it must be pointed out
that despite following Aristotle in the general cosmological outlook, he also
departs from him in the details. For example, he suggests, in both the /nstruction
in the Principles as well as in the earlier famous correspondence with Avicenna,
that fire is generated by friction between the lunar sphere and air, and that the
sphere of fire does not have a strictly spherical shape, since there is no friction at
the resting poles.??” In the same correspondence, he wonders whether air and
fire, which are light according to Aristotle and thus move naturally upwards, also
move downwards but because they are not as heavy as earth and water, they are
thus pushed upwards.??! Since the focus of the present study is on the celestial
realm, this is just to show that al-Birini generally adopted Aristotle’s teaching on
the natural motion of the five elements but occasionally expressed certain doubts
or alternatives. We see something similar concerning the spherical shape of the
celestial spheres.

In Simplicius’ commentary on Aristotle’s On the Heavens, we have seen that
Alexander of Aphrodisias was struck by Aristotle’s argument against lentil- or
egg-shaped spheres. Al-Birini expresses the same worry, stating that an ovoid sphere
might rotate around its longer axis and the lenticular sphere around its minor axis
without creating a void. This does not mean, however, that al-Birani really believed
in such a shape of the spheres. He was surprised by Aristotle’s poor argument, as
he makes clear at the end of his question to Avicenna:

I do not claim this in the conviction that the celestial sphere (kxnrat al-falak) is not spherical
but ovoid or lenticular. [Instead,] I have worked on replying to that claim, whereas I was
astonished by the follower of logic (sahib al-mantiq, i.e. Aristotle).?*?

Ptolemy is not mentioned in the correspondence with Avicenna, although the
first book of the Almagest is a well-known place to look for arguments for the
sphericity of the heavens (A/magest 1.3) and of the Earth (I.4). Al-Birani picks
that up in his Qanin, where he devotes a long chapter to the cosmological

219 5|-Birani, Kitab al-Qandin, Vol. 1, p. 21:7-8.

220 See al-Birtini, K7tab al- Tafhim, p. 46:4—12 (Arabic text), and Avicenna and al-Birani, a/-4sla,
pp- 30:13-33:s.

221 See Avicenna and al-Biriini, a/-As’ila, pp. 38:12—39:2.

222 See Avicenna and al-Birani, al-As%la, pp- 27:9—28:10 for the entire question, especially
p- 28:8—10 for the quoted passage. In his reply, Avicenna points to the long tradition of al-Birani’s
criticism in late antiquity (see pp. 28:11-29:14). Compare this with the translation and analysis by
Tzvi Langermann in Langermann, ‘Revamping Ptolemy’s Proof’, pp. 173-75, based on the edition
by al-Yaf1, which does not deviate much from the edition I have used.
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principles (he later calls them wsil) from Almagest 1.3-8. He introduces this
chapter as follows:

The opinions on the issues are various and the accounts thereof manifold. This is not the
place to lay out the contrast of the confusions (s#bah) and to isolate the truth from the
filth of doubts (sukzk). Even though the foundations (mabdds’) of this art are necessary,
for they rely on geometrical proofs, in the well-known books, they are not arranged in
a manner that the certainty is strengthened by them, so that one can point and refer to
them, even (wa-hatt) in the Almagest, which is the foundation (dustiir) of this art and
which is [written] by the leader (zmam) of these specialised people [viz. mathematicians],
for this in Greek is called Synzaxis, which means ‘arrangement’. [...] It would not be good
(bi-hasan) to turn away from the arrangement of the foundations (mabad:’) according
to their truest order.?3

The list of the principles that follow upon that introduction imitates the order in
the Almagest. One might briefly point out that he explicitly decided to not write a
work about the doubts (s#bah and sukitk). The aim of his work is thus completely
different from Ibn al-Haytam’s Doubts abour Prolemy. Further, he apparently
thought that other astronomical works, including the A/magest, did not establish
these cosmological principles sufficiently. Al-Birani stresses the point that astronomy
takes its starting point from geometrical proofs, and thus he attempts to give a better
representation of the necessary proofs for the foundations of astronomy. This leads
him to provide a much more detailed account of these cosmological principles and
their geometrical proofs than in the previously discussed treatises from the ninth
and tenth centuries Ap.?%*

I want to draw special attention to the first principle that al-Birani discusses,
namely the sphericity of the heavens.?? First, al-Biriini reiterates the argument
by Ptolemy that we see the planets and stars rising and setting every day, always
in the same diurnal direction from east to west, and that they do not diminish in
size, as would be necessary if they moved in a rectilinear fashion. This argument
from observation is directly taken from Almagest 1.3, as al-Birani makes clear,
and he explains that he omits the refutation of such — in his view — ‘weak
opinions’ (474’ rakika) that include kindled and extinguishing stars.??® Next,
in the A/magest, Prolemy adds ‘physical considerations’ (physikon tinon), using

223 al-Birani, Kitab al-Qandin, Vol. 1, pp. 24:15-25:4.

2241 the Hyderabad edition with approximately 19 lines per page, the discussion of the principles
from the Almagest covers approximately 33 pages. In comparison, the discussion of these principles
takes only 13 pages in Golius’ edition of al-Fargani’s Summary of Astronomy (Elementa Astronomica,
Chapters 2—5).

225 For the following discussion, I rely on Langermann, ‘Revamping Ptolemy’s Proof’, pp. 172—78.

226 5]-Birani, Kitab al-Qandn, Vol. 1, pp. 25:14—27:6. Compare Ptolemy, Synzaxis, Vol. 1,
pp- 10:4—12.:18, where Prolemy disproves previous theories of stars that move in straight lines in the
diurnal direction and, instead of setting under the horizon, extinguish and can thus not be seen anymore.
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arguments based on the exalted nature of aether, as discussed in the beginning
of this chapter concerning Ptolemy’s epistemology.227 This is what al-Birani has
to say about that:

Then Prolemy infers the sphericity of the heavens from physical reasoning (gzydsit tabi‘iyya),
derived from first methods. However, every science has a method and a canon (manhig
wa-qanin) on which nothing that is outside of this [science] is firmly established. Thus,
what [Ptolemy] presented from outside this science is persuasive (g4 %), not necessary. As
long as we find in the science something acceptable and resting on its methods (manahig),
one [should] not depart from it towards something outside of its methods (t#7ug) and
paths (madari¢).*

Al-Birani embeds his critical engagement with Ptolemy’s physical arguments within
the general epistemological demand that arguments in a certain science are only
demonstrative if they apply the ‘method’ of that science. The example at hand
illustrates what al-Birani actually has in mind, for he does not deem the arguments
on the natural motion of aether as demonstrative for astronomical principles that
should be established by observing the celestial motions. His idea, therefore, seems
to be that some physical arguments are based on physical presuppositions that are
not proven by observation, the main method of astronomy. Therefore, they are not
as certain when they are applied in astronomy as astronomical arguments themselves.
Note that al-Biraniis actually not too far away from Ptolemy himself, who labelled
these arguments as ‘probable’. Al-Birani, in his turn, uses the same phrase that occurs
in the Arabic version of Book II of the Planetary Hypotheses to mark arguments drawn
not from mathematics but from natural philosophy, namely ‘physical reasoning’
(gtyds tabi%). When al-Birani considers these arguments as merely ‘persuasive’, this
is, in fact, not in contradiction to Ptolemy. Nevertheless, al-Birani’s reason why he
considers these arguments as persuasive is slightly different. Ptolemy held that all
other sciences except mathematics offer only conjectural results, whereas al-Birani
sees the problem to be the fact that one draws on physical arguments for reaching
a conclusion in a mathematical science, namely astronomy. It seems that he is a bit
more favourable than Ptolemy toward natural philosophy itself, but only criticises
the intermingling of different sciences. In fact, he accepts the existence and natural
circular motion of aether, as we have just seen. Nevertheless, he criticises Ptolemy’s
‘physical arguments’. In what follows the quoted passage, he attempts to replace
them with geometrical proofs. At the end of this section on the sphericity of the
heavens, al-Birani highlights that Ptolemy only establishes the circular motion of
the stars and planets, but not that the spheres are necessarily perfectly spherical. At
the end of the section on the sphericity of the heavens, al-Birani states that one first

227 Ptolemy, Syntaxis, 1.3, Vol. 1, pp. 13:21-14:16. See above p. 3 4.
228 5]-Birani, Kitab al-Qanidin, Vol. 1, pp. 27:7-12. This passage has already been translated and
partly discussed by Abdulhamid Sabra in Sabra, ‘Configuring the Universe’, pp. 325-26.
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needs to consider the arguments for the sphericity of the Earth and then one can
better judge about the sphericity of the heavens.??°

In his analysi§ of the reception of arguments for the sphericity of the heavens in
Ibn al-Haytam, Gabir ibn Aflah, and al-Birani, Tzvi Langermann observed that they
adjusted the arrangement of the arguments from A/magest 1.3 and apparently felt
that the arguments for the sphericity of the Earth should be prior to the arguments
for the sphericity of the heavens. With some hesitance, as a possible explanation,
Langermann suggests that there is more empirical evidence from observation for
the Earth’s sphericity than for that of the heavens. In support of this analysis,
I want to draw attention to al-Birani’s critique of Ptolemy’s ‘physical” arguments
as being merely persuasive in astronomy. He accepts Ptolemy’s arguments from
observation, only to conclude afterwards that Ptolemy’s other arguments are not
drawn from observations and geometrical calculations but from natural philosophy,
which makes them not demonstrative. Only after he offers more observational
proofs for the sphericity of the Earth than Ptolemy actually does in Almagest 1.4,
al-Birani settles for both the sphericity of the Earth and of the entire heavens
and spheres.?>* Thus, al-Birtini considers mathematical arguments drawn from
observation as demonstrative for astronomical research, and since he lacked these
from the investigation of the shape of the heavens, he first turned to the sphericity
of the Earth to get further proof.

It is already evident that al-Birani is distinct from the authors at whom we
looked previously because of his distinction of mathematical and physical proofs.
On the one hand, he is in the tradition of Ptolemy himself, since this distinction is
the major part of the epistemology underlying his cosmology. On the other hand,
al-Birani uses this distinction to attempt to strengthen the cosmological principles,
which he apparently shares with Ptolemy, by further mathematical proofs. A further
example is the often repeated claim that al-Birani engaged in the question of whether
the Earth rotates or not. He touches on this question in his Complete Study of the
Possible Ways to Construct the Astrolabe (Isti‘ab al-wugih al-mumkina fi san‘at
al-asturlab), stating that there are ‘some people’ (ba‘d al-nas) who ascribe the
diurnal rotation to the Earth and not to the celestial sphere. He acknowledges that
this is indeed a difficult question that cannot be answered by ‘those who rely on
measurable lines’, namely ‘geometers and astronomers’ (a/-mubandisin wa-ulama’
al-hay’a). Instead, only ‘natural philosophers’ (a/-tabi %yyin min al-faldsifa) should
be entrusted with deciding that question.?*! The reason is the same as the one we

229 ,1-Birani, Kitdb al-Qandin, Vol. 1, pp. 29:17-30:10. See Langermann, ‘Revamping Ptolemy’s

Proof’, pp. 175-76.

230 Eor more details, see Langermann, ‘Revamping Ptolemy’s Proof’, especially p. 177.

231 3]-Birani, Ist7 b, p- 128:14—20. See also al-Birani, K7tab fi Tabqiq ma li-l-hind, p. 232:6-7,
where he states that the rotation of the Earth is impossible ‘from difterent aspects’ (min gibat ubar),
i.e. different from astronomy. See Pines, ‘La théorie de la rotation’, and Rezvani, Two Treatises,

Pp- 204-0s.
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already know from the Al/magest: from the mathematical point of view, there is
no difference between these two options, so one has to turn to arguments from
natural philosophy. He again deals with that topic in his Qaznzn in the chapter of
Ptolemy’s arguments for the central position and immobility of the Earth, where
he again emphasizes that the question whether the Earth rotates or not cannot
really be decided in astronomy. Nevertheless, he reiterates Ptolemy’s argument that
lighter objects seem to move faster than heavy objects. On this argument, al-Birani
writes that it is ‘more fitting to physical investigation than to mathematical, however
[merely] persuasive.” Shortly afterwards, al-Birani adds that from the ‘mathematical
investigation’ (nazgr ta limi), one could argue that if the Earth indeed moved, the
clouds would never move faster than the Earth and thus could never be seen to move
eastwards.?3? Although both statements appear together in Ptolemy’s refutation
of the rotation of the Earth, al-Birani here splits this argument into two elements,
one being ‘physical’ and ‘persuasive’, and the second being ‘mathematical’.?33 Thus,
in all the different places where he discusses the possibility of a rotating Earth, he
signals that this should mostly be answered by natural philosophers. In the Qanzin,
the latest of these works, he seems to have reconsidered the status of at least this one
partial argument by Ptolemy and acknowledges this as a sufficient mathematical
proof, in contrast to the other ‘persuasive’ arguments by Ptolemy. Again, al-Birani’s
criticism of a demonstrative argument resurfaces: in a mathematical investigation,
only mathematical arguments are necessary, whereas physical arguments need to be
considered as persuasive, since they belong to a different science.

Al-Birtni elaborates further on the difference between the mathematical and
the physical approach towards cosmology in Chapters 4 and 5 of the sixth book
of his Qanin. The main objective of these chapters is to explain the status of the
eccentric model of the Sun. First, al-Birani uses the opportunity to state the main
problem of ancient and also medieval cosmology. The celestial region, on account
of its apparent lack of any change, consists of aether, a ‘body’ whose motion is
‘specified by circularity and uniformity, for it is the most continuous and over
the course of time the most persistent.” This has led philosophers (a/-ma niyyin
bi-l-mabahit al-hikmiyya) to assume the exalted status of aether, as al-Birani
goes on, whereas the mathematicians (a/-riyadiyyin) discovered the anomalies of
planetary motions.?3* In the rest of Chapter 4, he presents the basics of Ptolemy’s
eccentric solar model, which is needed to account for both the philosophers’
goal of regular motion and the anomalies observed by the astronomers. The next
chapter, Chapter 5 of the sixth book, is called ‘on the imagination (tasawwur) of
the motion of the spheres, in which they supposedly cut each other’. This chapter
starts as follows:

232 See al-Birani, Kitab al-Qaniin, Vol. 1, pp. 49:15-18 and 50:9-12.

233 This argument is from Ptolemy, Synzaxis, 1.6, Vol. 1, pp. 24:18-25:14; see Pedersen, A Survey,
p- 44

234 3]-Birani, Kitab al-Qandin, Vol. 2, p. 624:3-10.
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It is customary that if the astronomers (ab/ hadibi al-sind‘a) turn to what they find of
the anomalistic motion and of its lack of (sarfi-ha) regularity — as much as it is possible
to conceive of its existence — that they treat [the motion] in the way of imaginary lines
without any expression about them being bodily, [...]. We have just described what
Ptolemy [had to] face for the anomaly found in the motion of the Sun. He preferred
the eccentric sphere (falak al-awg) over the epicycle, giving preference to simplicity
over composition. [...] Itis known that the spheres are expressions about circular bodies
carrying their planets. Thus, when the parecliptic [sphere] is a body separate from
what it carries and when the centre of the epicycle is composed on it, then likewise, it is
necessary that they cut each other and then the motion of the epicycle is impossible on
its carrier, making impossible the motion of the body of the Sun on the circumference
of the epicycle. The same is the case of the eccentric sphere. [...] Therefore it is necessary
that one imagines [as] someone reflecting not on an image that employs them in his
[geometrical] calculation (tagdir).?*

According to al-Birani, the astronomers mostly confine themselves to providing
geometrical models. He alludes to Prolemy’s argument from A/magest 111.4 that the
eccentric solar model is simpler and should thus be preferred, although the epicycle
would also give a proper geometrical explanation for the Sun’s motion. Since the
heaven is supposed to consist of circular bodies, he goes on, one has to imagine the
spheres as being different from the abstract lines, for they constantly cut each other,
which is impossible for actual bodies. Therefore, he describes how the spheres must
have a certain thickness to accommodate the spheres and planets, and he tries to
arrange them in such a way that they do not interfere with each other. It remains
unclear whether he includes that passage because he thinks that Ptolemy’s argument
from simplicity is not satistying. However, in his configuration, al-Birani does not
go into the details of celestial mechanics. The Sun is always fixed in a carrying sphere,
and al-Biraini only once compares the motion of the solar apogee to a passenger on
a ship, a very prominent example from Aristotle.?** He closes this discussion by
the following claim:

Thus, this is what is imagined of the motions that are found in aether and what is imagined
of their possibility. God knows best their realities, for they are entirely hidden.?3”

235 al-Birani, Kitab al-Qaniin, Vol. 2, p. 633:3-14. For my addition of ‘geometrical’, see a little
bit below the fuller expression tagdir handasi, p. 634:8.

236 See al-Birtint, Kitab al-Qaniin, Vol. 2, pp. 633:14—63 4:16. For al-BirGnT’s criticism of Ptolemy
concerning the motion of the solar apogee, see Hartner and Schramm, ‘Al-Biruni and the Theory’.
See also Aristotle’s On the Soul: An., 406a5-38.

237 al-Birani, Kitib al-Qanidin, Vol. 2, p. 634:16-17. Abdulhamid Sabra has already referred to
this passage (see Sabra, ‘Configuring the Universe’, p. 293 n. 7). There, Sabra also quotes Qanin,
Book VII, Chapter 9, on the model of the Moon: ‘How difficult is it to imagine them and [their]
anomaly, especially for someone who imagines these many spheres, only in order to make their
motions in the acther uniform and to make their essence free from any irregularity.” See al-Birani,
Kitab al-Qandin, Vol. 2, p. 838:9-11.
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This statement fits quite well with al-Birani’s previous reservation towards natural
philosophy. It suggests that al-Birani seems to consider the configuration and
dynamics of the celestial realm to be uncertain. It is in this context of the arrangement
of celestial spheres that we finally find the first direct critique of Ptolemy’s sawn-oft
pieces in al-Birani’s Qaniin:

Now, in his Planetary Hypotheses (Kitab al-Mansirit), Ptolemy departs from the way
that he had pursued in the A/magest, in the direction of what belongs to the opinions,
which lie outside of this art (52724 @, i.e. astronomy), of the many’s belief in celestial bodies
[with] life, sensibility (s %7), perception (zhsas), and choice (zhtiyar), so that it is preferable
(/i-l-afdal) regarding the motions [to assume that] conducting powers (quwa mudabbira)
are sent out from the stars to their spheres, just as they are sent out in the case of [ensouled
things] to the limbs (2 da°). He even says (batta qala) with regard to the paths of the
stars [that] he cuts off the spheres that are similar to anklets and bracelets, that are called
sawn-off pieces. He gives up preserving the spheres that the stars do not need for their
motions and that they do not reach in their latitudes. He abandons his own physical and
persuasive (ignd iyyat) arguments in the Almagest about the sphericity of the heavens,
on the basis of the simplicity of the motion and the resemblance of the distances and
parts in the sphere and its extent and the circle and both their finitude with respect to the
utmost perfection of the shape. He does not explain what [this part] from both sides of
the sawn-off pieces [consists of]:

[A] Is it [i.e. the part sawn off from the sphere] from the [same] element (¢77s) as acther,
so that it comes back to what he had rejected? It would then complete the sphere and it
would not remain for him except for the resting [of the sphere] and moving of the sawn-oft
piece and the attaching to the remainder that it moves naturally. This is absurd in his view.

[B] Or is it from an element of what is below aether [i.e. from one of the four sublunar
elements]? Then its place would be higher than it [i.e. it would be lifted upon its natural
place], but this is even more impossible.

[C] Or is it a sixth element, in which case the argument about the fifth nature would fail?

[...]JHowever, these are isolated investigations that have separate places [to discuss them].238

Al-Birani’s criticism picks up his demand just discussed that astronomers should
mostly use arguments from mathematics and not from physics. He labels these
latter arguments as ‘opinions’ (474°). The first point of attack is Ptolemy’s theory
of the souls’ capacities that direct the motions of the spheres and his comparison of
spheres to animals’ limbs. Apparently, the ascription of life and soul to the celestial
bodies is exactly the kind of argument that al-Birani considers to be extraneous to
astronomy. We should have his previous statement in mind that only God can know

238 al-Birtini, Kitab al-Qaniin, Vol. 2, pp. 634:18—635:17. For a previous translation and brief
comments about al-Birani’s demarcation of physics and astronomy by F. Jamil Ragep, see his
introduction in al-Tasi, Memozr on Astronomy, Vol. 1, pp. 40—41.
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the realities of celestial motions. However, Ptolemy did not use only physical proofs
for the sphericity of the heavens in A/magest 1.3. According to al-Birani, Ptolemy
even contradicts these arguments with his theory of sawn-oft pieces, since these
are not perfectly spherical. Al-Birani also sees a further problem of the sawn-off
pieces: how can we explain the nature of these parts that Ptolemy cut away and
therefore distinguished from the complete sphere in order to achieve the sawn-off
shape? Al-Birani discusses three options for the element of these parts (neglecting
the possible explanation of a void, probably because this is negated by Ptolemy
himself). In fact, Option A is Ptolemy’s assumption, namely that these pieces consist
of aether just like the now sawn-off pieces. According to Ptolemy, the ‘rest of the
acther’ moves naturally in the diurnal direction and imparts this motion to all the
sawn-off pieces. Al-Birani, however, finds it absurd that this cut-oft piece then
forms a separate part of acther. Instead, he thinks that if both the sawn-off piece as
well as the part around the pole, which Ptolemy detached from the sawn-oft piece,
were made out of aether, this would again complement the sawn-off piece to make
a complete sphere, with the impossible result that there would be two different
motions for a single complete sphere. If this area consisted of one of the sublunar
elements, al-Birani argues, this would make it stay outside of its natural place
(Option B). The third option, C, is that there is yet another element beyond the
well-known five. Interestingly, al-Birani’s approach used to argue against Ptolemy’s
sawn-off pieces resembles Ptolemy’s approach for arguing against celestial poles.
Both wonder about the consequences of the theory in question in the context of
the basic elemental theory, a classical topic from natural philosophy. Perhaps we
should therefore consider al-Birani’s riposte in this way, namely that Ptolemy’s
arguments against celestial poles as transmitting motions can also be turned against
his own sawn-off pieces.

Before I round off the discussion on al-Birani, it must be added that he also
engaged with planetary distances and sizes in the three works mentioned at the
beginning of this chapter, namely the Instruction in the Principles, India, and
Qdnan. Concerning the values al-Birani uses in his works, he revised some of
them by providing different roundings.?> More importantly for the present
investigation, however, he directly refers to the Planetary Hypotheses in this context.
In his India, for example, al-Birani gives the following account that I have already
quoted above:

This teaching [the one reported by Ya'qab ibn Tariq, see above] is contrary to that on
which Prolemy built the discussion of the distances in his Planetary Hypotheses (Kitab
al-Mansiurat) and which the ancients and the moderns followed. For their principle

239 See the overviews in Hartner, ‘Medieval Views’, pp. 272—73 and 27578, and Swerdlow, Prolemy’s
Theory, pp. 148—56 and 182-87. For his use of al-Hazin, see Ragep’s commentary in al-Ttsi, Memoir
on Astronomy, Vol. 2, p. 527 nn. 9 and 10. Guillaume Loizelet prepared a new critical edition and
French translation of the chapter on planetary distances, see Loizelet, Mesurer et ordonner, pp. 431-82.
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concerning [the distances] [builds] upon the fact that the farthest distance of each planet
[corresponds to] the closest distance of [the planet] above it, while there is no space devoid
of action (mu attal ‘an al-fi 1) between both their spheres.?4°

Al-Birani gives a similar but more detailed account of the method used to calculate
the distances in his Qanin, there, however, ascribing it to the ‘Greeks’, again
in opposition to the teaching of the Indians. His main point is how the Greeks
arrived at an order of the planets by using these two principles: that the spheres
are nested (and have a thickness to accommodate for the planetary motions) and
that there is no void. Again, al-Birani is not entirely satisfied, for he writes that ‘the
first hypothesis is more apt for the metaphysical philosophy and better in physical
investigations.’241 He then describes his own calculations in detail on the following
pages and compares them with the ones from the Planetary Hypoz‘/oesej.242 In fact,
Ptolemy has a similar understanding of these principles in the Planetary Hypotheses,
for he concludes that the calculated distances are only true if it is correct that there
isindeed no void. Asalast point, one can better understand al-Birani’s description
of a void as a ‘space devoid of action’ if one looks back at his introductory chapter.
There, he writes that every planet is moved ‘for a reason’ (/7-s2’z) and adds that
‘nothing futile (‘2bat) is created, but [creation is only] by apparent wisdom and
shining fate, that is well-ordering for the world and caring for the creation for [its]
benefit.”*3 The claim that there is no thing futile and therefore no void space in the
world is supported by a theological argument about God’s creation.

From al-BirGini, we get an ambivalent picture. At first sight, he has this very
strict understanding that only geometrical and observational arguments should be
used in a mathematical science like astronomy. Otherwise, arguments that borrow
their principles from other sciences such as natural philosophy are not decisive.
In his version of the cosmological principles from the A/magest in the Qanin,
he is highly critical of such physical arguments by Ptolemy because they are only
persuasive and thus do not help in proving these principles. Although he does not
explain every time why the physical arguments are only persuasive, it is clear that
it is due to their application in astronomy. This is why he continuously highlights
such arguments as physical in his astronomical work and tries to offer mathematical
alternatives. Despite that, he also relies on such physical principles without providing
mathematical proofs, most importantly the existence of aether as a fifth element
that naturally moves in a circular and regular fashion, which he ascribed to the
natural philosophers. This example is especially intriguing because it is apparently

2401-Birtini, Kitab fi Tabqiq ma li-l-hind, p. 400:1-4.

241 See al-Birani, Kitab al-Qdaniin, Vol. 3, pp. 1303:13-1304:19.
242 See al-Birani, Kitab al-Qaniin, Vol. 3, pp. 1304:20-1310:5.
243 3]-Birani, Kitab al-Qandin, Vol. 1, p. 24:7-9.
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contradicted by the irregular planetary motions.?** In his cosmological accounts
in the Instruction in the Principles and the Qandin, he does not offer any proof for
the regular circular motion of aether. This means that although al-Birani claims
that one should rely solely on mathematical proofs in astronomy, the example of
the existence of aether shows that this ideal might have been hard to realize fully.?4>

Be that as it may, one needs to keep in mind that al-Birani’s general idea of the
superiority of astronomical proofs and the probable nature of physical proofs had
its predecessor in Ptolemy himself. Usually, when al-Birani labels his arguments
as physical, Ptolemy had already done the same himself. Thus, perhaps one
should not say that al-Birani criticises Ptolemy’s method, but that he reminds
his reader — who is obviously supposed to know the A/magest — that physical
arguments are only of an uncertain status in Ptolemy himself. This does not mean
that al-Birani is dismissive of natural philosophy in general. He acknowledges
that the natural philosophers study cosmology in physical terms, something
mathematicians should also at least have in mind. The main critique against
physical arguments can be found in the Q4nsn, a work mostly on mathematical
astronomy. In this context, he finds that observational arguments for the sphericity
of the heavens and the Earth are stronger than arguments such as the noble nature
of the spherical shape, an argument that actually goes back not only to Ptolemy’s
Almagest but even to Aristotle’s On the Heavens.>*¢ Although the Qanin is a
work on mathematical astronomy and although al-Birani prefers observational
proofs in this context, this does not mean that he is an instrumentalist in the
strict sense that he thinks that the mathematical models have no correspondence
in reality. He does acknowledge that natural philosophers should argue about the
astronomical models in physical terms and that even mathematicians should keep
that in mind. He also inherits the probabilistic status of natural philosophy from
Ptolemy, but only in a mathematical context. For al-Birani, scientific arguments
are strongest when they are applied in their specific science and when they are
not mixed with each other.

A different perspective on the intermingling of the scientific disciplines has been
put forward by Ibn al-Haytam (d. around Ap 1040). Although he lived around the
same time as al-Biraini, he was active in Cairo and we have no evidence that either

244Tp one of his questions to Avicenna, al-Biraini attacks Aristotle’s argument for the eternity of
the world on the basis of the apparently never-changing celestial realm. Al-Birani’s question suggests
that there could be some change in the heavens, albeit so marginal that humans are simply not able to
perceive it. The existence of the unchanging fifth element, however, is not up for debate. See Avicenna
and al-Birani, a/-As’ila, pp. 12:7-31:1, and Hullmeine, ‘Al-Birani’s Use’, pp. 184-95.

245 On the question whether medieval astronomers could actually rely on astronomically proven
principles solely, see Ragep, ‘Freeing Astronomy’, pp. 58-60, where Ragep refers to al-Birtini as well
as al-Tasi. For a discussion of al-Ttsi, see below, pp. 130-40.

246 Cael. 11.4, 285b10-28745.
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of them knew about the astronomical works of the other.?*” In the following, I will
discuss three cosmological and astronomical works, namely On the Configuration of the
World (al-Magala i Hay at al-Glam), the Commentary on the Almagest (supposedly
Sarh al-Magisti), and the Doubts about Ptolemy (al-Sukitk ali Batlamyiis).>*3

As Tzvi Langermann has argued, Ibn al-Haytam’s On the Configuration of
the World is a cosmological work which differs in some aspects from Ptolemy’s
Planetary Hypotbeses: there are no discussions on celestial dynamics, as in Book II
of the Planetary Hypotheses, or on the physical configuration, as in the second part
of Book I. Here, Ibn al-Haytam shows no knowledge of the Planetary Hypotheses.
His project rather consists of a non-technical presentation of the geometrical models
from the Almagest in terms of physical bodies.?*? For the present investigation, the
introduction is the most interesting part. Ibn al-Haytam starts with a critique of his
predecessors, whose assessment of previous authors is only ‘persuasive’ (mugni9).>>°
What exactly does he mean by that? His main point of critique is that they arrived at
‘true facts’ (haga ig) concerning the structure of the cosmos, including the planetary
distances and sizes, and concerning the planetary positions and motions, but only
at the level of imaginary points and circles.>! They did not prove, however, how
these motions come about through physical spheres:

Their purpose was not to elucidate the manner by means of which those various motions
may possibly be consummated, all the while that they are assumed [to take place] on the
surfaces of solid spheres, nor [did they explain] the particular circumstances of their deferent
spheres with their various centres. [...] For their aim was none other than to make it easy
for one who is interested in acquiring knowledge of the configurations of those motions
by way of acceptance, not investigation; by following the practitioners of the art, not
through probing the understanding of that which has been set down concerning this; nor
[questioning] the imagining (zabayyul) of that which has been defined and described. Their

doctrines, moreover, are not perfectly clear in all places, nor also are they exhaustive in all

247 The only small instance of al-Birani’s knowledge of Ibn al-Haytam’s scientific output is a
remark in his work on the Extraction of the Chords in the Circle (Istibrag al-awtar fi l-da’ira), where he
cites a proof by ‘Abua ‘Ali al-Hasan ibn al-Husayn al-Bast’. See al-Birani, ‘Das Buch der Auffindung’,
p. 22. I thank Jan P. Hogendijk for this reference.

248 R oshdi Rashed suggested on many occasions that one should distinguish between the
philosopher Muhammad Ibn al-Haytam and the astronomer al-Hasan Ibn al-Haytam. See Rashed,
“The Configuration’ (especially p. so n. 4 for his earlier publications on this question). Against Rashed,
see Sabra, ‘One Ibn al-Haytham or Two?’ and Sabra, ‘One Ibn al-Haytham or Two? Conclusion’.
Despite such doubts concerning their authorship, these three works are rather similar with respect to
the topic at hand, namely the epistemological status of mathematics and natural philosophy, which
is why I treat them here together.

249Gee Langermann’s introduction in Ibn al-Haytam, On the Configuration, pp. 2—7 and 11-25.
Sabra, ‘Configuring the Universe’, pp. 295—98 puts more emphasis on the similar project of the two
works.

250Thn al-Haytam, On the Configuration, p. 5:26 (Arabic part).

251seeThp al-Haytam, On the Configuration, p. 5:6—17 (Arabic part).
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that the issues demand. Rather, they are persuasive (mu#gni‘) in some places, gratuitous
in others.?5?

This characterization of previous astronomical works is, as far as we know, a fair
rendering of at least some of the treatises discussed above, namely al-Fargani’s
Summary of Astronomy, or the treatises on sizes and distances. Obviously, these
authors did believe in the existence of corporeal spheres carrying the planets and
Ibn al-Haytam acknowledges that. However, he thinks that they did not elaborate
more on that and were satisfied with brief allusions. This lack of demonstration
of how the corporeal spheres actually constitute the planetary motions is what
he calls only ‘persuasive’.?>® In this respect, he is similar to someone like Proclus.
As shown above, Proclus criticised the astronomers, and with them also Ptolemy,
for relying only on geometrical figures and not offering a causal account. In
contrast to Ptolemy and al-Birani, who emphasized the persuasive status of
physical arguments in their astronomical works, Ibn al-Haytam now claims that
geometrical representations are not sufficiently demonstrative and that one needs
to put more emphasis on how these circles, lines, and points can be transferred
into a coherent physical picture:

Since our doctrine is in accordance with what he [Ptolemy] explained and arranged, and
he avoided the use of any bodies, we investigated each of the motions which he mentioned
in such a manner that that motion may appear to be the result of a spherical body that is
moving with a simple, continuous, and unceasing motion. With this, it is possible to join
together all those bodies which have been assumed for each one of the motions without
there resulting any hindrance, repelling, or impediment. Rather, their motions, including
their combinations, are unceasing and continuous. For each motion which we shall call
‘simple’, we shall assume a spherical body moving about its centre with a continuous
motion since this is most likely (#sbab) for the eternal thing which is not subject to change

and is free from defects.2>*

Nevertheless, as already noted, he does not speak about celestial dynamics and
does not provide a complete cosmological configuration himself. These principles
of regular, unceasing motions that are never altered or hindered in any way, and
their application to an eternal substance are the only cosmological principles. As
described by Tzvi Langermann, there is a spurious ‘appendix’ (z 7ig) in one of the
manuscripts (now MS London, British Library, IO Islamic 1270, f. 116").>>> On

252 Tbn al-Haytam, On the Configuration, pp. s5:17—6:1 (Arabic part), tr. by Tzvi Langermann,
Pp- 53—54, slightly modified.

2531 rely on the summary in Langermann’s introduction to Ibn al-Haytam, On the Configuration,
pp- 2—7, and also Ragep’s comments in al-T'asi, Memoir on Astronomy, pp. 30-33.

254 Thn al-Haytam, On the Configuration, p. 6:16—25 (Arabic part), tr. by Tzvi Langermann,
p- 55, slightly modified.

255 See Ibn al-Haytam, On the Configuration, p.7. Ct. Schramm, Ibn Al-Haythams Weg, pp. 67-69
and 130-37.
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half a folio, this part summarizes the basic cosmological principles, namely that
each body moves only by one motion, that these motions are uniform and regular,
that the heavens are never influenced or acted upon, and that there is no void in the
cosmos.2>® The main argument of this section, however, is an addition to the main
text, namely that the planets are fixed on a sphere that carries them and that all the
spheres only rotate in their place so that they do not create any empty space in their
motion. Since I will address the issue of the motion of the planets in Chapter III,
it remains here to say that this appendix served the reader of that manuscript as a
handy summary of the cosmological principles that are partially presupposed in the
main work. It might also be interesting to point out that this appendix, added to
On the Configuration of the World in this single manuscript, is similar to the Doxbts
about Ptolemy that I will discuss in a moment.

For now, let us consider Ibn al-Haytam’s Commentary on the Almagc‘st.257 For
Book I, this commentary basically follows the structure from the Almagest. It starts
with a reiteration of Ptolemy’s division of the sciences, and Ibn al-Haytam subscribes
to the superiority of mathematics by saying that there cannot be any error or doubt
in mathematics. On the other hand, he omits the analogous statement that physics
and theology are conjectural, on which Ptolemy relies in his epistemology. Following
Ptolemy’s Almagest, Ibn al-Haytam then presents the cosmological principles. As
Ptolemy before him, he does not solely rely on mathematical proofs but also uses
physical arguments. In the chapter on the sphericity of the cosmos, he even alludes
to Aristotle’s Metaphysics.>>® He also relies heavily on physical arguments in the
section on the motion of the Earth. Whereas he briefly points to one mathematical
argument (MS Istanbul, Topkapt Sarayr Mizesi, Ahmet IIT 3329, f. 48":12-18),
the material of the physical arguments covers the entire remainder of the section
(ff. 48:18-49":22). Although he explicitly labels these different sets of arguments as
‘mathematical’ or ‘physical’, this does not entail any epistemological consequence.
He presents both approaches to establish these cosmological principles without
any sign of preferring one over the other. In this respect, Ibn al-Haytam departs in
his commentary from Ptolemy. That Ibn al-Haytam does not hesitate to mix these
two branches of philosophy is also apparent from his chapter on the solar model.
Departing from the observed motions of the planets, he gives an account of previous
discussions on whether the planets are made out of a fifth element or composed of
the four sublunar elements, a discussion without a counterpart in the A/magest, and

256 Summarized at the end under the heading ‘last section’ (fas/ ahir), Ibn al-Haytam, On the
Configuration, p. 67:5—10 (Arabic part).

257 Extant in MS Istanbul, Topkapt Saray1 Miizesi, Ahmet I11 3329, ff. 38"~ 158", covering only the
first six books of the Almagest. For an overview, see Sabra, ‘One Ibn al-Haytham or Two?’, pp. 33-39.

258 On this chapter (ff. 39'~43" in MS Istanbul, Topkap1 Saray1 Miizesi, Ahmet III 3329), see
Langermann, ‘Revamping Ptolemy’s Proof’.
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he even adds Galen’s medical perspective of this debate.?>® When he gives an account
of the Sun’s anomaly afterwards, he writes that Ptolemy decided on an eccentric
sphere for the Sun ‘because it is simpler and more appropriate for the slight anomaly
of the Sun’ (lianna-hi absat wa-alyaq bi-harakat al-sams al-qalila al-ihtilaf), again
without judging whether this argument is demonstrative or only persuasive. He then
adds that Ptolemy’s successors observed the motion of the solar apogee and therefore
added an epicycle to the solar model.2¢0 Although Sabra was right in pointing out
that the main bulk of this commentary depends on the mathematical discussions
of the Almagest, it is also clear that in this work, Ibn al-Haytam considers physical
arguments as important for reading and understanding the A/ma gesz‘.%l From these
two works, it is therefore rather obvious that Ibn al-Haytam is eager to give a coherent
picture of astronomy and natural philosophy, and even metaphysics. Certainly, he
follows Ptolemaic astronomy closely, but in contrast to Ptolemy and al-Birani, his
account is more influenced by his aim to provide a complete cosmological system
that combines the different sciences rather than looking at them separately. Given
the fact that in the list of works attributed to Ibn al-Haytam, commentaries on
Aristotelian works also appear, it seems reasonable to suspect that he must be placed
in the epistemic tradition of Aristotle, though his astronomy is still Ptolemaic.
What he tries to achieve is therefore a compromise between these two traditions,
an important part of which is the rejection of Ptolemy’s probabilistic account of
natural philosophy.

In a discussion of the reception of Ptolemaic astronomy and especially of the
Planetary Hypotheses in the Arabic tradition, Ibn al-Haytam’s Doubts about Ptolemy
must be mentioned. Ibn al-Haytam divides his work into three sections, the first
dealing with the A/magest, the second with the Planetary Hypotheses, and the
third with the Opz‘z’cs.262 Concerning the cosmological principles from Book I of
the Almagest, he only has remarks on two specific points and no general critique
of Ptolemy’s method or epistemology.%3 After Book I, however, Ibn al-Haytam
immediately proceeds to Book V and Ptolemy’s lunar theory. In this context, as
well as in the context of the other planetary theories, he presents one of the most
fundamental problems he sees in Ptolemy’s astronomy, namely that geometric entities
are considered to cause physical motions. These are the so-called prosneusis point
in the case of the lunar theory, which accounts for a slight anomaly of the apogee,

259 MS Istanbul, Topkap1 Saray1 Miizesi, Ahmet III 3329, ff. 135%:25-135":11. He refers to Galen’s
On Natural Faculties (Kitab fz [I-]Quwda l-tabi%yya).

260 M Istanbul, Topkapt Saray1 Miizesi, Ahmet I1I 3329, f. 136 10-16.

261 See Sabra, ‘Configuring the Universe’, pp. 35-37.

262 This work was edited by Sabra and Shahaby, see Ibn al-Haytam, al-Sukitk, with the section
on the Planctary Hypotheses being on pp. 42—64. It was translated into English by Don L. Voss, see
Ibn al-Haytam, Doubts.

263 These remarks concern two aspects of the sphericity of the cosmos and the central position
of the Earth, see Ibn al-Haytam, al-Sukik, pp- 5:8-9:9.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



THE RISE OF A NEW COSMOLOGICAL TRADITION 101

and the equant point in the case of the planets, around which the celestial motions
are supposed to move uniformly.%4 Ibn al-Haytam divides his argument against
the prosneusis point into three parts. First, ‘imaginary’ (mutabayyil) points, lines,
or planes do not move in a sensible fashion so that something ‘existing’ (mawgiid)
comes about. Only physically existing bodies move in this way.2®> Therefore, there
must be a physically existing moving body for this additional motion, and Ibn
al-Haytam devotes a lengthy discussion to the nature of this mover. Nevertheless,
he ends up claiming that this assumption leads to one of the two results: either
one body would move naturally by two contradicting motions or if this moving
body were a separate body, the phenomena would require the two motions to stop
occasionally.?® Both possibilities clearly contradict Ptolemy’s cosmology, which
implies that every motion is assigned to just one body and that each body only
moves with a single uniform motion. Thus, he concludes that each of these three
possibilities is ‘impossible’ or ‘absurd’ (mubal). The same point that one body would
receive two contradictory motions when we transfer Ptolemy’s model into physical
bodies comes up in Ibn al-Haytam’s discussion of the equant. Here, however, his
most important point is that a sphere can only move uniformly with respect to its
centre and not to a different point.?” Ibn al-Haytam picks up on these issues in his
conclusion of the A/magest, which actually is a wider critique of Ptolemy’s method.
Citing from Al/magest IX.2, he wants to show that Ptolemy himself admitted thatin
using bare circles, he applied a method ‘outside of reasoning’ (bari¢ ‘an al-qiyis).>*®
Ibn al-Haytam repeats this critique more explicitly, mixing the terminology from
the Arabic translation of the A/magest with his own when he claims that ‘his
assumption, which is an assumption on imagination (zabayyul), not on existence
(wngud), is outside of reasoning (bari¢ an al-qiyis).”**

As should be clear by now, one major issue for Ibn al-Haytam is to emphasize
the need to give an astronomical model that can be turned into a physical cosmos.
To be fair, this is Ptolemy’s goal in the Planetary Hypotheses, and Ibn al-Haytam was
aware of that, of course. What is his strategy now in his section on the Planetary
Hypotheses? Most of the points he raises are comparisons between the mathematical
account from the Al/magest and the physical models presented in the Planetary
Hypotheses. A couple of examples should suffice to underline this point:

264 See Pedersen, A Survey, pp. 192—95 and 273-76. For previous discussions of the passages that
are discussed in the following, see Sabra, ‘Configuring the Universe’, pp. 300-05, and Saliba, Islamic
Science, pp. 97—104.

265Thn al-Haytam, al-Sukik, p. 16:1-5.

266 Thn al-Haytam, al-Sukik, p. 19:8-15.

267 Ibn al-Haytam, al-Sukitk, pp. 26:3-29:14. See Saliba, Islamic Science, pp. 98-99.

268 Thn al-Haytam, al-Sukik, p- 37:14—17. The citation goes back to Ptolemy, Syntaxis, IX.2,
Vol. 2, pp. 211:22-212:1, where the Greek expression is para ton logon.

269Thn al-Haytam, al-Sukik, p- 38:15.
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— Inthe models of Book I of the Planetary Hypotheses, Ptolemy omits ten motions
in comparison with the Almagm‘.zm

— The planetary motions in latitude, as presented in 4/magest X111, do not conform
to the bodies that Ptolemy describes in Book II of the Planetary Hypoz‘beses.271

- More motions from the models of Venus, Mercury, and the Moon from the
Almagest are dropped in Book II of the Planctary Hypotheses.*’*

How does Ibn al-Haytam react to these inconsistencies? Of course, they provide him
with a nice illustration of the fact that the mathematical models from the Almagest
are indeed hard to explain in physical terms. Nevertheless, after summarizing the
planetary models from Book II of the Planetary Hypotheses he notes that:

Itis immediately clear that his assumptions of [complete] spheres and sawn-off pieces in the
second book of the Planetary Hypotheses (Kitab al-Iqtisas) for the motions of the planets
are contrary to what he established of the motions in the Almagest. The true [account]
of the motions is what he established in the A4/magest, for there he had established the
motions by observations and instruments (b7-arsad wa-magayis).>”>

Despite Ibn al-Haytam’s critical remarks, this passage illustrates that he was not
dismissive of the entire 4/magest. He already made his respect for Ptolemy clear in
the beginning of the Doubts about Ptolemy, where he explicitly writes that Ptolemy
was ‘distinguished in the mathematical sciences’.?’# In turn, the assertion that the
results from the A/magest should be favoured since they are based on observation
means that this is, in Ibn al-Haytam’s view, not the case for the Planetary Hypotheses.
One reason why he disapproves of the cosmological account in the Planetary
Hypotheses is certainly the sawn-oft pieces. He already states in his presentation of
the planetary models from Book II of the Planetary Hypotheses that they are not in
accordance with the models from the A/magest, as apparent from the quotation
above. In addition, he explains that the motion of the sawn-off pieces could not
work when they are supposed as physical bodies:

As for the sawn-off pieces which Ptolemy supposed for the five planets, monstrous
absurdities follow from them that are of two kinds. One of the two is that a body vacates
a place and occupies another. The other is that a body moves by opposite, non-uniform
motions. In the body, there follows necessarily one type [of absurdity], namely the two
opposite motions, each of which is non-uniform in itself. Nevertheless, it follows for each
of the planets and the Moon that the motions which he established for them are fewer in

270Tbn al-Haytam, al-Sukik, p- 43:6-9.

21Tbn al-Haytam, al-Sukik, p- 54:16-20.

2721bn al-Haytam, al-Sukitk, pp. 58:15-59:12. These points of divergence between the Almagest
and the Planetary Hypotheses are summarized in Saliba, Islamic Science, pp. 104-07.

2731bn al-Haytam, al-Sukik, p. so:12—15, tr. by Voss in Ibn al-Haytam, Dowbts, p. 68, modified.

274Tbn al-Haytam, al-Sukik, p. 4:7-8.
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number than the motions which he had established in the A/magest. If the motions are
brought about by [the alternate] interpretations [that we discussed], then another error
follows in addition to the absurdities [which result from] his incompetence concerning the
motions. This is what we have discussed and made clear; all of what Ptolemy established
for the motions of the planets is demolished if their movers are sections.*”

Both of these absurd consequences have their origin in Ibn al-Haytam’s critique of
Ptolemy’s new latitude theory. Mostly, he is worried that this new latitude theory
does not fit the observed phenomena as described in the Almagest. As another part
of this attack, he especially engages with the two sawn-off pieces of an epicycle and
the question of how the smaller sawn-off piece in the epicycle, which is compared
to a tambourine, can move within the larger hollow one. This leads him to also
set out the two physical problems that he finally summarizes as quoted above.27¢
This once more shows Ibn al-Haytam’s strategy of indicating that Ptolemy did not
sufficiently dealt with the physical consequences of his geometrical models. A bit
redundantly, he emphasizes this a couple of times when he concludes the discussion
of the Planetary Hypotheses, for example as follows:

He was satisfied by what he had done only because he was not able to do better than that.
The correct [fact] about which there is no doubt is that the configurations (bay4t) of the
planetary motions are correct, existing, and continuous (sabiba mawgida mutarrida)
configurations from which follow no absurdities and no contradictions. These are not
the configurations that Ptolemy established. Ptolemy did not understand them, nor did
his understanding attain the imagination of their true nature.?”’

As aside note, Ibn al-Haytam does not concern himself too much with the section
on planetary distances and sizes (a fact that the Doubts about Ptolemy has in common
with On the Configuration of the World). Only the last sentence before the discussion
of Book II of the Planetary Hypotheses gives a small insight: “Then, he [Ptolemy]
mentions the ratios of the distances of the planets from the Earth and their sizes in
a persuasive way (bi-tariq igna7)’.*’® This remark might seem strange, given that
Ibn al-Haytam strongly emphasizes the need to give a physical explanation of the
cosmos and he himself subscribes to the non-existence of void, a principle that
Ptolemy endorses for calculating the distances but labels as merely persuasive. Ibn
al-Haytam simply copies Ptolemy’s own disclaimer and, in doing so, he agrees that
Ptolemy left the more certain method of the Almagest. However, a more generous
reading could point out that Ibn al-Haytam is not criticizing persuasive arguments
as, for example, al-Birani did. In the Doubts about Prolemy, ‘persuasive’ might also

275 Tbn al-Haytam, al-Sukik, Pp- 59:13-60:2, tr. by Voss in Ibn al-Haytam, Doubts, p. 79, modified.

276 See Ibn al-Haytam, al-Sukiik, pp. 45:5—58:14. For Ptolemy’s latitude theory, see Swerdlow,
‘Prolemy’s Theories’, and for a summary of Ibn al-Haytam’s criticism, see Voss’ commentary in Ibn
al-Haytam, Doubts, pp. 147-69, and also Saliba, Islamic Science, pp. 105-07.

277 Tbn al-Haytam, al-Sukik, p- 64:2—s, tr. by Voss in Ibn al-Haytam, Doubts, p. 85, modified.

278Thn al-Haytam, al-Sukik, p- 45:4.
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be understood as opposing the ‘absurdities’ or ‘impossibilities’ (mubalat), especially
those arising from Book II of the Planetary Hypotheses. In either case, he apparently
did not have something substantially to criticise about that section.

In this context, one must also refer to another work by Ibn al-Haytam, called
The Resolution of Doubts Against the Winding Motion (Fi Hall sukik harakat
al-iltifaf).*”” This work relies on two earlier lost treatises, first a treatise named Oz
the Winding Motion by Ibn al-Haytam himself, and second a critical remark against
this work by an anonymous author, a treatise apparently called Doubts Against
the Winding Motion. What Ibn al-Haytam has in mind by ‘winding motions’ are
additional motions by the planets on their epicycles that Ptolemy described in the
Almagest. Ibn al-Haytam’s initial critique of Ptolemy is that he did not provide a
system of physical bodies to account for these motions in the Planetary Hypotheses,
and this is what he apparently attempted in his work On the Winding Motion.
Regardless of the underlying mathematical arguments and model for this motion,
what s of importance here is the fact that the anonymous author apparently thought
that Ptolemy attempted to create this motion through his sawn-off pieces. Thus,
in his reply, Ibn al-Haytam refutes this and argues that such a motion would be
impossible to generate by these sawn-off pieces. In contrast to the arguments against
sawn-oft pieces in his Doubts about Ptolemy, here, his argument is based on the
mathematical impossibility.?3° Apparently, Nasir al-Din al-Tiist had access to the
initial work by Ibn al-Haytam and writes about his model of the winding motion:
‘Ibn al-Haytam states that one could reach the same result by assuming sawn-off
pieces (mandsir) instead of [complete] spheres, but to set forth something other
than a sphere would not be appropriate for the models of this science.’?$! This again
sounds rather in line with the criticism expressed in the Doubts about Ptolemy. In
light of our loss of Ibn al-Haytam’s On the Winding Motion that was available to
al-Tsi, one can only cautiously suggest that Ibn al-Haytam might have developed
this line of argument against the sawn-off pieces in combination with his critique
of Prolemy’s new latitude theory from the Planetary Hypotheses at a later stage.
Anyway, this treatise informs us not only about another aspect of Ibn al-Haytam’s
critique, but also about an unknown scholar from the same time as Ibn al-Haytam
who attempted to defend Ptolemy’s sawn-off pieces. These fragments reported by

279 This work was edited twice, first in Sabra, ‘Tbn al-Haytham’s Treatise’, and recently in Rashed
and Penchevre, ‘Tbn al-Haytham’. Note that the motion that s called ‘winding motion” here (Arabic:
barakat al-iltifif) is not the same as the ztifaf motion that comes up in the Planetary Hypotheses, as
already pointed out by Sabra (see Sabra, ‘Ibn al-Haytham’s Treatise’, p. 389).

280 See the introduction in Rashed and Penchévre, ‘Ibn al-Haytham’, pp. 61-65. The sawn-off
pieces are frequently mentioned throughout this text. As an example of Ibn al-Haytam’s rejection, see
Sabra, ‘Ibn al-Haytham’s Treatise’, p. 410:6—7, or Rashed and Penchevre, ‘Tbn al-Haytham’, p. 95:8—9.

281 al-Tast, Memoir on Astronomy, Vol. 1, p. 217:2—4, tr. by Ragep on p. 216, slightly modified.
Regarding this fragment, see Ragep’s comments in Vol. 2, pp. 450-52.
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Ibn al-Haytam in his reply are therefore the only witness of that time for such a
positive engagement with the sawn-off pieces.

This material sufficiently shows Ibn al-Haytam’s main worry with Ptolemaic
cosmology. As seen from his critique of the Planetary Hypotheses, he is generally
more favourable toward the mathematical project of the A/magest. However, he
complains about the fact that they do not really conform to the cosmological
principles on which nearly every author agreed, most importantly uniform motion
and that each body moves only by a single motion, but also the non-existence of a
void. Astronomy should not be discussed merely on the basis of points and lines,
but on physically existing bodies. This is actually similar to the first two works
ascribed to Ibn al-Haytam. In these three works (On the Configuration of the
Waorld, Commentary on the Almagest, and Doubts about Prolemy), we do not find
the same reservation about natural philosophy that Ptolemy and al-Birani show.
On the Configuration of the World and Doubts about Ptolemy equally show the
conviction that astronomy should not only be concerned with geometrical entities.
With respect to the Planetary Hypotheses, Ibn al-Haytam is concerned with physical
principles such as the motion of spheres within other spheres and the existence
of a void. Although the three works discussed here show differences in other
details, such an intermingling of natural philosophy and mathematics can also be
observed in the Commentary on the Almagest, whereas On the Configuration of the
Waorld provided us with a similar issue of finding the physical counterparts of the
geometrical components of the models. This approach is rather different from the
one chosen by al-Birani, who is always eager to distinguish between mathematical
and physical arguments. While al-Birani denoted physical arguments as ‘outside of
that science’, in the Doubts about Ptolemy, Ibn al-Haytam marks the restriction on
circles as ‘outside of reasoning’. In turn, this means that it is reasonable to provide
the observed phenomena and their mathematical calculations with the foundations
of natural philosophy inherited from the ancient tradition and most famously
presented in Aristotle’s On the Heavens. However, in neither of these three works
do we actually get a detailed account of a cosmological picture emerging from this
interaction between astronomy and physics by Ibn al-Haytam.?%?

There is yet a third approach to the relationship between astronomy and physics
from the same time, as illustrated by Kasyar ibn Labban (fl. around ap 1000).
Interestingly, we know that he met al-Biriini in Rayy.?*> His astronomical handbook
al-Zi§ al-Gami“is divided into four main parts. Of special interest for the present
investigation is the third book ‘On Cosmology’ (F7 [-Hay’a),*** which starts with
an introduction into cosmological terminology. Kasyar defines the sphere (kx72)

282 Eor this, see Rashed, “The Celestial Kinematics’.

283 See Bagheri’s introduction in Kasyar ibn Labban, Az-Zij al-jams:*, p. xiv.

284 Books I and IV have been edited and translated by Mohammad Bagheri, see Kasyar ibn
Labban, Az-Zij al-jami" for the astronomical tables of Book II, see the recent edition and translation
in van Dalen, Prolemaic Tradition. Since Book III has not been edited yet (with the exception of the
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as a ‘bodily shape’ (szkl mugassam) and thereby establishes his aim to provide a
cosmology with physical bodies.?*> One should devote some attention to Chapter 14
of Book ITI, which is entitled ‘on the order of the spheres that encompass the entirety
of the motions of every planet and their number’ (f7 tartib al-kurat al-mubtawiyya
ala gumlat barakat kull kawakib wa-‘adadi-ha). The first half of this chapter reads

as follows:

The mathematicians, as they are the followers of this science (ashab hadibi [-sind a), found
the motions of the planets on account of (%/4) their anomaly in speed and slowness, and
turning back and being stationary, and rising and setting, and locomotion from north to
south and from south to north by means of observational instruments and geometrical
methods. By their refined thoughts and precise minds, they found spheres (af7ak) for
these motions, I mean spheres (kxrat) that preserve the motions of the planets although
their anomaly has been discovered through the senses [and although] there is no speed
and slowness, and turning back and being stationary, and rising and setting, and no
locomotion in any direction according to the physical structure (nigdm tabi%). By these
spheres (aflak) and their hypotheses (awda ‘), they demonstrated the calculation of the
formation of the planets and the rest of their states in a regular (mutarrid) proof and
calculation. They expressed the motions of these spheres by motions of circles, lines, and
points in a metaphorical and concise way of expression (bi-I-isti Gra wa-igaz al-lafz). The
investigation of these motions [concerned the question] whether they are essential (datiyya)
for moved things or accidental ( 2radiyya) to them and whether there occurs an alteration
in the sphere (fzlak) or not, I mean that they [i.c. the planets] move by themselves so
that they penetrate the sphere (fz/ak), or that they move by spheres moving them so that
there does not occur penetration in the sphere.?® Because they did not need it in their
science, they omitted a discussion of [this investigation] and left this investigation for
(bi-) its followers, may their discussion on that point be true or convincing (hagigiyyan
aw ignd tyyan).*’

Kasyar presents the way in which mathematicians dealt with the configuration of
the heavens. They provided geometrical models based on circles, lines, and points to
present the celestial motions. This does not mean that Kasyar rejects their approach
as isolated from their physical realities. Instead, he acknowledges that they applied
geometrical methods but nevertheless tried to account for the apparently irregular

part on planetary distances and sizes, for which see Bagheri et al., ‘Kashyar ibn Labban’), I rely on
MS Istanbul, Stileymaniye Kiitiiphanesi, Fatih 3418, ff. 91"-131". This manuscript has been chosen
as the main witness in Bagheri et al., ‘Kashyar ibn Labban’.

285 M Istanbul, Siileymaniye Kiitiiphanesi, Fatih 3418, f. 92":7-8.

286 Partially omitted in MS Istanbul, Siileymaniye Kiitiiphanesi, Fatih 3418, f. 104":4~5, additions
in MS Leiden, Universiteitsbibliotheek, Or. 8, f. 89":14 and margin, complete in MS Alexandria,
Baladiyya, 4285 C, ff. 12":19-13":1. The last witness is said to have been copied from an autograph
(see Bagheri et al., ‘Kashyar ibn Labban’, p. 79).

287 M Istanbul, Siileymaniye Kiitiiphanesi, Fatih 3418, ff. 103":10~104":6.
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motions in terms of the ‘physical structure’. For Kasyar, natural philosophy demands
celestial motions to be regular, and this was rightly considered by previous astronomers.
What they did not discuss, though, is the causal relationship between the spheres
and planets, and the origin of celestial motions. Are celestial motions accidental or
essential, and are the planets fixed on the spheres moving them or do they move on
their own account within a sphere? In Kasyar’s view, this marks the line between
what astronomers dealt with and what philosophers, and perhaps metaphysicians,
should debate. Since he himself does not discuss these issues, we can assume that
he considered this distinction as fair. In addition, he writes that accounts of these
issues may either be ‘true or convincing’. As he does not elaborate on that point
any further, it is not entirely certain whether he sees a major epistemic difference
between ‘true’ and ‘convinving’. I take him to mean here that the decision regarding
whether some of the arguments on these non-mathematical questions are z7xe or
only dialectically persuasive does not belong to the task of the astronomer. If this is
true, it signals a certain reservation about at least some of these debates on Kasyar’s
behalf. In turn, this also underlines that he does not consider the ‘physical structure’,
namely the principle of regular planetary motions despite their observed irregular
appearances, as merely convincing but, to the contrary, as important principles that
need to be considered by the astronomer.

In what follows after this quoted passage, he presents the configuration of the
cosmos as consisting of nine nested spheres (kxra, pl. ukar), one for each of the
five wandering planets, the Sun, the Moon, the fixed stars, and one starless sphere
to account for precession.?®® In this configuration, he generally follows Ptolemy,
as is apparent from his presentation of planetary sizes and distances. After a simple
presentation of the values in Chapter 22 of this third book, there is an appendix that
explains the method in more detail, which also circulated independently from the
rest of Kasyar’s a/-Zig. In this respect, he clearly stands in the tradition of similar
accounts from the ninth and tenth centuries AD. It remains to say that although
Kasyar himself writes that he provides the distances and sizes ‘according to Prolemy’s
reasoning’ (‘ala giyasat Batlamyis), the values themselves slightly depart from the
ones in Ptolemy’s Planctary Hypotheses.*®

Despite the brevity of Kasyar’s account, we detect an awareness that astronomers
deal with physical spheres and only describe them by circles in a metaphorical way,
but do not go into the details of celestial dynamics. Although Book IIT of Kasyar’s
al-Zi§ is rather different from al-Birani’s Q4nsn (which is a most technical and
voluminous work on mathematical astronomy) as well as from the works ascribed to
Ibn al-Haytam, these three authors from the first half of the 11t century AD share an
interest in which questions can or should certainly be answered by astronomers or

288 MS Istanbul, Siileymaniye Kiitiiphanesi, Fatih 3418, f. 104%:7-13.
289 See Swerdlow, Prolemy’s Theory, pp. 146—47 and 181-82, and Bagheri et al., ‘Kashyar ibn
Labban’.
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by natural philosophers. Certainly, none of these authors is a mere instrumentalist,
although they all have different views on the degree to which the astronomer should
rely on natural philosophy. A first option is the demand to keep the sciences and
their methods separate from each other, a position that has much in common
with Ptolemy’s own claim of the conjectural epistemic value of physics. Al-Birani
transforms this view in such a way that he ends up with the claim that, at least in
a work on mathematical astronomy, physical arguments are not demonstrative.

Kasyar allows some physical principles such as the perfect and regular nature
of celestial motions. These principles are necessary in order to avoid astronomers
ending up as mere instrumentalists. Nevertheless, he strictly demarcated what
astronomers do not need to investigate, namely mostly physical and metaphysical
questions on celestial dynamics. These investigations might be merely persuasive
and probable, or hit the truth, but Kasyar obviously does not want to elaborate
on this distinction any further. Lastly, the three works attributed to Ibn al-Haytam
highlight the need for a cosmological picture that brings together Ptolemaic astron-
omy and natural philosophy as laid out in Aristotle’s On the Heavens, although the
emphasis on natural philosophy is certainly even stronger and more explicit in On
the Configuration of the World and the commentary on the A/magest than in the
Doubts about Ptolemy. In these works ascribed to Ibn al-Haytam, we find no trace
of Prolemy’s probabilistic account of physics, which is more prominent in al-Birani
and, slightly less so, in Kasyar.

In this respect, one can detect a general shift around Ap 1000, since similar topics
were not part of earlier cosmological works. This shift can also be detected in the
introduction of new topics to astronomical works. In fact, Ptolemy’s sawn-off pieces
as well as the question about whether the planets penetrate the spheres were not
discussed at all before al-Birani and Ibn al—Haygam.290 One can compare this with
the observation by F. Jamil Ragep already mentioned above, namely that Avicenna
was the first to use the term %m al-hay’a for astronomy in general, whereas this
term previously only denoted the part of astronomy that dealt with the physical
configuration of the celestial bodies (as discussions on distances and sizes, for example).
Ragep related this terminological finding to Ibn al-Haytam’s physical rather than
mathematical cosmology in On the Configuration of the World " In this context of
emphasizing the physical aspects of celestial bodies, these authors from the first half
of the 11th century AD tried to determine to what extent mathematical astronomy
should depend on natural philosophy or even metaphysics, and by which criteria
arguments should be considered as ‘true’ or ‘convincing’, thereby picking up a
distinction already made by Ptolemy in the Almagest and the Planetary Hypotheses.
As shown by Peter Adamson and explained in the previous chapter, we can consider

290 Since the latter issue of planets penetrating the spheres relies on Ptolemy’s ascription of
psychological self-motion to the planets, I discuss this in more detail in Chapter III.
21 See the introduction by Ragep in al-Tasi, Memoir on Astronomy, pp. 33-35.
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the translation of Aristotle’s Posterior Analytics and further discussions about the
intermingling and dependence of the various sciences in the philosophical school
around al-Farabi to have triggered this shift around aAp 1000. This picture becomes
more convincing in light of the fact that there was obviously no clear separation
between ‘philosophers’ and ‘astronomers’. Al-Farabi, as the author of logical works
as well as the commentary on the A/magest, is himself a good example of that, as
is the 12-century mathematician Ibn al-Salih, who not only criticised al-Farabi’s
commentary, but also wrote a short comment on an argument in Aristotle’s Posterior
A ndlytz'f;.”z Thus, according to the development of the philosophical discussions
about the division and ranking of the philosophical branches from the eighth to the
ninth century AD, and from al-Kindi to al-Farabi, Ptolemy’s commentators from
around AD 1000 noticed the need to distinguish properly between physical and
mathematical arguments, and to discuss their epistemological status.

The Planetary Hypotheses plays a major role in the context of these discussions,
expecially in the works by al-Birani and Ibn al-Haytam. Al-Birani adopts Ptolemy’s
epistemology, which then, however, leads him to take a critical stance against Prolemy’s
sawn-off pieces from the Planetary Hypotheses and some of the physical arguments
from the first chapters of the Almagest. Thus, his critique is directed towards aspects
that Ptolemy himself had labelled as conjectural. Although Ibn al-Haytam also suggests
some improvements for the A/magest, his most fundamental critique concerning the
epistemic status of Ptolemy’s theories is directed towards the Planetary Hypotheses,
as well. This becomes clear when he claims that, in general, Ptolemy followed sure
methods, namely observations, in his A/magest, but abandoned this sure path in the
Planetary Hypotheses. On this ground, a picture emerges of rising criticism against
some of the cosmological doctrines of the Planetary Hypotheses around Ap 1000 in
the Islamic East, which had its roots in Ptolemy’s own conviction that there are
some elements of cosmology that cannot be determined with the same certainty as
mathematical calculations of planetary motions. In the following chapter, we will
see that criticism of Ptolemaic astronomy even started at a more fundamental level
in the Islamic West, namely the planetary models from the Almagest.

Philosophers in al-Andalus on Ptolemaic and Aristotelian Astronomy

Before we take a look at the usual suspects when it comes to a discussion of
astronomy and philosophy in medieval al-Andalus, there is a comparatively early
witness of astronomical theories. In a manuscript held in Istanbul (MS Istanbul,
Stileymaniye Kiitiiphanesi, Carullah 1279, ff. 315"-333"), one finds a treatise called
On the Configuration (Kitab al-Hay'a) ascribed to Qasim ibn Mutarrif al-Qattan

292 See Thomann, ‘Al-Farabis Kommentar’ and Thomann, “The Oldest Translation’.
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al-Andalusi al-Qurtubi.?”® He can roughly be dated to the first half of the tenth
century, AD which makes him predate the other Andalusian philosophers whom
I'will discuss in this chapter by atleast 150 years. His On the Configuration is basically
a non-technical summary of astronomy very similar to works from the Islamic
East from the ninth and tenth centuries, most notably al-Fargani’s Summary of
Astronomy. Of particular interest is Chapter 30 on planetary distances and sizes in
which he gives an account of nested spheres, as it was widely spread in the east. As
argued by Josep Casulleras, this chapter shows a strong resemblance to the work
of Ibn Rustah, who was born in Isfahian and lived until the early tenth century
AD.?>* The planetary distances given by Qasim ibn Mutarrif al-Qattan are the
same as the ones by Ibn Rustah, and both correspond closely to the ones in the
Planetary Hypotheses.*”> Thus, if the attribution to Qasim ibn Mutarrif al-Qattan
is correct, we have an evidence for a very early indirect transmission of Ptolemy’s
nested cosmos to al-Andalus via an author from the Islamic East. In the text itself,
there does not seem to be any explicit reference to the Planetary Hypotheses, at
least not in the chapter on planetary distances. The value of our knowledge of this
work lies in it being a very early example of a cosmological text in al-Andalus that
gives a description of a clearly physical cosmos, regardless of whether the author
had direct access to the Planetary Hypotheses or not. In fact, this is very similar to
the situation of the ninth- and tenth-century astronomers in the Islamic East, in
whose works we can see the same kind of account of the cosmos without explicit
reference to Ptolemy.

There s also the evidence of the group of astronomers active in Toledo in the 11th
century around Ibn al-Zarqalluh (d. Ap 1100). George Saliba described one treatise
simply entitled Treatise on Configuration (Risalat al-Hay'a) and — although it is
anonymous — ascribed it to a contemporary of Ibn al-Zarqalluh.?* In his article,
Saliba provides the following excerpt in translation:

You should know that the practitioner of this art (5774 ‘), after having extracted from the
observations the motions that are like the foundations and principles (a/-mabadi’ wa-I-

293 On this manuscript, see Rosenthal, ‘From Arabic Books’. On the author and his astronomical
work, see Sezgin, Geschichte des arabischen Schrifttums VI, pp. 197-98. Ilearned about the existence
of this work from the English translation of an article originally in Spanish by Josep Casulleras, see
Casulleras, “The Contents’. For a more recent overview, see Sams6, On Both Sides, pp. s02—06. For a
comparison between these early astronomical activities and the so-called ‘revolt’ of the 1 2th century,
see Samsd, ‘On al-Bitragy’.

294 See Casulleras, “The Contents’, p. 341.

2% For the values in Ibn Rustah, see Swerdlow, Prolemy’s Theory, pp. 142—43. For the chapter
by Qasim ibn Mutarrif al-Qattin, see MS Istanbul, Stileymaniye Kiitiphanesi, Carullah 1279,
ff. 320%:9-321":34.

296 See Saliba, ‘Critiques of Prolemaic Astronomy’, where one also finds an overview of the group of
astronomers in Toledo. This work is preserved in a unique manuscript in Hyderabad (MS Hyderabad,
Osmania University Library, 520 RH), which I have not seen. On the reception of Ibn al-Zarqalluh
in later Andalusian authors, see Forcada, ‘Saphacae and Hayar .
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usnl), he should then seek from the art of geometry the manner in which these motions
could be achieved, and which configuration (b2y’z) would be the one necessitating them.
While searching for that, he should not deviate from that which he has accepted from the
physical sciences (%/m tabi%) of the foundations (mabdds’) of this art.>”” He should not
abandon the spheres, the circles, and the circular uniform motions, and pass on to other
than that like a non-spherical body (¢Zsm gayr kuri) or a non-circular shape. If by virtue
of his power he was able to discover many configurations (hayt) for each of the planets,
all of them leading to the same result and all of them in perfect accord with the observable
particular motions, then he should opt for the simplest and most straightforward and
that which resembles the celestial bodies as was done by Ptolemy when he opted for the
eccentric in the case of the Sun and not the epicycle.*”®

This passage shows thatin 11th century-Toledo, there was already concern regarding
the relationship between astronomy and other disciplines. On the one hand,
astronomers need to rely on geometry to find abstract mathematical models for
the observed phenomena. In order to finally arrive at a proper configuration
(hay’a), one must, however, also accept certain principles from natural philosophy
as the ‘foundations’ of astronomy. The anonymous author touches in the end on
Ptolemy’s argument of simplicity from A/magest I11.4. More importantly, the author
claims that one should not replace perfectly spherical spheres with non-spherical
bodies. This shows, firstly, that this passage is not only concerned with an abstract
mathematical model that must conform to the idea of uniformly moving circles
and striving for the simplest version of such an abstract model, but rather that this
needs to be applied to bodies (¢7s72) as well. Further, it shows that the author is not
worried about eccentric spheres or epicycles, as both are perfectly spherical bodies.
Instead, other shapes must be excluded, such as ovoid or lenticular spheres or even
Ptolemy’s sawn-off pieces. Against an earlier assessment of this passage that read it as
‘purely instrumental in that he [i.e. the anonymous author] only attempts to make
an abstract representation of the phenomena’,?”” I take it that the author argues that
a proper configuration of celestial motions must adhere to the principles of natural
philosophy. He clearly talks about celestial bodies and not just their geometrical
representation. One must not forget that Ptolemy’s criterion of simplicity does
not concern the simpler geometrical representation when the astronomer draws
the figure of a planetary model, but Aristotle’s claim that zature does nothing in
vain, and thus the simpler configuration more probably accounts for the natural
reality than the more complicated one.

297 The Arabic reads (see Figure 1 in Saliba, ‘Critiques of Ptolemaic Astronomy’, p. 11): wa-ld
yufariq ft babti-hi ‘an dalika ma yusallimu-hi min al-m al-tabi't min mabadi’ badibi l-sind‘a.

298 Saliba, ‘Critiques of Ptolemaic Astronomy’, p. 14, slightly modified. Although I do not have
direct access to the manuscript, luckily, Saliba included an image of the folio of that passage in his
article (p. 11). In this way, I was able to check the Arabic terminology. Another version that is not as
literal as this previous one can be found in Saliba, Islamic Science, pp. 177-78.

299 Eorcada, ‘Saphacae and Hayar', p. 268.
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These few remarks are in line with the critique that we have already detected in
Ibn al-Haytam. The anonymous author refers in this work to yet another work of his
own that is lost (briefly referred to as Kitab al-Istidrik). In fact, Saliba supposes that
this second work might have looked like Ibn al-Haytam’s Doubts about Ptoleny.>*°
We will encounter similar statements on the principles of astronomy which need to
be taken from other sciences in the Eastern tradition in Maraga.

That being said, it is certainly true that the cosmological tradition in al-Andalus
differed in some respects from the one in the Islamic East. Abdulhamid I. Sabra spoke
of the ‘Andalusian revolt’ against Ptolemaic astronomy in the twelfth cer1tury.3’01 Ina
nutshell, this ‘revolt’ is ascribed to a small group of philosophers, namely Ibn Bagga
(fl. first half of the 12%" century ap), Ibn Tufayl (d. Ap 1185), Averroés (d. ap 1198),
Maimonides (d. AD 1204), and al-Bitragi (d. around Ap 1200) and their way of
addressing the question whether two of the most fundamental devices of Ptolemaic
astronomy, namely the epicycle and the eccentric sphere, violate Aristotelian natural
philosophy. Their focus, therefore, lay on providing astronomical models that not
only followed the observed phenomena in an abstract mathematical form but also,
most importantly, adhered to Peripatetic physics.>**> Of these authors who are usually
considered as the drivers of the ‘Andalusian revolt’, al-Bitragi is the only one of whom
we have a complete astronomical model, through which he intended to replace the
Ptolemaic models with a kind of homocentric system. However, to start with the
carliest of these authors, we do have an astronomical work by Ibn Bagga that is
completely different from the astronomical works I have discussed above. This is a
small treatise entitled Discourse on Configuration (Kalam fi I-Hay’a).>* Although
one might expect from the title a treatise on astronomy, its most important concern
is the proper scientific method in the tradition of Aristotle’s Posterior Analytics and
al-Farabi.’** While this is not the place to discuss Ibn Bagga’s theory of scientific

300 See Saliba, ‘Critiques of Ptolemaic Astronomy’, pp. 1215, and Saliba, Islamic Science, pp. 94-95.

301See Sabra, “The Andalusian Revolt’. This article offers a valuable overview of the relevant texts
for the cosmological views in al-Andalus in the 1 2th century, and thus a significant part of this chapter
follows its main insights. For a much earlier assessment of the astronomical views of Ibn Bagga, Ibn
Tufayl, and Averroés, see Gauthier, ‘Une réforme’; for a recent investigation with special emphasis
on these authors’ competence in astronomy, see Samsd, On Both Sides, pp. 516-44.

302 There were certainly other astronomers in al-Andalus with a more mathematical focus, most notably
Gabir ibn Aflah, who was a contemporary of Ibn Bagga and wrote the Correction of the Almagest (Islah
al-Magisti). For the difference between Gabir’s mathematical approach and the one by philosophers such
as Ibn Bagga and Averroés, see Bellver, ‘El lugar del [slah’. For a case study of his argument concerning
the sphericity of the cosmos, see Langermann, ‘Revamping Prolemy’s Proof’, pp. 167-72.

303 See the edition in Forcada, ‘Ibn Bajja’s Discourse on Cosmology’, pp. 151-56, which follows upon
an English translation and commentary. This work is extant in a single incomplete copy that is now
held in Cracow (MS Cracow, Biblioteka Jagielloriska, formerly Berlin, Staatsbibliothek Preufischer
Kulturbesitz, Wetzstein 87 [Ahlwardt s060]).

304 A argued by Forcada: see the commentary on the text in Forcada, ‘Ibn Bajja’s Discourse on
Cosmology’. On Ibn Bagga’s classification of the sciences, see Forcada, ‘Ibn Bajja and the Classification’,
and Wirmer, Vom Denken der Natur, pp. 626—3 4.
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method in detail, a couple of remarks on this short work can help us understand
the impact of Ibn Bagga’s reading of the Posterior Analytics for his attitude towards
astronomy. We know that Ibn Bagga considered astronomy a science worthy of pursuit:
he himself said that he moved to Seville to learn more about astronomy and that he
observed a conjunction of Mars and Jupiter, and we know that he disagreed with
Gabir ibn Aflah on the positions of Mercury and Venus with respect to the Sun.3%
The first major part of his Discourse on Configuration, however, is the investigation
of how a proper syllogism should be applied. To summarize it very briefly, Ibn Bagga
claims that astronomers are unable to demonstrate the fact that a specific planetary
model is the on/y model that meets the observations. Thus, this cannot be used as
an absolute premise in a demonstration that proves the cause of the observations.
Ibn Bagga even suggests that the reason for the astronomers’ failure is that they did
not have proper ‘training’ (7iyada) in logic.>%

In the end, we do not learn much about Ibn Bagga’s astronomical convictions
from this treatise.3%” An important takeaway is the way in which the search for the
proper scientific methodology influenced astronomical activities. I have argued
above that the Bagdad Peripatetics of the tenth century Ap around al-Farabi might
have been an important factor for the inclusion of methodological questions in
the reception of Ptolemaic astronomy. As evidenced through the cosmological
and philosophical works of Ibn al-Haytam, al-Birani, and Avicenna, issues such
as the subordinations of the sciences and the distinction between zhat and why
proofs led scientists to reconsider some of Ptolemy’s arguments themselves and
their relationship with principles from other disciplines, most notably natural
philosophy. Although one must have in mind the different political and historical
situation in the Islamic East and West,>%® Ibn Bagga provides us with evidence of a
comparable trend in al-Andalus.

Another important issue for the study of Ibn Bagga’s astronomy is the question
whether he allowed for non-homocentric spheres. On this question, we have conflicting
evidence from Ibn Bagga’s commentaries on Aristotle’s Physics and Meteorology,
and from reports by other authors, most importantly Maimonides.>*” Although
Maimonides’ report in his Guide of the Perplexed (Dalalat al-ha’irin) has already

305 See Forcada, ‘Ibn Bajja’s Discourse on Cosmology’, pp. 75-76, and Wirmer, Vom Denken der
Natur, pp. 10-11.

306 See, very briefly, Endress, ‘Mathematics and Philosophy’, p. 151, and, in more detail, Forcada,
‘Tbn Bajja’s Discourse on Cosmology’, especially pp. 132—38 for the critique of astronomy.

307 One reason might be that the only extant copy is incomplete. On this ground, Forcada argues
thatitis possible that the statement by Maimonides that I discuss in what follows relies on this missing
part. See Forcada, ‘Ibn Bajja’s Discourse on Cosmology’, pp. 142—43.

308 On the special historical situation of 1 - and Iz‘h—century al-Andalus and its relationship
with the ‘revolt’, see Sabra, “The Andalusian Revolt’, pp. 143-44.

309 For a full discussion and the references to the commentaries, see Forcada, ‘Tbn Bajja’s Discourse on
Cosmology’, pp. 78-79 (especially n. 40) and 142-46, and Wirmer, Vom Denken der Natur, pp. 10-14.
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been cited frequently in modern literature, it must be given here in full, since it
provides us with a narrative of cosmological discussions in 12th—cer1tury al-Andalus.

You know of astronomical matters what you have read under my guidance and understood
from the contents of the A/magest. But there was not enough time to begin another
speculative study with you. What you know already is that as far as the action of ordering
the motions and making the course of the stars conform to what is seen is concerned,
everything depends on two principles: either that of the epicycles or that of the eccentric
spheres or on both of them. Now I shall draw your attention to the fact that both those
principles are entirely outside the bounds of reasoning (bari¢ ‘an al-qiyas) and opposed
to all that has been made clear in natural science. In the first place, if one affirms as true
the existence of an epicycle revolving round a certain sphere, positing at the same time
that that revolution is not around the centre of the sphere carrying the epicycles — and
this has been supposed with regard to the Moon and to the five planets — it follows
necessarily that there is rolling (dabraga), that is, that the epicycle rolls and changes its place
completely. Now this is the impossibility that was to be avoided, namely, the assumption
that there should be something in the heavens that changes its place. For this reason Aba
Bakr Ibn al-$2’ig [Ibn Bagga] states in his extant discourse on astronomy that the existence
of epicycles is impossible. He points out the necessary inference already mentioned. In
addition to this impossibility necessarily following from the assumption of the existence
of epicycles, he sets forth there other impossibilities that also follow from that assumption.
I shall explain them to you now. The revolution of the epicycles is not around the centre
of the world. Now it is a fundamental principle (94 %da) of this world that there are three
motions: a2 motion from the midmost point of the world, a motion toward that point,
and a motion around that point. But if an epicycle existed, its motion would be neither
from that point nor toward it nor around it. Furthermore, it is one of the preliminary
assumptions of Aristotle in natural science that there must necessarily be some immobile
thing around which circular motion takes place. Hence, it is necessary that the Earth
should be immobile. Now if epicycles exist, theirs would be a circular motion that would
not revolve round an immobile thing.

I have heard that Aba Bakr has stated that he had invented an astronomical system in
which no epicycles figured, but only eccentric circles. However, T have not heard this from
his pupils. And even if this were truly accomplished by him, he would not gain much
thereby. For eccentricity also necessitates going outside the limits posed by the principles
established by Aristotle (‘am-mda assala-hi Aristit), those principles to which nothing can
be added. It was by me that attention was drawn to this point. In the case of eccentricity,
we likewise find that the circular motion of the spheres does not take place around the
midmost point of the world, but around an imaginary point (nugta mutawahhima) that
is other than the centre of the world.31

310 Maimonides, Le guide, Vol. 2, pp. s1b:1—52a:13, tr. by Shlomo Pines in Maimonides, The
Guide, Vol. 2, pp. 322-23.
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In this famous passage, Maimonides ascribes to Ibn Bagga a couple of reasons why
he rejected the theory of epicycles. The first of these is that there should be no
rolling motion in the heavens, which is what epicycles do since they have a motion
around their centres, while these centres themselves also move around the centre of
the deferent. This rejection of rolling motions in the heavens goes back to On the
Heavens 11.8, although Aristotle denies it only for the planets and stars themselves
and not explicitly for the spheres.>!! The next argument that Maimonides ascribes
to Ibn Bagga also originates from Aristotle’s On the Heavens: there are only three
motions in the cosmos, namely to the centre, away from the centre, and around
the centre. While Ptolemy and his followers also subscribed to this distinction in
general, the point made by Ibn Bagga and Maimonides is that Aristotle implied that
circular motion in the heavens can only be around #be one centre of the world, which
is the foundation of Aristotle’s homocentric cosmology. This argument needs to
be read together with the one that Maimonides lists afterwards, namely that there
can only be one immobile centre in the cosmos. In the background of this notion
of a ‘unique centre’ and ‘immobility’ is Aristotle’s theory of the natural motions of
the elements. This single centre is immobile because the heavy elements (earth and
water) have a natural downward motion towards the centre of the cosmos. Another
immobile point in the cosmos around which other spheres could circulate would
mean that we would have two centres in the cosmos to which the heavy elements
are drawn, which would result in a conflict of natural motions. Therefore, there
can only be one immobile centre of circular motion in the cosmos.?'* To make
things even worse, the theory of epicycles would also mean that there are centres for
circular motion that are moved themselves and thus not immobile, which violates
Aristotle’s notion that every circular motion must be around one smmobile centre
of the cosmos. So far, Maimonides presents Ibn Bagga’s arguments against epicycles.
He then goes on to claim that he heard that Ibn Bagga developed an astronomical
system with eccentric spheres. Against this, however, Maimonides argues that one
can make the same arguments against eccentric spheres, and he wonders why no
one before him discovered that.

