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ABSTRACT

The Mulakhkhas fi al-hay 'a al-basita, composed by Mahmud ibn Muhammad ibn ‘Umar al-
Jaghmini in the early-thirteenth century, was an extremely popular astronomical textbook that
would play a critical role in the teaching, dissemination, and institutional instruction of Islamic
theoretical astronomy. Its study and use as a propaedeutic for more advanced teaching texts is
evidenced by thousands of extant copies of the original and its numerous commentaries, super
commentaries, and glosses. This dissertation, first and foremost, provides a critical edition and
English translation of, and commentary on, this important and influential treatise. Due to
ambiguity within the literature regarding exactly when Jaghmini flourished (which even led to
speculation that there could have been two Jaghminis), the focus of Chapter One is devoted to
establishing Jaghmin1’s dates and arguing that he was the sole author of both the Mulakhkhas
and the equally popular medical treatise al-Qaniinca. Among other things, this highlights that
one scholar was composing multiple scientific textbooks in the late-twelfth/early-thirteenth
century under the auspices of the Khwarizm Shahs in Central Asia, a period often considered one
of scientific stagnation. Chapter Two situates the Mulakhkhas within the broader context of the
genre of astronomical literature termed ‘i/m al-hay ‘a, a corpus of works that attempted to explain
the physical structure of the universe as a whole, and a tradition of which the Mulakhkhas was
very much a part. Included in this chapter is a survey of summary accounts of theoretical
astronomy of Jaghmin1’s predecessors, both Ancient and Islamic, as potential sources for the
Mulakhkhas. Chapter Three makes the case that the target audience of Jaghmini’s Mulakhkhas
was, in the first instance, students studying in madrasas, where his work would have been seen as
providing a cosmology glorifying God’s creation. The more general issue raised here is whether
the standard approach to the pedagogy of Islamic science tends to promote its history as discrete
episodes and dependent in the main on courtly patronage or individual initiatives, i.e., outside the
core institutional structures of Islamic societies. It is then argued that a serious consequence of
this has been the neglect of the vital role religious institutions played in sustaining scientific

education in premodern Islam.
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RESUME

Le Mulakhkhas fi al-hay 'a al-basita, composé par Mahmud ibn Muhammad ibn “Umar
al-Jaghmini au début du XIIIe siecle, était un manuel astronomique extrémement populaire qui
devait jouer un rdle essentiel dans 1’enseignement, la diffusion et I’institutionnalisation de
I’astronomie théorique islamique. Son étude et son utilisation comme propédeutique pour les
textes d’enseignement plus avancés est attestée par des milliers de copies existantes de 1’original,
ses nombreux commentaires, les commentaires sur les commentaires et des gloses. Cette these,
d’abord et avant tout, offre une édition critique, une traduction en anglais et un commentaire de
ce traité¢ important et influent. En raison de I’ambiguité existant dans la littérature quant a la
période exacte a laquelle Jaghmint était en activité (qui a méme conduit a la spéculation qu’il
pourrait y avoir eu deux Jaghminis), la mise au point du premier chapitre est consacrée a établir
les dates de Jaghmini et le fait qu’il était le seul auteur a la fois du Mulakhkhas et d’un tout aussi
populaire traité médical intitulé al-Qaniinca. Entre autres choses, cela met en évidence qu’un
savant composait plusieurs manuels scientifiques sous les auspices de la Khwarizm Shahs en
Asie centrale a la fin du XIlIe/début XIlIle siecle, époque souvent considérée comme période de
stagnation scientifique. Le deuxiéme chapitre situe le Mulakhkhas dans le contexte global du
genre de la littérature astronomique appelé ‘ilm al-hay 'a, un corpus d’ceuvres qui ont tenté
d’expliquer la structure physique de 1’'univers dans son ensemble et une tradition dont le
Mulakhkhas faisait absolument partie. Incluse dans ce chapitre est une étude des comptes
sommaires de 1’astronomie théorique des prédécesseurs de Jaghmini, a la fois anciens et
islamiques, comme sources potentielles du Mulakhkhas. Le troisiéme chapitre souligne le fait
que le public cible du Mulakhkhas de Jaghmini étaient, avant tout, les éléves étudiant dans des
madrasas, ou son travail aurait été considérée comme fournissant une cosmologie glorifiant la
création de Dieu. La question plus large soulevée ici est celle de I’approche généralement
acceptée que la pédagogie de la science islamique tend a favoriser une histoire d’épisodes
discrets, une histoire dépendant pour I’essentiel du mécénat de cour ou d’initiatives individuelles,
c’est a dire, en dehors des structures institutionnelles fondamentales des sociétés islamiques. Il
est ensuite affirmé qu’une conséquence grave de ceci a été la négligence du role essentiel que les
institutions religieuses ont joué¢ dans le maintien de I’enseignement scientifique dans 1’Islam

prémoderne.
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INTRODUCTION

§ 1.0 The Arabic Edition and English Translation of Jaghmint’s Mulakhkhas

The Mulakhkhas fi al-hay’a al-basita was an extremely popular astronomical textbook that
played a critical role in the teaching, dissemination, and institutional instruction of Islamic
theoretical astronomy. It was composed by Mahmiid ibn Muhammad ibn ‘Umar al-Jaghmint in
the early-thirteenth century in the region of Khwarizm in Central Asia; and its study and use as a
propaedeutic for more advanced teaching texts is evidenced by thousands of extant copies of the
original and its numerous commentaries, super commentaries, and glosses contained in research
libraries and various other repositories throughout the world. I have identified fifty-seven
treatises that were written to elucidate the Mulakhkhas, and these span, conservatively speaking,
at least seven centuries beyond Jaghmini’s original composition date. Indeed, the Mulakhkhas
was also translated from its original Arabic into Persian, Turkish, and Hebrew, and continued to
be taught in earnest well into the nineteenth century.' The study of the Mulakhkhas along with its
commentaries was still relevant even after “European science” came on the scene, and it is
significant that concerted efforts were made to seek teaching approaches that could
accommodate the older Islamic scientific traditions such as that of the Mulakhkhas along with

new (jadid) scientific developments.” So Jaghmini’s ubiquitous introductory textbook on

' See Appendix II for a list of sixty-one commentaries, supercommentaries, glosses, and
translations on various aspects of the Mulakhkhas. 1 should add that according to Zalkida
Hadzibegovic, the Mulakhkhas was still being taught in Bosnia in the twentieth century (see
“Compendium of the Science of Astronomy by al-Jaghmini Used in Bosnia for Teaching and
Learning Planetary Motions,” Oral Presentation at the GIREP-EPEC Conference, Opatija,
Croatia, 2007: http://www.scribd.com/doc/228710383/Al-Jaghmini-s-Compendium. Accessed on
July 25, 2014.

? Hasan al-Jabarti’s (d. 1188/1774-75) circle of scholars provides us an excellent example of the
Mulakhkhas still being studied in eighteenth-century Cairo, and at the Azhar. According to his
famous son, the historian ‘Abd al-Rahman al-Jabarti (d. 1241/1825-6), his father Hasan was a

member of the ‘ulama’ and attracted students from all parts of the world; and his instruction
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theoretical astronomy provides us with a significant example with which to understand a vibrant,
ongoing scientific educational tradition within Islam. It is with this in mind that the first and
foremost objective of this dissertation has been to present an Arabic edition along with an
English translation of the Mulakhkhas, neither of which has been previously available.
Furthermore, establishing the base (or matn) text is a fundamental prerequisite for gaining better

insights into the rather daunting commentary tradition that built upon the Mulakhkhas.?

included Jaghmini’s Mulakhkhas and Qadizade’s Sharh along with other hay ‘a works (for
Jabarti, see History of the Ottoman State, Society & Civilisation, ed. Ekmeleddin Thsanoglu, 2
vols. [Istanbul: IRCICA, 2002], vol. 2, pp. 586-87; Jane H. Murphy, “Improving the Mind and
Delighting the Spirit: Jabarti and the Sciences in Eighteenth-Century Ottoman Cairo”
[Ph.D.diss., Princeton University, 2006], pp. 97-100; Boris A. Rosenfeld and Ekmeleddin
Ihsanoglu, Mathematicians, Astronomers and Other Scholars of Islamic Civilization and Their
Works (7th - 19th c.) [Istanbul: IRCICA, 2003], p. 410; Osmanli Astronomi Literatiirii Tarihi
[History of Astronomy Literature during the Ottoman period], ed. Ramazan Sesen et al., gen. ed.
Ekmeleddin Thsanoglu. 2 vols. [Istanbul: IRCICA, 1997], vol. 2, p. 479, no. 19; and Cevat izgi,
Osmanli Medreselerinde Ilim: Riyazi ilimler, 2 vols. [Istanbul: iz, 1997], vol. 1, p. 386, ¢6).
Almost a century after Jabarti, the Muslim Ottoman scholar al-Qunaw1 (fl. 1857) presents
another attempt to reconcile the traditional and jadid science with a quite up-to-date version of
the heliocentric system within the context of a traditional astronomical treatise for madrasa
scholars (see Robert Morrison, “The Reception of Early Modern European Astronomy by
Ottoman Religious Scholars,” Archivum Ottomanicum 21 [2003]: 187-95).

3 Having the text of the Mulakhkhas should also prove useful for other disciplines, since its
influence extends well beyond the discipline of 4ay 'a per se; the treatise’s widespread
dissemination meant that it crossed multiple borders. For example, there is growing evidence to
connect the content of the Mulakhkhas with other astronomical disciplines, such as nautical
cartography. Jaghmini is mentioned in several passages of the atlas of the Tunisian chartmaker
al-Sharaft (fl. 1551-79), who attributes his picture of the universe to the “cosmological scheme
derived from Jaghmini’s treatise on the fundaments of theoretical astronomy” (see Monica

Herrera-Casais, The Nautical Atlases of “Alt al-Sharafi,” Suhayl 8 [2008]: 242 and fn. 49).
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A high priority was to ensure that the Arabic edition was as close to Jaghmin1’s original
version as possible. In other words, I was concerned that my edition not be contaminated with
the interjections of later commentators and copyists.* For example, there was considerable
tampering by later copyists and commentators with the parameters for the climes. Thus given the
enormous numbers of extant Mulakhkhas witnesses, it certainly would be understandable if my
goal of providing the “original” text would be met with skepticism. However, there are several
reasons that I believe I have been able to reach a text very close to the author’s original.

First of all, the advances in digital technology and information sharing meant that I had
access to an enormous pool of extant Mulakhkhas witnesses to review and analyze. I also have
had, and continue to have, a strong network of support from colleagues worldwide who
generously helped me obtain witness copies and shared valuable insights on topics related to my
dissertation. As a result of this access and networking, I was able to acquire a vast trove of
manuscript witnesses, from which I identified three different versions of the preface of the
Mulakhkhas: one contained a dedication by Jaghmini to a certain Badr al-Din al-Qalanist along
with a dedicatory poem Jaghmini composed to him; a second version contained only the
dedication (i.e., the poem was omitted); and a third version lacked both dedication and poem. As
it turned out, it was this last stripped-down version that would become the most ubiquitous one;

and in fact it is this preface that is contained in our earliest known Mulakhkhas copy, dated 644

* This is a major problem of the German translation by G. Rudloff and Dr. Ad. Hochheim (“Die
Astronomie des Mahmiid ibn Muhammed ibn ‘Omar al—Gagmini,” Zeitschrift der Deutschen
Morgenlindischen Gesellschaft 47 (1893): 213-75). Rudloff and Hochheim unknowingly added
numerous comments from Sayyid al-Sharif al-Jurjani’s commentary, one of the key witnesses
they relied on for their translation. They are certainly not alone in this mistake. (See § I.1.2b: A

Tale of Two Jaghminis).



H [1246-7].° So apparently within the relatively short period of forty years after the composition
date of the Mulakhkhas in 603 H [1206], the dedicatory material was removed from the preface.’
Although I knew that these earlier prefaces containing the dedication, with or without the
poem, would prove quite significant for dating Jaghmini (among other things),” I also recognized
that there was no guarantee that the contents of any given witness, whatever the preface, had not
been changed given the tendency of certain copyists and commentators to modify parameters
with “updated” ones. I was able to resolve this potentially serious problem based on the fact that
certain parameters in the modified versions of the Mulakhkhas came from Nagir al-Din al-TasT’s
Tadhkira fi ‘ilm al-hay’a, written over fifty years after the Mulakhkhas in 659/1261.° Thus I was
able to ignore these witnesses for the edition. Given the relatively small numbers of remaining
witnesses that had the unmodified parameters and the original preface (or, lacking this preface,
was an early copy), it became a relatively straightforward task to establish the “original” version.

Of course there will always be a few remaining ambiguous readings, and these are noted in the

> This was the discovery by Max Krause in 1936 of a copy of the Mulakhkhas dated 644 H
[1246-7 CE] (“Stambuler Handschriften islamischer Mathematiker,” Quellen und Studien zur
Geschichte der Mathematik, Astronomie und Physik. Abteilung B, Studien 3 [1936], no. 403, pp.
509-10).

% Note that these three different preface versions and the dating of the Mulakhkhas are discussed
in more detail in both Chapter One and the Commentary.

7 In addition, these variant prefaces became a convenient tool for helping decide which witnesses
to target and obtain for further examination, since repository catalogues often contain incipits
within their witness descriptions.

¥ I discuss this in further detail in my commentary on the second clime (see II.1 [4]). The
argument for dating the later versions of the Mulakhkhas rests on a scribal error that could only
have come after the Tadhkira was written. F. J. Ragep points out that even as astute a
commentator as al-Birjandi (d. 935/1528) was led astray by not realizing that in his dating of
Jaghmini as post-TiisT he was using values for the climes that had been altered; in Birjandi’s
defense he was writing some three centuries after the Mulakhkhas’s composition (“On Dating
Jaghmini and His Mulakhkhas,” in Essays in Honour of Ekmeleddin Ihsanoglu, ed. Mustafa
Kacar and Zeynep Durukal [Istanbul: IRCICA, 2006], p. 463).

4



critical apparatus. A description of the manuscripts used for the edition and the editorial
procedures employed can be found in PART 11, § I1.1: Editorial Procedures and
§ I1.2: Description of the Manuscripts.

I should also mention that [ made a concerted effort not to make Jaghmini appear more
“erudite” than he actually was; in other words, my modus operandi was to provide the reader
with the Mulakhkhas as it is in the Arabic, which meant not “correcting” poorly composed
sentences, inconsistent use of terminology, and so on. Indeed, it is these colloquial features that
bring out the orality of the text; one can often imagine Jaghmini lecturing to a classroom of
early-thirteenth-century madrasa students. However, here I was confronted with yet another
challenge: Jaghmint’s “simple” (basita), introductory work was anything but simple-minded.
And this was compounded by the fact that Jaghmini, as he put it, went “to great lengths to
elucidate and illuminate the content”—some rather complex astronomical material—using
“concise and succinct expressions.” This meant that I was charged with understanding and then
explaining his often pithy formulations that stand in marked contrast to the often overly-
elaborated discussions of other say ‘a writers. And Jaghmint did not limit his subject matter to
straight-forward basic definitions, rules, and parameters of the longitudinal motions of the
planets and the Earth’s inhabited zone: he also dealt with theories of the latitude of the planets, a
subject known for its complexity,'® and such difficult topics as the appearance of the sky in the
arctic regions. Fortunately, [ was greatly assisted by the following resources: (1) the Mulakhkhas
commentaries, whose authors often provided detailed explanations, along with clarifying
examples, to shed light on Jaghmin1’s more obscure points or overly simplified statements. I
relied on several, for each could provide a slightly different perspective on a given subject; my

personal favorites were those of “Abd al-Wajid (d. 838/1435), Qadizade (d. ca. 835/1440), and

? See Mulakhkhas, Preface [1] and 113 [11].

19 See Noel M. Swerdlow, “Ptolemy’s Theories of the Latitude of the Planets in the Almagest,
Handy Tables, and Planetary Hypotheses,” in Wrong for the Right Reasons. Archimedes: New
Studies in the History and Philosophy of Science and Technology, vol. 11, ed. Jed Z. Buchwald
and Allan Franklin (Dordrecht; New York: Springer, 2005), pp. 41-42.
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Yiasuf ibn Mubarak al-Alani (ca 735/1334);'! (2) the edition, translation, and study of the
Tadhkira, Nasir al-Din al-Tasi’s major hay’a work;'? (3) al-Birani’s Tafhim, another “user-
friendly” reference of astronomical terms;'> and (4) the availability of planetarium software
which enabled me to see the movements of the constellations in the sky at various latitudes, and
to determine the veracity of Jaghmini’s statements.'*

JaghminT claimed that he was delighted in being entrusted with the lofty task of
compiling an introductory book on ilm al-hay a."> His Mulakhkhas, usually classified as “the

most elementary” of treatises on the subject of theoretical astronomy, was composed for an

' Jan Just Witkam has reflected on the importance of the “commentary culture” as it developed
in an Islamic context and highlighted some reasons they were written (“Poverty or richness?
Some ideas about the generation of Islamic texts revisited,” pp. 9-10; paper presented at the
Commentary Manuscripts [al-Makhtitat al-Shariha] Conference, Bibliotheca Alexandrina,
Alexandria, 7-9 March 2006; preprint [15 pp]: http://www.islamicmanuscripts.info/preprints).
Accessed on July 25, 2014.

12 See F. Jamil Ragep, Nasir al-Din al-Tiisi’s Memoir on Astronomy (al-Tadhkira fi ‘ilm al-
hay'a), 2 vols. (Springer-Verlag, 1993); a useful glossary of technical terms is included in vol. 2,
pp. 581-613. Tiis1 and Jaghmini deal with much of the same astronomical subject matter, so their
content overlap proved extremely helpful, especially since Tis1 provides far more elaborate
explanations than Jaghmini.

1> Abii Rayhan Muhammad ibn Ahmad al-Birani’s Kitab al-Tafhim li-awa il sind ‘at al-tanjim
(=The Book of Instruction in the Elements of the Art of Astrology), trans. by R. Ramsay Wright
(London: Luzac and Co., 1934). I discuss Birtini’s text as a reference of astronomical terms,
concepts and explanations even though it is ostensibly an “astrological” primer (see § 1.2.4b:
The “Post Modernists™).

4 See Mulakhkhas, 11. 2: on various locations having latitude. Quite frankly I marveled at

Jaghmin1’s accurate descriptions of what was occurring in the sky at these various latitudes. I

used the open source Stellarium software: http://www.stellarium.org/ (accessed on July 12,
2014), but Jaghmint obviously had to depend on other means; it would certainly be interesting to
explore the tools scholars used to determine this information.

15 See Mulakhkhas, Preface [1].



early-thirteenth-century audience, but it would continue to play a vital role in educating
generations of students and individuals interested in learning about the structure of the universe.
The Arabic edition and English translation of Jaghmin1’s treatise al-Mulakhkhas fi al-hay a al-
basita presented in this dissertation (eight centuries after the original composition) will, I hope,

allow another group of readers to assess its significance.

§2.0 A Study of the Mulakhkhas

Given the extent of the influence of the Mulakhkhas and its impact on the Aay ‘a tradition, it may
seem surprising that so little was known about Jaghmini the man, the scholar, and even the
precise location of Jaghmin, assuming it is a location. Rather, the focus has always been on the
man’s work, and not the man. Questions such as what kind of society produced such a scholar,
what was motivating Badr al-Din al-Qalanist to demand an introductory astronomical textbook,
and who Jaghmint’s target audience may have been were left unaddressed.

This led to ambiguity in the literature about when Jaghmini lived, and even to speculation
that there two Jaghminis, a thirteenth-century scholar who composed the popular astronomical
work al-Mulakhkhas, and a fourteenth-century namesake who authored the equally popular
medical treatise a/-Qaniinca. 1 devote Chapter One (“The Dating of Jaghmini...”) to establishing
that there was only one Jaghmini who composed a corpus of scientific textbooks in the late-
twelfth/early-thirteenth century under the auspices of the Khwarizm Shahs in Central Asia. This
includes a review and analysis of the literature on this subject, and I examine the reasons for the
ambiguity and why misinformation about the man and his works continues to the present. I also
introduce new evidence to shed light on Jaghmini’s actual dates; and perhaps most significant of
all, I discuss why dating Jaghmini as flourishing in the early-thirteenth century matters—and it
matters a great deal. Among the significant reasons I mention is that it directly challenges the
prevalent view that this post-Ghazalt pre-Mongol period was one of scientific stagnation (or
demise). Jaghmini’s example highlights that at least one scholar was composing multiple
scientific textbooks and that there was a continuity of scientific learning. It also strongly suggests
that the underlying demand for scientific works did not rest with individual initiatives but from

the society’s need to promote a scientific education.



In Chapter Two I focus on the rich corpus of introductory texts on theoretical astronomy
used or potentially used for teaching purposes, which JaghminT inherited and built upon. I
include an overview of some formative summary accounts of theoretical astronomy by
Jaghmin1’s predecessors, both Ancient and Islamic, that could arguably have been at Jaghmini’s
disposal, either directly or indirectly, to use and modify for the Mulakhkhas. In addition, in this
chapter I explore the precise meaning of “Aay ’a,” and how the genre of astronomical literature
(‘ilm al-hay a)—which attempted to explain the physical structure of the universe as a whole—
came into being in an Islamic context, and how the term evolved. I conclude the chapter with a
summary of what Jaghmint does—and does not do—in the Mulakhkhas in comparison with
some of the earlier works on theoretical astronomy; this is an attempt to address how the
Mulakhkhas fits into this genre, both content-wise and historically. This discussion is also meant
to set the stage for addressing the pressing questions of what inspired the commission of the
treatise, and who the target audience was.

In Chapter Three I make the case that the readership of Jaghmint’s Mulakhkhas was, in
the first instance, students studying in madrasas, where his work would have been seen as
providing a cosmology glorifying God’s creation. It is my contention that, beginning in the
twelfth century, interconnected conceptual and textual transformations began to occur within the
discipline of hay ‘a that transformed the way it was being taught. One very important result is the
emergence of a new kind of /ay ‘a textbook that is conducive for a more general audience—
hence Jaghmini’s Mulakhkhas enters the picture, both literally and figuratively. No longer is the
study of hay ‘a restricted only to experts, limited to just a handful of individuals; it now can be
used by the ‘ulama’ to educate the burgeoning number of madrasa students who understood that
it offered them another approach to serve God. Astronomy in “the service of Islam,” becomes
valued for more than its practical applications for religious ritual (as it most often is depicted); '°
it is valued for its theoretical applications to achieve a better understanding of the physical world
of God’s creation. This of course means that major transformations had to have been occurring

within the religious institutions; so a more detailed discussion of these transformations and how

' This term, coined by David A. King, refers to a notion of science as acting as a kind of
handmaiden “in the service of Islam” by addressing only its more utilitarian needs (Astronomy in

the Service of Islam [Adlershot: Ashgate Variorum Reprints, 1993]).
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they interrelate ensues. I include a review of some of the evidence establishing that the
mathematical sciences (with a focus on astronomy) were being taught in Islamic institutions,
especially the madrasas; and also an exploration of some of the reasons that such teaching has
often been denied or deemed irrelevant.

In conclusion, I raise the more general issue as to whether the standard approach to the
pedagogy of Islamic science tends to promote its history as episodic and dependent in the main
on courtly patronage or individual initiatives, both of which tend to place science outside the
core institutional structures of Islamic societies. I argue that a serious consequence of this
neglects the vital role religious institutions played in sustaining scientific education in premodern

Islam.
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CHAPTER1

The Dating of Jaghmin1 to the Late-Twelfth/Early-Thirteenth Centuries
and Resolving the Question of Multiple Jaghminis

Mahmid ibn Muhammad ibn ‘Umar al-Jaghmini al-Khwarizm1 wrote one of the most successful
astronomical textbooks of all time. It is not an exaggeration to say that within research libraries
throughout the world today there are thousands of extant copies of the original Mulakhkhas and
its numerous commentaries, super commentaries, and glosses as well as its translations into
Persian, Turkish, and Hebrew. Therefore it is surprising that there has been so little agreed-upon
information about who Jaghmini was, the society that produced him, and the educational context
in which his scientific textbooks were written. This has led to conflicting claims in numerous
sources, some of which have placed Jaghmini in the early-thirteenth century, others in the mid-
fourteenth century. Though recently a number of historians have dated the Mulakhkhas to the
early-thirteenth century, ambiguity about him has continued, leading some to speculate that
perhaps there were two Jaghminis, one thirteenth-century Jaghmini whose work focused on
astronomy, another who lived in the fourteenth century and wrote on medicine. Here we should
emphasize what should be an obvious point: determining Jaghmini’s dates, and whether the same
person wrote the textbooks attributed to him, really does matter. If Jaghmini lived in the mid-
fourteenth century, he would be coming after the Mongol invasions, the building of the Maragha
observatory, and the consolidation of the Islamic scientific, philosophical, and theological
traditions in the late-thirteenth/early-fourteenth centuries. On the other hand, if he lived in the
late-twelfth/early-thirteenth centuries, this would directly challenge the prevailing narrative that
science declined in Iran and Central Asia immediately after Ghazali (d. 1111) and that there was
a strong prejudice against teaching the exact sciences in religious institutions such as the

madrasa.' Certainly it would be noteworthy that during this alleged scientific Dark Age of the

! Please note that my focus here concerns the teaching of the mathematical sciences, especially
theoretical astronomy. Historians of other disciplines, such as philosophy, have in recent years
been more willing to accept the notion that they were allowed within the madrasa. As Sonja

Brentjes points out: “Historical sources such as biographical dictionaries, study programs and

11



pre-Mongol period we have the example of (at least) one scholar composing in essence a corpus
of elementary scientific textbooks. And this raises many questions, such as who was the target
audience and where support might have come from within the context of this time and place.”
Furthermore, if we can establish that there was one Jaghmini who flourished under the auspices
of the Khwiarizm Shahs of Central Asia (470-628 H [1077-1231 CE]),’ we could then bridge the
supposed chasm that exists between the alleged “golden age” of early Islam and the
“reinvention” of the tradition that occurred with the so-called “Maragha School.” Thus this
would be a contribution to establishing the continuity of scientific traditions in Islam and
countering long-standing views that those traditions were mainly discrete episodes, hanging on
the thin threads of individual geniuses and enlightened rulers.

So establishing the identity and date of Jaghmini is extremely important; and thus
reviewing what has been written about the man, and what we now know in light of new

evidence, is the focus of this chapter.

historical chronicles leave no doubt that philosophical treatises by Ibn Stna (d. 428/1037), Fahr
ad-Din ar-Razi (d. 606/1209), Nasir al-Din at-TiisT (d. 672/1274) or Galal ad-Din ad-Dawwani
(d. 907/1501) were studied at madrasas in Cairo, Damascus or even in cities of northern Africa”
(“The Prison of Categories—‘Decline’ and its Company,” in Islamic, Philosophy, Science,
Culture, and Religion: Studies in Honor of Dimitri Gutas, ed. Felicitas Opwis and David
Reisman [Leiden: E. J. Brill, 2012], p. 131, fn. 2). Science is another matter. As noted by Ahmad
S. Dallal: “Scholars of Islamic education mostly agree on the marginality of the sciences,” and
he goes on to remark that it is exceptional to find studies on the relationship between religious
and scientific scholarship (Islam, Science, and the Challenge of History [New Haven: Yale
University Press, 2010], pp. 19, 184-85, tn. 47).

? I deal with addressing these kinds of questions in Chapter Three of this dissertation.

? For a nice family-tree charting the reigns of the Khwarizm shahs, see Muhammad ibn Ahmad
Nasawi, Sirat al-Sultan Jalal al-Din Mankubirtt li-Muhammad ibn Ahmad al-Nasawr, ed. Hafiz
Ahmad Hamdi (Cairo: Dar al-fikr al-‘arabi, 1953), intro., p. 2 [in Arabic].
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§L.1.1 A Man Who Should Need No Introduction

From the final nisba in his name, one can deduce that Jaghmini hailed from the region of
Khwarizm; and indeed Qadizade al-Riimi informs us that “Jaghmin is one of the villages in
Khwarizm” in his Sharh al-Mulakhkhas, the commentary he wrote in 814 H [1412 CE] and
dedicated to Ulugh Beg. However, Khwarizm covers quite a bit of territory, so this is not very
informative. Thus it would seem that delving more deeply into the precise location of Jaghmin
was not of much concern to Qadizade, as well as the other commentators I checked, for they
provide nothing more specific than this.* It is interesting that in the seventeenth century, the well-
known Ottoman historian and bibliographer Katib Celebi (a.k.a. Hajji Khalifa) felt no
compulsion to remove the cloud of obscurity surrounding Jaghmini’s life and wrote in his Kashf
al-zuniin that the Mulakhkhas was “composed by the eminent [scholar] Mahmiid ibn Muhammad
al-Jaghmini al-Khwarizmi, an author whose fame makes an introduction unnecessary.” This
sentiment is also attested by the fact that in the late-thirteenth/early-fourteenth century, the

prominent scholar Qutb al-Din al-Shirazi could mention and even paraphrase from Jaghmini’s

4 See Qadizade al-Rumi, Sharh al-Mulakhkhas, Istanbul, Siileymaniye Library, Ayasofya MS

2662, f. 2b: ¢ o> (53 o 43 mea> A potential opportunity of pinpointing JaghminT’s

location was lost in Jaghmini’s discussion on the gibla bearing (see I1.3 [4]); here he compares
the longitude and latitude of Mecca to “our locality” but unfortunately fails to be more specific
(understandable since presumably his immediate audience knew where they were). On this point,
Qadizade is once again content to reference Khwarizm (f. 62b); the other commentators I
checked followed his example or omitted a location altogether. I have attempted to home in on
Jaghmin’s location, but so far without much success. Given the lack of any record of a village,
town, or region named Jaghmin in the geographical sources, one speculative possibility is that
Jaghmin1’s name designates a family and not a locale, or perhaps a Turkic tribal affiliation, e.g.,
he was one of the Jagh [Cagh]-man.

> For this tidbit of information and the English translation, I am thankful to F. Jamil Ragep, “On
Dating Jaghmint and His Mulakhkhas,” p. 464:

2 8 55 St e gy 5\ Gread) a2 002 Lol il
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Mulakhkhas without clear reference in the introduction or explicit of his Nihayat al-idrak fi
dirayat al-aflak, with the full expectation that the reader would recognize its provenance
(assuming that Shirazi was not plagiarizing in his paraphrase).®

It would certainly be understandable that many scholars such as Qutb al-Din al-Shirazi
(14™ ¢.), Qadizade al-Rami (15" ¢.), and Katib Celebi (17" c.), as well as the literally dozens of
commentators over the centuries, would have been more concerned with the content of the
Mulakhkhas than ascertaining the particulars of where and when Jaghmini lived. However, since
definitively dating Jaghmini is vital to understanding the nature of his achievement, it is crucial
to decipher how the conflicting information contained in the modern sources—which cite him
alternatively as flourishing in the early-thirteenth century and the mid-fourteenth century, or
speculate that there are two Jaghminis— first took hold and eventually became embedded in the
literature. So what follows is an overview of the literature highlighting the main accounts of his
life and work and the issues involved. I then provide evidence supporting my claim that there is
one Jaghmini who wrote multiple works in the exact sciences and medicine, who flourished in
the late-twelfth/early-thirteenth century in Khwarizm, most likely in the environs of Merv, and
who was a witness to (and most-likely victim of) the onslaught of the Mongol invasions into the
region that put an end to the reign of the Khwarizm Shahs. The additional evidence was collected
from the Mulakhkhas and some of Jaghmini’s other works, and bolstered by primary and

secondary sources.