There are some interesting points to make about this passage. First, we learn that
Ibn Bagga gathered some arguments against epicycles in an astronomical treatise.
Given that the extant version of Discourse on Configuration is not complete, one
might assume that Maimonides’ account goes back to the missing part.3"3 If this is
a true rendering of Ibn Bagga’s astronomical theory, one can compare him to Ibn
Tufayl, who lived one generation after Ibn Bagga. As al-Bitragi informs us, Ibn

3 See Cael. 11.8, 290a7—-29.

312 See, for example, Cael. 1.8, 276a18-b21.

313 As suggested in Forcada, ‘Ibn Bajja’s Disconrse on Cosmology’, pp. 142—43. Cf. Ibn Tufayl’s
complaint that most of Ibn Bagga’s writings are ‘not complete’ or ‘break off at their ends’ (Ibn Tufayl,
Hayy ben Yagdhbén, p. 12:13-14 (Arabic section)).
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Tufayl similarly dismissed epicycles (and also eccentric spheres, like Maimonides). 4

We will see shortly that Averroés argued against epicycles and eccentric spheres, and
that this sort of reasoning triggered al-Bitragi’s attempt to devise an astronomical
model without these Ptolemaic non-homocentric spheres. Therefore, Maimonides’
testimony allows us to consider Ibn Bagga as an early figure of the ‘Andalusian
revolt’ against Ptolemy.

It is also interesting to take a look at Maimonides’ wording, as he says in the
beginning of the passage quoted that epicycles and eccentric spheres are ‘outside of
reasoning’. The Arabic rendition, hari¢ an al-qiyds, appears in the same way as a
translation of the Greek para ton logon in Almagest IX.2 and it is picked up again
by Ibn al-Haytam in his critique of Ptolemy’s methodology.>"> As described before
in this chapter, Ibn al-Haytam also rejected some of Ptolemy’s theories because they
did not adhere to the physical principles, most importantly his sawn-off pieces and
imaginary devices such as the equant. This makes a statement by Ibn Bagga from
an extant letter in which he severely criticises Ibn al-Haytam even more intriguing.
He writes that although Ibn al-Haytam was right in pointing out some of Ptolemy’s
errors in his Doubts about Ptolemy, nevertheless, Ibn al-Haytam was only superficially
familiar with astronomy and not a reliable expert in this science.?!® Because of a lack
of an astronomical theory by Ibn Bagga himself, it remains speculative why Ibn Bagga
thinks so little of Ibn al-Haytam’s astronomical expertise. Perhaps the outline of his
Discourse on Configuration isimportant. I have noted before that most of this treatise is
an investigation of the proper scientific method along the lines of the Posterior Analytics,
which then leads into brief remarks on Prolemaic astronomy. This might indicate that
Ibn Bagga deems the arrangement of the celestial bodies in the cosmos a philosopher’s
and nota mathematician’s task. Given the evidence from his Discourse on Astronomy,
we might think that, in Ibn Bagga’s view, one can only achieve a true ‘configuration’
(hay’a) of the cosmos when one understands the methods of the different sciences,
their claims on truth, and how they are connected with each other — topics that Ibn
al-Haytam does not address in the Doubts about Ptolemy to which Ibn Bagga refers.

In fact, Maimonides lays down arguments from Aristotle’s On the Heavens as the
principles to which astronomers must adhere if they want to get to a configuration
of the cosmos that is not ‘outside of reasoning’. Given that Maimonides refers to
Ibn Bagga in this context, this was certainly also Ibn Bagga’s idea. This means that
Ibn Bagga bases his Discourse on Configuration on Aristotle’s Posterior Analytics.
Maimonides, following Ibn Bagga, also starts his astronomical discussion with
Aristotle’s On the Heavens. This, taken together with the criticism that Prolemy’s
works had to face in 12th—century al-Andalus, illustrates that for Ibn Bagga Ptolemy

314 See al-Bitraigt, On the Principles, Vol. 2, p. 49:1~5 (and Vol. 1, p. 61 for the English translation
of that passage).

315 See above, p. 101.

316 Thp Bagga, ‘Min kalami-hi ma ba‘ata’, p. 78:7—13. This passage is translated in Samsé, ‘Ibn
al-Haytham and Jabir b. Aflah’, pp. 201-02, and Endress, ‘Mathematics and Philosophy’, p. 148.
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is not the main authority in astronomy but Aristotle is instead. We will see another
example of this in the astronomical work of al-Bitragi.

Before we turn to Averroés and then al-Bitragi, let us stay very briefly with
Maimonides’ Guide of the Perplexed because his own stance in these discussions
seems to be a bit different from them. Although some passages from the Guide of
the Perplexed seem to suggest that Maimonides held the position that humans can
never attain demonstrative knowledge about the celestial realm, he also emphasized
that astronomy, in fact, provides us with some demonstrative proofs that need
to be considered in natural philosophy. As an example, Maimonides refers to the

fact that the Sun moves along an inclined path, although he quickly adds that the

astronomers did not prove whether this is because the Sun is carried by an eccentric
sphere or by an epicycle.’” In addition, he acknowledges that the science of astron-
omy has made progress from the time of Aristotle until his own time. Perhaps one
can understand the final remarks of Chapter I1.24 of his Guide of the Perplexed
in this sense, namely that someone else will come up with a proper astronomical
system that fits Aristotelian physics after him. These instances, together with the
possibility that Maimonides himself did not reject epicycles but only eccentric
spheres, led Tzvi Langermann to conclude that Maimonides’ attitude towards
astronomy is different from the views of his Andalusian fellows.*!® Another way
to highlight such a difference is to point to Maimonides’ ‘descriptive’ statement
that the astronomers’ task is not simply to account for the physical reality of their
models.>” In contrast, Ibn Bagga emphasizes that astronomers must also provide
demonstrative proofs that adhere to the rules of logic. With the kinds of syllogisms
by previous astronomers alone, Ibn Bagga complains, we do not have a proper
scientific understanding of astronomy.

Averroés’ engagement with Ptolemaic astronomy is known through his abbreviation
of the Almagest that survived only in its Hebrew translation and through many
scattered remarks in his various commentaries on Aristotle.3?° Let us start with a
passage from one of the earliest of these commentaries, namely the Epitome of On
the Heavens (Gawdami*Kitab al-Sama’ wa-1-%lam). This treatise can be dated to the
time before AD 1159 when he had finished the epitomes of On the Heavens, Physics,

317 See Maimonides, The Guide, Vol. 2, p- 273.

318 See Langermann, “The True Perplexity’, especially pp. 169—70. For this brief summary on
Maimonides, I relied mostly on this cited article by Tzvi Langermann and in addition on Langermann,
‘My Truest Perplexities’, and Freudenthal, ‘Instrumentalism and Realism’, especially pp. 233-41.

319 See Maimonides, The Guide, Vol. 2, p- 326. The interpretation I describe here stems from
Freudenthal, ‘Instrumentalism and Realism’, pp. 235-36.

320 There already has been a good amount of modern research on Averroés’ astronomy and
cosmology between the Aristotelian and the Prolemaic tradition. As an early example, see Gauthier,
‘Une réforme’, especially pp. sor—o6, and later also Carmody, “The Planetary Theory’, Sabra, “The
Andalusian Revolt’, especially pp. 138—42, Endress, ‘Averroes’ De Caelo’, Endress, ‘Mathematics and
Philosophy’, especially pp. 151-57, and Hasse, ‘Averroes’ Critique’.
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On Generation and Corruption, and the M. etearology.321 Right at the beginning of
this short summary, Averroés finds the opportunity to oppose Ptolemaic cosmology
and Aristotelian natural philosophy. Following the thought of On the Heavens1.2-4,
he argues that there is — in addition to the upward and downward motions of the
light and heavy elements — a fifth substance that has a natural circular motion:

In the case of this motion [viz. the uniform circular motion], it is clear that it is natural
and that in the body moving by it, there is no principle opposing the moving (mudadd
li-l-mubarrik), as is the case for the animals. When this is the case, it is obvious that the
circular motion — through the fact thatit s circular — has necessarily a centre and poles.
What is endowed with this property is necessarily the sphere (kxra, i.e. complete sphere).
As for the spheres with ground poles (a/-ukar al-mabrigat al-aqtib)>** that Prolemy
supposes in his Planetary Hypotheses (Kitab al-Iqtisas), it is something that is not true
for those things that rotate naturally (dawaran baraka tabi‘iyya). In addition, if the stars
moved by themselves in rotation (dawaran), as these people (dalika gawm) think, their
motion would not be natural at all. Otherwise, why would it be that they [the planets] are
in a place and moving (tatabarriku) to this very same place [again]? Then their motion
would be pointless. Therefore, the rotating motion belongs to the spherical body insofar
as it is spherical, since it is not moved [from one place to another] in its entirety, but is
moved rather with its parts. These are the considerations (#mi2r) employed by Aristotle to
show that there is a spherical body, distinct from the nature of the bodies that are moved
rectilinearly, and in possession of a fifth nature.3??

This passage, although not yet discussed in modern research, is of crucial importance
because it illustrates Averroés’ engagement with Prolemy’s Planetary Hypotheses.
As is well-known, Aristotle characterizes the circular motion as not having any
natural, contradicting motion. For him, it is clear that uniform circular motion
in the heavens must be conducted by spheres that have a centre and poles around
which they always move. The centre and the poles must be fixed because there is
no change to be seen in circular motion of the cosmos, as in the case of animals.
This is the reason why he considers celestial slices of spheres as impossible: they lack
these fixed poles because the areas around the poles are ‘ground’ off, as Averroés
describes Ptolemy’s sawn-off pieces. This transition to Ptolemaic cosmology happens
quite suddenly. It is very surprising to see him make this point at this early stage
of his epitome because one would expect that the sawn-off pieces are discussed in
the context of astronomical models and not the context of the first chapters of
Aristotle’s On the Heavens. In fact, the line of criticism is the same as in al-Birani,
who had claimed that the theory of sawn-off pieces contradicts Almagest 1.3 on the

321 Gee Lay, ‘I’ Abrégé’, pp. 25—26. For a study of the three commentaries by Averroés on Oz the
Heavens, see Endress, ‘Averroes’ De Caelo’.

322 MS Madrid, Biblioteca Nacional, 5000, f. 27":1 reads al-kuwar al-mabrimat al-aqtab, which
still would be a clear reference to the sawn-off pieces.

323 Averroés, [Gawami‘] Kitab al-Sam# wa-l-Glam’, pp- 5:19-6:11.
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sphericity of the heavens.324 Similarly, Averroés argues that since Aristotle settled the
existence of a naturally circularly moving cosmos and since, therefore, the cosmos
must be shaped like a complete sphere, Ptolemy’s theory is impossible. However,
Averroés does not leave it at that. He ascribes yet another impossible theory to ‘these
people’ (dalika gawm), namely that the planets move on their own account. This
is an anticipation of On the Heavens 11.8, where Aristotle argues that planets have
no motion of their own but are only fixed on the spheres, and he concludes that the
spheres as well as the stars must be spherical because only this shape ensures that
they rotate in place.325 Averroés now uses this notion and argues that the complete
sphere is the shape that moves uniformly by nature with all its parts in one place
(for every point on the circumference is of equal distance to the centre). When he
states that the stars’ motion back to their starting place is ‘superfluous’, he has in
mind the difference between rotation in place, which is a sign of the perfection of
celestial motions, and locomotion from one place to another, which can be compared
with a rolling motion. The point of Averroés’ argument is to emphasize the natural
circular motion of the cosmos, which is a rotation in place.326 This fundamental
theory of Aristotelian natural philosophy could be questioned if we claimed that the
stars do not move through the natural motion of their spheres but instead on their
own accord. The never-ceasing circular motion of the celestial bodies is the main
sign of Aristotle’s theory of a spherical body, namely the cosmos, and its completely
different nature in comparison with the sublunar bodies. If the planets moved on
their own, there would be no need for this spherical body and its natural circular
motion. But whom is he addressing by ‘these people’? One idea is that he simply
follows Aristotle’s argument in On the Heavens 11.8. However, given that Averroés
refers to ‘these people’ directly after the reference to Prolemy’s Planetary Hypotbeses,
where Ptolemy indeed makes the same suggestion that the planets move on their
own, it is more reasonable to assume that Averroés has Ptolemy and his potential
followers in mind, and uses the opportunity to reject two important cosmological
theories by Ptolemy in one passage.

Thus, this passage first shows Averroés’ knowledge of the Planetary Hypotheses
and, second, the fact that he attempts to follow strictly Aristotelian cosmology.
As a result, he rejects any Ptolemaic theory that violates one of these principles,
namely the theory of sawn-off pieces, as well as the theory of planetary self-motion.
Shortly after his Epitome of On the Heavens, he wrote his Summary of the Almagest
(Mubptasar al-Magisti, extant in Hebrew under Qissur al-Magist7). Within the
prologue, Averroés states that for this summary, he decided to follow the generally
accepted astronomy and that he hopes to have the opportunity later in his life to
investigate this science in more detail. Although he thereby admits that he will give

324 See above, pp. 93-94.

325 See Cacl. 11.8, especially 290a29-br1.

326 On celestial and natural motion in Averroés, see Donati, ‘Is Celestial Motion a Natural Motion’,
which is mostly based on De substantia orbis.
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the reader an insight into Ptolemaic astronomy, he already hints at some reasons
why one should not rely too much on it. According to Averroés, astronomy is not a
demonstrative science. Astronomers gather information on the planetary motions
by their senses, but since these observations exceed the lifetime of one generation,
astronomers also rely on earlier observations by others. This means that the final result
is not demonstrated knowledge but only something that is generally accepted.’*” In
addition, most of the astronomers’ theories are impossible. He gives the epicycle as
an example because ‘it has been shown in natural philosophy’ that circular motion
must be around one centre.328 The general critical attitude is also mirrored by the
sources he explicitly uses, most importantly Ibn al-Haytam and Gibir ibn Aflah.32°
The most programmatic account stems, however, from a much later work, namely
the Long Commentary on Metaphysics (Tafsir Ma ba‘d al-tabi‘a). This passage has
already been translated in full in previous studies, but because of its importance, it
must be quoted here in full again:

The theory of the eccentric sphere or the epicycle is an affair outside of nature. As for the
epicycle, it is altogether impossible because the body moving in a circle moves rather about
the centre of the universe, not outside of it, since that which moves in a circle produces
the centre. Thus, if there were circular motion outside of this centre, there would be
another centre outside of this centre and thus another Earth outside of this Earth. The
impossibility of all this has been shown in natural philosophy (%m tabi). This is what
the situation seems to be with regard to the eccentric sphere postulated by Ptolemy. For
if there were several centres, there would be heavy bodies outside of the [natural] place
of earth, and the centre would not be one but would have breadth and could be divided;
all this is not correct. Also, if there were eccentric spheres, there would be [something]
superfluous among the celestial bodies, with no purpose but filling [an empty space], as is
thought to be the case in animal bodies.>** But there is nothing in the apparent motions of
the planets that compels [us] to postulate the existence of the epicycle or eccentric sphere.

327 For Galen, the continuous observations of the sizes of celestial bodies, with the result that
they do not change, are a sufficient indication of the incorruptible status of the world. This point
made in the lost On Demonstration was criticized in the Arabic tradition by Aba Bakr al-Razi and
also al-Gazali, who argue that astronomical observations made by humans do not cover a sufficient
span of time to judge decisively about this issue, and al-Razi adds that destruction could happen all
at once. See Aba Bakr al-Razi, Doutes sur Galien, p. 13, and al-Gazali, The Incoberence, pp- 48—49.

3287 rely on the French translation of some parts of the prologue by Juliane Lay in Lay, ‘L’ Abrégé¢’,
pp- 53-55-

329 Lay, ‘L Abrégé’, pp. 40-48.

3307 take it that Averroés considers the example of a superfluous part in animals as counterfactual,
comparable with the non-existence of something superfluous in the celestial realm. As an example
of someone who did admit that there are superfluous things in animals, see Theophrastus, On First
Principles, p. 151. Averroés might address other philosophers or medical authors who held that there
is something filling up otherwise empty space inside animals.
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Perhaps the spiral motions posited by Aristotle in this astronomy on the authority of his
predecessors would allow us to do without these two things. It seems that the astronomers
before Hipparchus and Ptolemy had postulated neither epicycles nor eccentric spheres.
Ptolemy explained this in his book known as Planetary Hypotheses (al-Igtisas). He claimed
that Aristotle and his predecessors had posited, instead of these, spiral motions, and he
claimed that according to them, there is an increase in these motions.3*! But their successors,
he claimed, found a simpler method than this, namely that they were able to account for
the phenomena by reference to fewer [celestial] bodies, by which he referred to the epicycle
and the eccentric sphere. He claimed that this method is preferable (afdal) with regard
to the acknowledged principle that nature does not act in vain and that if it can move
something with few instruments, it will not move it with many. Ptolemy was not aware
of what had compelled the Ancients to accept spiral motions, namely the impossibility
of the epicycle and the eccentric sphere. When people came to think that this astronomy
made it simpler and easier for [explaining] the recurrence of the motions, namely that
established in Ptolemy’s book, they abandoned the old astronomy until the knowledge
of it passed away, and today, one cannot understand what Aristotle says in this passage
on the authority of these people. Alexander and Themistius acknowledged this but they
did not understand the reason that we have mentioned.

We must examine this old astronomy from the beginning, for it is the true astronomy
(hay'a sabiba) which is in accordance with the natural principles (usil tabi‘iyya). It is
based, I think, on the motion of one single sphere about one single centre and different
poles, which may be two or more, according to the phenomena, because motions like
these can make a planet go faster and slower, forwards and backwards, and have the other
motions for which Ptolemy was unable to find a configuration (bzy’z). On account of
that, a planet can appear to approach and recede as the Moon appears to do. In my youth,
I hoped to make a complete study of this, but now that I have grown old, I have given
up this idea because of the obstacles I found in my way before. But this explanation will
perhaps induce somebody to study these things later. For the astronomy (%m al-hay’a) in
our time is no longer something real; the configuration (b4y’z) that can be found in our
time is a configuration conforming to calculation (busban), not to what exists (wujid) 3

This section starts with a couple of reasons for the physical impossibility of epicycles
and eccentric spheres. By saying that they are ‘outside of nature’, Averroés labels these
proofs indirectly as coming from natural philosophy and the arguments indeed stem

Bl A explained before, Averroés knew and used Ibn al-Haytam’s Dowubts about Ptolemy (see again
Lay, ‘L’ Abrégé’, pp. 47-48). This could mean that Averroés might not have known the Planetary
Hypotheses directly, but only through Ibn al-Haytam. This passage, however, contradicts this possibility,
as Ibn al-Haytam does not mention Ptolemy’s critique of Aristotle’s homocentric cosmology.

332 Averroés, Tafsir Ma ba'd al-Tabia, Vol. 3, pp. 1661:8-1664:7, tr. by Charles Genequand in
Averroés, Ibn Rushd’s Metaphysics, pp. 178—79. 1 have modified the translation, occasionally following
the alternative by Abdulhamid Sabra, see Sabra, “The Andalusian Revolt’, pp. 141—42. Parts of this
passage have already been translated from the Latin version and analysed in Carmody, “The Planetary
Theory’, pp. 566-68 and 571-72.
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from Aristotle’s On the Heavens. The first argument against epicycles is the same as
what we have seen in Maimonides’ report on Ibn Bagga, namely that there can only
be one Earth as the immobile centre of celestial circular motion, which, according to
Averroés, can also be used against eccentric spheres. In addition, there is the further
impossibility concerning eccentric spheres, namely that parecliptic spheres imply by
their existence that they are not responsible for the motion of the planet carried by
the eccentric sphere but only ‘fill the space’. Such a sphere without any use within
the planetary motions is against the principle that nature does nothing in vain. Thus,
Averroés attempts to establish that these non-homocentric spheres violate Aristotelian
natural philosophy and he adds that we are not forced to adopt this theory because
there is an alternative astronomy.>** Before I discuss this alternative, it should be
noted that this latter statement is not as un-Ptolemaic as it looks at first sight. As
argued in the beginning of this chapter, we see Ptolemy weighing up different models
against each other, for example, in the case of the Sun in A/magest 111.4 and in the
case of his theory of sawn-oft pieces in Book II of the Planetary Hypotheses. He does
not claim that the Sun’s eccentric sphere is necessarily the true model or that we
necessarily have to think that some celestial spheres are only slices. He mostly relies
on the argument of economy as a reason why his choice is more probable. However,
Averroés and Prolemy are very different with respect to the astronomical models
that they think are impossible. Again, Ptolemy found the Aristotelian homocentric
system with celestial poles as transmitters of motion and the counteracting spheres to
be impossible on the grounds of physical arguments, just as the Andalusian authors
rejected epicycles and eccentric spheres from physical arguments.

What does Averroés have to say about the alternative model he has in mind?
The first important point is a terminological one. Averroés uses the word ‘spiral’
(lawlabi) to refer to the astronomy of Aristotle and his predecessors. This word was
used for a variety of translations: in the Arabic version of Physics V.4 (where it is not
applied to celestial motions), it is used to translate belzx, ‘spiral’, and in the Arabic
version of On the Heavens 11.8, iddra lawlabiyya is used for dinésis, ‘rotating’.33*
Averroés relies on the Arabic version of Metaphysics X11.8, where lawlabi is used
to translate Aristotle’s counteracting spheres (anelittousaz). As has been pointed
out in previous scholarship, this translation was perhaps rather confusing, and it is
doubtful whether Averroés correctly understood Aristotle’s idea of counteracting
spheres. After all, the counteracting spheres are not responsible for the apparent
motion of the planet to which they belong, but instead cancel its motions so that

333 For Averroés’ rejection of eccentric spheres and epicycles, see also his Long Commentary on
On the Heavens (Sarb al-Sama’ wa-1-Gilam), extant in its Latin translation in Averrogs, Commentum
magnum super libro De celo et mundo, Vol. 2, p. 394:7-11. Note that this passage is in contradiction
to some passages from the Epitome of Metaphysics. Since these refer to Ptolemy’s theory of celestial
animation, I discuss them in the next chapter. On the contradiction between these two works, see
Sabra, “The Andalusian Revolt’, pp. 140—42.

334 See Hasse, ‘Averroes’ Critique’, p. 74, and Sabra, ‘The Andalusian Revolt’, pp. 146-47 n. 7.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



PHILOSOPHERS IN AL-ANDALUS 123

they are not imparted to the following planet.?3> Al-Bitrtigi uses this term to denote
the motion of poles around other poles and one can compare the resulting motion
to the basic device of Eudoxus, the hippopede:.336 Nevertheless, one must not neglect
the fact that in this passage, Averroés explicitly refers to a discussion in Ptolemy’s
Planetary Hypotheses, namely to Chapters I1.5-6.%% There, Ptolemy first describes
that Aristotle added certain spheres to ensure that the inner spheres all partake in
the diurnal motion but are still different from each other, which is a fair rendering
of the counteracting spheres. Later, he laments that the adoption of these spheres
leads to an excessive amount of spheres that are, in fact, not needed for the apparent
motions of a planet. Ptolemy uses the word 7/tzfaf/iltaffa to refer to the motions of
these additional spheres posited by Aristotle. Averroés now correctly understands
Ptolemy’s rationale behind his rejection of the Aristotelian spheres, namely his
principle of economy: ‘nature does nothing in vain’. The question is why Averroés
uses the term lawlabi instead of Zltifaf in his presentation of Ptolemy’s argument.
The best explanation is that Averroés correctly identifies Metaphysics X118 as the
target of Prolemy’s attack and then uses the terminology with which he is acquainted
trom Metaphysics and not from the Planetary Hypotheses. This tells us that Averroés
had a thorough understanding of the Planetary Hypotheses, although it remains
unclear — especially given his statement in the end that he was not able to find
a physically working astronomical model — whether he completely understood
Aristotle’s counteracting spheres.

Despite this open question, Averroés leaves no doubt that this ‘old’ astronomy
by Aristotle (in relation to the astronomical model presented by Ptolemy roughly
500 years after Aristotle) and his predecessors is the ‘true’ astronomy. What made
astronomers in the time between Aristotle and himself follow Ptolemy was their
pursuit of the most economical model, the one that needed the fewest spheres. For
Averroés, a more important criterion for an astronomical model than its simplicity
is its adherence to natural philosophy. He considers the ‘old” homocentric theory as
the ‘true’ one because it better fits the ‘physical principles’ (us#/ tabi%yya). Given
his points of criticism, as shown previously, these principles are similar to that of
Maimonides, namely that all circular motions need to rely on one single centre. Against
this, the Ptolemaic mainstream astronomy of his time serves only for calculational
purposes but does not have any claim regarding true existence, because it does not
follow the principles from natural philosophy and is therefore impossible from a

35See, for example, Charles Genequand’s introduction in Averroés, [bn Rushd’s Metaphysics, pp. s 5,
and also Endress, ‘Mathematics and Philosophy’, p. 156, and Hasse, ‘Averroes’ Critique’, pp. 74-75.

336 See especially Forcada, ‘Saphacae and Hay’ar', pp. 278-81. Cf. Goldstein’s statement in his
introduction to the translation of al-Bitragi’s astronomical work: ‘On the evidence of the original
text of al-Bitrag, it is, however, clear to me that the model of Eudoxus was completely unknown to
al-Bitragi and had no influence on the construction of his models.” See al-Bitragi, On the Principles,
Vol. 1, p. 45. See, in addition, Mancha, ‘Al-Bitruji’s Theory’.

337 As briefly noticed by Sabra, see Sabra, ‘Ibn al-Haytham’s Treatise’, p. 389.
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physical point of view. These are, basically, similar reservations about Ptolemaic
astronomy to what we find in the East in Maraga (take, for example, the astronomical
work of al-“Urdi). The abovementioned shift in astronomical discussions around
AD 1000 from a purely mathematical to a wider approach towards the different
philosophical disciplines and their relationship with each other bears similar fruit
in the Islamic East and West: what are the elements of Ptolemaic astronomy that do
or do not violate physical principles? However, while these doubts revolved in the
East around things like the equant or the prosneusis, i.e. mathematical devices that
are responsible for the fact that a circular motion is not uniform with respect to its
own centre, the Andalusian authors thought that the problems already started ata
more basic level, namely eccentric spheres and/or epicycles.

I have briefly hinted at the possibility that one reason for this discrepancy might
be the different status of the authority of Aristotle and Ptolemy in the East and the
West. Although Eastern astronomical works are mostly based on Aristotelian natural
philosophy (including the existence of aether and the impossibility of a void), they
take their starting point from Ptolemaic astronomy. In the astronomical work of
al-Bitragi, who is the only author of that time in al-Andalus for whom we have a
complete extant astronomical system, one can see a different approach. This unique
position within the Andalusian astronomical tradition has already received much
scholarly attention in the last decades, which, however, has involved severe modern
criticism of al-Bitrigi’s astronomical models.33® Instead of evaluating the quality
of these models, it is far more important for the present investigation to take a look
at al-Bitragi’s long introduction to his On the Configuration (Kitab fi [-Hay'a).

The first pages of this introduction contain several points of criticism regarding
Ptolemaic astronomy, the most important of which are Prolemy’s description of the
two primary motions in the heavens and the inclusion of non-homocentric spheres.
Concerning the former, he contrasts some passages from Book I of the Al/magest
with Aristotle’s discussion of motion and movers in Physics, on the basis of which
al-Bitragi argues that there is only one Prime Mover and thus also only one primary
motion in the heavens, which is the diurnal one.%? Already at this early pointin the
work, one clearly sees the main objective of his work, namely the correction of every
part of Ptolemy’s astronomy that is in conflict with Aristotelian physics. Certainly,
al-Bitragi concedes that some parts of the A/magest are still valuable. He adopts
the planetary sizes and distances, the knowledge of the times of conjunctions and

338 See the introduction by Goldstein in al-Bitragi, On the Principles, Vol. 1, especially pp. 7-18,
Kennedy, ‘Essay Review: Alpetragius’, and Sabra, “The Andalusian Revolt’, p. 137. While this work
became very popular in the Medieval Latin tradition, critical engagement with its astronomical models
had already started in the thirteenth century AD, for which, see Avi-Yonah, ‘Ptolemy vs. al-Bitruji’. For
a more recent reconstruction of al-Bitragi’s models, see Mancha, ‘Al-Bitruji’s Theory’.

339 See the English translation by Bernard R. Goldstein in al-Bitragi, On the Principles, Vol. 1,

pp-53-57-
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eclipses, and the computation of the positions of the stars and planets.>** These
positive aspects mirror the sort of critique that we have just seen in Averroés, who
wrote that this ‘new’ (i.e. Ptolemaic) astronomy serves the purpose of calculation
but not of providing a physical explanation of the celestial phenomena. This is
exactly the same point that we see in al-Bitragi’s argument against the two Ptolemaic
‘principles’ (aslan), namely the epicycle and the eccentric sphere. His main worry
is how one can imagine that a non-concentric sphere moves within the sphere that
encompasses it without the creation of a void whenever it moves within it from
one place to another.>*! The same argument has already been put forward by Ibn
al-Haytam in his Dowubts about Ptolemy. However, Ibn al-Haytam applied this
argument only to sawn-off pieces that move inside a complete sphere, and not to
epicycles and eccentric spheres, which he accepts in general **? This shows again that
scholars of different times and environments had different views not only on how
to overcome the tensions between Aristotelian physics and Ptolemaic astronomy,
but also on the choice of the devices of Ptolemaic astronomy that are responsible
for this tension in the first place.

Al-Bitragi then steps back and explains that he was ‘perplexed’ by the problems
posed by Ptolemaic astronomy, thereby invoking the same vocabulary that Maimonides
also used to express his concerns.?** The remaining parts of his introduction mostly
deal with the way in which he finally arrived at his alternative astronomy. This part
starts with a quotation from O the Heavens 11.8, where Aristotle explains the two
possible motions for the spherical bodies, namely rotating (dznésis) and rolling
(kylisis). While al-Bitragi’s citation differs from the extant Arabic translation of On
the Heavens by al-Bitriq in its choice of rendering ‘rolling’, both versions have idara
lawlabiyya for dinésis, ‘rotation’ 3** Al-Bitragi correctly explains that Aristotle is
engaging in this passage with his predecessors who thought that the stars might
make one of these motions by themselves, but he argues against the idea that stars
are carried by their spheres. After he gives this explanation, al-Bitragi leaves the
Aristotelian ground and writes:

Since this is so, the planets cannot have this spiral motion (iddra lawlabiyya) while
adhering to their places of their spheres, except for a motion that occurs due to the poles
of their spheres on which they are fixed, while there is a rotation (dawarin) about the
poles around certain circles.’%

340 al-Bitragt, On the Principles, Vol. 1, pp. 59—6o0.

341 al-Bitragi, On the Principles, Vol. 1, p. 6o.

342 See above, pp. 102-03.

343 Al-Bitragi uses the term mutabayyir in al-Bitragi, On the Principles, Vol. 2, p. 45:3; we find
an expression derived from the same root b-y-r for Maimonides’ famous ‘true perplexity’, al-hayra
bi-l-bagiqa (see Maimonides, Le guide, Vol. 2, p. 53":15-16).

344 See Sabra, “The Andalusian Revolt’, pp. 146-47 n. 7.

345 al-Bitragi, On the Principles, Vol. 2, p. 53:2—6 (following the alternative reading in the note to
Line 4), tr. by Bernard R. Goldstein in Vol. 1, p. 62, heavily modified.
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Thus, although he has acknowledged that Aristotle talked about the individual
motions of the stars and planets, he apparently did not quite understand the correct
meaning of what al-Bitriq translated as ‘spiral motion’ (iddra lawlabiyya). While
Aristotle used dinésis to mean a rotation in place about its own axis, al-Bitragi
interprets lawlabiyya in a way that the Aristotelian passage refers to the complex
motions of the planets. Given that he himself had just explained that Aristotle is
talking about the question whether the planets and stars are fixed on their spheres or
not, al-Bitragi is supposedly aware that he is pushing his interpretation very far and
that he understands that there is, in fact, no connection to the planetary complex
motions themselves. It also seems very likely that the confusing translation of dznésis
as lawlabiyya played its role here. Nevertheless, al-Bitragi achieves something very
important with this interpretation: he manages to provide his own cosmological
theory of celestial poles that rotate about other poles with an Aristotelian basis.
Notably, he does not rely on the notorious passage from Metaphysics X11.8 on
the Eudoxean models, which might support the theory that he was not aware of
Eudoxus’ cosmological system.346 On the other hand, he might have the Arabic
version of Metaphysics X11.8 in mind, where this term also came up as a translation
of Aristotle’s counteracting spheres and on which Averroés relied for his usage of
lawlabiyya. However, even without an explicit reference to the Mezaphysics, he
makes it clear that his own astronomical model indeed takes its starting point from
Aristotle and not from Ptolemy.

This impression is further strengthened by the following account in the
introduction, where he briefly touches on Aristotle’s theories of the Prime Mover
who imparts motion to the cosmos, and of the sublunar elements and their natural
motions. Previous astronomers only relied on sense perception, which is not an
infallible source of truth (which was similarly put forward by Averroés), whereas
they neglected what ‘the natures [of the celestial bodies] imply’.3#” Thus, instead
of starting with a reconstruction of the apparently irregular motions, al-Bitragi
demands that one should start with an investigation of the ‘natures’ of the celestial
bodies, and thus with a physical theory on which one builds the astronomical
models. This was the mistake committed by Ptolemy.

The amounts for all these motions were fixed from observations, and some of the [motions]
are contrary to others. Ptolemy was obliged to set down these principles (#s7/) conforming
to these conditions, and the configuration (bay ) for these motions is arranged according
to them. [...] [Al-Zarqalluh] gave conditions and principles (#sz/) for this motion just as
the principles by Ptolemy that he had set down for the wandering planets, but they are far

346 See p- 123 n. 336.
347 See al-Bitragt, On the Principles, Vol. 1, pp. 63-67.
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from the truth. All these principles are rather fanciful, given the fact that they have moving

and moved circles as well as moving and moved lines. They are not principles in reality.>*8

These points of critique are not entirely new in themselves. The accusation that
Ptolemy’s astronomy only deals with abstract mathematical entities and not real
existing bodies was put forward by scholars from Ibn al-Haytam around Ap 1000 in
the East to Averroés in the time of al-Bitragi in the West. For al-Bitragi, this leads
to the demand that astronomers should first of all investigate the physical nature
of the celestial bodies before they start transferring the observed planetary motions
to an astronomical model. Fittingly, when he introduces the basic notions of his
cosmological account in what follows, he again takes explicit recourse to Aristotle
and, quite interestingly, claims that Aristotle relied on ‘trustworthy observations’.34?

The Aristotelian character of al-Bitragi’s approach to astronomy should be clear
from all these passages from the introduction. This does not necessarily mean that
he was indeed successful in his attempt to provide a physically working astronomical
theory that was mostly based on Aristotle’s natural philosophy.350 Nevertheless, we
see from works such as Ibn Bagga’s Discourse on Configuration and al-Bitragt’s On
the Configuration that astronomy starts with a discussion of the Aristotelian corpus
in al-Andalus, namely the Posterior Analytics in the case of Ibn Bagga and the Physics
and On the Heavens in the case of al-Bitragi and Averroés. As stated frequently
in modern research, this is the most distinguishing feature of the Andalusian
cosmological tradition of the 12th century AD, namely that it was brought forward
by Aristotelian philosophers. However, the two works by Ibn Bagga and al-Bitragi
in particular illustrate that these philosophers covered astronomical topics in their
commentaries of Aristotle’s Metaphysics and On the Heavens, and thus they were
forced to engage with astronomy by the texts on which they commented. Moreover,
they obviously thought that every astronomical engagement should take its starting
point not from pure mathematics but instead from natural philosophy, and that
observation was a feeble basis for a fully demonstrative discipline.

There is certainly a variety of historical, political, and social reasons for this
distinct development in al-Andalus, an assessment of which goes beyond this current
investigation.>>! Here, my focus is on the reception of Ptolemaic astronomy against

348 al-Bitragi, On the Principles, Vol. 2, pp. 91:9-92:1 and 95:3~7, tr. by Goldstein in Vol. 1,
pp- 68—69, modified. See also al-Bitragi’s conclusion, Vol. 1, p. 154.

349 This is a rather free translation by Bernard R. Goldstein of al-Bitragi, On the Principles, Vol. 2,
p- 97:11, which, however, nicely expresses the core of al-Bitragi’s account (for the translation, see
Vol. 1, p. 69).

35015 addition to modern doubts of the mathematical exactness of his models, consider, for
example, the brief note by José Luis Mancha that there are indeed some aspects of his models that seem
to be in contradiction to Aristotle. For example, in al-Bitragi, a single celestial sphere has a complex
motion (see Mancha, ‘Demonstrative Astronomy’, p. 325 n. 6).

351 For some brief introductory statements, see Sabra, “The Andalusian Revolt’, pp. 143-44, and
Forcada, ‘Ibn Béjja’s Discourse on Cosmology’, pp. 74—76.
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the background of this Aristotelianism. Despite the fact that some parts of their
astronomical works have been lost (as in the case of Ibn Bagga and Ibn Tufayl) or
that others declared that they failed to write a complete astronomical work during
their lifetime (such as Averroés), we now know through the testimony of Averroés
that not only the A/magest but also the Planetary Hypotheses played a certain role in
this story. As the clearest evidence for this, we have Averroés’ rejection of Prolemy’s
sawn-ofl pieces, his theory of independently moving planets, and his demand for
simplicity. One must keep in mind that Averroés referred to the sawn-oft pieces as
‘spheres with ground poles’ because this lack of poles in Ptolemy’s sawn-off pieces
seems to have been a major worry for the Andalusian tradition. Although al-Bitragi
himself does not refer to the Planetary Hypotheses, his familiarity with this theory and
thus with the Planetary Hypotheses might explain why he emphasizes the need for
poles for celestial motions over and over again. After all, he asserts, against Ptolemy,
that the complex motions do not arise from a variety of centres but from a variety
of poles.3‘52 Especially given the fact that we do not have any definite traces of an
ongoing tradition of these sawn-off pieces either in the Islamic East or West, it is
curious that he explicitly refers to the celestial poles as required by Aristotle’s On
the Heavens. To consider this as a reply to Ptolemy’s sawn-off pieces is a good way
to explain al-Bitragi’s emphasis on this point.

Although one must definitely acknowledge the distinctive character of the
Andalusian cosmological tradition, there are at least some interesting connections
to developments in the East. While the mathematical-astronomical value of these
works should probably not be overestimated, the important aspect with respect to
the history of philosophy and science is their strong emphasis on the physical reality
of the celestial bodies and their motions in an Aristotelian framework. As became
apparent especially in the work of Ibn Bagga, this reliance on Peripatetic philosophy
brought with it the question of the role of logic in cosmology, which can be traced
back to al-Farabi’s introduction of the superior status of demonstrations of the
cause into the Arabic tradition. Although Aristotle refers to mathematical and
astronomical examples for perfect demonstrations on many occasions in the Posterior
Analytics, ITbn Bagga stresses the point of the superior status of causal explanations
that are not given in mathematics. In contrast, Ptolemy and later al-Birani call
for mathematical demonstrations and deny the need for causal explanations once
mathematics has provided us with an explanation of the fact. In between these two
positions, one can place someone like Maimonides, who ascribes different kinds
of demonstration to different scientific fields, without specifying that one of these
approaches is inferior to the other.

Usually, the tradition in the East associated with the observatory in Maraga is
considered to have brought about far superior astronomical theories that supposedly
even influenced the Copernican revolution. We nevertheless know that Copernicus

352 al-Bitragi, On the Principles, Vol. 1, p. 70.
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was aware of the astronomical tradition in al-Andalus, as well, because he refers to
al-Zarqalluh, Averroés, and al-Bitragi in his On the Revolutions of the Celestial Orbs
(De revolutionibus orbium caelestium).>> In the works of the scholars connected
with Maraga, we also see the same attempt to formulate astronomical theories in
accordance with Aristotelian natural philosophy, though focusing on different
aspects of Ptolemaic astronomy. These will be discussed in the next section.

The Mardgan Astronomers: between Prolemaic Astronomy and Aristotelian

Natural Philosophy

While there are several astronomical works at least partly on the configuration (hay )
of the cosmos such as al-Fargani’s Summary, Tabit ibn Qurra’s Simplification, and
the works on planetary sizes and distances from the ninth and tenth centuries AD, it
is remarkable that they avoided any discussion of the epistemic values of the different
sciences and how astronomy relates to other (philosophical) disciplines. This does
not mean that these astronomers thought of celestial spheres as mere mathematical
entities, but simply that they did not address the question of how this celestial
configuration can be brought in harmony with natural philosophy. As shown in the
previous sections, a remarkable change that might go back to philosophical discussions
on the division and epistemological status of mathematics, natural philosophy, and
metaphysics can be seen in the works of Ibn al-Haytam, al-Birani, and Kasyar ibn
Labban. In these authors from around ap 1000, who lived in the Eastern part of
the Islamicate world as well as in Cairo, we find debates on the interplay between
natural philosophy and a coherent cosmological picture that have their starting point
in Prolemy’s Almagest and Planetary Hypotheses. After that, I looked at what has
been called the ‘Andalusian revolt’, namely how Andalusian scholars emphasized
the superior importance of Aristotle’s scientific method and natural philosophy.
Now, it is time to see how this relationship was debated in one of the most creative
and interesting times in the history of Arabic astronomy, namely the astronomical
tradition of the so-called Mariga school from the middle of the 13t% century to the
middle of the fourteenth century AD.3%

The name of this school goes back to the observatory in Maraga, the construction
of which started in AD 1259 under the patronage of the Mongol emperor Hiilegii.>>>
Previous characterizations of the scholars working in this tradition emphasized their

353 The influence of Arabic or Islamic astronomy on the Latin tradition is the subject of more
and more modern research. For an overview, see Ragep, ‘Copernicus and His Islamic Predecessors’
(especially p. 77 n. 1 for the Arabic names cited by Copernicus).

354 There are some major astronomical contributions that can be attributed to scholars from this
environment. In the following, I do not deal with the details of the planetary theories in particular
(although I touch on some of them). Instead, I keep to the topics that I have discussed so far in the
present chapter.

355 The standard source for the history of this observatory is Sayili, The Observatory, pp. 187-223.
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aim of harmonizing mathematical astronomy with philosophical principles.356 In fact,
this is also the case for the best known scholar at the observatory in Maraga, namely
its first director, Nasir al-Din al-Tasi (d. ap 1274). He provides a straightforward
description of the position of astronomy among the other philosophical disciplines
in his Memoir on Astronomy (al-Tadkira fi ilm al-hay’a). This treatise is one of the
best-known examples of the astronomical tradition called %/m al-haya, and it was
widely received in the following centuries.” Right at the beginning of this work,
al-Tasi explains the subject, principles, and problems of astronomy as follows:

Every science has a subject (mawds ), which is investigated in that discipline; principles
(mabady’), which are either self-evident or else obscure, in which case they are proven
in another science and are employed in this science, given that they are accepted; and
problems (masa’il), which are proved in this science. The subject of astronomy (a/-haya)
is the simple bodies, both superior and inferior, with respect to their quantities, qualities,
positions, and intrinsic motions. Those of its principles that need proof are demonstrated
in three sciences: metaphysics, geometry, and natural philosophy. Its problems aim at
gaining knowledge of these bodies in and of themselves, of their shapes, of the manner of
their arrangement and motions, of the amounts of their motions and distances, and of

the reasons for changes in position.>>8

Al-TasT’s description of the subject of astronomy is close to Ptolemy’s enumeration in
Almagest 1.1.359 Concerning its principles, astronomy needs to take some principles for
granted that are proven in other sciences, and al-Tasi explicitly mentions metaphysics,
geometry, and natural philosophy. In the following section of the introduction to his
Memoir, al-Tasi first provides the reader with the geometrical and then the physical
principles that one needs to know in order to understand astronomy, while he is
silent about metaphysical principles. The physical principles are: the distinction
between compound and simple bodies; the distinction between supralunar and
sublunar bodies; the impossibility of a void; the principles of self-motion, namely
soul and nature; the distinction between natural motions, namely rectilinear and
circular; and the lack of any change in the celestial realm.*® Al-Tisi thus believes that
the astronomer needs to rely on these principles from natural philosophy. In fact,
Ptolemy presents similar principles in 4/magest 1.1, most prominently the superior
nature of aether. One should also not forget that Prolemy devotes Chapter I1.3 of

356 Such brief assertions are part of the introductory characterizations of that tradition, such as
Saliba, “The Role of Maragha’, p. 256, and Langermann, ‘Arabic Cosmology’, pp. 198-99.

357 This work is perfectly accessible through Ragep’s edition, translation, and commentary. See
al-Tasi, Memoir on Astronomy, especially Vol. 1, pp. 55—58 regarding its later influence.

358 al-Tast, Memoir on Astronomy, Vol. 1, p. 91:10-18, tr. by F. Jamil Ragep, p. 90, slightly
modified. This list of three elements that define a science is very common in that time. For an example,
see al-Tgi’s (d. AD 1355) definition of the subject, principles, and problems of kalam in van Ess, Die
Erkenntnislebre, pp. 37-59 (and for the primary text, especially pp. 40—41 and 54-55).

359 See Prolemy, Syntaxis, 1.1, Vol. 1, pp. 5:25—6:4.

360 al-Tast, Memoir on Astronomy, Vol. 1, pp. 99—-101.
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the Planetary Hypotheses to the ‘physical reasoning’ and discusses the distinction
between regular acthereal motion and rectilinear sublunar motion — similar to the
physical principles laid out by al-Tasi.

In the following part of the Memoir, al-Tsi turns to the ‘configuration of the
celestial bodies’ (hayat al-agrim al-ulwiyya). He starts this section with a chapter
on the cosmological foundations from A/magest1.3-1.7. Unsurprisingly, he accepts
the sphericity of the cosmos and Earth, the central position of the Earth, that the
size of the Earth is negligible in comparison with that of the entire cosmos, and
that the Earth does not have any locomotion.?*! Concerning the last point, al-Tist
significantly departs from Ptolemy’s rationale. Against Ptolemy, he argues that it
would be indeed conceivable that the area between the Moon and the Earth would
move along with the motion of the Earth, if one assumes that it has any, whereas this
possibility is explicitly rejected by Prolemy. Following this line of criticism, al-Ttsi
has to find another rationale for arguing against the Earth’s motion, which is the
natural inclination of the heavy elements to move rectilinearly downwards, i.e. to
the centre of the cosmos. This excludes the possibility that the heavy elements move
circularly, and therefore the mass of the element earth, namely the Earth, does not
move away from this centre or rotate in its place.** Al-T'isi closes the presentation
of these principles from the Almagest with the following distinction:

The above proofs (adilla) are ‘proofs of the that’ (inniyya), which convey existence; those
which convey the necessity of that existence are ‘proofs of the why’ ({immiyyat) and are
given in On the Heavens of natural philosophy.3¢?

Most of the proofs used by al-T1si are clearly mathematical or astronomical, in the
sense that they are taken from observation. Al-Tasi himself highlights that when
he writes about the first couple of principles, they are firmly established by ‘proofs’.
This means that he adopts the idea that mathematics, or astronomy specifically,
provides us with proofs of the fact, whereas the proofs of the cause belong to
another branch of philosophy, namely natural philosophy or physics, which he
explicitly connects to Aristotle’s On the Heavens. Evidently, this is the distinction
between philosophical disciplines with respect to the different sorts of proofs they
offer, which can be found in the Arabic tradition as early as in al-Farabi. As I have
argued above, this is also in line with Ptolemy’s own assertion in Al/magest 1.7.
However, one could wonder, in the case of the last discussed principle of the Earth’s
motion, whether al-Tasi’s argument about the rectilinear upward motion of the
heavy elements is a proof of the fact or of the cause. Apparently, later commentators
such as al-Nisabuari (d. around ADp 1330) considered it as a /immi argument taken

361 a-Tasi, Memoir on Astronomy, Vol. 1, pp. 103-07.

362 Compare Prolemy, Syntaxis, 1.7, Vol. 1, pp. 25:15-26:3 with al-Tasi, Memoir on Astronomy,
Vol. 1, p. 107:5-22. See Ragep’s commentary in al-T'asi, Memoir on Astronomy, Vol. 2, pp. 383-8s.
363 al-Tasi, Memoir on Astronomy, Vol. 1, p. 107:23-24, tr. by Ragep, p. 106, slightly modified.
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from natural philosophy.364 This position is, in fact, reasonable when we consider
that the main source of the motions of the elements is surely Aristotle’s On the
Heavens, and one can say that arguing on the basis of the natural motion of the
simple elements provides us with the reason why they move as observed. On the
other hand, one could take a look again at A/magest 1.7: ‘Hence I think it is idle
to seek for causes for the motion of objects towards the centre, once it has been so
clearly established from the actual phenomena that the Earth occupies the middle
place in the universe, and that all heavy objects are carried towards the Earth.” Here,
Ptolemy refers back to previous observational proofs of the central position of the
Earth, arguing that this shows that the Earth does not move away from its central
position. Then he goes on to describe the observed downward motion of the heavy
objects.>®> For Ptolemy, therefore, both the Earth’s stability in the central position
of the cosmos as well as the downward motion of earth and water are, first of all,
observed facts rather than an argument of the cause.

Although al-Tasi thus distinguishes between astronomical and physical proofs,
and mostly relies on the former in the context of the cosmological foundations of the
Almagest, he also believes that the astronomer needs to take some principles — such
as the non-existence of void and the distinction between simple and compound,
and between sublunar and supralunar bodies — from natural philosophy, as we
have seen before. However, he does not explicitly emphasize in the Memozr that this
makes astronomy subordinate to physics with regard to its epistemic value.3%¢ One
could juxtapose this position with that of al-Farabi, who, as we have seen, thinks
that the science that provides us with the proofs of the why is superior to another
science which only offers proofs of the zbat. In addition, al-Tsi does not follow
Ptolemy’s assertion that the investigation into the causes is superfluous when we
have definite observational proofs.

In this context, one finds additional material in al-Tast’s redaction of the Almagest:
the Tabrir al-Magisti. This work became enormously influential in the following
centuries, as is apparent from the extant manuscripts and the supercommentaries by
al-Nisabari and al-Birgandi (d. Ap 1525-1526), among others. Al-Tasi composed
it in AD 1247, and thus it is earlier than the Memoir.3*” When one takes a look at
al-Tast’s redaction of Book I, it becomes clear that he does not depart very much from
Ptolemy’s own text and arguments. In most cases, he offers a concise summary of
Ptolemy’s reasoning. Concerning A/magest 1.1, for example, he summarizes Ptolemy’s

364 Ag pointed out by Ragep in al-Tasi, Memozr on Astronomy, Vol. 2, p. 383.

365 Prolemy, Syntaxis, 1.7, Vol. 1, pp. 21:14-22:11. See above, pp. 34-35.

366 of Sabra, ‘Configuring the Universe’, pp. 305-16, especially pp. 307-08, who interprets the
introduction of the Memoir in exactly this way, namely that al-Ttsi subordinates astronomy to physics.

367 On the Tabrir, see Sezgin, Geschichte des arabischen Schrifttums VI, pp. 93—-94, Rosenfeld
and 1hsanoglu, Mathematicians, Astronomers, p. 215 sv. ‘A1’, and Saliba, “The Role of the Almagest
Commentaries’. For the chronology of al-Tisi’s works, see Ragep’s introduction in al-Tasi, Memozr
on Astronomy, Vol. 1, pp. 70-75.
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account without any indication of his personal opinion on the separation of the
sciences. The same is true for A/magest 1.3 on the sphericity of the heavens where
Ptolemy introduces some ‘physical considerations’ in addition to many arguments
from observations of the stars and planets. In al-Tas’s Arabic rendering, these become
‘physical aftairs’ (umitr tabi‘tyya), and he again summarizes Prolemy’s account of
aether and its never-changing, perfect nature. Here, al-Tasi intervenes very briefly:
‘I say some of these arguments (bugag) are persuasive (igna 7yya).”**® Although he
does not specify which of the above arguments he has in mind, a comparison with
the corresponding passage in the Memoir can help, because in the latter, al-TasI
omits Ptolemy’s physical arguments and only relies on his observational proofs.
This indicates that, once again, the term ‘persuasive’ comes up in the context of
arguments drawn from natural philosophy, as we have already observed, for example,
in al-BirGni’s Qaniin.>*

This is a good occasion to refer to a collection of comments on the A/magest that
can be traced back to the Mariaga school. This collection circulated under the name
Collections from the Almagest on Account of the Correction by Some of the Later [Scholars]
(Multagatir min Kitab al-Magisti ‘ala hasab islab ba‘d al-muta’abbirin) and is
extant in a small number of manuscripts. Sometimes, they are attributed to Nasir
al-Din al-Ttsi alone, and sometimes also to his colleague Qutb al-Din al-Sirazi.”® The
comments are given in the order of the respective passages of the Almagest on which
they comment. The first of these passages concerns Chapter 1.3 and is a paraphrase
of al-Biraint’s notes on this chapter from his Qansn.”! In fact, this paraphrase starts
with al-Birant’s assertion that Ptolemy used further ‘physical arguments’ (gzyasat
tabi‘tyya). This nicely establishes al-Birani as an important source for al-Tasi and
his colleagues in their attempt to arrive at a better understanding of Ptolemy’s
Almagest and its possible shortcomings. Given the high esteem in which al-Birani
was held in general, and given the mythical size of the library at the observatory in
Mariga,¥? the simple fact that the scholars working there read al-Birtni’s Qansn
is not surprising at all. What is fascinating, though, is the inclusion of exactly this
chapter of the Qaniin in this collection. It shows that al-Ttst or al-Sirazi considered
al-Birant’s remarks important enough to include. In fact, when one reads al-Tast’s
Memoirand Tabrirtogether, it becomes clear that he has the same opinion about the

368 MS Istanbul, Nuruosmaniye Kiitiiphanesi, 2941, f. 3%:4-11. A transcription of Book I in
this manuscript can be found on the website of Prolemacus Arabus et Latinus (https://ptolemaeus.
badw.de/text/M1068).

39 See above, p. 89.

370 See, for example, MS Istanbul, Topkapi Saray, Hazine 4555, ff. 86~ 115", especially f. 115%:15-16
for the attribution to al-Tasi alone, and MS Oxford, Bodleian Library, Thurston 3, ff. §9'-69", especially
f. 69":11-14 for the engagement of both al-Ttsi and al-Sirazi in the editing of this collection. The
relationship of these (possibly distinct) versions is yet to be investigated.

371 See MS Istanbul, Topkapi Saray, Hazine 455, ff. 86":3-86":10.

372 On the number of more than 400,000 volumes in the library, see Sayili, The Observatory, p. 194,
and Ragep’s comment in al-Tasi, Memoir on Astronomy, Vol. 1, p. 14 1. 5.
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persuasive status of Ptolemy’s ‘physical considerations’ in A/magest 1.3 as al-Birani
(although one must admit that the sentence in which al-Birani explicitly calls them
‘persuasive’ is not included in the collection; nevertheless, there is no doubt that
al-Tasi knew about that.) This leaves us with a nice narrative of how al-Tsi read
Chapter 1.3 of the A/magest and his reliance on al-Birani in that specific aspect.

Let us come back to al-Tast’s Tabrir al-Magisti, for he closes his redaction of
Chapter 1.7 with the exact same phrase as 1.3, namely: ‘again, I say some of these
arguments are persuasive.”>’> As for Chapter 1.3, al-T'Gsi follows Ptolemy’s text
closely here. He reiterates Ptolemy’s statement that an investigation into the causes
is superfluous (fzd/), and his arguments concerning the resting of the Earth given
the observations of birds and clouds in the air, arguments that he later disapproves
in his Memoir. Although al-Ttsi again does not name the ‘persuasive’ arguments
explicitly, it is reasonable to assume that he has these arguments in mind, which he
later dismisses.

This issue comes up again in his comments on A/magest XII1.2. In order to
justify his rather complicated planetary models that even include devices such as
the equant, Ptolemy makes the famous claim concerning the simple nature of the
celestial realm and that the notion of simplicity in terrestrial affairs should not be
compared with what can be considered as simple in the celestial realm.3”* To this,
al-Tasi comments: ‘I say that this claim is outside of the science (harig min al-sina‘a)
and not persuasive (mugni‘) in this place.”>”> Al-Ttst goes on to describe a version
of what is known as the Tasi-couple as an alternative to express certain Ptolemaic
motions in regular terms.>’® Although his main worry in the following excursus
is not general methodology, this brief sentence brings together two claims that we
have now seen several times. Al-Farabi used a similar expression, namely ‘outside of
the kind of mathematics’ in the same context of A/magest X111.2, whereas al-Birani
labelled Ptolemy’s physical remarks from 1.3 as ‘outside of this science’. Further, in
al-Birani’s Qaniin as well as in the previous chapters of al-Tasi’s Tabrir, arguments
are said to be only persuasive if they are taken not from mathematics but from
physics. Here, however, al-Ttsi says that Ptolemy’s statement on simplicity in the
heavens is not even persuasive in the present context. Thus, although some physical
arguments are not necessarily proofs but can at least point us to a probable account,
this argument does not even convey conjectural certainty. In general, this dichotomy
of necessary and conjectural arguments arises from the tension between Ptolemy

373 For the entire chapter, see MS Istanbul, Nuruosmaniye Kiitiiphanesi, 2941, f. 4:1-31. The
quoted sentence is from f. 4%:31.

374 See above, pp. 102-03, and Ptolemy, Syntaxis, X11L.2, Vol. 2, pp. 532:12—534:6.

375 MS Istanbul, Nuruosmaniye Kiitiiphanesi, 2941, ff. 1023 5-102":1. The reading of ‘persuasive’
(mugni‘)is not entirely certain, but this word is clearly written as such in other witnesses, for example
MS Paris, Bibliothéque nationale de France, ar. 2485, f. 95:5.

376 For translations and discussions of this passage, see Saliba, “The Role of the Almagest
Commentaries’, pp. 152-55, and Ragep, ‘From Tan to Toruri’, pp. 168—71.
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and Aristotle. As discussed above, Ptolemy’s position is rather radical insofar as
he describes natural philosophy in its entirety as a conjectural part of philosophy,
since it deals with ever-changing objects. In contrast, Aristotle argued for the
demonstrable character of each science. For someone like al-T1si, who, on the one
hand, is a distinguished astronomer acknowledging Ptolemy’s authority (despite
the well-known points of critique raised in this chapter) but is also considered as a
defender of Avicennian philosophy on the other hand, this raises the question of
which authority he should follow. In this light, the position we already know from
al-Birani may, in fact, be a possible solution for al-Tasi. According to this view,
an argument works in a specific science when it makes use of the methods of this
science. In the case of astronomy, the most important is observation. An argument
in physics might therefore be proven by some physical presuppositions that can,
however, not be proven by observation alone, which makes this physical argument
merely dialectically persuasive in the context of astronomy. In this way, one can still
save the demonstrable character of each science in itself but still follow Ptolemy’s
distinction of necessary and conjectural arguments in astronomy. However, as we
have just seen in the discussion on the reception of Ptolemy in al-Andalus, such a
view is certainly not uncontested.

One can now easily see the different sources of influence on al-Tsi’s cosmological
arguments and their status. In addition to the aforementioned influence of al-Farabi
and al-Birani (which is easily detectable concerning Almagest XI11.2, for example), it
remains to say that the invention of the different versions of the famous Tuasi-couple
clearly has its roots in the agenda formulated by Ibn al-Haytam around 200 years
before al-Tasi. These devices illustrate his attempts to find physical solutions for
the Prolemaic planetary models which were thought to violate basic principles from
natural philosophy. This is exactly what Ibn al-Haytam demanded in his Dowbts
about Ptolemy. In this way, al-Tasi established the genre %/m al-hay’a in the form of
cosmological summaries. In his Memoir on Astronomy, one finds two main trends
which are fundamental for the treatment of cosmology and whose roots go back
to Ptolemy in some way. First, astronomy must take some principles from other
sciences, namely geometry and natural philosophy. Although al-Tisi touches on
essential and natural motions in the context of these physical principles, he omits
any metaphysical reasoning in his Memoir.3”” Second, al-T@isi distinguishes physics
and astronomy by the kind of proof they convey, namely proofs of the zhar and
of the why. In considering some physical arguments from the first cosmological
chapters of the Almagest as ‘persuasive’ in the Tabrir, he comes close to Ptolemy’s
characterization of physical arguments that only have conjectural certainty. As in
Ptolemy’s Almagest and Planetary Hypotheses, al-Tast’s Memoir raises a tension.

3771 will deal with his combination of metaphysics and the transmission of motion on which he
elaborates in his commentary on Avicenna’s Pointers and Reminders, for example, in Chapter II1.
See below, pp. 201-204.
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Al-Tusi introduces certain physical principles that are not unlike the ones we find
in Almagest 1.1 and Planetary Hypotheses 11.3 as the necessary foundation of the
following astronomical discussions. These physical principles include the nature
of aether, its difference from the sublunar world, and elemental motions. Thus,
in some sense, astronomers need to rely on them in order to arrive at a complete
cosmological picture. On the other hand, they must previously be proven in another
science, namely physics, and they do not prove anything in mathematics but are
only persuasive.

One can better understand this complicated relationship between physics and
astronomy if one acknowledges that al-Tasi’s works represent the culmination of
the contributions made by his predecessors. Adoption of the distinction of proofs
of the fact and the cause (as already done by al-Farabi) allows him to disapprove of
their intermingling in cases where we already have necessary observational proofs (as
al-Birani did more strictly). This distinction allows him to stick with the observed
facts and thus with the method of mathematics whenever possible. Such a primary
focus on the astronomical method prevents the astronomer from conceiving of
physical models that are incorrect in mathematical terms. On the other hand, there
are still some principles from natural philosophy which one needs in order to choose
those mathematical models that are viable in a physical cosmos (as emphasized by
Ibn al-Haytam). This is the main reason behind the invention of planetary models
that include new devices such as the Ttasi-couple. Itis certainly not an original claim
that Prolemy himself attempted this in his Planetary Hypotheses. 1 do not intend to
argue that these three authors, namely al-Farabi, al-Birani, and Ibn al-Haytam, are
the only previous authors on whom al-T'asi relied. In fact, he does not even allude
to them directly. Most importantly, Avicenna was certainly an important source
for him for questions on the philosophy of science. What I have tried to show until
now, however, is that we find all these elements of al-TGs’s scientific methodology
already present in Ptolemy’s own account, and that they made their way through
many centuries of cosmological discussions.

This is the essence of what one can gather from al-TasT’s astronomical works
regarding his attitude on the relationship between the different sciences and the
status of their arguments. As already argued in modern research, his agenda in the
Memoir on Astronomy is not unlike Prolemy’s in the Planetary Hypothex€5.378 The
question remains whether he directly engages with this work. As pointed out by
F. Jamil Ragep, although he does not refer to the Planetary Hypotheses by name,
he nevertheless relies on information that can ultimately be traced back to it in
his section on planetary sizes and distances.>”” As a last point of this investigation
of al-Tsi, however, I want to focus on two brief statements concerning sawn-off
pieces which clearly show that he dealt with this important topic from the Planetary

378 See the introduction by Ragep in al-Tasi, Memoir on Astronomy, Vol. 1, pp. 27-29.
379 See Ragep’s commentary in al-Ttsi, Memoir on Astronomy, Vol. 2, pp. s17-28.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



THE MARAGAN ASTRONOMERS 137

Hypotheses. The first of these statements occurs in the Memoir on Astronomy, though
itin fact goes back to the aforementioned Solution of the Doubts about the Winding
Motion by Ibn al-Haytam. Since this passage has already been discussed above and
since al-Tasi here simply reiterates Ibn al-Haytam’s argument that the sawn-off
pieces do not conform to physical principles,?® we can proceed to al-Ttsi’s own
engagement with the sawn-off pieces in his commentary on Avicenna’s Pointers
and Reminders (al-Isarat wa-l-tanbibat). Al-Tusi provides extensive comments
on a rather brief assertion by Avicenna: “You can know that the sublime celestial
bodies, their spheres and stars are many in number.”8! He divides his comments into
four objects of inquiry, the first of which concerns the number of celestial bodies.
This investigation, al-Tasi explains, belongs to the mathematical sciences (‘u/zm
riyadiyya).>®> After a brief list of the celestial bodies including spheres, fixed stars,
and wandering planets, al-TGsi talks about the correct methodology:

In order to know the existence of the stars, the method is vision (#%dn), nothing else, and
in order to know whether they wander or are fixed, it is observation (r45d). The spheres,
then, are many and the method to determine them is the deduction of the motions of
the planets that are found by observation after introducing the philosophical principles
[reading al-usil al-hikmiyya instead of al-usil al-hakima). These are: every motion
depends on a body that moves by itself with this motion and it moves what it contains
accidentally; the necessity of the continuity in the simple, circular celestial motions and

the necessity of the uniformity in them; the impossibility of penetrating and mending
their bodies.383

The basic methods of astronomy are vision and observation, the former providing
the existence of the stars, and the latter being vision over a longer period of time,
thus distinguishing between the fixed stars and the wandering planets. The
astronomer can follow the planets’ motions by observation because they are
visible. In contrast, the celestial spheres are not seen, and therefore their number
and kinds need to be determined through observing the planetary motions as well
as through the application of certain philosophical (namely physical) principles.
In this passage, al-Tasi provides a specific argument why we need to rely on these
non-mathematical foundations, namely because the spheres themselves are not
visible. The philosophical principles that al-Tsi presents here as necessary for
investigations into the invisible spheres are part of the physical principles from his
Memotr (though some are missing from the commentary on Avicenna’s Poznters
and Reminders, such as the non-existence of voids) and are, of course, in line
with the basic Aristotelian cosmology from Oz the Heavens.3%* Next, he gives a

380 See above, pp. 102-03.

381 Avicenna, ‘al-I§arat’, Vol. 3, p. 185:3—4.

382 31-Tist, ‘Sarh al-Isarat, Vol. 3, p. 185:8.

383 a1-Tasi, ‘Sarh al-Tsarae’, Vol. 3, p. 186:1-9.

384 cf. al-Tast, Memoir on Astronomy, Vol. 1, pp. 99:17-101:26.
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summarizing account of the cosmos, claiming that mathematicians disagree about
the exact number. First, he presents the eight main spheres (seven for the planets
and one for the fixed stars), to which later authors, as he says, added a starless sphere.
In the Memoir, al-Ttasi explicitly calls this extra sphere the ‘ninth’ and thus follows
the main trend in Arabic cosmological works.?®>

Al-Tasi then addresses the question of the overall number of spheres, since every
main sphere must consist of a number of minor spheres so that we can end up with
the complex planetary motions. For this purpose, al-Tasi again divides the previous
scholars into two groups. First, there are those who apparently do not follow the

physical principles:

Among those who are not accomplished (m:n gayr al-mubassilin) are those who posit for
these bodies non-spherical shapes, likes those claiming [the existence of] sawn-off pieces,
rings, tambourines, and something similar. They make them stacked into each other in
the space that contains them, which is the interior of its general sphere.386

Clearly, al-Tast here refers to Ptolemy’s theory of sawn-off pieces. He does not add
any further discussion of whether such spheres could actually exist in reality, but
only adds that the followers of that theory do not agree about the number of spheres.
In addition, he unfortunately does not tell us who followed this idea. As in the case
of Ibn al-Haytam’s treatise on the winding motions, we have here again only slight
evidence that some scholars might have used these shapes for their planetary models,
although it is also possible that he has only Ptolemy in mind. In this passage, al-Ttsi
also does not establish a connection to the physical principles set out earlier, but he
does so in what follows when he describes the second group:

As for those who are accomplished, who stick to the philosophical principles (gzwanin
bikmiyya), they also disagree about their numbers after they agree about the necessity of their
circular shape and motion. The first teacher said that the number of all [of them] is close
to 50 and beyond. Later [thinkers] followed the observations by the eminent Ptolemy.>”

In the first sentence, al-Tasi clearly defines the difference between the ‘accomplished’
and the ‘non-accomplished’. The latter follow the philosophical principles, which,
in turn, means that the former did not do so. Since al-Tasi did not spend much
time discussing this first theory, the question is which physical principle the theory
of sawn-off pieces violates. Surely, he has the last one in mind, namely that celestial

385 al-Tasi, “Sarh al-Isarac, Vol. 3, pp- 186:10-187:3. For the ninth sphere in the Memoir, see
al-Tasi, Memoir on Astronomy, Vol. 1, p. 125:21, and also before p. 111:1-2, where it is not called
the ‘ninth’; in addition, see Ragep’s commentary in Vol. 2, pp. 400-09.

386 a1-Tasi, ‘Sarh al-Isarat’, Vol. 3, p. 187:3-5. In the last sentence, al-T@sT tries to explain that the
empty space of these rings is filled by the smaller rings so that the general sphere becomes solid and
thus there is no void.

387 al-Tasi, ‘Sarh al-Tsarat’, Vol. 3, p. 187:10-13. For the famous Aristotelian background, see
Metaph. X11.8, 1073b38—1074a14.
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bodies do not penetrate each other. We have already seen a similar argument in Ibn
al-Haytam’s Doubts about Ptolemy, namely that any other shape except complete
spheres raises the difficulty that they cannot move circularly without vacating
one space and filling another space.>®® When such shapes are nested within each
other, this may mean that they indeed penetrate each other. This reminds us of the
controversy about the argument in On the Heavens 11.4, where Aristotle used this
rationale to argue against ovoid or lenticular spheres. As described above, Alexander
of Aphrodisias had already argued against Aristotle that even such spheres do not
create void spaces when they rotate around the correct pair of poles. As a reply to
Alexander, Simplicius then defended the perfect spherical shape of the celestial
spheres by citing two passages from Ptolemy’s Almagest 1.3.3% This argument
concerns the perfect nature of aether whose parts are similar to each other, and is
the foundation for the physical assumption of the uniformity of celestial bodies and
motions. Al-Tasi now refers to this argument by his own philosophical principle
of ‘the necessity of the continuity in the simple, circular celestial motions and
the necessity of the uniformity in them’. This means that sawn-off pieces violate
the philosophers’ attempt (a) to avoid empty space and avoid celestial bodies that
interfere with each other, and (b) to explain the apparent everlasting motion of the
stars and planets by the exalted nature of its constituents. Therefore, al-Tasi rejects
Ptolemy’s cosmology because it violates these principles of natural philosophy.
It is obviously the same argument that was raised by al-Tas’s predecessors and
contemporaries against some of Ptolemy’s geometrical devices, which required the
motion of a physical sphere around a point other than its own centre. We therefore
see that al-Tasi strictly follows the methodology of his introduction to the Memozr.
On the one hand, he has separated natural philosophy from works on astronomy
because the former is a science that provides proofs of the why. On the other hand,
he introduced a number of principles from natural philosophy as necessary starting
points for a reliable astronomical account. By his rejection of not only Ptolemaic
astronomy but also Ptolemy’s cosmological claims from the Planetary Hypotheses,
he remains true to his introduction of physical principles in the Memozr.

In the remaining part of the investigation into the number of spheres, al-Ttsi
describes the Ptolemaic spheres that are needed to account for the complex planetary
motions and emphasizes again that not all philosophers and mathematicians agree on
the exact number, especially given the problematic motions that Ptolemy described
in Almagest XII1. As a side note, al-T'asi briefly speaks about the question whether
the Sun is carried by an eccentric sphere or by an epicycle. He repeats Ptolemy’s
argument that the eccentric hypothesis is the simpler one, and he seems to accept

388 See above, pp. 102-03.
389 See above, p- 62, and especially n. 125 for the references.
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this argument, since he adopts the eccentric sphere in his own model of the Sun
in his Memoir, again by taking recourse to Ptolemy’s argument of simplicity.>°

With this non-technical summary of planetary models, al-Tasi’s first topic
comes to an end, namely the number of spheres. The next topic is the number of
celestial movers, which al-Ttsi labels as ‘philosophical’ (hikmsi). Thus, he leaves
the mathematical investigation. I follow his division and will come back to this
question in the next chapter on celestial dynamics. However, this statement from
his commentary on Avicenna’s Pointers and Reminders, taken together with the
introduction to the Memoir, gives us a nice example of his opinion concerning the
astronomers’ tasks. Most of the principles from the Memoir go back to the distinction
between the unchanging supralunar and the ever-changing sublunar realms. Since
these imply that celestial motions must be reconstructed in a regular, uniform way
despite their apparent anomalies, they are necessary for an investigation into the
number of spheres. This is an astronomical endeavour, as al-Tasi engages with it
in his astronomical works such as the Memoir and also in the first topic discussed
above, which he labelled as mathematical. The number of celestial souls and intellects
does not have any impact on the configuration of the planetary models themselves
and thus this philosophical topic is not discussed in the Memozr.>*

Al-Tasi was not the only important figure of his time working in Maraga.
Another interesting astronomer to whom I want to draw attention here is Muayyad
al-Din al-‘Urdi (d. around AD 1266), whose major work is On the Configuration
(Kitab al-Hay’a).** Since al-‘Urdi refers frequently both to Ptolemy’s Almagest
as well as the Planetary Hypotheses, this work is a very important witness for the
present investigation. Al-Urdi often compares the accounts he finds in both works
or critically hints at weak points, covering nearly all aspects of these works. While
those parts can be compared to Ibn al-Haytam’s Doubts about Prolemy, al-Urdr’s
On the Configuration is much more detailed and he emphasizes the need to not only
raise doubts but also offer solutions. In these respects, this work is rather different
from Ibn al-Haytam’s Donbts about Ptolemy.3*> As a matter of fact, Ibn al-Haytam

30a1-Tast, ‘Sarh al-Tarat’, Vol. 3, p. 187:22—24. Cf. al-Tasi, Memoir on Astronomy, pp. 145:22—23

and 147:5-6.

31 Thus, the separation of his discussion into a ‘mathematical’ (r7y4di) and a ‘philosophical’
(bikmsi) part does not necessarily mean that mathematics is, in al-Tasi’s view, not a philosophical
discipline. Instead, the question is how to transfer abstract mathematical planetary models into the
context of natural philosophy and metaphysics. Nevertheless, this distinction between mathematics
and philosophy (bzkma) in post-Avicennean philosophy might be an intriguing topic that deserves
more detailed research.

392 For the edition made by George Saliba, see al-Urdi, Kitab al-Hay'a.

393 For his critique of Ibn al-Haytam, who restricted himself to raising doubts, see al-“Urdi, Kizab
al-Hay'a, p. 214:15—-17. For al-Urdr’s agenda, see the introductory remarks by Saliba in al-“Urdi,
Kitab al-Hay a, pp. 36-39. Many of the passages that I discuss in the following have already been
briefly discussed and even translated there. For al-Urdi’s geometrical solutions, see Saliba, Islamic
Science, pp. 151-55.
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and al-‘Urdi show the best in-depth knowledge of the Planctary Hypotheses in the
Arabic tradition.

After an introduction, al-‘Urdi starts with some fundamental chapters on the
heavens in their entirety, on the four sublunar elements, on acther, and on the
cosmological premises that made up Book I of Ptolemy’s Almagest.** In these
chapters, he does not depart significantly from his predecessors. More interesting
is the way in which he begins his account of the arrangement of spheres for the
wandering planets:

Since it belongs to the things [already] established in philosophy (/hikma) that the opinion
which one has to believe concerning the motions of the celestial spheres is that they
travel along by regular circular motions without any variation in them at all and that
there is also nothing superfluous which is not needed, it is thus necessary for those of the
mathematicians who start to clarify any aspect of these motions that they search — for
the sake of verifying the motion that can be seen as irregular from the point of view of the
centre of the world — for a way (amran) by which it can become clear and from which it
can be constructed (yatahayy’a) that their movers (reading: mubarrikati-hi) move them
in a uniform circular fashion in the same way from the point of view of the centres of the
moved things.

After introducing the eccentric sphere, al-‘Urdi goes on:

Ptolemy said at the end of Chapter IIL1 of the A/magest that he aims at verifying the
motions according to the principle that is appropriate for the nature of the celestial things
and for the teaching which the wise [Aristotle] upheld.>”

Before al-‘Urdi goes into the details of astronomical theories, he makes it perfectly
clear that these have to be in conformity with certain philosophical requirements.
He uses ‘philosophy’ (bzkma) in the same sense as al-Tsi, as both use this label to
refer to philosophical arguments on the real, physical existence of celestial bodies
in contrast to purely mathematical abstractions. As pointed out a couple of times
throughout this investigation, Ptolemy received severe criticism for some of his
mathematical devices in which spheres were supposed not to rotate around their
own centres, such as the equant and the prosneusis points. Clearly, al-‘Urdi already
foreshadows his critique of these devices when he insists that the rule of uniform
circular motion must apply to a celestial body from the perspective of its own centre.
He claims that also Ptolemy initially subscribed to these principles in the Almagest
and adds that they are the same as that of Aristotle.3® These are basically the same
points of criticism already made by Ibn al-Haytam, and this is the background of
al-“Urdf’s use of the term ‘philosophy’ in contrast to abstract mathematics.

394 1-Urdi, Kitab al-Hay’a, pp. 27-50.

3% al-Urdi, Kitab al-Hay'a, p. 64:7-18.

3% f. Prolemy, Syntaxis, I1L.1, Vol. 1, p. 208:18-27, where Ptolemy, however, does not refer to
Aristotle.
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In the rest of his work, al-Urdi discusses Ptolemy’s models of the Sun, the Moon,
and the remaining planets in much detail. He is especially careful to highlight the
exact points of Ptolemy’s models that he finds problematic. In many cases, these
go back to his claim that astronomy must not violate the physical foundations. Itis
not feasible to highlight every point of critique in the current investigation. Instead,
I want to draw attention to some passages that illustrate al-Urdi’s agenda. The first
large part after the introduction concerns Prolemy’s solar and lunar model. George
Saliba has already summarized his criticism of Ptolemy’s lunar models.>”” After
that, al-‘Urdi begins the following chapter by saying that he now wants to go on in
a similar fashion concerning the remaining wandering planets, namely discussing
their states and motions, adding, however, that ‘we must follow in our project the
simplest [account] of which we are capable, by which their motions can take place
according to regularity and circularity and according to what is uniform and fits with
the nature of the heavens.”?”8 He uses two passages from Almagest IX.2 and XII1.2
to argue that even Ptolemy himself noticed the departure from these principles. In
these passages, Ptolemy indeed admits that he sometimes used an inexact procedure
(Almagest IX.2) and that it might be impossible for a human to judge the simple
nature of the heavens (XIII.2). In al-UrdT’s eyes, these are merely rhetorical attempts
to excuse the shortcomings of his models.>” It is easy to see why astronomers who
were eager to find planetary models that fitted better with Aristotelian natural
philosophy liked these apologetic remarks by Ptolemy and happily referred to them.
In addition to al-‘Urdi, I have already pointed at Ibn al-Haytam’s usage of the same
passages in his Doubts about Ptolemy and I hinted at the possible allusion to this
statement by Proclus.*%°

Before al-“Urdi proceeds to the remaining planets, he tries to situate his own
work within the broader history of astronomy. He does not only complain about
most of his predecessors who blindly followed Ptolemy, but also about those who
raised some doubts but nevertheless ‘did not reply to the doubt and did not put
forward something’ as an alternative. In contrast, he emphasizes that he himself
has found ‘the true state, by which I [viz. al-Urdi] corrected the motions of the
Moon according to the requirements of philosophy (4/d mugtada [-hikma).*"
Once again, he underlines the need for astronomical models to conform to natural
philosophy, though now highlighting not only that Ptolemy failed to provide such
a model, but also that he himself is the first to do so.

In the following, al-Urdi goes into detail about the elements of Ptolemy’s
astronomy that need to be rejected, most importantly the infamous equant. He

377 See Saliba’s introduction in al-‘Urdi, Kitab al-Hay’a, pp. 50-55.

398 al-Urdi, Kitab al-Hay'a, p. 185:4-5.

39941-Urdi, Kitab al-Hay a, pp. 188:8—190:8. Cf. Prolemy, Syntaxis, IX.2, Vol. 2, pp. 211:21-212:23,
and XIII.2, Vol. 2, pp. 532:12—534:6.

400 See above, pp. 5558 (for Proclus) and p. 101 (for Ibn al-Haytam).

#0L31-Urdt, Kitab al-Hay'a, pp. 190:9-191:11.
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concludes that one renders the entire project of astronomy superfluous once one
accepts that there are irregular celestial motions, namely circular motions that are
not uniform with respect to their own centre.*02 This leads him directly to the topic
of sawn-off pieces, about which he says:

In the Planetary Hypotheses (Kitab al-Igtisas), Prolemy says that the bodies moving
the planets are either spheres, their number being 41 [...] or [the bodies] moving the
planets are sawn-off pieces instead of [complete] spheres, because the motions are, in
his opinion, generated in this way by bodily entities, their number being 29, which is
less than the number of [complete] spheres. This is why he chooses the sawn-off pieces.
The impossibility (a/-mubal) that necessarily follows from the [sawn-off pieces] is even
more repulsive and repugnant than [the case of complete] spheres, because in the case of
the [sawn-off pieces], the same impossibilities necessarily follow that we have mentioned
of the lack the uniformity of their motions from the point of view of their centres, and
in addition, on account of the sawn-off pieces, it follows necessarily that one construes
non-spherical spheres but [only] sections that cannot be separated into uniform planes.
This is impossible with respect to natural philosophy (% tabi%).4%

First, al-Urdi correctly explains the reason why Ptolemy introduces and later prefers
the sawn-off pieces, namely for reducing of the number of celestial spheres. He even
thinks that Ptolemy ‘chooses’ (7htara) the sawn-oft pieces, although Ptolemy is, in
fact, not explicit about that point. However, al-‘Urdi does not consider them a better
solution because (a) the sawn-off pieces do not remove the problem of irregular motions
with respect to the centres of the spheres, as in the example of the equant, and (b)
they add the problem that their shape is not uniform either. Therefore, they worsen
Ptolemy’s models that are already defective with respect to the assumption of complete
spheres. Thus, we see here again the conflict between mathematical simplicity and
compatibility with the physical picture of the cosmos. Al-“Urdi picks up the sawn-off
pieces again in a later section that explicitly is devoted to the number of spheres.**4
He closes this section by adding another argument against the sawn-off pieces:

Concerning the sawn-off pieces — which are those for which Ptolemy opts in his Planetary
Hypotheses (Kitab al-Iqtisas) — their number, together with the [complete] spheres of
which one needs such that they encompass the sawn-off pieces, is, according to him, 29:
of these, three are [complete] spheres and 26 sawn-off pieces. These sawn-off pieces are
round bodily entities like rings, without poles or axes. Thus, on which thing do they

40231-Urdt, Kitab al-Hay'a, p. 212:7~9, and similarly later p. 218:9-11.

403 31-Urdi, Kitab al-Hay'a, p. 212:10-16.

40415 Saliba’s edition, this section consists of two chapters, the first entitled ‘on the number of
spheres (af14k) of the planets’ and the second is ‘exposition of the number of spheres of the planets and
their arrangement according to al-Urdr’. See al-Urdi, Kitab al-Hay a, pp. 239—44. Al-Urdi provides
a table comparing the different accounts in Ptolemy’s Almagest and in the Planetary Hypotheses with
his own account. The numbers given in this table are corrupt. See the footnotes by Saliba in his edition,
al-Urdi, Kitab al-Hay a, p. 2.40.
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depend in their motions? In general, no one adopts them because they are outside of the
account that is most likely and most appropriate (al-amr al-asbab wa-l-awl) for what

one believes concerning celestial bodies. 4%

In this passage, al-‘Urdi once again tells the reader that Ptolemy calculated the number
of sawn-oft pieces as 29. Since he has already stated that briefly before, one might
wonder why he mentions this exact number again. Between these two statements
concerning the sawn-oft pieces, al-‘Urdi presents his own account and gives an
explanation of the number one needs in his cosmological scheme, a number much
higher than that thought of by Ptolemy. As is apparent from the first quote on the
sawn-off pieces, al-‘Urdi was aware of Ptolemy’s argument for the sawn-off pieces,
namely that one needs fewer of them in comparison with a model of the cosmos
with complete spheres exclusively. This means that al-‘Urdi apparently considered
this economical argument as seriously promoting Ptolemy’s view. Therefore, he adds
yet another criticism against these sawn-off pieces, namely that they lack poles and
thus also a complete axis and a proper support (¢ #7mdd) for their motion. Thisisa
direct reply to Planetary Hypotheses 11.5, where Ptolemy argued at length why one
actually does not need celestial poles as sources of celestial motions or as a point of
support.“% Although al-Urdi does not go into any detail and does not attempt to
refute Ptolemy’s arguments, for example, that concerning the question whether
we have to imagine these poles as motionless or moved or as geometrical or physical
entities, it is clear that he rejects Ptolemy’s idea that the sawn-off pieces move inside
the complete sphere of the fixed stars as fish swim in water. Also quite noteworthy
is the way in which he expresses his final rejection: ‘no one adopts them because
they are outside of the account that is most likely and most appropriate (al-amr
al-asbah wa-l-awld) for what one believes concerning celestial bodies.” First, we
learn that al-Urdi did not know of any predecessor or contemporary who followed
Ptolemy in supposing the existence of sawn-oft pieces. We do not need to consider
the possibility that he deliberately passes over otherwise unknown authors, for he
happily told us more than once that most astronomers blindly followed Ptolemy
in other respects. We can therefore be certain that indeed al-‘Urdi did not know
any text embracing a cosmos of sawn-off pieces. Second, al-‘Urdi’s statement that
such a cosmological configuration is ‘outside’ of what is ‘most likely and most
appropriate’ is a direct rejoinder to the Almagest and the Planetary Hypotheses.
We find nearly the same expression both in the Arabic translation of A/magest 1.1
by Ishaq ibn Hunayn and Tabit ibn Qurra (‘most likely and appropriate’, asbab
wa-ahrd) translating the statement that physics and theology are ‘guesswork’
(etkasia), as well as in Planetary Hypotheses 1.18 (‘most likely’, asbah al-umir) in
the context of planetary distances. In the latter, Ptolemy similarly refers to the

4059 °Urdi, Kitab al-Hay'a, p. 244:3-8.
406 See Plan. Hyp. 115, and the commentary on Chapters I1.5-6.
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principle that nature does nothing in vain as ‘appropriate’ (balig).*”” While taking
over Ptolemy’s way of referring to arguments taken from natural philosophy and
not from mathematics, al-‘Urdi judges that Ptolemy’s own account of omitting
the poles and axis of the spheres cannot be called likely or appropriate, and hence
cannot convince in physical terms.