® For Shirazi’s direct reference to the Mulakhkhas in his explicit, see F. Jamil Ragep, “Shirazi’s
Nihayat al-Idrak: Introduction and Conclusion,” Tarikh-e Elm (Tehran, Iran) 11 (2013): 51
[Arabic], 55 [Eng. trans.]. Shirazi “borrows” the following from Jaghmini (50 [Arabic], 54 [Eng.

trans.]) in his introduction:
ot o 112 0,aloy dlins Jo Tis anel ) S

“...so that its name will indicate its connotation and its literal sense will be informative about its

signification” (see Mulakhkhas, Preface [2], esp. variant MS L).
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§ I.1.2a  Review of the Literature

I begin with some general comments. In the late nineteenth/early twentieth centuries, there seems
to have been a heavy reliance by several Western scholars on information they gleaned from a
rather small pool of available Islamic manuscript catalogues. This limited quantity of reference
materials frequently contained errors; moreover, as will be discussed later in this chapter, many
scholars seem to have relied on catalogues alone as their only source of information. In other
words, they may never have actually examined the manuscripts in question to verify the
catalogue information. A serious consequence was that this limited information made it difficult
for them to determine the veracity of varying, and sometimes conflicting, claims. Frankly, much
of the information I can put forth as new evidence in this chapter is directly due to having had
access to a vast number of Mulakhkhas witnesses and commentaries on the text (many of which
contain valuable dates, dedications, marginal notes, and so forth).

This limited access to Islamic manuscripts contributed to a general lack of sensitivity in
the late nineteenth/early twentieth centuries to the important fact that any particular witness to a
text might represent one of several versions, could be corrupted or an amalgam of different
versions, and/or could intentionally have been modified over time (by the author himself or by

others) due to “updating”.” Indeed, it is not uncommon to find comments, emendations, and

7 In fact it was not an uncommon practice for many library cataloguers to assume all copies of an
Islamic manuscript by a given author were basically the same. Christoph Rauch (current Head of
the Oriental Department, Staatsbibliothek, Berlin) told me that Wilhelm Ahlwardt (d. 1909), the
meticulous cataloguer of Arabic manuscripts at the Royal Library (Berlin), and who was charged
with purchasing additional manuscripts for the collection, believed having one manuscript copy
of a title per author was sufficient. And budget restrictions aside, it was standard practice to
describe multiple manuscript copies of a single title in catalogues as the “same work™ rather than
view each as unique, obviously robbing the reader of valuable textual information. Ahlwardt was
certainly not alone in this practice; for example, in addition to Ahlwardt (Die Handschriften-
Verzeichnisse der Koniglichen Bibliothek zu Berlin. Verzeichniss der Arabischen Handschriften,

10 vols. [Berlin, 1887-1899]), one finds countless examples contained within Baron William
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“corrections” added to texts. Furthermore, it was the habit of some “scholars and writers to leave
blank spaces in their works for the later insertion, by themselves or others, of data which were
not known to them at the time of writing.”®

All these factors contribute to making textual analysis a rather complex and daunting
endeavor; and it is often quite difficult to disentangle and decipher an original text from a
contaminated one. One may thus have sympathy for one’s predecessors, but unfortunately errors,
whether understandable or not, can become embedded in the literature and over the decades
become increasingly difficult to eradicate. This has become the case with Jaghmini who has been
confidently held to have flourished sometime in the fourteenth century—or even later.’
Ironically, the basis for this confidence is the following statement, which appeared in the
reputable and widely-used Encyclopaedia of Islam, First Edition in 1913'*: “His date is not quite
certain but it is very probable that he died in 745 (1344-1345)”. Often repeated, this statement is

MacGuckin de Slane, Catalogue des manuscrits arabes / par le baron de Slane (Paris:
Imprimerie nationale, 1883-1895).

¥ See Franz Rosenthal, “The Technique and Approach of Muslim Scholarship,” Analecta
Orientalia 24 (1947): 30.

? Heinrich Suter informs us that The Cairo Khedieval Library catalogue contains statements that
Jaghmini died in the ninth-century hijjra, and composed the Mulakhkhas in the year “808,
1405/6” (see “Der V. Band des Katalogs der arabischen Biicher der vicekdniglichen Bibliothek
in Kairo,” in Historisch-literarische Abtheilung der Zeitschrift fiir Mathematik und Physik, ed.
Dr. O. Schlomilch and Dr. M. Cantor [Leipzig: Verlag von B. G. Teubner, 1893], vol. 38, no. 5,
p. 162; and Heinrich Suter, “Zu Rudloff und Hochheim, Die Astronomie des Gagmini,”
Zeitschrift der Deutschen Morgenlindischen Gesellschaft 47 [1893], p. 718). Carlo A. Nallino
also points out that Cairo catalogues list the ninth-century hijra date for JaghminT in several
places (“Zu Gagmini’s Astronomie,” Zeitschrift der Deutschen Morgenlindischen Gesellschaft
48 [1894]: 120). This could be the explanation for how 808 became the year currently listed for
the completion of Jaghmin1’s Mulakhkhas (without explanation) in Isma ‘1l Basha al-Baghdadi’s
Hadiyyat al-‘arifin (Istanbul, 1955), vol. 2, col. 410 [in Arabic].

10 See H. Suter, “al-Djaghmini,” in Encyclopaedia of Islam, First Edition (1913-1936) (Leiden:
E. J. Brill, 1913), vol. 1, p. 1038.
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still found today in numerous references, many quite reputable,'' even though mounting
evidence challenging this assertion had emerged as early as 1936, with the discovery by Max
Krause of a copy of the Mulakhkhas dated 644 H [1246-7 CE])."? Therefore, two main Islamic

reference resources currently list Jaghmini as flourishing in the fourteenth century, namely the

=99

“al-Djaghmin1” entry in Encyclopaedia of Islam, 2nd ed. (1965) (which simply repeats verbatim

what appeared in the 1913 first edition);'"” and the Encyclopeedia Iranica (2008) article entitled:

“Jagmini, Mahmud b. Mohammad b. ‘Omar (d. 1344), an astronomer from Jagmin.”"

"' Let me stress that this error of referencing an eighth-/fourteenth-century Jaghmini occurs in
non-Western sources as well as Western ones, such as: The Majlis Library catalogue (Fihrist-i
Kitabkhanah-i Majlis-i Shiira-yi Millt, kutub-i khatt?), ed. ‘Abd al-Husayn Ha'ir1'1 (Tehran:
Majlis-i Shaira, 1347 H. Sh. [1968 or 1969]), vol. 10, part 1, p. 512; Abu al-Qasim al-Qurbant’s
[1986]), pp. 219-220 (no. 69); and Halil Inalcik’s The Ottoman Empire: The Classical Age 1300-
1600, trans. Norman Itzkowitz and Colin Imber (London: Weidenfeld and Nicolson, 1973),
p.176fn .

1> See Krause, “Stambuler Handschriften islamischer Mathematiker,” pp. 509-10. The 644 H
[1246-7 CE] copy date that Krause mentions, still the oldest one to date, is found in MS L, f. 81a
of my Arabic edition.

" In his defense, Heinrich Suter (d. 1922) had died long before Krause’s 1936 discovery, and
well before the printing of the entry in Encyclopaedia of Islam, 2nd ed. (Leiden: E. J. Brill,
1965), vol. 2, p. 378; it was incumbent upon Juan Vernet, who is listed as co-author, to revise the
date. This responsibility also applies to others, such as Fuat Sezgin who lists “Mahmid b.
Muhammad b. ‘Umar AL-GAGMINI” as “probably 745/1345” in the important bio-
bibliographical resource Geschichte des arabischen Schrifttums, vol. 5: Mathematik [= GAS, 5]
(Leiden: E. J. Brill, 1974), p. 115 (no. 56).

'* Lutz Richter-Bernburg suggests here that since “Nothing specific is known about his life... it
would seem plausible (but no more) to speculate that the author of al-Qanunja was a linear
descendent of his earlier namesake...” (“Jagmini, Mahmud,” Encyclopcedia Iranica, vol. 14,
Fasc. 4, p. 373; originally published Dec. 15, 2008; online version last updated April 10, 2012:

http://www.iranicaonline.org/articles/jagmini-mahmud). Accessed on July 26, 2014.
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The fact that many sources cited Jaghmini as flourishing circa 618 H [1221 CE]" did not
sway those committed to a 14™-century JaghminT to reevaluate their position. In those cases the
618 H date was either ignored altogether or mitigated by the suggestion of the possibility of there
being two Jaghminis: an early 13™-century astronomer/mathematician (flourishing circa 618 H),
the one who authored the Mulakhkhas; and, a fourteenth-century physician who wrote the
Oaniinca (the “little Qanin”),'® an abridged treatise of Ibn Sina’s medical text al-Qaniin fi al-
tibb. Overwhelmingly, references to the Jaghmini who authored the Qaniinca state that he
flourished in the eighth/fourteenth century.'” For proof otherwise, see the sections below on new

evidence.

'* For a list of some of the more prominent references that cite the 618 [1221] date, see . 37.
16 Jaghmini’s choice of Qaniinca for the title is interesting since the medical treatise is written in
Arabic, but the diminutive suffix “che” is found in Persian. As far as I know Jaghmini never
wrote scientific texts in Persian, though he does reference the two holidays of Nayriiz and
Mihrjan in the Mulakhkhas (see I1.2 [2]). So this title may be an indication of Jaghmin1’s
background or perhaps some playful tribute by him acknowledging the wealth of medical
literature written in Persian during the twelfth century.

'" A prominent example is the date “d. 1344/745H” currently listed for Jaghmini online at the
bio-bibliographies on the Islamic Medical Manuscripts at the National Library of Medicine
website (with text written by Emilie Savage-Smith, The Oriental Institute, Oxford University):
http://www.nlm.nih.gov/hmd/arabic/bioJ.html) Accessed on July 26, 2014. Whereas Savage-

Smith points out that there is conflicting evidence about when Jaghmini lived and raises the
possibility of two Jaghminis in her description, many other sources do not: A. Z. Iskander simply
lists “d. A.H. 745/A.D. 1344” in his 4 Catalogue of Arabic Manuscripts on Medicine and
Science in the Wellcome Historical Medical Library (London: The Wellcome Historical Medical
Library, 1967), p. 57. And a recent edition of Jaghmini’s Qaniinca fi al-tibb currently bears both
the date 751 H [!] on the book cover, and 745 H on the inside title page (ed. and Persian trans. by
Isma‘1l Nazim [Tehran: Tehran University of Medical Sciences, 2012]). I found one exception in
which Jaghmini (author of the Qaniinca) is listed as flourishing circa 618 H in Fihris al-

makhtiutat al-musawwara, ed. Ibrahim Shabbiih (Cairo, 1959), vol. 3, pt. 2, p. 145 (no. 186).

18



§ .1.2b A Tale of Two Jaghminis

How did the two-Jaghmint narrative take hold? The short answer is most references that have
cited a 618 H [= 1221-2 CE ] date'® for Jaghmini provided no information as to its source; and
this ambiguity led some to question the trustworthiness of the date, but not enough to rule it out
completely even after the 14™-century option emerged as a contender. Two different dates, hence
two Jaghminis, seemed a logical conclusion to many; however, this was not the conclusion of
Henrich Suter (d. 1922) who, as we shall see, insisted on one fourteenth-century Jaghmini who
authored both the Mulakhkhas and the Qaniinca. The longer answer follows.

Rudloff and Hochheim, in the introduction to their 1893 German translation of
Jaghmini’s Mulakhkhas, bemoan the fact that “one searches in vain for any notes from which
conclusions can be drawn concerning the date of birth, place of residence, and life
circumstances, of the author of the following treatise.”'” Now it is evident that Rudloff and
Hochheim are unfamiliar with Islamic history; for example, they openly admit that they are
unaware of the identity of al-Shafi‘1 (d. 820) and Abi Hanifa (d. 767), the extremely famous
founders of two Sunni legal schools. Both are cited in the Mulakhkhas (see 11.3 [2]) in the
context of Jaghmini distinguishing between their opinions regarding the determination of prayer
times using shadow gnomons. Furthermore, Jaghmint himself was a Shafi‘1. In addition, Rudloff
and Hochheim were unacquainted with the renowned Islamic scholar Sayyid al-Sharif al-Jurjant
(d. 816 [1413]), except for the fact that he was the author of the Mulakhkhas commentary they
used for their German translation. But despite these shortcomings, Rudloff and Hochheim
discovered an important piece of information in Prof. Josephus Gottwaldt’s 1855 Library
Catalogue of Kazan, which simply states that Jaghmini died in 618 H, and they present this date

in their introduction.”® (Keep in mind that their spade work occurred some five years before the

'8 Exactly what this date refers to in the literature is ambiguous. At times it is a death date, at
others a date for the composition of the Mulakhkhas.

' See G. Rudloff and Prof. Dr. Ad. Hochheim, “Die Astronomie,” p. 213. Note all English
translations here of the German are mine.

2% Rudloff and Hochheim, “Die Astronomie,” p. 213. I was able to check the Library Catalogue
of Kazan and verify that indeed it states “618 (1221)” without qualification. See Josephus M. E.
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initial publication of Carl Brockelmann’s seminal Geschichte der arabischen Litteratur, vol. 1 in
1898.%") Since Prof. Gottwaldt provided no indication as to how he came by this date, it opened
the door for speculation that Jaghmini may or may not have lived then. Nonetheless, Rudloff and
Hochheim upheld this date based on their translation of the Mulakhkhas, concluding that
Jaghmin1 was a scholar who “delivers through his presentation, a luminous picture of the ideas of
those Arabs of the thirteenth century, who dedicated to astronomy a purely scientific interest.”** I
find their assessment of Jaghmini quite illuminating, despite their German translation being
based on an amalgam of manuscripts, all obtained from the Gotha Library,” that were often
interlaced with commentary notes. Of the four main witnesses that Rudloff and Hochheim used

for their final translation: one had a late copy date of 1137 H.; two others were defective; and the

last one was a late copy of Jurjani’s ISth-century commentary.”* Although it is highly

Gottwaldt, Opisanie arabskich rukopisej prinadlezavsich bibliotekeé Imperatorskago
kazangskago universiteta (Kazan, 1855), p. 245 (entry for the Mulakhkhas [no. 169] under the
category of mathematics) [in Russian].

*! Carl Brockelmann, Geschichte der arabischen Litteratur [= GAL], 2 vols. plus 3 supplements
(Weimar: Verlag von Emil Felber, [vol. 1] 1898; Berlin: Verlag von Emil Felber [vol. 2] 1902;
Leiden: E. J. Brill [suppl. 1] 1937; [suppl. 2] 1938; [suppl. 3] 1942).

22 See Rudloff and Hochheim, “Die Astronomie,” p. 215.

3 Although Rudloff and Hochheim restricted their translation to witnesses from the Gotha
Library Oriental collection, it evidently housed “the largest collection held at German libraries
during the nineteenth century.” It began with an expedition sent to the Middle East in 1802,
specifically charged with acquiring Oriental books and manuscripts; and this apparently “created
a need for specialists who were able to read, evaluate, and catalogue the collection” (see Ursula
Wokock, German Orientalism. The Study of the Middle East and Islam from 1800 to 1945, gen.
ed. [an Richard Netton. Series: Culture and Civilization in the Middle East [London/New Y ork:
Routledge, 2009], pp. 92 and 130). Perhaps this may help contextualize why Suter trusted their
catalogue information [see below].

* For Rudloff and Hochheim’s description of these 4 manuscripts, see “Die Astronomie,” pp.

216-218. For the catalogue descriptions, see Wilhelm Pertsch, Die orientalischen Handschriften
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questionable whether Rudloff and Hochheim could distinguish between the words of Jaghmini
and those of Jurjani or other commentators and interpolators, or understand the subtleties of the
text they were dealing with, they did correctly place Jaghmini in the seventh/thirteenth century.
This fact, however, did not go unchallenged by Suter, whose review of their work appeared
alongside their translation within the same journal issue in 1893. He contended that their date
was “a little too early, although I can find no compelling evidence for a later lifetime.”*

Suter’s opinion was formulated on information gathered from the mathematical and
astronomical parts of the published catalogues of the Cairo Khedieval Library.”® Unlike Rudloff
and Hochheim, Suter was familiar with Jurjani and the composition date of his Mulakhkhas
commentary (813 [1410-11]); and he was also aware of other Mulakhkhas commentators such as
Qadizade al-Rumi and Kamal al-Din al-Turkmani. He believed that Turkmani’s commentary was
especially significant for dating Jaghmini since it was written in 755 H. Armed with this date,

Suter confidently concluded that any claim that Jaghmini was “a scholar of the 9" century H” is

highly improbable;*” but he also states that Jaghmin “with near certainty... flourished in the first

der Herzoglichen Bibliothek zu Gotha (Gotha: Friedrich Andreas Perthes, 1881), vol. 3, part 3,
pp. 46-48 (nos. 1385, 1386, 1387, 1388).

25 See Prof. Dr. Heinrich Suter, “Zu Rudloff und Hochheim, Die Astronomie des Gagmini,” p.
718.

% Qee Suter, “Zu Rudloff und Hochheim,” p. 718; and ibid, “Der V. Band des Katalogs der
arabischen Biicher der vicekoniglichen Bibliothek in Kairo,” vol. 38, no. 5, pp. 161 and 162.

27 See Suter, “Zu Rudloff und Hochheim,” pp. 718-719. Cf. Nallino, who is also familiar with the
ninth-century dating of Jaghmini (also based on Cairo catalogues), but is less willing than Suter
to reject it; however, Nallino is unaware of Turkmani’s commentary (“Zu Gagmini’s

Astronomie,” p. 120).
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half of the 8" century H.”*® This was an assertion that Suter would tenaciously champion in
publications throughout his career.”

The crucial piece of “new evidence” that Suter relied on to support his claim that “with
near certainty” Jaghmini flourished in the “first half of the eighth century H” was a reference he
found in the 1881 Gotha Library catalogue; Wilhelm Pertsch informs us here that codex Gotha
1930, folio 1b has a marginal note that states that Mahmiid ibn ‘Umar al-Jaghmini, the author of
al-Qaniinéa fi al-tibb, an abridgement of Ibn Sina’s work, died in the year 745 H.** Actually,
Pertsch’s comment is not found in his description of Gotha 1930, but rather in his summary of
codex Gotha 1928 (Section XIX. Medicin, p. 468);*' nevertheless the marginal note is actually
contained in Gotha 1930 (which I checked). However, it is not at all clear from Suter’s article
whether he actually examined Gotha 1930 or was relying entirely on Pertsch’s catalogue for his
information. This is unfortunate for had he checked the codex he would have been alerted to the
fact that there were several errors in marginal notes pertaining to this particular witness making
their reliability suspect;’” perhaps much of the controversy regarding Jaghmini’s dates could

have thereby been avoided.

28 See Henrich Suter, “Zur Frage iiber die Lebenszeit des Verfassers des Mulahhas fi’l-hei’a,
Mahmid b. Muh. b. ‘Omar al-Gagmini,” Zeitschrift der Deutschen Morgenlindischen
Gesellschaft 53 (1899): 540.

% See Suter, “Der V. Band des Katalogs der arabischen Biicher der vicekniglichen Bibliothek in
Kairo,” pp. 161 and 162; Suter, “Zur Frage {iber die Lebenszeit des Verfassers des Mulahhas fi’l-
hei’a,” pp. 539-540; Suter, “Die Mathematiker und Astronomen der Araber und ihre Werke,”
Abhandlungen zur Geschichte der mathematischen Wissenschaften mit Einschluss ihrer
Anwendungen 10 (1900): 164 (no. 403); and Suter, “al-Djaghmini,” in Encyclopaedia of Islam,
First Edition (1913-1936), p. 1038.

3% See Suter, “Zur Frage iiber die Lebenszeit des Verfassers des Mulahhas fi’l-hei’a,” pp. 539-40
(no. 2).

31 See Wilhelm Pertsch, Die orientalischen Handschriften, vol. 3, part 3, pp. 468-469 (no. 1928)
and pp. 469-71 (no. 1930).

32 1 examined the witness Sharh Qaniinca, Gotha Ms. orient. A 1930 (which bears a copy date of
949 [1542] (f. 144b)), and the marginal note on f. 1a reads as follows:
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According to Suter, the emergence of Mulakhkhas commentaries around the fourteenth
century strongly supported the 745 H [1344-5] catalogue date, and thus strengthened his dating
claim. Suter’s heavy reliance on the dates of Mulakhkhas commentaries (especially that of
Kamal al-Din al-Turkmani) to bolster his argument may explain why he never considered the
two-Jaghmint option; indeed, he has just one entry for Jaghmini, the scholar who authored both
the Mulakhkhas and the Qaniinca, in his seminal work listing 600 Islamic astronomers and

mathematicians and their works.*® Suter never mentions the 618 H date in this entry; and he does

V0 dwe ,$3L) 352 B b Y ASI 5l e 0 i) )

“He abridged it from the great Qaniin [Canon] of Ibn Sina, the aforementioned Mahmiud died in

745 [the aforementioned Mahmud being Mahmiid ibn ‘Umar al-Jaghmini].

So indeed, according to this statement, Jaghmini died in 745; however, A. Z. Iskander, who
made a careful examination of Gotha MS 1930, pointed to several unreliable marginal dates and
notes in the witness, to wit: the commentary is actually by “Al1 b. Kamal al-Din Mahmid al-
Astarabadhi al-Makki (as noted on f. 144b), but is misattributed by the annotator (on f. 1a) to
Muhammad b. Muhammad al-tabib al-Misri, whose name does not appear anywhere in the text
(unfortunately, this misattribution is then given by Pertsch [Die orientalischen Handschriften,
vol. 3, part 3, p. 469]); and the date of al-Mist1’s death is given by the annotator as the year 801
(f. 1a), which is impossible since the work is dedicated to Sultan Bayazid II (f. 2a) who reigned
886-918 [1481-1512]. However, this error is not reported by Pertsch (ibid.). See Iskander, 4
Catalogue of Arabic Manuscripts on Medicine and Science, “Commentaries on K. Qaniin¢a,” pp.
58-59.

3 See Suter, “Die Mathematiker und Astronomen,” pp. 164-165, no. 403. This reference work
(written in 1900 on Islamic authors and their works on the exact sciences) was foundational for
many subsequent resources: M. Krause used Suter’s author numbers for his 1936 “Stambuler
Handschriften islamischer Mathematiker” as did G. P. Matvievskaya and B. A. Rosenfeld,
Matematiki i astronomi musulmanskogo srednevekovya i ikh trudi (VIII-XVII vv.)
[Mathematicians and Astronomers of the Muslim Middle Ages and Their Works (VIII-XVII
centuries)], 3 vols. (Moscow: Nauka, 1983).
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not suggest it as an option in his supplement to this work.** Furthermore, he fails to cite other
references that list Jaghmint twice due to the contrary information, such as we find in
Brockelmann, who lists Jaghmini twice under the categories of both astronomy and medicine
with different dates.® Ironically, Pertsch is among those who listed Jaghmini twice; so in effect,
Suter based his claim on dating Jaghmini circa 745 H from information obtained from the Gotha
catalogue but ignored the information from the same catalogue which also dated him as
flourishing circa 618 H.*°

Suter aside (and the numerous sources that followed suit perpetuating the 745 date), the
vast majority of references to Jaghmini the astronomer cite the date 618 H [1221-2] as either the
day of Jaghmini’s death or the date of the composition of the Mulakhkhas. In either case, one
typically finds that this date is stated without qualification, except it is not uncommon that

sources simply reference other sources that provide no evidence for the date.*’

¥ See Suter, “Nachtrige und Berichtigungen,” Abhandlungen zur Geschichte der
mathematischen Wissenschaften mit Einschluss ihrer Anwendungen 14 (1902): 177.

3% See Brockelmann, GAL 1, p. 473 (no. 5) for Jaghmini on astronomy (d. after 618 [1221]); and
GAL1, p. 457 for Jaghmint on medicine (745 [1344]). Brockelmann repeats this bifurcation in
suppl. 1, pp. 865, 826. After Brockelmann we find other prominent sources following suit; see,
for example, Charles A. Storey, Persian Literature: A Bio-Bibliographical Survey, 2 vols.
(London: Luzac and Co., 1927-1971), vol. 2, pt. 1 (A. Mathematics. B. Weights and Measures.
C. Astronomy and Astrology. D. Geography), p. 50 (no. 88) [for astronomy]; and Storey, vol. 2
(E. Medicine), pt. 2, p. 219 (no. 377) [for medicine]. As the basis for dating Jaghmini 745/1344-
5, Storey refers to the marginal note on folio 1b in Gotha 1930 listed in Pertsch’s Die
orientalischen Handschriften.

3% Cf. Pertsch, Die orientalischen Handschriften, vol. 3, pt. 3, p. 46, no. 1385 (Section XIV:
Astronomie und Astrologie) and pp. 468-69, nos. 1928-1930 (Section XIX: Medicin). Suter was
obviously aware of the two separate listings for Jaghmini since he includes codices listed for
Jaghmini on astronomy (bearing the 618 H date) in his own list (but without comment); one
example is Gotha, no. 1385 (see Suter, “Die Mathematiker und Astronomen,” p. 164).

37 Some of the more prominent references citing the 618 [1221] date are: Brockelmann, GAL 1,

p. 473 (no. 5), GAL suppl. 1, p. 865; Izgi, Osmanli Medreselerinde Ilim: Riyazi ilimler, vol. 1, p.
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One of the most frequently cited sources for Jaghmini is Hajji Khalifa’s Kashf al-zuniin;
and this is particularly noteworthy because the printed editions of his work (at least the two that I
have been able to check) omit Jaghmini’s dates twice, i.e., in the listings for the Mulakhkhas and
the Qaniinca.*® Nevertheless, Hajji Khalifa may have been the original source of the 618 H date.
A viable explanation for this is that the date was contained in one of the several manuscript
versions of the Kashf al-zuniin.*® In support of this view, the title page of a manuscript copy of
Qadizade’s commentary on the Mulakhkhas (Cairo, Dar al-kutub, Taymur Riyada 338, f. 1b)

contains a note stating that Jaghmin1 “completed it in the year 618,” and that this information

370, esp. fn.1010; David A. King, A Survey of the Scientific Manuscripts in the Egyptian
National Library (Winona Lake, Indiana: Eisenbrauns, 1986), p. 150 (G17; 1.2.7); Krause,
“Stambuler Handschriften islamischer Mathematiker,” p. 509 (no. 403) [Krause does not state a
year but refers to Brockelmann, GAL 1, p. 473]; Rudloff and Hochheim, “Die Astronomie,” p.
213; Matvievskaya and Rosenfeld, Matematiki i astronomi , vol. 2, p. 368; Rosenfeld and
1hsan0glu, Mathematicians, Astronomers, and Other Scholars of Islamic Civilization and Their
Works (7th - 19th c.), p. 198 (no. 547); and Khayr al-Din al-Zirikl1, Kitab al-A ‘lam (Beirut: Dar
al-‘ilm, 1980), vol. 7, p. 181.

¥ See Hajj1 Khalifa, Kashf al-zuniin ‘an asami al-kutub wa-’"l-funiin. 2 vols. (Istanbul, 1941,
1943), vol. 2, cols. 1819-1820 [for astronomy] and vol. 2, col. 1311[for medicine]; and also
Gustavus Fliigel, Lexicon Bibliographicum et Encyclopcedicum a Mustafa ben Abdallah. Katib
Jelebi dicto et nomine Haji Khalfa celebrato compositum, 7 vols. (Leipzig and London, 1835-
58), vol. 6, pp. 113-14 (no. 12886) [for astronomy], vol. 4, pp. 495-96 (no. 9347) [for medicine].
%% The fact that witness copies vary for a title (each witness unique and potentially containing
valuable information) highlights the important and complex issue of establishing the veracity of
information, especially if there are conflicting claims. However, Suter seemingly believed that
multiple versions of a primary source such as the Kashf al-zuniin made using it suspect (see “Zu
Rudloff und Hochheim,” p. 719; and ibid, “Zur Frage iiber die Lebenszeit des Verfassers des
Mulahhas fi’l-hei’a,” p. 539); of course, as we have learned, Suter had few qualms about

selectively relying on a single secondary source, namely the Gotha catalogue.
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was obtained from the Kashf al-zuniin.** This then could have been the basis for Gottwaldt’s

entry in his 1885 catalogue as well as for other sources that subsequently repeated the date.

§I.1.3 Evidence Shedding New Light

The origins of the date 618 H [1221-2 CE] for Jaghmin1’s floruit would be interesting to
resolve;*' and an historiographical analysis of the literature regarding Jaghmini’s dates is
undeniably interesting for many reasons, among which are the insights one gets from assessing
the aftermath of faulty assumptions. Nevertheless, my primary concern here is to remove some
of the obscurity surrounding Jaghmini’s life and works. So the remaining part of this chapter
provides additional evidence to support the contention that there was only one Jaghmini who
wrote multiple scientific works (and in particular the Mulakhkhas in 603 H [1206 CE]), and who
flourished in the late-twelfth/early-thirteenth century during the extremely tumultuous period that
witnessed the end of the Khwarizm Shahs.* As mentioned earlier, my assertions are based on
evidence gleaned directly from within the Mulakhkhas itself, several of Jaghmini’s other
scientific treatises, and primary and secondary sources that provide valuable supplementary

information for developing and (I believe) strengthening my claims. Needless to say, there are

“0°F. J. Ragep provides the Arabic text of this passage along with an English translation in “On
Dating Jaghmini and His Mulakhkhas,” pp. 464-65.

*! This year may simply have surfaced based on the assumption that Jaghmini died with the
Mongol invasions.

*2 For historical overviews that provide insights into the complex alliances that were being
formed among the peoples of this region during this period, see C. Edmund Bosworth, “The
Political and Dynastic History of the Iranian World (A.D. 1000-1217),” in The Cambridge
History of Iran, vol. 5: The Saljug and Mongol Periods, ed. J. A. Boyle (Cambridge: Cambridge
University Press, 1968), pp. 185-95 (section XIII. Khurasan in the second half of the 6"/12™
century, and the expansion of the Khwarazm-Shahs); and W. Barthold, Turkestan Down to the
Mongol Invasion, 2nd ed., trans. by the author with the assistance of H. A. R. Gibb (London:
Luzac and Co., 1958), pp. 323-80 (Ch. III: “The Qara-Khitays and the Khwarazm-Shahs”).
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hundreds (if not thousands) of still-to-be-read manuscripts that need to be examined for future
research;* and undoubtedly these contain information that will broaden, alter, and enrich our
spectrum of knowledge. I hope this comparative drop in the bucket of information contributes to
this effort.

To begin with, the original version of Jaghmini’s Mulakhkhas contains a dedication and a
poem that Jaghmini composed dedicated to the Imam Badr al-Din Muhammad ibn Bahram al-
Qalanist (Preface [1]**), who Jaghmini informs us proposed that he compile a work on the
subject of ‘ilm al-hay a (i.e., an epitome of theoretical astronomy that provides a cosmography
[or hay a] of the Universe).* J aghmini also dedicates a short treatise on planetary sizes and
distances to Badr al-Din al-Qalanisi, a subject he did not include within the Mulakhkhas.*® Since
hay 'a works often devote a section to this topic, perhaps Jaghmini recognized the omission and
tried to rectify it by composing this brief astronomical work as a kind of appendage. In any
event, Jaghmin1’s presumed oversight is our gain since this work on sizes and distances provides
important confirmation of the dedicatee’s name, which is stated in the explicit to this work

(copied as is from the Cairo witness):
ALyl 1 alaly dedl (3 asdll (s e 38 o (3,150 o oL lasle) g1 AL

del iy dSE ol o,

* My colleague Sajjad Nikfahm Khubravan has made a listing of over 1,000 extant witnesses of
the text of the Mulakhkhas and its commentaries. | should emphasize that this is only a
preliminary list; just to provide perspective, there are over 300 extant copies of Qadizade’s
commentary in Istanbul alone that are not included in this list.