Let us conclude the discussion of al-Urdt’s On the Configuration by highlighting
yet some more passages. The many explicit references to the Planetary Hypotheses
and the chapter that is devoted to the configuration and number of spheres ‘in the
Planetary Hypotheses, not in the Almagest’ demonstrate his in-depth knowledge
of this work. In fact, his On the Configuration must be considered (together with
Ibn al-Haytam’s Dowubts about Ptolemy) as the most detailed engagement with
the Planetary Hypotheses. Further evidence for this can be found in the section
on planetary distances. First, al-‘Urdi acknowledges that Ptolemy determined the
distances of the Sun and the Moon ‘by a reliable demonstration’ (burhin mawtiq
bi-hi) in the Almagest. He then makes a comparison between the A/magest and the
Planetary Hypotheses, with the result that ‘the A/magest depends on clear proofs
(adilla wadiba), whereas there is no proof (dalil) at all in the Planetary Hypotheses
(al-Iqtisas).*°% Although this certainly is a severe attack against Ptolemy — and
although Ptolemy would probably not admit that he did not provide any demonstration
in his discussion of the distances of the remaining five wandering planets — it is
certainly true that Prolemy himself at least admits that this calculation relies on the
assumption of the non-existence of acther, for example, which is a principle taken
from natural philosophy and therefore conjectural.

Although I have already referred to a couple of passages in which al-‘Urdi stresses
the importance of astronomical theories being adjusted along the lines of natural
philosophy, there are more statements later in the work that go in a similar direction
(for example, in his chapter on the model of Mercury) that even pick up this idea
of the conjectural status of some parts of cosmology:

This entire account (magmu ) necessarily follows from a number of points (#r). Among
these are observation, demonstration (bxrhan) that relies on observation, circular motions,
the configuration that one conjectures (badasa-hi), and the directions of the motions.
As for observation, demonstration, and circular motions, one cannot reject any aspect of
them, since nothing contradicting them becomes clear.

407 See Plan. Hyp. 1.18, p. 276:11-12, and IL.6, p. 298:14; cf. Prolemy, Syntaxis, I.1, Vol. 1,
p- 6:12 in comparison to its Arabic translation in MS Tunis, Dar al-kutub al-wataniyya, 7116, f. 2":9.
See below, p. 365.

40831-Urdt, Kitab al-Hay'a, pp. 291:7 and 295:12—13. Al-“Urdi’s discussion of planetary distances
and sizes was already discussed by Bernard R. Goldstein and Noel Swerdlow, who, at that point,
treated this work as anonymous before George Saliba identified it. See Goldstein and Swerdlow,
‘Planetary Distances’.
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As for the method of conjecture (hads), he is not more entitled to it than anyone else once
his mistake had been made clear. If someone else finds an account (am7) in agreement with
the principles (#s#/) and in conformity with what is found by observations concerning the
particular motions of the planets, he is more entitled to getting to the truth.4%”

The mere fact that al-‘Urdi highlights the necessary connection among astronom-
ical observations, mathematical demonstrations, and physical principles several
times illustrates nicely that this is not just a mere justification to write another
astronomical work. Instead, it shows that he is very serious about this agenda and
that he really considers this harmonization as one of the most important tasks
of the astronomer. This quote, though, is highly relevant for a different reason.
Al-Urdi describes observation, demonstration, and circular motions as infallible.
While the first two are clearly methods used by mathematicians and philosophers,
the last one refers to the philosophical principle that all celestial motions must
be circular (with respect to their own centre, one might add). He opposes these
certain methods and principles to what he calls briefly ‘configuration’, hay’a, the
method of which is conjecture. What he intends by hay’a here is certainly the
process of connecting the results from observation and demonstration with the
physical principle that every motion must be circular around its own centre in order
to arrive at a coherent cosmological configuration. In this case, he does not claim
thatitis infallible, but he speaks instead about the question whose account should
be preferred. According to al-‘Urdi, one should definitely not follow Ptolemy’s
model, since it can easily be refuted because of its incoherence with the physical
principles. Thus, if someone else comes up with a configuration that improves on
such shortcomings, one should instead follow this second model and not Ptolemy.
Obviously, al-‘Urdi hopes to be this second scholar himself. In previous passage,
he describes his understanding of the ‘true configuration’ (haya sahiba) and
he adopts the idea of striving for the simplest possible model that emerges from
observations and follows the principles.#!® The question therefore is what al-Urdi
means by ‘true’ (s2hih). One should not understand it as certainly proven, as is
apparent from the quotation above. Nevertheless, there are still some definitely
incorrect configurations, namely if they do not adhere to the physical principles.
By ‘true’, he means a configuration that does not violate either the observations or
the philosophical principles, and one that is as simple as possible, though it cannot
be certainly proven by observation or demonstration.*!!

Obviously, this notion of conjecture goes back to Ptolemy, as does al-“Urdi’s
striving for the simplest possible model. I have argued above how Ptolemy’s

40931 °Urdt, Kitab al-Hay a, pp. 250:13-251:2.

410 See al-Urdi, Kitab al-Hay’a, p. 218:12—16. On this point of simplicity in al-Urdsi, see Sabra,
‘Configuring the Universe’, pp. 309-10.

41'This means that the method of the major task of his work, given that it is simply called Oz the
Configuration (Kitib al-Hay a), is conjecture and that, in al-UrdT’s view, the ‘science of configuration’
is not demonstrative.
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epistemological doctrine of physics as conjectural in Almagest 1.1 permeates not
only the Almagest but also the Planetary Hypotheses. In fact, Prolemy has the same
notion of conjecture, which does not mean that anyone can make any guess and
that each guess is equally acceptable. Instead, he uses this merely as a caveat that he
is leaving the certain demonstrable ground of mathematics. Nevertheless, he makes
use of his criterion of simplicity and of the fact that nature does nothing in vain in
order to argue that the simplest possible model should be preferred since it is ‘more
likely’. Al-“Urdi follows this application of conjectural accounts when he says that an
astronomer ‘is more entitled” to coming close to the truth (awla bi-isabat al-hagq)
when his configuration also adheres to physical principles.412

Despite all these similarities, there is also a difference between the application
of conjecture in Ptolemy and in al-‘Urdi. Ptolemy argued that natural philosophy
(together with metaphysics) is only conjectural, whereas al-‘Urdi seems to consider
the physical principles to be proven by demonstration. Al-“Urdi claims that only
‘configuration’, which means the merging of astronomical observations with physical
principles, is conjectural. The physical principles themselves are not subject to
conjecture in al-‘Urdt’s view. This is why al-Urdi is so strict in rejecting any Ptolemaic
device thatincludes circles which do not move uniformly circular around their own
centres. As for Ptolemy, the fact that he considers natural philosophy as conjectural
means that he is more willing to introduce circular motions that are not uniform
around their own centres or celestial spheres that can carry the planets in a circular

412 The term used by al-“Urdi to refer to such a ‘conjectural’ account, as I have translated, is hads,
which is a term with a complex history. The well-known example of an earlier application of the term
in an epistemological context is Avicenna, in whose works it is usually translated as ‘intuition’. See, for
example, Gutas, ‘Intuition and Thinking’, and Black, ‘Certitude, Justification’, especially pp. 130-32.
Al-Urdi applies this term in an explicitly Ptolemaic context, namely to the parts of the Ptolemaic
planetary models that are not based on mathematical demonstrations. My translation of hads as
‘conjecture’ owes to the fact that Prolemy himself had labelled those parts as conjectural. Otherwise,
bads does not seem to be a common term in medieval Arabic astronomical literature. One can find
another application of bads in a treatise entitled Epitome and Revision of the Almagest (Kitab Talpis
al-Magisti wa-tahdibi-hi). This treatise was written on behalf of al-Katibi al-Qazwini (d. 1276), who
was teaching at the observatory in Mariga. This dedication strengthens Sezgin’s attribution of this
work to Atir al-Din al-Abhari (d. AD 1265), because we know that he worked closely together with
al-Katibi al-Qazwini (for the attribution to al-Abhari, see Sezgin, Geschichte des arabischen Schrifttums VI,
p- 94). The second chapter deals with the sphericity of the heavens and the Earth, and is a very dense
abridgment of some of the points made by Prolemy in A/magest 1.3—5. Al-Abhari calls each one of three
doctrines — namely the spherical motion of the heavens, that the Earth is spherical as the heavens, and
that the Earth is in the centre of the heavens — a bads and explains at the end of the chapter: “These
propositions (mugaddimat) are laid down as conjectures (wudi at hadsiyya) without verification through
geometrical demonstrations.” See MS Tehran, Kitabhana-yi Maglis-i $ura-yi Islami, 6195, ff. 7" for
the entire chapter and ff. 7:19—7":1 for the quoted sentence. Like al-Urdyi, also al-Abhari uses bads to
describe knowledge that does not rely on certain mathematical arguments. However, these two authors
seem to have a different understanding of the particular teachings that are merely ‘conjectural’. Despite
this divergence, it is noteworthy that this term comes up in two astronomical works written within the
Maraga school, which leads to the question whether it became a more common term in that period.
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way but are themselves not perfectly spherical. In this respect, al-UrdT’s position is
similar to al-Biran®’s and al-TasT’s caveat that arguments are only necessary when
they are applied in their own science and not transferred into another. Despite this
difference, we see the influence of Ptolemy’s labelling of some aspects of cosmology as
‘conjectural’ also appearing more than 1000 years later in al-‘Urdi in the Islamic East.

In al-“Urdf’s assessment of Ptolemy’s sawn-off pieces, we thus find traces of
arguments that were made by authors discussed previously. Around the same time
and in the same place, namely Maraga, al-Ttsi dismissed these slices because their
shape does not fit the requirements of natural philosophy. Both al-Tasi and al-Urdi
argue that if we take these philosophical principles for granted, we cannot think of
any shape for the celestial spheres other than complete ones. In this respect, they
follow the lines of critique previously laid out by Ibn al-Haytam, who claimed
that the motion of slices of spheres inside complete spheres cannot be explained by
the laws of natural philosophy, as well as those by al-Birani, who argued that the
sawn-off pieces are in contradiction to Ptolemy’s own arguments of the sphericity
of the heavens in Almagest 1.3.4131n addition, I have argued that al-Birani’s further
reservations against sawn-off pieces relate in some way to Ptolemy’s arguments against
celestial poles, which means that one can turn Ptolemy’s own arguments against
himself. We have seen a similar connection in al-‘Urdf’s concern that if we cut off
the area around the poles from the spheres, we lack a point of support for these
spheres, without which it is hard to explain their motions. The most obvious point of
attack was, therefore, the contradiction between physical principles and imperfectly
circular spheres. From the examples of al-Biraini and al-‘Urdi, it can be argued that
medieval astronomers also replied to and rejected Planetary Hypotheses 11.5-6 where
Ptolemy tried to argue that celestial poles are not necessary for spherical motions in
the heavens as opposed to the sublunar realm.

In the foregoing investigation of the relationship between Ptolemy’s Planetary
Hypotheses and the astronomers in Mariga and their own methodology of %/m
al-hay a, I restricted myself to two very interesting figures. Al-Tsi is the obvious
first choice, since he was the head of the observatory. In addition, he is famous not
only for his astronomical works but also because he had a great impact on post-Av-
icennian philosophy due to, for example, his commentary on Avicenna’s Pointers
and Reminders. We have seen that he tackled cosmological topics in both genres
and presented astronomy and philosophy as two disciplines, which are, on the one
hand, clearly distinguishable on account of the kind of proof they ofter (think of
his distinction between proofs of the fact and of the cause) but which, on the other
hand, are very much dependent on each other. While al-UrdT’s focus lies arguably on
astronomy and not so much on philosophy, he nevertheless was also convinced that
a proper astronomical model should adhere not only to the observed facts but also

413 George Saliba already compared Ibn al-Haytam with al-Urdj, see Saliba, Islamic Science, p. 106.
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to basic principles taken from natural philosophy.** Both authors found their way
of dealing with the famous problems caused by Ptolemaic astronomy. The so-called
Tasi-couple and the ‘Urdi-lemma illustrate their astronomical achievements. In
addition to the methodological arguments, what made them especially important
for the present investigation is the fact that they directly replied to the Planetary
Hypotheses in their cosmological accounts.

This does not mean, of course, that they are the only important figures of their
time connected to Maraga. The observatory attracted many more scholars from
different parts of the Islamicate world, and it is still a task for future research to
understand all these various actors and their connections.*!®

414 Sabra, ‘Configuring the Universe’, pp. 324-25, concludes that ‘there is no evidence [...] thatany
of those who promoted the hay program [...] ever thought of questioning the physical requirements
they were trying to satisfy.’

415 The most important descriptions of the Maraga-school and its network are Sayili, The
Observatory, pp. 187-223, Saliba, “The Astronomical Tradition’, and most recently Yang, ‘Like Stars’,
Pp- 391-99. Another important figure is Qutb al-Din al-Sirazi (d. Ap 1311), of whose works we still
lack modern editions and translations. Given that we have just seen that the Planetary Hypotheses
were studied at Maraga, it is no surprise that also al-Sirazi, in his Persian work /, btiyarat-i Muzaffari,
cites Prolemy’s argument that there is no difference between sawn-off pieces and complete spheres
from the mathematical point of view (Planetary Hypotheses, Chapter I1.4). What is interesting about
this citation is that he refers to the Planectary Hypotheses by both titles that were used in Arabic,
namely Igtisis and Mansirat (see MS Tehran, Kitabhana-yi Maglis-i $ura-yi Islami, 6492, p. 120:23).
Despite the lack of complete editions, there is an edition and translation of a chapter of al-Sirazi’s
Tubfa by Robert G. Morrison (see Morrison, ‘Qutb al-Din al-Shirazi’s Hypotheses’). For further
relevantliterature, see Ragep, ‘Freeing Astronomy’, pp. 60-61, who reports that al-Sirazi emphasized
his preference for mathematical proofs; Morrison, ‘Falsafa and Astronomy’, especially p. 313; and
Niazi, Qutb al-Din Shirizi for the most detailed study of al-Sirazi’s cosmology. Another author
who was connected to the observatory in Maraga and who also referred to the Planetary Hypotheses
is Bar Hebraeus (d. AD 1286). This reference can be found in the chapter on planetary distances in
his On Ascension (see Bar Hebraeus, Le livre de [ascension, Vol. 2, p. 195). Note that Frangois Nau
misinterpreted this reference as ps.-Prolemy’s Centiloguium. Also see the discussion in Swerdlow,
Prolemy’s Theory, pp. 158—60. One important illustration of his interaction with the astronomers
of the observatory is the fact that Muhyi I-Din al-Magribi wrote his commentary on the 4/magest
(Huldsat al-Magisti) upon the request of Bar Hebraeus; see al-Magribi’s foreword of his work in
MS Doha, Mathaf al-Fann al-Islami 791, f. 1%:13-14.
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I1I: The Dynamics of Celestial Motions

Ptolemy’s Psychological Approach in Planetary Hypotheses 11.5 and 6

When Prolemy addresses the question in Planetary Hypotheses 11.4 whether the
celestial spheres are complete or only slices, he opens up another major point of
discussion, namely the origin of celestial motion and the interaction of the spheres
and planets. According to Ptolemy, previous astronomers ascribed an important
role to the celestial poles: every sphere has two poles that are connected to the sphere
encompassing it, so that there is always a physical connection between two spheres.
In this way, the motion from the upper sphere is transmitted through these poles
to the encompassed sphere, and complex motions are generated by a set of regularly
moving spheres. In Chapter I1.5, Ptolemy attributes such a system explicitly to
Aristotle. This mechanical account of celestial motion poses serious challenges to
Ptolemy’s favourite model of sawn-oft pieces, since these lack the area around the
poles. Thus, Ptolemy first has to give some arguments against the transmitting role
of the celestial poles before he can turn to arguments for his sawn-off pieces. His
arguments focus on two main points: first, the distinction between the celestial
realm that consists of the never-changing and always naturally rotating aether on
the one hand and sublunar physics on the other hand, and second, the difficulty of
describing whether this celestial pole would be a point or a body.!

While it is certainly true that Aristotle considered the celestial spheres to be perfect
and complete (as famously evident from O the Heavens 11.4), he does not explicitly
state that the poles transmit motion.? What Aristotle says in Metaphysics X11.8
is simply that in Eudoxus’ planetary models, the third sphere has its poles in the
sphere above.® This is just a small hint that poles can be used to account for complex
motions in a homocentric cosmos. Aristotle then asserts that one needs to add more
spheres in order to save the mechanical interaction of the various sets of spheres.*

ISee the commentary on Chapters I1.5-6.

2This has been put forward by Taub, Prolemy’s Universe, p. 116. However, there is one short note
in the spurious On Breath (namely Spir. 484b11), where (pseudo-)Aristotle wonders whether bones
can be considered as the origin (archaz) of motion as the axis or pole (polos).

3 Metaph. X118, 1073b17-33.

dcf. Schiaparelli, Le sfere omocentriche, especially pp. 7—10, where Schiaparelli gives a short
introduction to the Eudoxean models. More recent studies on Eudoxus’ astronomy are Maula, Studes
in Eudoxus, Riddell, ‘Eudoxan Mathematics’, Yavetz, ‘On the Homocentric Spheres’ and Mendell,
“The Trouble’. A late ancient description of Eudoxus’ theory, on which these studies are also based,
has been provided by Simplicius. For example, with regard to the model of the Sun, one needs to
assume three homocentric spheres, where the poles of the third are attached to the second sphere
and the poles of the second to the first sphere, so that the third sphere takes part in the motion of
the second and first sphere and thus the complex motion of the Sun comes about. See Simplicius, /n
Cael., 493:11-494:22. Aristotle’s adoption and addition of further spheres is described by himself in
Metaph. X11.8, 1073b38-1074a14. In Simplicius, [n Cael., pp. 492:31-493:11, Simplicius explicitly

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



152 CHAPTER III: THE DYNAMICS OF CELESTIAL MOTIONS

In contrast to this vague allusion to poles as transmitters of celestial motion in
Metaphysics XI1.8, there is a curious passage in On the Movement of Animals, where
Aristotle engages critically with a similar theory of poles.> In Chapter 2, Aristotle
posits the existence of an external unmoved support for the motion of an animal.
In Chapters 3 and 4, Aristotle expands this principle to the motion of the universe,
stating that the cosmos also needs an external principle of motion. In this context,
he mentions the theory that the poles of the spheres, while they themselves have
no spatial expansion, must be considered as the movers of the cosmos. Aristotle
accepts the premise that the mover cannot lie within the sphere and cannot be part
of the sphere at all. Otherwise, the mover would itself be moved or the contiguity
of the sphere would be destroyed.® Although Aristotle builds upon the very same
premises for his theory of an external unmoved mover, he nevertheless objects to the
assumption of the poles as movers for two reasons. First, a geometrical point does
not have the power to physically induce motion (Ptolemy uses the same argument
in Planetary Hypotheses 11.5), and second, one motion cannot be induced by two
movers, i.e. poles.”

This refutation in On the Movement of Animals seems to contradict Prolemy’s
report that Aristotle upheld a theory of poles that transmit motion from the Prime
Mover down to the lowest celestial spheres. However, Aristotle does not argue
against poles that lie on the sphere above. In this way, they can be imagined as
being external to the sphere they move. Stephen Menn has argued that Aristotle’s
account from On the Movement of Animals can be compatible with Physics VIII and,
since Aristotle is not very explicit about the nature of unmoved movers, also with
Metaphysics XI1. One could imagine that the movers of the lower spheres are moved
per accidens by the sphere in which they are embedded, whereas the Prime Mover
is unmoved also per accidens. Therefore, one can interpret the unmoved movers as
exerting their influence directly on the celestial poles.8 Perhaps more importantly
from the astronomical point of view, Aristotle’s introduction of counteracting
spheres would be superfluous if there was no mechanical influence from the upper

informs us that Aristotle and Callippus improved on this model because Aristotle liked the fact
that it needed only strictly homocentric spheres. Certainly, Ptolemy did not suppose that Aristotle
departed from Eudoxus in that respect, either. For overviews of Aristotle’s astronomy, see (in addition
to the sources to which I refer on the following pages) Hanson, ‘On Counting Aristotle’s Spheres’,
Lloyd, ‘Metaphysics Lambda 8’, Beere, ‘Counting the Unmoved Movers’, and Bodndr, ‘Aristotle’s
Rewinding Spheres’.

51 rely on the analysis by Primavesi and Corcilius in their recent edition and German translation.
See their commentary in Aristotle, De motu animalium, pp. 79-83. For an analysis of the chapters
in question, see also Coope, ‘Animal and Celestial Motion’.

¢ Mot. An. 699a17-20.

7 Mot. An. 699a22~2.4.

8See Menn, ‘Aristotle’s Theology’, pp. 440—42.
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to the lower spheres.9 Clearly, Prolemy supposed that Eudoxus and Aristotle shared
the same homocentric system, including celestial poles that transmit the motions
to the lower spheres. Through a paraphrase in Simplicius’ commentary on Oz the
Heavens, we know that Sosigenes also explained Aristotle’s counteracting spheres
with celestial poles.!® This indicates that Ptolemy’s interpretation was, in some way,
the state of the art at that time.

From Ptolemy’s rejection of this doctrine, however, arises the need for an alter-
native explanation. As seems to be suggested in Planctary Hypotheses 11.5, Ptolemy
also rejects the existence of unmoved movers.!! His alternative approach is evident
from Chapters I1.7 and 8. All the spheres that belong to a planet move on behalf
of a certain ‘capacity from soul’ ascribed to the planets. The ensouled planets send
out an emission to the surrounding spheres, which then act accordingly and thus
can be compared to animals’ organs and limbs.!* Ptolemy even wonders whether
the planets are carried by the last sphere within such a system or whether they move
freely on their own account within the penultimate sphere, which can be compared
to an animal swimming against the stream of a river.3

Ptolemy’s account is perhaps best understood against the background of his
criticism of Aristotle’s cosmology.!* As just highlighted, one major problem that
Ptolemy points out with respect to the transmission of motion through celestial
poles is that it supposedly contradicts the never-changing, never-influenced natural
motion of aether. For Ptolemy’s own system, this basically means two things. First,
the spheres receive this impulse only from the planet to which they belong and they
do not receive any motion whatsoever from spheres of the other planets, and thus
Ptolemy does not need to introduce a device similar to Aristotle’s counteracting
spheres. The comparison to a flock of birds or a group of dancers strongly makes

9 See, for example, Alan C. Bowen’s remarks on Simplicius’ commentary: Bowen, Simplicius on
the Planets, pp. 274—75. More hesitant is Lindsay Judson in his commentary on Metaphysics X1I (see
Aristotle, Metaphysics. Book A, p. 2.46), correctly pointing out that Aristotle is silent about the way
in which motion is transmitted.

10See Simplicius, /n Cael., pp. 498:10-499:1.

I See below on pp- 160-62.

12The importance of Chapters I1.7-8 on which I am focussing in this section is mirrored by the
attention it has received in modern scholarship. For partial translations and interpretations, see Sabra,
“The Andalusian Revolt’, pp. 150-51 n. 29, Langermann’s introduction in Ibn al-Haytam, On the
Configuration, pp. 18—20, Murschel, ‘Structure and Function’, pp. 38-39, Taub, Prolemy’s Universe,
pp- 113-25, Hamm, Prolemy’s Planetary Theory, pp. 221-22, Pedersen, A Survey, pp. 396-97, and
Feke, Prolemy’s Philosophy, pp. 195-200.

B3 For a short discussion on this last point, see my commentary on Chapter IL.17. See also Prolemy’s
description of the celestial spheres moving freely through aether in Prolemy, Synzaxis, X1II.2, Vol. 2,
pp- 532:22-533:10.

14 See the comparison of Aristotle’s and Ptolemy’s celestial physics in Judson, ‘Aristotle’s Astrophysics’.
I also address some of the problems that Judson identifies in Aristotle and Ptolemy in this chapter,
for example, those concerning the interaction of the different spheres and aether in Prolemy.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



154 CHAPTER III: THE DYNAMICS OF CELESTIAL MOTIONS

this point.15 Second, Prolemy has to harmonize this strict notion of the aethereal
nature with the various different motions that are needed for the complex motion
of a planet. Indeed, as we have seen, each ‘celestial animal’, which means a set of
spheres with their planet, has some motions proper to it, which are different from
the ‘general circular motion’ of aether.!® How is this psychological explanation
compatible with Ptolemy’s own argument that aethereal motion is never influenced?
The key to this question lies in the fact that the planetary motion, and also the
motions of the spheres that come about by means of this impulse sent out from the
planet, are voluntary. These voluntary motions difter from each other and from the
pure acthereal motion, which Ptolemy seems to identify with the diurnal westward
motion of the heavens, in their speed and direction. However, they are similar to
each other in another sense, namely that they are free from any external force. In the
end, every celestial motion itself is not only regular and circular, but also voluntary. 17
In addition, there is one sentence that seems to ascribe a voluntary power to aether:

In it [ie. acther], the regular circular motion remains pure itself through a will, which
is absolute [in the sense] that there is no obstacle with respect to what is similar. [The
circular motion] is proper for the wonderful intellect (2g/ 4¢7b) and the will, which has

no obstacle and in which no alteration or change of opinion is evident.!®

This passage seems to suggest that Ptolemy thinks that also the circular motion of
aether itself comes about by volition. He also briefly refers to some kind of intellect,
but does not further elaborate on this notion. We therefore should probably assume
that Prolemy sees no differences among the various celestial motions, in the sense
that they are all regular, circular, and voluntary, either from the planets or from the
will that is ascribed to aether itself.

Apart from his brief reference to an impulse according to which the various spheres
act, Prtolemy does not explain how we can understand this impulse. Sometimes one
finds in modern literature the notion that it is the stars’ rays that fulfil this task.1?
This, however, goes back to a misinterpretation based on Nix’s German translation
of diya’as ‘rays’, whereas it means ‘brightness’. In fact, the connection between this
brightness and the powers of the stars is not spelled out. On the basis of the Arabic
version, it cannot be entirely ruled out that the rays from the Zez7abiblos play a role
here, but Ptolemy certainly does not make this connection explicit.20

15 Plan. Hyp. 118, p. 304:1—4.

16 See Plan. Hyp.11.7 and 8.

17 One might think of Aristotle’s argument in On the Heavens 1.4 as to why there is no opposite
motion to circular motion: one could say that circular motion can happen in two different directions,
for example, clockwise—anti-clockwise or westwards—eastwards. Nevertheless, every circular motion
comes back to the same starting point.

18 Plan. Hyp. 11.3, p. 290:15~17.

19 For instance, in Feke, Prolemy’s Philosophy, pp. 197-98.

20See Plan. Hyp. 113, p. 288:16-17. For a discussion of rays in the Tetrabiblos, see Feke, Prolemy’s
Philosophy, pp. 176-87.
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In the Planetary Hypotheses, Prolemy does not provide an explanation of his
terminology or of his psychological theories. In this respect, his On the Kriterion
and the Hegemonikon turns out to be useful, as in the previous chapter.21 In the
first of the two parts of this treatise, Ptolemy analyses the criterion of truth. He
distinguishes soul and body by claiming that the former is the cause of motion and
can only be perceived by the action of the latter, namely motion.?* This lack of a
direct perception of the soul can also be seen as the reason for studying astronomy,
since it is by the motions of the planets and stars that one can attain knowledge
about the divine celestial realm that otherwise cannot be perceived. Furthermore,
Ptolemy wonders why the actions of soul are not always the same. One solution
would be that if soul’s nature is one, the differences in the organs connected to the
soul are the cause for the multiplicity of the actions caused by the soul.?® These
two points fit with what he writes in the Planetary Hypotheses, namely that celestial
motions are caused by souls and that the different motions of the various spheres
(eccentric spheres, epicycles, and so on) can be compared to the different motions
of muscles, nerves, legs, and wings within an animal’s body.24

Of course, this still is not an explanation of why or how the eccentric sphere, for
instance, is different from the epicycle. For example, in On the Kriterion Ptolemy
also makes the assertion that bones, tendons, flesh, and blood differ in their mixture
of elements, which can explain why they react differently to the soul’s impulse.
Because the heavens only consist of aether, one lacks a similar explanation there.
Ptolemy also briefly remarks on this in Oz the Kriterion, which is otherwise devoid
of any explicit relationship to astronomy. The second part of this work is devoted to
the ruling part of the soul, the begemonikon. He first categorizes the elements into
passive elements (water and earth), active elements (aether), and both active and
passive elements (air and fire). Since aether is only active, it always stays the same
(aei hosautos echonta), a statement repeated in Planetary Hypotheses 1.1.% Ptolemy
transfers this distinction to his tripartition of the soul: the part of sense perception
(aisthétikon) is only passive, the intermediate part of impulse (bormeétikon) is both
active and passive, whereas the faculty of thought (dianoéctikon) is only active. This
intermediate impulsive part, however, can be further divided into an appetitive
part (borektikon), in which air is dominant and which is passive, and an emotive
part (thumikon), which mostly consists of fire and is more active. Ptolemy even
assigns specific places within the human body to these faculties. Most importantly,
he identifies the heart as the seat of the emotive part, which is the higher part of

2 For bibliographical references to this work, see above, p. 46 n. 61.

22 Prolemy, ‘Peri Kritériou’, p. 11:9-13.

23 Prolemy, ‘Peri Kritériow’, pp. 12:18-13:2.

241 this respect, Prolemy surely was influenced by the discovery of the nervous system by
Herophilus in Alexandria in the first half of the third century Bc. See Solmsen, ‘Greek Philosophy’,
and von Staden, Herophilus, pp. 159-60.

25 See Ptolemy, ‘Peri Kritériow’, p. 19:15~19. Compare this with Plan. Hyp. IL1, p. 288:7.
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impulse, and the brain as the seat of thought.? As for the seat of the hegemonikon,
Ptolemy ofters two options, depending on what we in fact mean when we speak of
the ‘ruling part’. Either it can be located in all parts of the body if we consider that
each power of the soul is in control ‘of its proper function’; or we can identify it
with thought, in which case the seat is in the brain, because it is the most exalted
of part of the soul: ‘Its place is the highest position, heaven in the universe, the
head in man.’?’

This scheme of the human faculties and the parts of the soul corresponds nicely
to the description of a bird’s motion in Planetary Hypotheses 11.7. From the soul of
the bird arises a drive or impulse (7267 %t) to move. The nerves receive the impulse,
are set in motion and thus forward this impulse to the completely passive parts,
namely the wings and legs. Can we transfer this scheme to the celestial realm?
After all, Prolemy compares the capacity of the bird’s soul to the capacity of the
planet, which similarly emits an impulse that reaches the epicycle, the eccentric
sphere, and the homocentric sphere within the cosmos. Thus, it seems, Ptolemy
assumes that there is a part in the cosmos that is analogous to the impulsive part
(hormétikon), the planet fulfilling the function of the active emotive part and
the spheres that of the passive appetitive part. But what about thought? In fact,
this might a good way to understand Ptolemy’s remarks about the unhampered
aether. In contrast to the case of the planetary spheres, which react to the impulse
from the planet, the entire substance of acther is animate and there is a ‘wonderful
intellect’ and never-changing will at work. The result is the general circular motion
of aether, which corresponds to the notion in Oz the Kriterion that the dianoétikon
is solely active and consists of pure aether.?® Although Ptolemy is silent about
these psychological theories in the Planetary Hypotheses, these few remarks help
us to get a better insight into how Ptolemy thinks his dynamical system works in
more detail, because some concepts from On the Kriterion seem to resurface here.
Nevertheless, there still remain major problems if we transfer the psychological
scheme from Oz the Kriterion to the celestial realm. Most importantly, Ptolemy
states frequently that the heavens consist entirely of aether and of no other element.
So how can there be a purely active part and an intermediate part that is both active
and passive in the heavens if we connect this distinction of activity and passivity to
the different elements? In addition, it remains unclear how the planetary motions
that are generated by the planets’ impulses relate to the pure motion of acther and
to the wonderful intellect. I am going to show later that such questions become
very important in cosmological treatises by other authors. We see, for example,

26 Prolemy, ‘Peri Kritériou’, pp. 20:13-21:10.

27 Ptolemy, ‘Peri Kritériou’, p. 22:1-12. The translated parts follow the translation in Ptolemy,
‘On the Kriterion’, p. 211.

28 This can be compared with Plato’s description of rotating reason in the Laws, see Leg. X,
898a3—cs, and with Aristotle’s assertion that aether is in animals’ souls in On the Generation of
Animals, see Gen. Anim. 11.3, 736b29g-ar.
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that a discussion arose about which capacities or senses the celestial bodies have.
In Alexander of Aphrodisias, one can see that the gap between the first heavenly
motion and the individual planetary motions is filled with concepts such as ‘desire’,
which is completely lacking in Ptolemy. Although Ptolemy does not provide us
with a full-fledged theory of celestial dynamics, we can at least differentiate between
the completely active aether that is connected to a ‘wonderful intellect’ and is
responsible for the diurnal rotation of the cosmos, on the one hand, and between
the complex planetary motions, on the other. These planetary motions still adhere
to their nature as they are made out of aether as well and thus move in a circular
fashion, whereas the various spheres react to the planetary impulses in different
ways (i.e. in different directions and speeds). This distinguishes them from the
absolute will and the wonderful intellect of aether. Ptolemy seems to already have
such a distinction between the regular motion of aether and the complex motions
of the celestial spheres in mind in A/magest XI11.2:

For provided that each of the phenomena is duly saved by the hypotheses, why should
anyone think it strange that such complications can characterise the motions of the heavens
when their nature is such as to afford no hindrance, but of a kind to yield and give way
to the natural motions of each part, even if [the motions] are opposed to one another?
Thus, quite simply, all the elements can easily pass through and be seen through all other
elements, and this ease of transit applies not only to the individual circles, but to the spheres

themselves and the axes of revolution.?’

Ptolemy suggests here that aether’s nature not only consists of moving circularly
in a single uniform way, but also giving way to all kinds of circular motions, even if
they go in opposite directions. Although the general motion of the cosmos, namely
what he ascribes to the wonderful intellect in the Planetary Hypotheses, goes in one
direction, it is still conceivable for him that other parts of the cosmos have a different
natural motion, though still adhering to circularity.

One should keep in mind that Ptolemy emphasizes at the end of Chapter I1.8 of
the Planetary Hypotheses that he mentions all these different arguments in order to
check which of these accounts are compatible with ‘sound physical investigation’.
This refers back to the principles from natural philosophy that he introduced in
Chapter II.3, which consist of two main features: the elementary motion of the
sublunar elements and the voluntary motion of the celestial bodies. Ptolemy ascribes
an ‘inclination’ (mayl) to the four sublunar elements, by which they tend to move
in a straight line to their natural place once they are drawn out of it. The aethereal
bodies, however, cannot be changed or altered, and their motions are circular and
voluntary. In this way, Ptolemy connects his theory of celestial dynamics with his

25 Prolemy, Syntaxis, X112, Vol. 2, pp. §32:22—533:10, tr. by Toomer in Ptolemy, Almagest,
pp- 600—o01.
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elemental theory, which is why a brief digression into his account of elemental
motions is needed here.

The distinction between sublunar and celestial motion in the Planetary Hypotheses
is certainly reminiscent of Aristotle. In addition to the Planetary Hypotheses, there
are two other works by Ptolemy on elemental motion, namely Oz the Elements and
On the Inclinations. Although these works are not extant, we have a certain idea of
their content through several testimonies, which were gathered and discussed by
Marwan Rashed.?? In general, Rashed’s analysis is in line with the previously cited
passage from the Planetary Hypotheses. Rashed points out that one could consider
Ptolemy’s account as a refinement of Aristotle’s, insofar as Ptolemy maintains
the natural circular motion of the heavens. Although Ptolemy first refers to the
‘weight’ of the sublunar elements and seems to ascribe a ‘natural motion’ to them,
he immediately afterwards explains that sublunar elements rest in their natural
place and only show their inclination once they are forced into an unnatural place.
One of the testimonies discussed by Rashed stems from Simplicius, who reports
Prolemy’s doctrine that the elements either rest o7 move in a circular fashion in
their natural place.’! The account from the Planetary Hypotheses suggests that
Ptolemy most probably refers to the sublunar elements as resting and to aether as
moving in a circle. However, Simplicius explicitly writes that rest applies to earth,
water, and a certain portion of air, whereas circular motion belongs to air and fire.
This seems to be at variance with the theory in Ptolemy’s Planetary Hypatbese;.32
However, there is also the possibility that Ptolemy admitted a circular motion for
air and fire at some point.

In another report from his commentary on On the Heavens, Simplicius
writes that Ptolemy, Plotinus, Proclus, and Aristotle share the teaching that
the hypekkauma, the highest region of fire, receives some circular motion from
the celestial spheres. There are briefs remarks in the Planetary Hypotheses as
well as in the Tetrabiblos that might support Simplicius’ report.>® Nevertheless,
Simplicius probably refers again to either On the Elements or On the Inclinations,

30 See Rashed, ‘Contre le mouvement’, especially pp. 19-33. In this paper, Marwan Rashed also
argues against a thesis put forward by Michael Wolff that Ptolemy’s theory of elemental motion is
Stoic rather than Aristotelian. See Wolff, ‘Hipparchus and the Stoic Theory’, pp. 499-501 n. 31.

3lGee Simplicius, [z Cael., p. 20:10-25, quoted in Rashed, ‘Contre le mouvement’, pp. 25-26.

32'This is the conclusion by Jacqueline Feke. See Feke, Prolemy’s Philosophy, pp. 181-82.

33 See Simplicius, [ Cael., pp. 37:33-38:2; cf. Plan. Hyp. 117, p. 11: ‘If someone imagines that earth
is the centre and that air and fire revolve along with what ecnompasses them and what compels them
to move’. Another passage in Book I seems to suggest some influence between air and aether, although
in the other direction, namely from air to the overlying aether, see Plan. Hyp. L.17, p. 272:11-12:
“Thus, the spheres closer to the air move by various kinds of motions and thereby resemble the nature
of the element that is contiguous with them.” See also Ptolemy, Tetrabiblos, 1.2, pp. 4—7, to which
already Rashed, ‘Contre le mouvement’, p. 32 n. 26 pointed. The actheral influence on fire and air is
also mentioned in Aristotle’s Meteorology, see Meteor. 1.2—3, especially 340b32—341a12. Cf. Taub,
Prolemy’s Universe, pp. 123—24.
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works that are primarily devoted to such questions. Ptolemy’s intention in the
Planetary Hypotheses, on the other hand, is clear. He simply wants to highlight
the supreme nature of aethereal and thus celestial motion, which is regular and
circular, as opposed to what we see with regard to the sublunar elements. It is
not possible for aethereal bodies to be influenced or hindered in such a way as
earth and water, for example. This is, in the end, quite similar to Aristotle and
also to the physical principles as Ptolemy presented them in the introductory
chapters of the Almagest.

This allegiance to Aristotelian natural philosophy brings with it the adoption
of the fifth element. Ptolemy does not provide any reason why he follows Aristotle
on this point. He does not prove the existence of aether in general or that the
heavenly bodies are made out of this fifth substance. The only thing he states is that
the heavenly bodies are not changed or acted upon, which makes them different
from the sublunar four elements. In contrast, Aristotle provided arguments for the
existence and the superiority of acther in On the Heavens1.2. He argued that every
simple motion needs to have a simple body that moves by it, and since the four
sublunar elements are characterized by different rectilinear motions, there must be
a fifth element for the superior circular motion. To this first proof, Aristotle adds
in On the Heavens 1.3 that aether indeed is neither heavy nor light, and that there
is no generation, corruption or any kind of alteration in it.3* Modern scholars have
pointed to some inconsistencies by comparing it with passages from other works
and some doubts concerning this rationale itself. Christian Wildberg even wrote
that the defence of Aristotle’s acther for a period of about 2000 years ‘may perhaps
be regarded as a scandal in the history of philosophy’.?> Today, we know of at least
two major opponents of the theory of aether in antiquity. Xenarchus had already
severely criticized the theory of a fifth substance in the first century BC.3 His
criticism concerned, most importantly, Aristotle’s ascription of one simple body
to every simple motion. In the time after Alexander and Ptolemy, the denial of a
fifth substance was most prominently upheld by Philoponus.” Ptolemy, however,
does not address such concerns. He seems to be quite happy with adopting the fifth
substance to allow the celestial bodies to move in a regular fashion.3® The fact that

3% Cael. 1.3, 269b18-270b4.

35 General accounts of On the Heavens 1.2—4 and its problematical implications are offered in
Moraux, ‘Quinta essentia’, cols 1198-04; Wildberg, Jobn Philoponus’ Criticism, pp. 9-100. In the
latter, see especially p. 99 for the quoted statement.

36 See Sambursky, The Physical World of Late Antiquity, pp. 122—32,and Moraux, Der Aristotelismus.
Erster Band, pp. 197-214.

37'The most important analysis of Philoponus’ critique is Wildberg, John Philoponus’ Criticism,
especially pp. 103-233. Simplicius’ restatement and refutation of Xenarchus and Philoponus can be
found spread throughout the commentary on On the Heavens1.2. See Simplicius, In Cael., pp. 10-59.

38 However, not even his somewhat superficially introduced theory is free from inconsistencies.
For example, he writes in Planetary Hypotheses 1.17 that the Moon and Mercury move more irregularly
than the upper planets because they are closer to the sublunar influence of air. Ibn al-Haytam pointed

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



160 CHAPTER III: THE DYNAMICS OF CELESTIAL MOTIONS

Ptolemy does not address such problematic issues himself is an indication of the
dominant role of the theory of a fifth substance in the cosmological thought of his
time. Surely, there were Platonists who assumed that the celestial bodies were made
of fire, not aether. But even Xenarchus, who pointed out some inconsistencies in
Aristotle’s teaching, probably never offered a viable alternative. One must not forget
that Aristotelian physics provided a coherent view of natural motion.> That the
theory of acther, in its strict separation between sublunar and supralunar nature,
was very attractive for astronomers in particular, is apparent through the wider
reception of this theory in the Middle Ages.

This brief investigation of Ptolemy’s elementary theory illustrates that Ptolemy not
only engages critically with Aristotle (for instance, in the case of the celestial poles),
but also adopts essential parts of his cosmology.* Most importantly, Ptolemy clearly
follows an Aristotelian framework when he defends the strict separation between
sublunar and aethereal physics and in making use of the principle that nature does
nothing in vain. In a way, Ptolemy thus argues that his cosmological setup with sawn-oft
pieces and with celestial motions that are induced by souls is a better realization of
Aristotle’s own physical foundations than a mechanical system of complete spheres.

There is a very important question that sheds more light on Ptolemy’s engagement
with Aristotle: is there any need — or at least room — for Aristotle’s unmoved movers
in the cosmology of the Planetary Hypotheses? The first thing to note is that Ptolemy
himself does not explicitly include any external movers in his cosmological setup. The
only mention of a deity in a Ptolemaic astronomical work can be found in the very
first chapter of the A/magest, where he writes that ‘the first cause of the first motion
of the universe [...] can be thought of as an invisible and motionless deity.” In addition,

to the fact that this contradicts what Ptolemy writes about the unchanging nature of acther. See Ibn
al-Haytam, al-Sukik, pp. 46:15-47:5.

3This is how Wildberg tried to explain the success of this theory. See Wildberg, Jobn Philoponus’
Criticism, pp. 99—100.

40 Another indication of their similar approach is that Prolemy focuses on the concept of elementary
motion in his presentation of the physical approach to astronomical questions. This is, as Solmsen
pointed out as a contrast to Aristotle’s predecessors, also the most fundamental concept in Oz the
Heavens. See Solmsen, Aristotle’s System, pp. 253—60, especially p. 259: ‘In founding his cosmology
to such an extent on the specific movements of the four elements and on (what fundamentally comes
to the same) their weight and lightness, Aristotle has achieved something that by all indications must
have been a matter of great concern to him. He has constructed an essential part of his system from
purely physical premises. [...] In this point of principle his procedure contrasts sharply with that
adopted by Plato. Plato’s description of elements as constructed from solid regular bodies is criticised
by Aristotle in On the Heavens 111.7, 306a1-b2 and is completely lacking in Ptolemy. However, there
are a few passages, especially in Plato’s Phaedo and Timaens, which were used by Neoplatonic authors
to ascribe a fifth element to Plato as well. See T7m. 55c4—6 and Phd. 109b7-9. See also Wilberding,
Plotinus’ Cosmology, pp. 13—14 n. 83 for references to passages in Simplicius and Proclus. This might
also be the case for Ptolemy, namely that he himself did not consider the differences between Aristotle
and Plato on the nature of the heavens as being that significant.
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Ptolemy sometimes calls the aethereal region ‘divine’ in the Alma gest.41 Despite his
silence on immaterial substances as celestial movers, it is clear that he does not need
a number of external celestial movers corresponding to the number of spheres, as
Aristotle suggests in his Mempbysz’cs.l*z Ptolemy’s use of self-moving planets makes
such an account superfluous because the planetary capacities are responsible for the
impulse to move. The question, however, remains about what to do with the ‘absolute
will’ and the ‘wonderful intellect’. We can possibly identify them as important Platonic
features, if we compare them to Plato’s World Soul, which conducts the celestial motions
of the ‘Same’ and the ‘Different’ in the Timacus. Quite famously, Plato called the
cosmos a living being (z0072), embracing all other living beings. This can be brought
into harmony with Ptolemy’s theory of the origin of motion in animals and in the
cosmos that can be gathered from On the Kriterion and the Planetary Hypotheses.*?
Plato also ascribes individual souls to the stars and planets, and, as Gregory Vlastos
concluded, ‘all celestial motion is to be explained as psychokinesis’.*4 In this picture,
Ptolemy’s ‘wonderful intellect’ could be interpreted as being analogous to the World
Soul, which also contains the motions of the self-moving planets and their spheres.

On the other hand, Ptolemy’s remark from A/magest 1.1 sounds like it refers to the
Aristotelian Prime Mover, and there are also passages in Oz the Heavens suggesting
that the heavens and/or the stars are alive and thus ensouled.*® According to this
interpretation, the ‘wonderful intellect” has the same role as Aristotle’s Prime Mover

41This citation stems from Prolemy, Syntaxis, 1.1, Vol. 1, p. 5:13-16, tr. by Toomer in Ptolemy,
Almagest, p. 35. For the references to the ‘divine’ heavens, see Prolemy, Syntaxis, 1.3, Vol. 1, p. 14:9;
IX.2, Vol. 2, p. 208:8; XIII.2, Vol. 2, p. 532:15.

2See Metaph. XI11.8, 1073b3—~1074a18.

#3See Tim. 32¢5-33bg and 36b6-37cs. See Feke, Prolemy’s Philosophy, pp. 195-97 for the same
comparison. Of course, the depiction of the cosmos as a living being is also an important feature of
Stoic cosmology. See for example Hahm, The Origins of Stoic Cosmology, especially Chapter V, which
is fittinlgy entitled ‘Cosmobiology’.

44 Vlastos, Plato’s Universe, p- 31. Cornford has drawn attention to Proclus’ commentary on the
Republic, where he writes that in the Timaeus, Plato states that some planets ‘have a forward and
backward movement according to their own will (kata tén auton boulésin)’. Proclus, In Rep., Vol. 2,
p- 233:3—s, cited in Cornford, Plato’s Cosmology, p. 107 n. 3. At first sight, this seems to be very similar
to the account of the Planetary Hypotheses. Vlastos, however, strongly opposed Cornford’s view that
the planets choose to decide to deviate from the motion of the Other. For Cornford’s interpretation,
see Cornford, Plato’s Cosmology, pp. 86—-87 and 106-12. For Vlastos’ critique, see Vlastos, Plato’s
Universe, pp. $8-59. See Wilberding, Plotinus’ Cosmology, pp. 1619 for a very short summary.

 See, for example, Cael. I1.2, 285a27-31 and IL.12, 292a20-21. I rely on the concise overview
offered in Wilberding, Plotinus’ Cosmology, pp. 29—32. Even if one follows the interpretation by
some modern scholars (see a list in Moraux, ‘Quinta essentia’, col. 1199) that the souls move the
celestial bodies in accordance to their natural motion, this is not compatible with Ptolemy’s view in
the Planetary Hypotheses, since Aristotle explicitly writes that the stars are not self-moved but fixed on
their respective sphere (On the Heavens 11.8), and there is no Aristotelian passage that would ascribe
the impulse toward celestial motion to the planets and stars themselves. On the different accounts of
celestial motion in the On the Heavens, Physics V111, and Metaphysics X11, see also Judson, ‘Heavenly
Motion’.
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in the sense that it causes the ‘general motion of aether’, as the Prime Mover causes
the motion of the sphere of the fixed stars, and the planetary souls just fill in for
at least some of the other unmoved movers from Mezaphysics XII.4¢ Against this
interpretation, we have Ptolemy’s rejection of an external or an unmoved principle
of motion in Planetary Hypotheses 11.5. Given that he also does not have a theory
of different kinds of causation so that the unmoved movers can function as the
final causes, one cannot conclude from the Planetary Hypotheses that unmoved
movers are an essential part of Ptolemy’s cosmology. Moreover, one can consider
his psychological explanation, which implies that the impulse for movement comes
from the planet and thus from inside the spheres, as an alternative approach not only
to the mechanical transmission of motion via celestial poles, but also to Aristotle’s
unmoved movers. Perhaps the best way to harmonize these arguments from the
Planetary Hypotheses, on the one hand, and the deity from the A/magest as well as
the ‘wonderful intellect’ from the Planetary Hypotheses, on the other, is to conclude
that Ptolemy does not want to offer a full-fledged metaphysical or theological picture.
Unlike Aristotle, Ptolemy does not have an interest in immaterial substances in
particular. What is important for Ptolemy is his theory of celestial mechanics on
a psychological level. The planetary motions arise through a combination of the
general motion of the cosmos, since the planetary spheres are embedded in aether
and thus are carried away by it, and an impulse from the planets themselves. Since
the motions of the spheres are voluntary, and also the aethereal motion comes about
through a certain will — whatever its exact nature might be — it is at least safe to
conclude that the heavenly motions in Ptolemy’s cosmology are caused by souls.*”

Although one can close some gaps in Ptolemy’s dynamical account by referring
to On the Kriterion, one cannot but conclude that Ptolemy left us with some
uncertainties and open questions concerning the details of his theory of celestial
dynamics. This is why I will devote the next section to an analysis of how other
philosophers dealt with these topics in order to see whether we can apply similar
solutions to Ptolemy. I focus especially on Alexander of Aphrodisas, because he
lived around the same time as Ptolemy, because he addressed the same issues, and
because he is a key figure in the subsequent medieval Arabic tradition. There is,
however, a decisive difference between Ptolemy and other Hellenistic philosophers.
As shown in Chapter II, his aim in the Planetary Hypotheses is to present the most
economic and thus most probable cosmological account. Questions such as the
involvement of unmoved movers do not have an influence on the resulting number
of spheres. When Ptolemy denies Aristotle’s mechanistic account and replaces it
with his theory of celestial dynamics that involves souls, he achieves a reduction in

%6 This interpretation has recently been put forward by Jacqueline Feke. See Feke, Prolemy’s
Philosophy, pp. 198—200. The crucial point in her argument is that the planets are ‘not only ensouled
but also desiring’. In the Planetary Hypotheses, Prolemy does not ascribe any desire to celestial bodies.

47 1n short, Prolemy expresses this by opposing celestial motion to sublunar motion, which is
called ‘the motion that is not from soul’ (al-baraka gayr nafsaniyya). See Plan. Hyp. 11.3, p. 290:9.
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the celestial bodies that are needed to bring about the complex planetary motions.
Therefore, as brief as his description of voluntary celestial motions might appear,
this is, in fact, enough for Ptolemy to arrive at the — in his view — most economical
cosmology. When one considers the uncertain epistemological status of theology
and physics, one could also add that Ptolemy does not need further arguments from
another uncertain branch of theoretical philosophy, namely theology, after having
already used some principles from natural philosophy.

Comparable Trends in Ancient Peripatetic Philosophy

We have seen Ptolemy’s critical engagement with Aristotle throughout the general
presentation of heavenly physics. On the one hand, he builds his own account
close to some of the most important Aristotelian doctrines; on the other hand,
he dismisses some important features of Aristotle’s cosmos. To make it short: the
criticized elements stem from Metaphysics XII and not from On the Heavens. In
fact, Aristotle speaks about the arrangement of the spheres only in the former
with respect to the question of the number of movers. With only this question in
mind, Aristotle starts to present and further develop the astronomical systems he
inherits from Eudoxus and Callippus. This means that the issue of the arrangement
of heavenly spheres is, for Aristotle, also a metaphysical one, because the number
of celestial movers depends upon the number of celestial spheres. While Aristotle
brings astronomy into play because he aims to determine the number of unmoved
movers, in his assessment of Aristotle, Ptolemy focuses on his astronomical theory
from Metaphysics X1I and does not elaborate on the theory of divine entities acting
as movers. Ptolemy alludes to a divine mover only in the first chapter of the A/magest.
However, he discusses and criticizes other elements from Metaphysics X1I in the
Planetary Hypotheses and depicts them as falling under the ‘physical approach’.
This characterization nicely highlights again that Prolemy considers Book II of
the Planetary Hypotheses as a work on the physical representation of the heavenly
motion. Even more so, Ptolemy apparently thinks that the discussion of counteracting
spheres, celestial poles, and the transmission of motion does not belong to metaphysics
but to physics. We find a similar reorganization of the Aristotelian material long
before Ptolemy, namely in the works of Aristotle’s pupil Theophrastus (fl. fourth
to third centuries BC). Today, there is an extant work called On First Principles,
which also goes under the title Mezaphysics. Indeed, this short treatise offers a
critical engagement with Aristotle’s Metaphysics, especially Book XI1.48 Because
of the aporetic character of this work, Theophrastus’ own positions are not always
discernible. However, especially in comparison with the Planetary Hypotheses, it is

48 See Devereux, “The Relationship’. The Greek and Arabic versions of this text have been edited
by Dimitri Gutas in Theophrastus, On First Principles.
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important to note that Theophrastus does not discuss counteracting spheres in his
work. Like Ptolemy, Theophrastus also treats this topic as physical, not metaphysical,
and although his works on physics are lost, we have some traces of them in later
commentaries on Aristotle’s Physics. We learn through three remarks in Simplicius’
commentary on On the Heavens that Theophrastus dealt with the Aristotelian
theory of the spheres (specifically starless spheres and counteracting spheres).*’
Although this is not to say that Theophrastus had a direct influence on Ptolemy,
a superficial look at the topics covered in On First Principles is useful in order to
understand the history of the interaction between philosophy and astronomy. There
is the already mentioned shift in Theophrastus to addressing the question of the
numbers of movers independently from the discussion of the homocentric model
of the spheres.>® Then what are the topics discussed by Theophrastus in his work on
metaphysics? A substantial amount of Theophrastus’ On First Principles deals with
the question of the number of unmoved movers.”! In connection with the overall
question of the ensoulment of the heavenly spheres, Theophrastus addresses the
issue of the relationship between desire and celestial motion. Apparently, he was
the first to do so and he was followed by later peripatetics, especially by Alexander
of Aphrodisias.>® Lastly, Theophrastus also touches on the interaction between the
supralunar and the sublunar realms, and especially whether the celestial spheres have
an impact on the world of generation and corruption.>? Regarding this last topic,
it is not entirely clear whether Theophrastus actually adopted Aristotle’s teaching
of a fifth element or not.>*

This comparison provides us with a parallel between Ptolemy and Theophrastus,
insofar as they separate the metaphysical discussion of unmoved movers and their
number from Aristotle’s astronomy. In this chapter, I locate Ptolemy’s theory of
celestial dynamics within the context of other cosmological accounts from the time
between Aristotle and Ptolemy. This will help us to understand that the Planetary
Hypotheses is not the first work devoted to topics on the intersection of physics,
astronomy, and metaphysics, and to pinpoint Ptolemy’s original contributions to
this debate.

The first example from this period that had an enormous influence on later
traditions is the spurious On the World, which, in the manuscripts, is ascribed to

4 Simplicius, In Cael., 491:19~20, 493:17—20 and 504:4-6. This point was already made by
Steinmetz, Die Physik, p. 159 n. 1.

50 Another example of a similar new arrangement of Aristotelian topics is Simplicius, who includes
the discussion of Aristotle’s Metaphysics XII in his commentary on On the Heavens I1.10-12.

51See Theophrastus, On First Principles, Chapters 6-12.

52 See Endress, ‘Alexander Arabus’, p- 41. The passage in question is Theophrastus, On First
Principles, Chapter 8.1. See also Gutas’s analysis at Theophrastus, On First Principles, pp. 285-86.

53 See Theophrastus, On First Principles, Chapter 10.

>4 See the summary in Moraux, ‘Quinta essentia’, cols 123 1~3 2. For some arguments for a rejection
of aether by Theophrastus, see Steinmetz, Die Physik, especially on pp. 163-67. These arguments
have been criticized by Robert Sharples (see Sharples, “Theophrastus on the Heavens’, pp. s77-90).
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Aristotle but is most often considered as a later product, not later than the second
century AD.>> As such, On the World is also an important work from the time
between Aristotle and Alexander and thus is a valuable witness of the way in which
cosmological questions were treated. It has further significance for our investigation
because it was translated into Syriac and Arabic, and is today extant in at least three
different versions.’® In contrast to Theophrastus’ On First Principles, On the World
has a wider scope.57 It can be divided into two main parts, the first being a description
of the composition of the entire cosmos, starting from the heavens down to the
sublunar elements. The second part discusses the relationship between God and the
cosmos and, in that context, divine providence. The basic notions of the theory of
acther as outlined in the second chapter are not new: it is ‘pure and divine’ (akératon
te kai theion), ‘well-ordered’ (tetagmene), ‘inflexible, unchangeable and impassive’
(atrepton kai aneteroioton kai apathe), and it is the substance of the heavens and
of the stars.>® Its motion is eternal (zidion) and the motion of the entire heavens is
compared to a dance (synanaxoreno/xoreno). Although this is controversial, there
may be a brief allusion to a more complex system of the various celestial spheres of
the planets. Explicitly mentioned is a sphere for each of the planets and one for the
fixed stars, which are arranged concentrically.>

In contrast to the heavens, the sublunar realm is depicted in Oz the World as the
realm of generation and corruption, as is evident from the various meteorological
and geological phenomena. However, it has also been pointed out that this picture
of a clear distinction between these two realms is blurred in the fifth chapter of
the same work.®® This is not necessarily a fundamental break with the Aristotelian
concept of aether, since in Aristotle one can also find allusions to air or fire as being
dispersed throughout the supralunar regions.®! The fifth and sixth chapters of On
the World concern the harmony of all elements in the cosmos and God’s providence.
God’s power emanates throughout the entire cosmos and thus preserves and directs

551 use the edition by Lorimer, see [ps.-] Aristotle, Aristotelis qui fertur libellus de mundo. The
English translation by Johan Thom can be found in [ps.-] Aristotle, ‘On the Cosmos’. For an overview
of the debate of the dating and authenticity, see the introduction to the latest translation into English in
Thom, Cosmic Order, pp. 3—8. The authentic authorship of Aristotle has been defended by Giovanni
Reale and Abraham P. Bos, see Reale and Bos, I/ trattato Sul cosmo.

56 See Stern, “The Arabic Translations’, Stern, ‘A Third Arabic Translation’, Takahashi, ‘Syriac and
Arabic Transmission’, and McCollum, ‘Sergius of Reshaina’ for overviews of the different versions.

57 A concise summary of this work’s content can be found in Moraux, Der Aristotelismus. Zweiter
Band, pp. 5-82.

38 De mundo, 391b16-19, 392a5-9 and 31-33,and 399a12. The English terminology goes back
to Thom’s translation, see [ps.-] Aristotle, ‘On the Cosmos’, pp. 22-25.

59 See De mundo, 392a13~23. This is the interpretation by Abraham P. Bos, for which see Bos,
‘Supplementary Notes’, pp. 316-317.

60 See the analysis by Onnasch, ‘Die Aitherlehre’.

6l For example Cael. 1.2, 117, and IIL 1, see again Onnasch, ‘Die Aitherlehre’, pp. 180-83. Also
Moraux, ‘Quinta essentia’, col. 1209 concluded, though with respect to another set of problems, that
Aristotle probably never upheld a consistent theory of acther.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



166 CHAPTER III: THE DYNAMICS OF CELESTIAL MOTIONS

everything in it, although the highest regions of the cosmos have a greater share in his
power than the sublunar elements, for example.®? By this power, God also induces
celestial motions. This begs the question of the origin of the different observed
planetary motions. The author of On the World explains:

So also the divine being, by a simple movement of the first region, gives his power
to the next things and from these again to those further away, until it permeates the
whole. For one thing, being moved by another, itself again also moves something else in
regular order, while all things act in a way appropriate to their own constitutions; but
there is not the same way for all, but a different and diverse one, in some cases even the
opposite, although there is just one initial striking of the key-note, as it were, that leads
to movement. [...] So too in the cosmos: by means of a simple revolution of the whole
heaven completed in a day and a night the different orbits of all [the heavenly bodies] are
produced, although they are encompassed by a single sphere, some moving faster, some
more leisurely according to the length of the distances and their own constitutions.®3

And a little bit later:

By a single impulse (7hope) the proper functions of all things are performed when these
are stirred into action, although this impulse is unseen and invisible.**

In sum, the author of On the World states that:

(1) Upon the impulse of God’s power, the first celestial motion (the diurnal rotation
of the sphere of the fixed stars) is brought forward;

(2)by their own revolution, the upper spheres transmit this impulse to the lower
spheres;

(3)the way in which the spheres move are nevertheless different because they are
different in themselves and thus naturally produce different kinds of motion.

Within this scheme, two major problems are manifest. The first is the gap between
the natural circular motion of aether on the one hand and the variety of celestial
motions on the other hand. This problem occurs in On the World, since in Chapter 2,
itis said that the entire heavens, together with the stars and planets are made out of
aether, but Chapter 5 states that the spheres nevertheless have different capacities
or constitutions. A similar problem can be found in the Aristotelian corpus if one
compares the account of aethereal natural motion from On the Heavens with the
account of a separate unmoved mover for every celestial sphere in Metaphysics XI1. This
leads to the second major problem, since the model of an impulse that is transmitted

2 De mundo, 397b20-398a6.

3 De mundo, 398b19-399a6 tr. by Thom in [ps.-] Aristotle, ‘On the Cosmos’, pp. 45—47.

¢ De mundo, 399b11~-12 tr. by Thom in [ps.-] Aristotle, ‘On the Cosmos’, p. 49. These two quotes
stem from different analogies that are supposed to illustrate the relationship between God and the
cosmos. For an overview of these analogies, see Betegh and Gregori¢, ‘Multiple Analogy’, especially
pp- 578-82, and more recently Betegh and Gregorié, ‘God’s Relation’, pp. 187-94.
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from the first to the lowest sphere renders all other unmoved movers except the
Prime Mover superfluous. Moreover, the author of Oz the World explicitly states
that God ‘has no need of the contrivance and service from others’.¢> While Oz the
Waorld does not elaborate any further on this set of questions, we will immediately
see that Alexander of Aphrodisias offers a solution to the tension between natural
aethereal motion and celestial motions induced by movers. Nevertheless, before
we move on to Alexander, it must be noted that there are certain parallels between
Ptolemy and the quotes from Oz the World. In Planetary Hypotheses 11.7, Ptolemy
described the way in which the motion of a planet comes about: the planet sends
out an impulse and every sphere belonging to that planet replies by starting to move
with the motion appropriate to it. He compared this to the motion of the entire
bird (which corresponds to the entire set of spheres belonging to one planet) and
the motion of the nerves and limbs (which correspond to epicycles, eccentrics, and
concentric spheres). All of these motions are different from each other, although
they all depend on the same impulse.“ One clearly sees that On the World ofters
a similar explanation for the occurrence of a variety of celestial motions. Even
the gaps in both accounts are comparable, most importantly, the underexplained
relationships among the Prime Mover or wonderful intellect, the natural motions
of aether, and the complex planetary motions.

The importance of the works of Alexander of Aphrodisias’ (fl. second century Ap)
in the medieval Arabic tradition can be seen through the large number of treatises
translated into Arabic.®” However, if we want to access Alexander’s cosmological
thought, the corpus in its extant state poses some difficulties. The commentary
on Aristotle’s On the Heavens is lost, as is his commentary on Metaphysics X1 in
Greek (the extant version is of a pseudepigraphic nature). In addition, the two most
important cosmological treatises, On the Cosmos and On Providence, survived only
in their Arabic translations. Because of the difficult history of On the Cosmos, its
authenticity and attribution to Alexander is not without doubts.¢8 Despite these
caveats, there are at least two good reasons why these works offer some valuable
insight to the present study. The first and most obvious one is that these latter works

 De mundo, 398b1o-11, tr. by Thom in [ps.-] Aristotle, ‘On the Cosmos’, p. 4.

€6 Plan. Hyp. 117, p. 302:1-14.

67 See the extensive list of works in Ibn Abi Usaybi‘a, Uysn al-anba’, Vol. 1, pp. 69—71, and for
commented lists by modern authors, see Dietrich, ‘Die arabische Version’, pp. 92—100, Goulet and
Aouad, ‘Alexandros d’Aphrodisias’, and Fazzo, ‘Alexandros d’Aphrodisias’.

681n his introduction to the edition of Oz the Cosmos, Charles Genequand argues for its authenticity,
see Alexander of Aphrodisias, On the Cosmos, pp. 1-3. Doubts have been raised by Dimitri Gutas,
see Gutas, Avicenna and the Aristotelian Tradition, p. 247 n. 46. An overview of the three versions
of On the Cosmos can be found in Endress, ‘Alexander Arabus’, pp. 42—47, and Fazzo and Zonta,
“Towards a Textual History’.
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were known to the Arabs under Alexander’s name and influenced the way in which
medieval authors thought about Aristotelian cosmology.69

The second reason, on the other hand, is that although the authenticity of the
Arabic treatises can be doubted, they include certain teachings that can be attributed
to Alexander. This becomes evident by a comparison with the fragments of the
lost commentaries on Metaphysics X1 and On the Heavens that are preserved in
Simplicius and Averroés. The former, in particular, preserves many Alexandrian
passages in his own commentary on On the Heavens, whereas Averroés uses some
material from Alexander’s commentary on Mempbysz’cs.m The most important
of these Alexandrian elements is definitely his account of planetary motion. How
do they come about? What is their relationship to the Prime Mover? Alexander,
as it seems, found a straightforward solution to a certain ambiguity arising from
the Aristotelian corpus, because it is not entirely clear whether Aristotle held the
position that the heavenly bodies are ensouled and, if so, what role the souls play in
celestial motions. This difficulty arose from the contrast between the description
of circular motion as being natural for the heavens and of ensouled celestial bodies,
making soul and not nature the cause of their motions.”* On the Cosmos addresses
these issues and takes a comparison of different principles of motions as the starting
point. Inanimate (soulless) beings move by inclination (7ayl, the same term that we
find in the Arabic version of Ptolemy’s Planetary Hypotheses) towards their proper

69 Consider, for instance, the citations in Averroés and Avicenna. See Endress, ‘Alexander Arabus’,
pp- 5560, and Genequand’s introduction in Alexander of Aphrodisias, On the Cosmos, pp. 20-26.

70 ¢f. Freudenthal, ‘Die durch Averroes erhaltenen Fragmente’ for a translation and discussion of
the fragments in Averroés. The authenticity of these fragments has lately been analysed and questioned
by Matteo Di Giovanni and Oliver Primavesi. See Di Giovanni and Primavesi, “Who wrote Alexander’s
Commentary’. See also Moraux, Der Aristotelismus. Dritter Band, pp. 181241 for a reconstruction
of Alexander’s commentary on O the Heavens, which was at least partially known to the Arabs, as
well as Coda, ‘Alexander of Aphrodisias in Themistius’.

7IFor a brief but concise summary, see Merlan, ‘Plotinus Enneads 2.2”, pp. 179-82, and Wilberding,
Plotinus’ Cosmology, pp. 29—32. Friedrich Solmsen, for example, emphasizes the importance of the
circular motion that is natural for the celestial element, aether, and concludes that Aristotle expanded
the physical explanation of motion to the heavens and that thereby, the Platonic World Soul loses its
essential role in the heavenly motions. See Solmsen, Aristotle’s System, pp. 288-91. In his commentary
on On the Heavens, Leo Elders points to the apparent inconsistency within Aristotle’s works. There
are allusions to the ensoulment of the heavens in On the Heavens I1.2, 9 and 12, which are, however,
contradicted by II.1, 284a27-29. Thus, Elders detects two different lines of argument in Aristotle,
the first including a Prime Mover and ensouled heavens and the second involving heavenly bodies that
move because of their inborn nature without the influence of a Prime Mover. Nevertheless, Elders
also concludes that this does not necessarily mean that these two lines disagree with each other. See
Elders, Aristotle’s Cosmology, pp. 27-33. A solution to this problem has been offered by William D.
Ross, who argued that Aristotle needed the heavenly souls to be the ‘powers of initiating movement’,
see Ross’s introduction in Aristotle, Physics, pp. 97-98. Moraux, ‘Quinta essentia’, cols 1198-00
suggests that although Aristotle upheld both the ensoulment of celestial bodies as well as the natural
aethereal motion, he did not complete the task of harmonizing them with each other, but this was
left for his successors.
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place, where they reach perfection.”> Animate beings that are equipped with a soul,
however, are moved by their souls and have a desire, which is directed towards the
best of all existing things. This is ultimately the Aristotelian Prime Mover. The
souls of the heavenly bodies are equated with their nature. Thus Alexander is able to
conclude that celestial motion that arises from the desire within their souls is, at the
same time, natural.”? The inclination within inanimate beings is analogous to the
desire that arises from the souls of animate beings. Both inclination and desire are
called ‘impulse’ (527yiq). This means thatin both Alexander and Prolemy, ‘impulse’
(¢stiydq in the former, /nbi‘at in the latter) fulfils the same task, namely inducing
motion in ensouled beings, with the slight terminological difference that Ptolemy
distinguishes between impulse and inclination for the animate and inanimate
beings, respectively, and Alexander considers impulse as the general term for what
is to be called ‘desire’ in animate beings and ‘inclination’ in inanimate beings.74
For Alexander, however, this concept of impulse does not mean that non-animate
bodies have the same impulse as animate beings, which would be problematic,
given certain passages in Alexander’s other works.” Before the author of On the
Cosmos turns to a discussion of the Prime Mover, he gives the following summary
of celestial motion:

We must consider that all the spheres possess souls and that each one of them has a soul
proper to itself and moves only with its natural motion through the impulse proper to it
in its nature. For the nature of these things is the soul, since the form of the divine body
is the most perfect of forms and the souls of the divine bodies do not at all need different
organic bodies in order to [perform] the acts that proceed from them.”

The most important aspect of the cosmology of Oz the Cosmos is exactly the author’s
answer to the abovementioned problem in Aristotle, whether soul or nature is the
efficient cause of the spheres’ motions. In On the Cosmos, soul is simply equated
with nature. The spheres are ensouled and their souls have an impulse, namely
desire, causing their motion. However, this motion is natural, in the sense that ‘the
nature is the soul’. Whereas natural and voluntary motions are contrasted in the
sublunar realm, this solution suggests that they coincide in the celestial realm only.
This picture also includes the Prime Mover and solves the discrepancy in Aristotle

72 Alexander of Aphrodisias, On the Cosmos, Section 4. Simplicius had already likened this theory of
sublunar motion to Ptolemy’s (and to the one by Xenarchus and Plotinus) with respect to the fact that
motion ceases once sublunar bodies reach their proper place. See Simplicius, [z Cael., pp. 20:10-25:21,
where Simplicius discusses not only Ptolemy’s account, but also Alexander’s refutations of Xenarchus.

73 Alexander of Aphrodisias, On the Cosmos, Sections 4-8, 17-19, and 97.

74 The two different Arabic terms for ‘impulse’ might go back to the same Greek term, namely
hormé. For Prolemy’s use of hormé in On the Kriterion, see above pp. 155—57, and for Alexander, see
Wolfson, “The Problem of the Souls’, p. 74.

75 For the references, see the extensive remarks in Bodndr, ‘Alexander’s Unmoved Mover’, p-392n.11.

76 Alexander of Aphrodisias, On the Cosmos, Section 96, tr. by Genequand, modified.
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between the natural motion of aether in Oz the Heavens and the causal role of the
unmoved movers in Metaphysics XI1.”7 Thus, heavenly motion is both efficiently
caused by soul and nature. Whatever one thinks about the authenticity of On the
Cosmos, this solution is also ascribed to Alexander by Simplicius in his commentary
on On the Heavens.”® Of particular interest is a similar quotation from Alexander
in Simplicius’ commentary on Physics:

For he [viz. Alexander] thinks that soul and nature are the same in the heavens. He
indeed writes in the commentary on the second book of On the Heavens the following:
‘We intend to prove that the nature and the soul of the divine body are not different,
but like the weight of earth and the lightness of fire’ and shortly afterwards ‘For what
other nature would it have besides this [the soul]? For soul is a more complete nature,
and it is reasonable that the nature belonging to the more complete body is itself more
complete.”’

This paragraph contains the same themes we encountered already in Oz the
Cosmos: (1) nature and soul are the same with regard to the celestial realm, (2) the
spheres’ natural motion that is induced by an impulse of the soul is compared to
the inclination of the sublunar elements, and (3) the souls of the spheres have
a desire towards that which is even more complete than themselves, namely the
Prime Mover.®® There are more passages in Simplicius’ commentary that are
consistent with the overall argument in Oz the Cosmos.8! One further important
example is Alexander’s theory of providence, which occurs in On the Cosmos and
On Providence, as well as in Simplicius’ commentary. According to all of these three
sources, Alexander claimed that the eternal motion of the heavens is the reason why
the sublunar bodies are changed into each other, generated, and corrupted in an

77 See again Moraux, ‘Quinta essentia’, col. 1207.

78 See the citations of Alexander’s lost commentary in Simplicius, [z Cael., pp. 379:18-381:2
and 387:5-25, where Simplicius explicitly criticizes Alexander for mixing nature and soul. Simplicius
himself wants to maintain that only soul activates motion and nature provides the heavens with an
inclination for being moved.

7 Simplicius, [z Phys. V-VIII, p. 1219:1-7, tr. by Bodnér et al. in Simplicius, On Aristotle Physics
8.1-5,p. 128.

80 That motion comes about through a desire towards the Prime Mover is also ascribed to Alexander
in Simplicius, Iz Phys. I-1V, p. 258:23. Similar summaries of Alexander’s cosmology can be found
in Sharples, ‘Alexander of Aphrodisias’, pp. 1214-15, and Endress, ‘Alexander Arabus’, pp. 49-55.
Apparently, John Philoponus was also aware of this interpretation by Alexander, but claimed that one
could not ascribe such a theory to Aristotle. According to Philoponus, Aristotle himself had denied
the causal role of souls in celestial motion, probably also alluding to On the Heavens11.1, 284a27-29,
see Simplicius, [z Cael., pp. 78:12—79:14, and Philoponus, Against Aristotle, fragment 49.

81See, for example, Simplicius, [z Cael., pp. 16:22—30 and 676:19—20, where Alexander is said to
have argued that the beginning of natural motion lies within the natural bodies themselves, explicitly
with regard to the sublunar elements, which can be compared to the inclination theory from O the
Cosmos.
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orderly fashion.3? The well-ordered nature of the cosmos plays a crucial role when
Alexander tries to tackle the question why the celestial motions are natural, even
though the daily westward rotation is countered by the eastward rotation of the
planets. According to Alexander’s lost commentary, the planets choose to move in
their specific directions to preserve the cosmic order.®?

Another major problem for Alexander is the number of celestial movers. On
the Cosmos devotes an entire section to a discussion of the question whether there
is really one separate mover for every sphere (as Aristotle seems to have upheld in
Metaphysics X11.8) or whether there is only the Prime Mover. The complicated
history of the texts in question makes it hard to come to a conclusion regarding
Alexander’s final answer to this problem. More recent studies, however, tend to
ascribe only a single unmoved mover to his cosmological system. In this scheme, the
unmoved movers from Metaphysics X1I could be interpreted as the spheres’ souls
and not as separate movers. All ensouled spheres desire the one separate mover,
which is the Prime Mover, and diverse celestial motions come about through the
variety of spheres’ souls.* In this context, it is important to note that Alexander
conceived of souls for the spheres, not for the planets themselves. This is explicitly
stated in Oz the Cosmos and confirmed by Simplicius: Alexander apparently upheld
the theory of ensouled spheres instead of ensouled planets in order to make sure
that it was the spheres that moved and carried the planets allong.85 The background
of the discussion is formed by Aristotle’s argument in On the Heavens 11.8 against
the motion of the stars. Aristotle supplements his argument there by stating that
the stars do not have organs for locomotion as animals do.%¢ By assigning the soul

8210 On the Cosmos, the relationship between this well-ordered change in sublunar bodies and
the divine heavenly motion is compared to the governance of a city, see Alexander of Aphrodisias, On
the Cosmos, Sections 127-5 1. For the corresponding passages in On Providence, see various passages
in the edition and translation in Ruland, Die Arabischen Fassungen, especially pp. s1—70. See also
Sharples, ‘Alexander of Aphrodisias on Divine Providence’, Sharples, ‘Alexander of Aphrodisias’,
pp- 1216-18, and Freudenthal, ‘Cosmology’, pp. 314—17. The report by Simplicius can be found in
Simplicius, In Cael., pp. 404:4—405:27.

%3 See Simplicius, Iz Cael., pp. 472:8—20.

84 This interpretation can be found in Endress, ‘Alexander Arabus’, p. 46, in Genequand’s
introduction to his edition of Oz the Cosmos. See Alexander of Aphrodisias, On the Cosmos, pp. 10-14
and, most recently, Bodndr, ‘Alexander’s Unmoved Mover’ regarding Alexander of Aphrodisias, On
the Cosmos, especially Sections 79, 86, 91, 95, and 96. Support can also be gained from Simplicius, /7
Cael., pp. 270:5-12, as well as Simplicius, In Phys. V-VIII, p. 1261:30-33. These testimonies have
also been discussed by Bodnir, see Bodnir, ‘Alexander’s Unmoved Mover’, pp. 400—15. Making use
of the testimony in Simplicius’ commentary on Physics, Robert W. Sharples, on the other hand, also
argued that Alexander followed Aristotle’s Metaphysics in assuming a separate mover for every sphere.
See Sharples, ‘Alexander of Aphrodisias on Divine Providence’, pp. 208-10, who had access to On
the Cosmos only through BadawT’s earlier edition and translation.

85 Compare Alexander of Aphrodisias, On the Cosmos, Section 96, and Simplicius, Iz Caeél.,
PP 447:4-449:2.

8¢ Cael. 11.8, 290a29-b11.
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and thus the seat of the moving force to the sphere, Alexander makes sure not to
disagree with Aristotle. One can find an echo of Aristotle’s argument on the lack
of any celestial organs in the above-quoted section (96) of On the Cosmos: ‘souls of
the divine bodies do not at all need different organic bodies in order to [perform]
the acts that proceed from them’.

At this point, some differences between Alexander’s and Prolemy’s cosmologies
arise. In making the planets the origin of the emission of an impulse to move,
Ptolemy argues that the planets themselves are the seats of the souls, whereas the
various spheres (eccentrics, epicycles, homocentrics) fulfil the function of organs,
as he explicitly states. While Ptolemy openly opposes other Aristotelian doctrines,
he does not bother to mention that he is in opposition to On the Heavens 11.8 in
this respect.¥” The contrast between Alexander and Ptolemy lies in the causal role
the planets play in their own motion, which then leads to a discussion of whether
the planets have a motion of their own, a possibility that Ptolemy leaves open, but
not Alexander. Simplicius has already observed the difference between Alexander
and Prolemy on this point. He felt the need to refer to the Planetary Hypotheses
as an alternative to Aristotle’s and Alexander’s accounts in the context of On the
Heavens 11.8. On their arguments that the stars themselves rest, he remarks that it
still might be possible that the stars rotate in their place in a way not visible to us.
He then adds a citation from the Planetary Hypotheses 1112, where Ptolemy states
that the beginning of the motion arises from the planet itself, but in the context
of rolling motion.®® Thus, Simplicius sides with Ptolemy’s theory of motions that
are induced by souls and at the same time originate from the stars. He ultimately
argues that the celestial bodies choose their proper motion according to their ‘proper
impulse’.3” Another difference between Ptolemy and Alexander is the setup of the
cosmos. Although itis again hard to get to Alexander’s actual position, he apparently
adopted at least a version of Aristotle’s homocentric system. In Quaestio 1.25,
for example, he speaks of only eight spheres, but perhaps this is only to avoid the
problem of the exact number of spheres, given the obvious problem with Aristotle’s
counting in Metaphysics XI1.8. Istvin Bodndr thus argued that Alexander still
allowed the existence of further spheres within one ‘bundle’ of spheres, which should
remind us of how Ptolemy uses the term ‘sphere’, as well.” In all, it is reasonable

871t might be that Ptolemy does not believe that this difference has a similar impact on the question
athand, namely the number of spheres, to Aristotle’s theory of counteracting spheres. Whether we call
the spheres ‘organs’ in an analogy to birds or not, this does not alter the number needed for planetary
motion. Perhaps of relevance in this context is Ptolemy’s criticism of philosophers who only fight
over words, see Prolemy, ‘Peri Kritériow’, pp. 8:1-9:20.

88 See Simplicius, In Cael., p. 456:7-27, and above Chapter I1, p. 59.

89 See Simplicius, In Cael., pp. 448:6-8 and 473:2~7. For a summary and further references, see
Bowen, Stmplicius on the Planets, pp. 34-36.

20See Bodnir, ‘Alexander of Aphrodisias’, and Moraux, Der Aristotelismus. Dritter Band, p. 500,
who points to the fragments in Averroés (see above, p. 168 n. 70). Alexander’s confusion about the
number of spheres in Aristotle is preserved by Simplicius, see Simplicius, /z Cael., p. 503:10-26
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to compare Alexander’s cosmology to previous attempts to harmonize Aristotelian
natural philosophy and recent astronomical models, as already seen in the case of
Alexander’s teacher Sosigenes. At the present state of research, we might ascribe a
similar approach to Alexander.”!

Apart from these two major differences, the investigation of Alexander’s cosmo-
logical treatises has revealed important parallels between Alexander and Ptolemy.
Although they disagree about the seat of the celestial souls, both of them maintain
the importance of the souls’ faculties for heavenly motions. Ptolemy comes close to
Alexander’s equation of soul with nature when he connects the circularly revolving
nature of aether with the capacity of heavenly bodies to move according to this
nature. That they have a similar, if not the same, theory of sublunar motions that
must be understood as innate inclination was already pointed out by Simplicius.
As a further point of similarity, in the Planetary Hypotheses, we find a statement
on providence that should remind us of the abovementioned theory outlined by
Alexander:

For locomotion is prior to the other motions. In the things with an eternal nature there is
only this single motion. This is the reason for the contrary changes in quality and quantity
that occur in the non-eternal things. These changes are not only in what is apparent to us

of them, as is the case for what is eternal, but [also] in themselves and their substances.”?

One must admit that one can find Alexander’s notion that celestial motions govern
the regular change of sublunar bodies only in the one word ‘reason’ (sabab). However,
this picture is consistent with what we find in Ptolemy’s astrological work, the
Tetrabiblos. In the introduction, Prolemy writes:

A very few considerations would make it apparent to all that a certain power emanating
from the eternal ethereal substance is dispersed through and permeates the whole region
about the Earth, which throughout is subject to change, since, of the primary sublunar
elements, fire and air are encompassed and changed by the motions in the ether, and in

turn encompass and change all else, earth and water and the plants and animals therein.??