* The Mulakhkhas has three different preface versions; for more details on this, see
Commentary, [Preface].

1 discuss the genre of hay a literature in Chapter Two.

* Jaghmini’s Mulkhkhas is not the only elementary hay ’a text that lacks a discussion of
planetary sizes and distances; al-Tabsira fi ‘ilm al-hay 'a of Kharaqi (fl. mid-12" century, Merv)

is another example.
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“The treatise is completed, which the Imam al-Jaghmini al-Khwarizmi presented at the time he
completed the work al-Mulakhkhas fi al-hay’a, and he dedicated it to the Imam Badr al-Din al-
Qalanisi, and God is all-knowing.” (Cairo, Dar al-kutub, TJ 429, f. 4b)*’

So who was Badr al-Din al-Qalanisi? Although his life is not well known,* there is a
substantial number of sources that specifically reference Badr al-Din Muhammad ibn Bahram

ibn Muhammad al-Qalanist as the author of a pharmaceutical treatise (in 49 chapters) entitled

*71 know of two extant copies of this treatise, both of which I have consulted. The first is listed

in David A. King’s Survey, p. 150 (G17, 1.2.7): Cairo, Dar al-kutub, TJ [C«»\:ﬁ Calb 1429, 2 ff.

4a-4b). King also provides the explicit in his A Catalogue of the Scientific Manuscripts in the
Egyptian National Library (Cairo: General Egyptian Book Organization, 1986), vol. 2, p. 21 [2])
[in Arabic]; however King misread al-Qalanist as “al-Falasiti (?)”. The witness is described by
King as unique, but I was able to identify another witness of it from an online image contained in
the Bratislava collection whose catalogue description stated “no title” for a Jaghmini text (TG

15; Ordinal Number 291. http://retrobib.ulib.sk/Basagic/EN/291.htm). Accessed on July 26,

2014. Here I am most grateful to Mr. Sajjad Nikfahm Khubravan for bringing the image to my
attention. This witness is missing a folio, but fortunately the extant folio (f. 33a) contains the
dedication to Badr al-Din, since it is written here at the beginning of the text and not in the

explicit:
CedMa) el o o)l olaaly jasdll (il e £ e Sl i) pleYl Wl e

* This paucity of information on the life of “Mohammed ben Bahram ben Mohammed Bedr
eddin el Calanisy Essamarcandy” was expressed by Lucien Leclerc in his Histoire de la
médecine arabe par le Dr Lucien Leclerc: exposé complet des traductions du grec; Les sciences
en Orient, leur transmission a [’Occident par les traductions latines (Paris: Leroux, 1876), vol.
2, p. 128. The sentiment was echoed over a century later by Irene Fellmann, who translated into
German Qalanist’s pharmaceutical work, and also reviewed the author and his work in her
introduction to Das Aqrabadin al-Qalanisi: Quellenkritische und begriffsanalytische
Untersuchungen zur arabisch-pharmazeutischen Literatur (Beirut: Orient-Institut der Deutschen

Morgenldndischen Gesellschaft, 1986), p. 1.
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Agrabadhin al-Qalanist (composed circa 590 [1 1947),* and who flourished in the late
sixth/twelfth to early seventh/thirteenth centuries.’® There are also references to Qalanisi found
in other early-thirteenth-century medical sources, such as the pharmacological treatise by Najib
al-Samarqandi who is reported to have died in the city of Herat in the wake of the Mongol
invasion of 619 [1222],”! and al-Suwaydi (600-90 [1204-92]), who hailed from Damascus and

* In addition to Leclerc and Fellmann, see Ibn Abi Usaybi‘a, ‘Uyiin al-anba’ fi tabaqat al-
atibba’ (2 editions): ed. A. Miiller, 2 vols. plus corrections (Cairo: al-Matba‘a al-Wahabiyya,
1299/1882, Konigsberg, 1884), vol. 2, p. 31; and ed. Nizar Rida (Beirut: Dar maktabat al-hayah,
1965), p. 472. Also see: Brockelman, GAL 1, p. 489 (no. 23); suppl. 1, p. 893 (no. 23); A. Z.
Iskander, A Catalogue of Arabic Manuscripts on Medicine and Science, pp. 79-80; and Iskander,
“A Study of Al-Samarqandi’s Medical Writings,” Le Muséon Revue d’Etudes Orientales 85
(1972): 452 (esp. fn. 7); “‘Umar Rida Kahhala, Mu jam al-mu allifin: tarajim musannifi al-kutub
al- ‘Arabiyya (Beirut: Dar ihya’al-turath al-"arabi, 1980), vol. 9, p. 122; Manfred Ullmann, Die
Medizin im Islam. Handbuch der Orientalistik (Leiden: E. J. Brill, 1970), pp. 307-8; Lutz
Richter-Bernburg, “Medical and Veterinary Sciences, Pt. One: Medicine, Pharmacology and
Veterinary Science in Islamic Eastern Iran and Central Asia,” in History of Civilizations of
Central Asia, vol. IV: The Age of achievement: A.D. 750 to the End of the Fifteenth Century.
Part Two: The Achievements, ed. C. Edmund Bosworth and M. S. Asimov (Paris: UNESCO
Publ., 2000), p. 310; and Fihris al-makhtitat al-musawwara, vol. 3, pt. 2, p. 24 (no. 25).

>0 Only Richter-Bernburg questions this as a “dubious date”; however, he provides neither reason
nor alterative (“Medical and Veterinary Sciences,” p. 310, fn. 42).

°' A. Z. Iskander pointed out that the marginal notes to two medical works by Najib al-
Samarqandi contain quotes attributed to QalanisT (see codex Coll. 1062, MS. Ar. 73 [= UCLA
Ar. 73] (“A Study of Al-Samarqgandi’s Medical Writings,” p. 452, esp. fn. 7); and I was able to
check this (here I am indebted to E. Savage-Smith for graciously allowing me to consult her
copy). However, whether Samarqandi is actually quoting Qalanist within his treatises, as well as
the dating of these marginal notes, needs further careful examination. For more on Najib al-
Samarqandi, see Tarabein Chérif, “Contribution & I’histoire de la pharmacie arabe. Etude
particuliére du manuscrit intitulé: Al-Nadjibiate Al-Samarkandiate” (Ph.D. diss., Strasbourg
University, 1952), intro., p. 6; Storey, Persian Literature, vol. 2, pt. 2, p. 215 (no. 368); Ibn Abt
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was a contemporary of Ibn AbT Usaybi‘a.’*> Some references add the nisba al-Samarqandi to
Badr al-Din al-Qalanisi’s name,” which is noteworthy since the Banii QalanisT hailed from a
prominent Damascene family. So Badr al-Din would seem to have been an émigré to Central
Asia from Damascus, which highlights connections between the two regions during this period.**
Moreover, during this period the Qalanist family was known to have “gradually evolved into a
family of Shafi‘1 scholars and qadis” from a family of government bureaucrats during a period

that witnessed attempts to “professionalize” the ‘ulama’ and codify law.> Apparently this

Usaybi‘a, ‘Uyiin al-anba’, Beirut ed., p. 472, Cairo-Konigsberg ed., vol. 2, p. 31; and Ullmann,
Die Medizin im Islam, pp. 170, 278, 294, 308, and 339.

52 Leclerc states that Badr al-Din al-QalanisT was among the numerous sources cited by Abi
Ishaq Ibrahim b. Muhammad ‘Izz al-Din b. Tarkhan al-Suwaydt in his medical treatise on
remedies entitled al-Tadhkira al-hadiya (Histoire de la médecine arabe, pp. 128, 199-202 [on
“Soueidy”]). For more on Suwaydi, see Brockelman [listed as “‘1zzaddin a. Ishaq Ibr. b. M. b.
Tarhan b. as-Suwaidi al-Ansari’], GAL 1, p. 493 (no. 38), GAL suppl. 1, p. 900 (no. 38); Albert
Dietrich, “al-Suwaydi,” in Encyclopaedia of Islam, 2nd ed. (Leiden: E. J. Brill, 1997), vol. 9, pp.
909-10; Ibn Abi Usaybi‘a, ‘Uyin al-anba’, Beirut ed., pp. 759-61, Cairo-Konigsberg ed., pp.
266-67; Ullmann, Die Medizin im Islam, pp. 284-85, 291; and Islamic Medical Bio-
Bibliographies at the National Library of Medicine:
http://www.nlm.nih.gov/hmd/arabic/bioS.html Accessed on July 26, 2014.

>3 Brockelmann originally listed him as Badraddin M. b. Bahram al-Qalanisi (GAL 1, p. 489),

and then later modified it by changing the name to Badr ad-Din M. b. Bahram al-QalanisT as-
Samarqandi (GAL suppl. 1, p. 893).

>* Furthermore, the sources on al-Suwaydi report that he traveled between Damascus and Egypt;
so presumably Badr al-Din’s work would have disseminated both westward and eastward from
Damascus.

>> See Joan E. Gilbert, who provides us with valuable information about the Banii QalanisT
residing in Damascus between 468 [1076] and 736 [1335] in “The Ulama of Medieval Damascus
and the International World of Islamic Scholarship” (Ph.D. diss., University of California,
Berkeley, 1977) ProQuest (7812573). According to Gilbert the family was emblematic of the

major political and social changes that were occurring in Damascus during the twelfth and
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professionalization of the ‘ulama’ extended well beyond regulating salaries, and also included
attempts to standardize their training and practice. Consequently there was an upsurge in the
number of teaching institutions that were constructed, and with them a proliferation of positions,
accompanied by a growing demand for standardized textbooks. As I will discuss in Chapter
Three, evidence indicates that this demand was not just restricted to the subject of religious law.
And I strongly suspect that this phenomenon was not confined to Damascus alone.

So it should not surprise us that Jaghmini dedicated works to a scholar-Imam. However,
it may seem somewhat odd that Badr al-Din al-Qalanisi, whose scholarly pursuits seem to focus
on medicine, singled out Jaghmini to compose a work on astronomy. A possible explanation,
admittedly somewhat speculative, is that Badr al-Din may have been a teacher or mentor of a
younger Jaghmini. Here, if we keep in mind that 12th-century Central Asia was a hub of
scholarly activity, “remarkable for the development of a vernacular medical and scientific

29

literature™,”® then it would have consequently become a locus for those seeking a proficient
scientific education. In support of this, we have growing indications that Mas ‘Gd ibn Muhammad
al-Shirazi (who was Qutb al-Din al-Shirazi’s father) had pursued studies in Khurasan during this

period, and not just in medicine (for which he is most famous).”’ Badr al-Din’s Agrabadhin al-

thirteenth centuries (pp. 206-8, 222-25). It would seem that the Qalanisi family wore many
“hats”, figuratively and literally, since the family name galanisi is a nisba for small cap/hat
makers. Also, see Joan E. Gilbert, “Institutionalization of Muslim Scholarship and
Professionalization of the ‘Ulama’ in Medieval Damascus,” Studia Islamica 52 (1980): 114-26.
°6 See Edward G. Browne, Arabian Medicine, Being the Fitzpatrick Lectures Delivered at the
College of Physicians in November 19 and November 1920 (Cambridge: Cambridge University,
1921), Lecture IV, p. 98.

>7 See Junayd ibn Mahmiid Junayd Shirazi, Tazkirah-i Hazar mazar: tarjamah-i Shadd al-izar:
mazarat-i Shiraz (Shiraz: Kitabkhanah-i Ahmadi, 1364 H. Sh. [1985 or 1986]), pp. 109-111; and
al-Jaghmini, Talkhis kitab Uqlidis, ed. Husayni al-Ishkavari (Qum: Majma‘-i dhakha’ir-i islami,
20006), p. 246 (where there is marginal note in this mathematical treatise indicating that Jaghmini
may have been a teacher of Mas‘@id ibn Muhammad al-Shirazi). In his autobiography, Qutb al-
Din al-Shirazi (d. 710 [1311]) informs us that his father was considered to be the “Hippocrates of
his age and the Galen of his day.” Qutb al-Din also tells us that he traveled to Khurasan in search
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Qalanist is a work full of quotations that “attest to his wide reading in the field; besides Ibn Sina,
a whole range of authors, of whom al-Birani is the latest datable one, is represented.”® So it is
not inconceivable that Badr al-Din’s medical knowledge had an influence on Jaghmini, directly
or indirectly. In any event, Jaghmini did compose the Qaniinca (which lacks a dedication), and
this concise elementary textbook on medicine became extremely popular (comparable to the
Mulakhkhas). Perhaps in recognition of Jaghmini’s success in adeptly writing a medical
textbook, Badr al-Din was hopeful that he could write another primer, this one on the subject of
theoretical astronomy.

This scenario is based on the following assumptions: that there is only one Jaghmini (who
authored both the Qaniinca and the Mulakhkhas); that he flourished in the late-twelfth/early-
thirteenth century; and that Jaghmini composed the Qaniinca not in the fourteenth century (as
Suter et al.) have claimed, but prior to his composing the Mulakhkhas. What follows is evidence

to support all of these assumptions.

§ I.1.3a  Dating the Qaniinca

A Qaniin¢a manuscript, recently discovered, states that it was copied on 12 Ramadan 601 H [= 3

May 1205 CE], in the city of Konya (/it., 3[= Quniya 4 D>

of further knowledge, perhaps he was following in his father’s footsteps (see Kaveh Farzad
Niazi, “A Comparative Study of Qutb al-Din Shirazi’s Texts and Models on the Configuration of
the Heavens,” [Ph.D. diss., Columbia University, 2011] ProQuest [3479090], pp. 82-85).

*¥ See Richter-Bernburg, “Medical and Veterinary Sciences,” p. 310.

> See Istanbul, Silleymaniye Library, Ayasofya MS 3735, f. 25a. I have Ihsan Fazlioglu to thank

for his assistance in helping to uncover this information by providing me numerous images of

Qanunda witnesses to check. Then together we deciphered that the < 3> in the date meant it

was copied in the city of Konya; we did this by comparing another copy date with a non-
abbreviated place-name in the same codex (and in the same hand) which stated that that work

was completed 20 Ramadan [in the same year] in the city of Qiiniya (f. 40a).
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That this treatise was disseminated to Anatolia in the early seventh/thirteenth century
highlights the point that scientific texts were disseminating westward to lands that would later
become part of the Ottoman Empire; and it also indicates that this specific treatise was in
circulation by 601/1205. As far as I know this Qaniinca witness is the oldest one to date,
evidently copied during Jaghmin1’s lifetime. This should effectively put to rest the fourteenth-
century date for the Qaniinca as well as the two-Jaghmini hypothesis unless one wishes to
maintain that there were two Mahmid ibn Muhammad ibn ‘Umar al-Jaghmin1 al-Khwarizmi’s

living in Khwarizm at the same time and that both were writing scientific textbooks.®

§ I.1.3b  Dating the Mulakhkhas

There is strong evidence that the Mulakhkhas was composed in 603 H (= 1206 CE); this places
its composition as being after the Qaniinca, based on the above extant witness dated 601 H. The
603 H date is provided by Jaghmini himself in the Mulakhkhas (1.5 [22]) in his chapter on
planetary motions, and specifically within the discussion of the parameters for the apogee and
nodes. Here Jaghmini states: “As for the position of the apogees, they are for the beginning of
the year 1517 of Dhii al-Qarnayn [the two-horned, i.e., the era of Alexander the Great]: ...”
Jaghmint did not select this date arbitrarily; rather it was chosen because 1517 was his current
year and he was providing the students with updated positions. (More speculative is that
Jaghmint was also using this as an exercise in calendar conversion.) In any event, in support of
my update claim, [ was able to calculate, using the positions provided by Jaghmini and Battant
for their apogees and the Alexandrian years between them (1517 minus 1191=326), a constant
value for the motion of the apogees, namely 1 degree per 66 years, which is exactly the value
given by Jaghmini for the precessional motion of the stars and apogees (see commentary for I.5
[22]). It would have been very odd indeed for Jaghmini to use a date that was not his own, given

that he uses it to report the position of the planetary apogees. We can thus conclude that 1517 of

% Furthermore, Ayasofya MS 3735 is not the only Qaniinca bearing a thirteenth-century copy
date; for another example, see Princeton, Garrett 3559Y, which bears a date of the middle of

Safar 680 [1281] in the colophon (f. 57a).
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the Alexander era, which converts to the year 1206 CE [= 603 H] is the date of composition of
the Mulakhkhas.®'

§ I.1.3¢  Further Evidence for Dating Jaghmini

Additional support that Jaghmini flourished during this time comes from another of his
compositions, this one being a short astrological treatise entitled F7 quwa al-kawakib wa-

da ‘afihd (The Strengths and Weaknesses of the Planets). In this treatise, Jaghmini has a
discussion similar to the one he put forth in the Mulakhkhas on the positions of the apogees for
each of the planets; however, here his listing of parameters are based on the planetary positions
for the beginning of the year 1516 of Dhii al-Qarnayn.®* So presumably this work was composed

one year earlier than the Mulakhkhas in 1205 [= 602 H].*’ This work is also extremely important

%' An even more precise calculation of this date is 1517 years from Monday, 1 October —312 = 1
October 1206 [= 25 Safar 603 H]. See Commentary, 1.5 [22] for more information on this
calendar conversion, the term Dhi al-Qarnayn, and variant readings of the year1517. I am not
alone in asserting that Jaghmin1’s use of the date 1517 Dhii al-Qarnayn indicates when he lived;
see Hanif Ghalandari, “Chagmini,” The Great Islamic Enyclopedia (Tehran, 1390 H. Sh.
[2012]), vol 19, pp. 356-57; Farid Qasimlu, “Chagmini,” Encyclopaedia of the World of Islam
(Tehran, 1387 H. Sh. [2008 or 2009]), vol. 12, p. 61; and Arash Abutorabi Hamedani (ed.) in the
introduction to the printed Persian commentary by Muhammad ibn ‘Umar al-Andigant of
Jaghmint’s al-Mulakhkhas (Tarjuma-yi al-Mulahhas fi’l-Ha a, in Nama-yi Ma ‘ani, Yadnama-yi
Ustad Ahmad Gulcin Ma ‘ani (Memoirs of Master Ahmad Gulcin Ma ‘ani ) [Tehran, 1383 H. Sh.
(2004 or 2005)]), p. 866.

82 There are two extant copies of this work: Paris, BnF, MS ar. 2589, ff. 174b-176b [Arabic-
script numbering: ff. 27b-29b]; and a witness that has been published with the Talkhis kitab
Ugqlidis, pp. 249-53. Jaghmini specifically mentions the year 1516 of Dhii al-Qarnayn on p. 250
of the facsimile, and on f. 174b [f. 27b] of BnF, MS ar. 2589,; and in both witnesses the numbers
for the year are not alphanumerical but are clearly written out in words.

63 Jaghmini’s use of these two successive dates was also noted by Ghalandari, “Chagmini,” pp.

356-57; and Qasimlu, “Chagmini,” p. 61.
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for dating Jaghmini because one of the two extant witnesses (Paris, BnF, Ms ar. 2589, f. 174b [f.
27b]) states that the work is dedicated to “our teacher Shihab al-Din, may God prolong his
life.”*!

Now admittedly identifying who Shihab al-Din was by this abbreviated form of the name
would not be an easy task; there were several Shihab al-Dins who lived in this region during this
period.® But fortunately a fuller version of his name—Shihab al-Din Abi Sa‘d ibn ‘Imran al-
Khwarizm1 al-Khiwaqi—is provided by Jaghmini himself in another work that he dedicated to
him, namely a mathematical treatise entitled Talkhis kitab Uqlidis (Epitome of Euclid’s
Elements),”® in which we learn from the explicit that it was completed on Sunday, 22 Safar 615
H (= Saturday-Sunday, 19-20 May 1218 CE)."’

In addition to Shihab al-Din al-Khiwaqt’s nisha, which indicates that his family hailed
from Khiwa in the heart of Khwarizm, it turns out that there is much information available about
him, from both primary and secondary sources, especially in comparison with the information
we have regarding Badr al-Din al-Qalanisi. This is due to Shihab al-Din’s eminence as a scholar
as well as his important role as advisor to the Khwarizm Shah “Ala’ al-Din Muhammad (596-617
H [1199-1219 CE]). In fact, Muhammad ibn Ahmad al-Nasaw1 (fl. 639/1241), in his Sirat al-
Sultan Jalal al-Din Mankubirti (a biography of the Khwarizm Shah who reigned 617-628 H
[1219-31]) devotes an entire chapter to Shihab al-Din in which he describes his departure from

5 Obviously being able to connect a specific date 602 H [1205 CE] with the dedicatee Shihab
al-Din is extremely valuable information; it is also significant that the statement informs us that
Shihab al-Din is still alive. This information however is only contained in the Paris manuscript;
the Qum facsimile substitutes the word fulan [meaning “unspecified person”] in its place (see
Talkhis kitab Uglidis, p. 249).

65 See Barthold, who lists three other Shihab al-Din’s, all flourishing in the late-twelfth/early-
thirteenth centuries in this region (Turkestan, p. 507). I cannot resist pointing out that Suter was
presumably aware of Jaghmini’s dedicatee (since he lists Paris MS 2589 as a witness for this
work [in “Die Mathematiker und Astronomen,” pp. 164-165]); however perhaps the task of
identifying the specific Shihab al-Din was too daunting.

% See Talkhis kitab Uglidis, p. 16.

%7 See Talkhis kitab Uqlidis, p. 246.

35



Khwarizm to Nasa during the crumbling of the Khwarizm dynasty just prior to the arrival of the
Mongols circa 618 [1221].°® Furthermore, there are also other sources that specifically mention
Shihab al-Din al-Khiwadi and that provide insightful information about the period; among these,

. . . 69
several were written by contemporary historians.

58 See Nasawi, Sirat al-Sultan Jalal al-Din, esp. Ch. 23: On the Arrival of Shihab al-Din al-
Khiwaqi to Nasa from Khwarizm, pp. 109-115 (= Histoire du sultan Djelal ed-Din Mankobirti,
prince du Kharezm par Mohammed en-Nesawi, French trans. Octave Houdas [Paris: Leroux,
1895], Ch. 22 [=Ch. 23 in Arabic], pp. 82-89). Nasaw1 entered the service of Jalal al-Din in
1223. The valuable detailed information he provides presumably is due to having the “home
court advantage” of writing from the perspective of a native Khurasanian and living there during
this period (see Barthold, Turkestan, pp. 38-39).

% See ‘Ala’ al-Din al-Juwayni (d. 681 [1283]), Ta rikh-i jahan-gusha [in Persian] (= The History
of the World-Conqueror by ‘Ala-ad-Din ‘Ata-Malik Juvaini. Translated from the text of Mirza
Muhammad Qazvini, trans. J. A. Boyle (Manchester: Manchester University Press, 1958), vol. 1,
pp. 322-23); Ibn al-Athtr, al-Kamil fi ’I-ta rikh [in Arabic] (Beirut: Dar sadir, 1966), vol. 12, pp.
362-63 (= The Chronicle of Ibn al-Athir for the Crusading Period from al-Kamil f1’1-ta’rikh. Part
3: The Years 589-629/1193-1231: The Ayyubids after Saladin and the Mongol Menace, trans.

D. S. Richards (Aldershot, Hants, England; Burlington, Vt.: Ashgate, 2008), p. 206 [within the
“Account of the Tatars’ irruption into Turkestan and Transoxania and what they did”, pp. 204-
10]; Minhaj Sir3aj Juzjani (born 589 H [1193 CE]), wrote his Tabagat-i Nasiri [in Persian] in 658
H [1260 CE] (= 4 General History of the Muhammadan Dynasties of Asia, including Hindiistan,
from A.H. 194 (810 A.D.) to A.H. 658 (1260 A.D.) and the Irruption of the Infidel Mughals into
Islam, 2 vols., trans. Major H. G. Raverty (London, 1881), esp. pp. 252-78); and Yaqit ibn ‘Abd
Allah al-Hamaw1 (d. 626/1229), who was in Merv just prior to its destruction (616 [1220]), and
reports on the extensive endowed libraries and collections of the city (Mu jam al-buldan li-I-
Shaykh al-imam Shihab al-Din Abi ‘Abd Allah Yagqiit ibn ‘Abd Allah al-Hamawt al-Rami al-
Baghdadi (Beirut: Dar sadir, 1955-1957), vol. 5 (1957), p. 114. See also J. A. Boyle, “Dynastic
and Political History of the I1-Khans,” in The Cambridge History of Iran, vol.5: The Saljug and
Mongol Period, ed. J. A. Boyle, (Cambridge: Cambridge University Press, 1968), p. 306; and S.
M. Stern, “Petitions from the Ayytbid Period,” Bulletin of the School of Oriental and African
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With specific regard to Jaghmini’s patrons, we have a situation parallel to that of Badr al-
Din in that Shihab al-Din is another example of a dedicatee who is recognized as a highly
esteemed scholar/Shafi‘T Imam.” In addition, both Badr al-Din al-Qalanisi and Shihab al-Din
had government affiliations. In the case of Shihab al-Din, these are more pronounced; it is
reported that he held the status of a trusted advisor (wakil) to the Khwarizm Shah “Ala’ al-Din
Muhammad himself, who “consulted him in all serious circumstances and yielded to his decision
in important matters.”’' How these scholars may have used their positions with governmental
connections to promote scholarly activities (especially the teaching of the sciences) will be a
point I will return to in Chapter Three. However, it is worth noting that the Khwarizm Shah “Ala’

al-Din Muhammad also had a close relationship with Fakhr al-Din al-Razi (d. 606 [1210]),”* so

Studies, University of London, vol. 27, no. 1 (1964): 15-16. Barthold provides a nice overview of
many of these contemporary historians (7Turkestan, pp. 35-4; on Shihab al-Din, see ibid., pp. 376,
404-5, 429).

7% Nasawi informs us that “Regarding the science of law, [Shihab al-Din] combined knowledge
of lexicography, medicine, and dialectic, and other sciences. Eloquent and versed in various
languages, he was also a man of good counsel. Mars had bought happiness from him, Mercury
had benefited from his lessons, the finest man was the slave of his wisdom and the greatest
thinker was the servant of his ideas” (Sirat al-Sultan Jalal al-Din, p. 109 [= Houdas, Histoire du
Sultan, p. 82]). Cf. Ibn Athitr, al-Kamil fi ’I-ta rikh, vol. 12, pp. 362-63 (= Richards, The
Chronicle of Ibn al-Athir, p. 206).

" Nasawi, Sirat al-Sultan Jalal al-Din, p. 109 (= Houdas, Histoire du Sultan, p. 82). The
position of wakil meant he “was by no means a subordinate official whose function was literally
to carry the decision of the sultan to the chancery ... it is obvious that it was an honorary duty
attributed to high-ranking courtiers” (S. M. Stern, “Petitions from the Ayyubid Period,” p. 16).
Barthold also mentions Shihab al-Din’s position of wakil at the Khwarazmian court, and points
out that in the twelfth century, Khwarazm Shah ‘Ala’ al-Din Muhammad’s “bold reform” (p.
379) transferred power from the Imperial wazir alone to a mandatory unanimous decision by six
wakils (Turkestan, pp. 376-80).

2 “Ala’ al-Din Muhammad was a patron of Fakhr al-Din, and also entrusted him with tutoring

his children (see See Frank Griffel, “On Fakhr al-Din al-Razi’s Life and the Patronage He
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presumably he was highly receptive to supporting scholarly endeavors. Indeed, it is stated that
Shihab al-Din was directly responsible for establishing numerous Islamic institutions throughout
the region and filling their libraries with extensive collections. Nasaw1 informs us that Shihab al-
Din was charged with teaching in five madrasas and had built a library in a Shafi‘t mosque in
Khwarizm that had no equal “either before or since”;” and Yagqiit al-Hamawi tells us that among
the multitude of scholarly books he witnessed (and in fact borrowed) located throughout Merv
within various Islamic repositories, he had not seen their like anywhere else in the world in terms
of size and excellence.” Presumably among these extremely numerous and extensive collections,
textbooks in the mathematical sciences would have found welcome homes.

The dating for Jaghmint’s two dedications to Shihab al-Din (602 [1205] and 615 [1218])
span some thirteen years; these dates not only indicate a rather long-standing relationship
between the two, but also fall within the long reign of the Khwarizm Shah “Ala’ al-Din
Muhammad (596-617 [1199-1219]). So the composition dates of several of Jaghmin1’s treatises
in conjunction with the flourishing dates of his two dedicatees all support the contention that
Jaghmini flourished during the reign of the Khwarizim Shah “Ala’ al-Din Muhammad (r. 596-
617 [1200-1220]). Where Jaghmini lived throughout this period, though, is not at all clear. The
last composition date we have for him is 615 [1218], which as mentioned earlier is given for his

Talkhis kitab Ugqlidis (p. 246). If he managed to evade the ensuing massacres that occurred in the

Received,” Journal of Islamic Studies 13,3 [2007]: pp. 316-17, 331-34). Cf. Fathalla Kholeif,
who suggests that this relationship may have started earlier with Fakhr al-Din being a tutor to a
young Muhammad during the reign of his father “Ala’ al-Din Tekish (568-596 [1172-99]) (4
Study on Fakhr al-Din al-Razi and His Controversies in Transoxiana [Beirut: Dar El-Machreq
Editeurs, 1984], p. 19).

73 Nasawi, Sirat al-Sultan Jalal al-Din, pp. 109-110 (= Houdas, Histoire du Sultan, pp. 83, 84).
Also see Barthold, Turkestan, p. 429.

™ The numbers are staggering: according to Yaqit one library alone held 12,000 volumes; and
he also tells us that borrowing was so convenient that he took home around 200 volumes from
another library and a deposit wasn’t required (see Mu jam al-buldan, vol. 5, p. 114; Svat Soucek
provides an English translation of these relevant parts in A History of Inner Asia (Cambridge:

Cambridge University Press, 2000), pp. 114-15 [“The conquering Mongols™]).
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cities of Bukhara (616-17 [1219-21]) and Samarqand (617 [1220-1]),” he would have witnessed
the ushering in of the reign of Jalal al-Din, which occurred in 617. However, it is reasonable to
assume that ultimately he became a victim of one of these many raging battles that ravaged the
regions of Khurasan and Khwarizm and destroyed major centers of learning, such as the cities of
Merv and Gurganj [in 617-18 [1220-21], where most-likely Jaghmini was residing; hence we
have a viable explanation for the 618 H death date for him that surfaced (unqualified) in the
Islamic reference sources.”®

We know more specifically about the fate of Shihab al-Din; it is reported that his ill-fated
advice to the Khwarizm Shah ‘Ala’ al-Din Muhammad eventually led to his fleeing to the city of

Nasa,’” along with his son Taj al-Din, where Nasawi writes that they both perished circa 1220.

> Accounts vary whether it was 616 or 617 H [1220] for the capture of Bukhara. However all the
sources agree on the ensuing devastation; Jiizjani describes how Chingiz Khan “martyred the
whole of the inhabitants, put the ‘Ulama’ to the sword, and gave the libraries of books to the
flames.” He then marched towards Samarqand and captured it on 617 H [1220] (Tabagat-i
Nasirt, pp. 274-75); cf. Ibn al-Athir, al-Kamil fi ’I-ta rikh, vol. 12, pp. 361-68 (= Richards, The
Chronicle of Ibn al-Athir, pp. 204-10.); and Juwayni, vol. 1, pp. 75-84 (= Boyle, History of the
World, vol. 1, pp. 97-109 [“XVI: Of the Capture of Bukhara™]).

76 See Ibn al-Athir, al-Kamil fi ’I-ta rikh, vol. 12, 389-95, esp. 394-95 [On the Destruction of
Khwarazm] (= Richards, The Chronicle of Ibn al-Athir, pp. 224-28, esp. 227-28); Juwayni, vol.
1, pp. 97-101 and 119-32 (= Boyle, History of the World, vol. 1, pp. 123-28 [“Of the Fate of
Khorazm™] and pp. 153-68 [“XXVIIL: Of Merv and the Fate Thereof”]); and Barthold, Turkestan,
pp. 436-37.

77 Nasa, also the hometown of al-Nasaw1 and where Shihab al-Din is buried, is situated in
Khurasan [near modern-day Ashgabat, Turkmenistan] and was considered a 5-day journey
westward from Merv, 2 days from Sarakhs, 1 day from Abivard, and 6-7 days from Nisabur
(according to Yaqut, Mu jam al-buldan, vol. 5, p. 282 [= “Nésa and Nisa” in Houdas, Histoire
du Sultan, p. 458)). See also V. Minorsky [C. E. Bosworth], “Nasa, Nisa” in Encyclopaedia of
Islam, 2nd ed. (Leiden: E. J. Brill, 1993), vol. 7, pp. 966-7.
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Nasaw1 also informs us of Shihab al-Din’s valiant attempts to preserve what he considered the
most valuable books, but concludes that ultimately they were lost.”

Destroyed perhaps, but their contents were not all completely lost; this in light of the
extant scientific works that date from this tumultuous period composed by Jaghmini among other
writers. Conceivably many of these works were able to circulate to safer lands due to having
been copied (possibly multiple times) either before the eye of the storm actually hit the region or
between waves of attacks. In any event, some twenty-five years after the devastation, specifically
in 644 H[1246-47 CE], we find a copy of the Mulakhkhas surfacing (= MS L); and shortly
thereafter, we find two extant copies of a treatise that Jaghmini composed on arithmetic, both
bearing colophon dates from the seventh/thirteenth century, and one explicitly stating that it was
completed in the Sadriyya madrasa in Khwarizm in 661 [1263].” One is reminded of Mark
Twain’s 1897 retort upon reading of his demise: “...the report of my death was an
exaggeration.”; so too were false proclamations concerning the demise of Islamic science during

this period.

§1.14 So What’s in a Date?

Pinpointing that Jaghmini flourished in the late-twelfth/early-thirteenth century, and resolving

once and for all the confusion that there was only one of him— one scholar who authored both

the Mulakhkhas and the Qaniinca—is not insignificant. More is at stake than just finally putting

78 Nasaw1, Sirat al-Sultan Jalal al-Din, pp. 110-11, 115 (= Houdas, Histoire du Sultan, pp. 84,
88-9). Barthold, Turkestan, pp. 424, 429-30. One can certainly sympathize with Nasaw1’s
anguish regarding the loss of massive numbers of scholarly works; clearly there was no suitcase
large enough to contain them all.

7 Specifically, Tehran, University of Tehran, Central Library and Documentation Center, MS
6911, p. 12, states it was completed Monday, at noon, the beginning of Rabi" II 660 [= probably,
27 February 1262]; and Princeton, Princeton University, Islamic Manuscripts, Garrett no. 502H,
f. 51a states it was completed in Khwarizm, at the Sadriyya madrasa at the end of Shawal 661

[early Sept. 1263].
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to rest repeated errors contained within the reference sources; determining that Jaghmini
flourished during the period of the reign of the Khwarizm Shahs in the region of Central Asia
prior to the Mongol invasions has a major impact on how we view, indeed must now reexamine,
the development of scientific inquiry within Islamic society during the premodern period. That
he was writing elementary textbooks on a variety of scientific topics such as astronomy,
medicine, and mathematics raises many questions such as who their target audience was. This
demand for scientific textbooks within Islamic lands is clearly a strong indication that science
had not dwindled to a handful of individuals, nor was dependent on these few to keep the
scientific torch burning.80

So this also means that we should consider that the massive scientific efforts occurring in
thirteenth-century Maragha under the directorship of Nasir al-Din al-Tas1 (597-672 [1201-74])
was a remarkable resuscitation by TusT (and others) of a well-established mathematical tradition
within the fabric of Islamic society that had been interrupted, but not curtailed or terminated, due
to the disruptions surrounding the Mongol invasions and politics of the late-twelfth/early-
thirteenth century period. Qutb al-Din al-Shirazi provides a historical summing up of the 4ay ‘a
literature up to his time in his major astronomical work Nihayat al-idrak fi dirayat al-aflak (the
first version completed in 680/1281); it should not go unnoticed that included in his list are a
number of pre-Mongol treatises, Jaghmini’s al-Mulakhkhas included.®

The hay ‘a literature, this rich corpus of works on theoretical astronomy that Jaghmini
inherited and built upon (and was ultimately disseminated through generations), is the focus of

the next chapter.

80 See F. J. Ragep, “When Did Islamic Science Die (and Who Cares)?” Newsletter of the British
Society for the History of Science 85 (Feb. 2008): 1-3.

8! See F. J. Ragep, “Shirazi’s Nihdyat al-idrak: Introduction and Conclusion,” pp. 51 [Arabic],
55 [Eng. trans.]. Shirazt specifically cites al-Mulakhkhas as one of “the books...set forth and
composed in this discipline.” Also clear confirmation that Jaghmini flourished prior to the

Nihaya’s composition date (i.e., 680/1281).
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CHAPTER 2

An Overview of Summary Accounts of Astronomy before the Mulakhkhas

Jaghmin1’s elementary astronomical work al-Mulakhkhas fi al-haya al-basita came on the scene
in the early-thirteenth century; it would become one of the most popular textbooks on theoretical
astronomy ever written in Islamic lands and would play a critical role in its development. As
with other hay ‘a texts, Jaghmin1’s aim as stated was to introduce the reader to the entirety of the
cosmos which included both the celestial and sublunar realms (see [Preface] and Introduction).
He makes it clear that the cosmos, or “World,” is composed of bodies, these bodies being the
subject of his treatise. However, since this does not exactly correspond to “astronomy,” either in
the modern sense or even in the sense in which the term astronomia was used in Hellenistic
Greece, this chapter explores the precise meaning of “hay ‘a,” how this genre came into being in

an Islamic context, and how Jaghmini’s text fits into this genre, both in content and historically.'

" The goal of this chapter is not to provide a general survey of hay 'a literature, but rather to
highlight hay ‘a works prior to Jaghmini’s Mulakhkhas that were mainly used as introductory
texts for teaching purposes. For overviews of hay ‘a, see F. Jamil Ragep: “Astronomy,”
Encyclopaedia of Islam, THREE, ed. Gudrun Kramer, Denis Matringe, John Nawas, Everett
Rowson. Brill Online, 2014. Reference. McGill University. 03 March 2014

http://referenceworks.brillonline.com/entries/encyclopaedia-of-islam-3/astronomy-COM_22652

(especially part 1: “Theoretical astronomy and cosmology™); F. J. Ragep, “Hay a,” in
Encyclopaedia of the History of Science, Technology, and Medicine in Non-Western Cultures,
ed. Helaine Selin (Dordrecht: Kluwer Academic Publishers, 1997), pp. 395-97; and F. J. Ragep,
Tadhkira, vol. 1, pp. 33-41 (“The Tadhkira as Genre”). See also Y. Tzvi Langermann, /bn al-
Haytham’s “On the Configuration of the World” (New York: Garland [Harvard Dissertations in
the History of Science], 1990), pp. 25-34 (“Predecessors and the hay ‘ah tradition”); and David
Pingree, “‘llm al-hay a,” in Encyclopaedia of Islam, 2nd ed. (Leiden: E. J. Brill, 1971), vol. 3,
pp. 1135-38.
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§L.2.1 The Meaning of Hay ‘a

Jaghmint’s al-Mulakhkhas is part of a genre of astronomical literature termed ‘ilm al-hay ‘a,
which developed at least as early as the eleventh century in eastern Islam and replaced ‘ilm al-
nujiim (the science of the stars), or sometimes “astronomia’ as transliterated from the Greek, as
the general term for the discipline of astronomy.” Nasir al-Din al-TiisT (d. 672 [1274]) provides
us with what would become the classical definition of the discipline: “The subject of astronomy
is the simple bodies, both superior and inferior, with respect to their quantities, qualities,

positions, and intrinsic motions.”

This new delineation of astronomy focused on topics related
to the configuration (hay ‘a) or structure of the universe as a coherent whole, in other words its
subject matter dealt with both the upper bodies of the celestial region (“‘cosmo-graphy”) and the
lower bodies of the terrestrial realm (“geo-graphy”). According to Qadizade, a fifteenth-century
commentator on the Mulakhkhas, this definition was a way “modern” Islamic astronomers (in

which he includes Jaghmini) differentiated their science from that of the ancient Greeks in that it

brought together the unchanging realm of the celestial aether and the ever-changing realm of the

? E.g., in the tenth century ilm al-nujim or ‘ilm al-ahkam (the science of judgments) is still
being used in Islamic reference books by al-Farabi in his Enumeration of the Sciences, Abii *Abd
Allah al-Khwarazmi in his Mafatih al- ‘uliim, and the Ikhwan al-Safa’’s Epistle 3 as the general
term for astronomy (with the latter two designating ilm al-hay a as a branch). However, ‘ilm al-
hay 'a becomes the general term in Ibn Stna (d. 1037)’s Agsam al- ‘uliim al- ‘aqliyya
(Classification of the Rational Sciences), and it becomes synonymous with astronomy in most
accounts of the discipline after this time (see Ragep, Tadhkira, pp. 34-37).

* See Ragep, Tadhkira, 1Intr. [2] (pp. 90-91), and p. 38 (on “All simple bodies as the subject
matter of astronomy”). Some 75 years later, one finds a similar definition of the discipline by the
Egyptian encyclopaedist Ibn al-Akfani (d. 749 [1348]): “the science from which one learns the
situations of the lower and upper simple bodies, their forms, their positions, their magnitudes, the
distances between them, the motions of the orbs and the planets and their amounts. Its subject is
the aforementioned bodies from the point of view of their quantities, positions, and inherent
motions” (see Jan J. Witkam, De Egyptische Arts Ibn al-Akfani [Leiden: E. J. Brill, 1989], p.
408).
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four elements, the world of generation and corruption, into a single discipline.* And although one
finds topics dealing with the inhabited world included within Greek astronomical works, indeed
a prominent example being Ptolemy’s Almagest, Book IL” it is significant that Islamic

astronomers saw themselves as doing something new and considerably expanded.’®

* See Qadizade (Sharh al-Mulakhkhas, Istanbul, Ayasofya MS 2662, f. 2b), who informs us:

oo Adidly dylall ol o2 Il o 48 Eom sl Rl o Jll) B SLU S0 31 S
5 Aandl Lt (3 St Lallol B, s by Loy 1 W) B84, pinglly 2801, 201 Lo

“...[Also] it is possible that [Jaghmini’s] intention by /iay ‘a of the world is the science of hay ‘a
in which one studies the states of the superior and inferior simple bodies, with respect to
their quantity, quality, position, and intrinsic motion and what pertains to them. Moreover,
we have used the term “the lower simples” because the Moderns, among whom is the author
[i.e., Jaghmin1], deal with it without restriction; even though the author of the A/magest only
presents the sphere of the Earth and water together [i.e. without the other lower simple

elements].”

Note that Qadizade’s definition for the subject matter of the discipline of astronomy (which I
have bolded here) is strikingly similar to that of Tiist’s (Tadhkira, 1.Intr. [2]) quoted above.
Qadizade suggests this definition could also apply to Jaghmini, since Jaghmini does not provide
one in the Mulakhkhas within his explanation of 4ay ‘a and discussion of the simple bodies (see
Mulakhkhas, Intr.[1]).

> Moreover, Ptolemy is the authority Jaghmini relies on for matters pertaining to the terrestrial
region (see IL.1 [2]).

® This was pointed out by F. J. Ragep, Tadhkira, p. 38; and Ragep, “Astronomy in the Fanari-
Circle: The Critical Background for Qadizade al-Rtimi and the Samarqand School,” in

Uluslararasi Molla Fendri Sempozyumu (4-6 Aralik 2009 Bursa) (International symposium on
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One major consequence of the recategorization of the discipline from ‘ilm al-nujim to ‘ilm
al-hay’a is that hay ‘a is no longer a subdivision of astronomy but becomes the term for the field
in general. Hay ‘a basita then becomes one branch of the discipline, which provides a general
overview of cosmography but devoid of geometrical proofs and complex mathematical
derivations;’ Jaghmini’s al-Mulakhkhas fi al-hay’a al-basita falls into this category. Thus the
genre of hay a literature is recognized as a strictly mathematical discipline with an emphasis on
transforming mathematical models of celestial motion into physical bodies in attempting to
explain the universe as a whole; and its focus addresses the external aspects of cosmology, in
other words issues related to “how” the celestial or terrestrial realms operates the way it does,
and not with dealing with questions of “why.” The fact that ~ay ‘@ works do not discuss subjects
related to the “causes” of natural phenomena and matters of Aristotelian metaphysics is quite
significant; however, it should be duly noted that this is not because these issues are unimportant,
but rather because the internal aspects of cosmology, or matters related to natural philosophy,
were dealt with elsewhere.”

However, some modern studies of the discipline of ‘i/m al-hay 'a maintain that Islamic
astronomers regarded the universe “purely as a mathematical construct having no necessary

physical counterpart,” at least until Ibn al-Haytham came on the scene in the eleventh century.’

Molla Fanari, 4-6 December 2009 Bursa), ed. Tevfik Yiicedogru, Orhan Kologlu, U. Murat
Kilavuz, and Kadir Gombeyaz (Bursa: Bursa Biiyiiksehir Belediyesi, 2010), pp. 165-76.

7 Ragep, Tadhkira, pp. 35, 36-37.

¥ Jaghmini informs us that why simple bodies are spherical when left unimpeded and in their
natural state is “shown in another science” (Mulakhkhas, Intr.[1]). Likewise, TusT explicitly
states that there is a demarcation of subject matter between disciplines, and that the science of
hay ‘a relies on principles “proved in another science and are taken for granted in this science”
(see Tadhkira, Intr.[1], pp. 90-91).

? See Pingree, “ ‘Ilm al-hay’a,” pp. 1135-36; Carlo Nallino also takes a similar position: «...Like
Ptolemy, the most ancient Arabic astronomers neglect to define the idea of the celestial spheres
and limit themselves to considering them in the mathematical aspect of ideal circles representing
the movements of the heavenly bodies. The Aristotelian conception of solid spheres was

introduced for the first time into a purely astronomical treatise by Ibn al-Haitham” (““Sun, Moon,
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This interpretation then categorizes ilm al-hay a, at least before Ibn al-Haytham, as dealing with
the universe as a nonrealistic geometric structure, one endorsed by Ptolemy himself, in which the
models contained in the A/magest were mathematical devices or fictions designed to account

accurately for observations (i.e., “to save the phenomena™) and for their predictive ability.'® This

and Stars (Muhammadan),” in Encyclopcedia of Religion and Ethics, ed. James Hastings
[Edinburgh: T. & T. Clark; New York: Charles Scribner’s Sons, 1921], vol. 12, p. 99). In their
defense, there were a few Islamic scholars who did focus on imaginary circles rather than solid
spheres, a point made by al-Kharaqi (d. 533 [1138-9]) who also claims that Ibn al-Haytham was
one of the first to emphasize real spheres; and three centuries later Muhammad Shah al-Fanart (d.
839 [1435-36]), a member of the Fanari circle of Ottoman scholars who were key players in
establishing madrasa curricula, discusses the great circles as mathematical circles rather than
physical bodies (see Ragep, Tadhkira, p. 33; Ragep, “Astronomy in the Fanari-Circle,” p. 168;
Ragep: “Freeing Astronomy From Philosophy: An Aspect of Islamic Influence on Science,”
Osiris 16 (2001): 52; and Ragep, “Hay’a,” p. 395).

' Needless to say, an assertion that Ptolemy’s geometrical models were only mathematical
fictions with no basis in reality ignores or downplays his great cosmological work The Planetary
Hypotheses; this is discussed further in § 1.2.3: Ancient Forebears (on Ptolemy and Proclus).
See G. E. R. Lloyd’s seminal article, “Saving the Appearances,” for an adept analysis of the
“instrumentalist” and “realist” debate and its repercussions on the interpretation of ancient Greek
science. Lloyd includes a discussion of Pierre Duhem (d. 1916), the foremost proponent of the
instrumentalist view, whose insistence that Ptolemy was an instrumentalist (despite opposing
evidence) was intertwined with upholding a methodological approach for the development of the
history and philosophy of science, one I might add not favorable to Arabs (Methods and
Problems in Greek Science: [Selected Papers]. Cambridge: Cambridge University Press, 1991,
pp. 248-50). For more on Duhem and his ramifications, see Ragep, “Duhem, the Arabs, and the
History of Cosmology,” Synthese 83 (1990): 201-14; and Ragep, “Freeing Astronomy,” pp. 51-
52, esp. fn. 9. And for evidence that this debate still continues, see Peter Barker, who argues that
Peurbach’s introduction of Ptolemaic geometrical models as physically real corporeal orbs,
rather than mathematical fictions, was innovative and a new departure rather than a culmination

of the old theorica tradition (“The Reality of Peurbach’s Orbs: Cosmological Continuity in
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definition of %lm al-hay a reduces the debate to an either/or situation (i.e., geometrical constructs
versus physical realities) and significantly ignores that Islamic astronomers (as did Ptolemy)
believed that the mathematical models needed to be consistent with the physical principles.'’ It
also assumes that physical bodies were only first introduced with Ibn al-Haytham’s On the
Configuration of the World, certainly not a clear-cut conclusion.'

Unlike works termed ‘ilm al-nujiim, another significant feature of hay 'a works was the
exclusion of topics on astrology, especially those espousing predictive capabilities related to
future events; and this dissociation of ‘i/m al-hay ‘a from astrology had important ramifications, a
prominent one being that it helped to secure 4ay ‘a a niche within Islamic religious circles. It
should not be surprising that a strictly scientific discipline based on mathematics and
observations would be far less objectionable to a religious adherent than one that seemingly
limited God’s omnipotence, with claims of a parallel ability to make judgments by tapping into
the powers of the stars. George Saliba has repeatedly theorized that it was the necessity to
demarcate astronomy from astrology that gave birth to the genre of ilm al-hay a itself (as early

as the eighth/ninth century'”). He argues that this was motivated by the need to designate a

Fifteenth and Sixteenth Century Astronomy,” in Change and Continuity in Early Modern
Cosmology, ed. P. J. Boner, Archimedes 27 [Springer, 2011], Ch. 2, pp. 7-31).

' G. E. R. Lloyd articulation of the compatibility of the two options is worth repeating here: “It
is only if the mathematics is engaged in to the exclusion of any ambition to do physics that we
would have prima-facie grounds for describing this as an instrumentalist position. But when
mathematics is engaged in as a preliminary to a further, physical investigation, that is fully
compatible with a realist position—and the same can be said with even greater conviction when
the mathematical inquiry takes as given or presupposes certain physical assumptions” (“Saving
the Appearances,” p. 250). See also, Ragep, “Duhem, the Arabs, and the History of Cosmology,”
p. 210.

12 L angermann argues that this is a misconception, and concludes that “it is quite clear ...that Ibn
al-Haytham does not regard himself to be the first person to address the problem of the physical
description of the heavens” (Ibn al-Haytham’s “On the Configuration of the World,” p. 25).

13 Saliba has moved the date demarcating the two disciplines back several centuries from what he

states in his “Astrology/Astronomy, Islamic,” in A History of Arabic Astronomy: Planetary
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corpus of literature within a strictly Islamic context distinct from, indeed free of the stigma
attached to, the Greek astronomical tradition that had been appropriated into Islamic society with
the ninth-century translation movement.'

However, one should not conclude that any “Islamic” corpus of scientific and
philosophical works totally eliminated Greek or any other “foreign” elements;'> and it would
also be misguided to assume that there was a strict demarcation with no overlap in subject matter
between these (or other) disciplines.'® Undoubtedly, the role of the astrologer was multifaceted
within medieval Islamic society, and the practice of astrology was widespread and quite popular
in some circles. However, any discipline, perhaps especially a scientific one, that incorporated
tenets of Aristotelian natural philosophy and/or relied on Greek, Indian, and Persian sources

attracted its share of critics as well as adamant supporters.'” Few could deny the allure of a

Theories during the Golden Age of Islam (New York: New York University Press, 1994), pp. 66,
78-79.

'* See George Saliba: “Islamic Astronomy in Context: Attacks on Astrology and the Rise of the
Hay a Tradition,” Bulletin of the Royal Institute for Inter-Faith Studies 2, no. 1 (Spring/Summer
2002): 25-7, 42; “The Development of Astronomy in Medieval Islamic Society,” in 4 History of
Arabic Astronomy, pp. 53-61, 65; and “Arabic versus Greek Astronomy: A Debate over the
Foundations of Science,” Perspectives on Science 8, no. 4 (2000): 328-29, 330.

' Saliba specifically states that “the attack on astrology did not entail a rejection of the foreign
sciences altogether” (“The Development of Astronomy in Medieval Islamic Society,” p. 56; and
also see Saliba, “Astrology/Astronomy, Islamic,” pp. 66-81).

' Since many Islamic scholars composed treatises in multiple subjects, one would suspect some
overlap in discussions, especially since it was common practice to include parts of the work you
were criticizing within the discourse. We have the prominent example of Biriint: out of 146
works listed for him, 39 are classified as astronomical, 23 are astrological, and 15 mathematical.
Furthermore, it is well known that Birtin wrote both seriously and critically on the subject of
astrology (see Edward S. Kennedy, “Biriini,” in Dictionary of Scientific Biography, ed. Charles
Coulston Gillispie [New York: Charles Scribner’s Sons, 1970], vol. 2, pp. 152, 155-56).

17 Saliba provides an overview of the social status of the astrologer between the ninth and

eighteenth centuries that includes a detailed examination of the pros and cons of astrology in his

48



discipline that dangles “the promise of predictive power over a full scale of phenomena ranging
from cosmic events to the outcome of a battle or the length of an individual’s life”';
nevertheless, opponents of the practice of astrology and alchemy—and they ranged from
Hellenized philosophers to religious adherents—found much fault among the practice itself and
its practitioners, not the least of these being claims of special abilities for interpreting God’s
divine will."” Therefore, astronomical treatises that lacked the taint of astrology, such as hay a
works, were presumably far less objectionable for inclusion within religious institutions.”’ On the

other hand, content contained in #ay ‘a works was highly indebted to the scientific works of the

article, “The Role of the Astrologer in Medieval Islamic Society,” Bulletin d Etudes Orientales
44 (1992): 45-67. For a discussion of astrology as a scientific discipline and some of the
accepted methods of argumentation, see Charles Burnett, “The Certitude of Astrology: The
Scientific Methodology of al-Qabisi and Abii Ma‘shar,” Early Science and Medicine 7, no. 3
(2002): 198-213.

' See A. I. Sabra, “Configuring the Universe. Aporetic, Problem Solving, and Kinematic
Modeling as Themes of Arabic Astronomy,” Perspectives on Science 6, no. 3 (1998): 289.

' For a scathing critique against both astrology and alchemy, see Ibn Khaldin, “[31] A
refutation of astrology. The weakness of its achievements. The harmfulness of its goal.”, and
“[32] A denial of the effectiveness of alchemy. The impossibility of its existence. The Harm that
arises from practicing it.” in The Muqgaddimah: An Introduction to History, trans. Franz
Rosenthal (Princeton, N.J.: Princeton University Press, 1967), vol. 3, pp. 258-67 and 267-81
(respectively).

2% That a hay '@ work such as the Mulakhkhas was viewed as one “dedicated purely to interests of
science” was duly noted by Rudloff and Hochheim. Although they were writing from a
nineteenth-century perspective, they assumed that Jaghmini’s exclusion of astrological
discussions indicated that “he must have looked down on it with contempt” and that “Jaghmini’s
abstinence is all the more to be admired since astrological ambition of the time held a lot of
attraction for the easily aroused imagination of the Oriental, and furthermore under favorable
circumstances brought a lot of profit” (“Die Astronomie des Mahmid ibn Muhammed ibn ‘Omar
i

al-Gagmini,” pp. 215-16). Their views probably indicate more about the attitudes of nineteenth-

century German scholars than late-twelfth-century Islamic ones.
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Greeks and other “foreign” sources, with the result that making them more suitable for a broad
Islamic audience presented a challenge. Which foreign sources were selected, and how Islamic
scholars adapted or reformulated subject matter into an astronomy that was “distinctly Islamic’'

is the focus of the remaining sections of this chapter.

§ 1.2.2 How Hay 'a became Popularized Within an Islamic context

When Badr al-Din al-Qalanisi requested that Jaghmini compose an elementary hay ‘a basita
textbook sometime in the late-twelfth/early-thirteenth centuries, he clearly felt that there was a
pressing need for an abridged version on the subject matter of ‘ilm al-hay a; it was a genre that
had been several centuries in the making and so by then had become an established discipline
though without necessarily having a textbook accessible to a general audience. Indeed, Jaghmini
was confronted with a rather daunting task (a/-Mulakhkhas, 11.3 [11]), since by that period he
had inherited a rather extensive corpus of sources as well as pedagogical styles to choose from.
The following sections focus on examining some of this available literature—specifically from
late antiquity up until the time that Jaghmini composed the Mulakhkhas—in an attempt to
determine which ones possibly influenced him, taking into account content matter, structure of a
work, as well as pedagogical style of writing.”> Our aim is to situate Jaghmini’s Mulakhkhas
within the broader range of teaching texts of theoretical astronomy, with special attention to

highlighting those among them that dealt specifically with hay ‘a.

*! Saliba: “The Development of Astronomy in Medieval Islamic Society,” p. 65.

*? Liba Taub points out that too often neglected is that authors writing on scientific, mathematical
and medical subjects had numerous options available to them to convey their ideas and
information. Her focus is scientific texts, and she explores how mathematical ones display a
“variety of forms, or genres, including, but not limited to, poetry, dialogue, lecture, question-and-
answer text, letter, biography, recipe, epitome, encyclopedia and commentary” in “On the
Variety of ‘Genres’ of Greek Mathematical Writing: Thinking about Mathematical Texts and
Modes of Mathematical Discourse,” in Writing Science: Medical and Mathematical Authorship
in Ancient Greece, ed. Markus Asper (Berlin/Boston: Walter de Gruyter, 2013), pp. 333-34.
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I begin with some general comments. During the early ‘Abbasid period of Islamic
history, the unprecedented phenomenon, often referred to as the “translation movement,”
occurred whereby almost all the scientific and philosophical texts from the Greek-speaking
world that was available as well as material from other cultural areas including India, Persia, and
China entered eighth-/ninth-century Baghdad. As forcefully argued by A. 1. Sabra in his seminal
article on the subject, this appropriation of “foreign” materials into Islam was an active endeavor
and involved the full participation of a wide range of society;> it required enormous financial
backing, decision-making (which texts to seek out, where to look), and people proficient in
numerous languages and skilled in subjects in order to translate, rework, and also reconstruct
works in Syriac®* or the original Greek (many of which are no longer extant in Greek but only
exist today in Arabic translation). Let me emphasize that during this period many works
underwent multiple translations (such as Euclid’s Elements and Ptolemy’s Almagest), some had
to be reworked (such as Apollonius’s Conics), and this often involved the development of new

technical scientific terminology.”” Subsequently, the process of appropriation was a creative

 His argument still has resonance even though it has now been over twenty-five years since
Sabra asserted that scientific and philosophical activity in medieval Islam involved the full
participation of Islamic society, and was not merely constituted by just “a small group of
scholars who had little to do with the spiritual life of the majority of Muslims, who made no
important contributions to the main currents of Islamic intellectual life, and whose work and
interests were marginal to the central concerns of Islamic society” (“The Appropriation and
Subsequent Naturalization of Greek Science in Medieval Islam: A Preliminary Statement,”
History of Science 25 [1987]: 229).

** Dimitri Gutas reminds us that before the ‘Abbasids relatively few Greek works had been
translated into Syriac; this came later in the ninth century (Greek Thought, Arabic Culture: The
Graeco-Arabic Translation Movement in Baghdad and Early ‘Abbdsid Society (2nd-4th/8th-10th
Centuries) [London: Routledge, 1998], pp. 21-22).

BT L. Berggren provides several examples of Arabic translations of mathematical works from
the Greek, all which highlight the complexities and creative engagement involved in translating
and reconstructing scientific texts (Episodes in the Mathematics of Medieval Islam [New Y ork;

Berlin; Heidelberg: Springer, 2003], pp. 2-5, esp. his chart on p. 5).
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engagement, meaning the act of translating was not a purely neutral endeavor, which led to
transformations as Islamic scholars also adapted the material they inherited to their own cultural
environment.

Some have viewed this “phenomenon” as a totally externally-inspired affair, and denied
the possibility that it was a “home-grown” movement with deep Islamic roots.*® On the contrary,
the Egyptian historian Ahmad Amin (1886-1954) argued that with time the translations would
have eventually occurred under the earlier Umayyads, albeit at a slower pace, since they had
already provided the social and intellectual conditions necessary for the translation movement
that was brought to fruition under the ‘Abbasids; in effect, these necessary intellectual conditions
were “home-grown” and not the result of “external” forces. .>” George Saliba also reminds us
“that there was a class of people, who were already in place by the time the Abbasids took over
from the Umayyad dynasty, who were competent enough to use sophisticated astronomical
instruments, to cast horoscopes, to translate difficult astronomical texts, and to transfer their

basic calenderical [!] parameters, as well as to compose theoretical astronomical texts....”*® And

*6 Ernest Renan prominently asserted that these translations were “entirely the work of Persians,
Christians, Jews, Harranians, Isma‘1lts, Muslims internally rebelling against their own religion”
(L’islamisme et la science. conférence faite a la Sorbonne le 29 Mars 1883 [Paris: C. Lévy,
1883], p. 16). And though mounting evidence has challenged Renan’s portrayal of the translation
movement, one still finds it espoused in prominent journals. For example, Anna Akasoy’s harsh
review of Karl Wulff’s Bedrohte Wahrheit: Der Islam und die modernen Naturwissenschaften
(Isis 103 [2012]: 391-92) led the author to a nine-point response summarizing his “essential
points” which included: “The cultural awakening in the early Abbasid time was due not to the
religion of Islam but to the Hellenistic heritage. Only a very few of the main players at that time
can be described as Muslims,” and “Science had never been institutionalized within the
premodern Islamic world. Hence, there had never been the opportunity to develop an
uninterrupted scientific tradition” (“Letter to the Editor,” Isis 104 [Dec. 2013]: 818).

7 See Ahmad Amin, Duhda al-Islam (Cairo: Maktabat al-nahda al-Misriyya, 1961), introduction
(“Social Life during the First ‘Abbasid Age”).