Ptolemy goes on to explain why astrology, despite the reservations one might have
against it as a science, is worth pursuing. Farmers and sailors, for example, are able
to tell from the constellations in the heavens the quality of their harvest and the

(cf. pseudo-Alexander’s commentary on Metaphysics, see [ps.-] Alexander of Aphrodisias, /n Aristotelis
metaphysica, pp. 705:39—706:13). See also Moraux, Der Aristotelismus. Dritter Band, pp. 224-25.

10n the fragments of Sosigenes’ work, see again Moraux, Der Aristotelismus. Dritter Band,
p- 224. For Sosigenes’ astronomy and its relationship to the Aristotelian cosmos, see Schramm, /6%
Al-Haythams Weg, pp. 55—63, and Aiton, ‘Celestial Spheres’, pp. 81-83. For a recent overview,
see Kupreeva, ‘Sosigenes’. The comment by Alan C. Bowen in Bowen, Simplicius on the Planets,
pp- 278-83, is also helpful, as he also draws a comparison with Ptolemy’s Planetary Hypotheses. See
also above Chapter II, pp. 43-44.

92 Plan. Hyp.Lis, p. 262:8-11.

93 Prolemy, Tetrabiblos, 1.2, pp. 4:19-6:7, tr. by Robbins, slighly modified.
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imminence of a storm.”* This means that the aethereal celestial motion has a regular
impact on changes in the sublunar world.

How do these obvious similarities help us understand Ptolemy’s Planetary
Hypotheses? To answer this question, one should again look at what exactly Ptolemy
is doing in Book II of his work. Chapter II.3 opens up the discussion of how we
should conceive of the organisation of the cosmos and the causing of planetary
motions as mathematics reveals them to us. Ptolemy begins this chapter with
the phrase ‘the physical reasoning (a/-giyas al-tabi%) leads us to saying’, which
suggests that he offers a more general account and not necessarily his own. The
list of physical principles that follows should be quite familiar to us by now: the
never-changing, eternal aether and celestial bodies, which are never influenced or
forced to unnatural motion; their circular shape; that their motions are voluntary
but also always in accordance with the aethereal nature; an impulse and the variety
of celestial motions that occur though the different constitutions of the spheres;
the theory of the inclination of the sublunar elements. In addition, Ptolemy uses
terms such as ‘will” and ‘intellect’, which he does not explain any further in his
Planetary Hypotheses. Thus, when he introduces these terms in his description of the
‘physical reasoning’, he lays out not simply his own representation of the physical
foundations of his cosmos, but the cosmological theory of his time, or at least, to be
clear, those parts of the cosmological theory of his time to which he also subscribes.
An investigation of the treatment of these issues in Theophrastus, On the World,
and in Alexander of Aphrodisias has shown how these issues were treated in the
time between Aristotle and Ptolemy. In this way, one can think of Theophrastus as
paving the way for a critical engagement with the Aristotelian texts by identifying
certain cosmological questions left open or not sufhiciently presented by Aristotle.
This tradition of Aristotelian cosmology, often mixed with Platonic elements and,
later, more recent astronomical findings, can easily be followed up to the time of
Ptolemy. One needs to read Ptolemy’s Planetary Hypotheses as a contribution to these
debates. First, he presents the ‘physical reasoning’. In the next step, Ptolemy sets out
the few Aristotelian theories that he dismisses, namely celestial poles as transmitters
of celestial motion and counteracting spheres. Although the counteracting spheres
have been treated in Aristotle’s Metaphysics X1, he obviously considered them as
physical and not metaphysical elements. In doing so, he had Theophrastus as an
example. In the third step, Ptolemy presents his own solution to the problems at
hand and thus we find a theory of celestial motion in Planetary Hypotheses 11.7 that
is distinctly Ptolemaic, in the sense that it is a development peculiar to Ptolemy’s
Planetary Hypotheses. This is his theory that the planets themselves direct their own
complex motions by sending out impulses to their respective spheres. Thus, it is
not only the case that celestial bodies in general are ensouled and strive to imitate
unmoved movers or deities (as in Alexander), but each planetary system is primarily

94 See Prolemy, Tetrabiblos, 1.2, pp. 8—11.
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considered as a single animal endowed with spheres as the limbs and organs, and the
planet as the seat of the soul. Furthermore, this makes it possible for the planets to
be not only carried but also to have a motion independent from the carrying sphere.
Since there is, at least to my knowledge, no other cosmological account thatincludes
planets (a) as a source of the impulse to move, and (b) that move independently
from a sphere, this theory serves as a suitable criterion for following the impact of
the Planetary Hypotheses on subsequent traditions.

Celestial Dynamics in the Arabic Tradition

Merging Natural Philosophy with Astrology and Astronomy: al-Kindi

In order to follow the traces of Ptolemaic cosmology in the Arabic tradition,
one must acknowledge that Aristotle’s natural philosophy was the main point of
reference for the question of the nature of the heavens and the different causes of
their motions, issues with which Aristotle deals in his On the Heavens, Physics, and
Metaphysics. This chapter will deal with the way in which medieval Islamic authors
discussed Ptolemy’s cosmological theories in light of the outstanding influence that
these works had on the Arabic tradition. However, as already noted at the beginning
of the previous chapter, Aristotle or Ptolemy were not the only key figures in this
context, but also the commentaries by Alexander, Simplicius, and Philoponus,
as well as further pseudepigraphic material such as On the World also had a great
impact on medieval cosmology.

A good example of how the various sources entered the medieval Arabic
cosmological discussions is the wide corpus of treatises by al-Kindi. I have already
described how al-Kindi was well acquainted with Ptolemy’s A/magest and borrowed
the divisions of philosophy and their epistemological status from him, whereas it is
unclear whether he also knew the Planetary Hypotheses.” What is clear, however,
is that in his cosmological treatises, he draws extensively on Alexander and thus
exemplifies Alexander’s major subsequent influence.”® For a coherent picture of
al-Kind1’s cosmology, it is necessary to rely on a number of smaller treatises. He bases
his cosmological ideas on the same assumption about the nature of the elements as
outlined in Aristotle’s Oz the Heavens. In On the Explanation that the Nature of the
Celestial Sphere is Different from the Natures of the Four Elements (Risdla fi Ibiana
an tabi‘at al-falak mubalifa li-taba’i al-‘andsir al-arba‘a), al-Kindi compares the
rectilinear movement of sublunar elements and the circular movement of aether.
After characterizing earth, water, air, and fire as active or passive, al-Kindi makes the

95 See above Chapter II, pp. 79-80, and Gannagé, ‘Al-Kindi, Ptolemy’.

96 This has been established by Fazzo and Wiesner, ‘Alexander of Aphrodisias’. For summaries
of al-Kindi’s cosmological treatises, see, most importantly, Wiesner, The Cosmology, and Adamson,
Al-Kindi, pp. 181-206, on which the following account relies heavily.
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assertion that once they reach their natural place, their motion ceases.” This is entirely
different from the celestial realm, where the circular motion of the spheres never
stops, at least as long as God wants the cosmos to exist. For al-Kindj, this completely
different nature of the celestial element indicates its distinctiveness from the four
sublunar ones. Thus this treatise aims to prove the existence of aether.”® In another
treatise, al-Kindi adds geometrical proofs that the spheres of the sublunar elements
and of the heavens are circular.?” Thus, the general outlook of al-Kindi’s cosmos
is not revolutionary in any way. However, his reception of Alexander’s work On
Providence in his own On the Proximate Efficient Cause of Generation and Corruption
(Kitab al-Ibiana ‘an al-%lla al-fa%la al-qariba li-l-kawn wa-I-fasid) has drawn some
attention in modern studies.!® As a brief summary, al-Kindi distinguishes between
God as the remote cause and celestial motion as the proximate cause.!”! The celestial
bodies influence the sublunar elements by their motion and the resulting heat, which
is how God ultimately determines every terrestrial event through the mediation of
the celestial spheres. In this way, these treatises bring together certain elements from
Aristotle’s On Generation and Corruption, from Alexander of Aphrodisias, and also
Ptolemy.!%* In this context of divine providence, al-Kindi offers an argument for
the real existence of eccentric and epicyclic spheres. Without the Sun’s eccentricity,
for example, there would be only two instead of four seasons. This means that the
Sun must be carried on a physical sphere that has a centre different from the centre
of the cosmos.!%3 The real existence of the eccentric sphere of the Sun not only

97 a1-Kindi, Rasa’l, Vol. 2, p- 44:10-11, and the English translation by Peter Adamson and Peter
Pormann in Adamson and Pormann, The Philosophical Works, p. 191. This treatise has already been
translated in Khatchadourian and Rescher, ‘Al-Kind1’s Treatise on the Distinctiveness’. The active
and passive role of the different elements can be compared to Ptolemy’s account in Oz the Kriterion,
see above pp. 155-57.

98 2l-Kindi, Rasa’l, Vol. 2, p- 46:1-14, and Adamson and Pormann, The Philosophical Works, p. 193.

99 See al-Kind’s “That the Elements and the Outermost Body are of Spherical Shape’ in al-Kindj,
Rasa’il, Vol. 2, 48—53. Although this is in line with A/magest 1.3—4, it is nevertheless noteworthy
that al-Kindi’s geometrical method goes beyond what Ptolemy (and also Aristotle) did before. See
the introductory remarks by the translators in Khatchadourian and Rescher, ‘Al-Kind1’s Epistle on
the Concentric Structure’, especially p. 191.

100 See Wiesner, The Cosmology, pp. 41-73, Fazzo and Wiesner, ‘Alexander of Aphrodisias’,
pp- 141-47, and Adamson, A/-Kindi, pp. 185-88. The Arabic text can be found in al-Kindi, Rasa i,
Vol. 1, pp. 214-37.

10171 addition, al-Kindi seems to equate God with Aristotle’s Prime Mover in his paraphrase of
the Almagest, which leads to a set of further problems. See Twetten, ‘Aristotelian Cosmology’, p. 349.

102 Although the details of his account of providence stem from Alexander, he could find support
in On Generation and Corruption, see Gen. et Corr. 11.10, 336b26-337a1. For Ptolemy’s rather implicit
statements, see above p. 158 n. 33.

103 See al-Kindi, Rasi’%l, Vol. 1, p- 230:6—12. For the example of the Moon, see al-Kindi, Rasa/,
Vol. 1, p. 232:12—16. He might have derived this idea from Alexander’s On Providence, where a similar
thoughtis presented, though without specific reference to an eccentric circle. See Ruland, Die Arabischen
Fassungen, pp. 35—36. The influence of the Sun on the seasons was also addressed by Aristotle, although
he does not refer to the Sun’s eccentricity, which would contradict his homocentric cosmos. See Gen.
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needs to be considered to account for its apparent motion, but is connected to the
way in which God acts on the sublunar world. In this way, al-Kindi connects the
geometrical devices of Ptolemaic astronomy with his theory of divine providence.

Al-Kindi also has something to say about celestial dynamics and the ensoulment
of the heavenly bodies, namely in another cosmological work that is called On
the Explanation of the Prostration of the Outermost Body and its Obedience to God
(Risala fi l-Ibana ‘an sugid al-girm al-aqsi wa-ta ati-hi li-llah ‘azza wa-¢alla).!**
Starting from Qur’an 55:6, where it is said that the stars prostrate themselves to
God, al-Kindi investigates the nature of the celestial bodies. He interprets this verse
as saying that the heavens act on God’s command, which serves as a bridge to his
account of providence.!” In the next step, al-Kindi connects the statements about
the regular circular motion of aether!'°® and its influence on sublunar generation and
corruption to the question of what the heavens need to fulfil that task. In general,
he believes that what has the capacity to choose to follow someone’s command
must have reason and thus also be alive. There is a puzzle, however, about which
celestial bodies exactly al-Kindi has in mind for which kind of task. Is it the planets
that have reason and choose their motions (which would be similar to Ptolemy’s
account in the Planetary Hypotheses), or are the spheres doing that job? First, it
must be noted that the Quran speaks in the respective sizra of the ‘stars’ (in the
generic plural, al-nagm). Supposedly referring to these stars, al-Kindi speaks in the
introduction, which, in a way, summarizes and lays the ground for the following
arguments, of the ‘individuals on high’ (ashas 4liyya). These follow God’s order
and thus must have, according to al-Kindj, choice and rational souls.!’” In the next
paragraph, al-Kindi turns his attention to the ‘outermost body’ (¢77m a 1) or simply
the ‘celestial sphere’ (falak). What has been briefly ascribed in the introduction to
the ‘individuals on high’ (i.c. the stars) is now also ascribed in more detail to the
‘outermost body with all of its individuals: it is alive, it is not moved by another
body, it is equipped with the senses of hearing and vision, and it is rational. In this
account, al-Kindi now offers some arguments why all of this is necessarily the case,
arguing from the noble nature of the regular celestial motion and its influence on
the living things of the world of generation and corruption.108 However, there is a

et Corr. I1.10, 336b17-19. The connection of the Sun’s eccentricity to divine providence in order
to bring about the seasons on Earth was widely spread in the Middle Ages. One of the most famous
examples is certainly Dante’s Paradiso, see Dante Alighieri, Commedia, Vol. 3, Paradiso X:10-21.

1047 rely on the edition and French translation in Rashed and Jolivet, Euvres philosophigues, Vol. 2.,
pp- 176-99, as well as the English translation in Adamson and Pormann, The Philosophical Works,
pp- 174-386, from which I drew the English terminology of this paragraph.

105 R ashed and Jolivet, Envres philosophigues, Vol. 2, p. 181:12-13.

106 R ashed and Jolivet, Euvres philosophiques, Vol. 2, pp. 195:21-23.

107 R ashed and Jolivet, Envres philosophigues, Vol. 2, p. 179:18-21.

108 See Rashed and Jolivet, Envres philosophiques, Vol. 2, pp. 181:9-193:9. For these arguments
in more detail, see Adamson, A/-Kindi, pp. 183-8s, and Adamson and Pormann, The Philosophical
Works, pp. 173-74.
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terminological shift within these arguments. Al-Kindi first seems to talk about the
sphere of the fixed stars (and the fixed stars themselves). Suddenly, he starts talking
about the rational faculty of the ‘celestial bodies’ (agrim falakiyya). This raises
the question whether he talks here about spheres, planets, or both. Most probably,
he is alluding to the heavens in their entirety, which are enclosed by the outermost
sphere, namely the sphere of the fixed stars. Fittingly, he writes that the ‘individuals
on high’ cause the alternation of the seasons (azman).!*” Although these individuals
are then ascribed to the outermost sphere, which would indicate that they are the
fixed stars, it is strictly speaking the Sun that brings about the seasons through its
inclined motion, whereas the fixed stars indicate the diurnal change of day and night.

Al-Kindi closes this treatise with a comparison of the entire cosmos to one living
animal. He draws an analogy to a human as a microcosm because in both, one
can find the various elements and the soul. This animalistic cosmos is permeated,
somehow, by capacities from souls (g#wa nafsaniyya), which is the same term that
can be found in the Planetary Hypotheses. These powers extend up to the sublunar
region, where they can be found in ensouled beings.!?

To sum up, how do the celestial motions come about according to al-Kindi? On
the one hand, al-Kindi agrees with Aristotle and also Ptolemy about the natural
motion of the aethereal bodies. On the other hand, they are equipped with not
only rationality but even choice, which raises the question why they never choose
to move in a different way. For al-Kindji, the answer lies in their obedience to God.
He is not clear about (and perhaps it is not important for him) whether it is the stars
and planets that desire and choose to follow God’s orders or the celestial spheres.
Given that it was the standard picture that the planets are simply carried by their
spheres, it seems more likely that al-Kindi also follows, in this respect, Alexander’s
example in assuming that the spheres are in charge of taking the planets with them.!!
But as already indicated, since al-Kindi conceives of the cosmos as one animal, his
focus lies on the transmitting role of the entire cosmos in his scheme of how God
takes care of the sublunar world. God is the final cause for celestial motions in
general, whereas the souls of the celestial bodies are the proximate causes of their
motions and decide to follow God’s orders. This clear focus on God’s providence
also means that al-Kindi does not provide a dynamic model of celestial motions and
the interactions among the celestial spheres themselves.!1?

109 See Rashed and Jolivet, Euvres philosophigues, Vol. 2, p. 181:2—3. For the use of zaman (pl.
azman) for ‘season’, see, for example, Aba Ma‘Sar, The Great Introduction, Vol. 1, p. 209:3-15.

10R ashed and Jolivet, Euvres philosophigues, Vol. 2, p. 197:18~199:7; cf. Plan. Hyp. 11.7.

W That the planets themselves are motionless and fixed on the spheres according to Alexander
is reported by Simplicius, see Simplicius, [ Cael., p. 452:21-22. That the spheres are ensouled and
desire the Prime Mover is preserved in On the Cosmos, see Alexander of Aphrodisias, On the Cosmos,
Sections 96—97. Cf. Cael. 11.8.

U28ee Adamson, AL-Kinds, p- 184. The same holds true for the problematic On Rays (De radiis),
where the rays that are transmitted from the planets do not serve as an explanatory factor for celestial
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His cosmology emerges from a combination of different sources, most importantly
Aristotle and Alexander of Aphrodisias, but also Ptolemy. In addition to al-KindT’s
paraphrase of the A/magest, the Ptolemaic influence is demonstrated by the calculation
of the distance of the sphere of the fixed stars that goes back — although the path
of transmission remains unclear — to Ptolemy’s Planetary Hypotheses. In On the
Prostration, al-Kindi uses this calculation to highlight the noble nature of the heavens
in comparison with the tiny sublunar realm.> Another example is that the Sun’s
eccentric circle must necessarily exist in reality to ensure its influence on the seasons.
Mathematical-astronomical knowledge therefore has theological implications insofar
as the solar path reflects divine providence for regular sublunar changes. In this
way, al-Kindi exemplifies how Greek philosophical and scientific texts were received
from the ninth century onwards and how they could be used for philosophical and
even theological discussions about the meaning of the Qur%n. In this process, it
is only natural that al-Kindi had interests different from Ptolemy in writing about
cosmology. For example, the question of which senses the celestial bodies have was
of no interest to Ptolemy, but this became rather important for the later Arabic
tradition (as it had been in late antiquity).!# In later Islamic philosophers, such
as al-Farabi and Avicenna, we find much more detailed accounts of the ensouled
celestial bodies, with the introduction of God as the Prime Mover and the addition
of amore complex theory of intellect. On the other hand, the astronomical tradition
also has something to say about the interactions of the ensouled celestial bodies.

Ibn al-Haytam and al-Birini: Criticism of Ptolemy’s Dynamic Theory

Through Ibn al-Haytam’s Doubts about Ptolemy, we get an impression of how
an astronomer reacted to the philosophical account presented in the Planetary
Hypotheses. His way of referring to the doctrines of celestial motions is unique,
since he is not interested in embedding it in a coherent philosophical system. He
devotes a considerably long section to some ‘doubts’ concerning Book II of the
Planetary Hypotheses. He starts with a number of literal quotes concerning the
physical principles from the first chapters of this second book. These are basically
accepted, whereas the main bulk of the doubt is directed against the divergences
between the planetary models from the Almagest and the Planetary Hypotheses. In
the previous chapter, I have mentioned that Ibn al-Haytam comes to the conclusion
that the sawn-off pieces do not account for the planetary motions as laid out in the
Almagest and that Ptolemy contradicts his own principles of the impossibility of
avoid in the cosmos and of the economy of the number of spheres. Nevertheless,
his arguments that these sawn-off pieces contradict some of Ptolemy’s own physical

motions, but only for the planetary influence on the sublunar world. I rely on the translation in
Adamson and Pormann, The Philosophical Works, pp. 219-3 4. See Adamson, Al-Kindi, pp. 188-91.
13 Gee again Rashed and Jolivet, Envres philosophiques, Vol. 2, p. 193:10-18.
114 See Walzer, ‘New Studies’, pp- 230-32, and Wolfson, “The Problem of the Souls’.
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principles indicate that Ibn al-Haytam has not only the mathematical consequences
of the Planetary Hypotheses in mind. To give another example, Ibn al-Haytam
points out in passing that Ptolemy writes, in Planetary Hypotheses 1.15, that ‘each
of [the planets] has a volitional motion and a motion to which it is compelled’. He
contrasts this citation with Chapter I1.3, where Ptolemy also writes: ‘this [occurs]
regarding [the aethereal bodies] not by force or necessity, forcing them from outside.
For there is nothing stronger than what does not receive alteration so that it could
force it.”!> Ibn al-Haytam is satisfied by simply hinting at that problem and does
not provide a possible explanation.

Ibn al-Haytam devotes some time to the question whether the planets move
themselves and thus do not need a sphere carrying them. Remarkably, he asserts at the
beginning of this section that Ptolemy mentions this principle not only once but twice
in the Planetary Hypotheses. According to Ibn al-Haytam, this indicates that Prolemy
was taking self-moving planets as a serious possibility for his cosmos.1¢ Ptolemy did
not explain in more detail how this would work in physical terms and avoided the
problem of the planet penetrating the sphere in which it is supposed to be self-moved.
Ibn al-Haytam sees two possible outcomes, both of them highly problematical:

If the planet moved by itself instead of the tambourine or the small sphere, without
something moving it, so that it would vacate space and fill space [at the same time], then
whatever fills the space of the tambourine of the heavens would either receive alteration
or its space would be void.'”

These are the same two impossible consequences that Ibn al-Haytam already ascribed
to Prolemy’s sawn-off pieces. The assumption is that the planet is not motionless
and fixed on the smallest sphere, but somehow moves independently with an own
motion within the next sphere, the larger epicycle in the case of Saturn. In the next
step, Ibn al-Haytam wonders how a self-moving planet can also inherit the motion
from the larger epicycle, because we still need to generate a complex motion that
consists of a certain number of motions added to each other. This would — according
to Ibn al-Haytam — only be possible if the planetis in direct contact with the larger
epicycle at some point. In this case, it would be fixed within the larger epicycle,
which would result in (a) a rolling motion from the self-caused motion within
that sphere, and (b) the motion of that sphere. However, as Ptolemy had already
claimed, rolling motions are not a viable option either. As Ibn al-Haytam notes, in
Prolemy’s picture, the planets move the surrounding spheres by ‘choice’ (haraka
ihtiyariyya, a term that is not used in the Planetary Hypotheses but is ascribed to
Ptolemy by Ibn al-Haytam). It is clear that ‘motion by choice’ refers to Ptolemy’s

U5 Tbn al-Haytam, al-Sukitk, p. 47:3-s, cf. Plan. Hyp. L1s, p. 15, and IL3, p. 290:7-9. For a
possible solution, see the commentary on Chapter L15.

HeThp al-Haytam, al-Sukik, p. 61:1.

7 Thp al-Haytam, al-Sukik, p. 61:1—4, translation by Don L. Voss in Ibn al-Haytam, Doubts,
p- 81, modified. For Ptolemy’s account, see the commentary on Chapter IL.17.
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voluntary motions, because Ibn al-Haytam explicitly quotes the passage where
Ptolemy describes how Saturn sends out an emission to the surrounding spheres.
Since rolling motions are not voluntary and Ptolemy claims that celestial motions
should be voluntary, the larger epicycle also needs to be abandoned. Ibn al-Haytam
takes this argument to the end, claiming that there is no way in which we could
connect both theories with each other, namely voluntarily self-moving planets
and the assumption that they are still embedded in a system of planetary spheres.
He concludes that this would mean that Ptolemy should get rid of all spheres.!®
Although this picture might be appealing to the modern reader as a first step in
the direction of Tycho Brahe and Johannes Kepler,"” this radical consequence was
a reductio ad absurdum for Ibn al-Haytam. Neither was it the model that Ptolemy
intended: he makes it perfectly clear that the assumption of volitional planetary
motion enables us to reduce the number of spheres only by one per planet. As Ibn
al-Haytam points out in the beginning of his discussion of the doubts concerning
the Planetary Hypotheses, Ptolemy claimed that there should be one celestial body
for every motion in the heavens.!*

Since Ptolemy did not engage with that question in more detail, we do not
know how he conceived of the interaction of a self-moving planet with its
carrying sphere. To avoid the following problematic consequences laid out by
Ibn al-Haytam, he needs to argue how a planet can move itself within a carrying
sphere (a) without the existence of a void but (b) still enabling the planet to
partake in the motion of the carrying sphere. In Planetary Hypotheses 11.6,
Ptolemy explains how a sawn-off piece can be taken away by the enclosing piece
of aether in the diurnal direction. He gives the example of ‘things swimming in
running rivers’ 121 Generally speaking, this would be a way for Ptolemy to at least
answer to Objection (b). For Objection (a), however, he would need a theory of
motion, in general, which he is lacking. Ibn al-Haytam transfers the problem
of how motion can be explained from the sublunar region to the supralunar
region. Such a general discussion of motion — which prominently also included
arguments from and against voids and atomism — was not dealt with in an
astronomical context because a planet was usually considered as being fixed on
its carrying sphere. Consequently, Ibn al-Haytam is right when he claims that
Ptrolemy’s assertion of self-moving planets that could, in some way, penetrate
the carrying sphere raises the question of how motion can be explained without
the existence of a void.

U8 The entire argument can be found in Ibn al-Haytam, al-Sukik, pp- 61:6-62:20. On p. 63:1-9,
Ibn al-Haytam gives the motion of the Sun as further example. A brief discussion can be found in
Saliba, Islamic Science, p. 107.

119 See Krafft, ‘orbis (sphaera)’.

120 Thp al-Haytam, al-Sukik, p- 46:8.

121See Plan. Hyp. 116, p. 298:13. See the commentary on Chapter IL.17 (pp. 387-88) and also p. 153.
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This passage nicely fits the general aim of Ibn al-Haytam’s Doubts about Ptolemy.
He most heavily criticizes how Ptolemy’s models from the A/magest cannot be
represented by physical bodies.!?? The discussion of self-moving planets and of
the existence of sawn-off pieces are further intriguing instances of Ibn al-Haytam’s
concerns with the physical consequences of Ptolemy’s cosmology. We learn from Ibn
al-Haytam’s Doubts about Ptolemy that he rejected both these claims from Ptolemy’s
Planetary Hypotheses. One can see this rejection in the light of Ibn al-Haytam’s
criticism of Ptolemy’s methodology in the Planctary Hypoz‘]omes.l23 In the context
of this methodological criticism, I have already quoted the following passage on the
different number of motions in the A/magest and the Planetary Hypotheses above:

Itisimmediately clear that his assumptions of [complete] spheres and sawn-off pieces in the
second book of the Planetary Hypotheses (Kitab al-Igtisas) for the motions of the planets
are contrary to what he established of the motions in the Almagest. The true [account]
of the motions is what he established in the A/magest, for there he had established the
motions by observations and instruments (b7-arsad wa-magayis).**

In turn, this means that for Ibn al-Haytam, the theory of sawn-off pieces in the
Planetary Hypotheses is not based on observations but is highly doubtful. Is the
same true for other theories such as the assertion of ensouled celestial bodies?
Although Ibn al-Haytam does not explain that explicitly, one could argue that an
investigation into the ultimate cause of celestial motions and into the celestial souls
is not important for the project Ibn al-Haytam has in mind, namely finding the
‘true configuration’ of planetary motions.

I have already addressed al-Birani’s position on Ptolemy’s methodology in
Chapter I1.1% He connects this claim of the different agenda of physics and astronomy
explicitly with Ptolemy’s account of planetary motions that is based on soul:

Now, in his Planetary Hypotheses (Kitab al-Mansurit), Ptolemy departs from the way
that he had pursued in the 4/magest, in the direction of what belongs to the opinions,
which lie outside of this art (57724 4t, i.e. astronomy), of the many’s belief in celestial bodies
[with] life, sensibility (s %r), perception (¢hsas), and choice (#btiyar), so that it is preferable
(li-l-afdal) regarding the motions [to assume that] conducting powers (q#wa mudabbira)
are sent out from the stars to their spheres, just as they are sent out in the case of [ensouled
things] to the limbs (2 44°).1%¢

122 See Sabra, ‘Configuring the Universe’, especially pp. 298—305, and Saliba, Islamic Science,
pp- 97-104.

123 See above, pp. 96-105.

124 1 al-Haytam, al-Sukik, p. s0:12—15, translation by Voss in Ibn al-Haytam, Doubts, p. 68,
modified.

125 See above, pp. 86-96.

126 9-Birtini, Kitab al-Qaniin, pp. 634:18—635:3, compared with Ragep’s translation in al-Tst,
Memoir on Astronomy, Vol. 1, p. 40.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



IBN AL-HAYTAM AND AL-BIRUNI 183

This testimony is important for a number of reasons. First, it shows that al-Birani
properly understood Ptolemy’s description of ensouled celestial bodies and that
the planets conduct the motions of the surrounding spheres by these ‘governing
powers’."” This in itself is not very surprising. What is striking, however, is that
even this brief testimony also contains elements that cannot directly be found in the
Planetary Hypotheses. Ptolemy indeed ascribed capacities from souls to the planets.
It is not far-fetched to assume that he thus thought of the planets as being alive.
On the other hand, there is no discussion about the other senses in the Planetary
Hypotheses or about the planets’ choice. Ibn al-Haytam also used the term ‘choice’
to describe the capacity by which the planets conduct the motions of their spheres.
This terminology goes back to philosophical works such as those by Alexander
of Aphrodisias and not to Ptolemy himself. As an example of the way in which
these questions (“Which senses do the celestial bodies have?” and ‘Do they choose
their motion?’) were introduced into the Arabic tradition, we have seen the telling
example of al-Kindi, who drew extensively on material borrowed from Alexander’s
account of providence. Al-Birani now either has the Hellenistic and late ancient
testimonies in mind, a contemporary debate in the Arabic philosophical tradition,
or both when he says that these issues are believed by ‘many’. Ibn al-Haytam and
al-Birani thereby show how the Planetary Hypotheses had been read against this
background of philosophical psychology. Again, Ptolemy did not explicitly engage
in a discussion about the capacities of the celestial souls or about the question if
or why the planets choose the apparent motion instead of other possible motions.
In introducing terms like ‘choice’ and sense-perception in a Ptolemaic context,
al-Birani notes that Prolemy’s ensoulment of the planets includes or, at least leads
to, this further set of philosophical questions.

For al-Birani, the introduction of such issues leads to the question whether an
astronomer should deal with them or not. He groups the ‘opinions’ concerning
the life and senses of the celestial bodies together with the sawn-off pieces, and
thereby implies that the latter belong to the same epistemological category, namely
to ‘opinions’. In this context, we encounter al-Biran’s brief critical remark against
Ptolemy’s self-moving planets. Al-Birani thinks that the planets would move by
non-circular motions if they ‘swam like birds’ and thus move on their own account.!?®
His understanding is that the resultant planetary motion is not circular and that if we
want to replace the epicycle by an independently moving planet, we need to ascribe
a non-circular motion to the planet. That was certainly not Ptolemy’s intention:
he believed that if we ascribe only the single circular motion of that sphere which
carries the planet — which in most cases means the smallest epicycle — the planet
also has a regular circular motion on its own account and that its resulting motion

127'The term used by al-Birani, guwdi mudabbira, is not the same term used in the extant text of
the Planetary Hypotheses, namely quwa ra’isiyya.
128 See al-Birtni, Kitab al-Qaniin, Vol. 2, p. 635:13~16.
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is complex as the planet is embedded within all the other spheres as is a bird in the
sky or a fish in a river.

In the end, he concludes that this is not the right place to discuss these questions.
Whether the planets are ensouled or not, whether they have hearing and vision or
not, and whether governing powers are actually emitted from the planets to the
surrounding spheres: such questions are not part of mathematical astronomy and
are only subject to opinions. In a way, al-Birani follows Ptolemy’s own epistemology
from Almagest 1.1 and his various cautious remarks about the status of the physical
arguments that he uses himself in the Planetary Hypotheses. Therefore, this highlights
once more al-Birani’s wish to strictly avoid the intermingling of different sciences.

Nevertheless, there is at least one passage in al-Birani’s Qaznsn which shows his
approach towards divine providence:

129

Each one of [the planets] is moved for a cause (/z-54 ) and strives for a resting place (¢2dd
li-mustaqirr), devoting itself to what is natural for it. Nothing futile is created, but [creation
is only] by apparent wisdom and shining fate, that is well-ordering for the world and caring
for the creation for [its] benefit.13

The planets thus fulfil their task to care for the well-being of the cosmos. This is just
another sign of the wide permeation of a theory of divine providence that is visible
also in the order of the celestial bodies. Nevertheless, one must certainly conclude
that al-Biraini does not spend too much time on Ptolemy’s dynamic theory or an
alternative scheme. Despite the fact that Prolemy starts discussing souls’ capacities to
solve an astronomical problem in order to replace the overly complicated mechanical
system of Aristotle with a more economic one, al-Birani obviously thought that
such discussions take the astronomer too far away from the Almagest and thus from
the astronomical work par excellence. On the other hand, Ibn al-Haytam notes that,
for example, Ptolemy’s theory of self-moving planets is in apparent contradiction to
the Almagest. While this conclusion fits Ibn al-Haytam’s general attitude towards
Prolemy’s physical theories, it is nevertheless also the case that we do not get an
alternative account by Ibn al-Haytam himself.!*!

When we take stock of these accounts, it becomes evident that the question
of the celestial dynamics and the origin of the heavenly motions was approached
from different directions. First, there is the discussion whether astronomers should
deal with questions that seem to dive into the realm of natural philosophy, and we
have seen in detail that people gave different answers to that. However, there is the
turther problem on the level of natural philosophy alone whether we consider merely

129 See al-Birtni, Kitab al-Qaniin, Vol. 2, p. 635:16~17.

130 o|-Birani, Kitab al-Qandin, Vol. 1, p. 24:7-9.

Bl Fora possible reconstruction of Ibn al-Haytam’s works concerning their cosmological and
kinematic accounts, see Rashed, “The Celestial Kinematics’, especially pp. s 1-5 5, where Rashed argues
that Ibn al-Haytam later in hislife turned away from an attempt to reconstruct an astronomical model
in the tradition of material spheres and attempted to provide a purely geometric, kinematic model.
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the natural motion of the heavens as consisting of aether or whether we consider
the heavenly bodies as being equipped with volition, senses, and life in general. In
the next section, I will show that Ptolemy’s account receives more attention in the
context of yet another discipline, namely in the context of metaphysical discussions
on the number of separate intellects and celestial movers, since this number was
usually connected to the number of celestial motions and spheres.

The Inclusion of Ptolemaic Cosmology in Metaphysical Discussions: al-Farabi and
Avicenna

The authors discussed so far did not engage with the question of how celestial
motions are actually brought about. We may also have in mind that there are serious
gaps in Prolemy’s own explanation of the causes for celestial motions. His most
important goal was to give an alternative account to a mechanical transmission of
celestial motion, which he achieved by emissions from the planets, thus establishing
an immanent cause for the spheres’ motions. However, he did not go into the details
of these emissions and how it was possible that the spheres reacted to these impulses.
As for the Arabic tradition, decisive steps in the direction of a more coherent picture
of the interaction of the celestial bodies, souls, intellects, and movers were taken in
the falsafa tradition, probably starting with al-Farabi. Astronomy and metaphysics
are strongly linked to each other in al-Farabi’s philosophy.

Al-Faribi is famous for his scheme of emanation, which is described in a number
of his works, including On the Perfect State (Mabdadsi’ ara’ abl al-madina al-fadila,
The Principles of the Opinions of the Inhabitants of the Perfect City) and On Ruling
the Community (al-Siyasa al-madaniyya).}> Both treatises start with the first cause
of every being. From the first cause emanates the first separate intellect. In al-Farabi’s
cosmology, the starless outermost sphere emanates from the self-thinking of the first
intellect. Since the first intellect also thinks of the Prime Mover, it gives rise to the
second intellect. In this way, every separate intellect causes the existence of a celestial
sphere and the next separate intellect.!** The number of separate intellects is tied
to the number of spheres. In the context of the later philosophical tradition, the
consequences of this assertion should not be underestimated, despite the fact that
the main idea goes already back to Metaphysics X11.8, where Aristotle addressed

132 See Walzer’s summary in al-Farabi, On the Perfect State, pp. 362~63. For the following discussion
of al-Farabi’s general account of emanation and how it relates to cosmological questions, I rely here on
On the Perfect State as the primary source. There are certainly additional important passages that are
relevant to the present discussions to be found in other treatises, such as his On the Intellect. However,
these have already been dealt with in detail, most importantly in Janos’s reconstruction of al-Farabi’s
cosmology, see Janos, Method, Structure. To keep this study within a feasible frame, I refer to this
work for further textual evidence. See also Davidson, Alfarabi, Avicenna, and Averroes, pp. 44—48,
and Maréth, “The Ten Intellects’.

133 3]-Farabi, Oz the Perfect State, Chapter I1.3 (following Walzer’s division), pp. 100-05.
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the question of the number of unmoved movers and claimed that it should be the
astronomers’ task to answer that question. For example, we have seen that the extant
treatises of Alexander of Aphrodisias lack such a straightforward statement, so it is
hard to decide whether Alexander believed that the efficient causes for the spheres’
motions are their souls or separate unmoved movers.!* For al-Farabi, however, it is
clear that the first nine separate intellects correspond to the nine main spheres (the
starless sphere, one for the fixed stars, and seven for the five planets, the Sun, and
the Moon), belief in which was widespread in medieval Arabic thought.!* This
does not mean that he necessarily maintains the existence of nine spheres. Instead,
he follows authors such as Alexander of Aphrodisias in speaking only of the nine
main spheres, which contain the different minor spheres (such as eccentrics and
epicycles) that are responsible for the various planetary motions. These main spheres
are called ‘groups’ (¢umal) by al-Farabi.!3 Later in On the Perfect State, al-Firabi
gives a short account of his planetary model. His main interest is in showing that
the various motions never change in themselves, although they appear to change in
relation to each other and to the observer on the Earth. Even though al-Farabi does
not mention epicycles and eccentrics by name, the differing ratios can be explained if
we assume that al-Farabi alludes to eccentrics and epicycles when he writes about the
independent motions of ‘every sphere and the corporeal circles within them’ (kxll
wahid min al-ukar wa-l-dawa’ir al-mugassama allati fi-ha).*>” All of these celestial
bodies, in their turn, take part in the diurnal rotation of the first sphere, but not by
compulsion, since there is no compulsion in the supralunar world.’*® The tenth
separate intellect, the Active Intellect, marks the transition to the sublunar world
and is important for a role that we already know from al-Kind’s cosmology, namely
the celestial influence on the sublunar world. For al-Farabi, the celestial motions,
together with the Active Intellect, are responsible for the sublunar changes.139
Until now, we have seen that al-Farabi’s cosmology is a blend of a theory of
the emanations of the spheres and intellects on the one hand, and of Ptolemaic
astronomy on the other hand. The question remains whether he has an account
of celestial dynamics. Previous research has already shown that his theory of
intellects is primarily an ontological theory. Al-Farabi focuses on the causation of
the celestial spheres and their relation to the sublunar world.}*? But what about the

134 See above pp. 167-73.

135 3]-Farabi, On the Perfect State, Chapter I1.3, pp. 100-05 and Chapter IIL.6, pp. 112-15. See
Hullmeine, “Was there a Ninth Sphere’.

136 31-Farabi, On the Perfect State, Chapter IIL7, p. 118:12—119:3. See Walzer’s commentary at
al-Farabi, On the Perfect State, p. 365.

137 01-Farabi, On the Perfect State, Chapter IIL.7, p. 128:12.

138 51-Farabi, On the Perfect State, Chapter I11.7.

139 See Druart, ‘Al-Farabr’s Causation’. The most important passage is al-Farabi, On the Perfect
State, Chapter I11.8. Twetten, ‘Aristotelian Cosmology’, p. 364, also emphasizes al-Kind1’s influence
on al-Farabi.

140 See Janos, Method, Structure, pp- 163—64, and Twetten, ‘Aristotelian Cosmology’, p. 368.
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causes for the motions of the spheres and planets? First, one needs to emphasize
again that many of al-Farabi’s works are not extant, including his commentaries
on Aristotle’s Physics and On the Heavens, as well as two works called On the Stars
(Kitab al-Nugnm) and On the Eternal Motion of the Sphere (Kitab fi anna harakat
al-falak sarmadiyya)}*' As Damien Janos has argued, the lack of a detailed account
of celestial motions could be grounded on the lack of available sources, but also
on a certain hesitance on the side of al-Farabi about trying to resolve some of the
discrepancies found in his Greek predecessors.'#? It is a remarkable feature of
al-Farabi’s cosmology that he does not mention Aristotle’s acther in On the Perfect
State. He briefly states that the supralunar bodies move ‘circularly by their nature’,
which is usually ascribed to the fifth element, aether, in the Peripatetic tradition.
But there is no further explanation of what he means by the term ‘by nature’!4?
Instead, it seems that the separate intellects, and thus also the souls of the celestial
bodies, play a role in moving the celestial bodies.** This is suggested by a passage
in On Ruling the Community, which seems to state that the celestial bodies move
circularly by virtue of their souls. In his treatise On the Intellect (Fi [-‘Agl), al-Farabi
calls the separate intellects ‘movers’.1*> In making capacities from souls the main
cause for celestial motions instead of their essence or their nature, al-Farabi generally
follows Alexander of Aphrodisias. Al-Farabi’s First Cause, which is described as the
‘object of love’ (mahbith and ma $ig), is parallel to Alexander’s Prime Mover, which
is the ultimate object of the spheres’ desire, although al-Farabi adds the intermediate
separate intellects. After all, this psychological explanation for celestial motions is
found not only in Alexander, but also in Ptolemy and in the Neoplatonic tradition,
where aether was under severe attack.!4¢

Although the loss of probably important treatises on these issues must be
emphasized again, the brief statements available indicate that al-Farabi stays within
this tradition that considers celestial souls as proximate movers of the celestial

141 See Rudolph, ‘Abi Nasr al-Farabt’, p. 403, and Janos, Method, Structure, pp. 16-17 and 335s.
As already described in Chapter II, from his commentary of the Almagest, only Books IX—XIII have
recently been identified. See Thomann, ‘Ein al-Farabi zugeschriebener Kommentar’, Thomann,
‘Al-Farabis Kommentar’, and Thomann, “Terminological Fingerprints’.

142 See Janos, Method, Structure, PpP- 335-36, especially n. 6.

143 3]-Farabi, On the Perfect State, p. 104:11.

144 S Walzer’s commentary in al-Farabi, On the Perfect State, p. 366, Twetten, ‘Aristotelian
Cosmology’, pp. 367-68, and Janos, Method, Structure, pp. 342—43. As Janos points out, al-Farabi
only alludes to a theory of a fifth element, the natural motion of which is circular, in works that are
supposed to defend Aristotle’s doctrines. Janos explains this by an evolution in al-Farabi’s thought
and works, see again Janos, Method, Structure, pp. 203-35.

145 1 Farabi, al-Siyasa al-madaniyya, p. 34:1. Compare the different translations in McGinnis and
Reisman, Classical Arabic Philosophy, p. 83 and Janos, Method, Structure, p. 349. For the reference
to On the Intellect, see Janos, Method, Structure, p. 350.

146 See also Janos, Method, Structure, pp. 153—5 5 for a comparison of Alexander’s and al-Farabi’s
cosmological setup. For aether in al-Farabi, see Walzer’s commentary in al-Farabi, On the Perfect

State, pp. 375-76.
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bodies. In addition, al-Farabi explicitly ascribes a certain power (gzwwa) to the
celestial bodies. The most important passage is from On Ruling the Community.
All celestial bodies are connected to the ‘power’ of the outermost sphere, and
thus everything in the supralunar world takes part in the diurnal rotation of the
entire cosmos. In addition, the various planetary motions are explained by ‘other
powers’ (quwa ubar) that differ from each other and are ascribed to the various
spheres. However, one must bear in mind that al-Farabi’s main interest is not
to provide a causal explanation for celestial motions. Instead, he highlights how
sublunar generation and corruption take place, namely through an interplay of
the diurnal rotation of the cosmos (constantly generating prime matter) and the
manifold planetary motions (change of forms in prime matter), thus following in
the footsteps of al-Kind1.!+

There is a striking gap in the cosmological descriptions of al-Kindi and al-Farabi
as presented so far, namely a theory of how the celestial motions come about. One
can refer at this point again to Ptolemy’s Planetary Hypotheses. Prolemy used powers
induced by souls in order to give an alternative explanation for the cause of the
various celestial motions in the heavens that could work without the assumption of
the physical principles of motion we know from the sublunar realm. His main aim
was to free the heavens from any irregularity and from any influence by a physical
entity. In Ptolemy’s view, all the minor spheres that make up the bundle of spheres
and thus generate the complex motion of the planets are directed by the capacity of
the respective planet. This is important to stress again, since such a description of
celestial dynamics is exactly what is missing in al-Farabi (as presented up to now) and
also earlier in al-Kindi. So far, we only have seen that al-Farabi divided the heavens
into nine main spheres, which each possess a celestial soul that, in turn, thinks of
its respective separate intellect.

However, this does not necessarily mean that al-Farabi never developed a theory
of the origin and transmission of celestial motions. As Damien Janos has argued,
there is a testimony of al-Farabi’s theory of celestial motions in Book IX of Avicenna’s
metaphysical section of 7The Cure. We therefore need to turn to Avicenna at this
point in order to get a complete picture of al-Farabi’s cosmology. The relevant
Avicennean passage on the number of separate intellects is very famous and often
quoted in modern literature.!* Because of the importance of this passage, I quote
it here, as well:

197 al-Farabi, al-Siydsa al-madaniyya, pp. 55:13-56:12, see the translation in McGinnis and

Reisman, Classical Arabic Philosophy, p. 96. As Janos Method, Structure, pp. 347-48 stresses, these
powers within the supralunar world and their obvious connection to motion are also part of Prolemy’s
Planetary Hypotheses.

148 Janos uses this passage in Janos, Method, Structure, pp. 356—69 for reconstructing al-Farabi’s
cosmology as well as in Janos, ‘Moving the Orbs’, pp. 184—92 for reconstructing Avicenna’s cosmology.
For Janos’s identification of al-Farabi as the possible source of Avicenna’s description, see Janos, Method,
Structure, especially pp. 362—69. For a further discussion about the possible Ptolemaic influence
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Thus, the number of the separate intellects after the First Principle would be the same
as the number of the movements. If in the spheres (#flik) of the wandering [planets]
the principles of the movement of the spheres (kx7it) of each planet is a power (quwwa)
emanating from the planets, then it would not be unlikely that the [separate] intellects
would have the same number as the number of the planets, not the spheres (kx7it), and
their number would be ten, after the First. Of these, the first would be the unmoved mover
that moves the sphere (k#72) of the outermost body, then the one similar to it [that moves]
the sphere (kxra) of the fixed stars, then the one similar to it [that moves] the sphere of
Saturn, and so on, terminating in the intellect that emanates on us, namely, the intellect
of the terrestrial world, which we call the Active Intellect. If, however, this is not the case,
but if each moving sphere (kx#74) and each planet has a rule governing its own motion,
then these separate [intellects] would be of greater number. It would follow, according to
the doctrine of the first teacher, that there would be something close to fifty or over, the
last of them being the Active Intellect. But you have known, from what we have said in
the Mathematics, what we have attained in ascertaining their number.!*’

First, itis important to highlight Avicenna’s terminology here. He uses here the term
kura for what we called a minor orb before. These are the eccentric and epicyclic
spheres, which can be subsumed as a single bundle of spheres belonging to each
planet, to which Avicenna refers as falak.

In this paragraph, then, Avicenna discusses the number of separate intellects as
celestial movers. There are basically two possible ways to count them. The second
is the one we know from Aristotle’s Metaphysics XII, namely that there is one
mover for every motion in the heavens. We will take a closer look at this possibility
when discussing Avicenna’s theory of celestial dynamics. What is of interest now
is the first option, which reminds us of Ptolemy’s Planetary Hypotheses, although
Ptolemy’s worry is not the number of unmoved movers. Nevertheless, there are
certain elements that are close to the Planetary Hypotheses. The heaven is divided
into bundles of spheres or main spheres, which include a varying number of minor
orbs or spheres. When we forget about the fixed stars for a moment, there is exactly
one planet for each of these bundles. From the planet itself, a power is emitted
throughout the entire corresponding bundle and thus to all the minor spheres. In
this sense, the dynamic theory described by Avicenna is very similar to the one we
get in the Planetary Hypotheses.

How does this report by Avicenna relate to the topic at hand, namely al-Farabi’s
cosmology? When we take the features of this dynamic theory together, we get a
picture that is compatible with what al-Farabi has to say about celestial motions within

on al-Farabi and Avicenna, see Janos, “The Reception of Ptolemy’s Theory’. I thank Damien Janos
again for sharing an earlier version of his article. Since our studies were produced simultaneously, I
do not refer to his article in detail here. However, my following analysis of the relevant passages from
al-Farabi and Avicenna agrees with Janos’s account.

149 Arabic text and tr. by Marmura, see Avicenna, The Metaphysics of The Healing, 1X.3,
Pp- 325:14—326:4, translation slightly revised.
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his emanation scheme. First, Avicenna follows al-Farabi’s initial simple equation of
the number of separate intellects or movers with the number of celestial spheres.
This exact connection of astronomy and metaphysics that stems from Aristotle’s
Metaphysics X11.8 apparently was brought to attention by al-Farabi and then taken
to the next level by Avicenna. Next, Avicenna’s theory of ten separate intellects and
their emanation, the division of the heaven into nine main spheres, and the emission
of powers in the celestial world echo al-Farabi’s account.

These comparisons between the model described by Avicenna on the one hand and
between Ptolemy’s Planetary Hypotheses as well as al-Farabi’s cosmology on the other
enable us to conclude that similar elements appear in all three sources. Admittedly,
there are some differences between Avicenna’s description and the extant Arabic text
of the Planetary Hypotheses. For instance, the terminology of emanation (fzyd) that
is used by Avicenna is lacking from Ptolemy’s text. This terminological shift can be
explained insofar as Ptolemy does not provide us with a theory of separate intellects
as unmoved movers, nor with the Active Intellect as the intermediary between the
celestial and the sublunar world. In addition, in similar passages from other works
which will be discussed below, Avicenna adds that the planet can be compared to an
animal’s heart, which is something that cannot be found in the Planetary Hypotheses.
With respect to these instances of slight shifts and additions, Avicenna’s description
apparently borrows from elements present in al-Farabi, who, for example, makes the
heart the seat of the soul and the ruling 0rgan.150 Furthermore, we have seen that
al-Farabi depends heavily on the Neoplatonic tradition. This influence is evident
in al-Farabf’s theories of emanation, of the First Cause and how it relates to the
separate intellects, of using terms such as ‘desire’ and ‘love’ to label the relationship
between the celestial souls and the intellects or the intellects and the First Cause,
and in his discussion of which capacities the celestial souls have.

Allin all, it seems reasonable to follow Janos’s suggestion that Avicenna relies on
and refers to al-Farabi’s cosmology here, although we are lacking the primary source
by al-Farabi himself. Avicenna provides us with the following picture: Ptolemaic
cosmology was received through the Arabic translation of the Planetary Hypotbeses.
Some of the predecessors of Avicenna — and Avicena has probably al-Farabi in
mind — took the idea of bundles of spheres (which was admittedly present not only
in Prolemy’s Planetary Hypotheses but also in Alexander’s On the Cosmos) and of
souls’ powers that permeate each of these bundles from the Planetary Hypotheses and
transferred it to the emanation cosmology as inherited from the Greek Neoplatonic
tradition.’ We thus learn from Avicenna’s report that the system from Book II of
Ptolemy’s Planetary Hypotheses combined with certain elements from (al-Farabi’s)

150 See Avicenna, al-Mabda’, p.71:15—-18, as well as Avicenna, ‘al-Sama’ wa-l-alan’, pp. 45:12-14,
as well as Janos, Method, Structure, p. 367. For Prolemy’s location of the hegemonikon in Prolemy’s
On the Kriterion, see above, p. 156.

151 See also Walzer’s brief comments on the possible influence of the Planctary Hypotheses in
al-Farabi, On the Perfect State, pp. 365—66.
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works on emanation was present and the subject of ongoing discussions in his
time. Apparently, some philosophers found this account useful in their attempt to
combine the unmoved movers from Metaphysics X1, Aristotle’s theory of aether
from On the Heavens, the conviction that the celestial bodies must be ensouled, and
Neoplatonic emanation. This attempt to combine these doctrines is also mirrored
heavily in Avicenna’s own works.

I will now turn to Avicenna’s own stance within this discussion and to the
question whether he directly knew the Planetary Hypotheses. The passage quoted
above, where Avicenna lays down the two concepts of celestial motions, stems
from Book IX of the metaphysical part of 7he Cure. This book (together with the
preceding Book VIII) deals with emanation of all things from the First Cause and
thus the cosmological passage stands in a context similar to al-Farabi’s cosmological
section in Oz the Perfect State. The process of emanation in itself is also similar to
al-Farabr’s, namely that the first separate intellect emanates from the First Cause, after
which the outermost sphere and the next intellect emanate from the first separate
intellect. As in al-Farabi, this scheme goes on until the last of the separate intellects,
the Active Intellect, which then is responsible for the sublunar world. Certainly,
some modifications were made by Avicenna to al-Farabi’s system, one of the most
important being the threefold emanation from every intellect. According to Avicenna,
every intellect creates not only the next intellect and the corresponding sphere, but
he explicitly describes that both the body and the soul of the sphere emanate from
a separate intellect, in addition to the next intellect.">> More important for the
present discussion than such modifications concerning the scheme of emanation
are Chapters IX.2 and 3 of the metaphysical part of 7he Cure, where Avicenna tries
to establish the causes for the motions of the celestial spheres.

His main argument in Chapter IX.2 is to show that the soul is the proximate
cause for celestial motions. He asserts that one can call the continuous creation of
the first sphere’s inclination to move in a circular fashion ‘natural’ only if we allow
that this use of ‘nature’ involves an act of the soul. This passage should be read
against Alexander’s equation of nature and soul as the cause for celestial motions.!>
Instead, Avicenna prefers to stress that celestial motion arises from the spheres’ souls
as proximate causes and he is more explicit than al-Farabi in making them the causes
of motion and not only of existence. Like al-Kindi and al-Farabi before him, Avicenna
addresses the question of which faculties the celestial souls possess. According to

I52For Avicenna’s theory of emanation, see Avicenna, The Metaphysics of The Healing, IX.4. For
these three step, see especially p. 33 1:2—13. See Davidson, Alfarabi, Avicenna, and Averroes, pp. 74-83,
Janssens, ‘Creation and Emanation’, and the summary in Twetten, ‘Aristotelian Cosmology’, pp. 375-79.
D’Ancona, ‘Ex uno’ provides an important investigation of the principle that from one only one can
come into existence, its relation to Avicenna’s scheme of emanation and the Neoplatonic sources.

153 Avicenna, The Metaphysics of The Healing, IX.2, p. 308:12—21. On p. 316:17-19, Avicenna
argues that Aristotle does not contradict himself when he sometimes asserts that the celestial motion
is natural but on other occasions that it is psychological.
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Avicenna, the celestial souls desire their corresponding separate intellects by will
and choice, and also imagination and estimation.’>* This means that the number
of celestial souls has to correlate with the number of separate intellects, and this is
the context of the passage that we have already discussed above in the context of
al-Farabi’s cosmology. As explained there, the first of the two models presented
results in dividing the heaven into nine main spheres or bundles of spheres. The
planets of each of these bundles send out an impulse to all the corresponding
minor spheres within their respective bundle, and only nine separate intellects
(plus the Active Intellect) are needed as the objects of the desire of the soul of each
main sphere. Avicenna introduces an alternative model that basically goes back to
Aristotle’s Metaphysics X11, as this model requires every celestial motion and thus
every minor sphere to have a proper soul desiring the proper separate intellect. Here
is Avicenna’s description of this second model again:

If, however, this is not the case, but if each moving sphere (k#72) and each planethasa rule
governing its own motion, then these separate [intellects] would be of greater number. It
would follow, according to the doctrine of the first teacher, that there would be something
close to fifty or over, the last of them being the Active Intellect. But you have known, from
what we have said in the Mathematics, what we have attained in ascertaining their number.!>

When he writes about the fifty motions or more, Avicenna directly refers to the
number motions in Aristotle’s astronomical system from Metaphysics X11.8, where
Aristotle also writes that there should be an unmoved mover for every motion.1>¢
Concerning the exact number, Avicenna writes that one can infer it from the
mathematical part of The Cure, thereby probably referring to his discussion of
Prolemy’s Almagest. This part of The Cure is usually considered as a paraphrase
of the Almagest and indeed it closely follows the structure of the entire Almagest.
Avicenna lays out the different planetary models as they are presented in the Almagest
and thus Avicenna probably means that by adding the number of the spheres for
every planet, one can get the overall number of celestial motions.’”

Both of these two models are generally in agreement with Avicenna’s theory of
emanation. In order to determine the number of the separate intellects that emanate
from the First Cause, one has to choose one of them. In the direct context of the
passage from the metaphysical part of The Cure, Avicenna does not show any preference
for either the first model, which seems to be based on the Planetary Hypotheses and

154 Avicenna, The Metaphysics of The Healing, IX.2, pp. 311:15-16 and 313:5-6; the details are
presented in Janos, ‘Moving the Orbs’, pp. 201-11.

155 Avicenna, The Metaphysics of The Healing,1X.3, p. 326:1—4, tr. by Marmura, slightly revised.

156 See Metaph. X11.8, 1073223-b3.

157 This part of Avicenna’s The Cure is edited as part of the mathematical section in Avicenna, “Ilm
al-hay’a’, but still awaits detailed research. For an overview, see Ragep and Ragep, “The Astronomical
and Cosmological Works’. Cf. Janos, ‘Moving the Orbs’, p. 193, especially n. 77 for a slightly different
reading of the last sentence of this passage.
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al-Farabi, or the second one based on Aristotle’s Mezaphysics. Nevertheless, a first
indication of Avicenna’s choice already appears a little before the passage in question.
Avicenna touches on the problem of the number of intellects when he discusses
the plurality of movers, asserting that the ‘first mover of the whole of heaven’ can
only be one, ‘even though there is for each of the celestial spheres (/i-kull kura min
kurat al-sama’) a proximate mover proper to it, and an object of desire and love
proper to it, as the First Teacher and those Peripatetic scholars of attainment after
him see it.”1>® Here, Avicenna uses the term kura, which he will later use to refer
to the minor spheres. He thereby sets himself in the tradition of the Aristotelian
commentators Alexander of Aphrodisias and Themistius, who upheld the theory
that although there is only one Prime Mover, there are movers for every sphere.”
The assignment of one mover to every minor sphere, in turn, corresponds to the
second model described by Avicenna, which is not the one by Ptolemy and al-Farabi.

In order to answer the question which cosmological model was chosen by Avicenna,
Damien Janos turned to other works, where Avicenna addresses the number of
intellects in a quite similar fashion !0 First, the presentation of Alexander’s and
Themistius’ opinions concerning the plurality of celestial movers that one finds in
The Cure basically follows the account of the earlier The Provenance and Destination
(al-Mabda’ wa-l-maad), with the difference that in the latter, the chapter in
question is called ‘on the fact that every particular sphere (f2/ak guz’i) has a primary,
separate mover’.1¢! Despite the fact that much material from The Provenance and
Destination is repeated in the metaphysical part of 7he Cure,'°? thereisan important
passage that deserves special attention because it introduces a further difficulty for
the discussion of the number of movers. The beginning of this section is similar to
the account from The Cure, with the difference that Avicenna ascribes the first of
the two models (the one depending on the Planetary Hypotheses) to some recent
authors (al-muta’abhirin).'*® Avicenna then adds the following section that is not
present in The Cure:

If there is a separate intellect for each motion, then the number of motions must be counted.
According to the opinion of Ptolemy, which is based on the fact that the epicycle penetrates

158 Avicenna, The Metaphysics of The Healing, IX.2, p. 317:1-4, tr. by Marmura, and similarly
p- 318:1-3. Directly afterwards, Avicenna discusses the existence of the starless sphere, the invention
of which he ascribes to Ptolemy.

159 Avicenna, The Metaphysics of The Healing,1X.2, p. 317:11-16. See Janos, ‘Moving the Orbs’,
pp- 182 and 194. Although Avicenna uses the term ku7a in his paraphrase of Alexander’s On the
Cosmos, in the citation from Themistius, the term fz/ak is used. Avicenna himself also uses fz/ak in
the same context in which he used kura before (Avicenna, The Metaphysics of The Healing, 1X.3,
p- 325:6), so the terminology is probably not decisive on this point.

160 See Janos, ‘Moving the Orbs’, pp. 192—201, from where most of the following references stem.

161 Avicenna, al-Mabda’, p. 61:14. See Janos, ‘Moving the Orbs’, p. 195.

162 See Gutas, Avicenna and the Aristotelian Tradition, p. 101. See also the summary of the
important cosmological sections of this work in Endress, ‘Alexander Arabus’, pp. 57-60.

163 Avicenna, al-Mabda’, p. 68:1.
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(tabrig) the deferent, the planet either penetrates the epicycle insofar as an epicycle is
posited, or the planet itself penetrates the orb if no epicycle is posited, as [in the case of]
the Sun according to the more likely account of Ptolemy (‘a/a galib zann Batlamyis).\**

As for the opinion of the philosopher [Aristotle], which is that for each planet there is
a sphere (falak) that endows it with its own motion, without the planet penetrating the
sphere, but rather with the planet being fixed in it, the sphere carries [the planet] along,
because the epicycle revolves on its own account and rotates the planet that is fixed in it.
The epicycle does not move from place to place (yantaqil) atall, but the deferent moves [the
epicycle] from place to place. And this teaching (madhab) is not weak, and the configuration
(al-hay’a) is not contradicted by it, even though this increases the number of motions.

If the motions are counted according to the two teachings, the number of separate intellects
[may be said to equate] the number of [motions]. According to the first teaching, the
separate intellects are of a lesser number by far than the number [of the second]. But the
most likely [interpretation] according to reasoning (agrab ila l-qiyas) is the teaching of
the philosopher [Aristotle], although there remains the obscure point concerning the fixed
stars, and this is no small question. It is not unlikely that it can be solved, but we shall not
delve into this matter lest our discussion digress too much.1®°

This passage illustrates two different accounts of the number of celestial motions.
As the introductory sentence makes clear, the following discussion is necessary once
one accepts not the first, but the second of the dynamic models presented before,
namely which supposes one separate mover for every motion and not simply for
every bundle of spheres. Whereas Avicenna, in The Cure, is satisfied with simply
referring to his reworking of the A/magest for the exact number of motions, here,
in The Provenance and Destination, he feels the need to explain that there is a
disagreement about the number of motions between Aristotle and Ptolemy. This
passage suggests that Avicenna was hesitant about the question at hand, but ultimately
thought that it was most likely that there were as many separate intellects as there
were celestial motions, and that no planet or sphere passes through another one,
just as in Aristotle’s cosmology.

However, this passage also gives rise to two interesting points for the history of
cosmology in general, and for the question of how Avicenna received Aristotle’s and
Ptolemy’s cosmology more specifically.!®® First, Avicenna ascribes a cosmological
system to Aristotle that includes epicycles. In doing so, he supposedly stands within
alarger tradition of philosophers trying to combine Aristotelian metaphysics with
more recent astronomical trends. This ahistorical ascription can be compared to the

164'T'hjs is, in fact, a nice rendering of Prolemy’s decision to posit an eccentric sphere for the Sun
and it fits my analysis in Chapter I1, see above p. 35.

165 Avicenna, al-Mabda’, p. 68:10—22, tr. by Janos in Janos, ‘Moving the Orbs’, p. 196, modified.

166 These two points are already discussed in Janos, ‘Moving the Orbs’, pp. 197-98.
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tradition of the Peripatetic philosophers such as Adrastus, as shown before.’¢” Second,
Avicenna does not clearly state where he got the information that Prolemy supposed
that the planets or epicycles cut through the epicycle or deferent. Nevertheless, one
can safely identify the Planetary Hypotheses as the ultimate source for these assertions
and thus explain (a) what Avicenna actually means by ‘penetrating’ (baraga), and
(b) why he ascribes this ‘penetrating’ to Prolemy. As Avicenna writes towards the
end of the quoted passage, the system presented here as Ptolemaic has fewer motions
than the supposedly Aristotelian one. Although Ptolemy did not elaborate on the
separate intellects and their number in his astronomical works, he tried to reduce
the number of spheres needed for every planetary model in Book II of the Planetary
Hypotheses, and his system of sawn-off pieces enabled him to achieve that. Along the
way, Ptolemy also suggested getting rid of the last sphere of each bundle of spheres,
namely the one that carries the planet, once one accepts that every planet moves
voluntarily on its own account. These references to the Planetary Hypotheses explain
Avicenna’s assertion that the planet penetrates the surrounding orb, since in that case,
the planet has an independent motion by itself and is no longer carried by a sphere
on which it is fixed. Instead, it changes its position within the next sphere, which
one still needs to account for the complex planetary motion. Since the last carrying
sphere can be nullified in that picture, the total number of spheres is decreased.!®®
It is more difficult to explain Avicenna’s other assertion that the epicycle also cuts
through its deferent sphere, but I would suggest that he misunderstands Ptolemy in
that respect. Instead, Ptolemy is able to reduce the number of spheres through his
adoption of sawn-oft pieces because in the case of the planetary models, the sawn-oft
deferent piece is embedded in one contiguous sphere that is homocentric with the
centre of the cosmos.!®” Thus, the Planetary Hypotheses can explain Avicenna’s
assertion that, in Ptolemy’s picture, the planets penetrate the spheres and how this
is connected to the question of the number of spheres. The fact that, as far as we
know, Avicenna is the first one to articulate such a criticism (for he finds it rather
implausible that the planets actually pass through their orbs) in a philosophical
context is a strong indication for his acquaintance with the Planetary Hypotheses.
Around the same time, Ibn al-Haytam also raises similar criticisms against Ptolemy’s
sawn-off pieces. He formulates the same worry, though in a different way. He did
not call this independent motion by the planets ‘penetrating’, but rather spoke of
‘vacating one place and occupying another’, which necessitates the existence of a
void, and he repeats the same doubt concerning the sawn-off pieces.!”®

167 See above p. 43.

168 Ty this interpretation, it appears that Avicenna equates the number of separate movers with
the number of celestial spheres and not motions and he does not address the question whether an
independently moving planet would need a separate mover, as well.

169 See Plan. Hyp. I1.17 and the commentary on Chapter IL.17.

170 See above, p- 180.
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Before we turn to other cosmological passages from Avicenna’s corpus, it might
be helpful to recapitulate Avicenna’s reception of Ptolemy’s Planetary Hypotheses.
First, he mentions a dynamic model in which the planet emits an impulse to its
proper spheres, on account of which they then move. As far as we know, this theory
was only put forward in Planetary Hypotheses 11.7. Second, I have just shown that
Avicenna was well-acquainted with Ptolemy’s planetary models based on sawn-oft
pieces, as they are presented in Planetary Hypotheses 11.11-17. He even understood
that Prolemy’s suggestion of independently moving spheres leads to a reduction of
the number of spheres. In addition, Avicenna’s texts are also helpful as witnesses of
the reception of this dynamic model in the time before him. As pointed out before,
he ascribes this model not to Ptolemy or some ancient authors in general, but to
more recent authors (muta’abpiran) in his The Provenance and Destination. In the
same work, he writes that this model can be compared to the motion of an animal,
namely that in that case, the planet would correspond to the heart. However, the
same people upholding this theory also say that this is not the case with respect to
the sphere of the fixed stars, for there is not only one planet but a huge number of
stars in only one sphere. In that case, it is the other way round, namely that ‘as if
the sphere were a heart and the stars in it were limbs’."”! In this passage, Avicenna
also explicitly distinguishes between the main spheres (kura kulliyya) and minor
or particular spheres (kura §uz’yya), a distinction already mentioned before. More
important, however, is that although Ptolemy compares these minor spheres to the
birds’ limbs, he never compares the planet to the heart. Though this assumption
might not be far-fetched once one considers the heart to be the seat of an animal’s
soul, it nevertheless shows that philosophers before Avicenna, probably including
al-Farabi, directly elaborated on the received Ptolemaic theory. To this reception of
earlier accounts, one can add that Avicenna himself only compares the entire heaven
to an animal (which is not what Ptolemy does in the Planetary Hypotheses) when
he compares an animal’s soul to the celestial soul in the metaphysical part of The
Cure. Here, one must have in mind that Avicenna also deals with the comparison
of celestial and terrestrial souls in the psychological part of The Cure, concluding
that terms such as ‘soul’ and ‘life’ can be used both for celestial and animal souls
only in an equivocal way.12

Ptolemy’s dynamic model misses a similar explanation of how this model should
work for the fixed stars. Do they all send the same impulse to the sphere carrying
them? It seems that in the Arabic tradition before Avicenna, people addressed this

171 Avicenna, al-Mabda’, p. 71:15—18.

172 See Avicenna, The Metaphysics of The Healing, IX.2, p. 312:3—4, where he compares the
celestial soul to an animal’s soul and, before that (IX.1, p. 307:4-6), the entire heaven to an animal.
For the passage from Avicenna’s psychology, see Avicenna, De anima, pp. 12:9-14:11, and the
English translation by Alpina in Alpina, Subject, Definition, Activity, pp. 202—04. For a more detailed
discussion of Avicenna’s accounts of celestial souls in both his metaphysical as well as psychological
works, see Alpina, ‘Is the Heaven an Animal’.
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question and argued that it is the sphere that emits an impulse and not each of the
fixed stars. Avicenna describes this solution in his reworking of Aristotle’s On the
Heavensin The Cure (in the following: On the Heavens and the World). In Chapter 6
of this part, which is called On the Motions of the Planets, Avicenna deals with the
same set of questions that he also addressed in the metaphysical part of The Cure
and The Provenance and Destination, although in a much more dialectical way. He
divides the opinions of people who think that the planets are fixed on the spheres
and do not pass through them into three groups:

1) [There are] those who claim that despite this [i.e. despite the fact that the planets are
fixed and themselves motionless] the planet is the first principle for emanating the power
to move [something else] from it, like for example the heart or the brain despite their
motionless state. 2) There are those who think that the principle of motion is within the
body of the heavens, since it moves itself, namely from the essence. 3) And there are those
who think that [a] in the case of some celestial bodies, the powers of their motions are
emitted (tanba it)'”> from their planets, namely in the case of the motion that is composed
(multa‘ima) for them [in a way] that it consists (¢4/tasm) rather of a number of spheres
and one planet, like the spheres of the planets which they call ‘wandering’; and that [b]
in the case of the other celestial bodies, it is contrary to that, namely in the case of the
motion that is composed (multa’ima) [in a way] that it consists (¢a/ta’im) of one sphere
and a number of stars, like the sphere of the stars which they call “fixed’. However, to me,
it is not clear and obvious whether the fixed stars are in one sphere or in [a number of]
spheres enclosing each other, except by persuasions (ignd 4t). But it is possible that this is
clear for someone else.!*

With the second option, Avicenna presents Aristotle’s own doctrine from Oz the
Heavens, which simply reflects that this section is from Avicenna’s discussion of On
the Heavens and not Memp/oyﬂ'a.m In the first and the third group, on the other
hand, we once again come across the model that is influenced by the Planetary
Hypotheses. Here, Avicenna describes the comparison between the planet and either
the heart or the brain of an animal, probably depending on where the adherents
of this doctrine located the soul in animals. The third group, finally, is similar to
the first one, except that some people apparently draw the distinction between the
planets and the fixed stars, which Avicenna also addresses briefly in 7he Provenance
and Destination. In what follows, Avicenna tackles again the question whether the
planets penetrate the spheres, but this time without reference to Prolemy. Instead, he

173'The same term is used in the Arabic version of the Planetary Hypotheses, see Plan. Hyp. 117,
p- 302:3. For the term #zba ‘ata in the context of Avicenna’s emanation, see Janssens, ‘Creation and
Emanation’, pp. 465-67.

174 Avicenna, ‘al-Sama’ wa-l-alam’, pp. 45:12—46:7.

175 Note the passage in the metaphysical part where Avicenna argues that Aristotle does not
contradict himself when he sometimes asserts that the celestial motion is natural but, on other
occasions, that it is psychological. See Avicenna, The Metaphysics of The Healing, 1X.2,p. 316:17-19.
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compares it to someone swimming in a running river, an example that also appears
in the Planetary Hypotheses:

If [someone] swims in the opposite direction of the stream of the water, then he could
be motionless. It would appear that the stream surpasses him and he would remain in his
place. And he could do the opposite of that, for if this standstill by him is complete resting,
it would be the opposite [case], namely that he flows oft with the stream by a motion,
while he does not penetrate (yabrig) the water and what meets him does not depart from
him. The same is the case for the planets.!”®

Of course, it is possible that Avicenna alludes here to the famous Aristotelian
examples of the sailor who moves through the motion of the ship on which he stands
or of the boat on the river in his discussion on place.!”” However, in this context
of a comparison to a planet’s motion inside a sphere, the Planetary Hypotheses is
a more likely point of reference. The rest of this chapter deals with the question
of whether the planets move by themselves or not, but here, Avicenna stays in the
frame that Aristotle had given in On the Heavens 11.8 regarding planetary rolling
and rotational motions.

Although all these passages from the various works by Avicenna are somehow
repetitive, each of them adds an interesting feature to the current discussion.}”8
When one takes a step back and tries to look at the celestial dynamics in early falsafa,
the following picture emerges. As early as al-Kindi, one can identify many different
sources of his cosmological teachings. However, although he reveals knowledge and
usage of Aristotelian elements, late ancient sources, and even Ptolemaic elements,
he does not tackle the problem of how celestial motions come about. The few
things al-Kindi has to say about them, namely their origin from souls and their
influence on the sublunar world of generation and corruption, make their way to
al-Farabi, who connects these with his metaphysical theory of emanation. If Janos’s
reconstruction of al-Farabi’s cosmology is correct, al-Farabi heavily depends on
Prolemy’s Planetary Hypotheses and Alexander’s On the Cosmos to combine this
emanation with a working theory of a psychological connection between the planets
and their spheres, though neglecting Aristotle’s and Ptolemy’s theory of acther. Even
if someone is hesitant about al-Farab1’s cosmology because of the loss of possibly
important physical and cosmological works, Avicenna completes the picture: he
reports about a certain group of scholars, in which we can include al-Farabi, who
indeed upheld a theory that is dependent on Book II of the Planetary Hypotheses.
As already highlighted before, al-Birani reported of ‘the many’s belief’ in such a

176 Avicenna, ‘al-Sam? wa-l-alam’, p. 46:12—15. Compare Plan. Hyp.IL6, p. 298:12-13.

177 See An., 406as-8, and Phys. IV.4, 212a17.

178 Avicenna presents the two cosmological models in yet another work that I do not discuss in
particular, namely the psychological part of The Cure. See Avicenna, De anima, p. 13:3—10. For the
relationship between Avicenna’s statements on celestial souls and sublunar souls, I again refer to
Alpina, ‘Is the Heaven an Animal’.
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model as well. Despite Avicenna’s dismissal of this model, he nevertheless shows
deep insight into Ptolemy’s Planetary Hypotheses.

All of these three authors knew Ptolemy’s astronomical teachings well, as is
evident from their engagement with the A/magest. There is, however, one major
difference between Avicenna and his forerunners (at least as far as the extant material
is concerned). There is no evidence for a discussion of the causes of the particular
celestial motions and how they interact with each other from a philosophical point of
view in al-Farabi’s summae. In the context of the question of the number of separate
intellects, Avicenna considers these discussions, which seem to have been taken
place before him, in different philosophical disciplines, such as in the metaphysical
sections as well as those on natural philosophy within The Cure.

I have already briefly mentioned aI-GﬁZgini, who lived and worked together
with Avicenna. He composed an astronomical treatise called Epitome of How the
Spheres are Arranged (Hilas kayfiyyat tarkib al-aflak), which takes al-Fargani’s
Summary of Astronomy as starting point for a number of different discussions.'”?
As already indicated, al-Guzgani explicitly refers to the Planetary Hypotheses in the
introduction of this treatise, which makes it rather unlikely that Avicenna did not
have access to this work. 18 Since we lack an edition of this text, it suffices here to
say that al-Gizgani apparently returns to a theory of mechanically interconnected
spheres. Although, in the Planetary Hypotheses, Prolemy tries to refute a theory in
WhivCh motion is transmitted from the enclosing to the enclosed sphere through poles,
al-Guzgani argues for such a means of transmission and thus dismisses Ptolemy’s
solution that includes powers from souls.!®!

In the Footsteps of Ibn al-Haytam and Avicenna: al-Haraqi and Nasir al-Din
al-Tusi

Before I proceed with one of the most important followers of Avicenna, namely
Nasir al-Din al-Tisi, I want to add a couple of notes on the analogy of a fish or a
swimmer in water in the context of a planet penetrating a sphere. In Chapter II,
I pointed to similar statements in two other authors, namely Kasyar ibn Labban
and the anonymous appendix to Ibn al-Haytam’s Oz the Configuration of the
World. Above, I quoted the subsequent part from al-Zig al-Giami‘, where Kasyar
ibn Labban opposes the two positions that the planets either are accidentally
moved by the spheres or move by themselves and penetrate (zahrig) the sphere.
Similarly, the appendix in Ibn al-Haytam’s On the Configuration of the World
explains that if the planets move on their own account and if there can be no void
in the heavens, then the spheres would be penetrated (tanbarig) by the planets.

179 See the overview in Ragep, ‘The Khilas kayfiyyat’. There is also an extract of this work edited by
George Saliba, see Saliba, ‘Tbn Sina and Aba ‘Ubayd al-JazjanT. See also the brief discussion above, p. 8.

180 MS Mashhad, Astan-i Quds, 392, f. 92:20.

181 See Ragep, “The Khilas kayfiyyat’, p. 304.
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Although the anonymous author of this appendix rejects this way of planetary
motion by this reasoning, Kasyar only states that the astronomers do not deal with
these issues, ‘may their discussion on that point be true or convincing.’182 Thus,
in two works that stem from approximately the same time as Avicenna, we have
similar statements on the theory of independently moving planets that apply the
same terminology. One should consider this finding in the context of the rise of a
debate on the relationship between the different sciences, their principles, and their
methods around Ap 1000 that I have highlighted in Chapter II. Nevertheless, the
analogy to something swimming in water that was introduced by Avicenna is not
used by Kasyar or in the spurious appendix. This changes with the work of Aba
Bakr al-Haraqi, who lived in the first half of the twelfth century AD in the Islamic
East and thus in the time between Avicenna and al-Tasi. In the introduction to
his astronomical work The Utmost Degree of Understanding the Divisions of the
Spheres (Muntaba l-idrak fi tagasim al-aflak), al-Haraqi first complains — in a
fashion similar to Ibn al-Haytam, to whom he, in fact, refers a little later as a better
example — about the fact that previous astronomers merely dealt with circles and
lines and not with physical bodies. He goes on:

Then, the judgment (bukm) concerning the calculation is the same, regardless of
[whether] the planet moves from one point to another by itself or to [the other
point] by the motion of sphere, just as one journey for us from one place to another
either walking or riding is the same concerning the calculation. This light-minded
[attitude] led some people to a major mistake as they thought that it is the planets in
the spheres that move by themselves (b7-dawdati-h4) and not that they are moved in an
accidental way (‘ala sabil al-‘arad) by the motions of the spheres. They are forced to
an impossible position, namely in what they believed of the penetration (inbiraq) of
the spheres by the course of the planets in them, in accordance to what they observed
of the penetration of water by fish swimming in them. This is due to their ignorance
that the sublime bodies cannot possibly receive penetration (baraq) and are exempt
from an inclination to a side through a straight motion, until ‘God concludes a thing

that was to be done.!83

The fact that previous astronomers failed to provide accounts of the physical
arrangement of the celestial spheres is, for al-Haragj, the reason why an unspecified
group of people adopted the theory that planets move on their own account and
pass through the celestial spheres, which is exactly the same picture described by

182 For Kaisyar’s account, see MS Alexandria, Baladiyya, 4285 C, ff. 12":19-13":1. Note again that
the sentence on the planets penetrating the spheres is not transmitted in another important witness,
namely MS Istanbul, Siileymaniye Kiitiphanesi, Fatih 3418, f. 104":3-6. For the appendix, see Ibn
al-Haytam, On the Configuration, p. 66:13-15 (Arabic part), and above, pp. 98-99.

183 See the Arabic edition in Ghalandari, 4 Survey, p. 149:11-18. I also consulted the German
translation in Wiedemann and Kohl, ‘Beitrige. LXX, pp. 207-08. The last sentence is a quotation
from Qurin 8:44.
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Avicenna, Kasdyir, and the anonymous author of the appendix in Ibn al-Haytam’s
On the Configuration of the World. Like Avicenna, al-Haraqi uses the planet—fish
analogy, which is missing from the other two witnesses. He adopts a similar criticism
to the one in the appendix of On the Configuration of the World, namely that the
heavens should not admit any kind of alteration. As I will highlight shortly, Nasir
al-Din al-Tast holds the same position. On this basis, and given the lack of a source
at our disposal, it remains unclear whether al-Haraqi himself knew of authors
who defended such a cosmological theory or whether he relies here on Avicenna.
Interestingly, though, al-Haraqi cautiously remarks that such physical rules are true
for only as long as God wishes them to. This introduction of God’s omnipotence
points to the theological tradition, more specifically to another verse from the
Qur'an, where it is written that the Sun and the Moon ‘each swim in a sphere’
(kullun fi falakin yasbabuna).’®* In fact, the Ihwian al-Saf?’ refer to this verse when
they describe how every sphere and every planet partakes in the diurnal motion of
the all-enclosing sphere (falak mubit), without, however, going into any further
details on celestial dynamics.’®> Despite this verse from the Qur’in that uses the
terminology of ‘swimming’, the abovementioned authors rejected a comparison of
the motion of a fish in water to the motion of a planet inside a sphere.

It is no different in the case of Nasir al-Din al-T'asi. If one wants to understand
his position within these discussions on celestial motions, his commentary on
Avicenna’s Pointers and Reminders (al-Isarat wa-l-tanbibat) is the most important
source. In the section on metaphysics, Avicenna touches very briefly on the question
of the number of celestial bodies and their movers. Asin 7he Cure, the investigation
of creation and the First Cause leads Avicenna to the investigation of the separate
intellects and their relationship to the celestial bodies. He then begins Chapter 30
of the sixth section on metaphysics with the statement that the celestial bodies are
many in number. In his commentary on the Pointers and Reminders, al-Tasi divides
this chapter into four objects of inquiry, the first being the number of spheres.
Al-Tasi uses this opportunity to address Ptolemy’s theory of sawn-off pieces. I have
discussed these passages in Chapter IT and pointed out that the next topic, namely
the number of celestial souls, is a ‘philosophical investigation’. In the main text of
the Pointers and Reminders, Avicenna writes that each of these celestial bodies,
including homocentric and eccentric spheres, epicycles, and even the planets, have
their own ‘principle of circular motion’, namely a separate mover.!%¢ This is the

184 Quran 21:33.

185 See Ihwan al-Safx’, On astronomia, pp. 10:1-11:2 (Arabic section). This should be read in the
context of other attempts by the Ihwin al-Saf2’ to harmonize cosmology with theology. For example,
in their epistle On the Heavens and the World, they compare the nine main celestial spheres to the
eight angels carrying God’s throne from Quran 69:17. See Ihwan al-Saf&, On the Natural Sciences,
Epistle 16, Chapter 3.

186 Avicenna, ‘al-Iarat’, Vol. 3, pp- 189-91.
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starting point for al-Tasi in referring to the different accounts on the celestial movers,
which we already encountered in Avicenna’s own descriptions in his other works.

There are, according to al-Ttsi, mainly two groups, the first one asserting that
‘each of these planets with its spheres’ can be compared to:

one single animal, equipped with one soul that is connected first to the planets and then
by mediation of the planets afterwards [also] to its spheres, just like the soul of the animal
is connected first to its heart and afterwards by its mediation to the remaining limbs. The
moving power is emitted (munba‘ta) from the planet, which is like the heart, next to its
spheres, which are like the remaining organs and limbs.¥”

Just as Avicenna, al-Tiasi does not state here who actually followed this theory. As
previously shown, he knew about the content of the Planetary Hypotheses but he did
not relate the theory of sawn-off pieces explicitly to Ptolemy. In general, however,
al-TasT’s description does not contain anything that is not reported already by
Avicenna, so it is possible that he depends on Avicenna’s other works.