8 See Saliba, Islamic Science and the Making of the European Renaissance (Cambridge, MA:
MIT Press, 2007), p. 16.
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furthermore, the translation movement was not Islam’s “first contact” with foreign or outside or
non-Islamic sources; concepts of Greek mathematical astronomy had already reached Islam by
the eighth century through translations and adaptions of Sanskrit and Pahlavi texts, and the
process of modifying these materials in accordance with their needs was well underway.”

So what follows is an overview of some formative sources from late antiquity up until the
late-twelfth century that were inherited by Muslim scholars or written during the early Islamic
period that could arguably have been at Jaghmini’s disposal, either directly or indirectly, to use
and modify so as to comply with Badr al-Din’s lofty command that he compose an elementary

introduction to ilm al-hay a.

§ .23 Ancient Forebears

§ [.2.3a  Ptolemy’s Predecessors

According to Otto Neugebauer, the eminence of the scientific works of the Alexandrian Claudius
Ptolemy in the second century CE would cause “an almost total obliteration of the prehistory of
the Ptolemaic astronomy.”*” Indeed, once Ptolemy came on the scene, he undoubtedly had a
major impact on theoretical astronomy, including the development of the A4ay ‘a tradition that
became dependent on his works. Nevertheless, to avoid developing a case of “precursitis” and
reading the future into the past, this section sifts through some of the remnants of this prehistory
in search of any hidden gems for teaching astronomy amongst the rubble, before moving on and

experiencing that “sense of elation” with the arrival of Ptolemy.”'

** David Pingree is vigilant in reminding us that not all mathematical astronomy within Islam
during this period was “Ptolemaic” (“The Greek Influence on Early Islamic Mathematical
Astronomy,” Journal of the American Oriental Society 93, no. 1 [Jan.-Mar., 1973]: 32).

3% See Otto Neugebauer, A History of Ancient Mathematical Astronomy [= HAMA] (New York:
Springer-Verlag, 1975), p. 5.

1T am indebted to A. I. Sabra here for being my conscience regarding avoiding this disease, and

encouraging me to check out any preexisting conditions (see “Appropriation,” pp. 223-24).
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A. L. Sabra pointed out that the term hay ‘a, in its base meaning of shape, figure or form,
could conceivably apply to the Aristotelian form (“configuration”) of the universe as a structure
of homocentric spheres obeying physically accepted principles of motion. Although his comment
was directed at cautioning us all against projecting motivations into the use of a term alone,*
ironically Book 12, chapter 8 of Aristotle’s Metaphysics could have potentially been a source of
inspiration for using the term hay ‘a. F. J. Ragep suggests that Aristotle (fourth century BC), who
was influenced by the mathematical models of Eudoxus and Callippus, attempted to show how
these mathematical models of the astronomers can be fitted in order to provide a coherent and
unified account—or cosmology—of the universe;> and Aristotle’s picture of a system of
homocentric spheres, or the arrangement of a geocentric world enclosed by contiguous spheres,
was inspirational for any subsequent elementary textbook on 4ay ‘a that sought to give a unified
account of the world (see Mulakhkhas, Intr. [2]; and Figure 1: Illustration of the Orbs).

The movement to translate Greek scientific and philosophical sources into Arabic, as well
as some Persian and Indian ones, stretched roughly from the eighth into the tenth century; and

this included Aristotle’s corpus of works, the Metaphysics among them.>* Tbn al-Nadim lists

32 See A. 1. Sabra, “Reply to Saliba,” Perspectives on Science 8, no. 4 (2000): 342-43.

33 Ragep, Tadhkira, pp. 26-29. Also see Otto Neugebauer, who summarizes the Eudoxan model
of planetary motion (fourth century BC), in which Eudoxus describes four concentric spheres,
and how these were then modified by Callippus who increased the number of spheres. In both
cases the spheres remained independent for each planetary system, as also is the case in
Ptolemy’s Almagest (HAMA, pp. 677-85, esp. 684).

* Amos Bertolacci provides a detailed examination of the various sources of information on the
Arabic translations of the Metaphysics, which include: festimonia on the translations and
translators gathered from the Arabic bio-bibliographical literature; “direct” extant translations (as
quoted or reported); and “indirect” information gained from references in Arabic philosophical
writings from the ninth to the thirteenth centuries (i.e., from al-Kindi, al-Farabi, Abii Zakariya’
Yahya ibn ‘Adi, Ibn Sina, al-Shahrastani, and ‘Abd al-Latif al-Baghdadi) (“On the Arabic
Translations of Aristotle’s Metaphysics,” Arabic Sciences and Philosophy 15 [2005]: 241-75).
For a more general overview, see Cristina D’ Ancona, “Greek Sources in Arabic and Islamic

Philosophy,” The Stanford Encyclopedia of Philosophy (Winter 2013 Edition), ed. Edward N.
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some 65 translators working in all fields. Some of the more renowned ones include Hunayn ibn
Ishaq (d. 877), his son Ishaq ibn Hunayn (d. 911), Thabit ibn Qurra (d. 901), and Qusta ibn Liga
(d. ca. 900),* however there were also numerous lesser known scholars/translators involved in
this massive enterprise.”® It was also not uncommon to have multiple translations of a particular
work, and one finds works that were corrected and/or modified by several translators. These
works were disseminated; and the high demand for these materials was further bolstered by the
introduction of paper by the eighth century.’’ In addition there were individual initiatives,
exemplified by that of al-Kindi (fl. ninth century). Known as the “philosopher of the Arabs,” al-
Kind1 undertook an active campaign to promote and disseminate a “Hellenistic outlook” through

summaries of both philosophical and specialized scientific subjects.*® So we can safely assume

Zalta, URL = http://plato.stanford.edu/archives/win2013/entries/arabic-islamic-greek/. Accessed
on July 23, 2014.

%> See Régis Morelon, “Eastern Arabic Astronomy between the Eighth and the Eleventh
centuries,” in Encyclopedia of the History of Arabic Science, ed. Roshdi Rashed (London:
Routledge, 1996), vol. 1: Astronomy—Theoretical and Applied, p. 21.

3% See Ibn al-Nadim, Kitab al-Fihrist, ed. Rida Tajaddud (Beirut: Dar al-Masira, 1988), trans. as
The Fihrist of al-Nadim: A Tenth-Century Survey of Muslim Culture by Bayard Dodge (New
York: Columbia University Press, 1970), vol. 2, pp. 586-90. For Fuat Sezgin’s listing of Greek
sources translated into Arabic, see Geschichte des arabischen Schrifttums, vol. 6: Astronomie bis
ca. 430 H. [= GAS, 6] (Leiden: E. J. Brill, 1978), pp. 68-103. In addition, Franz Rosenthal
provides an insightful overview of the translators and what was translated in The Classical
Heritage in Islam (Berkeley: University of California Press, 1975), pp. 5-12.

37 See Jonathan M. Bloom, Paper before Print: the History and Impact of Paper in the Islamic
World (New Haven: Yale University Press, 2001).

3% A. I Sabra stresses that al-KindT’s philosophical outlook was “all-embracing, encompassing
not only metaphysical, and speculative subjects, but also a wide range of specialized scientific
and practical problems.” Thus al-Kindi made the study of mathematics an imperative for
attaining ultimate happiness and salvation (“Some Remarks on Al-kindi as a Founder of Arabic
Science and Philosophy,” in Dr. Mohammad Abdulhadi Abu Ridah Festscrift, ed. Abdullah O.
Al-Omar [Kuwait: Kuwait University Press, 1993 [pp. 604-7]). The Philhellene al-Kind1
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that by the late-twelfth century Jaghmini would have had at his disposal a great number of
translated Greek sources, many of which were then supplemented by edifying “secondary”
sources and/or commentaries that Jaghmini also would have inherited.” But given the vast
number of these works, which among them would Jaghmini have found suitable for emulating
for his brand of theoretical astronomy?

Astronomy was often a theme for Ancient Greek poets, and literature was an effective
way to educate the public on scientific topics; this is exemplified by the popularity of the didactic
poem Phaenomena by Aratus of Soli, with its accompanying lavish illustrations. The subject of
the poem is the constellations with respect to celestial and meteorological phenomena (basically
timekeeping and weather prognostication). Latin versions of the poem along with a tradition of
extensive commentaries on them bear witness to its success, this despite numerous scientific
errors contained within the work. However, it was the inaccuracies of Aratus’s constellations that
drew the critical attention of some rather serious scientists, such as Hipparchus (fl. 2nd c. BC),

and inspired him to write a commentary (his only extant work) detailing Aratus’s reliance on

virtually became a one-man-propaganda-machine and compiled over 250 treatises on subjects
that included logic, philosophy, calculation, arithmetic, music, astronomy, astrology, optics, and
medicine (see Ibn al-Nadim, The Fihrist of al-Nadim, vol. 2, pp. 615-26). For more on the corpus
of al-Kind1’s scientific works, see Peter Adamson, A/-Kindi (New York: Oxford University
Press, 2006), esp. Ch. 4 (on “Science: Mathematics and Methodology™); and Peter Adamson and
Peter E. Pormann, The Philosophical Works of Al-Kindi (Oxford: Oxford University Press,
2012).

3% The important role of commentaries is brought out by Ibn Sina (eleventh century) in his
autobiography. He tells us that he rejoiced in finding a commentary by al-Farabi (tenth century)
on Aristotle’s Metaphysics in the booksellers’ quarter of Bukhara that he bought for three
dirhams. Dimitri Gutas has translated the autobiography and analyzes this passage, highlighting
the importance of commentaries for clarifying issues considered problematic, in this case the
purpose of the Metaphysics (Avicenna and the Aristotelian Tradition: Introduction to Reading
Avicenna’s Philosophical Works [Leiden: Koninklijke Brill NV, 2014], pp. 16-17 [nos. 8-9],
270-75; cf. William E. Gohlman, The Life of Ibn Sina: A Critical Edition and Annotated
Translation [ Albany, NY, 1974], pp. 31-35).

56



Eudoxus.*’ Islamic astronomers were well acquainted with Hipparchus’s astronomical
achievements, especially his knowledge of Babylonian observational records; however, the fact
that Ptolemy also cites Hipparchus frequently throughout the A/magest must certainly have
attracted their attention,*' especially since Aratus’s work had been translated into Arabic as early
as the first decades of the ninth century.* We know in the eleventh century that al-Birani was
quoting Aratus’s Phaenomena, at least in his India (several times), a work he completed in
1030.* However, even though the constellations is a topic treated extensively in Ptolemy’s
Almagest (VII and VIII), and he also cites Aratus’s Phaenomena, as far as I know no hay 'a work
or subsequent summary or commentary on the A/magest cite it. Al-Farghani (ninth century)
would probably have been a likely candidate to mention it (but he doesn’t), especially since in
his Jawami ‘, his wide-ranging compilation of the A/magest, he devotes entire chapters to
detailing with both the constellations (ch. 19) and the lunar mansions (ch. 20). Tas1 clearly feels
the topic is inappropriate for a hay ‘a work; he briefly mentions the fixed stars, the Milky Way,

and the lunar mansions in his Tadhkira, but then quickly directs his readers to seek further

% See Douglas Kidd, Aratus, Phaenomena: Edited with Introduction, Translation and
Commentary (Cambridge: Cambridge University Press, 1997), pp. 12-20, 43-48; D. Mark
Possanza, Review of Aratus: Phaenomena, Translated with an Introduction and Notes by Aaron
Poochigian, Aestimatio 9 (2012): 71-2; and Bruce Eastwood, Ordering the Heavens: Roman
Astronomy and Cosmology in the Carolingian Renaissance (Leiden: E. J. Brill, 2007), pp. 9, 10,
13,232, 411.

1 Ptolemy had high expectations to improve on Hipparchus’s observations, which ranged from
141 to 127 BC. See G. J. Toomer, Ptolemy’s Almagest (New York: Springer-Verlag, 1984), p.
687 [for the index listing the extensive references to Hipparchus’s commentary throughout the
Almagest]; and Toomer, ‘Hipparchus,” in Dictionary of Scientific Biography, ed. Charles
Coulston Gillispie (New York: Charles Scribner’s Sons, 1978), vol. 15, p. 208.

2 See Ernest Honigmann, “The Arabic Translation of Aratus’ Phaenomena,” ISIS 41, no. 1
(Mar., 1950): 30-31; and Sezgin, GAS, 6: 75-77. It is not clear whether Hipparchus’s
commentary was known, but perhaps it would have piqued an interest in the poem.

3 See Alberuni’s India, trans. C. Edward Sachau, 2 vols. (London, 1910), vol. 1, pp. 97, 383 and
vol. 2 (notes), pp. 292-93, 349.
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information on these topics elsewhere (i.e., he specifically states that the “knowledge of the fixed

stars and that which concerns them [is] a separate discipline”**

). Jaghmint avoids the
constellations altogether in the Mulakhkhas, an omission duly noted by Rudloff and Hochheim.*
Furthermore, the use of literary references were also unsuitable for inclusion in say ‘a works.
(We will see later that the idiosyncratic Epistle 3 [on Astronomia] of the Ikhwan al-Safa’ is an
exception.) In any event, Jaghmini certainly doesn’t employ literary detours in the Mulakhkhas,
unless one counts his verse dedication to Badr al-Din ([see Preface]); we do know that he
composed poetry in another work.*®

Beginning in the first century BC, “a particular literary topos, the introduction,” seems to

have emerged as a way for writers to present views of celestial science (astrologia in Latin;

dotporoyio in Greek) to their readers.”’ However, the huge discrepancies between these works—

* Ragep, Tadhkira, 11.4 [9-12] (pp. 37, 128-29). Here too we have another example of notifying
the reader that subject matter is demarcated between disciplines (cf. Tadhkira, Intr.[1], pp. 90-
91). Most-likely the other discipline TsT is referring to in this case is the anwa’ literature, a
corpus of material on folklore that developed from astronomical mapping and weather
prognostication that was modified to conform with the 28 lunar mansions (see Ragep,
“Astronomy,” Encyclopaedia of Islam, THREE).

> Rudloff and Hochheim point out that the Mulakhkhas lacks a star catalogue (“Die
Astronomie,” pp. 214-15); however, they assume this is because Jaghmini would have found the
catalogue of Siifi to be sufficient. They are referring to ‘Abd al-Rahman al-Suft, the tenth-
century author of the lavishly-illustrated Book of Constellations (Kitab suwar al-kawakib), who
describes 48 Ptolemaic constellations based on the A/magest, and gives a detailed critique of
each of the 1,025 stars in Ptolemy’s star catalogue based on his own observations (see Paul
Kunitzsch, “Suft,” in The Biographical Encyclopedia of Astronomers [New York: Springer-
Verlag, 2007], vol. 2, p. 1110). Rudloff and Hochheim are seemingly unaware that Jaghmint also
had the option of using the anwa’ literature.

* See Talkhis kitab Uglidis, pp. 247-49.

*"See Alan C. Bowen, “Three Introductions to Celestial Science in the First Century BC,” in
Writing Science: Medical and Mathematical Authorship in Ancient Greece, ed. Markus Asper
(Berlin/Boston: Walter de Gruyter, 2013), pp. 299-300, 319, 326-27.
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with respect to content, structure, and literary style—raise serious questions about what it means
to lump together general works dealing with astronomical topics (admittedly with some overlap)
and refer to them as a genre of “elementary textbooks” or “introductions,” especially when they
clearly contain significant differences, and may have been written centuries apart.”* Moreover,
there is no real evidence to support the claim that “these were clearly intended to form part of the
curriculum of studies expected of a well-born student.”* Furthermore, the lack of
standardization between the textbooks makes it unclear what exactly was being taught, who the
targeted audience was, and what a more advanced study of these topics would have entailed.™
On the other hand, these multi-faceted works do allow us the opportunity to gain some insights
into the range of astronomy topics that were (and were not) of concern during this period, the
levels of proficiency, and some of the influences that had taken hold at this time in order to draw
some preliminary conclusions. What follows then are some brief examples of available work by
which one could nominally have learned about some aspect of theoretical astronomy during what
I refer to as “the pre-Ptolemaic period.”

Views of celestial science could be contained within works that dealt with both broad and
specialized subject matter, in either case written by a “non-specialist”; two examples of this are

Diodorus Siculus’s 40-volume Bibliotheca historica, a work on universal history and the

*® See James Evans and J. Lennart Berggren, Geminos’s Introduction to the Phenomena: 4
Translation and Study of a Hellenistic Survey of Astronomy (Princeton, N.J.: Princeton
University Press, 2006), p. 8. Evans and Berggren seemingly find it unproblematic to refer to
Germinus’s work as an introduction even though they acknowledge that “we cannot be sure that
Introduction to the Phenomena is the title that Geminos himself gave it,” p. 3. Cf. Alan C.
Bowen, who is far more skeptical and advocates the need for “a more carefully thought out
notion of what an introduction is”’; he echoes Sabra’s caution about reading motivations into the
early use of a word (“Three Introductions to Celestial Science in the First Century BC,” p. 303
n.11).

¥ Evans and Berggren, Geminos s Introduction to the Phenomena, p. 8. Bowen severely
criticizes their claim of evidence to support a curriculum of study in his “Three Introductions to
Celestial Science in the First Century BC,” pp. 319-20.

% Bowen, “Three Introductions to Celestial Science in the First Century BC,” pp. 318-19.
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engineer Vitruvius’s De architectura, a treatise dedicated to Augustus offering him—but
presumably also architects—advice. Though their readership differs, the works of both authors
(written circa 30 BC) emphasize that celestial science should be studied for the utilitarian
benefits of astrology. For them this discipline provides important decision-making abilities: for
Diodorus it endows humankind with the ability to predict the future and avoid harm; for
Vitruvius it provides rulers with the ability to best “judge,” which for architects translates into
the ability to design and construct sundials.’®

According to James Evans and J. Lennart Berggren, in “the Hellenistic period, there
emerged a demand for popular surveys,” and these overviews of celestial science attempted to
“produce comprehensive astronomy textbooks written at an elementary level.” Both view these
works as forming a Greek genre of elementary textbooks on astronomy, even though they also
duly point out that they “differ markedly in tone” as well as content and period composed.*>
Some examples of their so-called “corpus” include Geminus’s Introduction to the Phenomena
(also referred to as the Isagoge) (first century BC), Theon of Smyrna’s Mathematical Knowledge
Useful for Reading Plato (second century CE), and Cleomedes’s Meteora (third to fourth century
CE). Although the titles alone indicate their diversity,” they all seem to provide general

> See Bowen, “Three Introductions to Celestial Science in the First Century BC,” pp. 303-5,
309, 310, 313, 317-18.

52 Evans and Berggren, Geminos’s Introduction to the Phenomena, pp. 8, 10.

>3 Again, it is not surprising that these works could differ significantly regarding selected topics,
reflecting perhaps the personal bent of the author or the time span between their compositions,
many written centuries apart. For example, one would assume that Theon of Smyrna’s
Mathematical Knowledge Useful for Reading Plato would address philosophical concerns, since
he was known as “a zealous partisan of Plato” (this is Ibn al-Nadim’s description of Theon
before he reports that “among his books there was Sequence of Reading Plato’s Books and the
Titles of His Compositions” [The Fihrist of al-Nadim, vol. 2, p. 614]). Although Neugebauer
dismissed Theon’s work as derivative and elementary (HAMA, pp. 949-50 [on Theon of Smyrna
and Adrastus)), it is significant that a Platonist felt the need to include a section on astronomy;
and we have another example of this occurring in the work of the Neo-Platonist Proclus, who

will be discussed later in this chapter.
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descriptive overviews (some more than others) of astronomy and cover a variety of topics and
basic concepts on celestial science for the reader. However, whether they were intended as
elementary astronomical textbooks is another matter. In support of this contention, Geminus’s
Introduction to the Phenomena seemingly covers “all important branches of Greek astronomy,
except planetary theory” [emphasis mine];** and he also employs an impersonal rhetorical style
suggesting “that of a teacher whose pronouncements are, for the most part, cast impersonally and
(presumably) meant to be construed as objective and true by his student-reader.” In fact, this is
the authoritative style Jaghmini deploys in the Mulakhkhas, though Geminus (unlike Jaghmint)
dilutes his objectivity by including subjective literary references.’® In any event, there is no
evidence to support the claim that there was an actual “program of study”; and given the
discrepancies in the topics presented between these surveys, and also their lack of accompanying
explanations to account for some of the phenomena described, the onus seemingly rests with the
reader to wade through the material and decipher key points and essential concepts from the

minutia, inaccuracies, and so on.”” Cleomedes’s work may be recognized as the “most detailed

3% The topics of the treatise (contained within some 25 divisions) include: “the zodiac, solar
theory, the constellations, the theory of the celestial sphere, the variation in the length of the day,
lunisolar cycles, phases of the Moon, eclipses, heliacal risings and settings of the fixed stars,
terrestrial zones, and an introduction to Babylonian lunar theory” (Evans and Berggren,
Geminos’s Introduction to the Phenomena, pp. 2, 8-9, 105-6). For further information on
Geminus, see James Evans, The History and Practice of Ancient Astronomy (New Y ork: Oxford
University), pp. 83-4; Neugebauer, HAMA, pp. 578, 581-87; D. R. Dicks, “Geminus,” in
Dictionary of Scientific Biography, ed. Charles Coulston Gillispie (New York: Charles
Scribner’s Sons, 1972), vol. 5, pp. 344-47; and Ragep, Tadhkira, pp. 39-40.

> Bowen, “Three Introductions to Celestial Science in the First Century BC,” p. 318.

>% For example, Geminus includes passages from Aratus’ Phaenomena and Homer’s Odyssey, so
presumably Geminus’s “elementary” readership was a rather literary group (see Evans and
Berggren, Geminos’s Introduction to the Phenomena, pp. 26, 163, 177).

>7 For example, in his discussion on “The Inequality of the Seasons,” Geminus never keeps his
promise to explain the cause of motions of the planets (Evans and Berggren, Geminos’s

Introduction to the Phenomena, p. 118, esp. fn. 17).

61



source for the famous measurement of the Earth by Eratosthenes,”® but an elementary student
may be less impressed in finding the work a difficult read.”

On the other hand, for our purposes the discrepancies between these works provide
insights into the range of topics that were of interest, the level of proficiency, the influences at
work, sources used, and so on during this time. It is interesting that within his hodge-podge of
topics, Geminus also includes a section on the limitations of weather prognostication (which
stands in direct contrast to its importance for Diodorus and Vitruvius); and he also discusses the
astrological doctrine of the “aspects” according to which Babylonian astrologers calculated the
zodiacal signs’ influence on human affairs (in fact four of the seven diagrams in the Phenomena
are in this section).®’ These certainly indicate that during this period the role and veracity of
astrological theory and practice were concerns and varied greatly (though this certainly would
apply to other times and places as well). In addition, some of these works include causal
explanations to account for various aspects of celestial science;®' though not necessarily
surprising, it does distinguish these works from those works (like say ‘a treatises) which sought
to weed out philosophical issues in order to confine the subject matter to dealing with only the
external aspects of the celestial bodies. Finally, we can note that Babylonian astronomy/astrology

made inroads into Greek celestial science during this period, although how deep its penetration

*% Evans and Berggren, Geminos’s Introduction to the Phenomena, p. 10.

> For more on Cleomedes, see Neugebauer, HAMA, pp. 959-65.

%9 See Evans and Berggren, Geminos s Introduction to the Phenomena, pp. 220-2 (Ch. XVII [15-
23]: The Stars Indicate But Do Not Cause The Weather) and pp. 125-36 (Ch. II [Aspects of the
Zodiacal Signs]; Neugebauer, HAMA, pp. 581-88; and D. R. Dicks, “Geminus,” vol. 5, pp. 345-
6. The other 3 illustrations in Geminos’s Introduction to the Phenomena are a solar eclipse, a
lunar eclipse, and an illustration of the solar theory.

1 Bowen discusses Geminus’s “emphasis” on causation in “Three Introductions to Celestial
Science in the First Century BC,” pp. 320-6. See also Ragep, who examines the two different
approaches (fact/reasoned fact) by the astronomer and the physicist to prove the Earth’s
sphericity, as told by Simplicius (6™ c. CE) quoting Geminus (Tadhkira, pp. 39-40); and Evans
and Berggren, Geminos’s Introduction to the Phenomena, pp. 49-51 (on “Reality and

Representation in Greek Astronomy”).
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seems to be a matter of disagreement.’” In any event, their employment of the Babylonian
sexagesimal system (dating back to Eratosthenes around 250 BC) would be the hallmark of a
sound astronomical textbook in that it indicates a concern for precision. Indeed, it became the
notation for Ptolemaic parameters and subsequent say ‘a works (including the Mulakhkhas), and
was a system so widely used by Islamic astronomers that it became known as “the astronomers’
arithmetic.”®

Finally, I should mention the corpus of ancient Greek mathematical and astronomical
texts that were translated into Arabic in the ninth century, and sometimes grouped together under

9964

the title of the “little or small astronomy collection.”” Each alone was not a “textbook” per se,

62 Neugebauer seems rather impressed with how far Babylonian astronomy had penetrated into
Geminus’s work: “Of unique value in the Isagoge is the enumeration of numerical parameters of
the lunar theory (in chap. VIII) which are of Babylonian origin. The appearance of these data in
an introductory treatise indicates how far Babylonian results penetrated early Greek
mathematical astronomy” (HAMA, p. 579). In contrast, Evans and Berggren conclude (without
explanation) that “Geminos writes about Babylonian astronomy and astrology as if they were
still new to his Greek readers. This well suits a dating to the first century B.C., when this
material was still being absorbed and adapted by the Greeks” (Geminos’s Introduction to the
Phenomena, p. 22; cf. Geminus’s references to the Babylonians, pp. 13-5, 125, 192 n4, 228-29).
See also, Bowen, “Three Introductions to Celestial Science in the First Century BC,” pp. 306-8,
316-18; 322-26.

83 See Berggren, Episodes in the Mathematics of Medieval Islam, p. 41; Neugebauer, HAMA, pp.
590-93; and Toomer, Ptolemy’s Almagest, pp. 6-7.

% These works included: “the Data, the Optics, the Catoptrica and the Phenomena of Euclid [fl.
c. 300 BC]; the Spherics, On Habitations and On Days and Nights of Theodosius [d. ca. 90 BC];
On the Moving Sphere and On Risings and Settings by Autolycus [d. ca. 290 BC]; On the Sizes
and Distances of the Sun and Moon by Aristarchus of Samos [d. ca. 230 BC]; On the Ascensions
of Stars of Hypsicles [d. ca. 120 BC]; and the Spherica by Menelaus” (Régis Morelon, “General
Survey of Arabic Astronomy,” and “Eastern Arabic Astronomy between the Eighth and the
Eleventh centuries,” in Encyclopedia of the History of Arabic Science, vol. 1, pp. 7, 18-19, 21, 55
fn. 6). See also G. J. Toomer, “Ptolemy,” in Dictionary of Scientific Biography, ed. Charles
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but collectively became known as the so-called “Middle Books,” and were seen as preparation

for Ptolemy because they were to be studied between Euclid’s Elements and Ptolemy’s Almagest.

§1.2.3b  Ptolemy®

In the second century BC, the Alexandrian Claudius Ptolemy proposed a coherent picture of a
universe consisting of contiguous or nested planetary spheres around an immobile spherical
Earth; each sphere contained embedded within it additional non-concentric eccentric spheres and
epicycles whose various combinations of motions accounted for perceived observations. This so-
called “Ptolemaic system” changed the study of ancient mathematical astronomy; the nesting
principle for the orbs was the “cornerstone” of hay'a,”® and thus crucial for its development and
consequently the teaching textbook tradition.

Though certainly not a “user-friendly” textbook, Ptolemy’s great comprehensive
compilation of Greek mathematical astronomy, Mathematike Syntaxis, also commonly known as
The Almagest (al-Majisti), supplanted most of the work of his scientific predecessors; and it

became the standard textbook on astronomy for more “advanced” students in Alexandria (and

Coulston Gillispie (New York: Charles Scribner’s Sons, 1975), vol. 11, pp. 187-88 (for an
overview of Greek astronomy as Ptolemy may have found it).

% For further selected readings on Ptolemy, see: Bernard R. Goldstein, “The Arabic Version of
Ptolemy’s Planetary Hypotheses,” Transactions of the American Philosophical Society, ns, 57,
no. 4 (1967): 3-55 at 3-4; Langermann’s Ibn al-Haytham’s “On the Configuration of the World,”
pp- 15-25; Neugebauer, HAMA, pp. 834-38 (“Biographical and Bibliographical Data” and “The
Almagest”), pp. 900-26 (“Planetary Hypotheses” and “Canobic Inscription”), and pp. 926-41
(““Additional Writings of Ptolemy”); Olaf Pedersen, 4 Survey of the Almagest (Odense: Odense
University Press, 1974); Alexander Jones, Ptolemy in Perspective: Use and Criticism of His
Work from Antiquity to the Nineteenth Century (New York: Springer, 2010), pp. 217-29
(bibliography); Liba Taub, Ptolemy’s Universe.: The Natural Philosophical and Ethical
Foundations of Ptolemy’s Astronomy (Chicago: Open Court, 1993); G. J. Toomer, “Ptolemy,”
pp. 187-206 (for an excellent overview); and G. J. Toomer, Ptolemy’s Almagest.

5 Ragep, Tadhkira, p. 517.
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presumably Athens and Antioch). (Its influence on the hay ‘a tradition, which was monumental,
is the focus of sections § 1.2.4 - §1.2.5 of this chapter.) Ptolemy assumes that the student is
familiar with elementary geometry as well as some basic terminology and concepts, at least
schooled enough to have “already made some progress in the field.”®” The work, in thirteen
books, provides geometric models, along with quantitative parameters, to account for the
celestial motion of each of the heavenly bodies (the Sun and Moon, each of the upper and lower
planets, and the Fixed Stars), each contained within its own sphere. Ptolemy also provides tables
to calculate positions of the heavenly bodies and other phenomena.®®

Ptolemy continued to develop and modify his astronomy throughout his career. For
example, in the Almagest Ptolemy is still uncertain about the order of the spheres (especially for
Venus and Mercury) and their distances (4/magest, 1X.1), and he provides absolute distances
only for the Moon (through parallax) and the Sun (through eclipses) based on Earth radii.”
However, Ptolemy revisits and rectifies these concerns in his later two-part work, the Planetary
Hypotheses (Kitab al-iqtisas or Kitab al-manshiirat); and he provides absolute distances of the
celestial bodies (in Earth radii and stades, and based on the assumption that the Earth’s

circumference is 180,000 stades) and sizes so that “these bodies may be fitted together to form a

7 See Almagest, Book I [Preface]; and Toomer, Ptolemy’s Almagest, pp. 1-2, 6, 37, and 37, fn.
13. Ptolemy assumes here that the student is familiar with the works of Euclid, and the so-called
“Middle Books” mentioned earlier.

%8 See Jones, Ptolemy in Perspective, xi-xii. Ptolemy would also later compile his astronomical
computations into a separate work entitled the Handy Tables. The Ptolemaic parameters for
planetary motions (from his works and tables) greatly influenced the zij literature, which
Jaghmini refers to in the Mulakhkhas (I1.3 [7]). For example, the zij of al-Battani (who Jaghmini
mentions (IL.3 [9])) indicates strong Ptolemaic influence (see E. S. Kennedy, “A Survey of
Islamic Astronomical Tables,” Transactions of the American Philosophical Society, n.s., 46, pt. 2
[1956], pp. 132-33). For the Handy Tables, see Anne Tihon and Raymond Mercier, Ptolemaiou
Procheiroi Kanones: Les Tables Faciles de Ptolemée. Volume la: Tables A1-A2 (Louvain-la-
Neuve: Université catholique de Louvain, Institut Orientaliste, 2011-).

% Almagest, V.13-16, 19. See Neugebauer, HAMA, pp. 917-22; and Toomer, “Ptolemy,” pp.
191-94.
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. > 0
coherent, unified structure, or hay a”’

Ptolemy’s Almagest and Planetary Hypotheses together
provide both the geometrical modeling and the physical structure for a unified celestial and
sublunar cosmography, fundamental for any hay ‘a work.

Although Ptolemy himself states in the introduction to the Planetary Hypotheses that he
modified (simplified as well as improved) some of the parameters with respect to the A/magest,
not all hay ‘a works include the new, improved parameters. Jaghmini, for example, opts (for
reasons unknown) to use the Ptolemaic values of the A/magest in the Mulakhkhas rather than
those of the Planetary Hypotheses.”' Jaghmini also omits any discussion of sizes and distances in

the Mulakhkhas, which is typically contained in a hay ‘a work. However, it would be misguided

to assume that this is due to his being unaware of the Planetary Hypotheses. More likely, this is a

70 Ragep, Tadhkira, p. 500. For his cosmography, Ptolemy assumes that the order of the planets
is the same as that in the 4lmagest, each planet (including the fixed stars) is contained in a
physical geocentric sphere, and all these spheres are contiguously fitted exactly together without
a void. See Willy Hartner’s seminal article, “Mediaeval Views on Cosmic Dimensions and
Ptolemy’s Kitab al-Manshirat,” in Mélanges Alexandre Koyré, 2 vols. (Paris: Hermann, 1964),
vol. 1, pp. 254-82; unfortunately Hartner’s work became upstaged by Goldstein’s “The Arabic
Version of Ptolemy’s Planetary Hypotheses,” pp. 3-55 (which includes an English translation
and commentary of Book I, second part, as well as an Arabic facsimile of this (British Museum
MS. arab. 426 [Add. 7473], ff. 81b-102b)). See also Neugebauer, HAMA, pp. 919-22 (who
includes convenient tables comparing the parameters found in the Almagest and the Planetary
Hypotheses with those of Proclus’s Hypotyposis and his Commentary to the Timaeus along with
the values of Thabit b. Qurra); Pedersen, 4 Survey of the Almagest, pp. 393-97; and Toomer,
“Ptolemy,” p. 197.

' We can cite a specific example of this with Jaghmini’s parameters for the maximum
inclination of the inclined orb from the ecliptic orb (see 1.5 [13]); Jaghmini gives for Mars: 1;0
and for Mercury 0;45 [Almagest] not 1;50 and 0;10 respectively [Planetary Hypotheses). See
also Neugebauer, HAMA, pp. 907-9; Pedersen, 4 Survey of the Almagest, pp. 392-93; and
Swerdlow, “Ptolemy’s Theories of the Latitude of the Planets in the Almagest, Handy Tables,
and Planetary Hypotheses,” p. 68 (Swerdlow provides here a convenient table of the inclinations

for the three Ptolemaic works and the modern values); and Neugebauer, HAMA, pp. 907-9
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case in which Jaghmin1 considered that pedagogically the subject of sizes and distances was
inappropriate for an elementary textbook. In fact, this is Qadizade’s assessment, i.e., that the
topic was omitted due to its difficulty.”

On the other hand, Jaghmini does present the “updated” information from Ptolemy’s
Geography, eight books he wrote after the 4/magest (actually Ptolemy mentions that its
publication will be forthcoming in Book II.13). In the Geography, which was translated into
Arabic in the ninth century, Ptolemy showcases topics of the terrestrial realm, in comparison to
the relatively minor role they played in the Almagest; " and he provides “for the first time a

mathematically clear theory of geographical mapping along with a grid of coordinates, reckoned

2 See Qadizade, Sharh al-Mulakhkhas (Istanbul, Ayasofya MS 2662, f. 4a) where he states that
the difficulty (su ©ba) of the subject is the reason for its omission. See also Ragep, Tadhkira, p.
500, n 1. Here one should also keep in mind that Jaghmin1 wrote a separate short treatise on sizes
and distances (mentioned in Ch. 1). It is interesting though that Jaghmin1 omits all discussion of
sizes and distances in the Mulakhkhas, but includes in this “elementary” textbook the parameters
for planetary latitudes, a subject known for its complexity (according to Swerdlow, “Ptolemy’s
Theories of the Latitude of the Planets in the Almagest, Handy Tables, and Planetary
Hypotheses,” pp. 41-42).

7 Ibn al-Nadim reports that Ptolemy’s “Geography of the Inhabited Lands and a Description of
the Earth [Ptolemaei opus geo-graphicum]” was a book in eight sections, that was translated
several times in the ninth century; he further comments that: “Al-Kindi made a bad translation of
it and then Thabit [ibn Qurrah] made an excellent Arabic translation. It is also extant in Syriac.”
(The Fihrist of al-Nadim, vol. 2, p. 640). See also Berggren and Jones, Ptolemy’s Geography, pp.
50-52 (on early readers and translators). The line of textual translation of this treatise has not
been a straight-forward one. Florian Mittenhuber points out that of the 53 preserved Greek
manuscripts, none were written before the late-thirteenth century (“The Tradition of Texts and
Maps in Ptolemy’s Geography,” in Ptolemy in Perspective: Use and Criticism of His Work from
Antiquity to the Nineteenth Century, ed. Alexander Jones [Dordrecht; New York: Springer,
2010], p. 95).
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in degrees.” Included in this is Ptolemy’s latest information on the borders of the oikoumené;™

and since this is a subject dealt with extensively in hay ‘a textbooks, i.e., directly related to
matters of hay ‘at al-ard, any Ptolemaic modifications made here would have been of great
concern. In fact, this is reflected in the Mulakhkhas; though Jaghmini does not cite the work
specifically he states: “Ptolemy, after writing the Almagest, claimed that he found habitation
below the equator to a distance of 16;25 [degrees]” (see II.1 [2] and commentary).”

It has been suggested that Ptolemy’s A/magest and Planetary Hypotheses be “linked”
with his great astrological work the Tetrabiblos as together providing a better understanding of
his cosmology.”® In the Tetrabiblos (al-magalat al-arba * li-Batlamyiis; Latinized as the
Quadripartitum), a title derived from its four-book structure, Ptolemy deals with the influences
of the heavenly bodies on terrestrial events. In viewing astrology as a purely physical science, he
argues that the physical attributes and changing positions of the planets can directly impact

terrestrial matters. The number of times that this work was translated, corrected and commented

™ See Neugebauer, HAMA, p. 934. Neugebauer points out that Ptolemy had relied on Hipparchus
for many of his basic assumptions in the 4/magest and so the various geographical data found in
his Geography indicates different stages of his development (pp. 939-40). See also, J. Lennart
Berggren and Alexander Jones, Ptolemy’s Geography: An Annotated Translation of the
Theoretical Chapters (Princeton: Princeton University Press, 2000), pp. 21-22, 64-77.

5 Cf. Berggren and Jones, Ptolemy’s Geography, p. 110 (Book 7); cf. Toomer, Ptolemy’s
Almagest, pp. 82-83 (IL.6 [1.]).

7® Both Toomer and Taub seem to be advocating this position: G. Toomer points out that
Ptolemy regards “the Tetrabiblios as the natural complement to the Almagest: as the latter
enables one to predict the positions of the heavenly bodies, so the former expounds the theory of
their influences on terrestrial things” (“Ptolemy,” p. 198); and L. Taub has asserted that
Ptolemy’s “detailed demonstration of the planetary order in the Planetary Hypotheses served to
fortify the foundation of the physical claims in the Tetrabiblos” (Ptolemy’s Universe, pp.132-
33). However, Neugebauer concluded that “On the whole, the Tetrabiblios stands alone” among

Ptolemy’s works (HAMA, p. 897).
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on is certainly not insubstantial, and this also includes a commentary by al-Battani.”’ It is logical
to assume that although the subject of the influences of astrology per se had no place within a
hay a textbook, as a mathematical discipline dealing with the structure of the cosmos, that there
would be some valuable “borrowing” of information due to the overlap of topics, basic

terminology and concepts, and parameters that would be of interest to both disciplines.”®

77 For his listing of “The Four [Quadripartitum de apotelesmatibus et judiciis astrorum],” Ibn al-
Nadim states that: “/brahim ibn al-Salt [Abt Nih.] translated this book, Hunayn ibn Ishaq
corrected it, Eutocius commented on the first section, which first section Thabit treated as a
whole so as to bring out its meaning. ‘Umar ibn al-Farrukhan, Ibrahim ibn al-Salt, al-Nayrizi,
and al-Battani commented on it” (The Fihrist of al-Nadim, vol. 2, p. 640. Eutocius’s Tetrabiblios
commentary is also listed by Johann Georg Wenrich in De Auctorum Graecorum Versionibus et
commentariis Syriacis, Arabicis, Armeniacis Persicisque commentatio (Lepizig: Vogel, 1842), p.

198:
o) Jo i 3 el S L1 AL s AS)

Cf. Fuat Sezgin, Geschichte des arabischen Schrifttums, vol. 7 [= GAS, T]: Astrologie (Leiden:
E. J. Brill, 1979), pp. 43-48. This work also became important for prophetic medicine, as
exemplified by the eleventh-century Egyptian physician ‘Ali ibn Ridwan, whose commentary on
it was also translated into Latin and printed together with the Quadripartitum (see Joseph
Schacht, “Ibn Ridwan,” in Encyclopaedia of Islam, 2nd. ed. (Leiden: E. J. Brill, 1971), vol. 13,
pp. 740-42; and Peter E. Pormann and Emilie Savage-Smith, Medieval Islamic Medicine
(Washington D. C.: Georgetown University Press, 2007), pp. 154-55).

78 Astrology may have been deemed an inappropriate topic for a hay 'a work; however Jaghmini
also composed a short astrological treatise entitled Fi quwa al-kawakib wa-da ‘afiha (The
Strengths and Weaknesses of the Planets), which I mentioned in § 1.1.3¢: Further Evidence for

Dating Jaghmini.
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§ .2.3¢c  The Ptolemaic Aftermath: Theoretical Astronomy With—and Without—Him

In the fifth century, the neo-Platonist Proclus wrote the Hypotyposis, a textbook on Ptolemaic
theoretical astronomy which has been described as “the first and last summary of the contents of
the Almagest from antiquity.”” Proclus, a director of the “Academy” in Athens, one of the two
major schools in the fifth and sixth century devoted to philosophical issues (the other being the
school of Alexandria), demonstrates a remarkable knowledge of astronomy as well as
pedagogical acumen. Though written within a philosophical milieu, his Hypotyposis is the
closest extant Greek writing we have to that of a hay 'a work, although there are differences.®
Far more than an overview of the A/magest, this work provides a detailed examination of the
celestial realm as well as instructions on the use and construction of astronomical instruments.®'
Proclus presents ten problems by which he criticizes various attempts by astronomers to account

for the irregular movements of the heavenly bodies;* and he specifically problematizes the

7 Neugebauer, HAMA, p. 1036.

% For example, Proclus’s Hypotyposis lacks any discussion of the terrestrial realm, which is
included in Ptolemy’s A/magest and a prominent feature of most say ‘a works. On the other hand,
Ibn al-Haytham, like Proclus, omitted this topic altogether in his On Configuration of the World,
and furthermore, whereas Ibn al-Haytham does not discuss the sizes and distances of the planets,
Proclus does. For comparisons of Ptolemy and Proclus, see Hartner, “Mediaeval Views on
Cosmic Dimensions and Ptolemy’s Kitab al-Manshtrat,” pp. 323-40; and Neugebauer (HAMA,
pp- 920-91), which includes tables of comparative values [pp. 920-22] mentioned in fn. 70.

#1 Proclus discusses the use and construction of Ptolemy’s instrument for determining the
obliquity of the ecliptic of 23;51,20 (4/magest, 1.12 [Toomer, pp. 61-63]); and also his “ringed”
or spherical astrolabe [armillary sphere], within an entire section devoted its construction and use
(Almagest, V.1 [Toomer, pp. 217-19]). See Procli Diacochi Hypotyposis astronomicarum
positionum, ed. Carolus Manitius (Stuttgardt: B. G. Teubner, 1974 [original Leipzig: Teubner,
1909)), pp. 41-55 and pp. 199-213, respectively. Cf. Neugebauer, HAMA, p. 1036.

82 Proclus clearly does not believe the Almagest is definitive. For example, in point nine we see

that he disagrees with Ptolemy regarding the movement of the fixed stars; Proclus believes there
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status of epicycles and eccentrics as either geometrical fictions or physical realities, raising
objections to both options but without choosing sides.*® Ultimately, Proclus (the Platonist), and
Ptolemy (the Mathematician) both believe in the regularity of celestial motion, but each differs in
approach to account for the problem of perceived irregularities: Proclus starts with the principle
of simple motions to derive more complex ones (while struggling to be faithful to his Platonic
ideals); and Ptolemy seeks simple solutions from apparently complex motions.** Given his neo-
Platonic bent, Proclus’s ability to distinguish himself from Ptolemy and ultimately accept an
attitude of agreeing to disagree with him, by raising objections to difficulties contained in the
Almagest without rejecting Ptolemy outright, strikes me as remarkable and similar to later
medieval Islamic astronomers working within the /4ay ‘a tradition of “reforming” Ptolemaic

astronomy rather than “overthrowing” it.>

is no movement, whereas Ptolemy states they move 1 degree per 100 years (4/magest, VI1.2 [p.
328]) (see Procli Diacochi Hypotyposis, p. 235).

% G. E. R. Lloyd provides an excellent overview of Proclus’s Hypotyposis, highlighting key
points regarding his position on astronomy, as well as how he has been misrepresented as being
an instrumentalist. Lloyd points out that Proclus attempted to reconcile the complex movements
of the heavenly bodies with his desire to uphold Plato’s “authority,” but charged astronomers
with not making clear enough “those things that it is possible to grasp” (p. 263) (‘“Saving the
Appearances,” pp. 256-64).

% It is worth repeating here Ptolemy’s position on the meaning of “simplicity,” since he is
explicit in articulating it in the Almagest, XII1.2: “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” (Toomer, Ptolemy’s Almagest, p. 600).

%5 1 am thinking here of the radical reaction against Ptolemaic astronomy found in twelfth-

century Andalusia, whereby Islamic scholars rejected it in search of a purer version of
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In addition to Proclus’s Hypotyposis, mention should be made of several other works
sometimes listed as “introductions” to the Almagest but which are actually commentaries. One is
by Pappus (fl. 320), and another by Theon of Alexandria (fl. Alexandria, second half of fourth
century), who tells us in the preface that he composed the work for his students;*® a third is an
anonymous work attributed to Eutocius, who also authored a commentary on Apollonius’s

Conics and was considered to be the head of the Alexandrian school between Ammonius and

Aristotelian cosmology, one free of eccentrics and epicycles, in which planetary motions of
spherical bodies with embedded planets occur in uniform, circular motion within homocentric
nested spheres about a stationary Earth. Proclus’s approach seems more aligned with those
Islamic astronomers who attempted to reconcile inconsistences, the form of argument found in
the so-called Shukitk [Doubts] literature, in which difficulties or objections were raised against
ancient authorities. (The term shukitk [doubts]) meant in the sense of the Greek aporia, i.e., not
simply for an error to be deleted or corrected, but a difficulty, puzzle or problem to be defined
before requiring a particular solution.) See A. I. Sabra: “The Andalusian Revolt Against
Ptolemaic Astronomy: Averroes and al-Bitrtij1,” in Transformation and Tradition in the
Sciences, ed. E. Mendelsohn (Cambridge: Cambridge University Press, 1984), pp. 133-35; Sabra,
“Configuring the Universe,” pp. 290-91, 297-300; and Sabra, “Reply to Saliba,” p. 343.

% Theon’s commentary on the Almagest, a work characterized by Gerald Toomer as “never
critical, merely exegetic,” suggests a redaction of his Alexandrian lectures; of the original
thirteen books, Book XI is lost and only a fragment of Book V survives, but these parts are
probably extant in other works (“Theon of Alexandria,” in Dictionary of Scientific Biography,
ed. Charles Coulston Gillispie [New York: Charles Scribner’s Sons, 1976], vol. 13, pp. 321-22).
The work is listed in Ibn al-Nadim as an “Introduction to ‘Almagest’ [Introductio in
Almagestum] with an ancient translation” (The Fihrist of al-Nadim, vol. 2, p. 641), and also as an
introduction in Sezgin, GAS, 6: 102. The content of Pappus’s commentary, in which only books
5 and 6 are extant, indicates that Theon built on his work. Pappus’s work is listed by Ibn al-
Nadim as: “A commentary on Ptolemy’s book about finding the plane,” and it was also

translated into Arabic by Thabit ibn Qurra (p. 642). See also Neugebauer, HAMA, pp. 965-69.
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Olympiodorus.”” All three of these works contain some overlap, and deal with content concerned
with explanations of mathematical computations.* In other words, their orientation is quite
technical, and so one would presume that the target audience would have been rather limited.
However, apparently this topic found resonance with some Islamic scholars, such as al-Kind1
who was well known for his attempts to make difficult Greek subject matter more
comprehensible for a broader audience.*” According to Franz Rosenthal, Theon’s commentary
on the Almagest was a major source for al-Kindi’s Kitab fi al-sina ‘a al- ‘uzma, a work dealing
with the first eight chapters of Book I of the A/magest, and from which “Ptolemy’s original ideas

are often given precedence, but on the whole, Theon’s text is followed faithfully.””’

87 Joseph Mogenet attributes Eutocius as being the anonymous author of a work he entitles,
“L’introduction a I’Almageste” (Mémoires De La Classe Des Lettres, Collection in-8°, 2e Série,
vol. 51, fasc. 2 [Bruxelles: Palais des Académies, 1956]); however, Wilbur Knorr skeptically
views Eutocius’s authorship as only a “possibility” (p. 156), in Textual Studies in Ancient and
Medieval Geometry (Boston: Birkhduser, 1989), ch. 7, pp. 155-211 (““On Eutocius: A Thesis of J.
Mogenet”).

% See Neugebauer, HAMA, pp. 1042-43. Regarding these three works, G. J. Toomer concluded
that “there is no doubt that they are derived from the same work”; he based this in part on the
fact that all three works contain content from the mathematician Zenodorus concerning
isoperimetric problems (see “The Mathematician Zenodorus,” Greek, Roman and Byzantine
Studies 13 [1972]: 177, and fn. 1; and Toomer, “Theon of Alexandria,” p. 321). [ might add that
Zenodorus’s name is not mentioned by Ptolemy in the Almagest; however, extensive excerpts of
his proofs of propositions are used by Theon in discussing Ptolemy’s section on the sphericity of
the heavens (4lmagest, 1.3; see Toomer, Ptolemy’s Almagest, pp. 39-40, and 40, fn. 25).

% See Franz Rosenthal, “Al-Kind and Ptolemy,” in Studi Orientalistici in Onore di Giorgio Levi
Della Vida, Pubblicazioni dell’Istituto per I’Oriente, 52 (Rome, 1956), vol. 2, pp. 440 and 444. 1
return to al-Kindi’s A/magest commentary later in this chapter as well as one by Abi Ja far al-
Khazin, whose Tafsir al-Majisti also dealt with isoperimetric problems.

% Rosenthal is rather explicit in asserting that the “context leaves no doubt that Theon’s

Commentary is al-Kind1’s source” and that in parts of the work “al-Kindi follows Theon almost
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None of these early Greek works are comparable to Proclus’s Hypotyposis in providing
the reader, in both scope and explanatory detail, a general background of the Ptolemaic system.
However, Proclus’s work is not listed in the literature as having been translated into Arabic’' or
into Latin (in toto or in parts). On the other hand, the library of Cardinal Bessarion, which is said
to have housed the largest collection of Greek manuscripts in fifteenth-century Italy, included
several Greek A/magests, Proclus’s Hypotyposis, Theon of Alexandria’s commentary on the
Almagest, Theon of of Smyrna’s Mathematical Knowledge Useful for Reading Plato, and other
hard-to-find Greek works; and Bessarion had an agenda to have as many of these “classical”
Greeks works translated into Latin as possible.”” So it would seem that until the fifteenth century
such Greek works would not have been available to a reader in the Latin West, whether that

reader knew Greek or not. We do know though that Proclus had students and successors; and so

literally but expands the discussion in some places” (“Al-Kind1 and Ptolemy,” vol. 2, pp. 446,
449, fn. 2, and 450).

°! Ibn al-Nadim does include “Diadochus Proclus, the Platonist”; however, the Hypotyposis is
not listed among his works translated into Arabic (The Fihrist of al-Nadim, vol. 2, pp. 607-8).
The work was printed in Basel in the sixteenth century: Procli Diadochi Hypotyposis
astronomicarum positionum, ed. Simon Grynaeus (Baseleae: Apud loannem Vualder, 1540).
However, Rosenthal includes Proclus among “the proud list of names of writers part of whose
work has been preserved only in Arabic”; and he points out that “Often, the original text of
eminent authors proved hard to understand, and paraphrases and elaborations were easier to
master. This happened to the famous Neo-Platonists, Plontinus and Proclus” (The Classical
Heritage in Islam, pp. 11-12).

%2 Michael H. Shank. “The Classical Scientific Tradition in Fifteenth-Century Vienna,” in
Tradition, Transmission, Transformation: Proceedings of Two Conferences on Premodern
Science Held at the University of Oklahoma, ed. F. Jamil Ragep and Sally P. Ragep with Steven
Livesey (Leiden: E. J. Brill, 1996), pp. 128-29.; and Michael H. Shank, “Regiomontanus in the
Background of Copernicus,” an unpublished article scheduled to appear in Before Copernicus:
The Cultures and Contexts of Scientific Learning in the Fifteenth Century, ed. F. Jamil Ragep
and Rivka Feldhay. Shank states that Regiomontanus translated the Hypotyposis as the De

sufformationibus and had plans to print it.
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one would presume his astronomical knowledge (with a Ptolemaic bent) would have influenced
future generations of scholars.”

In ninth-century Western Europe there is “no knowledge of works by Hipparchus,
Ptolemy, or Theon of Alexandria™;”* the textbooks used for teaching astronomy were basically
Roman, which included Latin translations and commentaries of a few Greek works. The
overwhelming consensus by modern historians is that without the knowledge of the principal
astronomical works of Greek antiquity, especially sans Ptolemy, the teaching of theoretical

astronomy and planetary theory was a challenging endeavor; indeed, many portray this period as

one of scientific stagnation.” Originally, Roman astronomy relied on “odds and ends” of ancient

% 1t is known that Proclus’s student Ammonius had students who included Philoponus,
Asclepius, Olympiodorus, Damascius, and Simplicius; and also that Olympiodorus’s pupil
Stephanus of Alexandria left Athens/Alexandria a century later for Constantinople. For a brief
survey of some of the key scholars of the Academy in Athens, and the school of Alexandria, see
Neugebauer, HAMA, pp. 1031-54; and also Pingree, “The Greek Influence on Islamic
Astronomy,” pp. 32-34.

% See Bruce Eastwood, Ordering the Heavens: Roman Astronomy and Cosmology in the
Carolingian Renaissance (Leiden: E. J. Brill, 2007), p. 10. Stephen C. McCluskey states that in
the Latin West, Ptolemy’s name “remained little more than a name, often confused with the
Ptolemaic rulers of Egypt” (Astronomies and Cultures in Early Medieval Europe [Cambridge:
Cambridge University Press, 1998], p. 20).

% In his inimitable way, Neugebauer not only proclaimed, “Ptolemy had no successor,” but also
deemed the extent of extant Greek scientific works at the time of the Roman period as “rather
sad” (HAMA, p. 5). But even more graphic demonstrations of this overall sentiment of stagnation
were employed by Henry Smith Williams, who intentionally left blank pages for his entire
chapter entitled “Astronomy in the Medieval Period (“The Christian World—Twelve Centuries
of Progress [ 325-1543, A.D.]” to indicate “astronomical progress” (The Great Astronomers
[New York: Newton Publishing Co., Schuster, 1932], pp. 99-102); and also by Carl Sagan,
whose timeline of the development of Western civilization after the Greeks left a millennium gap
(ca. 500-1500) in the middle describing the period as a “poignant lost opportunity for the human
species” (Cosmos [New York: Random House,1980], p. 335).
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Greek astronomy for pedagogical purposes; but this virtually made learning astronomy “along
Greek lines impossible.”® In sum, there was no single astronomical textbook for teaching
astronomy; rather, what emerged was a corpus of Roman works, derived from the first to the
fifth centuries, that had been piecemealed together, and whose astronomical topics as well as
focus varied greatly; it is recognized that foremost among these works were:”’ Pliny the Elder’s
(first century) detailed encyclopedic Historia naturalis, specifically Book II (on celestial
phenomena) and Book VI (on terrestrial matters);”® Macrobius’s Commentarii in somnium

Scipionis (fifth century), a broad cosmological overview connecting the celestial and terrestrial

% See Pedersen, “The Corpus Astronomicum and the Traditions of Medieval Latin Astronomy:
A Tentative Interpretation,” in Colloquia Copernicana, iii, ed. Owen Gingerich and Jerzy
Dobrzycki (Wroclaw: Ossolineum, 1975), p. 62.

°7 See Eastwood, Ordering the Heavens (on Pliny the Elder, ch. 3 [pp. 95-178]; on Macrobius,
ch. 2 [pp. 31-94]; and on Martianus Capella, ch. 4 [pp. 179-311]). Cf. Neugebauer, HAMA, pp.
1028-30; McCluskey, Astronomies and Cultures in Early Medieval Europe, pp. 16-17; and,
Pedersen, “The Corpus Astronomicum and the Traditions of Medieval Latin Astronomy,” pp.
60-62.

% According to Eastwood, Pliny the Elder’s ambitious 37-volume Natural History, which claims
to cover all human knowledge, is a “gold-mine of information” (Ordering the Heavens, p. 178).
Book II alone contains 109 chapters, with topics ranging from eclipses to why the sea is salty.
Alan C. Bowen and Bernard R. Goldstein highlight Pliny’s passage on eclipses (I1.12) to assert
that he has been an underappreciated source for our knowledge of pre-Ptolemaic Greco-Latin
astronomy. Their intention was to counter claims such as Kepler’s, who stated that Pliny led
“both himself and the reader astray by the obscurity of his words” (“Pliny and Hipparchus’s 600-
year cycle,” Journal for the History of Astronomy 26 [1995]: 155-58). I tend to be more aligned
with Kepler’s view; the scope and magnitude of Pliny’s work certainly make it difficult for any
reader to distinguish the gold from fool’s gold (but of course one could consult XXXIII.43:
“Touchstones for Testing Gold”).

76



realms;” and Martianus Capella’s De nuptiis Philologiae et Mercurii (fifth century), Book VIII,
which provided some elementary astronomical concepts and data.'®
Theoretical astronomy was a topic dealt with only peripherally in these Roman

101 - -
sources.  As a consequence, one finds a range of competing and often contradictory

% Whereas Pliny presents a wide-range of astronomical topics, Macrobius’s commentary on
Cicero’s dream (written some four centuries later), provides a broad picture of a Platonic cosmos
of mathematically-harmonious ordered spheres (with Venus and Mercury above the Sun).
Excerpts from both works were used in schools, though apparently not heavily glossed. Striking
is Macrobius’s theme of relating order of the cosmos with order in the soul; discussions include
corresponding zones of the heavens and the Earth, a human soul that migrates between the two
realms (one that both ascends and descends) in pursuit of eternal rewards, and what the stars
indicate, but do not cause (Eastwood, Ordering the Heavens, pp.19, 27, 59-60, 66-67). See also
McCluskey, Astronomies and Cultures in Early Medieval Europe, pp. 117-19.

1% The title of this 9-volume work is an allegory for the marriage of elegance and wisdom,
uniting to combine respectively the ¢rivium (grammar, rhetoric, and logic) and the quadrivium
(arithmetic, geometry, music, and astronomy); Book VIII is devoted to “Lady” astronomy, and in
the ninth century, ten astronomical diagrams were appended to it. In addition to providing
elementary terminology, Capella seems to be grappling with explaining planetary irregularities,
such as the varying lengths of daylight throughout the year and the different length of the four
seasons. Unlike both Pliny and Macrobius, he also asserts (without reference) that the paths of
Venus and Mercury are around the Sun, not the Earth, whereas the Sun, Moon and three other
planets circle around the Earth. See Eastwood, Ordering the Heavens, pp.12-14, 20-21, 244-59,
303; Gerd GraBhoff, “Natural Law and Celestial Regularities from Copernicus to Kepler,” in
Natural Law and Laws of Nature in Early Modern Europe: Jurisprudence, Theology, Moral and
Natural Philosophy , ed. Lorraine Daston and Michael Stolleis (Farnham: Ashgate, 2008), pp.
144-46; and McCluskey, Astronomies and Cultures in Early Medieval Europe, pp. 120-22.

"% Note that since theoretical astronomy is my primary focus, I do not deal with the teaching of
computus. See Eastwood, who seemingly concurs with my assessment in stating that the

“separate concerns of astronomy and computus are far more numerous than the overlaps”

(Ordering the Heavens, pp. 10-12).
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astronomical theories; so, for example, we find different scenarios for the sequencing of the
planets.'”® Accompanying this is a general lack of technical accuracy and mathematical
explanations,'® i.e., epicycles and eccentrics make only cameo appearances in Roman sources.
Far more important it seems was presenting the Roman audience with a general cosmological
description, often enhanced with literary references,'® of a relatively miniscule Earth
encompassed by homocentric spheres—in short, a geocentric universe that was ordered and
regular. But as Ptolemy wisely forewarned: “It is possible for many people to possess some of
the moral virtues even without being taught, whereas it is impossible to achieve theoretical

understanding of the universe without instruction.”'"”

192 A striking example of this is that the three most popular Roman sources for teaching
astronomy each presented a different order for the sequence of the planets: Pliny the Elder held
that Venus and Mercury circled the Earth below the Sun; Macrobius maintained that these two
planets circled the Earth above the Sun; and, Martianus Capella asserted that both did not enclose
the Earth, but had circumsolar motions.

1 Neugebauer provides us with what he refers to as some of the more “absurd parameters”
regarding sizes and distances found in Roman sources (HAMA, pp. 723-24, 1029-30); and he
singles out their oft-repeated postulate that all seven planets move with equal speed in their
respective orbits. See also Olaf Pedersen, who bemoans the “non-mathematical character” of
astronomical works of popularization (“The Corpus Astronomicum and the Traditions of
Medieval Latin Astronomy,” pp. 61-62, 65).