With regard to the second group, however, al-Ttsi goes into much more detail
than for the first one. First, he presents this second group in a similar fashion to
Avicenna, namely that according to this group, every sphere has a moving soul of
its own. However, he adds the brief statement that also every planet has a moving
soul: ‘Others argue that each one of the mentioned spheres possesses a moving soul
of its own, and likewise every plamet.’188 The following paragraphs deal with the
consequence of this statement. This discussion is triggered by Avicenna’s claim that
there is a principle of circular motion for the planets, which also occurs in the passage
quoted above from 7he Cure. Itis, however, difficult to say whether Avicenna believes
that the planets have a motion in their own right. In the corresponding passage in On
the Heavens and the World, Avicenna follows On the Heavens I1.8, where Aristotle
argued that the planets neither roll nor rotate and are simply carried by the sphere.
Avicenna adds the argument that we always see the same dark spots on the surface of
the Moon (called mabw al-gamar), which he considers as a solid argument against
a rolling motion. Against someone insisting that the Moon rotates because these
spots can also be explained by other bodies covering parts of the Moon, Avicenna
puts forward Aristotle’s argument that planets are not equipped with organs for
locomotion.’®” In turn, al-Ttisi seems to be worried by Avicenna’s inclusion of the
planets in this picture, as he tries to explain why they should have a moving soul
but still be fixed on and carried by a sphere. He alludes to the same example of the
dark spots on the Moon that Avicenna used in On the Heavens and the World to
argue against the Moon’s rolling motion, but with the reservation (already made

187
188

al-Tast, ‘Sarh al-Isarat, Vol. 3, p. 189:8-13.
al-Tast, ‘Sarh al-Isarat, p. 189:17-18.

189 See Avicenna, ‘al-Sam? wa-l-alam’, pp. 46:16-47:4. There is the further issue of what to make
out of his statement at p. 47:13-14: ‘And one must also believe that the planet itself necessarily moves
on its own, since it is known from the states of the celestial bodies.” Cf. Janos, ‘Moving the Orbs’, p. 200
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by Avicenna) that this is only a valid argument as long as these spots are not merely
reflections on the Moon’s surface but things existing in reality.!”® However, al-Tts
remarks that a certain judgment on this issue is problematic. His doubt can still be
detected in his Memoir on Astronomy.”* Without stating his own preference, al-Ttist
closes this part of the discussion by stating that according to this opinion (%/4 hada
l-ra’), the number of separate movers corresponds to the number of spheres and
planets combined, and that Avicenna endorsed this view.1*2 There is, however, no
trace of the motion of the planets themselves in his Memoir on Astronomy, in which
the complex planetary motions are assigned to the various spheres.

Although the statements on separate movers for the planets remain somewhat
obscure, Avicenna makes it rather clear that the planets do not have an independent
motion from the spheres in such a way that they would change their position within
their carrying sphere. This is what he calls ‘being penetrated’ (inharaga). Although
similar statements also appear in Avicenna’s other works, as just seen above, it is
remarkable that Avicenna addresses the penetration of the celestial spheres in his
brief discussion in the Pointers and Reminders as well. He states that the planets
are carried around the Earth because they are fixed on a carrying sphere and do not
penetrate that sphere.!”® Al-Ttisi comments on this sentence that Avicenna, by
saying that the planets do not penetrate their spheres, aims to argue that they do
not behave like fish swimming in water. Avicenna himself does not allude to this
example in the Pointers and Reminders, but in a passage from his On the Heavens
and the World that has been discussed above. This passage is repeated here for a
direct comparison:

If [someone] swims in the opposite direction of the stream of the water, then he could
be motionless. It would appear that the stream surpasses him and he would remain in his
place. And he could do the opposite of that, for if this standstill by him is complete resting,
it would be the opposite [case], namely that he flows off with the stream by a motion,
while he does not penetrate (yahrig) the water and what meets him does not depart from

him. The same is the case for the planets.!”*

Given that in this passage, Avicenna also speaks of ‘penetrating’, al-Tasi surely
has this passage in mind when he writes the following in his commentary on the
Pointers and Reminders:

Then, Avicenna denies the imaginary notion (wabm) to which one is taken among the
common people, namely that the stars move within the spheres as fish move in water. For
the claim about the multiplicity of the motions that is necessary for the multiplicity of

190 See al-Tasi, ‘Sarh al-Iarat’, Vol. 3, p. 190:3-7.

Y1 See al-Ttsi, Memoir on Astronomy, p. 159:20-23.
192 See al-Tasi, ‘Sarh al-Isarat’, Vol. 3, p. 190:10-13.
193 Avicenna, ‘al-Idarac’, Vol. 3, p. 192:1-2.

4 Avicenna, ‘al-Sam?’ wa-l-alam’, p. 46:12-15.
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204 CHAPTER III: THE DYNAMICS OF CELESTIAL MOTIONS

the movers is built on this [denial]. He denies it for two reasons: one of them is the prior
general proof, namely that penetration (/-harg) and mending of the bodies that possess

circular motion by nature is impossible.195

Al-TtsT’s main argument here is that if we assume that the planets have an independ-
ent motion, we would not need to assume a multiplicity of motions and separate
movers. In summary, al-TGsi tries to further explain Avicenna’s brief assertions in
the Pointers and Reminders by adding some elements that can already be found in
Avicenna’s On the Heavens and the World. These include the comparison of the
planets in their sphere to animals swimming in water, which is rejected both by
Avicenna and al-Tsi, and al-TasT’s reference to the lunar spots. Moreover, when
al-Tasi presents the dynamic model known from the Planetary Hypotheses, he uses
the term 7nba ‘ata (‘being emitted’). Again, this term is not used in this context in
the Pointers and Reminders, but in On the Heavens and the World. Thus, al-Tasi
apparently had the cosmological part of The Cure athand while commenting upon
Avicenna’s Pointers and Reminders, and generally followed Avicenna in arguing
against a motion by the planets themselves that would be independent from a
carrying sphere. Ibn al-Haytam saw a similar problem in assigning an independent
motion to the planets, as he wondered how it is possible that something could
move independently within a sphere but nevertheless take part in its motion.”®
The difference between al-Tasi and Ibn al-Haytam, however, is that al-Tasi’s
argument is embedded in a metaphysical discussion, not in an astronomical one.
Thus, al-TGsi relates this argument to the number of separate movers: if the planets
move independently from the carrying spheres, there would be no need for several
spheres and thus no multiplicity of movers.

In al-Tasi’s commentary, there are other interesting passages on the theory
of emanation and the separate movers.'”” However, it is also worth looking into
al-Tast’s more technical astronomical works. The first book of his Memoir on
Astronomy contains two propaedeutic chapters. The first is a glossary of important
geometrical terms, whereas in the second, al-T1si lays out the principles that one
needs to take from natural philosophy. These physical presuppositions are not
many in number and can be compared to the physical principles established by
Prolemy in Book II of the Planetary Hypotheses: the distinction between rectilinear
sublunar and circular celestial motion, the lack of any alteration in the heavens, and

195 al-Tasi, ‘Sarh al-Isarat’, Vol. 3, p. 190:16-20. The second reason omitted in the quotation
consists of a long astronomical argument on the regular opposition of the apogee and perigee of the
planets, see al-Tasi, ‘Sarh al-Isarat’, Vol. 3, pp. 191:1-193:11.

196 See above, pp- 180-81.

197 See, for example, his citations from Alexander’s On the Cosmos and from Themistius at al-Tasi,
‘Sarh al-Isarat, Vol. 3, p. 182:19-24.
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the impossibility of the existence of a void.'”® Al-Tusi further divides self-motion
into monoform motion and non-monoform motion. The principle of the first
is called ‘nature’ (26°) and is ascribed to the involuntary motion of the sublunar
elements as well as to the voluntary motion of the celestial bodies, whereas the
principle of the second is called ‘soul’ and is explicitly ascribed to the motion
of plants and animals. This passage seemingly contradicts Avicenna’s account,
which describes the celestial souls (together with the intellects) as the movers of
the celestial bodies and is apparently accepted by al-Tsi in his commentary on
Pointers and Reminders. However, this account again reflects the problem whether
celestial motion should be labelled ‘induced by soul’ or ‘natural’, which Alexander
of Aphrodisias merged in his own account. In the sublunar realm, the opposition
between the natural motion of the elements and the voluntary motion of animals
is rather clear, the former being monoform but not the second. Since al-Tasi calls
the celestial motions ‘voluntary’ (i7idzyya), there also must be some kind of soul
involved, while the regularity of their circular motion indicates their dependence
on some innate nature. That the celestial motions are thus ‘voluntary’ and ‘natural’
reminds of Alexander’s merging of ‘nature’ and ‘soul’, which seems to be a viable
option only for the supralunar realm.

Apart from this notion in the introduction, there is no discussion of celestial
movers from a metaphysical or natural philosophical point of view in the Memozr
on Astronomy. Whenever al-TsI discusses ‘movers’ in his Memoir on Astronomy,
he means spheres that move other spheres or the planets by their own motion."””
F. Jamil Ragep concludes that ‘the philosophical question of the ultimate source
of the celestial motion is simply not of concern to him here’, i.e. in the Memozr on
Astronomy.**® This certainly does not mean that al-T@isi wishes to strictly separate
astronomy from physics or metaphysics in general. On the contrary, these sciences
depend on each other. As just seen, the number of separate intellects, for example,
depends on the number of motions calculated in astronomy, and astronomy needs
these physical presuppositions, as presented in the Memoir on Astronomy. The exact
source of celestial motions does not belong to the presentation of planetary models,
because the question whether it is an unmoved mover, a soul, or nature that moves
a certain sphere does not have an impact on the resulting planetary motion.

Still, even without a proper discussion of the dynamic models by Avicenna or by
al-Tasi in his commentary on the Poznters and Reminders, it was very common to
consider celestial bodies as ensouled and their motions as voluntary. In this context,

198 See al-Trast, Memoir on Astronomy, 1.2, Vol. 1, pp. 98—101. For Ragep’s valuable comments on
these principles, see Vol. 1, pp. 41-46 and Vol. 2, pp. 380-81. In this paragraph, Ragep translates %/4
nah¢ wahbid as ‘monoform’, because the regular motions of the sublunar elements are not of a uniform
speed. See also Ragep, “The Two Versions’, pp. 330-31. I follow his terminology in this paragraph.

199 For example, in Chapter II.4 (al-Ttasi, Memoir on Astronomy, Vol. 1,114, pp. 120-29) and in
the chapter on his famous Tusi Couple, IL.11 (pp. 194-223).

200 Cited from Ragep’s introduction in al-Ttsi, Memoir on Astronomy, Vol. 1, p. 46.
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the question again arises how an outer sphere moves another sphere within it when
they are concentric or rotate about the same axis. Avicenna was concerned with this
issue in his additional chapter to his paraphrase of the A/magest. One also comes
across it in Prolemy’s Planetary Hypotheses in the context of his model of sawn-off
pieces. There, the so-called ‘rest of the aether’ is in direct contact with every single
set of planetary spheres and thus imparts its diurnal motion to every set. Ptolemy,
however, is silent about the exact way in which this transmission happens. According
to F. Jamil Ragep, al-Ttst does not provide us with a solution to this problem
either. Ragep then quotes the commentary by al-Gurgani on al-Tast’s Memoir on
Astronomy as follows:

[In these latter cases], the moving soul of the enclosing [orb] may have a sufficient faculty to
move the contained [orb], and hence will move it, inasmuch as every action is not contingent
upon a corporeal instrument, or it may not have [a sufficient faculty] whereupon it will
not move [the enclosed orb].2%!

In this account, a moving power stems from a celestial soul and is then imparted
not only to its corresponding sphere but also to the next one. This reminds us of
Ptolemy’s dynamic model from the Planetary Hypotheses (though in the other
direction: from the planet to the carrying sphere and then to the enclosing spheres)
and illustrates again how deeply the idea of celestial motions by a soul penetrated the
astronomical tradition. This is, of course, no surprise, since it enabled the astronomers
to distinguish celestial motions from the motions of the four sublunar elements.
After all, every astronomer could observe that celestial motions do not cease and
always come back to their point of departure, and this regularity was accounted for
by adopting Aristotle’s distinction of sublunar and supralunar physics.

Averroés on Ptolemy’s Dynamic Theory in his Commentaries on Aristotle

As shown in Chapter II, we can trace the influence of Prolemy’s Planetary Hypotheses
in al-Andalus in citations and references in Averroés’ commentaries. In this last
brief section, I want to discuss the evidence we have that Averroés also engaged
with Prolemy’s theory of celestial dynamics, and that he relied on other sources in
order to defend Aristotle’s cosmology from On the Heavens and Metaphysics X11.8.
I restrict myself to the discussion in his Epitome of Metaphysics (Gawami‘ Kitab Ma
ba‘d al-tabi‘a), as it is there that we find the clearest evidence for an engagement
with Ptolemaic cosmology.zo2

201 Quoted from Ragep in al-Tasi, Memoir on Astronomy, Vol. 2, p. 410.

202 Averroés’ theory of celestial motions can be gathered from a number of works, most importantly
his commentaries on On the Heavens and the Long Commentary on Metaphysics. For modern discussions,
see, among others, Carmody, “The Planetary Theory’, Wolfson, “The Plurality of Immovable Movers’,
Wolfson, “The Problem of the Souls’, Davidson, Alfarabi, Avicenna, and Averroes, pp. 220-57,
Endress, ‘Averroes’ De Caelo’, and Donati, ‘Is Celestial Motion a Natural Motion’.
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In his Epitome of Metaphysics, Averroés dedicates the last section to questions that
arise from Metaphysics X1, especially from Chapter 8. With the aid of Aristotle’s
Physics, he quickly summarizes the rationale for unmoved, immaterial principles
of celestial motions and then arrives at the question of their kind of existence,
their number, and their relation to each other.?°> When he comes to discuss their
number, he invokes Aristotle’s statements from Metaphysics X11.8 (1073b3-5) that
one needs to rely on astronomy to answer that question:

As for the number of these motions and [of] the bodies moved by them, this should be
taken for granted here from the discipline of mathematical astronomy. Of these [doctrines]
we shall assume here those which are most widely accepted in our days, that is those which
are undisputed among the specialists of this discipline, from Ptolemy up to the present
time, while we leave [the solution of] that which is disputed among them to the specialists
of that discipline. Actually, a lot of what concerns these motions cannot be determined
other than by employing generally accepted premises, since the determination of many of
these motions requires a span of time many times as long as a man’s life. Generally accepted
premises of a discipline are those which are undisputed among its specialists, which is why

we rely on some of these premises at the present place.?%*

With this remark, Averroés makes it clear that he takes Aristotle’s assertion seri-
ously, namely that it is the astronomers’ task to provide the necessary number of
celestial motions. He does not spare a word for Aristotle’s cosmology presented in
Metaphysics XI1.8 and he even disagrees with Aristotle when he writes afterwards
that there are 38 (or 39) celestial motions.??> Instead, he writes that he will start
from the theories on which most astronomers agree. Although he considers these
as the ones that stem from Ptolemy, he nevertheless makes the restriction that there
are aspects that are the subject of ongoing discussions. For Aristotle, the most recent
astronomical models were the ones by Callippus and Eudoxus, whereas Ptolemaic
astronomy was the most widespread theory in the time of Averroés. In this sense,
the approach of Averroés is very much in line with Aristotle’s. One must note,
however, that Averroés does not make any judgment about the physical status of
these theories. After all, his concern here is first the number of celestial movers and
how it relates to the number of celestial motions: are these numbers the same or not?

Before he proceeds to this question, Averroés adds a digression on the question
of the ninth sphere. He connects it with Ptolemy’s theory of precession and Ibn
al-Zarqallah’s theory of trepidation, only to rely in the end on an argument made

203 See Averroés, On Aristotle’s ‘Metaphysics’, pp. 138-43. For Arnzen’s critique of the extant
editions of this text and the use of witnesses for his own translation, see pp. 11-17. In light of these
difficulties, I rely solely on Arnzen’s translation.

204 T, by Arnzen in Averroés, On Aristotle’s ‘Metaphysics’, p. 146. For another translation and
an analysis of this and the following passages from the Epitome, see Sabra, “The Andalusian Revolt’,
Pp- 139—40.

205 Averroés, On Aristotle’s Metaphysics’, p. 146.
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by Aristotle in On the Heavens 11.12: the highest celestial sphere must be considered
as the noblest one, for it is closest to the Prime Mover and encompasses all other
celestial spheres. A sign of its nobility is that it carries not a single planet but the
entirety of the fixed stars.2%¢ Therefore, Averroés concludes, there cannot be a
starless ninth sphere encompassing the sphere of the fixed stars. This highlights
Averroés’ approach to astronomy: on the one hand, astronomy provides us with some
knowledge that is necessary for certain aspects of metaphysics, such as the number
of the celestial immaterial principles; on the other hand, astronomical theories need
to be checked not only against the appearances and observational data, but also
against the principles established in other disciplines, such as natural philosophy.>*”

As Averroés comes back to the issue in question, namely the number of movers,
he faces the question whether every planet needs an own mover for the diurnal
motion or whether there is only one celestial mover for this daily rotation, which is
then somehow imparted to all planets. Averrogs ascribes the first theory to Aristotle
and the second to Alexander of Aphrodisias’ On the Cosmos.?%8 In arguing that
all planetary spheres are part of the entirety of the cosmos and thus partake in its
diurnal rotation, Averroés sides with the view he had ascribed to Alexander and thus
suggests that he is in disagreement with Aristotle. This is remarkable, for Aristotle
only introduced the counteracting spheres in Meztaphysics XI1.8 (notably the text
upon which Averroés comments in these passages) to make sure that all planets
indeed partake in the primary diurnal motion without being influenced by the
motions of the other planets. This means that one needs only one mover for this
diurnal motion, which is obviously the Prime Mover. This raises some doubts about
whether Averroés really understood the meaning of the counteracting spheres that
came down to him in translation as ‘spiral” motions (lawlabi).® These brief allusions
to Alexander, however, nicely bring us back to the beginning of the current chapter,
since one can identify the different cosmological works exerting their influence on
Averroés: Aristotle’s cosmological account from Metaphysics X11.8, other Peripatetic
cosmological works such as On the Cosmos by Alexander, and Ptolemaic astronomy.

Of major importance for the present discussion is the way in which Averroés
attempts to argue for the fact that the inner spheres all partake in the motion of
the entire cosmos without having a mover essentially imparting this diurnal motion
to them. He compares the entirety of the cosmos to an animal that has one major

206 Cael, 11.12, 292b2as—293a11.

207 See Averroés, On Aristotle’s ‘Metaphysics’, pp. 146-47. One solution to this problem was
offered by ‘Abd al-Latif al-Bagdadi, who argued that the ninth sphere must have even more stars than
the sphere of the fixed stars but that we are unable to perceive them. See Neuwirth, ‘4bd al-Latif
al-Bagdadi’s Bearbeitung, p. 61:6-11.

208 Averroés might have in mind statements from Oz the Cosmos such as the following: “Therefore,
one should not think about the [impulse] to move from the sphere of the fixed stars to the sphere of
the wandering planets that it is coerced’, and ‘the First Mover [...] is the mover for the first, eternal
motion’. See Alexander of Aphrodisias, Oz the Cosmos, Sections 85 and 100, tr. by Genequand.

209 See above, pp. 125-26.
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motion, with the motion of its limbs are the particular motions of the planets.?!

Although this sounds very close to the analogy from the Planetary Hypotheses,
this comparison by Averroés does not necessarily stem from this source directly.
In al-Andalus, we encounter a similar account in Ibn Tufayl’s Hayy ibn Yagqzan,
when the protagonist Hayy contemplates the arrangement of the cosmos and its
motions.”!! In contrast to these accounts by Averroés and Ibn Tufayl, in Ptolemy’s
Planetary Hypotheses, as well as in Avicenna and al-T1asi, one finds a more detailed
comparison between animals and planetary systems: as the animals’ hearts or brains
send out impulses to the muscles and limbs, the planets send out impulses to their
spheres. This does not result in the analogy of the cosmos as one unique animal,
but a comparison of each planetary system to one animal. A little later, Averroés
addresses a theory of impulses sent out from the planet. Before we take a look at
this passage, one must briefly mention that he also touches on eccentric spheres and
epicycles as moving inside this ‘celestial animal’. As already stated previously, these
remarks are in apparent conflict with his rigorous rejection of non-concentric spheres
in the Long Commentary on Metaphysics that I have discussed in Chapter 1121
Part of that story is that Averroés changed his position on the theory of emanation
from the Epitome to the Long Commentary on Metaphysics as well. As argued
by Herbert A. Davidson, Averroés first applies a theory of emanation similar to
those put forward by al-Farabi and Avicenna, including the acceptance of minor
spheres with their separate movers that are responsible for the complex planetary
motions.”> A complementary aspect that explains why non-concentric spheres
feature in the Epitome but are rejected in the Long Commentary on Metaphysics
comes from Averroés’ introductory restriction. Admittedly, in the earlier Epztome of
Metaphysics, he seems more open to the idea of spheres that do not move about the
centre of the cosmos and he certainly does not think that this theory has an impact
on the determination of the number of celestial movers that are responsible for the
diurnal rotation. Nevertheless, he has made it perfectly clear that he relies here only
on the astronomical theories that are generally accepted. This does not mean that he
accepts them, because he detects some problematic issues with which astronomers
should engage. From the point of view of the question at hand, namely whether
the number of celestial movers is smaller or higher than or equal to the number
of celestial motions, the issue of different astronomical models does not need to

2108ee Averroés, On Aristodle’s ‘Metaphysics’, p. 148. A similar account can be found in the Epitome
of On the Heavens (see Glasner, ‘Gersonides on Simple and Composite Movements’, p. 570).

211 §ee Tbn Tufayl, Hayy ben Yagdhin, p. 80:3—-12. In fact, the cosmos—animal analogy goes
already back to Plato’s Timaceus, see Tim. 32¢5—-33b4 and 36b6-37cs.

2120n this discrepancy, see again Sabra, “The Andalusian Revolt’, pp. 139-42.

213 See Davidson, Alfarabi, Avicenna, and Averroes, pp. 223-31; another example of Averroés’
earlier ‘Avicennean’ phase is the generation of sublunar animals resulting from supralunar influences,
for which see Davidson, Alfarabi, Avicenna, and Averroes, pp. 232—42, and Freudenthal, “The
Medieval Astrologization’.
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210 CHAPTER III: THE DYNAMICS OF CELESTIAL MOTIONS

be discussed. Still, he writes in the Long Commentary on Metaphysics that he had
hoped in his youth to find an astronomical model that could better fit Aristotelian
physics than the ‘new’ Ptolemaic one. Thus, he apparently decides at this earlier
stage (more Avicennean, we might say following the results of Davidson’s study)
not to go into the astronomical details in the context of the immaterial principles
and save it for a later work after further astronomical studies.

To come back to the question of the number of celestial movers, Averroés also
considers a position that sounds much more like the one Ptolemy puts forward in
the Planetary Hypotheses:

[One might ask] whether it is possible, as assumed by some people, to posit a number of
movers less than this, such that we assume only one mover for each sphere by which first
the star [of that sphere] is set in motion, from which star powers then emanate appropriate
for the [various] motions peculiar to this star, these [motions] being for the sake of that
[single mover]. However, [it is clear] from what has been said before as well as from what
follows [that] this is impossible. For when we assume that these spheres are set in motion
solely through conceptualizing immaterial things, clearly the remaining movements found
in each of the stars originate neither from conceptualizing [this] star nor from desiring it,
as is clear from what we said [above]. Furthermore, there are no powers emanating from
the star to the remaining parts of its spheres, since the only part of the soul found in them
is the kind which consists in intellectual conceptualization.?*

In this scheme described by Averroés, first the planet desires its unmoved mover and
is set in motion in this way.?"® In the next step, the planet sends out impulses to its
spheres in order to generate the different simple motions and thus the combined
complex motion that is apparent for the planet. Averroés rejects this theory because
he has shown earlier that (1) the celestial body is animated and moved by desire and
not by nature, (2) that it desires through its intellectual conceptualization and not
its sense perception or imagination, and (3) that what is conceptualized cannot be
bodily, but must be the immaterial unmoved movers. This train of thought, as shown
already by Ruidiger Arnzen, stems from Alexander of Aphrodisias. Here, it leads
Averroés to conclude that the spheres do not desire the planet and that in the celestial
bodies there is no capacity of the soul other than intellectual conceptualization.?!¢
An important difference between Alexander of Aphrodisias and Ptolemy is, as shown
above, thelocation of the ensouled body in the heavens. For Alexander, the spheres
are ensouled and move the stars and planets along, whereas Ptolemy locates the source
of the impulse to move within the planets themselves, which then impart motion

214y by Arnzen in Averroés, On Aristotle’s ‘Metaphysics’, p. 149.

215 For more details and further literature on Averroés’ understanding of the celestial movers, see
the research by David Twetten, (e.g. Twetten, ‘Averroes on the Prime Mover’) and, more recently,
Twetten, “Whose Prime Mover’.

216 See Averroés, On Aristotle’s ‘Metaphysics’, pp. 142—43, and Arnzen’s comment on pp. 305-06
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to the various spheres. This is important for Alexander, since in this way, he can be
sure not to be in conflict with Aristotle’s teaching that the planets do not move by
themselves. Ptolemy is, in the end, willing to make the point that if one agrees that
the planets impart motion to the spheres, it is also possible for them to have motion
on their own. Although Averroés does not tell us who these people that upheld such
a theory are, Ptolemy or some other later unknown authors that were influenced
by Ptolemy must be the addressees of his critique. There is no other evidence of a
similar theory, namely that the planets move by themselves — in Averroés’ picture,
through their desire for a celestial mover — and that they send out impulses on which
the spheres act. In order to find further evidence that Averroés has the Planetary
Hypotheses in mind here, one can take another look at Chapter II, from which it is
clear that he was well acquainted with this text. Thus, here again, the combination
of Ptolemy’s account of celestial dynamics from Book II of the Planetary Hypotheses
with the Peripatetic and Neoplatonic theory of celestial bodies that move through
their desire for the immaterial unmoved movers comes to 1ight.217

Averroés’ own stance in his Epitome of Metaphysics is the same as Alexander’s,
namely that each celestial motion comes about by the desire of one celestial sphere
for one unmoved mover, whereas the planets are simply carried around by the
spheres. This becomes much clearer towards the end of his Epitome of Metaphysics,
where he discusses the order of celestial movers and the criteria for judging their
nobility. Averroés provides the reader with a list of the separate movers and how
some of them emanate from others. He closes the list by saying that this list is far
from necessary and covers only what is ‘most appropriate and fits best’.® This
is the same notion of probability that surfaced in so many other works discussed
in Chapter II, which was also raised by Averroés in the beginning of this section
concerning astronomical theories. This underlines Averroés’ uncertainty concerning
the truth of the astronomical models he adopts because they are the most widely
accepted. In fact, it mirrors Aristotle’s own remark after his discussion of the number
of celestial motions, when he concludes that his account is merely ‘reasonable’
(eulogon) and not necessary.?"” In this light, it becomes even more interesting that
Averroés, in the later Long Commentary on Metaphysics, claims that one needs to
go back to the ‘old’ astronomy from the time of Aristotle and his predecessors and
thus to the account that Aristotle himself had labelled ‘reasonable’ and not necessary.
However, at this earlier stage, Averroés simply acknowledges that his investigation
is not a proper astronomical one.

217 On this poing, see also Janos, “The Reception of Ptolemy’s Theory’. In addition, note that
Averroés already rejected the theory of self-moving planets in the previously discussed passage from
the Epitome of On the Heavens because it would undermine Aristotle’s doctrine of a spherical cosmos
with a natural circular motion. See Chapter II, p. 118.

218 See Averroés, On Aristotle’s Metaphysics’, p. 169.

2 Metaph. X11.8, 1074a14-17.
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A final illustration of the influence of Alexander’s cosmology on Averroés can
be seen in the last section of the Epitome of Metaphysics. Averroés concludes this
work with a discussion of the influence of the rotational motion of the heavens
on the sublunar world and subsequently on the role of divine providence.??° The
merging of topics from Metaphysics X1 with divine providence was very prominent
in Alexander’s On the Cosmos, as shown above. This again highlights Averroés’ overall
attitude in the cosmological part of the Epitome of Metaphysics. As he obviously took
his starting point from Aristotle, it can easily be seen that the main source for his
cosmological scheme of unmoved movers and how they are desired by the celestial
bodies is taken from Alexander’s cosmological works, most importantly Oz the
Cosmos, but perhaps also On Providence and the lost commentary on Metaphysics.
Averroés also uses arguments that he found in Oz the Cosmos to disprove Ptolemy’s
theory of planets that conduct their own motions. Interestingly, he ascribes this
theory to an otherwise unspecified group of people, which is somewhat similar to
the way in which Avicenna and al-Tsi introduced this theory. This could indicate
that there were indeed scholars adopting Ptolemy’s theory of celestial dynamics —
possibly including, as argued above, al-Farabi — and Averroés turns to Alexander
of Aphrodisias to refute it and to come closer to the picture of Metaphysics XI1.8.

As a final remark, it remains to say that Averro€s was not the only one in
al-Andalus propagating a theory of celestial dynamics that involved Peripatetic
and Neoplatonic concepts such as desire. One example is al-Bitragi, who develops
a curious concept of desire in the celestial spheres: according to al-Bitragi, this
desire somehow diminishes from the highest to the lowest sphere, which is thus one
reason for the diversity of celestial motions.?”! Even more important is Averroés’
impact on Gersonides (d. AD 1344) who is well-known for his critical assessment
of earlier planetary theories. He was very interested in the Planctary Hypotheses and
its theory of celestial dynamics, since he touches upon it in his major work, more
precisely Book V of the The Wars of the Lord, as well as in his supercommentaries
on Averroés and Aristotle. In fact, we know that he had a copy of Kalonymus ben
Kalonymus’ Hebrew translation of the Planetary Hypotheses in his possession, from
which he even quotes literally in The Wars of the Lord.*** Concerning the analogy
of the entire cosmos to an animal that Averroés uses to establish that there is only
one mover of the diurnal rotation, Gersonides compares this with Ptolemy’s account
in Planetary Hypotheses 117 and subsequently rejects it.>*> Although the details of
Gersonides’ engagement with Averroés’ commentaries still await more research, we
can already see that Averroés and Ptolemy served as important targets of critique in
Gersonides” own theory of celestial dynamics.

220 See Averroés, On Aristotle’s ‘Metaphysics’, pp. 170-81.

221 See Samsé, ‘On al-Bitrag?, pp. 9-13, and Mancha, ‘Al-Bitruji’s Theory’, p. 148.

222Gee Glasner, ‘Gersonides on Simple and Composite Movements’, p. 568 and n. 132. For further
references concerning his supercommentaries, see Glasner, “The Early Stages’, especially p. 9 n. 31.

223 Glasner, ‘Gersonides on Simple and Composite Movements’, pp. 568~74.
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Gersonides is the latest author at the present state of knowledge of whom we
have direct evidence of the reception of the Planctary Hypotheses before its partial
Latin translations in the 16™ and 17 centuries Ap. With him as the last cornerstone,
we know about authors reading and discussing this work from the Islamic East via
Cairo to al-Andalus, and even to the Jewish community in Provence, from the tenth
to the fourteenth centuries AD. As it turns out, Ptolemy’s analogy of the cosmos
to a flock of birds serves as a valuable fossil index for tracing the reception of the
Planetary Hypotheses, similar to the famous sawn-off pieces.
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IV: Conclusion

Prolemy wrote the Planetary Hypotheses clearly with the layout of the sciences
and their epistemological status in A/magest 1.1 in his mind. It is remarkable how
closely he follows the idea of the conjectural knowledge of natural philosophy in the
Planetary Hypotheses. This becomes apparent from all major theories he develops
in this treatise (aside from some astronomical improvements over the Almagest):
the distances and sizes of the planets; the shape of the celestial bodies; the origin
of celestial motions in souls; and the individual motion of a planet independently
from a sphere carrying it. In all these instances, Ptolemy explicitly adds that his
preferred solutions are only more probable than others since they cannot be proven
mathematically and thus with ultimate certainty. The Planetary Hypotheses takes
the well-established knowledge from the A/magest as the starting point for an
investigation into topics that need to be considered not only from the mathematical,
but also from the physical point of view. In this sense, Ptolemy makes the transition
from a purely mathematical account of celestial motions to its physical description,
although he himself makes clear that these physical theories cannot be of the same
certain nature as the mathematical knowledge from the A/magest.

In fact, these key theses turn out to be very helpful for identifying the various traces
of an influence of the Planetary Hypotheses on later philosophical and astronomical
works. In order to fully understand this influence, one must first acknowledge the
originality of Ptolemy’s cosmology. This does not mean that he established an entirely
new approach that is utterly different from his predecessors or contemporaries. In
comparison to works such as the pseudo-Aristotelian On the World, Alexander of
Aphrodisias’ cosmological treatises, and to later commentators like Simplicius and
Proclus, it becomes clear that issues like the role of celestial souls in the origin and
transmission of planetary motion and the relationship between the planets and the
spheres are heatedly debated from the time of Plato and Aristotle until late antiquity
and beyond. In this sense, Ptolemy is no exception. I have used these other works
from the Hellenistic and late ancient tradition in order to better understand the
context of Ptolemy’s own theories. One of the most important results is the Platonic
element of his cosmology. Ptolemy stands within a tradition of authors who try to
interpret Plato’s or Aristotle’s astronomical passages in a way that harmonizes them
with more recent astronomical observations and geometrical devices. Through
comparing his own theory of sawn-oft pieces to Plato’s whorls on the one hand and
rejecting Aristotle’s mechanical cosmology on the other hand, Ptolemy tries to place
himself in the Platonic tradition, although his major presentation of celestial physics
can safely be called Aristotelian (existence of acther, natural motion of the elements).
Ptolemy’s agenda, however, is different from these other earlier or contemporary
works, insofar as his interest lies in astronomical knowledge. When he introduces
his physical positions in order to supply the mathematical calculations from the
Almagest with an underlying physical theory, his focus still lies on an improved
understanding of celestial appearances. For example, when he lays out his theory
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of planetary distances, he introduces the notion that we can assume that there is no
void in the cosmos since nature does nothing in vain. This leads him to conclude a
provisional minimum account of planetary distances. However, he does not prove
that there is, in fact, no void and he admits instead that the non-existence of void
is only most probable. The same strategy can be found in Book IT of the Planetary
Hypotheses, when he argues for the most economic cosmological theory. Here, the
astronomical question of the number of spheres is connected to different physical
or even metaphysical theories, namely whether the planets are ensouled and as
such conduct their own motion and whether celestial motions are transmitted
in a mechanical or psychological way. As Ptolemy here relies on arguments from
natural philosophy, he restrains a final judgment about which dynamical system is
necessarily correct.

Therefore, in the Planetary Hypotheses three threads come together to form
Ptolemy’s cosmology: astronomical questions that cannot be decided solely on
the ground of mathematics; physical theories in order to fill this gap left by math-
ematics; the epistemological framework that these theories which need to rely on
non-mathematical arguments are merely most probable or persuasive.

Once one acknowledges these parts of Ptolemy’s cosmology as original contri-
butions, a clearer picture about the reception of the Planetary Hypotheses emerges.
Already in the early Arabic treatises on planetary distances from the ninth and
tenth centuries AD, one comes across the idea that the spheres are nested into each
other and leave no empty spaces between them. This theory that there are no void
spaces in the cosmos is in itself not a clear indication for an influence from Ptolemy
as it is a central principle of Peripatetic philosophy. However, the rationale of these
astronomers to consider it as necessary requirement for calculating planetary distances
strongly resembles Ptolemy’s argument in the Planetary Hypotheses.

Similarly, one can identify the Ptolemaic influence in the question of the number
of celestial motions and movers. As in the case of planetary distances, Ptolemy
connects the question of the number of celestial bodies with a non-mathematical
investigation. This number does not solely depend on the observed motions, but
also on philosophical positions. As Ptolemy tries to show, two assumptions lead to
amore economic astronomical system with fewer celestial bodies needed to account
for the observed phenomena: (a) that celestial motions do not come about in a
mechanical way through the connection of the spheres at their poles, but rather in
a psychological way, and (b) that the planets move independently from a carrying
body. Therefore, Ptolemy’s theory of celestial dynamics is discussed in later times
both in astronomical as well as philosophical works and contexts. In the treatises
of astronomers like Ibn al-Haytam and al-Birani, one finds direct evidence of a
reception of the Planetary Hypotheses since they reject Ptolemy’s theories briefly, but
unanimously. In his metaphysical discussion of celestial movers, Avicenna (and later
also al-T'asT) paraphrases theories of an unspecified group of people that resemble
the ones by Ptolemy. The fact that Avicenna does so in the context of the number of
celestial motions and movers suggests again thatitis, in fact, the Planetary Hypotheses
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that is in the background. In the time after Avicenna, there is more evidence of
philosophers who argue along similar lines as Avicenna and paraphrase the dynamical
ideas of Ptolemy, mostimportantly the independent planetary motions, in the same
fashion. In addition to authors discussed above (namely al-Haraqi, Kasyar ibn
Labban, and al-Tasi), one can also name Atir al-Din al-Abhari and ‘Adud al-Din
al-I1.! The latter author stands for a tradition that I do not include in the present
study, namely that of Islamic theology or kalam. However, as the example of al—Igi
shows, this does not mean that the influence of Ptolemy’s cosmological idea only
pertains to astronomers or faldsifa. Certainly, much more material than I was able
to cover in the present study awaits proper investigation.

In addition to Ptolemy’s account of planetary distances and celestial dynamics,
his key doctrine of sawn-oft pieces helps in determining that authors are indeed
discussing the Planetary Hypotheses. These replacements for the usual celestial spheres
also come up in the same passages when authors discuss celestial dynamics and the
number of celestial bodies and therefore in the same context as in the Planetary
Hypotheses. Here, it is interesting to note that we only have very scarce evidence of
people who actually defended Ptolemy’s idea: for instance, there is Ibn al-Haytam’s
dispute with an unknown author of his time. We receive conflicting testimonies
from al-Tasi and al-‘Urdi, of whom the former claimed that some misguided
people argue for this theory, whereas the latter claims that there is virtually no one
defending it. Although there is a number of possible explanations, it is possible
that al-Tasi refers to earlier discussions (to which he perhaps did not have direct
access) and that al-‘Urdi talks about his contemporaries or fellow astronomers at
the observatory in Maraga.

In this context, future research must take into account that a serious discussion of
Ptolemy’s sawn-oft pieces together with his notion of independently moving planets
begins apparently around Ap 1000 onwards in the Islamic world. This shift that
I describe in some detail is connected to another very important aspect of Ptolemy’s
cosmology that turned out to be very pervasive through time. Also starting with
authors that lived around ADp 1000, one can see various evaluations of Ptolemy’s
claims concerning the conjectural status of the physical aspects of cosmology. As Ilay
out in detail, Ptolemy claims that arguments which involve not only mathematical,
but also physical reasoning only provide us with the most probable account. In the
medieval Arabic tradition, one finds many different replies to that claim and I provide
an overview of them in Chapter II. To highlight an important example, one can
observe a radical reformulation of Ptolemy’s position in al-Birani’s astronomical
work. He strongly emphasizes that astronomers must offer mathematical instead
of physical arguments and attempts to replace Ptolemy’s arguments from natural

1 For al-Abhari, see the astronomical part of his Kasf al-haga’iq fi tabrir al-daqa’ig, extant in
MS Tehran, Kitabhana-yi Maglis-i $ura-yi Islami, 2752, especially pp. 188:23-198:12, and for al-Igi,
see Sabra, ‘Science and Philosophy’, and Morrison, ‘Falsafa and Astronomy’, pp. 317-18.
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philosophy in the first chapters of the A/magest with geometrical arguments. On
the other extreme, Ibn al-Haytam believes that astronomers who only rely on circles
and do not provide an account of how geometrical models relate to physical bodies
neglect an important aspect of astronomy. This latter approach is further developed
by the researchers working at the observatory in Maraga. Al-Tasi and al-Urdi
are keen to preserve the fundamental claims of Aristotelian natural philosophy
against certain innovations in Prolemaic astronomy, most importantly the motion
of spheres rotating about different, non-physical points. One reason for their
allegiance to Aristotle may be seen in the dominant role of Avicenna’s philosophy
in the Eastern tradition. Another important role can be ascribed to logical works,
such as the Arabic translation of Aristotle’s Posterior Analytics, with which the
distinction between proofs of the fact and proofs of the cause entered the Arabic
tradition. Shortly after this work became available in Arabic, al-Farabi includes the
distinction in his epistemological framework of the sciences, and one can follow
this trace up to the time of al-Tasi, who employs the same distinction in order
to highlight the difference between mathematics and natural philosophy. While
the Eastern tradition in Maraga focused in their critique of Ptolemaic astronomy
mostly on its employment of imaginary points, the Western tradition in al-Andalus
around authors such as Ibn Bagga, Ibn Tufayl, and Averroés is much more radical.
They extend similar points of critique concerning the supposedly non-uniform
motions in Ptolemy’s models even to the most basic devices, namely epicycles and
eccentric spheres. As in the East, the cosmological work by Ibn Bagga also starts
with an evaluation of logic and how astronomers make use of it. Therefore, one can
consider the Andalusian tradition as a similar, but more radical development than
the Eastern one, most prominently in form of the vehement rejection of Prolemaic
astronomy in favour of Aristotelian logic and natural philosophy in Averroés and
culminating in an entirely new astronomical model by al-Bitragi.

The present study is certainly not the first to elaborate on the idea of a clash
between Aristotelian physics and Ptolemaic astronomy, especially in the context
of the Mariga-school and Andalusian science.> However, I want to suggest that
Ptolemy’s own distinction between the certain knowledge offered by mathematics
and the conjectural knowledge by other philosophical disciplines plays a major role
in this story. Due to the many references (explicit as well as implicit) to the Planetary
Hypotheses in the medieval Arabic tradition, it becomes clear that Arabic authors must
have been aware of the fact that already Ptolemy himself differentiated between his
mathematical proofs from most of his 4/magest on the one hand and theories that
are most probably true on the other hand, such as the eccentric model for the Sun
in Almagest 111 and the main cosmological arguments in the Planetary Hypotheses.

2 See for example Sabra, ‘Configuring the Universe’, Ragep, ‘Freeing Astronomy’, and Saliba,
‘Aristotelian Cosmology’.
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As a matter of fact, this awareness can, as I have argued, already be seen in Proclus
who apparently refers to this epistemic difference between Prolemy’s arguments.

In addition to the wide reception in classical Arabic cosmology, there might be
grounds for an even wider narrative. I argue elsewhere that Ptolemy’s epistemology
also permeates the Latin tradition in the time of Regiomontanus, Rheticus, Osiander,
and Copernicus in the 15™ and 16™ centuries Ap.3 This means that even in the
process of the so-called Copernican revolution, one comes across a debate of the
traces which I follow in the present study from the time of Ptolemy through late
antiquity until the 13t century AD in the Islamic East and West: which arguments
can be considered as generating knowledge of the truth, when mathematical or
geometrical proofs are combined with natural philosophy or metaphysics? How
do astronomical models relate to philosophical concepts of nature? As the present
study suggests, we must consider Ptolemy as an important source of inspiration,
not only due to the well-known success of his planetary models, but also in terms
of introducing a notion of probabilism to certain aspects of cosmology.

In addition, the present study does not only cast light on the Arabic reception of
the Planetary Hypotheses in particular, but also develops an overview of the history
of Graeco-Arabic cosmology more generally. Surely, this overview is far from being
complete. In my restriction to the period and locations in which there are explicit
traces of the Planetary Hypotheses, I do not cover other important astronomical
traditions of the Islamic world, for example the scholars around the observatory
in Samargand or the Ottoman period.4 These are examples for possible further
directions of future research along the lines of the present study. As is abundantly
clear from the many examples given above, Ptolemaic cosmology as presented in
both the Almagest as well as the Planetary Hypotheses has a long-lasting impact on
later authors. This impact is not only restricted to astronomical works, but is also
evident in treatises on physics and metaphysics. In fact, this is mirrored by one of the
two main witnesses of this text, as MS London, British Library, Add. 7473 contains,
aside from the Planctary Hypotheses, both mathematical and psychological texts.
One of the reasons for this wide dissemination of the Planetary Hypotheses is its
combination of astronomical theories with natural philosophy, which made it such
an important point of reference for later authors working on the question of how
to conceive of geometrical astronomical models in physical terms.

3 See Hullmeine, “Wie sicher ist unser Bild vom Kosmos?”.

# As one example, there is the highly interesting figure ‘Al al-Qasgi (15™ century AD), who worked
at the observatory in Samarqgand and later in Istanbul. For his arguments on the independence of
astronomy from other philosophical disciplines, see Ragep, ‘Freeing Astronomy’, pp. 61-63.

> See above, pp. 22-23.
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V: The Arabic Version of the Planetary
Hypotheses: Edition and Translation
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In the name of God, the Compassionate, the Merciful

The treatise by Claudius Ptolemy on the report of the summary of the conditions
of the wandering stars

Book I

|1:1| We have described the principles on which the heavenly motions rely, oh
Syrus,! in the account laid down by us about the mathematical issues [i.e. the
Almagest]. |1:2| In this course, we have brought forward a demonstrative proof
and we have shown the aspect in which each of the [motions] is necessarily in
agreement with what is apparent to us, and the aspect in which it is not in agree-
ment, in order to show by this the case of the circular motion that necessarily
belongs to the things to which the nature is common that stays in one condition
and is regularly arranged. For it is not possible that [these things] receive an
increase or decrease in any way.

|1:3| In this treatise, it is our aim to lay down only a summary of these things
that we mentioned so that it is simple to imagine them in our minds and the
minds of those who want to construct instruments for them, both if someone
wishes to calculate by hand to know the position in which each of the motions
comes to an end, as well as if one wants also to join the motions with each other
and with the motion of the universe by the mechanical approach, which is [the
approach] of devices. |1:4| [This would not result] from constructing a sphere in
the customary way. For in this kind of the spheres — in addition to the fact that
some of it is in contradiction to what is laid down and said regarding the motions

! Ptolemy also addresses this unknown Syrus in the A/magest and other works. See, for example,
Ptolemy, Syntaxis, 1.1, Vol. 1, p. 4:7.
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BOOKI 225

— rather only the appearance of the thing becomes evident and the true hypothe-
sis2 does not become apparent, so that through this, rather the artefact and not
the hypothesis in truth becomes apparent. |1:5| But [it would result] from con-
structing it in such a way that before our eyes, there occurs the arrangement of
the motions and their divisions and the anomaly, which is seen for them by
observing them, whereas they [i.e. the motions] move regularly and circularly,
even if we are not able to assemble all of the motions in accordance with our
intended aim, but we show by this kind of construction the condition of each of
them separately.

|2:1| We bring the general [things] that we lay down here in accordance with
what we have settled in the Syntaxis, which is the Almagest. As for the particular
things that we lay down, we thereby follow what is clear to us through successive
observations, which we have carried out in several locations and which we have
corrected and through which we have learned the hypothesis [of the particular
things] or their condition when they are measured with respect to one of the
surfaces or the returns of their revolutions. |2:2| We also cause what we lay down
as a summary to follow what we have previously proven. We divide and separate
the continuous, regular motions where it is necessary to separate them, and we
join the motions that we have not joined3 in order that the principles and divi-
sions of the motions are like the principles and divisions of the belt of the ecliptic,
because of the ease regarding the partition and division in [the ecliptic].# Thus,
here, the affair of each of the motions and their specific properties becomes clear-
ly apparent, even if the motions conform exactly to those directions that we have
mentioned in another place. |2:3| We also use for the hypothesis and the order of
the circles, because of which there are the anomalies of the motions, the simplest

2 For the difficulties of translating wad, see above, pp. 26-27, and the commentary to Chapters
1.1-2.

3 Instead of this brief remark, the Greek version has a reference to the Almagest.

# This sentence reads very differently from the extant Greek version. See the Greek apparatus
and the English translation in Hamm, Ptolemy’s Planetary Theory, pp. 45-46.
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BOOKI 227

method so that the way of arranging the instruments is easy, although this is
different from their condition by a little bit. |2:4| We carry out the composition
of the motions here with the circles themselves and nothing else, as if they were
different from the spheres that encompass them. Then, we thereby come upon
the hypothesis we have presented previously in a manner that is isolated, clear,
and uncovered. |2:5| Let us begin with the motion of the universe, because it is
prior to all other motions and encompasses them. Thus, it is an exemplar for us
regarding many aspects of this most wondrous nature which imparts things
resembling it to what is similar to its condition. This will become evident through
what we are going to demonstrate in the following.

|3:1| Let us imagine a circle among the great circles drawn around the centre of
the world and fixed and let it be called the ‘circle of the equator’. When the
circumference of this circle is divided into 360 equal parts, let these parts be called
by a specific name, that is ‘time-degrees’.> |3:2| Afterwards, let us draw a circle
whose centre is the centre of that circle and that is in its plane and that moves
circularly around its centre with a regular speed from east to west. Let this circle
be called the ‘moving circle’. |3:3| Let there be another one among the great
circles which this circle rotates and let it be inclined to it and drawn around its
centre and not be carried away in it. Let [this circle] be called the ‘ecliptic’.¢ |3:4]
Let the inclination of these planes against each other contain an angle that is
23;51,20 degrees, according to the measure by which the right angle is 90 degrees.
When the ecliptic is also divided into 360 equal parts, let these parts be called by a
specific name, that is ‘degrees’. |3:5| Let the two points in which the moving circle

> For this usage of the Greek term chronoi, see the introductory remarks by Toomer in Ptolemy,
Almagest, p. 23.

¢ For a comparison with other descriptions of the main celestial circles in Almagest 1.8 and
Planetary Hypotheses 11.11, see the commentary to Chapters 1.3-4.
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BOOKI 229

and the ecliptic cut each other in two halves be called the ‘two equinoctial points’.
|3:6| Let the two points between which and the two equinoctial points there is a
quarter of a circle from both sides be called the ‘points of solstice’, while the one
of these two points that is inclined towards the north is called the ‘summer
solstice’ and also the ‘northern limit’, and the point opposite to this [first] point is
called the ‘winter solstice’ and also the ‘southern limit’. |3:7| Likewise, of the two
equinoctial points, the one that precedes the summer solstice with respect to the
motion of the universe is called ‘vernal’ and the one that precedes the winter
solstice is called the ‘autumnal equinoctial point’.

|4:1| The world revolves once whenever one of the points of the moving circle
starts [moving] and then moves from a point of the fixed equator until it returns
to this exact point a first [time]. It is clear that this return contains 360 time-
degrees of the equator. |4:2| But since the time of the completion of the returns
of the world’s motion is not apparent — whereas the completion of the days and
nights are clear due to the condition of the Sun — we primarily start counting and
measuring the other motions through this motion [i.e. the motion of the Sun].
|4:3| A nychthemeron is the time in which the Sun revolves [on] the fixed equator
once through the revolution of the world. It is clear that if the Sun did not have a
motion other than the motion of the ecliptic, the nychthemeron would be one
return of the world. |4:4| But since [the Sun] is assumed to have a motion to the
east, the nychthemeron takes a longer time than the time of the revolution of the
world, so that one nychthemeron contains one revolution, which is 360 time-de-
grees, plus the amount of the equator which the course of the Sun reaches on the
ecliptic during one nychthemeron, if we assume the motions to be regular.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



10

15

230 CHAPTER V: EDITION AND TRANSLATION

el CSTSI 5 Jel ) Wiy i B cL2Y) ada e, 26 38 [5:1]
Ll SISl Lo A ay st Lelallos ¥ o) gl V3T iy
1 LK Loy Wgloge dld o 055 o 3l o s el £ 153 3,50
Wbk G ey Dl Bpan L BLIDE 3 U [S:2] olezgly slimiesy
o) b o e Vly o SEY) L eln ) 2pn8 el O s il
Foss 3 imeral) Lo CSTSI ol gly Lol SIS 58 By [5:3] 5,0 BLINS
il T B3y Ssgall sda pa By 8358 e i iy DBle e Vdly
S ety BLINS ) 4 0S5 (ol il

v 0555 g US'S (A Bntl) il o e il 30y e 88 [5:4)
55 U Uy ey Blay & padl il o B gty oy B AT O
Dlonedy W My denesie _metd) Lgliaiiy 50y 895 505 Ll ) S7,S)
DLl 1 & Loy Lo kel Gyglns 03555 LT Ul Solage Gy 855 pomandy anedy
ol a3 Lgls A el sl s ade 1 LU PV o 1SS
ool o B ey MWy Blewesy ST Ll i el Uy 611

el e B UQ\MY\; WU’L&JY\ Li JI eeidlise a0 ) Al
Ty 0L LU SLY1 ny Bo g0y 0l Blomnesy SV LiLad & )

9ol etdl el fuay Ay psy e B0 0 kg aply ARBS g iy Ly Ggmeny

13B]BBL 2] 9S5addB 3lujomL 4] dL  4olimeisslsomB 5 3ym] spn
L Lo aolu]ibsB el o8V odlaYly JiesVIB 6 Leeslll om B
84 05N] 0sSh B U;MJ]L‘)}L)B 9.8 #B ] opdl B LS AL SSB
10 ] 0B ol i B 11 WD B 12 cupldaen B Losad]
sl L lasda L 14OV LB &M 8565 B 15 Laii] dais 0 add m dais B
olee Yy bos] JleVly SV Las L 16 SV asld] Cillin L oy by, .20l
RoYAB 17 pmes] gy L 18 & skes] Lolee B OV L Vgs]om B

3 C\).N\ SJ.;.Q\] mowen H  ddd>... Je] xatd ovveypopov H - 4 o\.;a.quj e\.'a;.,p)] & TG
SopBiroew H 5 Jorids] vmoelobo H 7 Olssall.. 2 a] Teprédou Tiig bpoing H 17/
18 js¢all. .)b;\g] TovTéa TV Shovg pijvag H

This is an open access publication distributed under a CC BY-NC-ND 4.0
International License

Lér

H78

B83r



BOOKI 231

|5:1| Having outlined these things, we begin afterwards the account of the
wandering stars. First, we lay down their simple motions which are not mixed
with others, and from which the particular, complex motions arise that we have
perceived ourselves in a manner closest to the reality of their returns, in light of
our reflections, corrections, and clarifications. |5:2| Let us operate on [the
assumption] that it is in 300 Egyptian years and 74 nychthemera that the Sun
returns to the positions of the points of the two solstices and two equinoxes of
the ecliptic 300 times. |5:3| And [let us operate on the assumption] that the
sphere of the fixed stars and the apogees of the five wandering stars move one
120t part of one of these returns, that is three parts according to the measure by
which the circle is 360 parts.

|5:4| Thus, it is in 36 000 of the mentioned solar years” (that is 36 024 Egypt-
ian years and 120 days) that the sphere of the fixed stars revolves once, that the
Sun overtakes [the sphere of the fixed stars] by 35 999 revolutions, and that the
returns of the world are equal to the number of nychthemera that this mentioned
time encompasses, plus the number of the revolutions that the Sun makes in this
time.

|6:1| As for the Moon: in 8 523 solar years, which are [defined as] the return of
the Sun to the points of the solstices and equinoxes (that is 8 528 Egyptian years
and 277;20,24 nychthemera), the Moon overtakes the Sun by revolutions equal to
the number of all [lunar] months, and that is 106 416 months.8 Also, in 3 277

7 There are two ways to measure a solar year: the tropical year is the revolution of the Sun
against the solsticial and equinoctial points, whereas the sidereal year is taken against the apogees
and the fixed stars. See Hamm, Prolemy’s Planetary Theory, pp. 141-46. By the ‘mentioned solar
years’, Ptolemy refers here to tropical years, as he had previously established the tropical year.

8 For the correct value of 105 416, see Bainbridge’s correction in Ptolemy, De planctarum
hypothesibus, p. 11:4, and Neugebauer, 4 History, p. 901 n. 3.
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BOOKI 233

months, 3 512 returns in anomaly are completed for the Moon, and in 5458
months, 5 923 returns in latitude.

|7:1| As for Mercury: in 993 solar years that are taken from [the Sun’s] returns
to the apogees and to its positions on the sphere of the fixed stars (that is 993
Egyptian years and around 255;0,54,0,4,46,51 nychthemera), for Mercury, 3 150°
returns in anomaly are completed.

|7:2| As for Venus: in 964 solar years like these that we have described (that is
964 Egyptian years and around 247;34,2,45,23,40,28 nychthemera), for Venus,
603 returns in anomaly are completed.

|7:3| As for Mars: in 1 010 solar years like these that we have described (that is
1 010 Egyptian years and around 259;22,50,56,16,27,50 nychthemera), for Mars,
473 returns in anomaly are completed.

9 Every primary source has 3 150. However, Duke, ‘Mean Motions’, p. 637, uses 3 130.
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BOOKI 235

|7:4| As for Jupiter: in 771 solar years like these that we have described (that is
771 Egyptian years and around 198;0,9,18,0,26,57 nychthemera), for Jupiter, 706
returns in anomaly are completed.

|7:5| As for Saturn: in 324 solar years like these that we have described (that is
324 Egyptian years and around 83;12,26,19,14,25,48 nychthemera), for Saturn,
313 returns in anomaly are completed.

|8:1| The condition of the circle of the Sun

Let us imagine in the sphere of the Sun an eccentric circle in the plane of the
ecliptic. The ratio of the radius to the line that is between its centre and the centre
of the ecliptic is like the ratio of 60 to 2 %. |8:2| The line that passes through both
of these centres and through the apogee of the eccentric circle always cuts off an
arc from the ecliptic of 65% degrees from what follows the vernal equinoctial
point according to the succession of the signs.10 |8:3| The centre of the Sun
moves regularly on the mentioned eccentric circle from west to east around the
centre of this circle so that in 150 Egyptian years and 37 nychthemera, the Sun is
seen to return 150 times to the apogee of the eccentric circle, whereas the sphere
of the fixed stars moves regularly 1% degrees regularly (according to the measure

10°This term, %ld ma yatla min [falak] al-burng, translates the Greek eis ta hepomena toun
kosmou, which literally means ‘in the direction of the following [parts] of the cosmos’. The motion
in reference is the daily east—west rotation of the entire cosmos. The contrary motion is called ezs za
proégoumena in Greek and ‘ala bilaf tawali al-burdg in Arabic, meaning ‘in the direction of the
leading [parts] of the cosmos’. For the difficulties in translating these terms, see Toomer’s remarks
in Prolemy, Almagest, p. 20.
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by which the ecliptic is 360 degrees) around the centre of the ecliptic and its [i.e.
the ecliptic’s] two poles from west to east in the aforementioned time.

|8:4| The Sun’s distance on the eccentric circle from the apogee of the eccentric
circle according to the succession of the signs was 162;10 degrees in the first year
after the death of Alexander the Founder [i.e. Alexander the Great| on the first
day of the Egyptian!! month Thoth at noon in Alexandria. |8:5| The distance of
the star at the heart of the Lion [i..e. Regulus] from the vernal equinoctial point
according to the succession of the signs was 117;54 degrees.

|9:1| The condition of the circles of the Moon

Furthermore, we imagine in the sphere of the Moon a circle whose centre is the
centre of the ecliptic, and [this circle] moves in its [i.e. the ecliptic’s] plane and
around its centre regularlyl2 from east to west by the amount of the excess of the
course of the Moon, which is taken relative to the ecliptic, over the mean course
of the Sun and over the mean motion of the distance of the two luminaries [i.e.
the Sun and the Moon] in sum, so that this circle completes two returns in 37
Egyptian years and 88 nychthemera. However, this is [only] approximate, because
when it is examined more closely, it exceeds what we have mentioned by one
minute.13

|9:2| Let this circle move another circle that is inclined to it and whose centre is
the centre of this [first] circle, and let it be attached to this circle in a fixed posi-
tion towards it. Let its inclination comprise an angle of five parts according to the
measure by which a right angle is 90 parts. |9:3| In the aforementioned plane of
this inclined circle, let there be an eccentric circle. The ratio of its radius to the
line between its centre and the centre of the ecliptic is like the ratio of 60 to 12 %.

11'The Arabic has ¢7bt, i.e. Coptic, referring to the Egyptian months. Concerning the Egyptian
year, misris used. Thoth is the first month of the Egyptian year.

12 For the first appearance of isotaxos, the translation was baraka mustawiyat al-sura. From
now on, a/-sura is omitted.

13 According to Neugebauer, 4 History, p. 903, this assertion that reoccurs on similar occasions
throughout the following chapters might go back to annotations not by Prolemy himself.
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|9:4| Let the centre of this eccentric circle move regularly around the centre of
the ecliptic from east to west, from the northern limit [according to] the amount
[by] which the double mean motion of the distance between the two luminaries
exceeds the course in latitude on the ecliptic in equal periods of time, so thatin 17
Egyptian years and 348 nychthemera, it [ie. the eccentric circle] completes 203
returns with respect to its inclined circle. However, this is [only] approximate,
because when it is examined more closely, it is less than what we have mentioned
by two minutes.

|9:5| Let the centre of the epicycle move from west to east, from the apogee of
the eccentric circle by the amount of the double mean motion of the distance
between the two luminaries, whereas its positionl# is always on the eccentric
circle. This motion is equal to both of the aforementioned motions in sum. Thus,
in 19 Egyptian years and 300 nychthemera, it [i.e. the epicycle] completes 490
returns with respect to the eccentric circle. However, this is [only] approximate,
because when it is examined more closely, it is less than what we have mentioned
by four minutes.

|9:6] Now the centre of the aforementioned epicycle is in the plane of the
inclined circle and likewise the line, which is in [the space] between its centre and
the centre of the ecliptic, around which this circle [i.e. the epicycle] always rotates
and moves regularly, whereas this line passes through exactly these points15 of the
epicycle, namely those which are called the apogee and perigee. Thel® ratio of the
radius of the eccentric circle to the radius of the epicycle is like the ratio of 60 to
6%. |9:7| The centre of the Moon travels regularly from the direction of the
apogee from east to west, whereas its motion is the motion of the anomaly, so
that in 26 Egyptian years and 99 nychthemera, it completes 348 returns with
respect to the epicycle. However, this is [only] approximate, because when it is
examined more closely, it is less than what we have mentioned by one minute.

|9:8| The distance of the northern limit of the inclined circle from the vernal
equinoctial point contrary to the succession of the signs was 230 degrees and

14 Here, wad‘ translates the Greek thesis, which is why I do not translate it as ‘hypothesis’, but
rather as ‘position’. See above, pp. 26-27.

15 The translation follows Morelon’s reading, which depends on the Hebrew version and corre-
sponds to the Greek text.

16 One could easily align the Arabic to the Greek version by replacing wa-takdin with fa-takin.
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19,13 minutes in this first year after Alexander’s death in the first Egyptian month
Thoth at noon in Alexandria. The distance of the apogee of the eccentric circle
from the northern limit to the west was also 82 degrees and 40 minutes. |9:9| The
distance of the centre of the epicycle from the apogee of the eccentric circle
according to the succession of the signs was 260 degrees and 40 minutes. The
distance of the centre of the Moon from the apogee of the epicycle contrary to
the succession of the signs was 85 degrees and 17 minutes.

|10:1| The condition of the circles of Mercury

As for Mercury, we imagine in its sphere a circle whose centre is the centre of the
ecliptic and that moves regularly in its [i.e. the ecliptic’s] plane from west to east,
equal to the motion of the sphere of the fixed stars. |10:2| Let this circle by its mo-
tion move another circle inclined to it. Let its centre be the centre of this [first]
circle, whereas it is in a fixed position towards it. Let the inclination of these two
planes against each other comprise an angle of a sixth degree according to the
measure by which one right angle is 90 parts. |10:3| In the plane of this inclined
circle, let there be a diameter from the northern to the southern limit. Let us indi-
catel” on this diameter two points in [the space] between the centre of the ecliptic
and the southern limit of what follows the centre of the ecliptic. |10:4| Let the
centre of this eccentric circle move regularly around the point of the two afore-
mentioned points that is further away from the centre of the Earth contrary to
the succession of the signs from the apogee of the eccentric circle, whose centre is
this point, by the amount of the excess of the course of the Sun over the course of
the fixed stars, if the two motions are in equal periods of time, so that in 144
Egyptian years and 37 nychthemera, it [i.e. the centre of the eccentric circle] com-
pletes 144 returns. However, this is [only] approximate, because when it is exam-
ined more closely, it exceeds it by two minutes.

17 Note that the Arabic translates the Greek eiléphtho.
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|10:5] As for the centre of the epicycle, let it move around the other point,
[namely] that which is the point of the two aforementioned points that is closer
to the Earth according to the succession of the signs from the position of the
apogee of the eccentricity, whereas its position is always on the eccentric circle
and whereas its motion is equal to the aforementioned motion, so that in 144
Egyptian years and 37 nychthemera, it completes 144 returns back to the position
of the eccentricity. However, this is [only] approximate, because when it is exam-
ined more closely, it exceeds it by two minutes.

|10:6| Let the distance of what is between the centre of the ecliptic and the
point of the two points that is closer to the Earth be three parts and let the
distance of what is between the centre of the ecliptic and the point of the two
points that is further away from the Earth be S %2 parts according to the measure
by which the radius of the eccentric circle is 60 parts, and let the distance of what
is between the point of the two points that is further away from the Earth and
between the centre of the eccentric circle be 2 % parts.

|10:7| We also imagine a small circle around the centre of the epicycle (I mean
around the centre of the sphere of the epicycle)18 in the plane of the inclined
circle. The line that connects what is between the centre of this circle and
between the point of the two aforementioned points that is closer to the Earth
(i.e. the point around which this circle always moves regularly), [this line] goes
from this circle through these exact points (namely which are called the apogee
and perigee). [10:8| Also, we imagine another small circle, whose centre is the cen-
tre of the aforementioned circle. It moves regularly in the plane of the said circle
and around its centre. Thus, when it moves from the position of the apogee, its
motion is in the direction in which the world moves, and the motion is equal to
the motion of the aforementioned eccentric circle or to that of the epicycle.1?

|10:9| Let this circle move through its motion another circle inclined to it and
around its centre, and let it be attached to this circle in a fixed position. Let its
inclination comprise an angle of 6 % parts according to the measure by which a

18 This addition in the Arabic seems to highlight that the epicycle consists of two spheres in the
case of Mercury.

19 This is very different from the Greek version, cf. the English translation in Hamm, Prolemy’s
Planetary Theory, p. 54.
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right angle is 90 parts. The ratio of the radius of the eccentric circle to the radius
of this small circle is like the ratio of 60 to 22 ¥. |10:10| Let us imagine?? the plan-
et [to be] on this circle and that it travels regularly around its centre from the
apogee contrary to the motion of the world. Let its motion on this [course] be
equal to the motion of the centre of the epicycle and to the motion of the anom-
aly of the planet in sum. Thus, in 250 Egyptian years and 174 nychthemera, the
planet completes 865 returns with respect to its inclined epicycle. However, this is
[only] approximate, because when the calculation is examined more closely, it
exceeds this by four minutes.

|10:11| The distance of the apogee of the eccentric circle from the vernal
equinoctial point according to the succession of the signs was 185;24 degrees in
the first year after Alexander’s death in the first Egyptian month Thoth at noon
in Alexandria. The distance of the northern limit from this point was 5;24
degrees. The distance of the centre of the eccentric circle from the apogee of the
position of the eccentricity contrary to the succession of the signs was 42;16 parts.
|10:12| The distance of the centre of the epicycle from the apogee of the position
of the eccentricity according to the succession of the signs was like these parts,
namely 42;16 parts. Also, the distance of the northern limit of the small inclined
circle from the apogee of the epicycle contrary to the succession of the signs was
132;16 parts. The distance of the planet from the northern limit of the small
inclined circle according to the succession of the signs was 346;41 parts.

20 The Greek reading in the edition by Heiberg goes back to Bainbridge’s emendation of
noeistho to kineistho.
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|11:1| The condition of the circles of Venus

As for Venus, we also imagine that it has a circle whose centre is the centre of the
ecliptic, and that it moves regularly in its plane and around its centre from west to
east, like the motion of the fixed stars. |11:2| Let this circle move by its motion
another circle inclined to it and around its centre, and let it be in a fixed position
towards it.2! Let the inclination of its plane comprise an angle of a sixth part
according to the measure by which the right angle is 90 parts. [11:3| In the plane
of the inclined circle, let there be a diameter from the northern to the southern
limit. Let us indicate on this [diameter] two points in [the space] between the
centre of the ecliptic and the northern limit, and let the line between these two
points be equal to the line between the centre of the ecliptic and the point of the
two points that follows it.

|11:4| Let the eccentric circle be drawn on the point of the two points that is
closer to the Earth, in a fixed position and not moving. Let the ratio of its radius
to the line between its centre and the centre of the ecliptic be like the ratio of 60
to 1. Let the centre of the epicycle move regularly around the point of the two
points that is further away from the Earth and let the position of its centre always
be on the eccentric circle according to the succession of the signs from the afore-
mentioned diameter by the amount of the excess of the motion of the Sun over
the motion of the fixed stars in equal periods of time.

|11:5| We also imagine in the sphere of the epicycle a small circle around its [i.e.
the sphere’s] centre and in the plane of the inclined circle. Let the line that goes
through its centre and the point of the two aforementioned points that is further
away from the Earth, [the point] around which this circle moves regularly, pass
through exactly these points of this small circle, namely those which we call the
apogee and perigee. |11:6| We also imagine another small circle whose centre is
the centre of this circle and which moves regularly in its plane from the apogee in

21 This sentence is cited in Ibn al-Haytam, al-Sukiik, p- 51:11-13.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



10

15

248 CHAPTER V: EDITION AND TRANSLATION

Sl e 2> dy [11:7] U875 ol gl alls &S50 &gl 85> W) L)
Mo oo gy Ml s o B 8 529 05 oS0 wis Dol 5T 1S5 asS,
et LS &gl 4 0S5 U eIl ¢ iy elpr) BV 3sST gl AL
Jim i) SN s 3 S SBimndy [T18] - ocang cpumly BN I i)
1 I ) B A ) S5 ) V1 o &y s 85 UL s S50
Lpan dir My o B gy SIS By gl B A5 &gl
5 B sy il sy aae ety e 3pm Ll Uiy 30 B0

Bty ZiBs adzal 13 W6 L

b e e ) Jtse VN das o Sl e g 5l g ) e 087 3y (119
st o 8 e I B A g e 0 B S S g M e sl
Joog AEES e (:.’jj D> ez SVl Jled) hai o3y $ L)
o el Gl S day oIS |11:10] Ldladd) sds e Jleid) gmie dmy olS7 23
B ey By em Bl gl LM sl Lo o S0 o2 ) e o
Szl el L) S s g Ll oSy .4ads 5,8 S
Ay OISy AR Bpke Ty B pledy da ol I OV e )
i Bl 2y Sl el b e Bl sl S Jles g e S0
B> Ny ety i iy iLdy

1isles] slus L 2 aS>w] om L £lomB o] Gemds L 3] i L
4 Sl Sy L Tliai]sIL SM\...%;’;]omBL 8pm] kB 1185 0B
12 5] 5 B ERELNV [ PR P SRV [ PED 5 @jj] LylyB 155.80] 5 B
Al Jles] el Jlesdl B 17 Jkes] JI LB Bldllom B 18 wess] Lies 9B

248 pylomH 4 ) GW8] tob xukhiokou H 5 &2]) .. #laddH 10 cp)ﬁ] om H

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License

Lov

HY4



BOOKI 249

the direction in which the world moves, with a motion similar to the motion of
the aforementioned epicycle. |11:7| Let this circle by its motion move another
circle inclined to it with the same centre and in a fixed position towards this circle.
Let the inclination of this circle comprise an angle of 3 % parts according to the
measure by which the right angle is 90 parts. Let the ratio of the radius of the
eccentric circle to the radius of the epicycle be like the ratio of 60 to 43 %. |11:8]
Let the planet move regularly on this small circle22 around the centre of this circle
from the apogee contrary to the direction in which the world moves, with a mo-
tion similar to the motion of the epicycle and to the motion of the planet in sum.
Thus, in 35 Egyptian years and 33 nychthemera, it completes 57 returns. Howev-
er, this is [only] approximate, because when it is examined more closely, it exceeds
what we have said by one minute.

|11:9| The distance of the apogee of the position of the eccentricity from the
vernal equinoctial point according to the succession of the signs was 50;24
degrees in the first year after Alexander’s death in the first Egyptian month Thoth
at noon in Alexandria. The distance of the northern limit from this point was the
same. |11:10| The distance of the centre of the epicycle from the apogee of the
position of the eccentricity according to the succession of the signs was 177 parts
and 16 minutes. Also, the distance of the northern limit of the small inclined
circle from the apogee of the epicycle contrary to the succession of the signs was
87 parts and 16 minutes. The distance of the planet from the northern limit of
the small inclined circle according to the succession of the ecliptic was 168 parts
and 35 minutes.

22 The translation follows the conjecture from the Greek.
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|12:1| The condition of the circles of the planet Mars

As for the planet Mars, we imagine in its sphere also a circle whose centre is the
centre of the ecliptic, moving regularly in its plane and around its centre from
west to east, [its motion] being similar to the motion of the sphere of the fixed
stars. |12:2| Let this circle by its motion move another circle inclined to it with
the same centre, i.e. the centre of this circle, in a fixed position towards it. Let the
inclination of this circle comprise an angle of 1% plus % parts according to the
measure by which the right angle is 90 parts. [12:3| In the plane of this inclined
circle, let there be a diameter from the northern to the southern limit, and, on
this diameter, two points in the space between the centre of the ecliptic and the
northern limit. Let the line in the space between [these two points] be equal to
the line between the centre of the ecliptic and the one of the two points that
follows it. Let the point of the two points that is closer to the Earth be the centre
of the eccentric circle and let it be be in a fixed position and not moving. Let the
ratio of its radius to the line between its centre and the centre of the ecliptic be
like the ratio of 60 to 6.

|12:4| Let the centre of the epicycle move regularly around the point of the two
points that is further away from the Earth according to the succession of the signs
from the position of the aforementioned diameter by the amount of the excess of
the motion of the Sun over the motion of this planet and the motion of the
sphere of the fixed stars in sum in equal periods of time, and let its position in its
motion always be on the eccentric circle. Thus, in 95 Egyptian years and 361
nychthemera, it completes 51 returns. However, this is [only] approximate,
because when it is examined more closely, it is less than what we have said by three
minutes.

|12:5| We also imagine in the sphere of the epicycle another small circle on its
[i.c. the sphere’s] centre in the plane of the inclined circle. The line that goes
through the centre of this circle and the point that is the point of the two afore-
mentioned points that is further away from the Earth and around which the
epicycle moves regularly, let [this line] pass through exactly these points of this
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small circle, namely those which are called the apogee and perigee. |12:6] Also, let
there be another small circle which moves in the plane of this circle and around
its centre regularly from the apogee in the direction in which the world moves.
[Its motion] is equal to the motion of the centre of the aforementioned epicycle.
|12:7| Let this small circle move another circle inclined to it around its centre and
let it be fixed in this circle, not departing from it.23 Let its inclination also com-
prise an angle of 4 % plus % parts according to the measure by which the right
angle is 90 parts. Let the ratio of the radius of the eccentric circle to the radius of
the small circle be like the ratio of 60 to 39 %. |12:8| Let the planet move regularly
on this small circle around its centre so that when it moves from the apogee, its
motion is contrary to the motion of the world, and it is equal to the motion of
the epicycle and to the motion of the planet in sum,24 and this is the excess of the
motion of the Sun over the motion of the fixed stars in equal periods of time.

|12:9| The distance of the apogee of the position of the eccentricity from the
vernal equinoctial point according to the succession of the signs was 110;54
degrees in the first year after Alexander’s death in the first Egyptian month Thoth
at noon in Alexandria. The distance of the northern limit [from the vernal
equinoctial point]2> was the same. |12:10| The distance of the centre of the epicy-
cle from the apogee of the position of the eccentricity according to the succession
of the signs was 356;7 parts. The distance of the northern limit of the inclined
small circle from the apogee of the epicycle contrary to the succession of the signs
was 176;20 parts. The distance of the planet from the northern limit of the
inclined small circle according to the succession of the signs was 296;46 parts.

2 These two sentences are cited in Ibn al-Haytam, al-Sukiik, p. 55:11-17.
24 Until here, the sentence is cited in Ibn al-Haytam, al-Sukik, p. 55:19-22.
2 Similarly added in Hamm, Prolemy’s Planetary Theory, p. 59.
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|13:1| The condition of the circles of Jupiter

In the sphere of the planet Jupiter, we imagine a circle whose centre is the centre
of the ecliptic and which moves regularly in its plane and around its centre from
west to east. Its motion is equal to the motion of the sphere of the fixed stars.
|13:2| Let this circle also move by its motion another circle inclined to it, with the
same centre, i.e. the centre of this circle, and let it be in a fixed position towards it.
Let the inclination of one of these two planes against the other comprise an angle
of 1% parts according to the measure by which the right angle is 90 parts. [13:3]
We imagine in the plane of this inclined circle a straight line that is produced
from the centre of the ecliptic to the point that precedes the northern limit by 20
parts. On this line, let there be two points [so that] the line between them is equal
to the line between the centre of the ecliptic and the point of the two points that
follows it. Let the point of the two points that is closer to the Earth be the centre
of the eccentric circle, in a fixed position and not moving. Let the ratio of its
radius to the line between its centre and the centre of the ecliptic be like the ratio
of 60 to 2 % plus %.

|13:4| Let the centre of the epicycle move regularly around the point of the two
points that is further away from the Earth according to the succession of the
signs, and let the position of the centre of the epicycle always be on the eccentric
circle. Let its motion be from the aforementioned diameter by the amount of the
excess of the motion of the Sun over the motion of this planet and the motion of
the sphere of the fixed stars in sum in equal periods of time. Thus, in 213 Egypt-
ian years and 24026 nychthemera, it completes 18 returns. However, this is [only]
approximate, because when it is examined more closely, it exceeds what we have
said by one minute.

|13:5| We also imagine in the sphere of the epicycle a small circle around its [i.e.
the sphere’s] centre in the plane of the inclined circle. The line that goes through
the centre of this circle and through the point which is the point of the two afore-
mentioned points that is further away from the Earth, namely [that] around
which the epicycle moves regularly, let [this line] pass through exactly the points

26 Despite the agreement between the Greek and Arabic version, Bainbridge wanted to change
this to 238. See Prolemy, De planetarum hypothesibus, p. 38:8.
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of this small circle, namely those which are called the apogee and perigee. |13:6|
Also, let there be another small circle whose centre is the centre of this circle, and
let it move regularly in its plane and around its centre from the apogee in the
direction in which the world moves. [Its motion] is equal to the motion of the
centre of the aforementioned epicycle. [13:7| Let this small circle move another
circle inclined to it around its centre and let it be fixed in this circle, not departing
from it. Let its inclination comprise an angle of 1 % parts according to the mea-
sure by which the right angle is 90 parts. Let the ratio of the radius of the eccen-
tric circle to the radius of the small circle be like the ratio of 60 to 11 %. |13:8| Let
this planet move regularly in this small circle around its centre from the apogee
contrary to the motion of the world. Its motion is equal to the motion of the
epicycle and to the motion of the planet in sum, and this is also the excess of the
motion of the Sun over the motion of the fixed stars in equal periods of time.

|13:9| The distance of the apogee of the position of the eccentricity from the
vernal equinoctial point according to the succession of the signs was 156;24
degrees in the first year after Alexander’s death in the first Egyptian month Thoth
at noon in Alexandria. The distance of the northern limit from it [i.e. the vernal
equinoctial point] was 176;24 degrees. [13:10| The distance of the centre of the
epicycle from the apogee of the position of the eccentricity according to the suc-
cession of the signs was 292;23 degrees. Also, the distance of the northern limit of
the small inclined circle from the apogee of the epicycle contrary?” to the succes-
sion of the signs was 92;43 degrees. The distance of the planet from the northern

%7 Bainbridge has already noted that the Greek reading is wrong. See Prolemy, De planetarum
hypothesibus, p. 41:6.
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limit of the small inclined circle according to the succession of the signs was 231
parts and 16 minutes.28

|14:1| The condition of the circles of Saturn

In the sphere of Saturn, we imagine a circle whose centre is the centre of the eclip-
tic and which moves regularly in its plane and around its centre from west to east.
Its motion is equal to the motion of the sphere of the fixed stars. |14:2| Also, let
this circle move another circle inclined to it around its centre and let it be in a
fixed position towards it. Let the inclination of one of these two planes against
the other comprise an angle of 2 % parts according to the measure by which the
right angle is 90 parts. |14:3| Also, we imagine a straight line in the plane of the
inclined circle that is produced from the centre of the ecliptic to the point which
is different from the northern limit by 40 parts. On this line, let there be two
points. The line between them is equal to the line between the centre of the eclip-
tic and the point of these two points that follows it. Let the point of the two
points that is closer to the Earth be the centre of the eccentric circle, in a fixed
position and not moving. Let the ratio of its radius to the line between its centre
and the centre of the ecliptic be like the ratio of 60 to 3 % plus %z.

|14:4| Let the centre of the epicycle move regularly around the point of the two
points that is further away from the Earth according to the succession of the
signs, and let the position of the centre of the epicycle always be on the eccentric
circle. Let its motion be from the position of the aforementioned diameter by the
amount of the excess of the motion of the Sun over the motion of this planet and
the motion of the sphere of the fixed stars in sum in equal periods of time. Thus,
in 117 Egyptian years and 330 nychthemera, it completes four returns. However,
this is [only] approximate, because when it is examined more closely, it exceeds
what we have said by one minute.

|14:5| We also imagine in the sphere of the epicycle a small circle around its [i.e.
the sphere’s] centre in the plane of the inclined circle. The line that goes through
the centre of this circle and through the point of the two aforementioned points

28 These values have also already been corrected by Bainbridge, for which see Ptolemy, De plane-
tarum hypothesibus, p. 41:11.
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BOOKI 261

that is further away from the Earth, namely that around which the epicycle moves
regularly, let [this line] pass through exactly the points from the small circle,
namely those which are called the apogee and perigee. |14:6| Also, let there be
another small circle whose centre is the centre of this circle and let it move regu-
larly in its plane and around its centre from the apogee in the direction in which
the world moves. [Its motion] is equal to the motion of the centre of the afore-
mentioned epicycle. |14:7| Let this small circle also move another circle inclined
to it around its centre and let it be fixed in this circle, not departing from it. Let its
inclination also comprise an angle of 2 % parts according to the measure by which
the right angle is 90 parts. Let the ratio of the radius of the eccentric circle to the
radius of this small circle be like the ratio of 60 to 6 %. |14:8| Let the planet move
regularly in this small circle and around its centre?? from the apogee opposite to
the motion of the world. Let its motion be equal to the motion of the epicycle
and the motion of the planet taken together, which is also the excess amount of
the motion of the Sun over the motion of the fixed stars in equal periods of time.

|14:9| The distance of the apogee of the position of the eccentricity from the
vernal equinoctial point according to the succession of the signs was 228;2430
degrees in the first year after Alexander’s death in the first Egyptian month Thoth
at noon in Alexandria. The distance of the northern limit from it [i.e the vernal
equinoctial point] was 188;24 degrees. |14:10| The distance of the centre of the
epicycle from the apogee of the position of the eccentricity according to the suc-
cession of the signs was 210;38 parts. The distance of the northern limit of the
small inclined circle from the apogee of the epicycle contrary to the succession of
the signs was 70;38 parts. The distance of the planet from the northern limit of
the small inclined circle according to the succession of the signs was 219;16 parts.

2 This is where the Greek text ends. Since the remainder of the edition by Heiberg depends on
a medieval recension that repeats the last part of Chapter .13, my Greek apparatus stops here.

30In contrast to the remaining following values, Bainbridge’s emendation here agrees with the
Arabic tradition. See Ptolemy, De planctarum hypothesibus, p. 45:25.
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|15:1|31 This is the configuration of the wandering stars on their circles.
According to what we have said, it seems that the reason for which an anomaly is
apparent for the heavenly motions does not occur in any way in the sphere of the
fixed stars, for this sphere carries out a motion very close to the motion of the uni-
verse, whose nature is necessarily a simple one, not interfering with something
else and not receiving opposite states at all. |15:2| As for the wandering stars, all
of which are below the position of this motion, they move together with [this
motion] from east to west, and they [also] move contrary to this motion from
west to east and in the [four] directions, I mean forward and backward, and right-
ward and leftward [i.e. south and north], which are the directions of locomotion.
|15:3| For locomotion is prior to the other motions.32 In the things with an eter-
nal nature we find only this single motion. This is the reason for the opposite
changes in quality and quantity that occur in the non-eternal things. These
changes are not only in what is apparent to us of them, as is the case for what is
eternal, but [also] in themselves and their substances.

|15:4|33 As for the Sun, we believe that it has only one anomaly, namely that
which can be seen in its motion on the ecliptic, because among the things that
move we find nothing stronger than [the Sun] in heating what moves and what is
apparent in such a way that [the Sun] would receive from [this stronger thing]
another second anomaly in its course.34 [15:5| As for the other wandering stars,
they have two kinds of anomaly. One of them is close to what we have already
mentioned, namely that which is according to their path on the ecliptic, the other
is that which is according to [the planets’] return to the Sun, so that each of them
has a volitional motion and a motion to which it is compelled.3> [15:6[3¢ As for
their motion in the two directions, it also [takes place] for the sphere of the fixed
stars and for the sphere of the Sun by one simple kind [of anomaly], namely that
which is due to the inclination of the ecliptic to the equator. |15:7| As for the
Moon, [it] has two kinds [of latitudinal anomaly]. One of them is the aforemen-
tioned, and the other is that which it has through its inclination against the eclip-
tic in its inclined circle. |15:8] As for the five wandering stars, they have three

31 For the following second part of Book I, I follow Goldstein’s division into chapters. See Gold-
stein, “The Arabic Version’.