1% McCluskey concludes that “literary presentation was more important than rigorous
demonstration, philosophical significance more important than mathematical precision”
(Astronomies and Cultures in Early Medieval Europe, p. 117). Cf. both Eastwood and Pedersen,
who intentionally omit those literary sources referencing astronomy and cosmology in their
surveys of popular pedagogical astronomical texts (Pedersen, “The Corpus Astronomicum and
the Traditions of Medieval Latin Astronomy,” p. 60; and Eastwood, Ordering the Heavens, p.
13). However, as mentioned earlier, it is noteworthy that some of these works, such as Aratus’s
Phaenomena (translated into Latin by Cicero [106-43 BC]), was quoted by al-Birtini, and
critiqued by Hipparchus (and Hipparchus’s commentary was cited by Ptolemy in the A/magest).
195 4lmagest, 1.1 [Preface] (Toomer, Ptolemy’s Almagest, p. 35).
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Roman astronomy then, in roughly the ninth century, provides us with an alternative
account of an astronomical education, one that developed in the main without the benefit of
ancient Greek sources for theoretical guidance.'® This would have been in sharp contrast to
Islamic scholars who had amassed a huge corpus of ancient Greek philosophical and scientific
texts by this same period. As Franz Rosenthal has aptly stated, it is indisputable that “Islamic
civilization as we know it would simply not have existed without the Greek heritage.”'”” Thus it
is highly unlikely that Islamic astronomers would have relied on Roman sources for astronomical

knowledge.'®

§1.24 Islamic Forebears

Many Islamic scholars writing on theoretical astronomy supported Ptolemy’s view, as stated in
the Almagest preface, that two of Aristotle’s three divisions of theoretical philosophy (theology
and physics) should “be called guesswork,” and that only the third division of “mathematics can
provide sure and unshakeable knowledge to its devotees, provided one approaches it

»19% By the ninth century, Ptolemy’s Almagest had been translated into Arabic no less

110

rigorously.

than five times, ~ along with the translation of his Planetary Hypotheses, other ancient Greek

1% Olaf Pedersen attributes “the disappearance of the Greek tongue,” and thus the inability to
comprehend Greek sources, as “the decisive factor” in stunting the development of early
Medieval astronomy in the West; according to him “the West was left with a small number of
works written by Latin authors of minor scientific importance and inferior quality compared with
Ptolemy or his Greek commentators” (“The Corpus Astronomicum and the Traditions of
Medieval Latin Astronomy,” pp. 59-60).

197 Rosenthal, The Classical Heritage in Islam, p. 14.

1% Neither Ibn al-Nadim’s The Fihrist of al-Nadim nor Sezgin’s GAS, 6 include Roman authors
in their listings of works translated into Arabic.

19 See Almagest 1.1 (Ptolemy’s Almagest, p. 36, “Relation of astronomy to philosophy™).

19 To summarize, these Almagest translations include: a lost Syriac version translated from the

Greek; three different versions from Greek into Arabic (two for the caliph Ma’miin): one by al-
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scientific works, and those of other cultures. However, the translation of the Planetary
Hypotheses into Arabic deserves special mention given its significant role in putting forth the
physical component for the picture of the universe, 1.e., the so-called “Ptolemaic system” of
nested orbs along with absolute distances and sizes of the planets. The Planetary Hypotheses
complemented the mathematical models of the A/magest, and handed Islamic astronomers the
roadmap to a complete cosmographical system.'"’

Islamic scholars encountered Ptolemy’s notion of the advancement or progress of
astronomy through inquiry as a mandate. This great ancient “authority” had made it quite explicit

that he was not the final word on the subject, but merely had recounted “everything useful for the

theory of the heavens” up until his time in the second century; in other words, Ptolemy had done

Hasan ibn Quraysh (extant traces remain in the work of al-Battant), and another by al-Hajjaj ibn
Matar; and the third translation from Greek into Arabic being by Ishaq ibn Hunayn (892) for Abu
al-Saqar ibn Bulbul, and this version was revised by Thabit ibn Qurra (d. 901) (Morelon,
“Eastern Arabic Astronomy,” pp. 21-23). See also Ibn al-Nadim, who reports attempts at
translating the A/magest into Arabic even earlier (in the eighth century) due to the interest of
Yahya ibn Khalid, the Barmakid vizier to the caliph Hariin al-Rashid. Ibn al-Nadim also adds al-
Nayrizi to the list of translators, stating this was corrected by Thabit (The Fihrist of al-Nadim,
vol. 2, pp. 639-40); Sezgin, GAS, 6: 83-96; and Toomer, Ptolemy’s A/magest, pp. 2-3. On the
other hand, Latin versions of the A/magest only became available around the twelfth century,
with scholars such as Gerard of Cremona (d. 1187) translating from the Arabic; only later were
there translations from the original Greek.

"1 The entire two books of the Planetary Hypotheses are extant in Arabic translation (by an
unknown translator with corrections by Thabit ibn Qurra); only the first part of Book I is extant
in Greek; and there is a fourteenth-century Hebrew translation based on the Arabic version. The
work was plagued by a series of various (mis)translations, which eventually led to an English
translation, and commentary on just the supposedly “lost” Book I, part 2 by B. Goldstein (“The
Arabic Version of Ptolemy’s Planetary Hypotheses,” pp. 3-4). (The entire text has yet to be
critically edited, though there are partial translations into German and French.) Also see
Neugebauer, HAMA, pp. 900-1, 918-19; Ragep, Tadhkira, p. 27, fn. 7; and Sezgin, GAS, 6: 94-
95.
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his part by updating the four elapsed centuries since Hipparchus’s observations, and it was now
up to Islamic astronomers to continue the struggle for astronomical advancement some seven
centuries later, by correcting results and striving for greater accuracy, the advantage that long
intervals of time provides to test and improve upon past observations.''* Needless to say

elementary Islamic astronomical textbooks on 4ay ‘a were the beneficiaries of this directive.

112 See Almagest, 1.1 [Preface], VIL.1 and 3, and XIII.11 [Epilogue] (Toomer, Ptolemy’s
Almagest, pp. 37 [esp. 37, fn. 11.], 321, 329, 647 respectively). A. I. Sabra reiterates the point
that: “Islamic astronomers must have derived much hope and encouragement from the fact that
their observational activities were taking place at a time sufficiently remote from Ptolemy’s to
allow for obtaining significant results, the intervening period being significantly longer than the
one that had separated Ptolemy’s own observations from, say, those of Hipparchus”
(“Configuring the Universe. Aporetic, Problem Solving, and Kinematic Modeling as Themes of
Arabic Astronomy,” p. 289). It strikes me that the mandate for scientific advancement so dearly
upheld by Islamic astronomers stands in sharp contrast to what was occurring in the Latin
Middle Ages; McCluskey bemoans that “our question should not be what contributed to progress
in astronomy, for episodes of progress were few. Instead, we will ask what forestalled the decline
of astronomy and shaped the continuation and renewal of astronomical practice and knowledge
from the fourth to the thirteenth centuries” (Astronomies and Cultures in Early Medieval Europe,

iX).
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§1.2.4a  The “Moderns” "

It is not uncommon to find references in say ‘a work referring to the opinions of the “Moderns”
(see for example, al-Mulakhkhas, 1.2 [6]), which originally came to mean those Islamic scholars
who flourished in the ninth century (or later) and provided “updated” information on ancient
authorities; in the case of hay ‘a, this usually meant Ptolemy. This new information was the fruit
of concerted efforts by many individual scholars, but it was also due to sponsored scientific

endeavors by various patrons that included ‘Abbasid caliphs like al-Ma miin (r. 813-833)."'* So

The contrast between “ancients” and “moderns” is commonplace but has different

connotations depending on the subject. For Islamic astronomers, the dichotomy is generally
between the ancient Greeks and themselves. For the contrast as used in literature between the
pre- and early Islamic poets versus the later ones, see Jan Geert van Gelder, “Ancients and
Moderns,” Encyclopaedia of Islam, THREE, ed. Gudrun Krdmer, Denis Matringe, John Nawas,
Everett Rowson. Brill Online, 2014. Reference. McGill University. 24 July 2014
http://referenceworks.brillonline.com/entries/encyclopaedia-of-islam-3/ancients-and-moderns-
SIM_0040. For a fuller version of this article, see also Jan Geert van Gelder, “Muhdathiin,”
Encyclopaedia of Islam, 2nd ed. (Leiden: E. J. Brill, 2004), vol. 12, pp. 637-40.

"4 Ma’miin sponsored two sets of observations (one in Baghdad in 828, by astronomers who
included Yahya ibn Abi Mansiir; and another that lasted more than a year [between 831 and 833]
near Damascus) with the intent of verifying Ptolemy’s parameters of the Almagest and Handy
Tables. One important improvement was determining new values for the obliquity of the ecliptic
(see Len Berggren, “Ma’miin,”and Benno van Dalen, “Yahya ibn Abi Mansiir,” in The
Biographical Encyclopedia of Astronomers, vol. 2, p. 733 and vol. 2, pp. 1249-50
[respectively]); and Ibn al-Nadim, The Fihrist of al-Nadim, vol. 2, p. 653. In addition, Ma 'miin
sent a group of scientists to survey the Plain of Sinjar in upper Mesopotamia in order to
determine a more precise measurement for a meridian degree (see F. J. Ragep, “Islamic
Reactions to Ptolemy’s Imprecisions,” in Ptolemy in Perspective: Use and Criticism of His Work
from Antiquity to the Nineteenth Century, ed. Alexander Jones [Dordrecht; New York: Springer,
2010], pp. 124-25). See also Y. Tzvi Langermann (“The Book of Bodies and Distances of
Habash al-Hasib,” Centaurus [1985]: 108-28), who presents a portion of Habash’s Arabic text
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some three centuries later, by the twelfth century, Jaghmini would have inherited a rather
extensive corpus of hay ‘a works stemming from this period, many synthesized and transformed,
to help him compose his elementary theoretical textbook on astronomy. What follows then is a
brief overview of some of the key astronomical textbooks within this tradition that Jaghmin1
might well have had at his disposal even though we cannot in every case prove influence. Such
an overview will help us assess how the Mulakhkhas fits into the hay’a genre.

It has been suggested that during the earliest stages of this formative period of science,
the ‘Abbasid astronomer Ya‘qib ibn Tariq (fl. late eighth-century Baghdad) composed one of the
first hay ‘a works, based on the title being Tarkib al-aflak (On the Arrangement of the Orbs), and
also that the work deals with planetary sizes and distances,'"”> a common topic associated with
most (though not all) hay 'a works (i.e., it is omitted in the Mulakhkhas). This unique work,
extant only in fragments, was composed circa 777/8 (so prior to the translations of most Greek
scientific texts) and uses Indian techniques to compute the planetary distances. But as al-Biriin
aptly commented, the Hindu approach is markedly different than Ptolemy’s “computation of the
distances of the planets in the Kitab-almanshirat, and in which he has been followed both by the

. 116
ancient and the modern astronomers.”

Indeed, once Ptolemy’s Almagest and Planetary
Hypotheses were translated into Arabic in the ninth century, it is not an exaggeration to state that
they become the formative works for the Aay ‘a tradition. So it is not surprising that Biriin,

writing two centuries later, would view Ya‘qub ibn Tariq’s cosmology as unfamiliar and “based

with English translation, clarifying (on p. 109) that despite its title, this work “is a record of the
scientific projects carried out by the Caliph al-Ma 'min.”

15 See Kim Plofker, “Ya‘qiib ibn Tariq,” in The Biographical Encyclopedia of Astronomers, vol.
2, pp. 1250-51; and David Pingree, “The Fragments of the Works of Ya'quib ibn Tariq,” Journal
of Near Eastern Studies 27, no. 2 (Apr., 1968): 98, 105-20 (Pingree includes parts of Birtini’s
commentary on Tarkib al-aflak [found in Alberuni’s India, vol. 2, pp. 67-68, 80] in addition to
his own comments). See also Ibn al-Nadim, The Fihrist of al-Nadim, vol. 2, p. 659; Jamal al-Din
Abii al-Hasan “Al1 ibn Yusuf al-Qift1 (d. 1248), Ta rikh al-hukama’, ed. J. Lippert (Leipzig:
Dietrichische Verlagbuchhandlung, 1903), p. 373; and Sezgin, GAS, 6: 124-27.

"6 Alberuni’s India, vol. 2, p. 69.
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on a principle which is unknown to me in the present stage of my knowledge.”'"” Biriin was
certainly no Hellenophile;''® he simply was acknowledging the fact that by the eleventh century
the impact of Hindu traditions for Islamic astronomers was overshadowed by the Ptolemaic one.
Yet one should not assume that embracing Ptolemaic astronomy sentenced Persian,
Syriac, and other Greek sources into forced retirement. In support of this, we have the case of a
recently-identified tenth-century hay ‘a treatise indicating Sanskrit and Syriac influences. This is
the discovery of the lost Arabic original of a work that had been incorrectly attributed in its Latin
translation to Masha’allah (fl. Baghdad, 762-ca. 815), one of the early ‘Abbasid astrologers
associated with the courts of al-Mansiir and al-Ma’mun; in fact, it is probably a tenth-century
composition.''? The treatise, translated into Latin as De scientia motus orbis or De elementis et
orbibus coelestibus, in twenty-seven chapters (with a longer version in forty chapters), includes
introductory chapters on hay ‘a dealing with phenomena in both the celestial and sub lunar world,

but with a focus on glorifying God and how the celestial orbs influence the sub lunar region.'*’

"7 See Alberuni’s India, vol. 2, p. 70. Biriini provides a brief synopsis of Hindu planetary theory
and points out that it differs from the Ptolemaic system (p. 69).

'8 See David Pingree, “Hellenophilia versus the History of Science,” Isis 83, no. 4 (Dec., 1992):
554-55. Cf. Sabra, “Reply to Saliba,” pp. 342-43.

"% This was conveyed to me in a personal conversation from Dr. Taro Mimura (University of
Manchester), who examined the treatise preliminarily to determine its authorship and date, and is
currently preparing an edition and translation of the text.

120 Ibn al-Nadim lists the work as a “book known as The Twenty-Seven” (The Fihrist of al-
Nadim, vol. 2, pp. 650-51). So does al-Qifti, 7a rikh al-hukama’, p. 327 and Rosenfeld and
Ihsanoglu, Mathematicians, Astronomers, and Other Scholars of Islamic Civilization and Their
Works (7th - 19th c.), p. 17 (no. 18, A2). For sources citing the Latin translation, see: Francis J.
Carmody, Arabic Astronomical and Astrological Sciences in Latin Translation: A Critical
Bibliography (Berkeley: University of California Press, 1956), pp. 32-33 (no. 8: De motibus [De
orbe]); David Pingree, Masha’ allah,” in Dictionary of Scientific Biography, ed. Charles
Coulston Gillispie (New York: Charles Scribner’s Sons, 1974), vol. 9, p, 162 [no. 25 in Pingree’s
list of 28]); Julio Samso, “Masha’ Allah,” Encyclopaedia of Islam, 2nd ed. (Leiden: E. J. Brill,
1991), vol. 6, pp. 710-12; and Sezgin, GAS, 6: 129 (no. 2).
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Ptolemy is quoted; however, the treatise uses non Ptolemaic planetary models, seemingly similar
to Sanskrit texts and based on Syriac sources.'*!

Nevertheless, Ptolemaic astronomy gained a stronghold, and making Ptolemy’s works
more comprehensible became a high priority for Islamic astronomers. One of the earliest
introductory accounts on various aspects of Ptolemaic spherical astronomy and planetary theory
was compiled by Muhammad ibn Kathir al-Farghani, a scholar affiliated with the ninth-century
Baghdad “Abbasid court. His thirty-chapter compendium on the science of the stars (Jawami

ilm al—nujﬁm),122 composed between 833 (after Ma'miin’s death) and 857, has often been

12! See David Pingree, “Masha’ Allah: Some Sasanian and Syriac Sources,” in Essays on Islamic
Philosophy and Science, ed. George F. Hourani (Albany: State University of New York, 1975),
pp- 10-12.

122 Farghant’s Jawami ‘ is not really a “summary,” but more a compilation of selected parts of
Ptolemy’s Almagest (see Ibn al-Nadim, The Fihrist of al-Nadim, vol. 2, p. 660); and in fact many
titles have been attributed to this work: Hajji Khalifa just gives Kitab al-Fusil al-thalathin (A
Book in 30 chapters) in his Kashf al-zuniin (vol. 4, pp. 438-39); but al-Qift1 refers to it as
Madkhal ila ‘ilm hay at al-aflak wa-haraqat al-nujiom (Introduction to the Science of the
Structure (hay ‘at) of the Orbs and the Movements of the Stars) (Ta rikh al-hukama’, p. 78),
although Farghani refers to his work as ilm al-nujiim, i.e., not ‘ilm al-hay a, and he restricts the
use of the word /ay ’a to the title of a chapter discussing the “arrangement” of the nested orbs
(see Jawami *, Ch. 12 [Paris, BnF, ar. MS 2504, ff. 127b-128b ; Golius, pp. 45-49]). For more on
Farghani, the astronomer-astrologer-engineer, plus an overview of the content of the Jawami ",
see A. L. Sabra, “Al-Farghani,” in Dictionary of Scientific Biography, ed. Charles Coulston
Gillispie (New York: Scribner’s Sons, 1972), vol. 4, pp. 541-45 and Bahrom Abdukhalimov,
“Ahmad al-Farghant and His Compendium of Astronomy,” Journal of Islamic Studies 10.2
(1999): 142-58. Also see, Fuat Sezgin’s reprint of Golius’s 1669 Arabic printed edition with
Latin translation (Ahmad ibn Muhammad ibn Kathir al-Farghani [Alfraganus] (about 850 A.D),
Jawami* ‘ilm al-nujum wa-usil al-harakat al-samawiyya, ed. Jacob Golius [Frankfurt am Main:
Institut fiir Geschichte der Arabisch-Islamischen Wissenschaften an der Johann Wolfgang
Goethe Universitit, 1986]); Sezgin, GAS, 6: 149-51; and Gregg DeYoung, “Farghani, in The
Biographical Encyclopedia of Astronomers, vol. 1, p. 357.

85



characterized as a popular elementary textbook—this despite its lack of any illustrations—due to
the scope of Farghant’s descriptive selections from Ptolemy’s A/magest, which are replete with
basic astronomical information, definitions, concepts, and parameters, many (but not all)
“updated” Ma miin values (who Farghani specifically references).'* For anyone unacquainted
with Ptolemaic astronomy or seeking a quick reference source, this single textbook introduces
the reader to a wide range of topics that include both the celestial and terrestrial realms, although
certain subjects mentioned in the A/magest, such as astronomical instruments, are noticeably

124
absent.

Aside from providing the names of the Islamic months (ch. 1), Farghant avoids matters
directly applicable to religion and natural philosophy, thus making it more in line with what we
have described as the “hay ah tradition.”'* However, a savvier scholar might object to it
meriting this categorization, finding fault with its (dis)organization and oversimplifications, and
lack of attention to what one might call the “how-to’s” of planetary motion, which include his

presentation of Ptolemy’s nested spheres (e.g., he constantly lumps the upper and lower planets

12 Farghani sometimes provides the old (Ptolemaic) along with the new (Ma’ miini) parameters,

exemplified by his statement that a number of scholars give the Ma 'miin value of 23;35 for the
ecliptic obliquity as an update to Ptolemy’s 23;51 (Jawami‘, Ch. 5 [Paris, BnF, ar. MS 2504, f.
121a; Golius, p. 18); and sometimes he gives only Ma’'miin’s new information, such as his
measurements for the Earth’s circumference (20,400 miles) and the Earth’s diameter (approx.
6,500 miles) (Jawami ‘, Ch. 8 [Paris, BnF, MS ar. 2504, f. 124a; Golius, p. 31]). However,
sometimes he retains the old (perhaps unknowingly) rather than presenting the new, as in the
case of maintaining Ptolemy’s precessional rate of 1°/100 (Jawami ‘, Ch. 13 [Paris, BnF, MS ar.
2504, f. 128b ; Golius, pp. 49-50]) versus replacing it with the updated 1°/66 value. For more
specifics on Farghant’s parameters, and comparisons with other sources, see the Commentary,
including the charts.

124 One would have thought Farghani, being an engineer, would have included some discussion
of instruments, especially since Ptolemy deals with instruments and their construction in the
Almagest. Perhaps, he felt it was unnecessary since he had also composed a separate treatise on
the astrolabe.

125 This is Langermann’s assessment in designating Farghani’s work as a hay’a “specimen” (Ibn

al-Haytham’s “On the Configuration of the World,” p. 31).
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126 Nevertheless, given the time and

together, is vague on positions of eccentrics, and so forth).
place, one must credit Farghant with providing a description of the “hay’a” of the orbs for each
of the planets and their distances from the Earth (Ch. 12), and further acknowledge his overall
attempt to make more explicit a lot of information often deeply buried within the thirteen books
of the Almagest, which includes Ptolemy’s numerous parameters. One example is Farghani’s
calculation of the distances of the planets from the Earth in miles (in Ch. 21), which seems to be
based on an independent calculation using parameters from the Almagest rather than the
Planetary Hypotheses.

It is not at all clear who Farghani’s target audience was (i.e., court officials or the general
public); however, the Jawami ‘ inspired a few Arabic commentaries—one by al-Qabist (d.
967),'*” another by Ibn Sina’s companion and literary secretary al-Jiizjani (eleventh century),'®
and possibly a third by al-Biriini' ~*—which indicates the work was known, and taken seriously
by later scientists. But since there are relatively few extant copies and commentaries of the

Jawami ‘, certainly in comparison with other later ~ay ‘a works and their commentaries, perhaps

1t should be considered more of a formative textbook within an Islamic context relative to those

120  angermann suggests that Ibn al-Haytham may have had Farghani’s Jawami ‘ in mind when
he criticized his predecessors for producing works that “fall short” in that they lack “an explicit
enunciation of the way in which the motions of the stars take place on the various spheres” (/bn
al-Haytham’s “On the Configuration of the World,” pp. 26-28).

127 A1-QabisT also wrote a work on sizes and distances. See Sezgin, GAS, 6: 209 (nos. 1 and 2);
and Rosenfeld and ihsanoglu, Mathematicians, Astronomers, and Other Scholars of Islamic
Civilization and Their Works (7th - 19th c.), p. 85 (no. 205, A3 and A4).

128 See F. Jamil Ragep, “The Khilas kayfiyyat tarkib al-aflak of al-Jiizjani: A Preliminary
Description of Its Avicennian Themes,” in Avicenna and his Legacy: A Golden Age of Science
and Philosophy, ed. Y. Tzvi Langermann (Turnhout: Brepols, 2010), pp. 303-8.

12 The work is listed as corrections to Farghani’s chapters (Tahdhib fusil al-Farghant ) in D. J.
Boilot, “L’oeuvre d’al-Beruni, Essai bibliographique,” Mélanges de [’Institut Dominicain
d’Etudes Orientales 2 (1955): 181 (no. 14); Sezgin, GAS, 6: 274 (no. 13); and Rosenfeld and

1hsan0glu, Mathematicians, Astronomers, and Other Scholars of Islamic Civilization and Their

Works (7th - 19th c.), p. 152 (no. 348, A26).
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general astronomical works that came after it. On the other hand, its popularity and influence as
an astronomical textbook in medieval Europe is undeniable, given the longevity of its wide
circulation there."’

Another scholar active in promoting the exact sciences in ninth-century Baghdad was the
Sabian Thabit ibn Qurra (221-288 H [836-901]), who flourished during the reigns of several

131

post-Ma 'miin ‘Abbasid caliphs. ”" Renowned for his extensive number of translations and

revisions of Greek works (which included the A/magest and Planetary Hypotheses), he also

composed numerous astronomical compositions, several of them on Ptolemaic astronomy, and

132

among these a few that can be classified as introductions. °“ It has been suggested that Thabit

"% The influence of al-Farghani [Alfraganus] on medieval European astronomy is indicated by
the number and longevity of the Latin translations and printed editions of the Jawami ‘ or
Elements: two twelfth-century Latin translations, one in Hebrew by Jacob Anatoli (fl. thirteenth
century), which served as a basis for a third sixteenth-century Latin translation. It is noteworthy
that in the fifteenth century Regiomontanus lectured on Farghani at the University of Padua (see
Noel Swerdlow, “Science and Humanism in the Renaissance: Regiomontanus’s Oration on the
Dignity and Utility of the Mathematical Sciences,” in World Changes: Thomas Kuhn and the
Nature of Science, ed. Paul Horwich [Cambridge, Mass.: MIT Press, 1993], pp. 131-68; and
James Steven Byrne, “A Humanist History of Mathematics? Regiomontanus’s Padua Oration in
Context,” Journal of the History of Ideas 67, no. 1 [January 2006]: 41, 43).

1! The number of ‘Abbasid caliphs that spanned Thabit’s lifetime is rather impressive, and
include: al-Mu‘tasim (r. 833-842), his son al-Wathiq (842-847), his brother al-Mutawakkil (847-
861) and his son al-Muntasir (861-862), al-Musta‘1n (862-866), al-Mu ‘tazz (866-869) and al-
Mu‘tamid (870-892) [sons of al-Mutawakkil], and al-Mu ‘tadid (892-902).

132 Régis Morelon attributes to Thabit between 30 to 40 astronomical works, with at least seven
of these related to Ptolemaic astronomy (7habit ibn Qurra: (Euvres d’astronomie [Paris: Les
Belles Lettres, 1987], pp. XI-XXIII, XXV- XXVI). See also al-Qifti, 7a rikh al-hukama’, pp.
115-22 at 117; Ibn Ab1 Usaybi‘a, ‘Uyiin al-anba’, Beirut ed., pp. 295-300 at 298; and Ibn al-
Nadim, The Fihrist of al-Nadim, vol. 2, pp. 647-48; Sezgin, GAS, 6: 163-70; and Morelon,
“Tabit b. Qurra and Arab Astronomy in the 9th Century,” Arabic Sciences and Philosophy 4

(1994): 111-12.
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may have been familiar with, even influenced by, the work of his predecessor Farghani;'**

however, Régis Morelon asserts that Farghani’s work was “more superficial” (though not
indicating in what sense), and cites their only commonality as being that both had modified
Ptolemy’s parameters on the ecliptic obliquity (though each gives a slightly different value), and
both had agreed on the motion of the solar apogee (taken to be fixed by Ptolemy).'** In fact there
are some significant differences between the two regarding focus, scope, and content, at least as
indicated by Thabit’s two short extant works on Ptolemaic astronomy, his Tashil al-Majisti and

Fi dhikr al-afldk...;"** but they also had some commonalties, and both differences and

1% Francis J. Carmody suggests a “possible” relationship between the two, and even that Thabit
could have been influenced by Farghani, based on connections within some minor works by
Thabit; however, Carmody’s speculation rests heavily on his use of the Latin translations for his
analysis, and some of these may have been modified from the Arabic originals (The
Astronomical Works of Thabit b. Qurra [Berkeley: University of California Press, 1960], pp. 17,
117-18, 120).

1% See Morelon, Thabit ibn Qurra, pp. XLIV-XLV. Thabit gives 23;33 for the ecliptic obliquity
(Tashil al-Majisti [Morelon, Thabit ibn Qurra, Arabic: p. 8, line 7]), and Farghant gives 23;35
compared with Ptolemy’s value of 23;51,20 (4/magest, 1.12). Each may have been relying on
different Ma'miin observations for their modifications; however, to somewhat muddy the waters,
A. 1. Sabra points out that Farghani also gives the inclination of the ecliptic as 23;33 for the year
225 of Yazdegerd (=857-8) in his work on the astrolabe (“Farghani,” p. 543). See also Ragep
“Islamic Reactions to Ptolemy’s Imprecisions,” pp. 129-30 (on “The Obliquity of the Ecliptic™).

135 Morelon refers to these two works by Thabit as introductions and presents an analysis and

critical Arabic editions with French translations of both Tashil al-Majisti ( L}L"‘;\ Jugsd)

(“L’Almageste simplifi¢”) [Istanbul, Ayasofya MS 4832, ff. 52a-53b] and F7 dhikr al-aflak wa-

khalagiha [correct to halaqihd] wa- ‘adad harakatihd wa-miqdar masiriha

((EYOW ARV K> suc 5 [!] s SYeY) 53 &) (“Présentation des orbes des astres, de leur

disposition [should be corrected to “rings”], du nombre de leurs mouvements et de la valeur de
leur progression”) [Istanbul, Ayasofya MS 4832, ff. 50a-51a (Thabit ibn Qurra, pp. X1V, XIX,
XX, XXIV- XXV, XXXVII-XLIII). Also see Camody for a brief overview of the content of the
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similarities are worth pointing out here for what they indicate about teaching astronomy during
this period. Part of their differences lie in the fact that Thabit’s introductions deal exclusively
with the celestial realm, whereas Farghani’s Jawami * was far more ambitious in the range of
subject matter he covered. So given Thabit’s focus on the celestial bodies and their movements,
he excludes certain terrestrial-related subjects such as determining the sphericity and the
centrality of the Earth (found in Farghani [chs. 3 and 4]), and the discussion of the inhabited

world (contained in Farghani [ch. 8]);'*°

and interestingly the word Aay ‘a never enters his picture
(it at least makes a cameo appearance in Farghani [Ch. 23]). Thabit’s presentation of material is
pedagogically far better organized and structured, certainly when compared to Farghant’s
tendency to conflate topics and his piecemeal approach,'®’ but then again Thabit confined his
subject to the arrangement of the celestial orbs (tarkib al-aflak), and did not discuss the divisions
of the sublunar realm. On the other hand, both have several things in common: they both provide
basic astronomical definitions that underscore the fact that a technical terminology was well-

established by the ninth century (though in both cases certain terms are in need of refinement'*®);

and both felt no compulsion to provide illustrations for their “beginner” students. Both also seem

Latin translation of Thabit’s Tashil al-Majisti [= De Hiis que indigent antequam legatur
Almagesti] (The Astronomical Works of Thabit b. Qurra, pp. 21, 117-18).

1% Generally speaking, absent from Thabit are topics associated with Aay at al-ard, such as the
seven climes (discussed in Ptolemy’s Almagest and Geography [both works which Thabit
translated] and also Farghant’s Jawami ). On the other hand Thabit does include items
peripherally associated with terrestrial localities, such as definitions for the meridian and horizon
circles, zenith, and so forth.

7 n fact, Thabit’s organization of definitions in the Tashil al-Majisti is strikingly similar to
Jaghmint’s, whose definitions are found in his separate chapters on circles and on arcs
(Mulakhkhas, 1.III and L.IV); the similarity is such that it is worth considering the former as a
model for Jaghmini, especially since most other #ay ‘a works did not have separate chapters on
circles and arcs.

1% For example, both Farghani and Thabit seem unconcerned about distinguishing when to use
sphere (kura) versus orb (falak) to mean a constituent part of the general configuration of the

world; but this is also an issue that continues well into the thirteenth-century.
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content to present parameters as rough approximations, which I find a bit puzzling (e.g., both
give the Sun’s daily motion simply as 59 minutes of arc even though Ptolemy’s value is
0;59,8,17,13,12,31). Now one can obviously attribute this to their being contained in
introductory works (but then again Jaghmini gives 0;59,8,17), but as mentioned above, this was a
period when the Caliph Ma’miin was sponsoring astronomical observations that produced more
precise parameters. In any event, both are certainly keen on incorporating Ma’miin’s new results
into their works; though here we find some differences (minor and more significant ones)
between the two scholars: whereas Farghani maintains the Ptolemaic value for precession, Thabit
acknowledges modifications have been made, though he provides no specific parameters;'*” and
Farghani presents Ma 'miin’s updated values for the Earth’s diameter and circumference, and
Thabit omits these. On the other hand, Thabit presents the values for the planetary distances, and
furthermore he uses the values contained in the Planetary Hypotheses (but without citing his
source),'*’ whereas Farghani calculates parameters for determining his nearest distances of the
planets from the Earth based on the A/magest. All of this should remind us that scientists
working on the same subject matter, in roughly the same time and location, do not necessarily
have access to the same information or are knowledgeable of all available extant sources or are
even aware of all new developments. Nor might they have the same views of what the scope and
content of their subject entailed.