32 ‘Motions’ in the sense of ‘change’. See Aristotle, Phys. VIIL.7, 260a26-b15.

33 Prolemy deals here with anomalies in ecliptic motion, i.e. longitudinal anomalies.

3 For the Aristotelian background of the beginning of this chapter, see the commentary to
Chapter I.15, p. 360.

3 These two sentences are cited in Ibn al-Haytam, al-Sukiik, pp- 44:18—45:3. For the problems
that this sentence brings with it, see the commentary to Chapter 1.15, p. 361.

3¢ At this point, Ptolemy turns towards anomalies perpendicular to the ecliptic, i.e. latitudinal
anomalies.
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BOOKI 265

kinds, and three is the highest number of visible anomalies. Two of these have
been mentioned [before], whereas the third is due to the circles that revolve
around the Earth and that are inclined to the epicycle. The situation of these
circles is similar to that of the other circles of inclination in all of their conditions.
|15:9| One [can] imagine a difference between them [i.e. these circles and the oth-
er circles of inclination] because they do not comprise the Earth, but rather the
Earth lies outside them, and it is for this reason that one comes to believe that the
inclined circles move and are carried in two opposite directions and that also the
motion of these circles is parallel to the planes whose inclination against them [i.e.
these circles] is a fixed inclination, just like the condition of the ecliptic with the
plane of the equator.

|15:10| If we imagine that the section of the meridian above the Earth belongs
to what follows the apogee and [the section] of the meridian below the Earth
belongs to what follows the perigee, and that the distance of the horizon from
each of the two directions is the mean distance, and that the inclination of the
ecliptic is one and the same and does not change, then the motion of this circle
[i.e. the abovementioned circle] inclined to the equator is around its poles. |15:11|
Thus, the northern limit of this circle, namely the summer point [i.e. solstice], is
sometimes on the section which follows the apogee and sometimes on that which
follows the perigee, sometimes in the distance from the east and sometimes from
the west, and the same also [applies to] the southern limit, namely the winter
point. |15:12| Furthermore, then, the vernal [equinoctial] point, which is like the
ascending node, is sometimes on the section which belongs to what follows the
apogee and sometimes on that which belongs to what follows the perigee, some-
times in the distance to the east and sometimes to the west, and the same also [ap-
plies to] the autumnal [equinoctial] point, which is like the descending node.

|15:13| In the very same way, it is possible for us to imagine each of the condi-
tions in the inclined circle which encompasses the Earth, such as the circle of the
Moon, once we have dealt with its matter, similar to what we have said above.
Similarly, it occurs for the circles that lie outside of the Earth, similar to what
occurs for the inclination of the epicycles.
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BOOKI 267

|15:14| If we want to move on from the first to the second kind [of inclina-
tion], which comes after it, then we do not need to change more things than to
make the place of the equator the [place of the] ecliptic, and the place of the circle
about which the circle inclined to the equator moves, namely the ecliptic, the
[place of the] circle about which the ecliptic moves, and the place of the ecliptic
itself the [place of the] inclined circle itself. |15:15| With respect to the third kind
of inclination, namely that outside the Earth, the equator becomes similar to the
fixed epicycle, and that which changes the inclination against the ecliptic [be-
comes] similar to that which changes the inclination against the epicycle, and the
ecliptic itself [becomes] similar to the small inclined circle itself. |15:16] However,
the change of the inclination in [these circles] differs only in this way that I
describe, namely that we see the circles that encompass the Earth returning with
the returns of some of [the celestial bodies] which move about them, [namely
with the returns] of the Sun or the centre of an epicycle or the Moon or [another]
planet. |15:17| As for those that are epicycles, they return with the returns of the
centres of the epicycles, but not with the return of what moves about them.3”

|15:18| This is the condition of each of the spheres.

|16:1| As for the order of the position[s of the spheres] in relation to each oth-
er, there has been some doubt about it up to now. |16:2| As for the fact that the
sphere of the Moon is the one closest to the Earth, that the sphere of Mercury is
closer to the Earth than the sphere of Venus, that the sphere of Venus is closer to
the Earth than the sphere of Mars, that the sphere of Mars [is closer to the Earth]
than the sphere of Jupiter, that the sphere of Jupiter [is closer to the Earth] than
the sphere of Saturn, and that the sphere of Saturn [is closer to the Earth] than
the sphere of the fixed stars, this is apparent and clear to us by what is seen of the
course of the planets whose spheres are closer to the Earth, against the planets
whose spheres are further away from the Earth, if they are along a straight line
extending from the [point of] vision. |16:3| As for whether the spheres of the five
wandering stars are in a higher [position] than the sphere of the Sun as they are in
a higher [position] than the sphere of the Moon, whether they are in a lower [po-
sition] than [the Sun], or whether some of them are in a higher and others in a
lower [position], we cannot say this with certainty.

37 On this last sentence, see Hamm, Prolemy’s Planetary Theory, pp. 187-88.
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BOOKI 269

|16:4| For the knowledge of the distances of the five wandering stars is not as
easy as it is for the case of the knowledge of the distances of the two luminaries
[i.e. the Sun and the Moon], because the conjunctions [producing] eclipses indi-
cate the distances of the two [luminaries] most clearly. |16:5| As for the five plan-
ets, there is no such indication, nor does there occur for them anything else that
deserves to being trusted, [as] in the case of a parallax, which is supposed of them.
Nor we have seen any part of [the five planets] to cover the Sun to this date. For
this reason, it is possible for a human to imagine that the spheres of the five plan-
ets are higher than the sphere of the Sun. |16:6| [But] for someone who seeks and
strives for knowledge of the truth, this is not evident from what has been said.
|16:7| Firstly, for if what is of such a small size covers that which has this degree of
large size and light, then it follows that it is not perceptible because of the small-
ness of the covering [body] and because of the condition of the parts of the body
of the Sun that remain uncovered. Thus, when the Moon covers a part of the Sun
by a part of itself which is equal to the diameter of the body of one of the planets
or larger than its diameter, then its covering, namely by that [part of the Moon]
which covers something of [the Sun], is not perceptible. [16:8| Another [reason]
is that a phenomenon like this necessarily only occurs after a long time, for the
apogees and perigees of the epicycles which join the Sun when the planets move
in them are only two times in the plane of the ecliptic during each revolution that
an epicycle makes, and this is at its transition from north to south and from south
to north. |16:9] When despite that, it is necessary that the centres of the epicycles
are in the positions of the nodes, that the planets are in the nodes as well, and that
the planets move to the nodes in the apogee or the perigee, then from this, it
occurs that this is also hidden from those who conduct observations and they
mostly miss [these observations] because of the condition of the amount of time
in which the returns of each of these two have to come to an end (I mean the
return of the epicycle and of the planet) if there happen to be conjunctions above
the Earth. |16:10| By this kind of demonstration, one is not able to judge with
certainty neither about these two planets [namely Mercury and Venus] nor about
the planets on which it is agreed that they are above the sphere of the Sun (I
mean, Mars, Jupiter, and Saturn).
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BOOKI 271

|17:1] If we make our inquiry about this from the ratios of each of the
small[est] distances to each of the great[est] distances and from what is arranged
and correct with respect to the order of the spheres and from what is not arranged
with respect to them, and if we put together for each of them [the space] between
the furthest position of the sphere close to the Earth and between the nearest
position of the sphere that is further away, then we know that it is only correct
[for] the spheres of Mercury and Venus to be below the sphere of the Sun and
that this cannot apply for [spheres] other than these two. |17:2| In the Almagest,
we have shown that the smallest distance of the Moon is 33 according to the mea-
sure by which the radius of the Earth is one, and that its greatest distance is 64
according to this measure.38 This is the case when we restore and drop the frac-
tions and take what is close to the complete numbers. Furthermore, the smallest
distance of the Sun is 1160 [Earth radii] and its greatest distance is 1 260 [Earth
radii].3? [17:3| The ratio of the smallest distance of Mercury to its greatest
distance is approximately like the ratio of 34 to 88, and it is clear that if one puts
together [the space] between the greatest distance of the Moon and the smallest
distance of Mercury, the greatest distance of Mercury becomes 166 [Earth radii]
according to the measure by which the smallest distance is 64 [Earth radii]. |17:4|
Furthermore, the ratio of the smallest distance of Venus to its greatest distance is
approximately like the ratio of 16 to 104, so that it is clear that if one puts togeth-
er [the space] between the greatest distance of Mercury and the smallest distance
of Venus, the greatest distance of Venus becomes 1079 [Earth radii] according to
the measure by which the smallest distance is 166 [Earth radii].40 |17:5| When the
smallest distance of the Sun is 1160 [Earth radii], as we mentioned, and when
such an amount like it between these two distances is possibly hidden from us
and escapes us in the essence of our hypothesis of the distance, then since these
two aforementioned spheres are closer to the Earth than the others, it is correct
that they lie in [the space] between the sphere of the Moon and the sphere of the
Sun. |17:6] As for the remaining spheres, this is not correct, for it is not possible
that in [the space] between the greatest distance of Venus and the smallest
distance of the Sun, there lies the sphere of Mars, which is of the remaining
spheres the one closest to the Earth, since the ratio of its greatest to its smallest
distance is approximately seven to one.

38 In the following, I simply use the term ‘Earth radii’.

% For the distances of the Moon and the Sun, see Ptolemy, Synzaxis, V.11-15.

#0Up to this point, the calculation is cited literally in Proclus’ commentary on Plato’s Timaeus.
See Proclus, In Tim., Vol. 3, pp. 62:24-63:11.
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BOOKI 273

|17:7| Furthermore, on a different note: since it occurred in general that when-
ever we increase the distance of the Moon, we [need to] decrease the distance of
the Sun, and also vice versa, one would [need to] decrease the distance of the Sun,
which is close to and contiguous with the greatest distance of Venus, if we
increased the aforementioned distance of the Moon, even if the increase is small.

|17:8| Then, the account by which the order of the spheres of the planets is
necessarily such as described is not only from the ratios of their distances but also
from the anomaly of their motions. |17:9| It is most likely and most plausible that
[the planets] that are far away from the condition of the Sun, which is in the cen-
tre from every direction, are further away from the Sun than [the planets] that
have no distance from every direction and no great distance from the condition
of the Sun. |17:10| Also, it is most plausible that the sphere of Mercury is con-
tiguous with the sphere of the Moon, since it occurred only for the two eccentric
circles of Mercury and the Moon that their two centres move in a way that is simi-
lar to the motion of the world, namely contrary to the motion of their two epicy-
cles, whereas it is necessary that the two centres of their two epicycles are at the
apogee and the perigee twice in every revolution. |17:11| Thus, the spheres closer
to the air move by various kinds of motions and thereby resemble the nature of
the element that is contiguous with them. The sphere very close to the motion of
the universe, namely the sphere of all the fixed stars, moves with a simple motion
that resembles the motion of the fixed thing around it [i.e. the sphere] and always
endures in this [state].

|17:12| As for the quantity of the distances of the three remaining planets
according to the aforementioned method from [the fact that] their spheres are
contiguous with each other and from the reasoning of the ratios of their
distances, far away from and close to the Earth, in relation to each other, it is not
difficult for us to complete it [i.e. the quantity of the distances] following a way
similar to this one that we [already] followed. [17:13| On account of the ratio that
we established for the two distances of Mars of one in relation to the other, which
is seven times as much, we find its greatest distance exactly to be 8 820 [Earth
radii] according to the measure by which the smallest distance is 1260 [Earth
radii], if we put together [the space] between its smallest distance and the greatest
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distance of the Sun. |17:14| Because the ratio of the smallest distance of Jupiter to
its greatest distance was made to be like the ratio of 23 to 37, the greatest distance
of Jupiter becomes 14 18741 [Earth radii] according to the measure by which its
smallest distance is 8 820 [Earth radii] if we also put together [the space] between
its smallest distance and the greatest distance of Mars. |17:15| Likewise, since the
ratio of the smallest distance of Saturn to its greatest distance was made to be like
the ratio of 5 to 7, the greatest distance of Saturn, which is contiguous with the
sphere of the fixed stars, becomes 19 865 [Earth radii] according to the measure
by which the smallest distance is 14 187 if we put together [the space] between its
smallest distance and the greatest distance of Jupiter.

|17:16| In summary, the account is [as follows]: If the radius of the spherical
surface encompassing earth and water is one, then the radius of the spherical
surface encompassing air and fire is 33 according to this measure; the radius of the
surface encompassing the sphere of the Moon is 64 [Earth radii]; the radius of the
surface encompassing the sphere of Mercury is 166 [Earth radii]; the radius of the
surface encompassing the sphere of Venus is 1079; the radius of the surface
encompassing the sphere of the Sun is 1260 [Earth radii]; the radius of the
surface encompassing the sphere of Mars is 8 820 [Earth radii]; the radius of the
surface encompassing the sphere of Jupiter is 14 187 [Earth radii]; the radius of
the surface encompassing the sphere of Saturn is 19 865 [Earth radii].

|18:1| However, the radius of the spherical surface encompassing earth and
water is 2 myriad stades and % and % and %o of a myriad stade, because we find the
revolution [i.e. the circumference] [to be] 18 myriad stades. The distance of the
border that separates the sphere of fire and that of the Moon is 94 myriad stades
and % and Yo myriad stade. The distance of the border that separates the sphere
of the Moon and that of Mercury is 183 myriad stades and % and %o and %o myri-
ad stades. The distance of the border that separates the sphere of Mercury and

41 According to Swerdlow, Prolemy’s Theory, p. 125, the correct value should be 14 189. See the
commentary to Chapters 1.16-19, p. 364 n. 49.
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that of Venus is 475 myriad stades and % and % and %o myriad stades. The
distance of the border that separates the sphere of Venus and that of the Sun is
3 093 myriads and %o and %o myriad stades. The distance of the border that sepa-
rates the sphere of the Sun and that of Mars is 3 612 myriad [stades]. The distance
of the border that separates the sphere of Mars and that of Jupiter is 2 myriad
myriads and 5 284 myriad stades. The distance of the border that separates the
sphere of Jupiter and that of Saturn is 4 myriad myriads and 4 769 myriads and %
and %o myriad stades. The distance of the border that separates the sphere of
Saturn and that of the fixed stars is 5 myriad myriads and 6 946 and % myriad
stades.

|18:2| If the situation is as we have said, namely that between the great[est] and
small[est] distances and the surfaces that separate the spheres from each other,
there is no difference or empty space that would have a magnitude — this being
the most likely situation since it is not possible that in the nature of the things
there is a large interstice and something not used and without a meaning — then
the distances of the spheres are as we described and are proper for what we have
proven before. But if there is between them a distance or empty space, then it is
clear that the distances that we have mentioned for every condition cannot be
smaller than we said.

|19:1| It is possible to compare the diameters of the bodies of the planets to
each other in a general way due to what is seen and what is apparent from the
observation of their diameters and due to their respective condition and the
extent of their bodies, which are grasped from the aforementioned distances, if
one follows this method that I describe [now].

|19:2| Hipparchus said that one counts the apparent diameter of the Sun
approximately 30 times the [apparent] diameter of the smallest planet and 10
times the apparent diameter of the greatest planet, which is Venus. The apparent
diameters do not depart from the vision of their true diameters by something per-
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ceptible. |19:3| On the basis of this statement, Hipparchus computed a size for
the bodies of the planets, such that they cannot be smaller than [this size], and he
used thereby a general distance to which the ratio of the Earth is [in the] rank of a
point. As for Hipparchus, he does not show at which of the distances of Venus its
amount is [equivalent to] this aforementioned amount. We made this with
respect to the mean distance of all the distances, where we often observe its [ap-
parent] diameters, which we see and measure, for if we take their diameters while
they are at their apogee or perigee, then it would be doubtful because of the loca-
tion of the rays of the Sun and its light. |19:4| Thus, we find for most cases that
the diameter of Venus takes one-tenth of the diameter of the Sun, just like Hip-
parchus said, and we find that the diameter of Jupiter takes %2 of the diameter of
the Sun; as for Mercury, it is %s of the diameter of the Sun; as for the diameter of
Saturn, it is %s of the diameter of the Sun; as for the diameter of Mars and the
diameters of the fixed stars that are of first magnitude,42 it is %o of the diameter of
the Sun; as for the diameter of the Moon, it is 1 % times the diameter of the Sun if
it is at its mean distance of its circle together with its other mean distance which is
in the eccentric circle.

|19:5| However, if all of the diameters always form one angle in what is appar-
ent to sight when they are in their mean positions, then the ratios of their diame-
ters to each other would be like the ratios of their mean distances to each other,
because the ratios of the circumferences of the circles to each other and the ratios
of the [various] kinds of their diameters, which are these distances, are like the
ratios of their similar arcs to each other. |19:6| Thus, according to the measure by
which the diameter of the Sun is 1 210, the diameter of the Moon is 48, the diam-
eter of Mercury is 115, the diameter of Venus is 622 %, the diameter of Mars is
5 040, the diameter of Jupiter is 11 504, the diameter of Saturn is 17029, the
diameter of the fixed stars that are of first magnitude is 19 865 or 20 000 in com-

42 These are the brightest stars. The volumes of the stars of second to sixth magnitude are not
calculated by Ptolemy.
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BOOKI 281

plete [numbers], if they are in touch with the farthest distance of Saturn. If they
are not in touch, then this diameter is not less than 20 000.

|19:7| But because their diameters do not form angles that are equal to the
angle which the diameter of the Sun forms, whereas the diameter of the Moon
forms an angle which is 1% times than that of [the Sun] and the diameters of the
planets form the aforementioned parts of this angle; and [because] it is clear that
according to the measure by which the diameter of the Sun is 1 210, the diameter
of the Moon is 64, since this is 1 % times 48; that the diameter of Mercury is 8,
since it is approximately s of 115; that the diameter of Venus is 62, which is
approximately %o of 622 %; that the diameter of Mars is 252, which is %o of 5 040;
that the diameter of Jupiter is 959, which is approximately %2 of 11 504; that the
diameter of Saturn is 946, which is approximately %s of 17 026; that the diameters
of the fixed stars that are of first magnitude are either 1 000, which is %0 of 20 000
or are not smaller than 1000; |19:8| and [because] we have shown in the
Almagest*3 that the diameter of the Sun is 5 % according to the measure by which
the diameter of the Earth is one, this 5% being %20 of 1210; and [because] we
thus took of the numbers that we laid down this measure, we found that if the
diameter of the Earth is one, the diameter of the Moon is % of this one and %4, the
diameter of Mercury is %7, the diameter of Venus is % and %o, the diameter of the
Sun is 5 %, the diameter of Mars is 1 %, the diameter of Jupiter is 4 % and %o, the
diameter of Saturn is 4 % and %o, and the diameters of the fixed stars that are of
first magnitude are either 4 % and %o or are not smaller than this.

3 See Prolemy, Syntaxis, V.16.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



10

15

20

282 CHAPTER V: EDITION AND TRANSLATION

ol o oo 4 oS sl V1 e ol S0 ) Sl (199
By lady By Bty Wl jie dacs n B sllas o odacy om0 B
oaey By o Fsy By Ble ot pm oaey om s dn )l 0 i 580 0 ey
By Uy Uiy bl o) Stadl o olacy doly Ciaiy Vg sodl o
B A Bl SIS el sy sy onvn x> B e
119:10] .15 o 761 355 T 21y Gy Uooany pny dngf 055 of B S5V olas)
oty oWl B U5 e el Loy b e e et e o
piall g 86 L3 b ey I (laall 3 1 2l CSUS ol el
o o sl 45 9 ) o Aels L By o Ay B By
yles o sy edll o 2l L5 By 3al 0 dnle L5

e BB USS L e LS bslad walS” o) 4] Jpas Ll Lals sy [19:11)
d\usﬁvussgw)wrwmww\fdb.wudxw;i L)) Ll
b e o8 o) olad 3] Ws U T LS Lal 2l e 36 L W 1 5
[19:12] g all S35 8801 S5S5 3las S o GMas 0,5 &b bl
R AN Y sy 5 gy s el o 58wl W
U G5 ) Loy 5 8y s B3l U4 o558 Bl By NN APRVIIE
sy (b gy e Ve & S8 s Uy Y ey oy atl BN
Sl e s w) 119:13] . dms Y ot RIS URTSRER oY)
> L}f L db ujN\ FNEPY RS 3 e (Dls MY\ odny (B sAg
S US5 ) Londny LS sl e O3By o) ot C3Mas) J) Logs
ol et Sy o Sty IS

P S R e JprlomL Bligler i L 42 uedl]
omL .. M)] ;f)c)j inaig L 5\.&.@}] iais L gfj‘] gL 6\2«3) L]
pods odans L YiYoiB s Wnyg] sdny L 11 olas] om L 12‘@5] omB L] L
addB 13 ZLJAO?] omL 15 dl] gdladdL  18/19 Yl GhjomB 19 I
L  20Ladx] bax B ) )

This is an open access publication distributed under a CC BY-NC-ND 4.0
International License

L21r

B92r

L21v



BOOKI 283

|19:9| According to the measure by which the size of the body [i.e. the volume]
of the Earth is one, the size of the body of the Moon is Yo, the size of the body of
Mercury is %o, the size of the body of Venus is %4, the size of the body of the Sun
is 166 %, the size of the body of Mars is 1 %, the size of the body of Jupiter is 82 ¥
and % and %o, the size of the body of Saturn is 79 %, and the size of the bodies of
the fixed stars that are of first magnitude is either 94 % and % or is not smaller
than that. [19:10| On account of what we have described, the body of the Sun is
larger than every [other] body in the world. After it in size are the bodies of the
fixed stars that are of first magnitude; after them in third rank is the body of
Jupiter; in fourth rank, the body of Saturn; in fifth rank, the body of Mars; in
sixth rank, the body of the Earth; in seventh rank, the body of Venus;#4 in eighth
rank, the body of the Moon; and the last of them is the body of Mercury.4

|19:11| We may make here also an exception: We say that if all of their distances
are as we have said, then the size of their bodies is also as we have said. If their
distances are greater than what we have described, then the size of all their bodies
is larger than what we have said, since they cannot be smaller than we have said. If
their distances are as we have determined them, then there is a [noticeable] paral-
lax for Mercury, Venus, and Mars. [19:12| As for Mars, it has a parallax, namely at
its perigee, similar to that of the Sun, namely at its apogee. As for Venus, it has a
parallax, namely at its apogee, close to that of the Sun, namely at its perigee. As
for Mercury, it has a parallax, namely at its perigee, similar to that of the Moon,
namely at its apogee. |19:13| As for the parallax of Mercury, namely at its apogee,
and as for the parallax of Venus, namely at its perigee, the ratio of each of the two
to the parallax of the Moon and the parallax of the Sun is like the ratio of their
[i.e. the two’s] aforementioned distance to each of the two distances of the Sun
and the Moon.

# On the size of Venus and its ranking in comparison to the other planets, see the commentary
to Chapters 1.16-19, p. 366 n. 60.

4 This enumeration is quoted (although not literally) in a Judaeo-Arabic copy of Tabit’s Sim-
plification of the Almagest, see Tabit ibn Qurra, Oenvres d astronomie, pp. xl and 14 (note to line 4
in the Arabic apparatus).
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|20:1| The first appearance of the planets and their disappearance under the
rays of the Sun is when the planets are on the horizon, namely when they rise or
set, when the Sun is leaving the horizon, and when between it [i.e. the Sun] and
[the horizon] there is an arc of the great circle that is drawn about the centre of
the Sun and the point of the zenith. |20:2| For the fixed stars that are of first mag-
nitude and that are close to the ecliptic, it is approximately 15 degrees; for Saturn,
it is approximately 13 degrees; for Jupiter, it is 9 degrees; for Mars, it is 14 %
degrees; for Venus at its setting in the mornings and at its rising in the evenings, it
is 7 degrees, and at its setting in the evenings and at its rising in the mornings, it is
S degrees; and for Mercury, it is 12 degrees. |20:3| As for the appearance of the
planets at [their] maximum distance from the Sun, when they are in opposition
to the Sun, [the appearance] is at a distance of the Sun below the Earth, which
would be less than the aforementioned arc by an amount of approximately half
of it. |20:4| A difference for the distance of the Sun only occurs for Venus, not the
rest of the planets, since the three planets — I mean Mars, Jupiter, and Saturn —
disappear and appear under the rays of the Sun only when they are at the position
of their apogee of the epicycle. [20:5| As for Mercury, it disappears and appears
more than this when it is in [the space] close to its mean position, for it only
appears when its distance from the Sun is a great one, even greater than the
distances that it has when it is in [the space] close to the apogee or the perigee.
Therefore, sometimes some of its appearances and disappearances happen unno-
ticed. |20:6| As for Venus, it disappears and appears when it is in its apogee and
when it is in its perigee, so that the difference in its size, which is therefore appar-
ent for it, is a reason for the difference of the distances according to which it is
possible that it is [at] the first of its disappearances and appearances.

|21:1| As for the reason for which what appears and presents itself to sight of
the size of its body [i.e. Venus] is not in agreement with the ratios of its distances,
we must know that this is an error that enters sight on account of the parallaxes.
|21:2| The difference of that becomes evident in everything that is apparent and
can be seen at a great distance. Just as the quantity of the distances themselves are
not known with respect to what is apparent for the eye, the difference in [the
space] between things of different magnitudes cannot be known on the basis of
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BOOKI 287

the proportion according to which they are, for sight collects and contracts [its
object] by reducing it to what it is most accustomed to know because of its per-
manent deficiency. |21:3| Therefore, we see each planet much closer to us than
they really are because of the inferiority of sight in relation to the distances to
which it is used and with which it is familiar, as we have shown. |21:4| The same
[applies to] the condition concerning the increases and decreases that occur for
the sizes [of the bodies] in terms of the increase and decrease of the distances, for
they fall short of the ratio that they [really] have, as is the case with respect to the
distances because of the incapacity of sight, as we said, to distinguish and perceive
the magnitudes of the quantity of the difference of any kind of what we have
mentioned.

|21:5| Book I of the treatise by Claudius Ptolemy on the report of the summa-
ry of the conditions of the wandering stars is completed.
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BOOKII 289

In the name of God, the Compassionate, the Merciful. May the Lord make [it]
easy.

Book II of this treatise

|1:1| We have described most of the relations of the spherical motions that have
been perceived by observations made up to our time. But since we have created
the diagrams*@ for their motions and the ranks of their hypothesis in a simple way
for the great circles that we draw with their motions, it remains for us to describe
the shapes of the bodies, according to which we understand these circles. |1:2| We
follow in this respect what is proper for the nature of spherical bodies and what is
necessary for the principles that conform to the substance that always endures in
a single condition [i.e. aether].4”

|2:1| We are not concerned with listing the opinions of the ancients and their
sayings on these matters and correcting what appears to be wrong in them. For
these are things that have [already] been laid down*8 to someone who wishes to
compare the things that are laid down only as a hypothesis with the things that
are real, and with what is correct and established if he adheres to the way that we
pursue regarding eternal, circular motion.

|2:2| As for the conditions of the bodies, in which they are as we have men-
tioned and how they relate to each other, that is what we seck to lay down here4?
after we have first distinguished the universal properties that occur for them in
general, in both the physical sense and the mathematical sense.>?

|3:1] The physical reasoning leads us to saying that aetherial bodies are unre-
ceptive of alteration and do not change in all time,>! even if they are different [i.e.
from each other], according to what is proper for their wonderful substance and
what conforms to the power of the planets that is [inherent] in them. Their
brightness pervades in a clear way all of these things spread around them, without

4 Usually, in the different versions of the Almagest and in the Planetary Hypotheses, the Arabic
term mitdl translates hypodeigma or paradeigma. Here, it expresses the contrast to the physical
shapes of the spheres. Accordingly, the diagrams at the end of Chapters I1.11-16 are entitled as
mitdl.

47 The last couple of lines, starting with fz-gad bagiya, are cited in Ibn al-Haytam, al-Sukik,
p. 45:9-12.

48 See Ptolemy, Syntaxis, 1.3.

4 Until here, this sentence is cited in Ibn al-Haytam, al-Sukiik, p. 45:14-15.

50 For an upshot of the argument of the following chapters, see the commentary to Chapters
IL1-2, p. 369.

51 Until here, the sentence is cited in Ibn al-Haytam, al-Sukiik, p. 45:17-18.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



10

15

290 CHAPTER V: EDITION AND TRANSLATION

3% [3:2] t@b,ﬂ\ywwmuumwﬁj Juw)@w
Ay spdis LISl 31 0 W 5 L s Y ‘ujﬂl\ 5\“;-31\ 5 el J) W]
LSl g ddlesad) Sl s e iS5 IS0y el Y1 dgslins eles Sl Lol
le.ojma\\‘xffcdup\;- d&‘);"@j UUQJ‘GL"JJ”"("""‘"@'J\@J‘
ng\sﬂ\;wdj\uﬁwwdﬂ\ Ay IS 8
o g AN il (o sy 1 A 5 Jor 2 A Bt 530
I3 055y [33] L Baly IS5 a5 ) el 5 s ISl el
Joie Y U ol s 8 0o Y sy ol e sl By, Yy e S L
b oo Dlas o 8y b 0y Jlod Ll L 205 050 g 068 JlaisY)

Aol S o gy Ay s A plar W o my

1S 289 el L B ) sl o ISl o 356 Y3 U [3:4
Vi aat Vo g ) Ja 156 JS o s 8 5 o 13] Sy ot L
JEYCSIINVY Z)g; Was [3:5] .4 5ol m.;jﬁ ;551 b mlyadl conisly Sl
e 0555 A gy i) SISl e ol 268 5 Wi 0l 13) A8 g5
N dillae 83l vt Wases &gl 8pdicadl S50 a4 oty . i £y daliz)
S5 e o Vg paes Y A 8Ll ool il iy iy b e L o
Slad) e LIS Sleadl M 5 0085 5 e B oy 0500 )

Lo el oy Loy 31 el o 4 fomsnsl U0 6 o) o) G [401]
BNV g Il e e B U3 g SISl sy ST e W gl

103] eaddL 4 oWl UL =] =L 5 JilomB  .clomL  6/7..2.
AlomL  8lallesh L Ul el 10 laSU L VIB Jbd] L
1 bl | L 1208 ek B Sy Sy B 13 wlpall] LBl
AL 14 SIS B A s gl B 15 el w B i) Sy B
a5 L

This is an open access publication distributed under a CC BY-NC-ND 4.0
International License

B93v

L27r



BOOKII 291

hindrance or alteration. [The things] in us that are of the same kind as them, such
as sight and understanding, pervade in the same way. |3:2| What also leads us to
say that aetherial bodies do not change is what we have already stated, [namely]
that their shapes are round and that their actions are actions of things whose parts
resemble each other. For each of these motions that differ in quantity or kind,
there is a body that moves around poles and in a space and place specific to it with
a volitional motion and in accordance with the power of each planet from which
the beginning of the initiative to move originates. [This motion] is sent forth by
the governing powers that are like the faculties in us and that move the bodies of
the same kind as themselves which are similar to the parts of the universal
animal®2, in accordance with the relations that are proper for each of them. |3:3|
This [occurs] regarding [the aetherial bodies] not by force or necessity, forcing
them from outside. For there is nothing stronger than what does not receive alter-
ation>3 so that it could force it. Nor is there such [alteration] in [the aetherial
bodies] due to the condition of the natural weight and the motion that is not
from soul, as occurs for the bodies that rise and fall due to the condition of their
natural motion.

|3:4| For, first, these [elementary] motions do not belong to bodies that under-
go [this] motion by nature, but each of them stays [in place] and rests when it
comes to be in a thing conforming to it. When it is moved into something that is
not similar to it and does not conform to it and when the obstacles are removed,
it tends towards its place specific to it. |3:5| Also [second], if this entire underly-
ing substance is animate, then it is free of bodily motions, namely those that are
rectilinear and of the kind that changes. In it [i.e. the substance], the regular
circular motion remains pure itself through a will which is absolute [in the sense]
that there is no obstacle with respect to what is similar. [The circular motion] is
proper for the wonderful intellect and the will, which is not impeded and in
which no alteration or change of the opinion occurs, namely, [it is free of] a mo-
tion ordered such as it is with regard to the three local opposed directions.>*

|4:1| As for the mathematical reasoning: When these things that we have
described are applied in it and when what is apparent to us of every motion is
linked to them, it is found that this can be configurated in two different kinds.
The first is that a complete sphere is assigned to every motion, either hollow - like

52 See Tim. 32¢5—33b4 and 36b6—37c5.

53 This passage, starting with /i-kull haraka, is cited in Ibn al-Haytam, al-Sukiik, pp- 46:2-7 and
46:16-47:2.

>+ Up and down, right and left, back and front.
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BOOK II 293

the spheres that comprise each other or the Earth — or solid, [i.e.] not hollow -
like those that do not encompass anything determined apart from itself — namely
those that move the planets and that are called epicycles. |4:2| The second kind is
that not a complete sphere is assigned for every motion, but only a segment of a
sphere. This segment is on both sides of the greatest circle in this sphere, namely
that [circle] in which there is the longitudinal motion. What this segment com-
prises from two sides is to the degree of the latitude so that the shape of this
segment, when it is from an epicycle, is similar to a tambourine, and when it is
from the hollow spheres, it is similar to a belt or a bracelet or a whorl, as Plato
said.>> |4:3| The mathematical investigation indicates that there is no difference
between the two kinds that we have described.>¢ For when the motions that were
laid down in complete spheres are arranged according to this arrangement and are
compared with the motions of the already described sawn-oft pieces — on the
basis of [the fact] that they have similar motions — [then] it is possible for them to
adhere to the very same thing with respect to their appearance.

|5:1| As for those who begin their reasoning from the spherical motions in our
realm, they used the physical reasoning for the hypothesis of the complete
spheres. |5:2| For they held — considering the application of spheres in our realm
— that in spherical motions, there are two points that are necessarily in contact
with the sphere; these two points are called poles. To imagine this with regard to
the hypothesis of the sawn-off pieces is difficult. However, for the complete
spheres, this is easy. |5:3| Thus, by that, they trusted the account, just as also Aris-
totle did, such that the poles of the encompassed spheres are fixed on the encom-
passing spheres. Then, since no contact between the inner spheres and the first
outer sphere remains and since not every motion of the spheres is of equal speed,
but differs in many ways, they were forced to seek an explanation of the manner
in which each planet moves by means of the first motion, just as we see it [i.e. each
planet] and as it is apparent to us. For the spheres between us and [the first

55 See Rep. X, 616d. Al-Birtini explains the terminology of falak as deriving from ‘the whorl of
the spindle’ (falkat al-migzal). See al-Birani, Kitab al-Tafbim, p. 43:11 (Arabic text). There are a
couple of possible vocalizations of the Arabic term for ‘whorl’ or ‘spindle’, namely falka or filka
according to Lane (see Lane, An Arabic—English Lexicon, Vol. 6, p. 2444), or falaka according to
Willy Hartner (see Hartner, ‘Falak’, pp. 761-762). For Ptolemy’s reception of Plato’s whorls, see
above pp. 39-45.

>¢ Until here, the beginning of this chapter is cited in Ibn al-Haytam, al-Sukitk, pp- 47:7-48:5.
Instead of ‘similar to a belt or a bracelet or a whotl, as Plato said’, the version in Ibn al-Haytam
reads as follows: °[...] similar to a wheel (#27) and bracelet (siwar) and ring (balag) or whotl, as Plato
said’.
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BOOK II 295

sphere] are different with respect to their hypothesis and their motion.>” |S:4|
Therefore, Aristotle used motions which are similar to unwinding.>® But we
should not ascribe to the actherial body things which one must posit for bodies in
our realm. Nor should we imagine that something impeding things in our realm
could also impede the celestial nature, which is utterly distinct from it in both
substance and action.>? |5:5| Furthermore, we do not find the poles in our realm
to be the first cause for circular motion. For it is correct that the sphere moves
with a different kind of motion, such as the spheres which roll and do not depend
on any one external thing. Thus, the poles do not cause the circular motion in the
position specific to them, but rather they only carry the weight of the sphere. |5:6|
Nor are these points the cause of the intiative to move because it is not possible
for something fixed to be the cause of motion, but the cause must rather be some-
thing other than these points.

|5:7| We [may] also imagine a sphere that does not move and is not moved by
nature nor by anything that encompasses it [and] has a similar nature. In this case,
we also do not have any need for poles, neither for the sphere to move nor for it to
revolve and return to a single particular place. |5:8| Furthermore, if the sphere has
an initiative to move from its essence, then the claim that it depends on another
thing which is nevertheless not at its centre is a claim at which we should laugh.
This is like the condition of the motion of the sphere of the entire world, for the
centre here is the initiative and the centre. As for [being] a centre, that is because
it is the centre of the substance, and motion is towards it and around it. As for
[being] an initiative, it is the initiative of the motions which are always everlasting
and circular, and the thing from which [the motion] comes about. For the cause
[applies] to both of them, which means that the moving power does not change
but is one itself. |5:9] And that is not all, but the distances in all directions to
which things proceed are equal like suspended things, for they act in equal incli-
nation in a single manner when their distance from the places to which they strive
is the same.

|5:10| In general, if it is difficult to imagine that the spherical motions are not
by means of fixed poles, then it ought to be much more difficult to imagine the
essence of these poles. How can there be through the poles a simple connection

57 cf. the similar version of these reasons in the account by Sosigenes preserved in Simplicius, /7
Cael., p. 498:5-10.

58 of. Metaph. X11.8, 1073b38-1074al4. On the Arabic term for unwinding motions, see the
commentary to Chapter IL.5, pp. 372-73.

52 Compare Ptolemy, Syntaxis, XIIL.2, Vol. 2, p. 532:16-19.
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BOOKII 297

of the depths of the spheres, with which they are contiguous from the outside,
[namely a connection] that attracts the inner spheres? Through which thing do
these poles join each of [the spheres]? |5:11| If we make them points, then we
have connected the bodies to things that are not bodies, and we have joined these
things which have all this size and power with something that has no size nor is it
even a thing. |5:12| And if [on the other hand] we make them bodies and if these
bodies are similar to fixed wooden knots or warts, which are [examples] of our
realm, and if they are not different from or opposed to the things that are spread
around them and that we see, [then] it is not possible for us to ascribe these spe-
cific properties that are in them to some specific nature.

|5:13| And if they are different from what is around them - like the density of
the knots in the wood — we would thus find it necessary to exclude [the possibili-
ty] that they remain in their place, because bodies that are of greater density
always sink more than the bodies that are thinner and [thus] strive towards the
centre of the world. |5:14| Even if the planets are animate and if they move in a
voluntary way and if the voluntary motion is also the reason for the [fact] that,
among the kinds of animals, birds have a capacity by which they move and revolve
in the heights, whereas they are different from what is around them in density, we
should not think that the planets are different from the things that are around
them through density. |5:15| However, they are different rather through the
capacity which preserves brightness in them, just as the clouds are different from
the air around them only through colour, as long as they are dry, and as coloured
liquids are different from other non-coloured [liquids] in density, [even] if such
liquids resemble each other in density.¢0

|5:16| [Even] if we were to concede to them that it is possible for the poles to
be fixed [in the sense of unmoved], with which of the two connected spheres are
such poles then connected? It is impossible that they are connected to both of
them at the same time because of the condition of the motion; and if they are
connected to one [of them], then why did it become connected to it and not to
the other one? And which thing in the poles is of something that moves the
sphere which is set free in them?é1 There is confusion in this matter as well.

€ The German translation by Nix and Buhl and Heegaard adds a negation (see Ptolemy, ‘Hy-
pothesedn’, p. 116). Another solution would be to omit the first instance of f7 [-takatuf, so that the
sentence reads as follows: ‘[...] and as coloured liquids are different from other non-coloured
[liquids], [even] if such liquids resembled each other in density.’

¢ In Chapter II.11, Ptolemy describes how an intermediate sphere is ‘set free’ (mursila)
between the two adjacent spheres so that it does not transmit its motion to the lower sphere.
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|6:1] If a proponent of the physical science says that the reason for the perma-
nence of the moving bodies is either one or the other of the two aforementioned
kinds [i.e. sawn-off pieces or complete spheres], [then] there is no distinction and
no contradiction. I mean, if he claims that the reason for this is whole spheres or
segments that are [enclosed] in them [and] in [the space] between them, [then]
from this no distinction or contradiction arises, as no contradiction occurs from
the fact that some of them [i.e. the spheres] are hollow to the exclusion of others,
whereas others are not hollow.

|6:2| The proponent of the physical science may also argue — if he so wishes —
for the kind of motion which is in the segments that resemble whorls®? or tam-
bourines for several reasons. |6:3| First, such that there are not so many motions
for what is in the heavens because of the condition of the spheres which rotate
each other. Since this is so, one can imagine the motions to be few. For in all
segments of the spherical bodies according to the kind which is by means of sawn-
off pieces, there is the motion that is circular like the motion of aether, which is
by means of the first motion, when there is nothing impeding that [motion] such
that it [i.e. the motion of the aether], in every condition, rotates them [i.e. the
inner sawn-off pieces] by its [own] rotation and by their capacity to [perform]
motions specific to them, like what is [the case] for things that move in one way
but go against these by [performing] various different [motions], or like things
swimming in running rivers.

|6:4| Furthermore, it [would] be appropriate to think®3 that in nature, some-
thing is made that has no meaning or use, namely the complete spheres regarding
the motions which run [in a way] that they are [only] in a small part of them.
[And it would be appropriate] that this is their case, as is the case of the sphere
that moves its stars by its specific property and its entirety, I mean the sphere of
the fixed stars. |6:5] One is forced to say so concerning [the sphere of the fixed
stars] %4 because of the condition of what lies before our eyes of its matter; howev-
er, [one] is not forced [to say] so concerning [spheres] other than it. By a similar
reason, we see that it is necessary that the planets Mercury and Venus are not situ-
ated above the Sun, but in [the space] between the Sun and the Moon, so that this
very great space, as it is apparent and is evident from the distances, is not empty
like something that nature has neglected and rejected and thus did not make use

¢2 This plural form of falka or filka could also be vocalized as falak (see again Lane, An Ara-
bic—English Lexicon, Vol. 6, p. 2444), but should not be confused with the singular form of ‘sphere’
or ‘circle’, falak.

¢3 Nix and Buhl and Heegaard add a negation, which seems perfectly reasonable. On the other
hand, maybe Ptolemy wants to introduce the following discussion with an absurd claim.

¢4 Namely that it is a complete sphere.
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of. [However, this space] is able to accommodate the distances of these two plan-
ets which we said are closer to the Earth than the others such that this space is

filled by these two [planets] alone.

|6:6| It [i.e. the empty space] belongs to this exact impossibility and repulsive-
ness regarding the hypothesis of spheres that unwind each other, not to speak of
what follows from their excessive amount. For they take from aether a great
[amount of] space and we do not need them for the apparent motions of the plan-
ets. But rather, they hurry together to one direction so that there is of them [only]
a single motion. |6:7| What is even more astonishing here is that they [held that]
the last spheres become movers for the first spheres and [they let] the encom-
passed spheres [become] movers for the encompassing [spheres] and the more
complex spheres [become movers] for the simple sphere, contrary to the physical
approach.65 |6:8| Also, from each of the spheres, there would then be the mo-
tions of all the spheres that are above it [i.e. each of the spheres], in addition to its
specific motion, so that it does not move only [according to] the motions that are
specific to it, but [also] to the foreign [motions] that do not belong to it. Thus,
which thing that we see in the specific motions of Jupiter is in the motion of
Saturn? And [what is of even] greater distance than that: what in the specific mo-
tion of the Moon [do we see] in the motion of Saturn?

|6:9| Furthermore, we do not find an [explanatory] device for the existence of
the capacity that moves the first of the spheres that unwind and surround each
other in the configuration of all spheres. For the initiative to move which pro-
ceeds from the planet extends by contact, such that it moves the most distant of
the outside things specific to it, whereas it is not contiguous with the first of the
spheres that surround each other below the planet. Even if it were in touch with
the last of the spheres which it surrounds from above, then this would not be in
accordance, in its motion in the way of the first motion, with anything; but
rather, the affair is the opposite, because they move on account of [the first mo-
tion], given that these qualities also do not have a cause by which the initiative of
this motion is, since this is not found for the spheres which it surrounds.

|7:1| If someone imagines that earth is the centre and that air and fire revolve
along with what encompasses them and what compels them to move, and if one
takes what is observed in birds as an example of the motion of what is in the heav-

¢ Simplicius paraphrases this passage with reference to Ptolemy in Simplicius, In Cael.,
p- 506:16-20.
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BOOK II 303

ens, one ought not to reject the same sort of thing in this case. |7:2| Then, it is the
same as the bird among the animals in our realm: if [the bird] moves through its
specific motion, the initiative of this motion is from the capacity of the soul®®
which is in it. From this capacity, then, there arises an emission, which then
reaches the nerves, and from the nerves [it reaches] the legs, for example, or the
hands or the wings.¢” There, [the emission] comes to an end and stops to trans-
mit some of these things to others. [However,] the motions specific to them are
not in accordance with the things between them,%® nor with the motions encom-
passing them. And there is nothing that would make it necessary that the motions
of each bird, or most of them, are on the basis of them being in touch with each
other, but it is a necessity that [the birds] are not in touch at all if we want some
of them not to impede the others. |7:3| One must imagine the case of the celestial
animal in the same way and see that each planet in its rank has a capacity of the
soul and that it moves itself. [Further,] it gives to the bodies that are by nature
contiguous with it a motion, beginning with what is close to it [i.e. one of the
planets] and proceeding to what comes next. Accordingly, it [i.e. one of the plan-
ets] gives the motion first to the epicycle, then to the eccentric sphere, then to the
sphere whose centre is the centre of the world; and this motion, which it [i.e. one
of the planets] gives, is different in many places. So too, the motion of the intellect
in us is also not similar to the motion of the emission itself, this motion is not
similar to the motion of the nerves, and this motion is not similar to the motion
of the legs. Rather, they are different in some sense with regard to their inclina-
tion towards the outside.

|8:1| As for the circular motion of the entirety of acther, it is contiguous with
all substances that are distinct from it. However, it [i.e. the motion of the aether]
is not in accordance with these motions specific to them, and these are not in
accordance with that [i.e. the aether’s motion] with regard to their circular first
motions. The bodies belonging to each planet take only a single place of the
aether for themselves and for the planets, but [being] in this place, they receive its
motion, which is above. Thus, aether rotates them because their place is in
[aether].

¢ Note the variant reading in L of gnwwa siyasiyya instead of nafsaniyya. This reading would
put more emphasis on the driving force of this faculty.

¢7 Simplicius seems to refer to this passage in Simplicius, /n Cael., p. 506:20-22.

8 See Phys. VIIL.4, 254b13-21.
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BOOK II 305

|8:2| As for the parts [of aether], they are unrestricted and set free, so that they
move about and revolve in a place by means of the entirety of this body according
to different kinds and various branches, except that their motion is, in its entirety,
regular and circular, similar to a group of dancers®® and similar to people playing
with weapons, assisting each other in the action and their capacities being con-
tiguous with each other, without their bodies being contiguous so that they do
not impede them from acting and that they are not impeded by them from
acting. |8:3| It is possible that this approach is explained through it and that it is
easy to make for it an instrument through which the motions of the eccentric
spheres and the epicycles are evident, which are laid down regarding the apparent
motions. |8:4| If someone uses poles for these motions and if their specific
hypothesis follows, then he is not able to understand the initiative of this thing,
nor the manner of its action or its order. This can be known by anyone who seeks
it. |8:5| But if one lays down for that a reasoning from the simple circles or the
motions of the things whose shapes are the positions of tambourines in the plane
of the ecliptic, and if by means of them the places of the planets are derived from
the sequence, then it makes this a clear, obvious matter for most people and one
can learn through it whether it is in accordance with what is apparent to us and
with the calculation laid down according to the aforesaid principles or not.

|8:6] We had to mention all of this first [in order] to decide which of these
things laid down previously are in accordance with sound physical investigation.
As for these things, this should suffice.

|9:1| Let us go on now with clarifying the matter of the hypothesis of the bod-
ies that each of the motions has and their order. We give one general account so
that we do not need to reiterate and repeat it, and so that we do not need to give a
mixed account about what we want of its hypothesis concerning the motions and
the magnitudes of the distances and the inclination and eccentricity and the
epicycles. We make our method on this a method that follows the two options”!
in order that we also understand [the bodies’] particular differences and the mul-
tiplicity of the motions, into which we inquire, and their simplified path. |9:2| We
start by this from above — I mean from the account on the sphere of the fixed stars

¢ This Persian loanword, dastabanda, designates a type of game or dance, in which people
‘turn round in a circle, as though imitating the revolutions of the “host of heaven™, see Lane, An
Arabic—English Lexicon, Vol. 3, pp. 878-79. See also the the commentary to Chapters I11.7-8,
p. 380 n. 107,

70Tt is unclear to me how one can make sense of the introducing wa-bumda or wabhman.

7Ii.e. the options of complete spheres and sawn-off pieces.
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— because it is the first [thing] that moves with a perceptible motion, and it is cor-
rect that there is [in it] only one of these two aforementioned kinds of motion.
For the stars are dispersed and spread in [the sphere’s] entirety, while they are pre-
served and stay permanently in one condition, not only the position of some of
them to others and their ranks, but [also] the capacity that is necessarily spread
over the sphere, which encompasses and moves them [i.e. the stars].

|10:1| Those of the bodies that move from east to west according to the poles
of the equator and that go necessarily with everything that they encompass in the
direction of the motion of the universe are called by a general name, namely
‘movers’. The first of these bodies is that which moves the sphere of the fixed
stars; the second is that which moves the outer sphere of Saturn; the third is that
which moves the outer sphere of Jupiter; and likewise this goes on according to
the sequence. |10:2| Each of the bodies below this body is called according to the
properties that occur for each of them (I mean from the reasoning of their posi-
tion to the position of the ecliptic). [10:3| For some of them, which surround the
Earth, revolve around the axis of the ecliptic itself, and they are called ‘the similar-
ly ordered’. Others [have] as their centre the centre of this sphere but do not
revolve around its axis, and they are called ‘inclined spheres’. [10:4| Others are not
[relying] on its centre and do not revolve around its axis. Some of these revolve
around an axis that is parallel to the axis of the ecliptic, and they are called by a
specific name, [namely] ‘eccentric spheres’. Others of these revolve around an axis
that is not parallel to the axis of the ecliptic, and they are called by a name con-
trary to the name of the first, namely ‘the dissimilarly ordered’. |10:5| As for those
that do not surround the Earth and that are called by a general name, namely
epicycle: some of these move around an axis parallel to the aforementioned
inclined sphere, and they are called ‘the non-inclined’. Others of these move
around an axis not parallel, and they are called ‘the differently inclined’. |10:6]|
What encompasses the shining bodies is called the ‘mover of the planets’.
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|11:1|72 Now that we have laid down these matters, we first draw four circles,
with their centre being the centre of the world, namely AB, CD, EF, and GH. We
imagine the points A, G, H, and B on the axis of the equator and the two straight
lines CE and FD on the axis of the ecliptic. Moreover, we imagine that the sphere
that is encompassed by the two circles of A and C is the one that moves the
sphere of the fixed stars and that [the sphere] that is encompassed by the two
circles of C and E is for the fixed stars, and that the sphere that is encompassed by
the two circles of E and H is the one that moves the outer sphere belonging to
Saturn. |11:2| Let AC”3 touch CE at C and D, and let CE touch EH at E and F.
When AC moves from east to west around the two fixed points A and B, the oth-
er points on it that are not on the axis of AB move like the aforementioned mo-
tion so that the two points C and D as well as the sphere that is contiguous with
them and that belongs to the fixed stars, namely CE, move like this. The sphere
CE moves around the axis of CD contrary to the motion of AC eastwards and
EG moves by its motion [i.e. the motion of CE] in the very same direction with
the same speed. However, then [EG] would not preserve the position of AC,
which is necessarily the case for moving the outer sphere of the spheres of Saturn
as if it was moved by AC.

|11:3| If the two [spheres] are contiguous [i.e. AC and EG] and if this demands
that the motion of EG, which came to be together with the motion of CE, is con-
trary to it [i.e. CE] and of the same speed as that [i.e. AC], then according to this
picture, it is not the case that only the two points C and D and the two points E
and F of the two outer spheres remain on one and the same pillar, namely the axis
of the ecliptic, but [it is the case] that A, B, G, and H [lie on the axis] which is the
axis of the equator. It is clear that all of what lies on the sphere AC together with
what lies on the sphere EG preserves one and the same position.

|11:4| Now [we come] to the argument that the spheres surround and unwind
each other: This is an excess that we do not need regarding these connections — I
mean regarding these [instances] at which the poles of the two spheres are on one
axis. |11:5| This becomes evident through what I am about to say: if the two poles
of the sphere EG do not lie on EF but on other points of it that move from the
sphere CE, then it is necessary that it and its poles also move together with the

721 provide a detailed analysis of this chapter as an example for all planetary models of Book II
in the commentary to Chapters I1.11-16.
73 This means the sphere encompassed by the two circles on which A and C lie.
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motion of the sphere CE and it needs a motion that comes about through
unwinding. However, if the points E and F are fixed, then the sphere EG is not
obliged to move together with the sphere CE nor [to move] by a similar motion,
for it is possible that if the sphere CE moves from what follows AC, it is fixed,
and that the two fixed points belong to both spheres, namely the two points E
and F, and the condition of the one is like that of the other.

|11:6| If the axis that goes through C, E, F, and D is contiguous with the two
outer spheres and if it is loose and set free from the intermediate sphere, then [the
axis] always preserves these two spheres in their configuration in relation to each
other, and this intermediate [sphere] moves with a contrary motion aside from
these two, so that the more plausible thing to do is to call these spheres ‘fixed’
instead of calling them ‘unwinding’. [11:7| In the configuration of the spheres,
this is each sphere whose condition is like this, and this is the first outer sphere of
those that unwind each other.”# It is also necessary that this sphere is laid down in
the other of the two aforementioned ways, [this other one] not being like the
unwinding, but like that which is joined with that outside of it by one sphere
[and] by a kind, just like here the sphere of EG is joined to AC.

|11:8| Thus, on account of the assumption of complete spheres, the spheres in
motion are three, namely the first of the moving spheres, the sphere of the fixed
stars, and the second of the moving spheres, the latter also being disjunct and
only comprising the spheres of Saturn. |11:9] But on account of the assumption
of sawn-off pieces, the two aforementioned spheres remain in their condition [i.e.
as in the case of complete spheres], while the third sphere belongs to aether which
the sphere of the fixed stars, in its entirety, encompasses, and it [i.e. acther]
encompasses and comprises all the remaining spheres. [11:10| Therefore, if one
does not want to call aether or heaven a single substance in itself, then the name
‘heaven’ must be applied to the sphere that encompasses the fixed stars, which can
be perceived through the lights that are very great in number. As for the rest of
the [heavenly] bodies, they either receive nothing from this, or they receive only
one thing, namely through the fact that there is only one planet in them.

74 Here, this term seems to refer to connected homocentric spheres in general and not specifical-
ly to the unwinding spheres. For a similar usage in Simplicius, see Bowen, Simplicius on the Planets,
p- 135 n. 113. See the commentary to Chapter IL5, p. 373.
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BOOK II 313

|11:11| General diagram for the first motion of the universe and how it moves
the spheres of the planets.

|12:1| What we have already said about these things [might] be in some way
convincing. Now, after this, let us show what belongs to the hypothesis and the
order of the spheres of Saturn. |12:2| Let there be around A, which is the centre
of the ecliptic, the second of the moving spheres, namely that which encompasses
the circle BC, just as if the [first] moving [sphere] was around it and encompass-
ing it if we transferred it [i.e. the first moving sphere] from its utmost position, so
that we put it into the most extreme [position], where it is [still] outside of what
is below.”> [12:3| Through the point A in the plane of the ecliptic, we let the line
DA pass, and also through [this point] and through the centre of the eccentric
sphere, we let the line EFA pass in the plane of the inclined sphere that encom-
passes the Earth. On this line, we imagine the point F, the centre of the eccentric

75> His point seems to be that the motion of the second moving sphere is the same as that of the
first, which is the same as if we put the first moving sphere into a lower position.
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BOOK II 315

sphere on which the epicycle moves, and [the point] G, the centre of the epicyclic
sphere. We draw around the centre G two circles, HK and LM. We produce the
line LGM in the plane of the sphere that is inclined to the epicycle. We draw
around the centre F the figures that encompass the epicycles, namely NES and
OPQ. We draw around the centre A the circle RST and the circle below it. We
imagine the points T, R, B, and C on the axis going through point A and being
the axis of the ecliptic. We imagine the points N, O, Q, and S on the axis going
through the point F and being the axis of the motion of the circular eccentric
sphere. Furthermore, we imagine the two points T and U on the axis that goes
through the centre G at a right angle on EP, and we imagine the two points V and
W on the axis that goes through the point G at a right angle on LM. We imagine
the point L on the planet. |12:4| The lines that determine the ratios”® of the plan-
et specific to it are AF, FG, and the line which is between the point G and the
centre of the planet. [12:5| Thus, it is clear from what we have presented previ-
ously that if the sphere that encompasses the circle BC moves from east to west, it
also moves the sphere which is encompassed by the circle BC and the circle NS,
and which is the first of the spheres of Saturn. Because this moving sphere moves
around the axis of the equator and because the two poles of the sphere BNCS,
namely B and C, lie on the axis of the ecliptic, the sphere that is encompassed by
the two circles NS and OQ also moves together with the sphere BN, if [BN]
moves close to the sphere that moves it from west to east through the motion
which belongs to the apogee of the eccentric sphere. |12:6| Because here are also
two other poles, namely N and S, whereas they lie on another axis apart from that
one which goes through BC, this [sphere] also moves towards BN to the east, just
as the motion of the epicycle. |12:7| The sphere that is encompassed by OQ and
RT does not move together with the motion of the sphere NO, but it remains in
the position which BN has because the two poles of the sphere NO, namely N
and S, and the two poles of the sphere OQ, which are O and Q, are also on one
axis. Together with the sphere OR, the sphere that is encompassed by RT moves
because the two poles of the sphere OR, which are O and Q, do not lie together
with the two points R and T on one axis. |12:8| And if the sphere that is encom-

76 This emendation was already suggested by Nix and Buhl and Heegaard. See Ptolemy, ‘Hy-
pothesedn’, p. 127. Instead of ‘ratios’ (nZsab), the manuscripts have ‘because of” (b7-sabab).
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BOOKII 317

passed by RT revolves around these positions, which are on the pillar on which
BC is, from east to west by the same amount by”” which the sphere BN moves
from west to east, which moves together with the moving [sphere], then the
sphere that encompasses the circle BC and the one that encompasses the circle
RT have one position. |[12:9] The sphere that encompasses the circle BC is the
second of the moving spheres and belongs to the spheres of Saturn. The sphere
which is encompassed by RT becomes the third of the moving spheres and
belongs to the spheres of Jupiter.

|12:10| As for [the case] of the epicycles: the sphere of the epicycle that is
encompassed by the circles HK and LM and that is hollow moves around the axis
TU equally to the motion of the sphere which encompasses it, which is EP,
except that it moves in the contrary [direction]. For it moves the segment which
follows the apogee to the west and [the segment] which follows the perigee to the
east. |12:11| The sphere that is encompassed by the circle LM and that is contigu-
ous with the planet, on which is L, is moved by the sphere TV in the direction in
which it moves, because its poles do not lie on the axis of that [sphere, ie. TV],
and it moves together with the planet in the opposite [direction] of the other
around the axis VW. I mean that the segment of it that follows the apogee moves
it to the east and the [segment] that follows the perigee [moves] it to the west.

|12:12| Thus, everything necessary for the motion of the encompassing spheres
and the motion of the planet itself makes us [posit] five spheres of Saturn. Three
of these are the spheres encompassing the Earth. They are the sphere BN, which is
similarly ordered in relation to the ecliptic because it revolves around its axis; the
sphere NO, which is not similarly ordered in relation to the ecliptic because it
does not revolve around its centre nor around an axis parallel to [the ecliptic’s]
axis; and the sphere OR, whose position is always in agreement with the position
of the sphere BN, from which the third moving sphere returns to the position
that belongs to the [first two] moving spheres before it. |12:13| We should not

77 For this addition in the Arabic text, see Rashed and Penchévre, ‘Tbn al-Haytam’, p. 123:14.
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BOOKII 319

count these moving spheres together with the spheres that are separated between
them because they are not specific to any of the planets. Thus, it is more appro-
priate not to count them together with [the spheres of Saturn] twice. We should
not do this with them because they encompass and are encompassed, for this may
also occur for spheres other than them, nor because they precede some planets
and fall behind others, for each of them is one in species and number. In poten-
tiality, all of them are one.” |12:14| Furthermore, there are for us two spheres of
the epicycles: the sphere of the epicycle HK, which is hollow and has no inclina-
tion, for the axis TU is parallel to NS; and the sphere which is encompassed by
this sphere and which carries the planet and which is inclined to it, because the
axis VW is not parallel to the axis NS.

|12:15| As for the case of the hypothesis of the spherical sawn-off pieces,”® we
imagine around the circle BC and below the circle RT the sphere of aether as
being continuous. We imagine it to rotate the spherical segments which it encom-
passes by its own revolution from east to west. [12:16| Let the first sawn-oft piece
in this position be a sawn-oft piece of the sphere that is encompassed by the two
circles BC and RT. Let this sawn-off piece be taken to be in [the space] between
DB and its opposite in position, and let it be at a right angle to the axis of BC,
which is the axis of the ecliptic. [12:17| Let the second sawn-off piece be another
one from the sphere which is encompassed by the two circles NS and OQ, and
furthermore, let it be in [the space] between EC and its opposite in position, and
let it be at a right angle on the axis of NS, and let the first sawn-oft piece encom-
pass its entirety. |12:18| Let there also be a third sawn-off piece inside of it and let
this sawn-oft piece be from the hollow sphere of the epicycle that is encompassed
by the two circles TU and VW, and furthermore, let it be within HK and at a
right angle to the axis of TU. |12:19] Let there also be a fourth sawn-off piece
encompassed in its entirety by this aforementioned sawn-oft piece. Let it be a
segment from the sphere moving the planet which is solid and let it be within LM
and at a right angle to VW. |12:20| On account of this hypothesis, only four
sawn-off pieces are sufficient for us, three of which are similar to whorls, and one
of them, namely the last one, is similar to a tambourine. [12:21| One should
understand the motion in each of them according to the approach that is under-

78 On this aspect, see the commentary to Chapters I1.11-16, p. 384.
72 Here, Ptolemy means that the sawn-off pieces are taken out of complete spheres, as is appar-
ent from the formulation in later chapters.
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BOOKII 321

stood concerning the spheres for which these are segments, and one should
understand their width on the two sides of the planes connected to them by the
amount of that which is enough for encompassing the segments that they encom-
pass,80 may the segments be parallel to the ecliptic or inclined. [12:22| Thus, by
this [approach], the segments always reach what encompasses them so that they
move together with the encompassing motion, and they reach the aether from the
outside. As for the case of the shape of the small tambourine and the interior of
ML, the boundary of the width is [set] by the amount of the size of the planet
which it encompasses. As for [the case of] what encompasses this and follows
HK, [the boundary of the width] is [set] by the amount of the size of the inclina-
tion of the tambourine LM. |12:23| Furthermore, the boundary of the segment
which encompasses this and which is in [the space] between EP is the size of this
inclination, for the hypothesis of these two segments is a parallel hypothesis and
on one intermediate plane connected to both. As for the boundary of the
segment which is external to all others and which is in [the space] between BS, it
is [set] by the amount of the size of the inclination of the sawn-off piece EP.8!

|12:24| It is evident that if the planet does not also move by a sphere or by a
sawn-off piece, one of the bodies laid down for that planet becomes obsolete,32
namely that which follows the circle LM and which, in its motion, is contrary to
the motion of the first epicycle. As for the case that it is more plausible for us to
accept the other option, it is possible for us to imagine it as being part of the
things that have been accepted in the case of the other bodies, so that the planet
also occupies its place, just as each of these bodies occupies [its place], and so that
it does not continuously occupy the place of another, just as what rolls or pushes
is similar to what drives another. |12:25| From motions which are in such a condi-
tion, it can be inferred that the initiative of its motion comes from something else
and [does so] necessarily. As for rolling, it goes beyond the definition of eternal
motion around the centre.83 Thus, it is more plausible that each planet also
moves something, for this is the capacity of the planet and its action in a place
that is specific to it and around its centre, namely by a continuous84 and circular

80 This sentence is cited in Ibn al-Haytam, al-Sukik, p. 49:7-10.

81 Basically, the width of each sawn-off piece depends on what it contains: it must provide
enough space for the size of the planet in the first case, and then, in every other case, for the inner
sawn-off piece, which is sometimes inclined to it. These two sentences are paraphrased in Ibn al-
Haytam, al-Sukiik, p. 49:10-13.

82 Until here, this sentence is cited in Ibn al-Haytam, al-Sukiik, p. 60:12-13.

83 This sentence is cited in Ibn al-Haytam, al-Sukik, p- 61:16.

84 Simplicius, /n Cael., p. 456:26: homalos.
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motion. It is necessary that the thing which the planet imparts to the bodies
encompassing it primarily belongs to the planet.8>

|12:26| Diagram for the spheres of Saturn, which also applies to Jupiter, Mars,
and Venus.86

D

|13:1| Since we have described the hypothesis of the aforementioned things
with respect to the planet Saturn, we now should establish and bring to mind this
very same hypothesis and order with respect to the spheres or the sawn-off pieces
belonging to the planets Jupiter, Mars, and Venus. As for the ratios specific to
each of them, we refrain from mentioning them, since this has [already] been
done together with the other [planets].87 |13:2| We start by mentioning the gen-
eral things, of which it is noteworthy that the spheres or sawn-off pieces that are
similar to the body NO always have their centre at the point F. By this, neither

8 This is preserved in Greek, for which see Simplicius, Iz Cael., p. 456:22-27. The last sentence
is also cited in Ibn al-Haytam, al-Sukiik, p- 61:18-19. In the commentary to Chapters I1.11-16
(pp- 382-84), I explain some aspects of Ptolemy’s additional remarks to the model of Saturn.

8¢ The diagram is missing in L.

87 Nix and Buhl and Heegaard refer to Almagest X and XI, see Ptolemy, ‘Hypotheseon’, p. 131
n. 1.
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the regularity of motion nor the inclination of the epicycle is completed, but [it
is] just as we have said and shown in the case of the spheres, namely that it is in
one point on AG whose distance from A is like its distance from F, and that if the
centre of the epicyle is on the northern limit of the inclination of the sphere that
encompasses the Earth, then, upon that, the northern limit of the inclination
against the epicyle is on the perigee of the epicycle in the case of Saturn, Jupiter,
and Mars. As for the case of Venus and Mercury,38 [it] is on a point whose
distance from the apogee of the epicycle is 90 parts in the eastern direction, name-
ly a quarter of a circle.

|14:1| Now, let us get to the discussion about the Sun and its hypothesis in this
manner. We draw around A, which is the centre of the ecliptic, the two circles BC
and DE. We produce the line AFG in the plane of the ecliptic, and we imagine the
point F to be on the centre of the eccentric sphere of the Sun. Around this centre,
we draw the two circles KH and LM. Around the centre G, we produce the circle
NS for the Sun. |14:2| We imagine the sphere that is encompassed by BC to be
the sphere moving the Sun, being the fifth sphere [counted] from the first mov-
ing sphere8?, and [we imagine] the sphere that is encompassed by the circle DE as
the sphere that moves Venus, being the sixth sphere [counted] from the first
[moving] sphere. [14:3| Further, we make the two points B and C [lie] on the axis
of the ecliptic, which goes through point A, and we make H, K, L, and M [lie] on
the axis of the eccentric sphere which goes through point F and which is parallel
to the axis of the ecliptic. Let the ratio specific to it be the ratio of AF to FG.
|14:4| If the sphere BH moves from east to west, the sphere HL moves together
with it because the sphere BH moves around the axis of the equator, and the
sphere HL moves around an axis parallel to the axis of the ecliptic. If this sphere
moves contrary and if the Sun moves by its specific motion from west to east
around the axis that goes through H, L, M, and K, the sphere LD remains joined
to the sphere BH because the two poles of both of them, namely L and M and H
and K, are on one axis, namely on the axis of the sphere HL, so that the position
of LD is like the position of BH and like the position of the first of the moving
spheres.

88 This might be a mistake, given that Ptolemy will devote a chapter to the hypothesis of Mer-
cury later.
89 Namely after those moving the fixed stars, Saturn, Jupiter, and Mars.
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|14:5| Furthermore, the same is the case for the hypothesis of the spherical
sawn-off pieces, for we imagine the distances of BH and LD as continuous with
the sphere of aether and to move together with it [and] with the spherical
segment that it comprises from east to west. Thus, here the entirety of the sphere
is one and the piece that can be found is from the sphere which the two circles
KH and LM encompass and which can be found in [the space] between NS and
OP, which is at a right angle to the axis BC, which is the axis of the ecliptic, and
its width is [set] by the amount of what encompasses the body of the Sun. |14:6]|
We should make the sphere?® belonging to the Sun one body, according to both
options [i.e. complete spheres and sawn-oft pieces], entirely hollow, in a fixed
position, and eccentric, for its axis is parallel to the axis of the ecliptic.

|14:7| Diagram for the sphere of the Sun.”1

T

T follow the emendation of ‘axis’ to ‘sphere’ that was proposed by Nix and Buhl and Hee-
gaard. See Prolemy, ‘Hypotheseon’, p. 133 n. 2.
%1 The diagram is missing in L.
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|15:1| The discussion of the spheres of Mercury.

As for the hypothesis of the sphere of Mercury, we also make the seventh of
the moving spheres the sphere that encompasses the circle BD around the centre
A. We let the line DA pass through point A in the plane of the ecliptic and we
also let the line EA pass through it in the plane of the inclined circle, which
encompasses the Earth. On [this line], we indicate the centre of the eccentric
circle, namely F, and let this centre move around the centre G. Let the centre of
the epicyclic spheres be point H. We draw around the centre H the two circles KL
and MN. In the plane of the inclined epicyle in which the planet moves, on
which N is, we draw the line MHN. We draw around the centre F two circles that
encompass the epicyclic spheres, namely SEO and PQR. We draw around the
centre G two circles that encompass the two aforementioned circles, namely ST
and UV. We produce around centre A the circle WX and the circle below it. Let
both of them be below all of the aforementioned circles. We imagine the points B,
W, X, and C to be on the axis of the ecliptic, and the points S,U,V,and T to be
on the axis of the inclined circle, which encompasses the Earth, and [the axis of]
which goes through the point G. Let the points S, P, R, and O be on the axis of
the eccentric circle, which goes through the point F and which is parallel to the
axis that goes through the point G. We imagine the two points Y and Z of the
points that are on the epicycle to be on the axis that goes through H and that is at
a right angle to KL. We imagine the two points a' and b’ on the axis that goes
through H and that is at a right angle to MN. Let the ratios specific to the planet
be found with respect to the lines AG, GF, FH, and the line that is drawn from
point H to the centre of the planet. |15:2| From these reasons, together with what
has previously been said, [it follows that] if the sphere that follows the circle BC
moves what it encompasses from east to west, then the sphere BS, which is
around the axis of the ecliptic, namely BC, moves in the direction of what pre-
cedes it, this is to the east, similar to the motion of the apogee. It moves SS togeth-
er with it because of the difference of the axes, and this sphere moves in the direc-
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tion of what precedes it, that is, to the west around the axis ST, similar to the mo-
tion of the ecliptic, and it moves SP together with it, the difference of their poles
being one. As for SP, it moves contrary to this sphere to the east around the axis
SO, similar to the motion by which SS moves, with an additional motion that is
equal to the motion that SS moves, that is the double regular motion. The incli-
nation of the epicycle is not with respect to point F, which is the centre of the
eccentric circle, but with respect to G. Together with it, the sphere SP does not
move the sphere PU by its [own] motion, since both their axes fall together, but
PU is held and fixed in one position in which it is joined to the position of SS.

|15:3| As for the sphere UW, because of the condition of its connection to the
sphere PU, it also moves together with it to the east, similar to the motion of SS
with the motion of BS to the west around the axis BC. It is always one and the
same axis, namely that going through S and T, which holds the sphere UW in its
position like the position of BS.92 Similarly, the sphere that is encompassed by the
circle WX also moves next to UW to the west around the axis of WX, which is
the axis going through B and C, similar to the motion of SB in the direction of
what precedes it (I mean to the east) so that this sphere also holds the position of
the sphere that encompasses the circle BC and which is the seventh of the moving
spheres, so that this sphere [i.e. the one encompassed by WX] is the eighth of the
moving spheres.

|15:4| The same is the case for the epicycles as well. As for the sphere which is
encompassed by the two circles KL and MN and which is also hollow, it moves
around the axis YZ, together with the sphere that comprises it, equally to the mo-
tion of the epicycle, and it moves the area that follows the apogee from it to the
west, and [the area] that follows the perigee from it to the east.

92BS and UW must move in the same way, for they are actually one sphere, separated by the
sphere ST, but they are later joined again in the model of sawn-off pieces. The same is true in the
next case, namely WX and the moving sphere of Mercury. How the axes ST or BC, respectively,
accomplish this, is not entirely clear.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



L39v

10

15

20

332 CHAPTER V: EDITION AND TRANSLATION

T ias ke U CSSIL dhaats s )V T 850 L e ) 8,501 Uy (153

o Sl ol DM e o Sty L@_u?si SYes) Sy S oS 857 36
o ) ) o Gl ) S ) 5 ) el T I3y LSS
SN S pe g ke A ESU L ST A B ey B A
29 oo s A p e s 3llas S5 ST W 558 (151
oty oy 8 055 ) L g e T Ll llsy ol el a8
Sl S o L Ll ol U ol Legoager OY 3 ‘-eew‘ Lo
o &S T8 55 S 850 el L)l T3 855 g colyms Y 29
5 sy Wlay cond A Bl (S 55 Loy il SI Ll 05, [1577]
5,500 2 Loy ) Jld) el Mg\ybb?h&;jﬁgﬂ\ Lo
8 0dn g 51 I3y Lo Cillson Leony .S sy 3,501 0 g oot )
1573 ) L) el (..@.«J)\j.w 9 S e sl

@ojsb Jj>- \J\J\MﬁﬁY\ojfrJh}a bb;\wubwcajuﬁbbusm

dﬁ&)\d@j‘ é\fjxﬂ.’\.@;‘b_‘}u L;J\;Y\c)@\.@uj.b L@;bups oj\b g_,->uj
) Bl 551 ) giin gn QIS s 5 A ) gl Jily 115:9] .o aedl JI
M‘J&fb}hj\.@)\.@' LA)ZSWL«,;A;LW)A) up:jc:bj\b\.@.h?u
J=1s (B alS ea odm sl S gsidly [15:10] 436 Ly GL‘E:’;"’*’ Y
Blows yay 77y T 15 Ly oo A1 i83meal) 5800 n e ymg S )
Llyj Je & B ok To Gl gl o o6 smg Lehllr Ly 55 o Lk

1] » AIB 47]EB ]l 2glomB SSNESIB 6 mes mo]
iwasinwBL alomL  7355]15749B 8 slJlomB  lud Ll LB

9 wvilse] il B E3] B K] TBXEL 2;5 om B *]EBL 10 S
S B 11 L] lagogw B L iy] ieiy B _]MBML 11/
12 . LeomB 12 58] 5891 13 ] I L 14;\ 1518 dlaun] e

add B ISUp:]ua:L 2] p L 161 ] eddIB 17 23] (251 535]esBL
18 gWlomL  19ci]o p e2B 2054 5L ]S B

This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



BOOK II 333

|15:5] As for the sphere that is encompassed by the circle MN and that is con-
tiguous with the planet, which is at point N, the sphere KM moves it through the
condition of the difference of its poles, and it moves contrary to that motion
together with the planet. For the segment that follows the apogee moves to the
east around the axis which goes through the two points a' and b', similar to the
motion by which the sphere that encompasses it moves it together with the
sphere of the planet in sum.

|15:6| Thus, we have seven spheres of the planet Mercury. Five of them encom-
pass the Earth, namely the sphere BC, which is similarly ordered, for it moves
around the axis of the ecliptic; [next,] the two spheres SS and SP, which are
dissimilarly ordered, since both of their axes, even though they are parallel to each
other, are not on the centre of the ecliptic and are not parallel to its axis; [next,]
also the sphere PU, which is joined to the sphere SS; and the sphere UW, which is
joined to the sphere BS. |15:7| Furthermore, there are two spheres for the two
epicycles, namely the sphere KM, which is hollow and not inclined, for its axis,
which goes through the points Y, H, and Z, is parallel to the axis of the inclined
circle encompassing the Earth; and the sphere which is encompassed by this
sphere [i.e. KM] and which moves the planet. Its inclination is contrary to the
inclination of [KM], for the axis of that one is that which goes through a’ and b’
and is not parallel to the axis of the aforementioned inclined circle.

|15:8| As for the case of the hypothesis of the pieces sawn out of the spheres,
we imagine the sphere of aether around the circle BC and below the circle WX as
always being continuous, and that it rotates the segments of the spheres which it
encompasses together with it through the motion from east to west. |15:9| The
first of the sawn-off pieces in this place is the sawn-oft piece of the hollow sphere
that is encompassed by the two circles BC and WX. It is encompassed in [the
space] between D and E and that which is opposite to it, and it is at a right angle
to the axis that goes through B and C. |15:10| The second sawn-oft piece, whose
distance is entirely inside the first sawn-off piece, is sawn out of the hollow sphere
that is encompassed by the two circles ST and BC. It is encompassed in [the
space] between D and E and that which is opposite to it, and it is at a right angle
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to the axis that goes through the two points Sand T. |15:11| The third sawn-oft
piece following these two is entirely inside the second sawn-off piece [and] it is
sawn out of the hollow sphere which is encompassed by the two circles SO and
PR. It is encompassed in [the space] between E and P and that which is opposite
to it, and it is at a right angle to the axis which goes through the two points S and
O. |15:12| The fourth sawn-off piece is also entirely inside the third one and it is
sawn out of the hollow epicycle which is encompassed by the two circles LK and
MN, in the hollow [inner] of the circle KL which encompasses it. It is at a right
angle to the axis which goes through the two points Y and Z. |15:13| The fifth
sawn-off piece is also entirely inside the fourth one and it is sawn out of the
sphere that is continuous with the planet moving it, and is encompassed by the
circle MN, located in the space between M and N. [The sawn-oft piece] is at a
right angle to the axis which goes through the two points a’and b'".

|15:14| Thus, on account of this one of the options of the hypothesis, we have
only five divisions: four of them are similar to whorls and one of them is similar
to a tambourine. And this is if the motions of each of the sawn-off pieces are
made analogous to the motions of the spheres from which these sawn-off pieces
are segments with respect to the directions, the names, and the regularity of the
motion as we discussed regarding the spheres and the width, which [results] from
the two sides of the planes in each of the two options, as we have previously
shown.
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|15:15| Diagram for the spheres of Mercury.93

|16:1| It remains for us to describe the case of the hypothesis of these things
regarding the Moon. Thus, we make the hypothesis of the eighth of the moving
spheres around centre A, which is the centre of the ecliptic. It is the sphere that
encompasses the circle BC. We let the line AD pass through the point A in the
plane of the ecliptic, and the line EA in the plane of the inclined circle. On [the
line EA], we indicate the centre of the eccentric circle, namely F, and the centre
of the epicycle, namely G. We produce around the centre G the epicycle HK and
we imagine the Moon to be on point H. Around F, we produce the two circles
that encompass the epicycle, namely the circles LMN?4 and SOP. We produce
around centre A the two circles that encompass these two, namely QER and ST.
We imagine the two points B and C to be on the axis of the ecliptic, which goes
through the point A, and we imagine the two points Q and R to be on the axis of
the inclined circle, which goes through the point A. We imagine the points L, S,
P, and N to be on the axis of the eccentric circle, which goes through the point F,

%3 The diagram is missing in B and L.
%+ In my diagram, the point M should be in the same position as E and H, except that it belongs
to the larger eccentric circle.
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and the points U and V to be on the axis that goes through the point G and that
is parallel to the axis of the inclined circle. The lines AF and FG and the line that
extends from G to the centre of the Moon encompass the ratios belonging to the
Moon. [16:2| As for the sphere that encompasses the circle BC and that moves
what it encompasses from east to west similar to the first motion, it moves the
sphere BQ with it towards the west around the axis of the ecliptic, which goes
through B and C, and it falls behind it by only the amount of the motion of the
nodes. It [i.e. BQ] moves the sphere QL together with it by means of the condi-
tion of the difference of the axes, whereas the sphere QL also moves close to BQ
towards the west around the axis that goes through the two points Q and R by a
motion that is the motion of the apogee of the eccentric sphere from the nodes. It
moves along with it the sphere LS by means of the condition of the difference of
the axes. LS also moves close to QL towards the east around the axis that goes
through L and S by the motion that belongs to the centre of the epicycle from the
apogee of the eccentric circle. Together with it, it moves the sphere HK that
belongs to the epicycle, and this sphere also moves together with the Moon from
the position of the apogee around the axis UV, similar to the motion of the
Moon itself, such that the progression of the apogee is to the west and that of the
perigee to the east. [16:3| The aether, which is below the sphere LS, does not
revolve together with it, since there is no need for the two poles of the sphere LS,
which are at the two points S and P, to be contiguous with it [i.e. aether]. For we
do not need [to assume] here that there are spheres that unwind what is above
them, because the sphere of the air touches the acther at the circle ST. It is here
that the motion of the sphere LS becomes regular. |16:4| The inclination of the
epicycle is not with respect to the point F, which is the centre of the shape of this
sphere as well, but with respect to the point A, just as it occurs for the other, in
general.

|16:5| Thus, we also have four spheres in the case of the Moon. Three of them
encompass the Earth, namely the sphere BQ, which is similarly ordered, for it
moves around the axis of the ecliptic; [next,] the inclined sphere QL, for it moves
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BOOKII 341

around the centre of the ecliptic but not its axis; [next,] the sphere LS, which is
dissimilarly ordered, for it does not move around the centre of the ecliptic and
not around an axis parallel to its axis; and one sphere is the sphere of the epicycle,
namely the solid sphere HK that is not inclined, for nothing of an inclination
adheres to the Moon due to this [sphere].

|16:6| As for the case of the hypothesis of the pieces sawn out of the spheres,
we imagine the sphere of the aether around the circle BC to be continuous and
reaching the circle ST, which is contiguous with the air, as we have said. |16:7|
Thus, the first of the sawn-off pieces that are encompassed by this sphere and that
are rotated by it is sawn out of the hollow sphere, which is encompassed by the
two circles BC and ST. This sawn-off piece is encompassed in [the space] between
D and E and what is opposite to them. It is at a right angle to the axis that goes
through the two points B and C. |16:8| Further, the second sawn-off piece is
entirely inside the first sawn-oft piece. It is sawn out of the hollow sphere that is
encompassed by the two circles QR and the circle that is drawn around the centre
of this and is greater than the circle ST by something insignificant, just like the
circle XW95. This sawn-off piece is also in [the space] between E and D and what
is opposite to them. It is at a right angle to the axis that goes through the two
points Q and R. |16:9| The third sawn-off piece is encompassed by the entirety of
the second sawn-oft piece and it is sawn out of the hollow sphere that is encom-
passed by the two circles LN and SP. It is in [the space] between E and D and
what is opposite to them. It is at a right angle to the axis that goes through the
two points L and F. [16:10| The fourth sawn-oft piece is entirely inside the third
one and is sawn out of the sphere that is encompassed by [the circle] HK of the
sphere of the epicycle. It is also in [the space] between H and K and it is at a right
angle to the axis that goes through the two points U and V.

|16:11| Thus, on account of this option of the hypothesis, there are also four
pieces sawn out of the exact same spheres, and in their case, there is no need for
something that unwinds something else, just as is needed in [the case of the

% These points were not introduced before.
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BOOK II 343

spheres].?¢ Three of these sawn-off pieces are similar to whorls, one to a tam-
bourine. The condition of the motions concerning the bodies is, on account of
both options, a single one, not departing [from another].

|16:12| Diagram for the spheres of the Moon.%”

D

|17:1| Thus, on account of the first option, all the spheres are 41. Of these,
eight are moving spheres, one is for the fixed stars, one for the Sun, four for the
Moon, and five spheres each for Saturn, Jupiter, Mars, and Venus. Among these
spheres, for each planet, there is one joined sphere and one that moves contrary to
it. Mercury has seven spheres; among them are one joined and one that moves
contrary to it. Therefore, all of these are 41 spheres.

% Given that Ptolemy just wrote that there is no need for unwinding spheres in the case of com-
plete spheres, this statement is puzzling.
%7 The diagram is missing in L and B.
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BOOK II 345

|17:2| On account of the second hypothesis, all the bodies are 29. Of these,
three are hollow spheres, namely the sphere moving the fixed stars, the sphere of
the fixed stars [itself], and the sphere of what remains of the acther; 26 are pieces
sawn out of the spheres. Accordingly, the Sun has also one sawn-oft piece; the
Moon four; Saturn, Jupiter, Mars, and Venus have four each; and Mercury has
five. Therefore, all of these are 29 bodies. |17:3| If we imagine that the motions of
the planets [arise] from their own and not from other bodies moving them, the
number of bodies that we just mentioned will be smaller in either of the two
options, respectively, by one for each wandering star, so that the [amount] by
which the number of the sum decreases is seven.?8 |17:4| Therefore, on account
of the first option, 34 spheres come together, and on account of the second
option, the spheres are three as well, and the sawn-oft pieces are 19, so that all
bodies together are 22.

|17:5| Nothing at all is apparent, nor does there occur something that is con-
trary to what is apparent, if one does not imagine, on account of the second
approach, that the bodies that encompass the motions are similar to whorls, but
that they are similar to bracelets or crescent moons, after one also bears in mind
here that the encompassing things, which are greater, encompass everything that
is smaller than them, not only if their position is parallel but also if they are eccen-
tric and inclined, following what we have said about them. |17:6] We rather
choose one of these two principles only by a physical choice: either they are simi-
lar to whorls, for they encompass spherical segments, even though the sides that
go through the depth are not circular from every viewpoint, or they are similar to
bracelets, for we also just laid down that they are circular, even though they do
not encompass the entirety of the pieces sawn out of the hollow spheres, but
rather they encompass the things of the segments that are similar to the traces of
turning, just as their shapes are similar to what is practised of the rainbow.”® It is
possible for many shapes like these to exist in the air. |17:7| As for the fact that the
bodies of the epicyles, which encompass and move the planets, are the same, we
can imagine [on the one hand] that [they] are solid and [on the other hand] that
[they] are hollow, and that what is inside them and what encompasses them

%8 This sentence is cited in Ibn al-Haytam, al-Sukik, p- 60:15-18.

2 Through the analogy to the work of a turner, Ptolemy illustrates that a bracelet-shaped
segment does not encompass anything inside it because it is not a complete ring. The reference to
the rainbow is, however, odd. In order to make sense out of this passage, one either needs to read
yatabayyil (‘what is imagined of the rainbow’), or to assume a mistake in the transmission of the
text. For one could also omit guzah, so that it is a reference to how the turner constructs a bow
(gaws) on a lathe, and the remainings (dzir) of this process look like bracelets. For references to the
process of turning in constructing astronomical instruments in the A/magest, see above, p. 21.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



10

15

346 CHAPTER V: EDITION AND TRANSLATION

T adl) b LISCET g o 13 Ol pbaedl 3 e 15 Shale imly o
S Ul 178 .o say gy Lgd drenae IS 13) LSS iy 2l
Al e o2l i Les JIKaV oda 3N U3 ym s 85 VU dgnsd) JISEY)
L;"J\J&.&Y\OMLﬁ\MbyaﬁL@f—@frJHQij&&}uéjﬂdi}hj
LS3

1S LS o187 a b Uis T8y o] S 30 Lhamsad 13 ) Gl (1821
Bly . ells 5 ohamanl Loy gy sl b 13] i 9 gy Lo ool o Liming Lo
Qj’-Lfeupﬂbm;;gé?&;piobjh&ajtu;:gw‘\@wqgﬂ\j
DSy G s e ey Ly wRes Lop A3l IS V) e S1S)
sl ¥l ) lenzg oo w2 b o8y e 2 13) andey 0y 4egls o e 2|
0Ly YV S5l oVl wie Gy b gl OIS o) b Els Y A
- o)sdl) & Jorins JJ\ Joladl oy Caday ol

igedl WY 5 Jemans A Ggpaad) S Gl 03,50 LSy [18:2)

\.u@w,@gb\@)\g@)w\@gwﬁww&y@ijp
LS A abilly Jpo 1 o b o el (SIS e iy S S5
e Dy e 2 (A Aozl ) (B IS ede e e Ly
555 o) gy Uy Y1 sl e S Sy e L@EE) L 09 755
lalges Lad Uly dly Jgur 88 metdl G [18:3] L olelldl g oUY1 3y )5l
ol A DN s o e e L sy S0 sl d e

ligt] et B 2480 5L 3LslomB 4 o ] 5o B (5o L 6 Ul LT
L] Lol B Jas] b B 7wyl lioy B ia] 8B GLILBB 8 MjomB
ol sl LIILILB 9 SIS CS1SI oS $ om Liadd B 10 oy aegl]
omL  anle] buB 1AL oW EVLL 12 Sl daasy] 4 oy
GlUsJIB 13 dg.s)l] it B 14 0. Jeo] Uy jue 2B oedl] $addB 15 &3]
el A el Caddly GUIB 170 ] L 18U JaddL  Lalp] ol I
19@?@}]@&& IS B ] U B

This is an open access publication distributed under a CC BY-NC-ND 4.0
International License

L43r

L43v



BOOKII 347

becomes in its entirety one and continuous. It is possible concerning sawn-oft
pieces when we imagine their shapes in the depth as being similar to whorls and
when we imagine their shapes, if they are solid, as similar to tambourines. This is
clear. |17:8| As for the shapes that are similar to bracelets, this is not possible
because in these shapes, there is this single thing: namely that we imagine them as
hollow even though they do not contain anything in their inside, because this is
the definition of these aforementioned shapes.

|18:1| As for the fact that we have applied the anomaly of motions in a much
simpler and more economicall®0 way than our predecessors did with respect to
what we laid down as the causes for what appears, [this] becomes evident when
one compares their sayings and what they have applied with respect to this. As for
the fact that what is necessary in that regard is [only] satisfied by what we have
presented alone (I mean that by it, what occurs for the motions of the planets
universally and particularly is satisfied, both with respect to what we imagine and
what is apparent), it is possible for someone who inquires into [that] to under-
stand and know it when he adds together and compares their imagined hypothe-
sis with the observations about which there is no doubt, if their reasoning regard-
ing what they inquire about is [made] by figures that are by means of instruments
and by means of a method of drawing tables that are used for the canons.

|18:2| In order to ease the calculation of the equal motions which are used in
the instruments similar to tambourines!?l for one who may like to begin the
study, we have laid down in the table that follows this treatise of ours the motions
of each wandering star according to what follows the principles and methods that
we have pursued and what is added together of this motion, in the collected years
[in steps of] 25 years, the beginning of which is [at the time of] equinox after the
death of Alexander, in years, months, days, and hours. |18:3| As for the Sun,
[they are] in one table, and as for [the planets] other than [the Sun], [they are] in
four tables for each of them after the basic quantities are added together [that are]
for the assumed years , including the current year in which we live and [for] the

100 My translation of agall, mirroring the idea that Ptolemy claims that he needs fewer spheres
than anyone before him.

101 Tt is not entirely clear whether this refers to an instrument that makes use of Ptolemy’s sawn-
off pieces and that looks like a tambourine or whether Ptolemy refers here to an instrument for
timekeeping. I was only able to find a reference to an instrument called dabbat al-sa‘at in al-
Hwirizmi’s Keys of the Sciences (Mafatih al-‘uliim). See the quote in King, In Synchrony with the
Heavens. Volume Two, p. 318. 1 owe this reference to Benno van Dalen.
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BOOKII 349

months and days. We also take the equal hours that have passed since the noon of
the present day. In the case of the Sun, when we have added together the number
that arises from these basic quantities, we find the distance of its centre from the
apogee of its eccentric circle according to the succession of the signs. |18:4| As for
the Moon, one determines by what is added together from the first [set of] tables
the distance of the northern limit of the inclined circle from the vernal equinoc-
tial point contrary to the succession of the signs. What is added together from the
second [set of] tables is the distance of the apogee of the eccentric circle from the
northern limit of the inclined circle contrary to the succession of the signs. What
is added together from the third [set of] tables is the distance of the centre of the
epicycle from the apogee of the eccentric circle according to the succession of the
signs. And what is added together from the fourth [set of] tables is the distance of
the centre of the Moon from the apogee of the epicycle contrary to the succession
of the signs in the uppermost arc. |18:5| As for the case of the five wandering
stars, the number that is added together from the first [set of] tables is for the
distance of the apogee of the eccentric circle from the vernal equinoctial point
according to the succession of the signs. What is added together from the second
[set of] tables is for the distance of the centre of the epicycle from the apogee of
the eccentric circle, also according to the succession of the signs; in contrast, as for
the case of Mercury from [the second set of tables], the distance of the centre of
the eccentric circle from the apogee of the eccentricity is added together contrary
to the succession of the signs. What is added together from the third [set of]
tables is the distance of the northern limit of the circle that is inclined to the
epicycle from the apogee of the epicycle contrary to the succession of the upper-
most arc. What is added together from the fourth [set of] tables is the distance of
the centre of the planet from the northern limit of the circle that is inclined to the
epicycle according to the succession of the uppermost arc.
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|18:6] Book II of the treatise by Ptolemy on the report of the summary of the
conditions of the wandering stars is completed. It is the end of the treatise.
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VI: Commentary

[1-2

The first important thing to clarify is what Ptolemy means by hypothesis. With
the curious exception of the very first appearance of this word, where the Arabic
translation reads a5/ (which I translate as ‘principle’), hypothesis and hypokeimenon
are usually translated as wad . Both the Greek and the Arabic words have a similar
literal meaning, namely that something ‘is laid down’ or ‘put below’. Ptolemy uses
this word not only in the Planetary Hypotheses but also in the Almagest to refer to
‘things that have been shown’ or ‘models’.! The Arabic term wad ‘(sometimes also
translated as ‘position’) that is used to render the Greek word hypothesis throughout
Book I also comes up in the same contexts in Book II. Thus, in the context of
Ptolemy’s astronomy, this term refers not only to the mathematical abstraction
of planetary motions but also to the physical reality behind these geometrical
calculations. For the present study, this means two things: first, hypothesis does not
have the modern meaning of ‘hypothesis’ (i.e. an unverified theory) and second,
by using the word ‘hypothesis’, I mean Ptolemy’s mathematical and physical
representation of planetary motions. Thus, although Ptolemy already states in
the first sentence of the Planetary Hypotheses that he has dealt with the hypotheseis
(translated as #s7l in the Arabic version) in the Al/magest, the hypotheses of the
planets, namely the physical foundations of the geometrical models, are the main
subject of this treatise.

Prolemy commences his book by reminding the reader what he has already
achieved in the Al/magest. This first passage of the Planetary Hypotheses echoes
Almagest 1X.2:

Now it is our purpose to demonstrate for the five planets, just as we did for the Sun and
Moon, that all their apparent anomalies can be represented by uniform circular motions,
since these are proper to the nature of divine beings, while disorder and non-uniformity
are alien [to such beings].?

Both the quoted passage as well as Planetary Hypotheses 1.1 unequivocally reflect
Prolemy’s wish to present the apparent irregular planetary motions only by a
combination of regular circles, which can be seen as an answer to Plato’s demand
to ‘save the appearances’ (if we believe Simplicius’ famous report). In any case,
Ptolemy conforms to the fundamental idea of a regularly constructed heavenly

1 See the brief remarks by Toomer in the preface of Ptolemy, Almagest, pp. 23-24, and on the
Arabic translation by Moureau, ‘Note’. Compare this also with Alan C. Bowen’s conclusion that
Prolemy uses hypothesis for a ‘quantified geometrical model’, see Bowen, ‘Hypothesis’, p. 9o.

2 Prolemy, Syntaxis, IX.2, Vol. 2, p. 208:4-9, tr. by Toomer in Ptolemy, Almagest, p. 420.
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realm, in accordance with both Plato and Aristotle.? The only difference between
Almagest 1X.2 and Planetary Hypotheses 1.1 is that aether is called ‘divine’ in the
former but not in the latter. The Planetary Hypotheses does not speak of a deity ora
divine nature at all, whereas in A/magest 1.1, we find a brief allusion to the divine First
Cause of the diurnal rotation of the cosmos, which seems to be close to Aristotle’s
Prime Mover.* This will be of some importance when one looks at the question
whether there is any room for a deity in Ptolemy’s theory of celestial motions.’

Very quickly, however, Prolemy turns to the agenda of the present work. The main
aim of the Planetary Hypotheses is to enable two groups of people to conceptualise
(katanoeo/ tasawwara) these models. The first group is referred to as ‘us’, by which he
presumably means theoretical philosophers (including mathematicians and natural
philosophers), as opposed to the second group, namely the instrument-makers.°
Thus, the aim of the Planetary Hypotheses is a physical description of the various
mathematical models from the Almagest: it serves as a description of how the different
spheres work together to bring about planetary motion so that (a) astronomers can
learn how they have to conceive of the spheres, and (b) instrument-makers can know
how they should represent these in their device. An important point for Ptolemy,
however, is that an instrument should allow the observer to understand the process
of how the planets actually move. In this way, Ptolemy’s model of sawn-oft pieces
is not only preferable because of certain physical suppositions, as Ptolemy will
explain in Book II, but also because it allows one to better understand the inner
workings of the spherical model, since one can see into the device itself when it is
not a solid globe.” This might raise the question whether Ptolemy was inspired by
the idea of an astronomical instrument inside of which you can see the interaction
of the spheres, and thought of sawn-oft pieces only afterwards. An answer to this
question remains speculative.8

3 See Simplicius, I Cacl., p. 488:10~24. On the history of this demand and modern discussions
about its authenticity, see (among others) Duhem, 2&ley 74 pawvéueve, Mittelstrass, Die Rettung,
Goldstein, “The Status’, pp. 133-37, and, more recently, Bodndr, ‘Sozein ta phenomena’.

4 Prolemy, Syntaxis, 1.1, Vol. 1, p. 5:13-16. Of course, it is still possible that a reference to the
divine nature was changed or suppressed in the Arabic version (as is the case in the translation of
Alexander’s cosmological treatises within the translation circle around al-Kindi. See Fazzo and Wiesner,
‘Alexander of Aphrodisias’, p. 128). However, Ptolemy also talks in the extant Greek part about aether
and does not call it divine there.

5 See above, pp- 160-62.

¢ cf. Jones, “Theon of Smyrna and Ptolemy’, pp. 84-86, especially p. 84 n. 17.

7 Basically, this chapter has been sufficiently dealt with in Murschel, ‘Structure and Function’,
pp- 36 and ss—s7, Hamm, Prolemy’s Planetary Theory, pp. 72—96, Hamm, ‘Modeling’, and
Evans and Carman, ‘Mechanical Astronomy’, with respect to the question whether such a device
could actually be made in Ptolemy’s time. For a description of the various meanings of the
word sphairopoiia, see the comments by Evans and Berggren on their translation in Geminus,
Introduction, pp. s1-53.

8 ¢f. Murschel, ‘Structure and Function’, p- 40, and Feke, Prolemy’s Philosophy, pp. 192-93.
A similar question has been discussed in a broader form by Evans and Carman, ‘Mechanical Astronomy’.
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The second chapter again connects this aim to the Almagest. In general, the
physical representation should not violate its results. Nevertheless, Ptolemy admits
that he deviates from the A/magest in two aspects. First, he states that he made some
corrections based on further observations. Second, Ptolemy claims that he would
use a ‘simpler method’ for the arrangement of the spheres in order to facilitate
the arrangement of the instrument, and that this ‘simpler method’ required some
deviations from the Almagest. As Elizabeth Anne Hamm already noted, the only
change within the planetary models themselves is the new latitude theory from the
Planetary Hypotheses. However, as Swerdlow pointed out, this new latitude theory
is a definite improvement over the one from the A/magest (for example, it gives the
correct inclination for Mars).” If, in this ‘simpler method’, Ptolemy has his new
latitude theory in mind, he would be very cautious about it.

Prolemy then closes the introductory chapters. He states that he will start the
investigation with the diurnal motion of the cosmos because it is the simplest one and
serves as a good introduction to acthereal motion. Here, he ascribes a ‘most wondrous
nature’ (thaumasiotaté physis/ tabi‘a ‘agiba giddan) to aether for the first time. He gives
a glimpse into the particularity of aether: it gives similar things to what is similar to it,
which means that it transmits circular motion throughout the acthereal world. In this
way, acther is made responsible for imparting the diurnal rotation to the supralunar world.

The methodology that is proposed in Planetary Hypotheses 1.2 and then
carried out in the following chapters mirrors the presentation of the argument in
Almagest 1.2. After the presentation of the fundamental principles, which has no
analogous part in the Planetary Hypotheses, in the Almagest, Prolemy first discusses
the ecliptic (A/magest 1.12-16), then the Sun and the Moon (Books III-VI), the
fixed stars (VII-VIII), and finally the five wandering planets (IX-XIII). This applies
to the models of the Planctary Hypotheses in a similar way. First, Prolemy presents
the diurnal revolution (Planetary Hypotheses 1.3), then the Sun (I1.4), the fixed stars
(I.5) — presented here before the Moon (1.6), unlike in the A/magest — followed
by the revolutions of the wandering planets (1.7).

[.3-4

As promised at the end of Chapter 1.2, the third chapter presents the mathematical
abstraction of the diurnal rotation. One can find all aspects mentioned here in the
first book of the Almagest as well. The value given for the inclination between the
ecliptic and the equator (23;51,20°) is the same as in A/magest 1.12.1° These two

7 See Hamm\, Ptolemy’s Planetary Theory, p. 93, Swerdlow, ‘Ptolemy’s Theories’, pp. 6667, and
Jones, “Theon of Smyrna and Ptolemy’, pp. 91-92. Most recently, Ptolemy’s latitude theory both in
the Almagest and the Planetary Hypotheses has been discussed in detail by Sajjad Nikfahm-Khubravan,
see Nikfahm-Khubravan, The Reception of Prolemy’s Latitude Theories, pp. §3—114.

10" See Britton, ‘Prolemy’s Determination’, and Neugebauer, 4 History, p. 9o1.
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circles are divided into 360 degrees and Ptolemy adds a so-called ‘moving circle’
(falak mubarrik) or ‘carrier’ (pheron) between them. The circle of the equator
itself is motionless and is the reference for the inclination of the ecliptic, which
rotates through the motion of this ‘carrying’ or ‘moving’ circle. In the course of
establishing these circles, Ptolemy also explains (as in A/magest 1.8) the points of
the solstices and equinoxes.!!

This picture deviates to some extent from the account in A/magest 1.8.12 There,
the equator is called the ‘greatest of these circles’; however, it moves from east to
west and it has the function of the moving sphere:

[...] there are two different primary motions in the heavens. One of them is that which
carries everything from east to west: it rotates them with an unchanging and uniform
motion along circles parallel to each other, described, as is obvious, about the poles of
this sphere which rotates everything uniformly. The greatest of these circles is called the
‘equator’ [...]13

And later:

We can imagine the first primary motion, which encompasses all the other motions,
as described and as it were defined by the great circle drawn through both poles [of
equator and ecliptic] revolving, and carrying everything else with it, from east to west
about the poles of the equator. These poles are fixed, so to speak, on the ‘meridian’
circle, [...]"

The diurnal motion comes about and is transmitted to the inner circles in the
geometrical account of A/magest 1.8 through the interaction of the following
circles: the circle of the equator moves around the northern and southern celestial
poles from east to west. The meridian circle goes through these poles as well as
through the poles of the third circle, the ecliptic, which is inclined to the equator.
Since the poles of the ecliptic are also fixed on the meridian circle, the ecliptic
is carried diurnally from east to west, but it nevertheless has its own motion
from west to east around its own poles.”® This account is different from that in
Planetary Hypotheses 1.3. Here, Prolemy first describes the fixed equator, which
serves merely as a measurement for the inner diurnal motion, then a ‘carrying’ or
‘moving’ circle in the same plane that moves itself from east to west and which
also moves the third circle, the ecliptic, from east to west. This ecliptic is, of
course, inclined to the equator. Thus, the main difference between Almagest 1.8
and Planetary Hypotheses 1.3 is that the second primary motion in the heavens,

1 Compare this with Prolemy, Syntaxis, 1.8, Vol. 1, p. 29:3-16.

12° For a discussion of this chapter on the ‘two primary motions’, see Pedersen, 4 Survey, p. 45,
and Taub, Ptolemy’s Universe, pp. 100-03.

13 Prolemy, Syntaxis, 1.8, Vol. 1, p. 26:14—20, tr. by Toomer in Prolemy, Almagest, p. 45.

14 Ptolemy, Syntaxis, 1.8, Vol. 1, p. 29:17-23, tr. by Toomer in Ptolemy, Almagest, p. 47.

15 For the second primary motion, see Ptolemy, Syntaxis, 1.8, Vol. 1, p. 30:7-17.
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the one the planets perform from east to west, is ascribed to the ecliptic circle
containing all planetary circles in Almagest 1.8, whereas the ecliptic circle itself only
has a motion from east to west in Planetary Hypotheses 1.3. On the other hand, if
one considers the second primary motion from A/magest 1.8 as a summary of the
eastward motion that all planets share, the difference between the A/magest and
the Planetary Hypotheses might not be considered to be that important. Whether
itis the ecliptic, as the circle containing all remaining circles, or another circle for
every sphere below it that is responsible for the eastward motion of the planets is,
geometrically speaking, not a major problem for establishing the revolutions of the
planets. The reason why Ptolemy distinguished between the two primary motions
in Almagest 1.8 in the first place was to preclude any irregularity from the celestial
motion so that the planets move by certain retardations of the primary motion.!
This is still precluded in the Planetary Hypotheses. It is simply a different way to
approach the motions of the heavens. In the introduction to the A/magest, the
motions are briefly summarized. In the planetary models of both the A/magest and
Planetary Hypotheses, however, the complex motion of every planet is generated
by a set of circles. Accordingly, in Planetary Hypotheses 1.4, Ptolemy writes that
the Sun has a motion to the east in addition to the motion of the ecliptic, which
is to the west. It is the motion of the Sun against which the following planetary
motions will be measured, because this motion is visible through the rhythm of
day and night.'”

Subsequently, we come across a third account of the diurnal motion when Ptolemy
establishes the physical models of his cosmos in Planetary Hypotheses 11.11. This
shows thatin the first part of Book I, Ptolemy has not yet entirely departed from the
rather mathematical approach of the A/magest. The difference between Planetary
Hypotheses 1.3—4 and I1.11 is more evident than the one between A/magest 1.8 and
Planetary Hypotheses 1.3—4. In the physical model of the cosmos, for example,
Ptolemy does not need what he called the ‘great circle’, the purpose of which in
Planetary Hypotheses 1.3 is to divide the heavens into 360 degrees. This indicates the
abstract geometrical nature of the models that Ptolemy presents in Book I of the
Planetary Hypotheses in comparison with the representation of the physical reality
of the cosmos in Book II.

Chapter 1.4 serves to establish how the motions of the following models are
measured. Since the diurnal rotation of the intermediate carrying sphere cannot
be observed, Ptolemy measures the planetary motions by the daily solar motion.!®
Because of the slight additional eastward motion of the Sun, this solar revolution
is not the same as the diurnal revolution of the cosmos.

16 See Taub, Prolemy’s Universe, pp. 101-02. Taub also suggested that Ptolemy might have been
influenced by the motions of the Same and the Different from Plato’s Timaeus when claiming that there
are two primary motions in the heavens. See T7m. 36b6—d7 and Taub, Ptolemy’s Universe, pp. 102—03.

17 Compare this also with Ptolemy, Syntaxis, 1.8, Vol. 1, p. 26:21-23.

18 See Prolemy, Almagest, p. 23 for Toomer’s explanation of the term nychthemeron.
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Ls-7

Chapter 1.5 marks the beginning of the presentation of planetary motion. Ptolemy
distinguishes ‘simple’ and ‘complex’ motions and presents the former in Chapters 1.5-7.
These simple motions basically indicate the time that the planets, stars, or apogees
need for a certain number of revolutions. In Chapter 1.5, Ptolemy gives the number
of returns that the fixed stars, the apogees of the planets, and the Sun cover in 300
tropical years with respect to the solstitial and equinoctial points of the ecliptic. The
returns of the Moon (with respect to the Sun, in anomaly and in latitude) are given in
Chapter L.6. Finally, Chapter 1.7 provides us with the planetary restitutions in anomaly
in sidereal years.

These chapters and the parameters (i.e. the numerical values that appear here)
have been studied in detail by Otto Neugebauer, Dennis Duke, and Elizabeth
Anne Hamm, including an explanation of how Ptolemy arrived at these numbers.!”
Some of these parameters are already known or derive from the A/magest, whereas
others are newly observed or based on new calculations. For the history of the text,
the often diverging parameters between the different versions might be of some
interest. In some cases, the Arabic tradition has the correct parameter as opposed
to the Greek tradition. In other cases, the Arabic has similar mistakes to the Greek.
John Bainbridge corrected many of the mistakes he found in the Greek.?° They are
mostly collected in the footnotes accompanying Hamm’s English translation, to
which I refer for a comparison between the values found in the Greek and Arabic
versions.”! I highlight in the notes to my translation those parameters that are
wrongly transmitted in the Arabic manuscripts.

These simple periods are prerequisites for Ptolemy’s arrangement of the planetary
models that follow in Chapters 1.8-14. He uses them to establish the inclination
and returns of each circle needed to account for the apparent mean motion.

1.8-14

Ptolemy now proceeds to the description of the ‘complex” motions, as promised in
Chapter L.5. By ‘complex’, he means the combination of the motions of the various
circles responsible for the apparently irregular motions of the planets. For example,
regarding the upper planets, the returns in anomaly which are basically generated
by the rotation of the epicycle are added to the motion of the eccentric that carries
the epicycle. Ptolemy starts with the Sun (Chapter 1.8), perhaps because it needs
the smallest number of circles. He continues to the Moon (1.9), then proceeds to

19 See Neugebauer, A4 History, pp. 9o1-02, Duke, ‘Mean Motions’, pp. 637-43, and Hamm,
Prolemy’s Planetary Theory, pp. 140-67.

20 See his own list of corrections in Prolemy, De planectarum hypothesibus, p. s2.

21 See Hamm, Prolemy’s Planetary Theory, pp. 44—64.
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the remaining five planets, from the lowest (Mercury, 1.10) to the highest (Saturn,
I.14). The corresponding passages from the A/magest are Chapter II1.4 for the solar
model, Book IV for the lunar model, and Books IX-XIT for the five planets. The most
striking feature is the new latitude theory. Major research on these chapters has been
conducted by Neugebauer, Duke, Hamm, and most recently Nikfahm-Khubravan.?*
To each planet belongs a ‘sphere’ (sphaira in Greek and kura in Arabic). These
spheres contain a number of ‘circles’ (kyk/os in Greek and falak in Arabic). The brief
chapter on the model of the Sun (Chapter 1.8) already makes it clear what Ptolemy
intends to do for every planet. He gives the relative position of the centre of the
eccentric circle and establishes the speed of the Sun’s revolution on this eccentric
circle. Although the models of the remaining planets and the Moon differ from
each other, Ptolemy’s method is always the same: he first establishes the position
and motion of the deferent circles and then adds the position and motion of the
epicycles. The combination of these motions for every planet is the reason why
Ptolemy calls these models from Chapters I.8-14 ‘complex’ in comparison with the
‘simple’ periods of Chapters 1.6-7. At the end of each of these chapters, Ptolemy
gives the positions at a certain epoch date, namely the first day of the Era Phillip
(Thoth 1), which corresponds to 12 November 323 Bc in the Julian calendar.?’
Again, one should bear in mind the question why Ptolemy deals with these
issues here in the Planetary Hypotheses. First, we already find an account of plan-
etary models in the A/magest. As Ptolemy himself announces in the beginning,
and as Duke has sufficiently shown, we are faced with a number of changes and
differences between these two works. Thus, what we find in the first 14 chapters
of the Planetary Hypotheses is an abridged and updated version of what we find
in the Al/magest. Prolemy used these results for a (lost) table that he mentions in
Chapter I1.18. There, he also states that whoever studies astronomy should deal with
both the physical models of Book II as well as with observations and calculations of
planetary motion. Although the physical models of Book II do not contain similar
mathematical calculations, the connection between these two books is quite clear.
In the Almagest and Book I of the Planetary Hypotheses, Ptolemy establishes how
one can mathematically present planetary motions and how many and which
geometrical bodies are necessary for that. The physical models that we subsequently
find in Book II rely on these geometrical models. However, there are again some
changes between these two accounts, mostly because Ptolemy wishes to bring the
seven models of the planets, the Sun, and the Moon together into one coherent
system of the cosmos. By doing so, as we are going to see, he wishes to reduce the

22 Neugebauer, 4 History, pp. 902—13, Duke, ‘Mean Motions’, pp. 643—-53, Hamm, Ptolemy’s
Planetary Theory, pp. 168—80, and Nikfahm-Khubravan, The Reception of Ptolemy’s Latitude Theories,
pp- 99-114 and especially pp. 56581 for his edition of the Arabic version of Chapters I.1o-1s5.

23 Fora summary of these circles, see Jones, “Theon of Smyrna and Ptolemy’, pp. 90-91, and for
an overview of the different eras, see Neugebauer, 4 History, pp. 1064-67.
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total number of physical bodies in the heavens, so that there are in the end fewer
physical spheres than geometrical circles.

[.15%

With this chapter, the second part of Book I begins. This part has been rediscovered and
translated by Bernard R. Goldstein.?> Indeed, it forms a discussion in its own right. At
the beginning of this chapter, Ptolemy writes explicitly that the ‘configuration of the
wandering planets with respect to their circles’ has now been sufficiently dealt with.
The result of the previous chapters is that the fixed stars move ‘in a way very close to
the motion of the universe’, that the Sun has one anomaly, the Moon two, and the
wandering planets three. This leads to two main questions that Ptolemy addresses here.

First, Ptolemy apparently worries about the physical implications of the anomalistic
motions of the planets. The fixed stars move ‘very close’ (but only very close because of
precession) to the motion of the cosmos from east to west, this motion being simple and
unmixed. This is an indication of its eternal nature. However, the anomalistic motions
could suggest that the planets are not eternal, since the eternity of the celestial bodies is
usually inferred from their perfect circular motion. The following remarks go back to
Aristotle’s Physics and On Generation and Corruption. Prolemy argues that there are
three kinds of change or motion: locomotion, change in quality, and change in quantity.
Therefore, even when we observe forward and backward or southward and northward
motion by the planets, this still belongs only to the category of locomotive change. This
does not entail any change in the substances, as is the case for sublunar bodies. In the
same passage on the different kinds of change from Physics VIIL.7, Aristotle also briefly
alluded to the process of heating, which Ptolemy now picks up in his explanation of
why the Sun has only one anomaly.?® Here, Ptolemy follows Aristotle’s description of
how the Sun influences the sublunar changes: the Sun’s motion in anomaly ensures the
passing away and coming to be of sublunar bodies, whereas its regular daily rotation
is responsible for the fact that these changes happen constantly.?’

After Prolemy explained that it is conceivable for even eternal things to have different
kinds of locomotion, he discusses the differences between the three kinds of inclinations
that generate these kinds of anomaly. After describing the longitudinal anomalies, Ptolemy
presents the three different kinds of latitudinal anomalies for planetary motion. The first

24 Tam grateful to Jan P. Hogendijk for valuable comments on this and the following chapters.

25 See Goldstein, “The Arabic Version’. A detailed analysis of this part can be found in Hamm,
Prolemy’s Planetary Theory, pp. 185—213. The current chapter is summarized on pp. 185-88. In
addition, see Nikfahm-Khubravan, The Reception of Prolemy’s Latitude Theories, pp. 107-13.

26 See Phys. VIIL.7, 260a26-b1s. Note, however, that both Morelon and Nikfahm-Khubravan
omit this sentence from their editions. See Ptolemy, ‘La version arabe du Livre des Hypothéses', p. 57
(note to Line 14), and Nikfahm-Khubravan, The Reception of Prolemy’s Latitude Theories, p. 579 n. 10.

27" Gen. et Corr. 1110, 336a15—-336b18. See also Metaph. X116, 10722918 and XIL.7, 107222124,
Jones, “Theon of Smyrna and Prolemy’, pp. 84-85, and Bowen, Simplicius on the Planets, p. 277.
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is the inclination of the equator to the ecliptic, the second is the inclination between
the planet’s circle and the ecliptic, and the third is between the planet’s epicycle and
the deferent. Subsequently, Ptolemy describes how the different astronomical points,
namely the summer and winter solstices and the vernal and autumnal points, change
their position because of the first latitudinal inclination of the ecliptic to the equator.
The second and third inclinations are afterwards compared with this first one. As in the
previous chapters, these kinds of inclination are clear to every reader of the Almagest.

Nevertheless, in describing the first two kinds of inclination, Ptolemy gives a
somewhat strange account of two kinds of motion according to these two inclinations:
‘each of them [i.e. the planets] has a volitional motion and a motion to which it is
compelled (yadturr ilay-hi).’*® What makes this sentence so curious is the fact that
he directly opposes this view in the third chapter of Book II: ‘this [occurs] regarding
[the acthereal bodies] not by force (qahr) or necessity (darira), forcing them from
outside. For there is nothing stronger than what does not receive alteration so that
it could force it.”? This contradiction within the Planetary Hypotheses has already
been criticised by Ibn al-Haytam.*° If we take Ptolemy’s statement from L.15 as an
allusion to Aristotle’s division of motion into natural and coerced (bz2) motion, this
indeed goes directly against Ptolemy’s overall conception of celestial and acthereal
motion.*! One solution could lie in the way in which we read yadturr ilay-bi, ‘to
which it is compelled’. Here, in .15, Ptolemy might simply state that the planets
move by their volition but this motion is led by the way in which the different
spheres are arranged. In that case, yadrurr ilay-hi would instead mean something
like ‘accidentally’. Since this accidental motion is also circular, as is natural for aether,
one could still consider this accidental motion as being in accordance with nature.>>
However, there still remain serious problems. First, it is not clear why Ptolemy seems
to assume that one of the first two inclinations (probably the first one) is voluntary
but the other is accidentally (or compelled from outside). This is at least what the
Arabic version suggests. Second, a form of the same Arabic root d--7is used in IL.3
to refer to a motion that is excluded from planetary motion. Without the Greek text,
this problem is hard to resolve.??

28 Plan. Hyp. 115, p. 262:17.

2 Plan. Hyp. 11.3, p. 290:7-9.

30 See Ibn al-Haytam, al-Sukitk, p. 47:35.

3L cf. Phys. V.8, 215a1-2.

32 This would be similar to al-Ttst’s definition of accidental motion (baraka aradiyya). See
al-Tasi, Memoir on Astronomy, p. 101:10-11.

3 of Hamm, Prolemy’s Planetary Theory, p. 186.
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I.16-19

Chapter 116 starts by repeating some claims already made in Almagest IX.1.3* Both
in the Almagest and in the Planetary Hypotheses 116, Prolemy begins by stating what
most astronomers agree upon concerning the order of the planets. The sphere of the
fixed stars is farthest away from the Earth, the next below it is Saturn, then Jupiter and
Mars, and the Moon is closest to the Earth. In the A/magest, Prolemy then ascribes the
view that Mercury and Venus are below the Sun to the ‘most ancient’ astronomers,
whereas ‘some of their successors’ held the position that the Sun is below Mercury
and Venus.® In the Planetary Hypotheses, Ptolemy simply writes that this problem
cannot be solved ‘with certainty’ (‘an yagin). To the remark in the A/magest that this
uncertainty is caused by the lack of observed parallaxes,3® Ptolemy adds in the Planetary
Hypotheses that the reason why no (partial) occultations of the Sun by Mercury or Venus
have been observed might be the brightness of the Sun. In the end, these doubts lead
Ptolemy to say that the positions of not only Venus and Mercury but of all planets are
not certainly proven.

Nevertheless, Ptolemy opts in both treatises for one of the two options, namely
Earth — Moon — Mercury — Venus — Sun — Mars — Jupiter — Saturn. The
reason for preferring this order in the A/magest was that Mercury and Venus always
move near the Sun. In this way, Prolemy separated these two from the remaining
three planets that have greater distances from the Sun.>” Here, in Planctary
Hypotheses1.17, Prolemy gives another indication of the correct order of the planets,
namely their actual distances from the Earth. For the Moon and the Sun, Ptolemy
had already computed these distances in the A/magest.>® The methods involved
in calculating these distances, however, could not be transferred to determining
the distances of the remaining planets. Instead, Ptolemy introduces two other
principles by means of which one can obtain the celestial distances.?? First, the
ratios of the relative distances from the geometrical models are like the ratios of the
true distances. Here, the Arabic version draws the distinction between something
that is ‘arranged’ (yatahayya’), referring to the true distances, and what is not

3% Summaries of Ptolemy’s discussions on the order of the planets can be found in Goldstein,
“The Arabic Version’, p. 4, Swerdlow, Prolemy’s Theory, pp. 99—106, Hamm, Prolemy’s Planetary
Theory, pp. 188-91, and Pedersen, 4 Survey, pp. 393-96.

35 Prolemy, Syntaxis, IX.1, Vol. 2, p. 207:2-6, tr. by Toomer in Prolemy, Almagest, p. 419. For
possible candidates for these two models, see Neugebauer, 4 History, pp. 690-93.

36 Prolemy, Syntaxis, IX.1, Vol. 2, p. 207:13-16.

37 Prolemy, Syntaxis, IX.1, Vol. 2, p. 207:16-20.

38 See Prolemy, Syntaxis, V.11-13 for the Moon and V.14-15 for the Sun. For reconstructions of
these values, see Swerdlow, Prolemy’s Theory, pp. 41-52 and 58—72, Neugebauer, 4 History, pp. 101-03
and ro9-11, Carman, ‘Rounding Numbers’, and Loizelet, Mesurer et ordonner, Chapter 3.

39 See, most importantly, Goldstein, “The Arabic Version’, p. 4, and Swerdlow, Prolemy’s Theory,
pp- 95-96 and 121. For concise summaries, see Goldstein and Swerdlow, ‘Planetary Distances’,
pp- 138-43, and Goldstein and Hon, “The Nesting Hypothesis’, pp. 209—-11. A more detailed account
can be found in Loizelet, Mesurer et ordonner, Chapter 4.
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‘arranged’, referring to the relative distances.*? Second, the maximum distance of
a planet should coincide with the minimum distance of the planet above in order
to exclude any void space between two planetary spheres.41 These two principles,
taken together with the calculated distances of the Sun and Moon, allow Ptolemy
to infer the true distances (but not calculate them mathematically, as he did in the
cases of the Moon and the Sun). The table below summarizes the values that can
be found in Planctary Hypotheses 1.17.4

From the true distances of the Moon and the Sun, Ptolemy finds it only logical
to assume that the spheres of Mercury and Venus fill the void space between the
Sun and the Moon, but also that this space is, on the other hand, not large enough
to accommodate any other planet. Still, Ptolemy acknowledges the problem that
there remained a small space of 81 Earth radii between Venus and the Sun. Ptolemy
suggests getting rid of this gap by adjusting the lunar distance. However, this remains
only a suggestion and Ptolemy does not engage with it any further.3

In Chapter 1.18, these absolute distances are transferred into stades.** Ptolemy
adopts the same circumference for the Earth as in his Geography, namely 180 000
stades.®> This allows Ptolemy to infer the distances of the planets in stades. For the
following table, which includes the distances in Earth radii and in stades, I generally
follow the calculations by Swerdlow.*¢

Minimum Maximum Minimum Maximum
distance (Earth  distance (Earth  distance in stades distance in stades
radii) radii)
Moon 33 64 946000 1834666540
Mercury 64 16677 1834666;40 475866640

40 Regarding the relative distances, see Swerdlow, Ptolemy’s Theory, pp. 107-20, especially the
table of the relative distances of the planets between pp. 118 and 119.

4 Carman, ‘Rounding Numbers’, especially pp. 225-38, argued that Ptolemy had this idea of
strictly nested spheres in the back of his head in the Almagest.

2 A recomputation of these values can be found in Goldstein, “The Arabic Version’, pp. 9-11,
and Swerdlow, Prolemy’s Theory, pp. 121-27.

43 See Swerdlow, Prolemy’s Theory, pp. 123—25. Goldstein, “The Arabic Version’, pp. 10-11,
provides such a computation.

4 The Greek stade was not fixed and thus varied. We do not know how long Ptolemy’s stades
actually are. See Diller, “The Ancient Measurements’, pp. 7-9.

45 Ptolemy, Handbuch der Geographie, Vol. 2, VII.5.12:8, and Diller, “The Ancient Measurements’,

p-7.

4 Swerdlow, Prolemy’s Theory, pp. 127-28.

47 According to the calculation by Hartner, ‘Medieval Views’, pp. 268-69, this value should be
177 on the basis of the values from the A/magest. Based on the account of Proclus in his commentary
on the TZmaeus, he rightly concluded that the value of 166 comes from the Planetary Hypotheses and
supposed that Ptolemy did a mistake there. Part of this mistake can be explained by new values for
Mercury’s model in the Planetary Hypotheses, see Goldstein, “The Arabic Version’, pp. 9-10, and
Carman, ‘Rounding Numbers’, pp. 227-28.
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Venus 166 1079 4758666540 30931333;20
Sun 1160 1260 —48 36120000
Mars 1260 8820 36120000 25284000
Jupiter 8820 14189% 25284000 406751333;20°°
Saturn 14189 19865 406751333;20 509463333520

This cosmological system that results from these two principles is often called the
theory of ‘nested spheres’. For example, the greatest distance of the Moon equals
the smallest distance of Mercury, and therefore the spheres in which these planets
move must be in direct contact with each other. In this way, all the planetary spheres
are tightly packed around each other like the skins of an onion.!

Ptolemy concludes this chapter with another remark on this system of nested
spheres. Since it is naturally impossible, as Ptolemy writes, that there is an amount
of space that is ‘useless’ and ‘meaningless’, namely the void, Ptolemy holds that
this account is ‘most likely’ (asbah al-umair). This concept — namely that ‘nature
does nothing in vain’ — is, of course, very prominent in the Aristotelian corpus
and is adduced by Aristotle not only in his biological treatises but also in Oz the
Heavens.>* Nevertheless, Ptolemy remains very cautious about this issue of the order
of the planets. He explicitly writes that ‘if the situation is as we have said’, then the
distances are as calculated. However, if there is indeed empty space between the
spheres, as Ptolemy adds, then the distances should not be smaller than calculated
before. Thus, Ptolemy provides us with the smallest possible planetary distances
and only this can safely be determined. This cautious note mirrors the beginning
of the discussion on planetary distances in Chapter 1.16 where Ptolemy stated that
one cannot know the planetary order ‘with certainty’ (‘an yagin), as well as the first
chapter of the Almagest. Although Ptolemy ‘calculated’ these distances, he did not
do so on the basis of observations or of geometrical proofs, but on physical grounds
such as his assumption that there is no empty space between the spheres. Given his
statement in A/magest 1.1 that physics is ‘guesswork’ and that only mathematics
can generate true knowledge, his hesitation about the question of the order and
distances is nothing but consistent. Moreover, he is also very consistent in marking

48 Prolemy gives the distances in stades for the border of two adjacent spheres and the value for
the border of the spheres of Venus and Sun are calculated from the value of the maximum distance
of Venus. He did not calculate the value for the minimum distance of the Sun in stades.

97 adopt the correction by Goldstein, “The Arabic Version’, p. 11, and Swerdlow, Prolemy’s
Theory, p. 125 1. 24, instead of 14,187, which is preserved in the manuscripts.

50 Following Swerdlow, Ptolemy’s Theory, p. 128 n. 25, who calculated this from the corrected
value for the maximum distance of Jupiter in Earth radii.

51 See again Goldstein and Hon, “The Nesting Hypothesis’.

52 See, for example, Cael. 1.4, 271232-33, and Inc. Anim. 2, 704b1s.
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the limits of safe knowledge and the beginning of conjectural knowledge.>* It should
also be noted that the Greek word for ‘guesswork’, ezkasia, is translated as ‘more
likely and appropriate’, ashah wa-abra, in the Ishag-Tabit version of the Al/magest.>*

These chapters (together with the subsequent one, 1.19) are of particular importance
for understanding the Planetary Hypotheses. Before the discovery of this second part
of Book I, the Planetary Hypotheses merely consisted of ‘a summary of planetary
theory followed by curious spherical models’, as Swerdlow rightly commented.>®
These chapters on cosmic dimensions make it clear that Ptolemy is serious in his
attempt to give the best possible reconstruction of the physical reality of the cos-
mos.>¢ As discussed above, Ptolemy also addressed his work to instrument-makers.
However, for them, the relative planetary distances should have been enough to
construct an instrument. When Ptolemy transfers the relative distances into true
ones, this signifies a shift within his work, which is also dedicated to astronomers
and natural philosophers, who want to understand not only how to compute the
celestial phenomena but also how to explain the celestial motions in reality.

Next, Chapter 1.19 closely follows the agenda of the previous chapters, namely
to give true values for the cosmic models. The issues at stake here are the diameters
and volumes of the planets. Basically, Ptolemy uses the mean distances, the apparent
diameters of the planets in relation to the Sun, and the apparent diameters of the
Sun.>” From these, Ptolemy calculates the true diameters of each planet in relation to
the Earth and subsequently calculates the planetary volumes.>8 Ptolemy distinguishes
between stars of six different magnitudes in his star catalogue in the Almagest.>’
Here, he only provides the sizes of the brightest stars, namely those that are of the
first magnitude.

53 See also Hamm, Prolemy’s Planetary Theory, pp. 38—43. For physics as a conjectural science,
see Feke, Prolemy’s Philosophy, Chapter 3, and Chapter II of the present study.

>* See MS Tunis, Dar al-kutub al-wataniyya, 7116, f. 2%:9. I consulted the transcription by Pouyan
Rezvani, available on the website of Prolemacus Arabus et Latinus at https://ptolemaeus.badw.de/
text/Mo71 (last consulted on 20.01.2021).

55 Swerdlow, Prolemy’s Theory, p. 20.

3¢ See also Pedersen, 4 Survey, p. 395.

57 The latter is already known from the A/magest, as Ptolemy states, and it s 5.5 times the diameter
of the Earth (Ptolemy, Syntaxis, V.16).

58 For the details of these calculations, see Goldstein, “The Arabic Version’, pp- 11-12, and
Swerdlow, Ptolemy’s Theory, pp. 168—72. Swerdlow’s recalculations offer some adjustments, see such
as in his Table 4.2 between pp. 170 and 171.

59 See Neugebauer, 4 History, pp. 291-92.
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Volume (compared with the Earth)

Moon 1/40

Mercury 1/19683

Venus 1/44%0

Sun 166 %

Mars 1%

Jupiter 82+ % +1/20
Saturn 79 %

fixed stars of first magnitude 94 s+ %

Prolemy concludes Chapter 1.19 on the sizes of the celestial bodies with two state-
ments. First, he again emphasizes that these values are only correct if the planetary
distances are also correct, which is basically the same as what he had to say about
the true diameters themselves. Again, it becomes clear that Ptolemy does not
consider his values to be ultimately proven, although these values might be a good
guess. The second statement concerns parallaxes. Previously, in the A/magest, on
the topic of the uncertainty of any theory of planetary order, he argued that there
are no parallaxes observed for the planets.®! Ptolemy calculated the lunar parallax
in Almagest V.12-13.%% In the Planetary Hypotheses, he writes that there should be
observable parallaxes for Mercury, Venus, and Mars, but introduces this statement
by the now well-known formula: ‘if their distances are as we have determined them’.
Indeed, if the distance of Mercury’s perigee is the same as the Moon’s apogee, then
they should have the same parallax at these points.®?

60 Goldstein, “The Arabic Version’, p- 12 notes that the values for the diameters of Venus are wrongly
attested in the manuscripts, as these do not result in the volume given in the manuscripts. Swerdlow,
Prolemy’s Theory, p. 171 n. 2, and p. 172 agrees but also notes that there is a further complication. Prolemy
concludes the passages on the volume of the planets by ordering the planets according to their volume
and Venus is said to be larger than the Moon, which is in contradiction to the given values. As Goldstein
has argued, there might be a mistake in the given diameters, but then the mistake in the order of the
planets according to their sizes remains. Thus, Carman, ‘Rounding Numbers’, pp. 229-32, suggests
that Prolemy might have taken these values from previous calculations. Carman provides also a list of
how this error was dealt with by authors in the Arabic tradition. See Carman, ‘Rounding Numbers’,
p- 232 n. 41. In addition, one should consider Ibn al-Salah, who writes in the commentary to the star
table of the Almagest that in the Planetary Hypotheses, Ptolemy gives the ratio as 1/44, whereas the
correct ratio is 1/37. See Ibn al-Salah, Zur Kritik der Koordinateniiberlieferung, pp. 48 and 150:14-18.

6l Prolemy, Syntaxis, IX.1, Vol. 2, p. 207:13-17.

62 See Pedersen, A Survey, pp. 204—06.

63 Following Hamm, Prolemy’s Planetary Theory, p. 204.
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[.20-21

The last two chapters of Book I are somewhat unconnected to the previous dis-
cussions. Chapter 1.20 deals with the arcus visionis, the angle between the Sun and
the horizon at which the planet in question is visible. These arcs were calculated by
Ptolemy in Almagest X111.7.%% The parameters given here in the Planctary Hypotheses
are not in agreement with those from the A/magest, but rather with those from
the Handy Tables, Prolemy’s treatise originally containing astronomical tables and
a manual for their application.®® Thus, the reason why this chapter is included in
the Planetary Hypotheses is not so much as a physical representation of the cosmos
but to add more corrections to the values from the A/magest, as Ptolemy promised
in the first chapter.

The last chapter of Book I concerns optical illusions that might impede correct
observations. The problem described here is that planets seem to be much closer than
they really are because, as Prolemy describes, the eyes are used to see things that are much
closer. Hamm has compared this last paragraph with passages on the optical problems
of observations in the A/magest and the Optics, but could not find similar statements.®®

I1.1-2

Ptolemy finishes the first part of Book I as follows: “This is the configuration (hay’a)
of the wandering stars on their circles.’” In the beginning of Book II, he concludes
that he has described ‘most of the relations of the spherical motions that have been
perceived by observations made up to our time.”®® What is left is the discussion of
the shapes of the heavenly bodies. Ptolemy aims at harmonizing their nature and the
principles of aethereal motion with the previous discussion. Although he is going
to lay out these principles in more detail, we are already acquainted with the most
important of them from the Almagest. The first chapters of Book I of the Almagest
presented the foundations of the Ptolemaic cosmos, and in Chapter I11.3, Ptolemy
established that all celestial motions, even the apparently irregular motions of the

¢4 See Neugebauer, 4 History, pp. 234-38.

65 Discussed by Goldstein, “The Arabic Version’, p. 4, and Hamm, Prolemy’s Planetary Theory,
pp- 206—08.

66 See Hamm, Prolemy’s Planetary Theory, pp. 208—13. In addition, note that there are doubts
concerning the authenticity of the extant version of the Optics. See Siebert, Die ptolemdische Optik.

7 Plan. Hyp. Lis, p. 262:1.

8 Plan. Hyp. 111, p. 288:3—4. Note that at the end of A/magest I.1Ptolemy had already stated
that he would give ‘everything which we think we have discovered up to the present time’ (Ptolemy,
Syntaxis, 1.1, Vol. 1, p. 8:6—7). This shows that Ptolemy indeed believes that astronomical knowledge
advances more and more because of ongoing observations, and that recent observations may call for
a correction of the astronomical values based on older observations.
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wandering planets, are, in fact, uniform.®” Given that Ptolemy will argue against
Aristotle’s cosmology, his claim that he does not deal with incorrect previous accounts
might sound strange. An explanation of this might be that he has in mind theories
of completely different shapes of the cosmos or its motions, as they were already
refuted in Almagest 1.3.

The second chapter closes with two announcements by Ptolemy. First, before
he lays out the individual spheres for every planet (starting with Chapter I1.9), he
plans to provide a more general account of the possible shapes of the celestial bodies.
This is similar to what Ptolemy does in the A/magest. At the end of Almagest 1.2,
Prolemy introduces the topics of ‘general’ nature (katholon) from Chapters 1.3-8,
whereas at the beginning of Chapter 1.2, he writes that the subsequent investigations
concern the ‘particular aspects’ (ton kata meros).”® Thus, the methodology is the
same for both the Almagest and the Planetary Hypotheses.

Second, Prolemy distinguishes two disciplines by which one can approach
the questions that are to be answered in Book II, namely the mathematical and
the physical (§7ba ta‘limiyya and tabiyya, literally ‘mathematical’ and ‘physical
side’s in the following chapters, the Arabic has gzyas, ‘reasoning’, instead of ¢7ha).
Again, we have already encountered this dichotomy in the A/magest, though in
a different context. The question at stake in A/magest 1111 is the definition of a
solar year. Ptolemy concludes that both approaches agree that one should consider
a solar year to be the time from one solstice or equinox to the same again. As he
explains, the mathematical viewpoint implies the return of the Sun to the same
position, and the most suitable positions for observation are the equinoxes and
solstices. From the physical viewpoint, one wants to measure the Sun’s return to
a ‘similar atmospheric condition and the same season’, and since the solstices and
equinoxes mark the beginnings and endings of the seasons, these points are again
most suitable.”! Both approaches arrive at the same conclusion. This is not the case
for the present question of the shape of the spheres.

It has now been stated a couple of times that the Planetary Hypotheses mark
the beginning of a new discussion, namely the presentation of the physical shape
of the spheres. However, it is not the case that Ptolemy was not concerned with
physical arguments in the A/magest. This is indicated by the argument above
from Almagest 111.1, and it has already been pointed out by Alexander Jones. In
order to show that Ptolemy had indeed already applied physical principles in the
Almagest, Jones points to not only the often cited first chapters of Book I but also

69 See Prolemy, Syntaxis, 1.1-8 and I11.3, Vol. 1, especially p. 216:3-7.

70 Prolemy, Syntaxis, 1.2, Vol. 1, p. 8:20 and 9:17.

71 See Prtolemy, Syntaxis, II1.1, Vol. 1, p. 192:22—193:11. For the terminology, I have followed Toomer’s
translation. See Prolemy, Almagest, p. 132. The Ishaq-Tabit-version of the Almagest also has wagh ta Jimi for
mathématikos (‘mathematical viewpoint’) and al-wagh alladi huwa asbaba bi-I-%m al-tabii for the Greek

Pphysikoteron [...] to otkeion (‘physical viewpoint’). See MS Tunis, Dar al-kutub, 7116, f. 38"7 and 1o. This
makes it probable that Ptolemy used the same terminology in A/magest 1111 as in Planetary Hypotheses IL.a..
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to Chapter III.3, where Ptolemy argued for the necessity for all celestial motions to
be regular and uniform, as well as to XIII.2 on the simplicity of the models.”? In
this second chapter of Book II of the Planetary Hypotheses, Prolemy’s attempt to
harmonize the observations and the mathematical proofs with physical principles
becomes manifest again.

As the following commentary shows, Book II of the Planetary Hypotheses
follows a coherent line of argument in order to establish an account of the physical
representation of the cosmos. This coherency was doubted by Andrea Murschel
but defended by Régis Morelon. Murschel writes that the first part of Book II,
supposedly Chapters I1.1-8, do ‘not follow a logical order, as if the Greek passages
were translated out of sequence.””? In contrast, one can detect a clear train of thought.
First, Prolemy wishes to transform the geometrical account into an account of the
underlying reality (IL.1-2). For that reason, he introduces the important physical
foundations that need to be taken for granted for such an enterprise (II.3). On the
basis of the mathematical account, there are two possible shapes for the celestial
spheres, and since mathematics does not allow us to decide between these two
options (I1.4), we need to investigate the physical consequences of each option
(I1.5-8). Ptolemy shows that one of the two options leads to problematic physical
consequences (I.5), whereas the other better fits the physical principles laid out in
Chapter I1.3 (II.6). Lastly, Ptolemy explains how celestial motions arise in physical
and psychological terms (II.7-8). For this reason, I believe that there is no ground
for assuming that the Arabic translation available to us is not faithful to the original
Greek version.

1.3

This chapter offers a concise overview of the physical principles that Ptolemy
seems to take for granted for the following discourse. Here, the Arabic version uses
terminology that is different from the previous chapter, where the physical and
mathematical approach or viewpoint was labelled by the term gzba. Now (and the
same holds true for the following chapter on the mathematical approach), the Arabic
version uses the term gzyds, which generally means ‘reasoning’ (or even ‘syllogism’
in a more technical sense). Lacking the Greek original, there is an opposition in
the Arabic between arsad (the plural of rasd or rasad, ‘observation’) and gzyas. In
Planetary Hypotheses 11.1, Ptolemy announces that the investigation of the celestial
motions that are perceived by observations (yudrak |...] bi-l-arsad) is finished. In
fact, no mathematical parameters are given for the rest of the treatise. These two
terms (arsad and giyds) seem to have been set against each other in the later Arabic

72 See Jones, ‘Ptolemy’s Mathematical Models’, pp. 27-32.
73 Murschel, ‘Structure and Function’, p- 37, and Morelon, ‘Le Livre des hypothéses’, p. 98. See
above, pp. 15-22.
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tradition quite often, always with the meaning of observations (either with the naked
eye or astronomical instruments) and reasoning, frequently implying conclusions
drawn from physical principles.74 Once more, this highlights the shift in the object
of the present investigation.

What is indicated by this physical reasoning? Ptolemy presents a theory of
elementary motion that draws on the opposition of the rectilinear motion of the
sublunar elements and the circular and uniform nature of the celestial element:
aether itself is unchanged and uniform, and it is called a ‘wonderful substance’
(gawhar agib).”> For every celestial motion, there is an aethereal body moving in
a circular manner. These bodies do not move in this way because of an external,
separate mover. Instead, celestial motions are voluntary. Ptolemy also ascribes
‘governing powers’ to the planets, as well as a ‘brightness [that] pervades in a clear
way all of these things spread around them’.”® The relationship between these two
is not explained. These voluntary acthereal motions are contrasted with the soulless
motions of the four elements earth, water, air, and fire. The down- and upward
motions do not naturally belong to them, but they have an inclination (may!) to
move back whenever they are forced outside of their natural place. Ptolemy explicitly
states that what is ‘ensouled’ or ‘animate’ (mutanaffis) does not move rectilinearly.””
A brief passage in Almagest X111.2 on the simplicity of the planetary theories seems
to foreshadow the idea of aethereal powers passing through the celestial realm and
not influencing or hindering each other:

For provided that each of the phenomena is duly saved by the hypotheses, why should
anyone think it strange that such complications can characterize the motion of the heavens
when their nature is such as to afford no hindrance, but of a kind to yield and give way

74 For example, Averroés distinguishes among basar (observation with the naked eye), arsad
(observations over a longer period of time with the help of instruments), and gzyds, which denotes
reasoning with the help of physical principles. See Averroés, Tafsir Ma ba‘d al-Tabi‘a, p. 1655:3-10.

75 In Chapter L2, the term ‘wonderful’ (a¢ib) was used to translate the Greek word thaumasiotatos.
In the Almagest, Prolemy usually called the aethereal bodies ‘divine’ (zheios). See, for example, Prolemy,
Syntaxis, 1.3, Vol. 1, p. 14:9, IX.2, Vol. 2, p. 208:8, and XIIL2, Vol. 2, p. s32:15. Cf. De mundo
5, 396a33—b7 where, in response to the question why the cosmos has not been destroyed because of
the different qualities in the cosmos, it is answered that the harmonious collaboration in a city (or,
of course, the cosmos) is ‘most wonderful’ (¢haumasiotatos).

76 Plan. Hyp. 11.3, p. 288:17. In the Tetrabiblos, Prolemy speaks of rays that are the transmitters
of the planets’ powers in an astrological framework. However, as Feke points out, there is no detailed
analysis of what these rays actually are or consist of. See Feke, Prolemy’s Philosophy, pp. 176-87. The
connection of the theory of rays with the Planctary Hypotheses goes back to a mistranslation of the
word ‘brightness’ (d7ya’) as ‘Strahlen’ in the German translation by Nix. See Prolemy, ‘Hypotheseon’,
p- 112:5. This Arabic term simply denotes the light emitted by the stars, also in a philosophical context.
See, for example, al-Farabi, who characterizes light (d7y4’) as a sublime quality of the stars (al-Farabi,
On the Perfect State, Chapter IIL.7, p. 122:18).

77 This chapter is briefly addressed in Murschel, ‘Structure and Function’, p. 38, Taub, Ptolemy’s
Universe, pp. 113-14, Feke, Ptolemy’s Philosophy, pp. 188—90. For an analysis of the fragments of
Ptolemy’s theory of elementary motion from other works, see Rashed, ‘Contre le mouvement’.
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to the natural motions of each part, even if [the motions] are opposed to one another?
Thus, quite simply, all the elements can easily pass through and be seen through all other
elements, and this ease of transit applies not only to the individual circles, but to the spheres

themselves and the axes of revolution.”®

This dichotomy between the natural motion of the sublunar elements and aether
probably leads Ptolemy to label the acthereal motions as belonging to the physical
argument, although at one point in A/magest 1.1, he makes the aethereal bodies
the objects of theology.”” Here in the Planctary Hypotheses, Ptolemy makes no
allusion to theology and surely has Aristotle’s On the Heavens in mind when he
speaks of the argument of natural philosophers concerning the natural motions
of the elements.

Given that I devote Chapter III to Ptolemy’s celestial dynamics and its historical
background, it suffices here to underline that this chapter provides us with some
preliminary statements on the nature of the celestial element. In contrast to the
following chapters, these doctrines are not questioned or discussed in any way, but
they are simply presented and subsequently referred to. Ptolemy uses technical
philosophical terms such as ‘intellect’ and ‘will” without any further definition or
even a slight indication of how to understand these terms in the present context.
Thus, in this chapter, Ptolemy apparently summarizes the fundamental cosmological
principles of his time that seem unambiguous to him. When Ptolemy again comes
back to the ‘physical reasoning’ in Chapters I1.5-6, he has another issue to talk
about, namely the shape of the spheres and whether they are complete spheres or
only slices. Some ideas expressed in Chapter I1.3 come up again there, such as the
voluntary motion and the power of the planets. The fact that he starts to discuss
the initially promised issue only after Chapter I1.3 also indicates that this chapter
is supposed to lay a common, unambiguous ground for the following discussion.

I1.4

Despite its brevity, this chapter is fundamental for an understanding of Ptolemy’s
aim in Book II. He claims that there are two possible ways to imagine the shape
of the spheres. Either they are complete like a globe or they are just segments like
slices sawn out from a trunk of a tree. This suggestion originates in the fact that
the planets can only be observed in a certain latitude around the ecliptic. However,
Ptolemy does not explain this reason before Chapter IL.6.

The important thing to note here is that Ptolemy acknowledges the mathematical
equivalency between these two models. Both could equally well account for the

78 Prolemy, Syntaxis, XIIL.2, Vol. 2, pp. 532:22—533:10, tr. by Toomer in Ptolemy, Almagest,
pp- 60o—o01.
79 cf. Feke, Prolemy’s Philosophy, p. 18.
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apparent motions of the planets. Thus, when mathematics cannot give an answer
to the question about which model we should prefer, how do we attain knowledge
about the shape of the spheres? Ptolemy had faced the same problem already in
Almagest 111.3—4. The Sun’s motion can be represented either by an eccentric model
or by an epicycle. His solution lies in a decision for the former theory because it
is the simpler of the two models. Thus, Ptolemy applies the physical principle of
preferring the simpler model if that is mathematically possible. Ptolemy establishes
this principle in A/magest 111.1 and refines it in XI1.2.3° To putitin general terms,
whenever mathematics does not provide certain knowledge, one should turn to
physics (although itis labelled ‘guesswork’ in Almagest 1.1).3! The same methodology
applies to the Planetary Hypotheses: since mathematics does not resolve the question
whether the spheres are actually complete spheres or only slices, Ptolemy will turn
to physical arguments in the following two chapters. Thus, this chapter justifies why
Ptolemy starts a discussion on physics, although he considers it to be ‘guesswork’.

Atfirst glance, it might be strange that the previous chapter (Chapter I1.3) offers a
positive account of what physics indicates. In this chapter, we only find the negative
assertion that mathematics is not decisive regarding the shape of the spheres. This
divergence can easily be explained by the different objects of these two chapters.
Chapter I1.3 treats the general physical principles of the elements and their motion
and thus simply gives the frame for everything that follows. It is in Chapter II.4 that
Ptolemy starts to discuss the question that he promised to address at the beginning
of Book II (Chapter I1.2), namely the shape of the spheres.

1.5

Before Ptolemy criticizes Aristotle’s cosmological setup, he reconstructs the line of
reasoning that could lead one to assume a homocentric system of complete spheres.
The principal mistake, in Ptolemy’s view, is that natural philosophers (Ptolemy again
picks up the notion of the ‘physical reasoning’, g7yds tabi%) transfer the motion that
they observe in globes, for example, to the celestial realm.82 A difficulty in reading this
passage lies in the double usage of kx4 (as is the case for its Greek equivalent, sphazra)
as ‘ball’ or ‘globe” and as ‘celestial sphere’. The former meaning is used here, together
with the Arabic term 9nda-na, which I chose to translate as ‘in our realm’.83 In the
example of the globes that we still know today, we usually have two points or ‘poles’,

80 Regarding the model of the Sun, see Ptolemy, Syntaxis, I11.4, Vol. 1, p. 232:5—17. For Prolemy’s
account of his principle of simplicity, see Ptolemy, Synzaxzs, IIL.1, Vol. 1, p. 201:18-22 and XIIIL.2,
Vol. 2, pp. 532:12—534:6. The mathematical equivalence of both theories was probably established
by Apollonius (see Neugebauer, “The Equivalence’).

81 For a full discussion, see Chapter II above, especially pp. 31-38.

82 As pointed out by Murschel, ‘Structure and Function’, p. 38.

83 Tn this respect, I follow Liba Taub, see Taub, Prolemy’s Universe, p. 115.
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where the globe is fixed and around which a globe can rotate. This, as Ptolemy argues,
hasled natural philosophers to believe that we need similar poles for the celestial spheres.
Poles, however, are easier to imagine in the case of complete spheres. Ptolemy then
presents the Aristotelian cosmos as follows: the poles of one sphere are attached to the
sphere above it so that the upper motion is transferred to the lower sphere. Ptolemy says
thatin order to make sure that the inner spheres still partake in the diurnal rotation of
the outermost sphere and have their proper position and speed, and in order to avoid
having all spheres moving with the same speed and in the same direction, Aristotle
introduced his system of counteracting spheres.84 Although the Arabic term #zaffa is
ambiguous, here, it clearly refers to these counteracting spheres, anelittousai in Greek.
The two reasons which Ptolemy ascribes to Aristotle for introducing the counteracting
spheres appear in a very similar fashion in a quotation from Sosigenes preserved by
Simplicius.85 As Alan C. Bowen has pointed out, the Greek term anelittousai sometimes
refers to Aristotle’s homocentric cosmology, in general. Accordingly, the term szaffa
or multaffa seems to be used in reference to a system of complete spheres entirely
enclosing each other in later chapters of the Planetary Hypoz‘be;es.%

Ptolemy’s attack against Aristotle’s homocentric cosmos and his counteracting
spheres serves a specific goal. If he wants to argue for sawn-oft pieces from which
the region around the poles is cut off, he first must show that poles are unlikely
to be the cause of motion. Ptolemy’s first, very brief objection is directed against
the comparison of human-made globes and the celestial realm in general: ‘but we
should not ascribe to the aetherial body things which one must posit for bodies in
our realm.”” Apparently, Ptolemy draws a distinction between the nature of aether
and the nature of things ‘in our realm’ (9nda-na). He uses this expression three
times in this chapter of the Planetary Hypotheses. Directly afterwards, Prolemy goes
on to say the following:

Furthermore, we do not find the poles in our realm to be the first cause for circular motion.
For itis correct that the sphere moves with a different type of motion, such as the spheres
which roll and do not depend on any one external thing. Thus, the poles do not cause

84 The reconstruction of Aristotle’s homocentric cosmos and that of his forerunners, Eudoxus
and Callippus, has been a matter of debate in modern scholarship. An important contribution still
is Schiaparelli, Le sfere omocentriche. For more recent research, see Yavetz, ‘On the Homocentric
Spheres’, Mendell, ‘Reflections on Eudoxus’, Mendell, “The Trouble’, and Beere, ‘Counting the
Unmoved Movers’. Ptolemy’s critical engagement with Aristotle has already been touched upon by
Taub, Prolemy’s Universe, pp. 115—17, and Feke, Prolemy’s Philosophy, pp. 189-90.

8 See Simplicius, /n Cael., p. 498:4-10.

8 For the Greek, see Bowen, Simplicius on the Planets, p. 135 n. 113. For the Arabic term in the
Planetary Hypotheses, see for example Plan. Hyp. IL.11, p. 310:10 and IL.16, p. 340:19. We also see
that al-Birani uses #/taffa in order to compare the structure of nested spheres to the layers of an onion.
See al-Birani, Kitab al-Tafhim, p. 43:8—9 (Arabic text), and also Sabra, ‘Ibn al-Haytham’s Treatise’.

8 Plan. Hyp. IL5, p. 294:1-3.
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the circular motion in the position specific to them, but rather they only carry the weight
of the sphere.

Already before, in the beginning of this chapter, he writes:

Concerning those who begin their reasoning from the spherical motions in our realm,
they used the physical reasoning for the hypothesis of the complete spheres.®

These three citations which contain the first objections against counteracting spheres
and poles pose two problems. First, what does Ptolemy mean by referring to bodies,
spherical motions, or poles ‘in our realm’? A possible answer might be given in the
Almagest. When Prolemy presents his models for the planetary motion in latitude,
in Book XIIT he admits that his models might look rather complicated at first sight.
To allay this worry, he states the following:

Now let no one, considering the complicated nature of our devices, judge such hypotheses
to be over-elaborated. For it is not appropriate to compare human [constructions] with
divine, nor to form one’s beliefs about such great things on the basis of very dissimilar
analogies. For what [could one compare] more dissimilar than the eternal and unchanging
with the ever-changing, or that which can be hindered by anything with that which cannot
be hindered even by itself? Rather, one should try, as far as possible, to fit the simpler
hypotheses to the heavenly motions, but if this does not succeed, [one should apply
hypotheses] which do fit. For provided that each of the phenomena is duly saved by the
hypotheses, why should anyone think it strange that such complications can characterize
the motions of the heavens when their nature is such as to afford no hindrance, but of
a kind to yield and give way to the natural motions of each part, even if [the motions]
are opposed to one another? Thus, quite simply, all the elements can easily pass through
and be seen through all other elements, and this ease of transit applies not only to the
individual circles, but to the spheres themselves and the axes of revolution. We see that in
the models constructed on Earth the fitting together of these [elements] to represent the
different motions is laborious, and difficult to achieve in such a way that the motions do
not hinder each other, while in the heavens no obstruction whatever is caused by such

combinations.”®

Even without the Greek text of Book II of the Planetary Hypotheses, it is clear
that Ptolemy uses exactly this argument from the A/magest again in the Planetary
Hypotheses, without reference to the simplicity of models this time but in the
context of the comparison between models or devices as humans use them and
the real nature of celestial aether.”! In the A/ magest, Ptolemy argues that although

88 Plan. Hyp. ILs, pp. 294:4-8.

8 Plan. Hyp. ILs, p. 292:12-13.

20 Prolemy, Syntaxis, XII1.2, Vol. 2, pp. 532:12—533:15, tr. by Toomer in Ptolemy, Almagest,
pp- 600—o01.

2 Ptolemy might also have in mind Plato’s Philebus, where Socrates compares inaccurate human’
circles with the perfect celestial spheres, cf. Phil., 62a7-b2.
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the human depictions of celestial motion might appear to be too complex, they
are the simplest kind of motion in reality. He explicitly writes that the interaction
of the various circles within one sphere (by which he refers to the set of epicycles
and eccentric and homocentric circles one needs for each planet) is difficult to
achieve by physical models or even instruments constructed by humans. In the
celestial realm, however, these difficulties do not occur. According to this passage
from the Almagest, even if the different parts of the celestial element, namely the
spheres, move in different ways, these motions do not influence each other in a
way that would be against their nature. In Planetary Hypotheses 11.5, Ptolemy
reiterates these claims. Obstacles or similar influences that occur ‘in our realm’ do
not occur in the same way in the celestial realm. When we transfer this claim to the
argument against Aristotle’s counteracting spheres, Ptolemy’s argument is along
the following lines: when we construct physical instruments of nested spheres, we
face the exact mechanical problems Aristotle tried to account for. They interfere
with each other and in order to make sure that the inner spheres take part in the
diurnal rotation transmitted from the outermost orb without being influenced by
the intermediate spheres, one needs to add these counteracting spheres. However,
the matter is completely different with respect to the celestial element. When such
combinations of a number of spheres occur, all with different motions, there is no
interference between these parts, Prolemy zlrgues.92

Ptolemy adds another argument, namely that something fixed cannot be the
cause of motion (sabab ibtida’ al-haraka).”® This is a direct objection against
Aristotle’s unmoved movers from Physics and Metaphysics XI1. Prolemy does not
add any argument or proof to this claim. Apparently, this was a position widely
held in Hellenistic times before the time of Alexander, and apparently Ptolemy
did not feel the need to refute this doctrine here in detail.”* Even so, this short
complementary argument is not free from further difficulties. When describing
the celestial spheres, he writes that they move like ‘rolling spheres’ (a/-kura allati
tatadabrig). The Arabic term dabraga or the reflexive form tadabraga, as is found
here, is usually used to translate the Greek term for ‘rolling’ (ky/isis).”> Dabraga is
again used in Planetary Hypotheses 1112, where Prolemy suggests that celestial motion
comes about from the star. This passage is quoted by Simplicius, and although
he does not quote the discussion of dabraga motion in this passage, he includes
this quotation in his discussion of On the Heavens 11.8.%¢ In this chapter, Aristotle
argues that the stars neither rotate (dznésis) nor roll (kylisis). This indicates that
Ptolemy also talks about the rolling motion (ky/zss) in this context whenever the

92 Very briefly in Murschel, ‘Structure and Function’, p. 38.

3 Plan. Hyp. ILs, p. 294:8-9.

94 See, for example, Menn, ‘Aristotle’s Theology’, pp. 431-32. Menn points to Theophrastus
and Eudemus as supporters of Aristotle, and cites Sextus Empiricus as one opponent.

75 See Sabra, “The Andalusian Revolt’, pp. 146-47 n. 7.

% Simplicius, In Cacl., p. 456:22~27. See Bowen, Simplicins on the Plancts, pp. 29-32.
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term dabraga occurs in the Arabic translation. What Ptolemy means by ‘rolling’
in Planetary Hypotheses 11.5 is that a rolling sphere does not need external poles
to move. Instead, in this case the poles ‘only carry the weight of the sphere’, by
which Ptolemy must mean that the two poles define the axis and thus the direction
of rotation.”” One can perhaps compare this with the brief statement in the
pseudo-Aristotelian treatise Oz the World, where the poles are responsible only
for holding the sphere in position.”

Ptolemy then makes the transition to the celestial realm. Even if we assume that
the spheres do not move by nature or by something outside of the same nature,
we still do not need to assume poles. The alternative solution is that the motion
originates from inside the sphere. By stating that ‘this is like the condition of the
motion of the sphere of the entire world’,”” Ptolemy makes the transition from the
previous terrestrial examples to the celestial realm perfectly clear. The centre of the
world is both the centre of celestial motion and the starting point. It is the centre,
since the elemental motion goes around it and towards it (one might wonder why
Prolemy does not mention the motion away from it here, but he might consider
‘around it and towards it’ as a sufficient reference to rectilinear and circular elemental
motion). It is also the beginning, since it is from the centre that the everlasting
circular motion arises. Both of these principles together form the one cause for the
motion of the outermost sphere in this example, and of circular heavenly motion
in general, as one can suppose. To put it differently, motion around a centre fits the
acthereal substance of the heavens and is a sign is that it is never-ceasing. The last
short remarks of this passage concern the natural place of the elements and why the
celestial sphere that consists of aether is held in position even without fixed poles.
Although Prolemy is not entirely clear, his argument seems to be that all pointson a
circle have the same distance to the centre, which then can be applied to the sphere.
They all have the same inclination, as Ptolemy puts it, towards moving around the
centre and therefore do not displace each other.

The last passages of Chapter I1.5 are again dedicated to the refutation of poles.
Ptolemy claims that the nature of the poles cause more trouble than dropping them
as the causes of motion. The first problem lies in the question whether these poles
are mere points or bodies. Both of these options lead to serious problems. Ptolemy
dismisses the former right away because points — because of their lack of physical
existence — cannot be considered as being connected to bodies. However, the poles
cannot be bodily either for two reasons: if they were of the same element as the
spheres, namely aether, then the question arises as to what makes them different
from the sphere itself so that they cause motion. On the other hand, if they were

97 Andrea Murschel took this statement to be a reductio ad absurdum, see Murschel, ‘Structure
and Function’, p. 39.

8 See De mundo, 391b24-392a2. For a discussion of the cosmology presented in On the World,
see above pp. 164-67.

" Plan. Hyp. ILs, p. 294:14.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



1.6 377

of a different element, they would tend toward their natural place and would not
persist in the aethereal realm. The first of these two objections begs the question
what the difference is between the planets and the spheres, because in Ptolemy’s
scheme, it is the planets that emit the impulse to move towards their surrounding
spheres. Prolemy’s answer is that they are not different in density but only in their
capacity to preserve light. However, he does not provide a complete argument that
explains this special capacity. The reader only learns that one should not think that
the planets and the spheres differ substantially.

In the background of these arguments stands Aristotle’s excursus on the celestial
sphere in On the Movement of Animals 3—4. There, one comes across rejection of the
idea that celestial poles which are part of the sphere can be the source of its motion
on the basis of similar reasons on the non-bodily nature of mathematical entities.
In contrast to Prolemy, however, this argument leads Aristotle to assume that the
necessary support for the motion of the cosmos must lie outside of it.1% Surely,
Ptolemy has this account in mind when he argues that one should look for the cause
of celestial motion within the sphere itself and not for an external support. In fact,
this solution might go back to Aristotle’s On the Movement of Animals as well, as
Aristotle explains that animals, as opposed to the cosmos, have an internal support
(in addition to the external one).!%! Since Ptolemy later compares the entire cosmos
to a flock of birds and suggests voluntary powers as the cause of celestial motions, it
seems reasonable to assume that he does not want to distinguish between animals
and the cosmos in this way and thus adopted the view that the motion of the cosmos
somehow originates inside it. The last point Ptolemy makes in this chapter concerns
the difficulty of how we can think of poles as unmoved movers. The assumption
that they have the function of unmoved supports (as described in On the Movement
of Animals 3) leads to the difficulty that they are nevertheless driven away by the
sphere to which they are attached so that they are ultimately not unmoved.

II.6

These are the different arguments Ptolemy uses against the theory of celestial poles
as movers or transmitters of motion.? At the beginning of Chapter IL.6, Ptolemy
refers twice to the ‘natural philosopher’ (sabib al-lm al-tabit). However, this
chapter does not proceed in the same way as Chapter IL5. Instead, Ptolemy now
turns to physical reasons why one should rather adopt his theory of slices of spheres
instead of complete spheres. First, Ptolemy compares the apparent difference between
complete spheres and sawn-off pieces with hollow and solid spheres. Because it is

100 Afot. An. 3, especially 699a20~24 for the argument on the celestial poles.

11 Afot. An. 4, 700a6-10.

102 Tn Chapter 11, pp. 15153, I briefly discuss whether this is a fair rendering of Aristotle’s
cosmology.
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commonly accepted in astronomy that there are hollow and solid spheres, the natural
philosopher should also not worry that the assumption of complete spheres renders
the existence of sawn-off pieces impossible.

Since one still wants the inner spheres to partake in the diurnal rotation of the
entire cosmos, it would be easier to think of sawn-oft pieces that are embedded
within aether. In that case, every inner sphere could be in direct contact with the
surrounding aether and would be equally taken away by its rotation similar to how
things are taken away by the motion of a river. This argument exhibits Ptolemy’s
attempt to arrive at an economical system of the greatest possible simplicity, as
already expressed in the Almagest.'9 The same striving is evident by his allusion
to the Aristotelian doctrine that ‘nature does not do anything in vain’. We have
already seen this argument at work in Chapter 1.18 concerning the non-existence
of an empty space between the celestial spheres. The fixed stars are spread out
throughout the entire heaven. Thus, there needs to be a complete sphere for the
fixed stars. However, the wandering planets are only observed within a certain degree
of latitude, as is apparent from the Sun’s motion along the ecliptic. According to
Prolemy, one does not need the rest of the spheres in which the planets are never
seen. He compares this to the question of the position of Mercury and Venus that
had already been discussed in Chapter 1.17: as there should be no empty space
within the cosmos, it seems to be most natural to assume that Mercury and Venus
are between the Moon and the Sun. The same argument also applies to Aristotle’s
entire homocentric system with its excessive amount of spheres, as Ptolemy goes on
to say. Again, he expresses his wish to arrive at a simpler system with fewer spheres
than Aristotle postulated after introducing his counteracting spheres. In addition,
Ptolemy criticizes the idea that the encompassed spheres become the movers for the
encompassing ones. The reason for this critique is that the counteracting spheres
are usually ascribed to the planet whose motion they cancel.10% Prolemy further
ridicules this notion with the sarcastic claim that in that case, the spheres of the
Moon would, in some way, belong to the motion of Saturn.!®> Apparently, he
does not think of the counteracting spheres as removing the motions specific to
one planet but as adding more motions to it (although, effectively, their motions
are opposed to the specific motions of one planet and the resulting motion can
be considered as a less complex motion). For example, there are four spheres for
the specific complex motion of Saturn. Each of the three following counteracting
spheres add another motion and Ptolemy emphasizes that they (a) still belong to
Saturn and thus partake in Saturn’s motion, and (b) they are more complex than

103 Gee again Prolemy, Syntaxis, IIL.1, Vol. 1, p. 201:18-22, and XIIL.2, Vol. 2, pp. 532:12—534:6.

104 See the brief remark in Judson, ‘Aristotle’s Astrophysics’, p. 182 n. 93.

105 ¢f. Murschel, ‘Structure and Function’, pp. 38—39, who has a different reading of this passage.
She understands it to say that Ptolemy criticizes the notion that the planets have motions from
the planets above, not below. See also the reference in Simplicius’ commentary on On the Heavens
(Simplicius, /2 Cael., p. s06:17-20) and the analysis in Bowen, Simplicius on the Planets, pp. 278-83.
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the sphere that actually carries Saturn (although, again, their resulting motion is less
complex). Apparently, Ptolemy then thinks that if motion is transmitted throughout
the entire system, not only the counteracting spheres belonging to the planet above
but also all the encompassed spheres add another motion, and thus there is no
separation between the different sets of spheres for each planet. As the motions of
the counteracting spheres are not specific to the planet to which they belong, the
motions of each sphere below them do not belong to the specific motion of that
planet. For Ptolemy, this means that if they consider the counteracting spheres as
belonging to the planet above, the same should apply to all spheres below them, a
conclusion that he finds ridiculous.

The last paragraph of Chapter I1.6 anticipates Ptolemy’s own solution to the
question of how celestial motion is initiated and transmitted. Its goal seems to be to
show that Ptolemy’s own idea about the transmission of the diurnal motion, which
he is going to lay out in the following two chapters, cannot be harmonized with
a cosmos of complete homocentric spheres. Ptolemy introduces here the ‘power’
that moves the spheres, as well as the initiating impulse from the planets and the
extension of this initial moment to the adjacent spheres. He explains this impulse
from the planets in Chapter I1.7 and explains right at the beginning of Chapter I1.8
how the sawn-off pieces partake in the diurnal motion of the ‘entirety of aether’.
The point of the argument here at the end of Chapter I1.6 is — due to the difficult
reading of this passage — far from clear. However, Ptolemy’s main point seems to
be that only the most superior planet can partake in the first motion, since it is in
direct contact with the outermost diurnal sphere. Instead, the system of spheres
belonging to the next planet is cut off from the first motion.

Even though Ptolemy argues strongly against complete spheres and in favour of
sawn-off pieces, he nevertheless sticks to the principle he had set out in the beginning
of the Almagest, namely that physics does not provide us with true knowledge but
only with a good guess at the truth. This is evident from the fact that he is going
to give an account of his system of the spheres in the cosmos with respect to both
options.

I1.7-8

In the previous chapters, Ptolemy dismissed Aristotle’s mechanical approach to
celestial motion. In short, the basis of his alternative explanation is a particular
psychological power that is emitted by the planets to their surrounding spheres.
Thus, driven by his wish to reduce the number of celestial spheres that are needed
in Aristotle’s mechanical system, Ptolemy introduces a completely different concept
to his cosmology. Chapter I1.7 is devoted to the analogy of a flock of birds and
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planets.106 The motion of the bird through the air is induced by the capacity of its
soul (guwwa nafsaniyya). Through this capacity, an emission (257 4t) is sent out
to the nerves and then to the various limbs. Two things are important for Ptolemy:
(1) that the motion of the different limbs or nerves are different from each other,
and (2) that the birds do not interfere with or influence each other. In this picture,
every bird as a whole and all the limbs perform their proper function. The limbs
act on behalf of the impulse from the bird’s soul, but they react to this impulse in
the way specifically belonging to them. Thus, Ptolemy explains the various motions
within one bird as well as within a flock of birds. This picture is then transferred to
the planets: they are ensouled, their souls have the same capacity, and they send an
impulse to the surrounding spheres that act in the same way as the animals’ limbs.
Prolemy highlights that the motions of the various spheres responsible for moving
the planet are different from each other.

As Ptolemy writes in the beginning of the next chapter, the ‘circular motion of the
entirety of acther’ is also different from the spherical motions that belong to a planet.
However, since they are embedded within aether, as is the case for the sawn-off pieces
in particular, they partake in its general diurnal rotation. The other analogy that is
briefly mentioned, namely the one concerning the groups of dancers, is supposed to
show — as the analogy of the flock of birds did previously — that the dancers perform
their individual motions within a larger choreography. The same should apply to the
planetary motions: all the planets partake in the diurnal rotation of the cosmos.1%”
However, all of them have their individual motions that arise through the proper
functioning of their spheres (the limbs in the case of humans and animals). In doing
so, they are completely independent from each other. The analogy of a flock of birds
or a group of dancers is of eminent importance for Ptolemy because he considers
this as a definite rebuttal of the Aristotelian scheme. Aristotle had to introduce
counteracting spheres in order to make sure that the inner planets were not taken
away by the motions of the upper planets. By putting emphasis on the independence
of the planets from each other, Ptolemy gets rid of this problem immediately.

Chapter II.8 closes with three different brief remarks. The first is a repetition
that one can construct an instrument that illustrates the independent motions of
the different celestial bodies. The next comment is perhaps related in some way:
Prolemy claims that one can draw an analogy between the ‘simple circles’ on the

106 This analogy has already been described in the following studies: Sabra, “The Andalusian
Revolt’, pp. 150-51 n. 29, Langermann’s introduction to Ibn al-Haytam, On the Configuration,
p- 20, Murschel, ‘Structure and Function’, p. 39, Taub, Prolemy’s Universe, pp. 117-18, and Feke,
Prolemy’s Philosophy, pp. 197—200.

107" The comparison of celestial motions to a dance is quite common. See, among other sources,
Plato’s Timaeus (Tim. 40c3-s5), the pseudo-Platonic Epinomis (Epin. 982e3-6), and also later in
Plotinus (Plotinus, Opera, Vol. 2,1V.4.33). The Persian loanword used in the Arabic version, dastaband,
translates the Greek xoros and rbapsodia in the Arabic version of Aristotle’s Poetics, see Tkatsch, Die
arabische Ubersetzung, pp- 222:6 and 228:4-21, and also the Graeco-Arabic apparatus by Tardn and
Gutas in Aristotle, Poetics, pp. 314-15 and 334.
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one hand — probably referring to the geometrical models from the Almagest and
Book I of the Planctary Hypotheses — and the sawn-off pieces on the other hand.
More important, however, is the last sentence. There, Ptolemy’s methodology
becomes quite clear. He writes that he has laid down these things ‘[in order] to
decide which of these things laid down previously are in accordance with sound
physical investigation’. By the ‘sound physical investigation’ (nagr tabi7 sabib),
Ptolemy has the physical principles from Chapter I1.3 in mind. This investigation,
therefore, consists of an unchanging aether with a circular motion and of ensouled
planets that are endowed with a certain capacity to move themselves voluntarily.
He concludes his own account of how planetary motion comes about by claiming
that this, taken together with the acceptance of slices of spheres, better fits these
physical presuppositions (and, in a way, Aristotle’s own physics as well). The details
of Prolemy’s account in these chapters are given in Chapter III of the present study.

I1.9-10

Chapter I1.9 marks the transition to the final investigation of the Planetary Hypotheses.
Ptolemy had promised in Chapter II.2 to discuss the conditions of the celestial bodies
and their relationship with each other after a presentation of the ‘universal appearances’
(a‘rad kulliyya). Since he brought the general account of his cosmology in Chapter I1.8
to an end, it is now the time to actually present the arrangement of the particular
bodies. Asin Book I, Ptolemy starts from above, namely from the sphere of the fixed
stars. In Chapter 1.2, he put forward as a reason the fact that the first motion of the
universe precedes the other motions and paves the way, because of its comparable
simplicity, for the investigation into more complex motions. Similarly, Ptolemy says
in Chapter I1.9 that he starts with the sphere of the fixed stars because it is the first
visible motion and he refers again to its simplicity, since the stars carried around by
it do not change their relative position to each other or their distance to the Earth.

In Chapter IL.10, we see another signal that Ptolemy undertakes a new investigation.
This chapter is basically a glossary of astronomical terms. This is remarkable, as
some of the terms (such as ‘inclination” and ‘eccentricity’) have already been used
throughout the geometrical models in Book I of the Planetary Hypotheses, not to
mention the A/magest. However, these terms are explained with respect to the
physical arrangement of the spheres and, apparently, Ptolemy feels the need to put
these terms properly in this new context. For example, he does not define the term
‘inclination’ in general. Instead, he explains that in the following chapters, ‘inclined
sphere’ relates to spheres whose centres are the Earth but whose axes are inclined
to the axis of the ecliptic.

The most interesting term is the first one that Ptolemy defines: ‘mover’. In the
rest of the Planetary Hypotheses, as Prolemy explains, ‘mover’ is not used in its general
meaning of something that moves something else. Only bodies that both move
themselves and the encompassed spheres in the direction of the diurnal rotation
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of the cosmos (from east to west) are called ‘movers’. This will be important in the
following chapter when Ptolemy enumerates these ‘moving spheres’.

I1.11-16

Ptolemy is now able to present the planetary models. The first part of Book I, taken
together with the more detailed account in the A/magest, lays the mathematical
foundation. The second part of Book I establishes the order, distances, and sizes
of the planets. The first part of the Book II addresses some physical questions that
need to be considered before one can establish the nature of the spheres and their
interactions. In Chapters I1.11-16, Ptolemy presents his models of the planetary
spheres and their motions. We have seen that Ptolemy argued that — mathematically
speaking — there is no difference between assuming either complete spheres or only
slices. We have also seen that he strongly argues for the latter option. Nevertheless,
Ptolemy now gives two models for each planet. First, he provides the planetary
model with complete spheres and, in the next step, he goes on to adapt this model to
sawn-off pieces. The reason for this methodology is clear: physics is only guesswork
in Ptolemy’s eyes. It might be that we have good physical reasons to prefer one of
two different models. Nevertheless, these reasons remain uncertain. His cautious
remarks about the order and distances of the planets throughout the Almagest
and the Planetary Hypotheses serve as a perfect object of comparison.!?® One might
be tempted to compare Prolemy’s methodology here with the development of
Ptolemy’s lunar model in Almagest IV-V. However, the case of the Almagest is
different insofar as Ptolemy explicitly rejects the earlier attempts through which he
takes the reader in order to show the process of how he came across the ultimate,
correct version.!?” In contrast, such a final judgment is missing from the account
in the Planetary Hypotheses concerning the shape of the celestial bodies.

One must pay particular attention to Chapter I1.11. Since Ptolemy provides the
first model here, namely the model of the fixed stars, he explains for the first time
how the spheres move without attached poles or counteracting spheres. Three
homocentric spheres are involved: the first two for the fixed stars and the third
belonging to the outermost planet, Saturn. The first sphere is responsible for the
daily rotation from east to west, whereas the sphere of the fixed stars itself has the
opposite motion to account for precession. The third sphere also needs to move in
the diurnal direction to make sure that Saturn also partakes in that motion. Ptolemy
is faced with the problem of how the third sphere can move in the same way as the
first one, whereas the inner sphere has an independent motion, in the sense that it
does not influence the motion of the inner (i.e. third) sphere. First, he describes how

108 See the comments on Chapters L.16-19.
109 See the brief summary in Jones, ‘Prolemy’s Mathematical Models’, pp. 28—3 1. For the technical
details, see Pedersen, 4 Survey, pp. 159—202.
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this system would work if one assumed that the inner sphere is always attached to
the outer sphere by its poles.!!” This would lead to the abovementioned problem,
namely that the third sphere (since it would be attached to the second sphere) would
partake in its motion and would not move in the same way as the first one. In order to
avoid that, Ptolemy suggests that the inner sphere is not attached to its two adjacent
spheres, namely the first and the third one. These two outer spheres share their axis,
namely the axis of the equator, and have the same (diurnal westward) motion. The
important point is the lack of any connection between the second inner sphere to
the first or third sphere. According to this interpretation, the following sentence is
of extreme importance:

[...] itis not the case that only the two points C and D and the two points E and F of the
two outer spheres remain on one and the same pillar, namely the axis of the ecliptic, but
[itis the case] that A, B, G, and H [lie on the axis]which is the axis of the equator.!!!

This means that the points C and D belong to the outermost sphere, and E and
F to the third sphere. They are not attached to the intermediate sphere. Ptolemy
adds that it is not necessary to posit additional counteracting spheres. This would
only be necessary if one assumes that the third sphere has its poles attached to the
intermediate sphere. Additionally, if the points E and F were on the axis of the
equator, and if they connected the second with the third sphere, then all three
spheres would have the same motion. Consequently, in order to avoid (a) the false
consequence that all three spheres moved in the diurnal westward direction, (b) the
third sphere moving along with the precessional motion of the second, and (c) the
need to posit counteracting spheres, Ptolemy emphasizes again explicitly:

If the axis that goes through C, E, F, and D is contiguous with the two outer spheres and if
itis loose and set free from the intermediate sphere, then [the axis] always preserves these
two spheres in their configuration in relation to each other, and this intermediate [sphere]
moves with a contrary motion aside from these two, [...]"!?

Although Prolemy himself does not further elaborate on that point, the independent
motion of the intermediate sphere can then be generated by the governing power
of the stars, as explained for the planets in Chapters I1.7-8.

He concludes Chapter I1.11 by a comparison between the theories of complete
spheres and sawn-oft pieces. There is no difference between the two concerning the
first two spheres, because the fixed stars are scattered throughout the entire heaven
and thus the sphere of the fixed stars needs to be complete. However, when we follow

10 This cannot directly compared with the model of Eudoxus and Aristotle, since they did not
know about precession and thus did not need to propose another sphere for moving the fixed stars.

UL Plan. Hyp. IL11, p. 308:14-16.

U2 Plan. Hyp. 1L.11, p. 310:5~7. Compare my interpretation of this chapter with Murschel,
‘Structure and Function’, pp. 42—43. She focuses on the principle that an outer sphere moves an
inner one of their mathematical axes are not collinear.
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Ptolemy in assuming only slices of spheres for the planetary spheres, then ‘the third
sphere belongs to acther, [...] and it [i.e. aether] encompasses and comprises all the
remaining spheres.’m Since all the lower spheres are only sawn-off pieces, they all can
be included in a single complete sphere, which would be simply aether, not belonging
to any planet but moving in a way natural to aether. In contrast, in the case of complete
spheres, we would need to assume a complete moving sphere for every set of planets
to make sure that the planets partake in the diurnal rotation of the cosmos.

The first planet for which the model is given in detail is the highest one, Saturn
(Chapter II.12). Since its model is close to that of Jupiter, Mars, and Venus, these
three are described together in Chapter I1.13. These are followed by the models for
the Sun (IL.14), Mercury (IL.15), and the Moon (11.16).11* Although the model of
Saturn is not the most complex one, it is the longest chapter because Ptolemy uses
the opportunity to add some general statements that also apply to the other models.
Before Prolemy turns to the model of sawn-oft pieces, he counts the spheres belonging
to Saturn, namely five. The moving spheres should not be counted together within
the set of spheres of Saturn. Instead, Ptolemy counts them separately, because they
are also in the models that are not connected to the other spheres, in the sense that
the planets do not influence their motion. The final result of the number of spheres
is, of course, the same, but this again highlights that these moving spheres are moved
by the simple motion of aether or, in other words, by a different impulse than the
spheres of a single planet.

In addition to the psychological explanation of why the spheres move as they do,
namely on account of their reaction to the planet’s impulse, Ptolemy also makes
use of the geometrical axes of the spheres in order to argue that two spheres that
have the same axis do not change their relative position to each other. Although
such an explanation might seem superfluous from a geometrical point of view in
an attempt to formulate the physical dynamics of celestial motions, this theory is
more useful in the case of sawn-off pieces. As Ptolemy shows for each planetary
model, the parecliptic sphere (i.e. the sphere with the same centre and in the same
plane as the ecliptic) is divided into two spheres in the case of complete spheres but
is joined to one sawn-off piece in the theory of sawn-off pieces (as I will also explain
the commentary on Chapter I1.17). In these cases, therefore, Ptolemy needs to make
use of his theory of geometrical axes only in the case of complete spheres, because
in the theory of sawn-off pieces, he only talks about a single sphere, in which case
it is clear that it moves only about one axis.”>

U3 Plan. Hyp. IL11, p. 310:16-17.

114 See Murschel, ‘Structure and Function’, pp. 43-50, for a detailed analysis of the models.
Another analysis of the Ptolemaic models, albeit through the lens of Ibn al-Haytam’s criticism, can
be found in the commentary by Don L. Voss in Ibn al-Haytam, Doubts, pp. 147-71.

15 Murschel, ‘Structure and Function’, Pp. 41-50 puts more emphasis on this theory of
mathematical axes.
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Ptolemy closes the discussion of Saturn’s model with a final general suggestion. If
the planets have a motion of their own, then we could assume one sphere less. In the
case of Saturn, this is the smaller of the two epicycles. Ptolemy suggests that Saturn,
instead of being motionless and carried by the smaller epicycle, moves freely within the
larger epicycle.!'® This part is again not easy to understand, but apparently, Ptolemy
argues that if indeed the motion originates within the planets, one should not think
that the planets themselves are motionless and fixed in a certain place. The idea that
planets are carried by a sphere rather applies, according to Ptolemy, when the motion
is induced from outside. When the moving principle comes from the planet itself,
however, it should also be thought of moving in a circular fashion, since this is what
it gives to the adjacent spheres. In this context, Ptolemy also rejects rolling motion for
the planets, since it ‘goes beyond the definition of eternal motion around the centre’,”/
probably implying that rolling motion has a double motion around another centre and
the planet’s own centre.

I1.17
First count: carried planets Second count: self-moving planets
Complete spheres  Sawn-off pieces ~ Complete spheres Sawn-off pieces

Fixed Stars 1 1 1 1

Saturn 5 4 (4)18 (3)

Jupiter 5 4 (4) (3)

Mars 5 4 (4) (3)

Sun 1 1 (0) (0)

Venus 5 4 (4) (3)

Mercury 7 5 (6) (4)

Moon 4 4 (3) (3)

Moving spheres 8 2 (8) 2

Total 41 29 34 22

This table shows the calculation of the number of spheres. The first thing to
notice is that Ptolemy succeeded in his attempt to reduce the number of spheres
in comparison to Aristotle. The first count mirrors the number of spheres that
Prolemy laid out in the previous chapters for every model. There are two reasons

U6 Plan. Hyp. IL.12, p. 320:12-13.
W Plan. Hyp. IL.12, p. 320:19.
118 The numbers in parentheses are not explicitly given in the text.
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why the system of sawn-off pieces needs fewer bodies. The first is that a complete
sphere is divided into an outer and an inner sphere if another hollow sphere is
placed inside it. In Ptolemy’s theory of sawn-oft pieces, this intermediate hollow
body is, however, only a ring that moves inside the solid tambourine. This single
solid tambourine, in the theory of sawn-off pieces, corresponds to two spheres in
the theory of complete spheres."” Thus, in the case of Saturn, Jupiter, Mars, and
Venus, for which Ptolemy supposes the existence of parecliptic bodies, he needs one
sawn-off piece fewer than the number of complete spheres. For the same reason,
he needs two bodies fewer in the case of Mercury, since it has a more complicated
model than the others. Given that Ptolemy assumes no change for the Sun and
Moon, this adds up to six bodies.!** The remaining six bodies that Ptolemy can
eliminate are the moving spheres. In the case of complete spheres, he introduced
one moving sphere for every set of spheres that belong to one planet. He still needs
a complete moving sawn-oft piece for the sphere of the fixed stars. However, since
all the remaining bodies are sawn-oft pieces, he only needs one moving sawn-off
piece that encompasses all of these shells directly. Thus, he only needs two moving
sawn-off pieces, the outermost one and what he calls ‘what remains of the aether’.

Regarding this first count, already Andrea Murschel raised some serious questions,
mostly concerning the way in which Ptolemy counts the parecliptic spheres.!?! In
most cases, he counts them as two spheres in the model of complete spheres and as
one piece in the model of sawn-off pieces. There is, however, no change regarding
the number of spheres of the Sun and Moon; the Sun has only one sphere assigned
to it. As Ptolemy explains in the end of Chapter II.14, he apparently thinks that
since the two axes of the parecliptic bodies are parallel to each other, they should
be considered to be one body. There is also another curious difference from the
previously presented model of Saturn. In Chapter I1.12, Ptolemy writes twice that
the moving sphere of Saturn is the one outside the presented model: ‘the sphere that
encompasses the circle BC is the second of the moving spheres.”?? In the model of
the Sun, however, ‘the sphere that is encompassed by BC [is] the sphere moving
the Sun, being the fifth sphere [counted] from the first moving sphere’.!?3 Thus, it
seems to be the case that the eccentric circle that carries the Sun is directly embedded
in the ‘moving sphere’, which is possible, since the two axes described in the Sun’s
model are parallel. In the model of the Moon, we also find such parallel axes.

In the second count, Ptolemy claims that we even need fewer spheres when assume
that the planets’ motions arise from ‘themselves’ (anfusu-ha). Since we have seven
planets (the five wandering planets plus the Moon and Sun), he claims that seven
additional spheres can be omitted. Clearly, by this, Ptolemy does not refer to the

119 See the figure in Murschel, ‘Structure and Function’, p. 51.
120 See Murschel, ‘Structure and Function’, pp- 50-51.

121 Murschel, ‘Structure and Function’, p- so.

122 Plan. Hyp. 1112, pp. 312:4—5 and 316:4-5.

123 Plan. Hyp.11.14, p. 324:9-10.
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spheres that he labelled as ‘moving spheres’ earlier, because in the model of sawn-off
pieces, we only have two in the first count. This means that Ptolemy thinks that we
can get rid of the last sphere carrying the planet if we think that the planet induces
its own motion. These last spheres are described by Ptolemy as ‘moving the planet’
as well.'24In that case, the planets do not only send outimpulses to the surrounding
spheres to conduct their motion (as described in Chapter I1.7). Moreover, they
move themselves and are not simply carried by the smallest sphere of their sets. In
the case of the Sun, this would mean that there is actually no sawn-oft piece and
that the Sun moves freely within this ‘rest of aether’ between the spheres of Mars
and Venus. Ptolemy described this possibility only in the case of the first model that
he presented, namely for Saturn. He now suggests that if we accept this for every
planet, we will reduce the number of spheres by seven in total.

Interestingly, Ptolemy did not properly prepare this last step to reduce the
number of spheres again. A suitable place to discuss the question whether the
planets are carried by spheres and are themselves motionless or not would have been
the first part of Book II. The claim that the planets have a motion of their own has
some serious implications, the most important of which are perhaps the following
two: (1) how a planet moves within a celestial sphere without the existence of an
empty space!?® and (2) how the planet still partakes in the motion of the remaining
spheres. Ptolemy does not give an account of motion in general in any of his works,
and thus we cannot get an idea of how he thought motion would occur without
avoid. Concerning Problem (2), this arises because the planetary motions are still
complex and therefore must arise from a number of combined motions. Perhaps
Ptolemy gives a glimpse of a solution earlier in Planetary Hypotheses 11.6. There, he
compares the motion of a sawn-oft piece within the sphere, which he calls the ‘rest
of aether’, to something that swims in a river. As a fish, for example, has a motion
of its own but nevertheless is also taken away by the stream, in the same way, the
sawn-off piece can be thought of as being driven in the direction of the daily rotation.
In Almagest XI11.2, Ptolemy emphasizes the unhindering nature of aether, with
the effect that every celestial sphere can move inside the acther according to its own
proper motion.?¢ This picture could also easily be ascribed to the planets, although
Ptolemy does not address this issue at all.}*”

In the last section of Chapter I1.17, Ptolemy refers back to the introduction of
shapes for the celestial bodies other than complete spheres given in Chapter I1.4. In
Chapter I1.4, he suggested not only Plato’s whorls but also bracelets. Apparently,
he thinks of bracelets in the form of a crescent moon, which would accordingly
be of a different shape from whorls. Again, he notes that there is no observational

124 See the models of Saturn, the Moon, and Mercury, where the epicycles ‘move’ the planets.

125 Ag already put forward by Ibn al-Haytam, see Ibn al-Haytam, al-Sukik, p. 61:1-5.

126 See Ptolemy, Syntaxis, X11L.2, Vol. 2, pp. 532:22—533:10.

127" For a more detailed discussion and the Arabic reception of this idea, see Chapter III of the
present study, especially pp. 197-98.
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criterion in order to decide whether these pieces are whorls or bracelets. Thus
Ptolemy turns to the ‘physical choice’ (7htiyar tabi i) and admits that both shapes
bring certain problems with them. First, the whorl is not entirely spherical, and
second, the bracelet does not encompass the entirety of the sawn-oft piece. This
latter problem is the reason why Ptolemy adopts the whorls, because it is necessary
that the inner sawn-off pieces are encompassed in their entirety, which is not the
case for celestial bracelet-shaped segments. He does not go into much detail at
this point, but he probably intends to claim that the lower sawn-oft pieces only
take part in the motion of the outer pieces if they are completely encompassed.
This passage is, therefore, another example of Ptolemy’s methodology, namely
to turn to ‘physical considerations’ whenever mathematics fails to provide a
definite answer.

I1.18

An important issue in Book II of the Planetary Hypotheses is the reduction of the
number of celestial bodies needed to account for the appearances. Ptolemy takes
this up by claiming that he has found a system that is more economical than that of
his predecessors. He explicitly refers to the ‘causes of the appearances’, which echoes
Almagest1.7.1%® Although in the Almagest, Ptolemy considered an investigation into
the causes as ‘superfluous’ once the appearances are firmly established, Book II of
the Planetary Hypotheses deals exactly with the causes of celestial motion in order to
decide how many spheres there really are and what these spheres look like. However,
Ptolemy also makes it clear that a student of astronomy should always combine
these models with mathematical figures and astronomical tables.'?” This is why
Ptolemy informs us that he had attached some tables to the work. Unfortunately,
these tables are lost. However, we have a good idea about their content, since we are
in possession of the data from Book I. On this basis, there are some descriptions in
modern research of what these tables probably looked like.!3°

128 Prolemy, Syntaxis, 1.7, Vol. 1, p. 21:14-19.

129 On this emphasis on the value of astronomical instruments and tables for teaching, see Jones,
“Theon of Smyrna and Ptolemy’, pp. 86-87. In fact, the first paragraph of Chapter I1.18 can be
compared with similar conclusions in other works, such as the pseudo-Platonic Epinomis, see Epin.
991ds5—992aI.

130 Gee Neugebauer, 4 History, p. 913, Murschel, ‘Structure and Function’, pp. 52—53, and
Duke, ‘Mean Motions’, pp. 650-53.
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Glossary

The glossary contains terms from the Arabic and Greek versions of the Planetary
Hypotheses. In general, references are made to Book, Chapter, and Section according
to the present edition. For example, ‘I1.10:3’ means Book I1, Chapter 10, Section 3.
In the Arabic text and the English translation, the Chapter and Section is given
between vertical strokes (‘|10:3|’). For the Greek terms, page and line numbers to
the Heiberg edition are added.

The glossary took its starting point from the online glossary of astronomical
terms on the website of Ptolemaeus Arabus et Latinus, the beta version of which
was published some years ago (see: https://ptolemacus.badw.de/glossary). The main
aim of this glossary is to provide an online database of (mostly technical) terms and
the way they have been translated from Greek into Arabic and Latin. Therefore, my
preliminary work for the online glossary of terms from the Planetary Hypotheses
focused on the first part of Book I, for which we not only have the Arabic, butalso the
Greek text. This focus on technical terms, both in the Greek and Arabic versions of
the first part of the Planetary Hypotheses, can still be detected in the glossary printed
on the following pages through mainly two points. First, I decided to include more
than 200 Arabic entries just from this small part, namely Chapters 1.1-14, in order
to illustrate the translation process from Greek into Arabic. Second, references to
the occurrences of technical terms such as ‘epicycle’, which come up abundantly
in the entire text, are given mostly for these early chapters, for which we have a
corresponding Greek term. These are often the first occurrences of the respective
terms. I include additional references to later chapters if a concept is again defined
or put into a new context. Of course, the glossary also includes terms that only come
up from Chapter 1.15 onwards and thus in the part for which we do not have the
Greek original. I followed the same rationale just described, namely that the selection
of the provided occurrences focuses on places of definition or first occurrences if
a term comes up too frequently to provide all its occurrences. This means that the
glossary is not a complete index of all occurrences of (technical) terms, but rather
provides the reader with an overview of the overall terminology.

I followed a special method for the geometrical terms that come up in Chapters I1.11-
16, in which Ptolemy describes the construction of the figures for his planetary models.
Those terms that show up frequently in these chapters, such as ‘point’, ‘draw’, and
‘circle’, are indicated as occurring in ‘I1.11-16:passim’. In other cases, when passim
follows only the reference to a single chapter (for example, ‘I1.10:passim’), the such
denoted term comes up in this single chapter in nearly every section.

The Arabic-Greek-English glossary is followed by a Greek-Arabic glossary. Arabic
or Greek terms that are discussed in this book outside of the edition are given in
the index of concepts.
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apogee of the eccentric
circle

apogee of the eccentric
circle

apogee of the position of
the eccentricity

apogee of the position of
the eccentricity

beginning
principles

instrument

spread
spread
principle

initiative

to demonstrate
to demonstrate
plane

simple

simpler
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spherical surface
sight

to be sent forth
emission
distance

distance of the two
luminaries

further away from the

Earth

further away from the
centre of the Earth

perigee

mean distance
distances of the planets
small distance

great distance

smallest distance
greatest distance
remain

enduring in a single
condition
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basic quantity
clear

different

to follow
to neglect

according to the succession
of the signs

according to the succession
of the signs

completion

to complete

wart

to be established; to stay
[in place]

fixed
fixed
staying in one condition

fixed in this circle, not
departing from it
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permanence
weight

to make an exception

table
to attract
body
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to put together, collect,
join, add together

to be added together
in sum

in sum

general

side

wing

to pass

to pass

to let pass

hollow

substance

border, boundary,
definition

determined
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GLOSSARY

motion
motion
motion
simple motion

motion with a regular

speed

regular motion
voluntary motion
motion of the universe
motion of the universe
motion of the universe
motion of the universe
motion of the anomaly
heavenly motion
heavenly motion
locomotion

spherical motion
spherical motion

bodily motion
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eternal motion

first motion

circular motion
mover, moving

mover, moving

mover of the planets
to move sth.

to move sth.

to move circularly
to move

perceptible
calculation
inferiority

to preserve

truth

true, real
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GLOSSARY

to carry

to use, need

to encompass
encompassing
encompassing
state
impossibility
[explanatory] device
to comprise
animal
universal animal
celestial animal

confusion

to produce
outer
eccentric
eccentric

outside of the Earth
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eccentricity
eccentricity
turning

wood

specific property
specific property
to draw

to draw

line

straight line
circumference

radius

circumference

drawn around its centre,
concentric

wrong

to be hidden

interstice
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GLOSSARY

mixed
unmixed
unmixed
backward

to go against
anomaly

anomaly, difference,
contradiction

parallax
difference

contrary to the succession
of the signs
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to decide

physical choice

to roll (motion)
inner

degree

to perceive
perception
dance

tambourine

hurry

to indicate

time

circle

circle

one among the great circles

great circle
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GLOSSARY

small circle
simple circle
revolution
circumference
circular

circular, round

to revolve
to revolve
revolution
revolution
revolution
to endure

eternal

method

method, approach, path

observation, sight
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opinion
to be connected
connection
connected
order

Ol‘dCl‘, arrangcmcnt

order, rank

to return

leg

set free

to draw

observation

observation

to observe

liquid

to reject

to assemble
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GLOSSARY

centre
centre
centre of the world

with the same centre,
concentric

a circle whose centre is the
centre of that circle

will
volitional

wish, seek

Saturn

Saturn

Saturn
time
in equal periods of time

Venus

Venus
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in a fixed position towards

this circle

in a fixed position towards

it

in a fixed position and not

moving

angle
right angle
excess

increase

reason, causc

to swim
method
occultation
cloud
heating
speed

plane
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GLOSSARY

plane

to rest
weapon

to follow, pursue
name

heaven

to be called
solar year
Egyptian year
collected years
assumed years
to depend

Almagest

Almagest
axis
bracelet
drive

hour
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equal hour
regularity

regular

regular

regular, equal

equal to the number
course

course

regular travel

similar

similarly ordered
similarly ordered
similar

similarly ordered
most likely

c€ast

from west to east
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ray
doubt
doubtful

shape

conforming
Sun

Sun

left, i.e. north
repulsiveness
month
month

to observe

Egyptian month Thoth

coloured
to be correct

to correct
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correction

sound

solid

to laugh
dissimilarly ordered
opposed
contrary
compel
necessity
method

double

side

light

brightness, light

shining

nature

nature
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GLOSSARY

celestial nature
nature

physical

option

easy way

to rise
unrestricted, loose
to surround
longitude

longer time

bird

to appear
appearance
to appear

to appear

clear and uncovered

first appearance
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wonderful

more astonishing
incapacity

count and measure
equator

equator

to be apparent
apparent

property

width, latitude
universal properties
to be difficult
evening

nerves

Mercury

Mercury

Mercury
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GLOSSARY
to impart
to give
size

size (of a planet)

first magnitude (fixed stars)
greater

node, knot
ascending node
descending node
intellect

cause

first cause
suspended
physical science
to indicate

to indicate
mathematical

world
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world

world

general

pillar

depth

deep

to compute

to construct instruments
to construct a sphere

to apply, use

in our realm

element
meaning
to return
to return
return

return
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GLOSSARY

return

return in anomaly
return in latitude
returns of revolutions

cye

departing
morning
to set

west

from west to east
error
disappearance

to change

non-inclined

inquiry

inquiring
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separately
isolated
assumed
excessiveness
distinction
dispersed
excess

to overtake
void, space
to act, cause

action

change

to miss
circle

circle, sphere
ecliptic

ecliptic
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GLOSSARY

circle whose centre is the
centre of the ecliptic

sphere whose centre is the
centre of the world

eccentric sphere

epicycle

epicycle

equator
epicycle
small circle
great circles

inclined sphere/circle

spherical, celestial

whorl

understanding

canon
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to contract

to receive
receiving
accommodation
magnitude

according to the measure

by which

according to the measure

by which
prior

previously presented

hypothesis

to precede
forward
ancients

to assign

close
approximately

closest to the reality

closer to the Earth
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GLOSSARY

closer to the Farth

to link

conjunction

to divide and separate
division

divisions of the belt of the
ecliptic

exposition, sum
pole

pole

diameter

apparent diameter
true diameter
diameter (of a planet)
to cut off

section, segment

spherical segment

smallness
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smaller, more economic
Moon

Moon

satisfaction
force

arc

arc

rainbow
account

saying

in a straight line

capacity, power

governing power
capacity of the soul
stronger

compare, measure

reasoning
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GLOSSARY

condition when they are

measured by one of the Cj)a_..J\
surfaces

1.2:1
size S

amount
complex
complex
larger, more
density
sphere
sphere

first sphere

complete sphere

sphere of the Moon
sphere of the Moon
sphere of Mercury
sphere of Venus
sphere of Mars
spere of Jupiter
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GLOSSARY

fixed stars of first
magnitude

place

to adhere, stay perma-
nently; to follow

to belong to

to unwind

unwinding
unwinding
colour

to be proper

essence
exemplar

diagram, figure

spread
mechanical approach
to go

passage
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Mars
Mars

Mars

being in touch
extent

to be in contact
Jupiter

Jupiter

Jupiter

to be filled
hindrance, impede
impeding

death of Alexander [the
Great]

death of Alexander [the
Great]

water
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distinction
inclination
inclination

inclination

to tend
inclined

inclined

direction
direction

the direction in which the
world moves

to ascribe
ratio
ratio, relation

sawn—off piece

spherical sawn—off piece
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radius

radius

noon

noon

belt

investigation

to perceive
physical investigation
arrangement

to pervade
ensouled, animate
from soul
deficiency, decrease

point

autumnal equinoctial point
autumnal equinoctial point

vernal equinoctial point
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JEYRUIVY
1.9:3
JEYRUFIVY
1.17:2
A a3
1.8:4
PR
I1.18:3
Bl
11.4:2
s
I1.4:3 )
}E}
I1.11:10
g
I1.8:6
ol
L1:5
I1.3:1
I1.3:5; 11.5:14
I1.3:3; 11.7:3
oled
1.21:2;1.21:4
ek

1.19:3; I1.5:6; I11.5:11;
IL11:1; I1.11:-16:passim

s e dass
) 13:7

ik - Al
I.15

) e Y dbss
1.12:9; 1.13:9
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apvov

1.3:7, 74:25

ionuepvdv (onueiov)
1.3:5, 74:19
TpoTiKdV (oNueiov)
1.3:6, 74:21
Beprvdv (onueiov)
1.3:6, 74:22
Beprvdv (onpetov)
1.3:7,74:24

Yetuepvdv (anueiov)
1.3:6, 74:23

etuepvdy (anueiov)
1.3:7, 74:25

GUETUTTATOG

1.3:3,74:13

Béperov mépag

1.3:6,74:22;1.9:4, 82:16

VOTIOV TEPOLG

1.3:6, 74:23; 1.12:3, 94:16

GLOSSARY

vernal equinoctial point
vernal equinoctial point

vernal (equinoctial) point

equinoctial point
solstice

summer solstice
summer solstice
summer solstice
winter solstice
winter solstice
winter solstice

to be moved

not carried away in it
alteration

river

northern limit
northern limit

southern limit
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e daeY) dess
) 13:7

e dae Y dais
I1.18:4-5
L15

eVl dass
L.3:5

OV ik
1.3:6

e Y il
1.3:6

) il dads
) 13:7
L15:11

S5 OV b
1.3:6

Gyradl Clinadl dads
1.3:7

G i Ao
L15:11

sl
I1.5:7

1.3:3

w

J.fw"

11.3:6
o

11.6:3
Jlsdl g

1.3:6; 1.9:4
Il g

L.15:11; IL.13:2; I1.18:4-5

Cyendl g
1.3:6;1.12:3
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southern limit Cyadl g
L.15:11

kind &5
11.4:1-3; 11.6:1; 11.8:2

fire Bt
1.17:16; 1.18:1; I1.7:1

two luminaries Ol
1.16:4

crescent Moon LTS
I1.17:5

air ;\j.a

1.17:11; 1.17:16; 11.5:15;
11.7:1; 11.16:3

to strive Ssp
11.5:9; 11.5:13

configuration i
1.15:1; 11.6:9; 11.11:7

to be configurated ;fL.@J
I1.4:1

dpyavomotio way of arranging AN g S b

instruments

1.2:3,72:22 1.2:3

existence S99
11.6:9

to be found 3550
11.6:9

option 4>y
I1.17:1

direction dg>
IL15:14

natural sense Lmnds g
11.2:2

mathematical sense dadny dg>
11.2:2
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duakds
Simplicius, In Cael., p.
456:26

mpoexTiOnut
1.5:1,76:20
DToKEOL
1.1:4,70:21
dmdbeaic
1.1:4,70:20; 1.2:4, 72:27

This is an open access publication distributed under a CC BY-NC-ND 4.0

GLOSSARY

local direction
weight

to be parallel

parallel

centre

intermediate

to describe

quality

to be contiguous
contact

ecliptical conjunction

contiguous

uniform

obvious

to lay down
to lay down
hypothesis

hypothesis, position
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International License

LS i
I1.3:6
3%
I1.3:3
sl
11.10:4-5;
I1.11-16:passim
Sy
I1.11-16:passim; I1.17:5
L
I1.5:8
Loty
I1.12:21
A2y
IL.1:1
A2y
11.6:9
!
11.5:10; 11.6:9
JLa5
11.5:3; 11.6:9
iynS AL
1.16:4
i
L17:11; 11.7:3; I1.11:2-3;
1L.15:8; I1.15:13

Sz

I1.12:25

)
I1.8:5
&2
1.5:1
i) p2)
I.1:4
&)
1.1:4;1.2:4

&2



Beoc
1.2:3,72:19

ECATTN TV KIVATEWY

éml Tog oikelog Emoyog

gmoxabioTapivn
I.1:3,70:15-16

TPOG TE PrIVOUEVR
avudwvov
L1:2,70:6-7

émepeidw
1.2:4,72:26
EDAOYWTEPOG

Simplicius, In Cael., p.
456:23-24

VoEw

1.3:1, 74:5

ARABIC-ENGLISH-GREEK

position
position
specific place

the position in which each
of the motions comes to
an end

to be in accordance

agreement with what is
apparent

to lie
to come upon

more plausible

most plausible
to imagine

to imagine

hand

certain
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I1.1.1; 11.2:1; I11.5:1-2;
11.6:6; 11.9:1; 11.9:2;
11.10:2; 11.12:1; I1.13:1;
11.14:4; I11.15:1; 11.15:8;
I1.16:1; 11.16:11

&2
1.2:3

&e
1.17:1

Nl ads
11.3:4

S 2]

QKJ}J\ o 5.&;—\)
1.1:3

3y
11.8:1
W edas L 4 Liblya

1.1:2
&

1.17:6
Ay

1.2:4

s

&

I1.12:24

s

&

1.17:9

Y
1.3:1
sl
L.15:9; I1.11-16:passim

&
I1.7:2

1.16:3; 1.16:10
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yuyBMuepov

1.4:3,76:8

GLOSSARY

right, i.e. south
day

nychthemeron (day and
night)
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Greek—Arabic

Gywyn
1.2:3,72:21
AlyvmTiaxov Etog
1.5:2,76:25
aidiog
1.1:2,70:8
GUETATTATOG
1.12:7, 96:15; 1.13:7, 100:17
GUETATTATOG
1.11:7,92:13
GUETATTATOG
1.9:2, 82:8-9; 1.10:2, 84:29; 1.13:2,98:13
GUETATTATOG
L11:4, 90:22; 1.12:3, 94:21; 1.14:3, 102:23
GUETATTATOG
1.3:3,74:13
oy
L5:1,76:21
BVaKERAVUUEVOG
1.2:4,72:26
TPOG AVATOMAS
1.8:3, 80:18
TPOG AVATOMAG
1.8:3, 80:18
Gvwuaiio
1.1:5,72:3;1.2:3,72:20
Gvwpdhiog AroxaTdaoTaT G
1.6:1,78:14
ol dmhovelc
1.10:4, 86:9
améyeloy
1.5:3,76:29
TO 4moyEloV TG EKKEVTPOTHTOG
1.9:5, 82:25; 1.10:4, 86:8
BTOYELOTEPOG

1.11:4, 90:25
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ATOYELOTEPOG
1.10:4, 86:5-6
TO BTMOYEIOTATOV THg EKKEVTPOTNTOG
L.12:9,96:29
TO BTMOYEIOTATOV THG EKKEVTPOTNTOG
1.13:9, 100:30
gmoxabioThut
1.4:1,76:3
ATOKATATTATLG
1.4:1,76:4;19:1, 82:5
TEPLOSIKOL ATOKATATTATELS
1.2:1,72:11
TALTOVC GTOKATATTOTLE
1.6:1,78:15
gmolaufdve
1.8:2,80:9
Goldw
1.2:4,72:24-25
ATOVEU®
1.2:5, 74:3
amoxn
1.9:1, 82:3
Apng
[.12:passim
&Py
1.2:2,72:16
aoTHp
1.8:5, 80:25; 1.10:10, 88:13
6 &mi Tijg kapding Tod Adovrog doThp
L1.8:5, 80:25
6 Tijg Adpoditng doThp
1.7:2,78:20-21; I.11:passim
6 Tod Apews AaTNp
1.7:3,78:24
6 Tod Alog aoThp
1.7:4,78:27
6 Tod ‘Epuod dotip
1.7:1,78:16

GLOSSARY
Y 5 o e
R Y PRI
Sl e A wose gl

sle

() o b A

gl S5

[XW

<SS

A e sl LSS
sl LSS

gl S5

(Spinadl S

Sles 58
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6 Tod Kpévov dotip J=i <SS
1.7:5,78:30

Bépetov mépolg Jleadl gma
1.3:6, 74:22:1.9:4, 82:16

Sipw 23y ed
1.2:2,72:13

SidueTpog gt
1.10:3, 86:2

diépbwatg c;:..p
1.2:1,72:10

Mmhwbeic A
1.9:4, 82:18

tuptn ionuepla ) e ks
1.12:9,96:30; 1.13:9, 100:31

2apLvéy w)\ JazeV) dass
1.3:7,74:25

Foa 2L
1.12:4, 96:1

&yxexhuévos bl
1.3:3,74:12

Eyrhioig Jee
1.9:2,82:9

&yxirhiog JERCIY
1.1:2,70:7; 1.1:5,72:2

EKA0TN T@V KIVATEWY &l TéG olkelog oy o 8ty IS ) g () c.pj,d\

gmoxabioTapivy S8l
1.1:3,70:15-16

4TI Sl
1.8:2, 80:8

Pl sl
1.9:1, 82:2

ExKeVTpOg Sl C)\}'J\
1.8:2, 80:8

ExKeEVTPOTYG Sl s ijd\ s

1.10:11, 88:29
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gudatve &b

1.2:2,72:19

émepeidw iy
1.2:4,72:26

&l oL 0T TT] TOD KOTUOV TEPLITPOR] ol L) Sy ;;:M i
1.10:8, 88:4-5; 1.13:6, 100:13

& o évoy i T ToD K6apOL TEPLETPOGT] ! L) Foey A LU S )
[.11:8, 92:19-20

&l Ta evavTio ] ToD KOOV TEPLoTPODT (.J\;J\ S Y e
1.10:10, 88:15; 1.12:8, 96:22; 1.13:8,
100:23-24

¢mdetkvout AR
1.2:5, 74:3-4

g¢mhicuhog el el
1.9:5, 82:24

gmLoyIoUdG Laniilly &5 2]
1.2:2,72:17

¢mimedov Lo
1.12:1,94:9

¢mimedov c’ﬁ.ﬂ

1.9:1, 80:29; 1.11:1, 90:10

elg T& émopeve Tob kdapov C)f’j‘ g"‘)s P
1.10:11, 88:26-27

elg T& émdpeve Tod kdapov CL"’M (C) o slu b Je
1.8:2, 80:10-11; 1.9:9, 84:20-21; 1.12:4,
94:26

Epuie 2)las
1.10:passim

HAlaxdy Etog Lol dis
1.5:4,76:31

eDAOYWTEPOG P j

fragment: Simplicius, I Cael., p. 456:23-24

eduebodevtog e b
1.2:3,72:22

unyavikol édodot bl Cada
1.1:3,70:17
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Zevg Grinad) S

L.13:passim
{wdacde C}JJ‘ S
1.3:3, 74:13-14

#idtog )
1.5:2,76:26; L1.8:passim

Beprvdv (omueiov) sadl D&Y dkg
1.3:6, 74:22

Beprvdv (omueiov) eal) L) dag
1.3:7, 74:24

Béaic &2
1.2:3,72:19

xat Abyvrriovg Owl Ll ol o0 Oof gl
1.8:4, 80:22

{dtov il
1.2:2,72:18

iodptBuog 3a) (gglns
1.5:4,78:7

ionpepvdv (onueiov) BIRERN 15
1.3:5, 74:19

iouepvog ) Jone
1.4:3,76:9

iouepvog ) Jame 2lls
1.3:1, 74:6

looTaydg iyl &y grma 3
1.3:2, 74:10;

looTayidg &y s IS~
1.8:3,80:13

iooTay@s (St
1.10:10, 88:14

igoypbviog aﬂ)w‘ O\")'iy\ <
I.11:4, 90:29
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xatBéhov
1.2:1,72:6

koA oDuat
I.3:passim

xotehoupdve

GLOSSARY

1.11:5, 92:5; 1.13:5, 100:9

xotehoupave
1.10:7, 86:31-88:1
KEVTPOY
1.3:1,74:5

1] éx 10D kévTpou

1.8:1, 80:5
1] éx ToD kévTpov
1.9:3, 82:12
TEPL TO ADTO KEVTPOV
1.3:3,74:13
TEPL TO ADTO KEVTPOV
L11:7,92:12-13
xivyalg
1.1:2,70:8
7 T@v 8hwv (kbvnoig)
1.1:3,70:18
KAl
1.3:4, 74:14
eelegTiels
1.4:1,74:27
Kpdvog
L.14:passim
Kuchiorog
L11:5,92:1
Kuchorog
1.9:6, 84:5
Kuchorog
1.10:7, 86:27

Tl I G S e @:J\ L)
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KDKAOg
1.2:4,72:23

KDKAOG
1.2:3,72:20

GREEK-ARABIC

KUKhoG bubkevTpog T4 [wdlakd

1.9:1, 80:28-29
uéY1oTOG KOKAOG
1.3:1, 74:5

AapfBove
1.10:3, 86:4
Abyog
1.8:1, 80:6
ol &n" eldovg Adyot
1.2:1,72:10-11
hokde
1.9:3, 82:11

ueig
1.6:1,78:12
UEVWY
1.3:1, 74:6
TOL KOO UEPOG
1.2:1,72:8
T8 ToD {wdlexol uépn
1.2:2,72:15
ueanuPpla
1.8:4, 80:23
uetahouBéyve
1.7:1,78:18
UETATTOTIG
1.12:8, 96:21
LETOTWPIVOV

1.3:7, 74:26

uotpa.
1.3:4, 74:18
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438 GLOSSARY

Votw

1.3:1, 74:5
VOTIOV TEPOLG

1.3:6, 74:23; 1.12:3, 94:16
yoyBuepov

1.4:3,76:8

olwv
1.3:4, 74:15
Oucthdg
1.1:5,72:1
Suahdg
fragment: Simplicius, Iz Cael., p. 456:26
OUOKEVTPOG
1.3:2, 74:9
dpyavoTolia
1.1:3,70:14
dpyavoTolia
1.2:3,72:22
6pB (yovia)
1.3:4, 74:15

Tepaderypa
1.2:5,74:1
Tepo oy
1.2:3,72:23
TOUPOUETPER
1.4:2,76:7
TOPOTHPY TG
1.2:1,72:9
TRpodog
1.1:5, 72:2; 1.11:4, 90:29
Thpodog
19:1, 82:2
1 T7g vwpoahieg Tepodog
1.9:7, 84:10-11
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GREEK-ARABIC

meplyelov
1.9:6, 84:6
TEPLYEIOTEPOG
I.11:4, 90:21
TEPLYEIOTEPOG
1.10:5, 86:13
TEPLEYW
L13:7,100:17
TEPLEYW
1.2:5,72:28
mepkaTa Mg
1.5:4,78:4
meplodog
1.4:3,76:10
TEPLOTPOPY]
1.4:2,76:5
TEPLOTPOPY]
L.4:1, 74:27
TEPLOTPOPY]
1.4:4,76:14-15
TEPITTPOPN
1.4:3,76:12
TepLEpeLn
1.8:2,80:9-10
TepLEpeLn
1.3:1, 74:7
TeptdEpopal
1.3:2,74:9
TepLdEpw
1.3:2, 74:9
mepidopa.
1.4:3,76:10
TALVOUEVOL
1.5:1,76:20
Toléopal Tepiodovg

1.5:2,76:26
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motkilog
L.5:1,76:22
moho¢
1.8:3, 80:18
TOMYPOVIOTEPOG
1.4:4,76:13-14
mpoexTiOnut
1.5:1,76:20
TpOYYEOULL
1.2:5,72:28
Tpoytopal
L13:3,98:17
elg T, TpONyoueva ToD kbaUov
1.9:9, 84:18-19; 1.10:11, 88:29-30
mpooPBoln
1.2:4,72:27

TEMVY)
L.6:1,78:9; 1.9:passim
TUUTAEK®
1.1:5,72:4
TPOG T& PoIVOUEVR TVUDWVOV
1.1:2,70:6-7
oTVvoudoTEPOL
1.10:10, 88:16
cuveeptilw
1.4:2,76:5-6
oUVATTR
L.1:3,70:17-18; 1.2:2, 72:14
TUVETYIaRdS (KaTd GUVEYYIoUOY)
1.5:1,76:23
ovvtadic
1.2:1,72:7
uofnuatich ovvtadig
1.1:1,70:4
ouvTEMéw (Treplodo)
1.5:4,78:3

GLOSSARY
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odaipo
1.2:4,72:25
Aty odaipe
1.8:1, 80:3
geliaxy) odalpe
1.9:1, 80:28
1) Tod kéapov adaipe
1.3:1, 74:5-6
1 T@Y dmhav@y odaipa
1.5:3,76:28
odatpomolely

1.1:4,70:19

Té81c
1.2:3,72:20
a8
L1:5,70:23
7 To0 Adeydvdpov TeAevTi]g
1.8:4, 80:21-22
TRApe
1.9:7, 84:10
TpoTiKdV (aNueiov)

1.3:6, 74:21

bTapyw
1.1:2,70:8
brepoxn
1.9:1, 82:1
HmdBeaic
1.1:4,70:20; 1.2:4, 72:27
Hmdleaic
1.1:1,70:3
boretpo
1.4:4,76:13
boretpo
1.1:4,70:21
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i8S
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442 GLOSSARY

Drohelmépevog il
1.14:3, 102:18

dmouvn e Js
1.1:1,70:4

dauvduevoy Al
1.1:2,70:6; 1.1:4,70:20-21

dépw Kyes
1.10:2, 84:27

dépwy Sl S
1.3:2, 74:11

1 T@v Shwv dopd. 3.355 S~
1.2:5,72:27-28

ovpavia opd & gland) 450
1.1:1,70:3

dvog FPINA
1.2:5, 74:2

xepeptvdy (omueiov) Syid) OV ik
1.3:6, 74:23

Xepeptvdy (omueiov) il Claned) das
1.3:7,74:25

XpPovog obe;
1.3:1, 74:8

xwpls S8k
L1:5,72:4

Yihdg 5 ke
1.2:4,72:25
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or Unacceptable) — 70, 74-75, 86,
94-95

Instructions in the Principles of the Art
of Astrology — 86-87, 94, 96

Qandin (=al-Qanan al-Mas%di) —
86-96,107,133-34,182,184

al-Bitragi — 112, 115-17, 123-29, 212,
218
On the Configuration — 124,127

Bodnir, Istvan — 172

Bowen, Alan C. — 44 n. 58,373

Brahe, Tycho — 181

Buhl, Frants — 14, 26, 297 n. 60, 299 n.
63,315n.76,323n.87,327 n. 90

Burnett, Charles — 9
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Callippus — 39 n. 39, 42—44, 152 n. 4,
163,207,373 n. 84

Casulleras, Josep — 110

Chiaradonna, Riccardo — 48

Copernicus — 9,128, 219

Dante Alighieri — 177 n. 103
Davidson, Herbert A. — 209-10
Dercyllides — 42
On the Spindle and the Whorls in
Plato’s Republic — 42
Duke, Dennis — 358-59

Eudoxus — 39 n. 39, 43-44, 123,126,
151,153,163, 207,373 n. 84,383 n. 110

al-Faribi — 28-29,79-83,109, 112-13,
128,131-32,134-36,179, 185-93,
196,198-99, 209, 212, 218,370 n. 76
commentary on the A/magest —

80-81,109
on music — 81
On Ruling the Community — 185,
187-88
On the Intellect — 185 n. 132,187
On the Perfect State — 185-87,191

al-Fargani — 67, 68 n. 144, 71-73,
75-76, 88 n. 224, 98, 110, 129,199
Summary of Astronomy — 71,73, 76,

98,110,199
Feke, Jacqueline — 32 n. 8, 46

Gibir ibn Aflah — 68 n. 144, 90, 112 n.
302,113,120
Correction of the Almagest — 112 n. 302
Galen — 48,100,120 n. 327
On Natural Faculties — 100 n. 259
al-Gazali — 120 n. 327
Geminus — 36, 81
Gerard of Cremona — 67
Gersonides — 14 n. 8, 28, 212-13
Goldstein, Bernard R. — 14, 26, 145 n.
408, 360, 366 n. 60
al-Gurgani — 206
al—Gazgini — 28,49n.73, 85,199
Epitome of How the Spheres are
Arranged — 199
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Habas al-Hasib — 70, 72

al-Haggag — 21-22

Hamm, Elizabeth A. — 15, 355,
358-59, 367

Hansberger, Rotraud — 9

Hartner, Willy — 14

Hasse, Dag Nikolaus — 9

al-Hazin — 70,73, 76, 94 n. 239

Heegaard, Poul — 14, 26, 297 n. 60, 299
n.63,315n.76,323n. 87,327 n. 90

Heiberg, Johan L. — 13 n. 5, 14, 26, 389

Herophilus — 155 n. 24

Hogendijk, Jan P. — 9,73, 97 n. 247,
360 n. 24

Hiilegi — 129

al-Hwarizmi — 347 n. 101
Keys of the Sciences — 347 n. 101

Hypatia — 51

Ibn Bagga — 28-29,112-17,122,
127-28, 218
commentary on Physics — 113
commentary on Meteorology — 113
Discourse on Configuration — 112-16,
127
Ibn al-Haytam — 24, 28-29,76,78-79,
88, 90, 96-105,107-09, 112-13, 116,
120, 125,127,129, 135-42, 145, 148,
159 n. 38,179-84, 195, 199-201, 204,
216-18, 361, 384 n. 114
Commentary on the Almagest — 97,
99,105
Doubts about Prolemy — 24,76, 88,
97, 99-100, 102-05, 108, 112, 116,
121 n. 331, 125, 135, 139-140, 142,
145,179,182
On the Configuration of the World —
97, 99,103, 105, 108, 199, 201
The Resolution of Doubts Against the
Winding Motion — 104
Ibn Hibinta — 75 n. 175
Ibn al-Nadim — 16,51 n.79,52 n. 82
Fibrist — 16,51 n.79
Ibn Rusd — see ‘Averroés’
Ibn Rustah — 110
Ibn al-Salah — 28, 68,109, 366 n. 60
Ibn Sini — see ‘Avicenna’
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Ibn Tufayl — 112,115,128, 209, 218
Hayy ibn Yagzan — 209

Ibn al-Zarqﬁlluh — 110,126,129, 207

Ibrahim ibn Sinin — 76
The Purposes of the Almagest — 76

al-Ig1 — 130 n. 358, 217

Thwan al-Saf?’ — 201

Ishaq ibn Hunayn — 16,19 n. 27, 21, 37
n. 32, 66, 144, 365,368 n. 71

Janos, Damien — 9, 187-90, 193, 198
Jones, Alexander — 43, 45, 50, 368
Juste, David — 9

Kalonymus ben Kalonymus — 14, 23, 212
al-Kaitibi al-Qazwini — 147 n. 412
Kepler, Johannes — 181
al-Kindi — 22, 28,51 n.79, 79-80,
82-83,109,175-179, 183, 186, 188,
191,198,354 n. 4
On First Philosophy — 80
On the Armillary Sphere — 79
On the Explanation of the Prostration
of the Outermost Body and Its
Obedience to God — 177-79
On the Explanation that the Nature
of the Celestial Sphere is Different
from the Natures of the Four
Elements — 175-76
On the Proximate Efficient Cause of
Generation and Corruption — 176
paraphrase of the Almagest — 79,176
n. 101,179
On Rays —178-79 n. 112
Kuasyar ibn Labbian — 79,105-08, 129,
199-201, 217
al-Zig al-Gami*— 105,107,199

Langermann, Y. Tzvi — 72,75 n. 175,
90, 97-98, 117

Levi ben Gerson — see ‘Gersonides’

Loizelet, Guillaume — 9

Mahmad of Gazna — 86

Maimonides — 28,70, 112-17,122-23,
125,128
Guide of the Perplexed — 113-14, 117
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Marinus — 57

Mas‘ad I of Gazna — 86

Menaechmus — 42

Menn, Stephen — 152

Mihirig, Abdurrahman Ali — 9

Morelon, Régis — 15, 23, 68-70, 360
n. 26, 369

Muhammad ibn Masi — 76-78, 84, 86

Muhyi I-Din al-Magribi — 149 n. 415
Hulasat al-Magisti — 149 n. 415

Murschel, Andrea — 369, 376 n. 97, 386

Nallino, Carlo Alfonso — 74,75 n. 175

Neugebauer, Otto — 358-59

Nicomachus of Gerasa — 19, 22
Introduction to Arithmetic — 19, 22

Nikfahm-Khubravan, Sajjad — 9, 15,
359

Nix, Ludwig — 14, 26,154, 297 n. 60,
299 n. 63,315 n.76,323 n. 87,327
n. 90

Nizim al-Din al-Nisabari — 131-32

Osiander, Andreas — 219

Pappus — 51-52
Penchévre, Erwan — 26
Pérez Sedefio, Eulalia — 15
Philoponus, John — 52, 60, 62-63, 71,
159,170 n. 80, 175
Against Aristotle on the Eternity of the
World — 62-63
Against Proclus on the Eternity of the
World — 62-63
On the Creation of the World — 63
commentary on Meteorology — 63
[ps.-]Plato — 11, 27, 33 n. 13, 37,
39-40, 42—-45, 47, 49, 52-53,58-59,
61-65,156 n. 28,160 n. 40, 161, 168
n. 71,174,209 n. 211, 215, 271 n. 40,
293,353-54,357 n.16,374n. 91,
380 n.107,387,388 n. 129
Epinomis — 33 n. 13,380 n. 107, 388
n.129
Laws — 156 n. 28
Phaedo — 37 n. 32,160 n. 40
Philebus — 374 n. 91

INDEXES

Republic — 11,27, 39, 42, 5254, 59,
64
Timaeus — 13, 37,39 n. 39, 43, 49,
52-53,57-58, 64-65, 160 n. 40,
161, 209 n. 211, 357 n. 16, 380 n.
107
Plotinus — 158,169 n. 72, 380 n. 107
Posidonius — 36, 81
Proclus — 13, 16, 28, 33 n. 15, 43,
51-65,75, 98,142,158, 160 n. 40, 161
n. 44, 215, 219, 271 n. 40, 363 n. 47
commentary on Republic — 52-54,
64,161 n. 44
commentary on Tzmaeus —13,52-53,
55-58, 64,271 n. 40,363 n. 47
Exposition of Astronomical Hypotheses
— 43,52-58
Prolemy — passim
Almagest —11-13,16-17,19-22,
27,30, 31-35,37-39, 42 n. 47, 45,
47-51,55-59, 62, 64-85, 87-88,
90-97, 99-105,108-09, 111, 114,
116-18,122,124,128-36, 139-45,
147-49,157,159-63,175,176 nn.
99 and 101, 179, 182, 184, 192, 194,
199, 206, 215, 218-19, 223, 225,
227 n. 6,271, 281,289 n. 46,323
n. 87,345 n. 99, 353-59, 361-68,
370-72,374-75,378-79,381-82,
387-88
Geography — 363
Planetary Hypotheses — passim
Planetary Hypotheses, Greek —
13-22,26-27, 358,389
Planetary Hypotheses, Arabic — 11,
13-27, 358, 389
Planetary Hypotheses, Latin — 13-14,
358
Planetary Hypotheses, Hebrew — 14, 23
On the Elements — 158
On the Inclinations — 158
On the Kriterion and the
Hegemonikon — 46-47,155-56,
161-62,169 n. 74,176 n. 97,190
n. 150
Optics — 100, 367
Tetrabiblos — 154,158,173,370 n. 76
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al-Qabisi — 70, 73,76
Doubts about the Almagest — 76
On the Testing of Those Who Call
Themselves Astrologers — 76
Qisim ibn Mutarrif al-Qattin al-Anda-
lusi al-Qurtubi — 109-10
On the Configuration — 109-10
al-QusgT — 219 n. 4
Qutb al-Din al-Sirazi — 28, 76-78, 133,
149 n. 415

Ragep, F. Jamil — 65, 82,108, 136,
205-06

Rashed, Marwan — 158

Rashed, Roshdi — 26, 97 n. 248

Rayhana bint al-Hasan — 86

Regiomontanus — 219

Rezvani, Pouyan — 9

Rheticus, Georg Joachim — 219

Rosenthal, Franz — S1n.79,79

Rukn al-Dawla — 73

Sabra, Abdulhamid I. — 92 n. 237,112
al-Sagani — 70,73
Saliba, George — 77, 86,110, 142
Sayfal-Dawla — 73
Sextus Empiricus — 375 n. 94
Simplicius — 13, 16, 28, 35 n. 24, 36,
43-44,51-52, 54, 58-64, 81, 87, 139,
151 n. 4,153, 158-60, 164, 168-73,
175,178 n. 111, 215, 301 n. 65, 303 n.
67,353,373,375,378 n.105
commentary on Oz the Heavens —
13,52,58-62,87,153,158,159 n.
37,164, 168-70, 375,378 n. 105
commentary on Physics — 36,170
Sosigenes — 43-44, 61,153,173,295 n.
57,373
Strabo — 40 n. 40
Syrianus — 52

[ps.-] Tabit ibn Qurra — 15-16,19-23,
28,37 n.32,66-71,73,76-78, 86,
129, 144, 283 n. 45, 365, 368 n. 71
Concise Exposition of Aristotle’s

Metaphysics — 69

© BREPOLS & PUBLISHERS

On the Calculation of the Visibility of
the Crescent Moon — 66
On the Magnitude of the Stars and
Planets and the Ratio of the Earth
— 68 n.144
On the Order of Reading the Sciences
— 69
On the Spheres, their Constitution, the
Number of their Motions and the
Size of their Paths — 69
Simplification of the Almagest — 283
n. 45
Themistius — 63, 121,193,204 n. 197
paraphrase of Metaphysics — 63 n. 131
Theon of Alexandria — 51-52,79-80, 83
Theon of Smyrna — 42-43
Mathematics Useful for Reading
Plato — 42-43
Theophrastus — 27,120 n. 330,
163-65,174, 375 n. 94
On First Principles — 28,163-65
Thomann, Johannes — 73, 80-81
Toomer, Gerald J. — 26
al-Tasi — 28-29, 65,70, 82,104,
130-41, 148,199-206, 209, 212,
216-18, 361 n. 32
Collections from the Almagest on
Account of the Correction by Some of
the Later [Scholars] — 133
commentary on Pointers and
Reminders — 137-38, 140, 148,
201-06
Memoir on Astronomy — 65,70,
130-40, 203-06
Tabrir al-Magisti — 132-35

al-Urdi — 28, 124, 140-48, 217-18
On the Configuration — 140-46

van Dalen, Benno — 9
Vlastos, Gregory — 161

Wildberg, Christian — 159
Xenarchus — 159-60, 169 n. 72

Ya'qab ibn Tariq — 70, 74-75, 94

This is an open access publication distributed under a CC BY-NC-ND 4.0

International License



Concepts

This index only covers (technical) terms that are discussed in the philosophical analysis. For astronomical
terminology from the Planetary Hypotheses, with which I do not deal in particular outside of the
edition, see the glossary. Arabic and Greek terminology is only included here in case I discuss the
meaning or interpretation of this term in my philosophical analysis.

action — 49, 75, 95, 114, 155, 166, 206

aether — 63-64,71-72,75-77, 84,
86, 89, 91-96, 124, 130-31, 133, 136,
139, 141, 145, 151,153-62, 164 n. 54,
165-68,170,173-78,180-81, 185,
187,191, 198, 206, 215, 354-55, 361,
367,370-71,373-74,376-81, 384,
386-87

air — 87,134,155, 158,159 n. 38, 165,
173,175, 370, 380

Aleppo — 29,73

analogy — 46, 61,178
bird — 12,172 n. 87, 209, 212-13,

379-80

dancers — 380
planet-fish — 199-201

al-Andalus — 28-29, 76,109-29, 135,
206, 209, 212-13, 218

anelittousai — 42-43,53-54, 60,122,
373
see also ‘sphere, counteracting’

animal — 33, 93,118, 120, 152-56, 161,
171,173,175,178,190,196-97, 202,
204-05, 208-09, 212, 377, 380
celestial — 154, 209

anomaly — 35, 38-39, 67, 91-92, 100,
106, 140, 353, 358, 360

appetite (part of the soul) — 155-56

arithmetic — 32,79

asl — 20,27 n. 58,125, 353

astrology — 51n.78,76n.178, 86,173,
175,370 n. 76

Bagdad — 28-29,70,73,77,113
Bible — 63
bird — see ‘analogy, bird’
body — 40-41, 46, 61,777,111, 151,
155-56,169-70, 191
celestial — 44, 65,70, 84, 91-92,
98-99,101-02, 105, 118-20, 137,
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141,159,177,181,189,197, 210, 216,
370,373,386

brain — 156,197, 209

Byzantium — 14

cause — 34-36, 41, 49, 52, 54, 58-61,
64,75n.177, 81, 83-84, 113,128,
131-32, 134,136, 148, 155, 168, 175,
182, 184-85,187-88,199, 218, 373,
375-77,388
efficient — 169, 186
final — 162,178
first — 31,160, 185, 187,190-92, 201,

354,373
proximate — 176,178, 191
remote — 176

change
in Aristotle’s Physics — 360
of day and night — 178
of forms — 188
sublunar/celestial — 32-33, 40, 47,

80, 84, 91, 96 n. 244, 98,118, 120
n.327,130,157,159, 165,170-71,
173-74,179, 186, 370

choice — 93,177-78,180-83,192

compulsion — 186

conjunction — 124
of Mars and Jupiter — 113

COSMOS — passim
centre of — 34-35, 44, 69,71, 83,

115, 131-32,176, 195, 209
living — 161, 178, 208-09, 212-13
(spherical) shape of — 62, 64-65, 71,
79,99-100, 112 n. 302, 131, 211 n.
217,368

dabraga — 114, 375-76

see also ‘motion, rolling’
Damascus — 28-29
dancers — see ‘analogy, dancers’
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demonstration — 34, 45, 64—65, 76 n.
178, 98,113,128, 145-47
hoti/diboti — 35, 81-82

desire — 12,157, 162 n. 46, 164, 169-71,
178,187,190, 192-93, 210-12
see also ‘ZStiyaq’

dinésis — 122,125-26, 375

distances — see ‘planet, distance’

divine — 32-34, 49, 53,77, 155, 161,
163,165-66,169-72,176-77,179,
184, 212,353-54,370n.75, 374

diya’— 154,370 1. 76

Earth — 41, 55, 60, 67-69, 71-72,
82-83, 86,103,120,122,131-32,
173,177 n.103, 186, 203, 362-66,
374,381
central position — 34-35, 69, 71,100

n. 263,131-32, 147 n. 412
locomotion/rotation — 34, 83,
90-91, 99, 114, 131-32, 134
sphericity — 36, 71, 87, 90, 96, 131,
147 n. 412

earth (element) — 34, 87, 115, 120,
131-32,155,158-59,170,173,175,
370

eccentric — see ‘sphere, eccentric’

eclipse — 125

ecliptic — 355-58, 361, 371, 378, 381,
383-84

element (five Aristotelian) — 13, 34,
38, 40, 64,69,75n.177, 80, 83, 86,
93-95, 99, 115, 118, 126, 131-32,
136, 141, 157-60, 164-66, 168 n. 71,
170,173-76,178,187, 205-06, 215,
370-72,374-77
active/passive — 155-56

emanation — 185-86,190-92,197 n.
173,198, 204, 209

emission — 153,172, 181, 185, 190, 380
emotive part of the soul —155-56

epicycle — 33, 35, 43-45, 52-54, 58,
61-64,67,71-72, 85, 92,100,103 -
04,111-12,114-17,120-22,124-25,
139,155-56,167,172,180-81, 183,
186, 193-95, 201, 209, 218, 358-59,
361, 372, 375, 385,387 n. 124
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epistemology — 12, 27, 29-30, 32-34,
36-37, 45-51, 66, 69,76 n.178,79,
81, 83-84, 89-90, 97 n. 248, 99-100,
109,129, 147,163,175, 183-84,
215-16, 218-19

equant — 85, 101, 116, 124, 134, 141-43

eternity — see ‘world, eternity of’

ethics — 31, 49-50

eulago;/—o'tero.r — 34-35,37,55,57, 211

falak — 20,27,39n.37,67,71,87,92,
106, 175,177-78,187,189, 193-94,
201, 356, 359

falsafa/faldsifa — 79,86, 90,185,198, 217

fire — 87,155, 158, 160, 165, 170, 173,
175,370

fixed stars — see ‘stars, fixed’

France — 14, 28

form — 53,169, 188

geometry — 12,27, 32,37, 67, 69,
74,77 n. 185, 78-80, 88-90, 92,
95, 97-98,100, 103, 105-06, 111,
130, 135, 139, 144, 147 n. 412, 152,
176-77,184 n. 131, 204, 215, 218-19,
353, 356-57,359-60, 362, 364, 369,
381, 384

God — 32,49n.72,77-78, 80, 92-93,
95,165-67,176-79, 200-01

goddesses (of fate) — 39 n. 39

hads — 146, 147 n. 412

handbook, astronomical — 29, 105
philosophical — 48 n. 67

heart — 12, 155, 190, 196-97, 202, 209

hegemonikon — 155-56,190 n. 150

belix — 122
see also ‘motion, spiral’

hippopede — 123

(non-)homocentric — 20, 29, 42 n. 45,
43-45,54n. 89, 60-64,76,112-13,
115-16,121 n. 331, 122-24,151-53,
156,164,172,176 n. 103, 195, 201,
372-73375,378-79, 382

hypekkauma — 158

hypothesis/ bypothesis — 20, 26-27, 36,
95,139, 353,374
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m al—bﬂy’ﬂ — 65,70, 82,108,121,
130,135,148
dtaffa/iltifaf — 104 n. 279,123, 373
imagination/imaginary — 91-92, 97,
101, 103, 114, 116,192, 203, 210, 218
impulse — 12, 60-61, 153-57, 161-62,
166-67,169-70,172,174-75, 185,
192,196-97, 208 n. 208, 209-11,
377,379-80, 384, 387
impulsive part of the soul — 155-56
inbiar — 156,169, 380
inclination — 131, 157-58, 168-70,
173-74, 191, 200, 355-56, 358,
360-61, 370, 376, 381
instrument — 17, 32, 37, 46,121, 206
astronomical instrument — 21, 47,
102,106, 182, 354-55, 365, 370,
375, 380, 388 n. 129
intellect — 46, 48, 65,75 n. 177, 80,
140, 154, 156-57,161-62,167, 174,
179,185-86, 189-91, 193, 205, 210,
371
separate — 185-95, 199, 201, 205
Active — 186, 189-92
irregularity — 92 n. 327,141, 188
apparent celestial motions — 54, 68,
96,106-07,126,143,159 n. 38,
353, 357-58, 367
Istanbul — 109, 219 n. 4
istiyaq — 169
Italy — 14

Jupiter — 37, 56, 113, 362, 364, 366,
384-86

kalam — 130 n. 358, 217
knowledge — 32,35 n. 20, 37 n. 32,
46-47,58,65,73,75,78, 80, 85, 97,
110, 117, 119-21, 124, 130, 141, 145,
147 n. 412, 155,179,198, 208, 213,
215, 219, 367 n. 68,372
conjectural/probable — 12, 50, 80,
215, 218, 365
certain/sure/secure — 12, 32-33, 46,
80-381, 84, 215, 218, 364-65, 372,
379
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kura — 27,69,71, 86-87,105-07, 118,
189,192-93,196, 359, 372, 375
kyklos — 27,359
kylisis — 125, 375
see also ‘motion, rolling’

latitude — 355, 358-59, 371, 374, 378

lawlabi — 122-23,125-26, 208
see also ‘sphere, counteracting’

limbs (legs, wings) — 12, 93,153,
155-56,167,175,182,196, 202, 209,
380

magnitude (of the stars) — 73, 365-66
Maraga — 28-29, 86,112,124, 128-30,
133,140, 147 n. 412, 148-49, 217-18
Mars — 37, 56, 113, 355, 362, 364, 366,
384-87
matter — 32,188
subject — 32, 38, 84, 85 n. 212
Mercury — 23,37, 55-59, 67,72,102,
113, 145,159 n. 38, 359, 362-64, 366,
378, 384-86, 387 n. 124
metaphysics — 11, 22, 30, 53, 62, 79,
81, 83, 85, 95,100,107-08, 120,
129-30, 135, 140 n. 391, 147, 162—64,
174,185,188, 190-94, 196-99, 201,
204-05, 208, 216, 219
meteorology — 36,165
methodology — 12, 31, 35, 37, 49-50,
66,76, 80,83 n.208,113, 116, 134,
136-37,139, 148-49, 182, 355, 368,
372,381-82, 388
Moon — 19, 37-40, 50, 55-56, 61,
67,71-73,92n. 237,102,107, 114,
121,131, 142,145,159 n. 38,176 n.
103, 186, 201-03, 353, 355, 358-60,
362-64, 366, 378, 384-87
motion — passim
accidental/essential — 78,106-07,
135,137,199-200, 208, 361
diurnal — 20, 35, 39 n. 39, 41, 64, 88,
90, 94, 123-24,154, 157,166,178,
181, 186, 188, 201, 206, 208-09,
212, 354-57,373, 375, 378-84
elemental — 136,158, 376
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natural — 13, 83, 87, 89, 115, 119,
126,130, 132, 135, 153, 157-58,
160, 161 n. 45, 166-67,169-70,
174, 178, 185, 187 n. 144, 205, 215,
371,374

primary — 69, 71, 124, 356-57

rolling — 41,114-15,119,125,172,
180-81, 198, 202, 375-76, 385

spiral —121-22,125-26, 208

sublunar/rectilinear — 33,131,162 n.
47,169n.72,173,370

transmission of — 12, 41,72, 74, 76,
86,135 n.377,153,162-63, 185,
188,199, 206, 215, 379

uniform — 34, 38, 40, 44 n. 57,52,
91,92 n. 237, 99,101, 105, 111,
118-19, 124, 137,140-43, 147,157,
205 n. 198, 353, 356, 368-70

volitional/voluntary — 38 n. 34, 58,
154,157,162-63,169,174,180-81,
195, 205, 361, 370-71, 377, 381

see also ‘planets, independently
moving’

mover — 77-78, 101,103, 124, 140-41,

152, 16061, 163-64, 167, 171,

185, 187,189-90, 193-95, 201-05,

207-12, 216,370, 377-78, 381-82

Prime — 31 n.5,77-78, 124, 126,
152, 161-62, 167-71,176 n. 101,
178 n. 111,179, 185, 187, 193, 208,
354

unmoved — 35 n. 24, 42,77, 85 n.
215,152-53, 160, 162-64, 166-67,
170-71,174,186,189-92, 205,
210-12, 375,377

muscles — 155, 209

myth of Er (Republic) — 27, 39, 42-43,
53,65

nature — 12,16-17, 32, 34-35, 38,

49-50,60,71,76n.177,77, 81, 84,
89, 93-94, 96,101,103, 108, 111,
118-23,126-27,130, 133-34, 136,
139, 141-42, 145, 147,152, 154-55,
157-160, 162,167-71,173-77,179,
187,191, 204-05, 210, 215-16, 219,
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353-55, 357, 360-61, 364, 367-68,
370-71,373-78, 382, 387
nerve — 60, 155-56, 167, 380
numerals — 24

observation — 11, 16, 33, 35, 37-38, 47,
49-50, 62,71, 74, 81, 83—-84, 88-90,
95-96,102,106,108-10, 113, 120,
126-127,131-38,145-147,182, 208,
215, 355, 359, 364, 367-70, 387

observatory — 29, 128-30, 133, 147 n.
412,148-49,217-19

opinion — 46-47, 72, 85, 88, 93,133,
14041, 143, 154, 182—84, 193—94,
197, 203

organ — 60-61, 153, 155,169,171-72,
175,190, 202

parallax — 362, 366
paraphrase — 13 n. 4, 30, 51 n. 79, 56,
60,79-80, 82-83,133,153,176 n.
101,179,192,193 n. 159, 206, 216-17
parecliptic — 41, 92,122, 384, 386
particulars — 47, 80
penetration (of spheres) — 106, 108,
137,139, 180-81,193-95,197-200,
203-04, 206
phenomena — 18, 33-35, 43-44, 53-54,
61, 81,101, 103, 105, 111-12, 121, 125,
132,157,165, 216, 365, 370, 374
pithanos/-oteros — 37,55-58
planet — passim
distance — 12, 14-15, 29-30, 37-38,
50,52, 55-60, 65-75, 78, 86,
93-95,97-98,103, 106 n. 284,
107-08, 110, 119, 124, 129-30,
136, 144-45, 149 n. 415, 166, 179,
215-17,362-66, 376, 381-82
ensouled — 153,161, 162 n. 46, 168,
171,174,179,182-84, 191, 205,
210, 216, 380-81
independently moving — 53, 58-59,
128,175,180, 183, 195-96, 200,
203-04, 215-17
order — 37,55-59, 62, 64, 66, 362,
364, 366, 382
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size — 12, 14-15, 29-30, 37-38,
66-68,70-75,78, 86, 88, 94,
97-98,103, 106 n. 284, 107-08,
110, 120 n. 327, 124, 129, 136, 145
n. 408, 215, 365-66, 382

plausible — see ‘knowledge, conjectural/
probable’
pole — 40-42,62,77,87, 94, 118,

121-23,126,128, 139, 143-45, 148,

151-53, 160, 162-63, 174, 199, 216,

356,372-74,376-77,382-83

practical philosophy — 31, 48-49

providence (divine) — 80, 165, 170, 173,
176-79,183-84, 212

psychology — 22-23,108 n. 290,
154-56,162,183,187,191 n. 153,
196-98, 216, 219, 369, 379, 384

Pythagoreans — 33 n. 15, 54

qiyas — 89,101,107, 114, 116, 133, 174,
194, 368-70, 372
Quran — 177,179, 200 n. 183, 201

rasd/rasad — 137, 369

rays — 154,178 n. 112,370 n. 76

Rayy — 73,105

reason (faculty) — 46, 48-49, 53-54,
156 n. 28,177

Samarqand — 219

Saturn — 26, 37, 56, 61,75 n. 175,
180-81, 189, 359, 362, 364, 366,
378-79, 382, 384-87

sawn-off pieces — 12,15 n. 16, 36,
39-42, 4445, 50, 64—66, 93-94,
102-05,108-09, 111, 116, 118-19,
122,125,128, 136-39, 14344, 148,
149 n. 415, 151, 160, 179-83, 195-96,
201-02, 206, 213, 215, 217, 354, 371,
373,377-88

sense(-perception)/sensible — 32-33,
46-49,53 n. 87, 64,75n.177, 80, 93,
96, 101, 106, 117, 120, 126, 131, 136,
141, 154-55,157,162,169,174,177,
179,182-83, 185,189, 210

Seville — 113
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simplicity — 34-35, 39, 45, 61, 66, 81,
92-93, 111,123, 128, 134, 140, 143,
146 n. 410, 147, 369-70, 372 n. 80,
374,378, 381
soul — 12-13, 41, 46, 49, 93, 130,
140,153, 160-62, 168-75,177-79,
182-88,190-92,196-99, 201-02,
205-06, 210, 215, 370, 380
parts — 155-56
World Soul (Plato) — 161
sphere — passim
counteracting — 41-43, 45, 53-55,
58, 60-61, 85,122-23, 126,
152-53,163-64,170-72, 174, 208,
373-75,378-80, 382-83

eccentric — 20, 33,

epicycle — 33, 35, 43-45, 52-54,
58, 61-64, 67,71-72, 85, 92,100,
103-04, 111-12, 114-17,120-122,
124-25,139,155-56,167,172,
180-81, 183, 186, 193-95, 201,
209, 218, 358-59, 361, 372, 375,
385,387 n.124

lenticular/lentil-shaped — 62, 87,
111,139

nested — 12, 39, 59, 67, 69-72,
74-75,78, 84, 86, 95,107, 110,
139, 216, 363 n. 41, 363, 373 n. 86,
375

ninth/starless — 62-63, 71, 76-78,
107,138, 164, 185-86, 193 n. 158,
207-08

ovoid/egg-shaped — 62, 87,111, 139

stars, fixed — 39, 60, 62, 69, 71,75
n.175,77-78,107,137-38, 144,
162,165-66,178-79, 186,189, 194,
196-97, 208, 355, 358, 360, 362,
366, 378, 381-83, 385-86

Stoic — 47, 48 n. 67,158 n. 30, 161 n.
43

Sun — 33-35, 37-39, 43 n. 51, 55-56,
58 n. 110, 67-68, 71-73, 91-92, 100,
107,111,113, 117,122,139-40, 142,
145,151 n. 4,176-79, 181 n. 118, 186,
194, 201, 218, 353, 355, 357-60,
362-68,372,378,384-87
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syllogism — 35 n. 20, 113, 117, 369

table — 13 n. 3, 18, 68, 74, 75 n. 175,
791n.192, 83,105 n. 284, 143 n. 404,
359, 363, 365 n. 58, 366 n. 60, 367,
385,388

theology — 31-33, 47-48, 50, 77-82,
95, 99, 144, 162-63, 179, 201, 217,
371

theoretical (philosophy, sciences) —
31-33, 45, 48-50, 77, 81,163, 354

thought (faculty) — 46-47, 53,106,
155-56

Toledo — 110-11

transmission (of celestial motions) —
see ‘motion, transmission of’

truth — 17, 46, 48, 63, 69,75 n. 177, 88,
108, 116, 126-27, 146-47, 211, 219,
379
criterion of — 46, 155

Tasi-couple — 134-36, 149

universals — 47, 80
Urdi-lemma — 149
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Venus — 37,55-59, 66-68,72,102,
113, 362-64, 366, 378, 384-87

vision — 137,177,184

void/empty space — 37-38, 48, 50, 56,
62,68-69,71-72,74-75,78, 87,
94-95, 99,103, 105,120, 124-25,
130,132, 137-39,179-81, 195, 200,
205, 216, 363-64, 378, 387

volition — 46 n. 61,154, 185, 361

wad— 19-20, 26-27, 353
see also ‘hypothesis/hypothesis
water — 34, 87,115, 132, 144, 155,
158-59,173,175,198-201, 203-04,
370
whorl — 39, 40 n. 40, 42, 44—45,53,
62, 64-65, 215, 387-88
world — 20, 87, 95, 114-15,120 n. 327,
141,184, 376
eternity of — 48, 62, 80, 96 n. 244
sublunar/terrestrial — 45,136, 164,
174,177-78,186,189-91,198, 212
supralunar — 13, 164, 186, 188, 190,
355

year — 35, 358, 368
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tolemy’s Almagest (2nd century AD) is the most influential work of ancient
P and medieval astronomy. This work, however, does not tell us the full
story about its author’s views of the heavens. After completing the Almagest,
Ptolemy turned his attention to a physical investigation of celestial motions.
The result is the Planetary Hypotheses, a bold attempt to provide a celestial
physics that coheres with the mathematical account of astronomical observa-
tions in his Almagest.

This book provides the first complete critical edition and English translation
of the Arabic version of the Planetary Hypotheses, which is lost for the most
part in its original Greek. It furthermore provides an extensive commentary
on the whole work, which situates the Planetary Hypotheses within the con-
text of its time and investigates philosophical ideas central to the work. These
include the epistemic value of mathematics relative to natural philosophy, and
the shape, number, and dynamics of the celestial bodies. The book also inves-
tigates the influence of the Planetary Hypotheses on a wide range of medieval
Arabic astronomical and philosophical works from the 9th to the 13th centu-
ry AD. The upshot is to establish the Planetary Hypotheses as a crucial text for
understanding the history of philosophy and science from Greek antiquity to
the Arabic Middle Ages

Paul Hullmeine is a historian of philosophy and science. His research focuses on Greek
natural philosophy and astronomy and its reception in the Arabic Middle Ages. He re-
ceived his PhD from the LMU Munich and currently holds a postdoctoral position at the
same university, funded by the DFG.
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