Furthermore, one should not assume that available new information will be assimilated

141

immediately. Here we have the example of al-Kindi (fl. ninth century), © who demonstrates a

1% See Morelon, Thabit ibn Qurra, Tashil al-MajistT (Arabic: p. 16, lines 10-11).

140 See Morelon, Thabit ibn Qurra, Tashil al-Majisti (Arabic: p. 14, line 5-p. 15, line 3). Since he
doesn’t reference the values, Carmody is apparently unaware that the values contained within
Thabit’s De Hiis are from the Planetary Hypotheses, since he claims that “there is no evidence
that Thabit knew this work” (The Astronomical Works of Thabit b. Qurra, p. 19; cf. pp. 130,
137). Neugebauer reiterates the point that Thabit ibn Qurra “fully confirms the numbers from the
Planetary Hypotheses” (HAMA, p. 920 and fn. 23).

141 Al-Kindi also flourished during the reigns of several caliphs who included al-Ma’miin, al-

Mu ‘tasim, and al-Mutawakkil. Rosenthal’s article is the seminal article on “Al-Kind1 and

Ptolemy”; but for more on his astronomical writings, also see Ibn al-Nadim, The Fihrist of al-
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clear “unreadiness to discard all the vestiges” of the ancient heritage even in light of new
developments.'** It is well known that al-Kindi considered it his “personal task to serve as an
Arab transmitter and interpreter” of difficult Greek philosophical and scientific works, and to

popularize them for “the curious student or interested layperson.”'*?

However, if his intention (as
he claimed) was to elucidate texts such as the Almagest for beginners, his choice to “faithfully
follow” Theon’s extremely technical Commentary on the Almagest as his model for his Almagest
commentary (Kitab fi al-sind ‘a al- ‘uzma) was odd, as was his decision to discuss the first eight
chapters of Book I, which focus on isoperimetric problems related to the Earth’s sphericity;'*
one would assume this subject would have had a limited appeal for inclusion in an elementary
astronomical textbook, even al-Kindi’s simplified rendition of it. However, al-Kind1’s decision to
use Theon as his source, and also to examine specific issues in great detail (such as determining
the Earth’s diameter) within a Greek context and completely devoid of any new astronomical
developments indicate his strong commitment to ancient sources. It did not go unnoticed that
“No mention is made by al-Kind1 of the measurement of the meridian under al-Ma’mun”...
“which is inconceivable that he should not have known about it.”'** Rosenthal suggests
(halfheartedly) that al-Kind1’s rivalry with the Bant Miisa, who were active in establishing the
new measurements during this period, may have been a contributing factor in al-Kind1’s

decision.

Nadim, vol. 2, pp. 618-20 (His Astronomical and Cosmological Books); and Sezgin, GAS, 6:
151-55 at 153 (no. 1).

142 See Rosenthal, “Al-Kindf and Ptolemy,” p. 455.

143 Rosenthal, “Al-Kind1 and Ptolemy,” pp. 440, 444-45, 455. See also A. . Sabra, “Some
Remarks on Al-kindi as a Founder of Arabic Science and Philosophy.”

'** For more on Theon’s Commentary of the Almagest, see above § 1.2.3¢: The Ptolemaic
Aftermath. For specifics regarding the content of al-Kind1’s Kitab fi al-sina ‘a al- ‘uzmda, which
includes evidence that his source was Theon’s Commentary, see Rosenthal, “Al-Kindt and

Ptolemy,” pp. 436-53, esp. 446.
145 Rosenthal, “Al-Kindi and Ptolemy,” p. 454.
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An account of the Palmyra-Raqqa scientific expedition in Syria is reported by the Bant

Miisa in a treatise entitled Harakat al-aflak (Motion of the Orbs);'*°

and the exact same passage
(in fact the entire extant fragment) is contained in another more extensive anonymous treatise
attributed to Qusta ibn Luqa (another ninth-century scholar), of Greek Christian origin who
composed and translated numerous scientific works. Either attribution makes this theoretical
astronomical treatise, which cites Ptolemy and the Almagest, an example of an early hay’a

work.""” This commentary strikingly contains some forty-eight two-dimensional mathematical

146 . J. Ragep provides a passage of the expedition from the Harakat al-afldk (both the Arabic

and an English translation), and situates the expedition within the broader context of the
complexity of introducing new parameters, and balancing tradition and innovation in Islamic
science (Tadhkira, pp. 502-10). See also F. J. Ragep, “Islamic Reactions to Ptolemy’s
Imprecisions,” pp. 122-25. For listings of this work by the Bant Musa, see Sezgin, GAS, 6: 147
(no. 3); and Rosenfeld and 1hsanoglu, Mathematicians, Astronomers, and Other Scholars of
Islamic Civilization and Their Works (7th - 19th c.), pp. 35-36 (no. 74, A3). The passage is
contained in an extant fragment of Damascus, Zahiriyya 4489, f. 12a-b; and the treatise begins
“gala Banu Miisa” (f. 1b).

7 See Oxford, Bodleian Library, Seld 11, ff. 38b-85b (the passage is on ff. 38b-45a, 47b-48a).
This witness describes the celestial world (unlike the Damascus fragment which only deals with
the terrestrial realm); and a codex table of contents lists it as Hay ‘at al-aflak by Qusta ibn Liiqa,
but this is clearly in a different hand than the witness itself. Though the text itself is anonymous,
George Saliba has consistently attributed this early hay ‘a work to Qusta; see Saliba, “Early
Arabic Critique of Ptolemaic Cosmology: A Ninth-Century Text on the Motion of the Celestial
Spheres,” Journal for the History of Astronomy 25 (1994): 119; “Arabic versus Greek
Astronomy,” pp. 328, 330; 4 History of Arabic Astronomy, p. 17; and Islamic Science and the
Making of the European Renaissance, pp. 18, 262 (note Saliba cites Sezgin here to support his
position [GAS, 6: 181-82 (no. 2)], but severely criticizes Sezgin’s evidence in “Early Arabic
Critique of Ptolemaic Cosmology,” p. 119). For more on Qusta and his works, see Ibn al-Nadim,
The Fihrist of al-Nadim, vol. 2, pp. 694-95; Elaheh Kheirandish, “Qusta ibn Ltqa al-
Ba‘labakki,” in The Biographical Encyclopedia of Astronomers, vol. 2, pp. 948-49 ); al-Qifti,
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illustrations that complement extensive descriptions of various aspects of celestial motions and
terrestrial phenomena (such as the lunar and solar eclipses, retrogradation, and so forth). The
planets are treated individually, i.e., they are not generically lumped together (a characteristic of
other astronomical treatises that led to criticism); however, no attempt has been made to provide
a coherent physical picture of the universe. Noticeably absent (from the extensive figures) is an
illustration of the configuration of the world; and also the word /ay ‘a (as far as I could tell) does
not appear throughout the entire treatise (it is written only in the codex’s table of contents, and
again not in the copyist’s hand). Nevertheless, the word falak (not kura) is systematically used
throughout the treatise, which may be indicative of physical underpinnings at work."** Clearly, a
more careful analysis of this text and its parameters is needed for the future. For our present
purposes , we can say that this treatise, insofar as it was ever meant as a “teaching” textbook, is
clearly not well-organized (the subject matter is in one continuous stream distinguished only by

subtitles). It does, though, present the reader with many parameters (again as approximations'*’)

including the latest values gleaned from the scientific expeditions.

Al-Kind1’s unwillingness to abandon Greek traditions in light of new developments is
somewhat ironic given his advocacy of upholding Ptolemy’s imperative of scientific
advancement, which demanded “the necessity of [building on] the consecutive labors of scholars
and thinkers.”"*° As Rosenthal noted, the novelty of a subject may need assimilation time during
its pioneering stages,"' but al-Battani (d. 317 H [929 CE]) provides us with a prominent counter-

example. In the preface to his great astronomical Zij, Battani explicitly informs us that his work

Ta rikh al-hukama’, pp. 262-63; and Rosenfeld and Thsanoglu, Mathematicians, Astronomers,
and Other Scholars of Islamic Civilization and Their Works (7th - 19th c.), pp. 59-60 (no. 118).
'8 The illustrations in this treatise are more mathematical than physical depictions of the orbs,
along the lines one finds in the A/magest. But it should be noted that many diagrams in
astronomical works, even hay’a works, use “mathematical” simplifications rather than the full,
spherical versions.

9B g., the values given for the climes are rounded Ptolemaic ones (see Oxford, Bodleian
Library, Seld 11, f. 44b and Damascus, Zahiriyya 4489, f. 11b ).

130 Rosenthal, “Al-Kindi and Ptolemy,” pp. 445, 447.

131 See Rosenthal, “Al-Kindf and Ptolemy,” p. 455.
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is also in accordance with Ptolemy’s imperative for scientific advancement;'>> but in contrast to
al-Kindi, he presents, within fifty-seven chapters, new and more precise astronomical parameters
(many beyond sexagesimal seconds) based on his observational activities that spanned over forty

years (264-306 H [877-918]).'> The focus of Battani’s al-Zij al-Sabi 15 as its title indicates, is

152 See Carlo Alfonso Nallino, A/-Battani Sive Albatenii Opus Astronomicum, 3 vols. (Milan:
Pubblicazioni Del Reale Osservatorio di Brera, Milano, 1899-1907), vol. 2 (1899), p. 7. As noted
by Willy Hartner: “Al-Battant tells us that errors and discrepancies found in the works of his
predecessors had forced him to compose this work in accordance with Ptolemy’s admonition to
later generations to improve his theories and inferences on the basis of new observations, as he
himself had done to those made by Hipparchus and others” (“Al-Battani,” in Dictionary of
Scientific Biography, ed. Charles Coulston Gillispie [New York: Charles Scribner’s Sons, 1970],
vol. 1, p. 508).

153 Much has been written on Abu ‘Abd Allah Muhammad ibn Sinan ibn Jabir al-Battant al-
Harrani al-Sabi’[also known as Albatenius in the Latin West]. In addition to Hartner, “Al-
Battani,” brief summations of his new parameters are contained within Carlo A. Nallino,
“Battani,” in Encyclopaedia of Islam, 2nd ed. (Leiden: E. J. Brill, 1960), vol. 1, pp. 1104-5; Julio
Samso, “Battani, Al-,” in Medieval Science, Technology, and Medicine: An Encyclopedia, ed.
Thomas F. Glick, Steven J. Livesey, Faith Wallis (New York: Routledge, 2005), pp. 79-80 and
Julio Samsé, “Al-Battani,” in Encyclopaedia of the History of Science, Technology, and
Medicine in Non-Western Cultures, p. 91. F. J. Ragep also summarizes trepidation in Islam
before Battani, and Battani’s criticism and alternatives in “Al-Battani, Cosmology, and the Early
History of Trepidation in Islam,” in From Baghdad to Barcelona. Essays on the History of the
Exact Sciences in Honour of Prof. Juan Vernet, ed. Josep Casulleras and Julio Samso
(Barcelona, 1996), pp. 283-90. Additional sources include: Hajji Khaltfa, Kashf al-zuniin
[Fligel, Lexicon, vol. 3, p. 564 (no. 6946)]; Ibn al-Nadim, The Fihrist of al-Nadim, vol. 2, pp.
661-62; Qiftl, Ta rikh al-hukama’, p. 280; E. S. Kennedy, “A Survey of Islamic Astronomical
Tables,” pp. 132-33, 154-56 (Battani [no. 55] plus other zijes influenced by al-Battani); Sezgin,
GAS, 6: 182-87; and Benno van Dalen, “Battani,” in The Biographical Encyclopedia of
Astronomers, vol. 1, pp. 101-3. Also see Commentary, I1.3 [9] and charts included in my

commentary that contain his parameters.
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concerned predominantly with practical rather than theoretical aspects of astronomy. However,
Battani, like Farghani, includes a general description of the nested orbs, and also deals with
many overlapping topics that make it relevant for ~ay ‘a works, though the word itself is rarely
used (and then to signify a general structure or configuration of the universe, not a scientific
discipline)."”® But Battani’s objective was not to provide a teaching text;'*® rather, his priorities
were acquiring and presenting more accurate parameters, so he was less concerned with
couching them in a coherent physical cosmology. This is evident by the fact that Battani often
oversimplifies his descriptions of the celestial realm (something he shares with Farghant and
others). He also is not beyond getting the modeling wrong; for example, in the case of Mercury
he presents the deferent center as the center of mean motion (whereas it should be the equant

point)."*” In short, Battani’s claim to fame was due to his level of competency in providing

154 The title al-Zij al-Sabi’ or “The Sabian zij” is a reference to Battani’s Sabian ancestral roots,
and probable links with Harran in southern Anatolia. This also suggests connections with
Battan1’s older contemporary, the Sabian Thabit ibn Qurra, despite Carmody’s statement that
Battan’s zij shows “no influence of [Thabit’s] work or methods” (given without explanation)
(The Astronomical Works of Thabit b. Qurra, pp. 18-19).

133 1 angermann, however, wants to situate al-Battani, along with Farghani, within the “hay a
literature”; he views Battani’s general description of the nested orbs (Ch. 31) and presentation of
parameters for planetary distances and sizes (Ch. 50) as indications of physical concerns
associated with hay 'a works (Ibn al-Haytham’s “On the Configuration of the World,” pp. 25-
29). Cf. Carlo Nallino, who in stating that the solidity of the spheres was held by almost all
Muslim writers, gives Battani as the one counter example who left the question uncertain (“Sun,
Moon, and Stars [Muhammadan],” p. 99, fn. 4).

156 Battani’s extremely lengthy explanations (throughout the z7j) that accompany his parameters
can be deadly for pedagogical purposes. On the other hand, E. S. Kennedy viewed his detailed
contextualizing of parameters as rewarding gateways into understanding the underlying
mathematics behind the numbers (“A Survey of Islamic Astronomical Tables,” p. 123).

157 Hartner points out that anyone familiar with Ptolemy would be struck by Battani’s insufficient

and inaccurate explanations, and he provides us with what he refers to as “particularly
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various improved parameters for planetary motion; and it is not an exaggeration to state that his
Zij became one of the main reference sources for generations of Islamic astronomers, including
those scholars working on Aay ‘a textbooks. Battani is the only “authority” outside of Ptolemy
that Jaghmini specifically cites in the Mulakhkhas (I1.3 [9]), an indication that Battan1’s
influence was pervasive some three centuries after he flourished (see Commentary 1.2 [9], “On

the sources” and charts).

§ 1.2.4b  The “Post Modernists”

Although Jaghmint only specifically cites Ptolemy and his 4/magest and Battani, he clearly
relied on a variety of other unnamed authorities and reference sources.'”® Given that he
flourished some three centuries after the so-called “Moderns,” and in Khwarizm (a region
somewhat distant, but not isolated, from Mesopotamian scientific activities), it is not surprising
that over time and space the ensuing work of other scholars would have altered the
understanding of theoretical astronomy. For example, we mentioned that Jaghmini omits
astrological topics in the Mulakhkhas; however, this weeding out of astrology from hay ‘a works
only began in earnest beginning in the eleventh century, as we see with Ibn Sina’s categorization.
It was after all a subject sanctioned by Ptolemy (who also includes it in his A/magest'>”). And in
tenth-century Basra, the Ikhwan al-Safa’ included both astronomy and astrology in Epistle 3
(entitled “On Astronomia”) of their encyclopedic work, but with the astronomy seemingly a
handmaiden to astrological applications. Their purpose was not to present a summary account of
Ptolemaic astronomy, but rather to provide moral guidance through astronomical knowledge, i.e.,
orbs being stairways to heaven. The work (an introduction and 31 chapters) gives an overview of

the stars, planets, and zodiacal signs employing basic Ptolemaic principles, but without

bewildering features” contained in the zij (“Al-Battani,” pp. 509-10). See also Samso, “Battani,
Al-,"p. 79.

18 E o, he alludes to Ptolemy’s Geography (IL.1 [2]).

9 E.g., see Ptolemy’s discussion of the configurations of the fixed stars (4/magest, Book VIIL.4
[pp- 407-8 and fns 185, 187, 190]).
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explanations of planetary models (e.g., the terms epicycles and eccentrics never appear); and
Ptolemy’s Almagest is cited only once [ch. 26] and in the context of its application for
salvation.'®

The moral imperative underlying the astronomical teachings of the Ikhwan al-Safa’ may
be considered anomalistic; however, the introduction of various aspects of theoretical astronomy
for application to astrology was not unique. For example, the astrological primer of al-Birtint
(born 973), his Kitab al-tafhim (which he composed in both Arabic and Persian), certainly cannot
be overlooked as providing a valuable “user-friendly” reference of astronomical terms, concepts,

and explanations even though it is ostensibly an “astrological” text.'®' Birani’s “true” attitude

1% The exact date of the fifty-two epistles of the Ikhwan al-al-Safa’(the Brethren of Purity)
remains as mysterious as the authors themselves. The corpus has four general divisions
(Mathematics, Natural Philosophy, Sciences of the Soul and Intellect, and Theology), and Epistle
3 is contained in Mathematics, one of fourteen parts dealing with the mathematical sciences.
Their citations range from the Qur’an and hadiths to Pythagoras and Aristotle; and some of their
potential sources include: Ptolemy’s Tetrabiblos, Farghani’s Jawami‘, Abti Ma‘shar’s
Introduction to Astrology, Battan1’s Zij, and Qabis1’s Introduction to Astrology. For most of the
information on the Ikhwan presented here, I am indebted to Jamil Ragep and Taro Mimura
(Epistles of the Brethren of Purity. On Astronomy. An Arabic Critical Edition and English
translation of Epistle 3 [The Institute of Ismaili Studies: forthcoming]). Also see: the Foreword
by Nader El-Bizri in On Magic: An Arabic Critical Edition and English Translation of Epistle
52a. Epistles of the Brethren of Purity, ed. Godefroid de Callatay and Bruno Halflants (Oxford;
New York: Oxford University Press, 2011), xvii-xxi; Yves Marquet, “Ikhwan al-Safa’,” in
Encyclopaedia of Islam, 2nd ed. (Leiden: E. J. Brill, 1971), vol. 3, pp. 1071-76; Rosenfeld and
1hsan0glu, Mathematicians, Astronomers, and Other Scholars of Islamic Civilization and Their
Works (7th - 19th c.), pp. 90-91 (no. 226, E1, Al); Sezgin, GAS, 6: 234-39; and Ziva Vesel,
“Ikhwan al-Safa’,” commissioned for The Biographical Encyclopedia of Astronomers:

http://islamsci.mcgill.ca/RASI/BEA/Ikhwan_al-Safa%27 BEA.htm Accessed on June 5, 2014.
161

Biriini is explicit in stating that the purpose of the Kitab al-tafhim is to provide definitions of
astronomical terms dealing in the form of questions and answers to help facilitate their further

application elsewhere; and he informs us: “I have begun with Geometry and proceeded to
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towards astrology has been questioned, and it has been stated that he really believed that the
basic tenets of astrology were spurious and that its practitioners were unscrupulous. But given
his twenty-three or so compositions on the subject, we must note both the high demand for works
on astrology and its complex role within Islamic society and among scholars themselves.'®*
That Biriin1 was a fellow Khwarizmian of Jaghmini, albeit two centuries earlier, also
underscores the fact that greater Central Asia was known for being a locus of scientific activity
and creativity, and knowledge from this region disseminated throughout Islamic lands.'® It is
undeniable that many prominent scholars hailed from this area; one renowned example being
Birini’s contemporary Abi ‘Alf Ibn Sind.'** However, there were many others (some
recognizable by their nisbas), such as Muhammad ibn Miisa al-Khwarazmi (d. ca. 830), Abi
Ja'far al-Khazin al-Khurasani (d. circa 971), Abii al-Wafa’ al-Biizjani (d. 887 or 998), and Abii

Sa‘1d al-Sijz1 (d. ca. 1020). BirGini personally mentioned the observational improvements found

in al-Khazin’s Tafsir al-Majisti, another Ptolemaic commentary concerned with isoperimetric

Arithmetic and the Science of Numbers, then to the structure of the Universe, and finally to
Judicial Astrology, for no one is worthy of the style and title of Astrologer who is not thoroughly
conversant with these four sciences” (Kitab al-tafhim li-awa'il sina ‘at al-tanjim [=The Book of
Instruction in the Elements of the Art of Astrology], trans. R. Ramsey Wright [London: Luzac
and Co., 1934], p. 1).

162 See Edward S. Kennedy, “Birtint,” vol. 2, pp. 152, 155-57.

13 Thsan Fazlioglu refers to the regions of Transoxiana, Khurasan, and Iran as “philosophical and
scientific granaries of Islamic civilization” for Ottoman lands (“The Samarqand Mathematical-
Astronomical School: A Basis for Ottoman Philosophy and Science,” Journal for the History of
Arabic Science 14 (2008): 8, fn. 13.

14 For a preliminary overview analyzing Ibn Sina’s astronomical works (divided into four
categories: summaries of Ptolemy’s Almagest [which includes a rather extensive one of 659
pages]; instruments and observations; philosophical/cosmological works; and miscellaneous),
see F. Jamil Ragep and Sally P. Ragep, “The Astronomical and Cosmological Works of Ibn Sina:
Some Preliminary Remarks,” in Sciences, techniques et instruments dans le monde iranien (Xe-

XIXe siécle), études réunies et présentées par N. Pourjavady et Z. Vesel (Tehran, 2004), pp. 3-15.
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problems of the Almagest, Book One;'®® exchanged astronomical data and measurements with
Biizjani (a Baghdad transplant from Khurédsan), who also composed a work entitled al-Majist7;'®®
and befriended (and quoted) the prolific (but not necessarily original) mathematician/astronomer

al-Sijz1, who flourished in Khurasan for some period, and composed a work enticingly entitled

195 See Biriini, Qaniin, vol. 2, p. 653. Recall that the subject of isoperimetrics (contained in the
fragment attributed to Abu Ja‘far al-Khazin [Paris, BnF, MS ar. 4821, ff. 47-68]) was the focus
of Theon of Alexandria’s Ptolemaic commentary on the A/magest, Book I, and other scholars
(see above § 1.2.3c: The Ptolemaic Aftermath). In the Qaniin, Birtint simply mentions al-
Khazin’s improved Baghdad observations (of 212 H) along with the ninth-century Ma’'min
astronomers Khalid al-Marwarriidhi, ‘Ali ibn ‘Isa, and Sind ibn ‘Alf; but apparently he was
critical of al-Khazin in other works (see Yvonne Dold-Samplonius, “Al-Khazin, Abi Ja“far
Muhammad Ibn Al-Hasan Al-Khurasani,” in Dictionary of Scientific Biography, ed. Charles
Coulston Gillispie [New York: Charles Scribner’s Sons, 1973], vol. 7, pp. 334-35). See also
Emilia Calvo, “Khazin,” in The Biographical Encyclopedia of Astronomers (vol. 1, pp. 628-29);
and Roshdi Rashed, Founding Figures and Commentators in Arabic Mathematics: A History of
Arabic Science and Mathematics Volume 1, ed. Nader El-Bizri (London: Routledge/Beirut:
Center for Arab Unity Studies, 2012 ), Ch. IV: Abi Ja'far al-Khazin: Isoperimetrics and
Isepiphanics); Rosenfeld and Thsanoglu, Mathematicians, Astronomers, and Other Scholars of
Islamic Civilization and Their Works (7th - 19th c.), p. 82 (no. 194, A3); and Sezgin, GAS, 6:
190 (no. 1). For more on the other scholars, see Marvin Bolt, “Marwarrtidhi,” (vol. 2, p. 740) and
“‘Al1 ibn ‘Isa al-Asturlabi,” (vol. 1, p. 34) both in The Biographical Encyclopedia of
Astronomers; Rosenfeld and Thsanoglu, p. 26 (no. 42: Marwarriidhi), p. 28 (no. 47: ‘Ali al-
Asturlabi), pp. 28-9 (no. 48: Sanad ibn ‘Al1); and Sezgin, GAS, 6: 159, 143-44, and 138
[respectively]).

1% According to Behnaz Hashemipour, Biizjani’s al-MajistT presents new observational data and
trigonometric applications for astronomy, but he was not known for introducing any “theoretical
novelties” (“Buzjant,” in The Biographical Encyclopedia of Astronomers, vol. 1, pp. 188-89).
See also the Arabic edition by “Ali Musa, Majisti Abt al-Wafa’ al-Biizjani (Beirut: Markaz
Dirasa al-Wahda al-‘Arabiya, 2010).
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Kitab al-aflak.'®’ Birani’s various relationships highlight the fact that many scholars known for
their compositions on more “practical” aspects of astronomy (such as instruments, observations,
compiling zijes, and so forth) were also writing on theoretical issues—though many of these
works are either no longer extant or have yet to be carefully examined. Biriin1 also showcases the
vibrant exchange of information between scholars irrespective of time and place during the
eleventh century, a phenomenon certainly not confined to this scholar or period alone.

It is also in the eleventh century that Ibn al-Haytham (who flourished in the more
westerly regions of Basra and Cairo) composes his F7 hay ‘at al- ‘alam (On the Configuration of
the World), '®® a hay 'a work often showcased for being “revolutionary” and as the first attempt to
“physicalize” the mathematical constructs of Ptolemaic astronomy. Putting aside the veracity of
this claim for the moment, it is certainly undeniable that his fifteen-chapter work influenced
generations of scholars throughout Islamic lands and also had a major impact on astronomical

169

planetary theory in the Latin West.” Ibn al-Haytham assessed (I believe correctly) that no

17 This work is listed with this title in both Rosenfeld and Thsanoglu (Mathematicians,
Astronomers, and Other Scholars of Islamic Civilization and Their Works [7th - 19th c.], p. 113
[no. 296, A2]) and Sezgin, GAS, 6: 225 [no. 1]). But this title is not mentioned in Glen van
Brummelen, “Sizji: Abt Sa‘id Ahmad ibn Muhammad ibn ‘Abd al-Jalil al-Sijz1,” in The
Biographical Encyclopedia of Astronomers, vol. 2, p. 1059 nor in Yvonne Dold-Samplonius,
“Al-Sijz1,” in Encyclopaedia of the History of Science, Technology, and Medicine in Non-
Western Culture, pp. 159-60. The witness I checked (Tehran, Majlis Shiira MS 174, which was
kindly provided to me by Mr. Sajjad Nikfahm) refers to as a work on judicial astrology. The
content seems to deal with detailed parameters for sizes and distances and various celestial
motions based on Ptolemy, and it also contains extensive tables. Al-SizjT1 was apparently known
for his astrological compilations and commentaries, which included at least forty-five
geometrical and fourteen astronomical works.

1% 1 angermann provides an edition of the text, along with an English translation and notes, in
Ibn al-Haytham’s “On the Configuration of the World.” Langermann also includes a brief
summary of the work in his article “Ibn al-Haytham,” in The Biographical Encyclopedia of
Astronomers, vol. 1, pp. 556-57.

' Tbn al-Haytham [Latinized as Alhacen or Alhazen] became known in Europe in the thirteenth
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previous work on theoretical astronomy had actually explained to the reader how the various
components of the Ptolemaic models operated and ultimately fit together to form a coherent
whole, certainly not with a straightforward and non-technical depiction. Theoretical astronomical
textbooks prior to Ibn al-Haytham tended to be general overviews, summaries, and/or (overly)
technical selective discussions. In comparison, On the Configuration of the World attempts to
match the mathematical models of the Almagest with physical structures to account for the
various motions of the celestial bodies. To accomplish his goal, Ibn al-Haytham did not feel the
need to provide parameters, proofs, a discussion of sizes and distances, or even illustrations

(though there are indications that Ibn al-Haytham may have wanted to include them'™).

century, and his Configuration was translated into Spanish, Hebrew, and Latin (see A. I. Sabra,
“Ibn al-Haytham,” in Dictionary of Scientific Biography, ed. Charles Coulston Gillispie [New
York: Charles Scribner’s Sons, 1972], vol. 6, pp. 197-98, 210). Its influence on Renaissance
scholars, particularly Peurbach’s Theoricae (a work on planetary theory composed in 1460), was
noted by E. J. Aiton who concluded that “Peurbach evidently drew upon Ibn al-Haytham’s
(Alhazen’s) On the Configuration of the World or some later work based on this” (“Peurbach’s
Theoricae Novae Planetarum: A Translation with Commentary,” Osiris 3 [1987]: 7-8). Some
thirty years earlier than Aiton, Willy Hartner had also discussed Peurbach’s dependency on
Islamic astronomers and compared his Mercury model with that of Ibn al-Haytham’s. Hartner
also recognized Jaghmint’s interest in the physical reality of the orbs (albeit misplaced to the
fourteenth-century [p. 124, fn. 39]), and lumped Jaghmini together with Ibn al-Haytham in
asserting that “The dependency of early Renaissance astronomers on ALHAZEN and AL-
JAGHMINI is beyond doubt. Yet I am unable to tell at the moment from which of the two
(possibly from both), and through which channels, they drew their information” (“The Mercury
Horoscope of Marcantonio Michiel of Venice: A Study in the History of Renaissance Astrology
and Astronomy,” Vistas in Astronomy, ed. Arthur Beer [London: Pergamon Press, 1955], vol. 1,
pp. 124-35).

170 See the closing statements at the end of the chapters on the orbs of the Sun, Moon, Mercury,
Venus, the Upper Planets, the Fixed Stars, and the Highest Orbs, which seem to indicate that
figures should follow (Langermann, /bn al-Haytham’s “On the Configuration of the World,” pp.
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Furthermore, since his focus is explaining the hows of the celestial components, he keeps
terrestrial topics to a minimum and omits philosophical and astrological topics altogether. His
work was certainly remarkable, and undoubtedly inspirational for future scholars; however, it is
a matter of opinion as to whether this work should also be deemed revolutionary since he was
making explicit what was already implicit in previous theoretical works.'”!

It was not Ibn al-Haytham’s aim in the Configuration to question Ptolemaic theory; this
was reserved for criticisms found in his other works such as his 4I-Shukitk ‘ala Batlamyiis
(Doubts About Ptolemy), which addressed irregularities and violations by Ptolemy of his own
principles in three of his works: the Almagest, the Planetary Hypotheses, and the Optics. Ibn al-

Haytham was truly remarkable in being both prolific and creative.'”

But he was also exceptional
in his ability to articulate underlying ideas and sentiment upheld by many Islamic scholars, as

exemplified by his Configuration, but also conveyed in his statements (contained in his

131 [209], 150 [272], 177 [321], 196 [337], 206 [359], 215 [374], 223-24 [382] (English); and
pp- 37, 46, 54, 57, 60, 63, and 65 (Arabic)).

"I See F. I. Ragep, who situates Ibn al-Haytham’s work within the context of the hay a tradition,
and also reminds us that “it is important to recognize that Ibn al-Haytham is not saying that
previous astronomical work has been ‘instrumentalist’ in some Duhemian sense; in fact, he
seems to go out of his way to indicate that previous work has assumed the existence of solid
spheres” (Tadhkira, pp. 30-33).

172 A daunting combination, which probably contributed to speculation that one man alone could
not have written all the works attributed to him, and that there were two Ibn al-Haythams, one
mathematically inclined, one philosophically inclined. However, for evidence supporting the one
Ibn al-Haytham position (which I endorse), see A. I. Sabra’s two articles: “One Ibn al-Haytham
or Two? An Exercise in Reading the Bio-bibliographical Sources,” Zeitschrift fiir Geschichte der
Arabisch-Islamischen Wissenschaften 12 (1998): 1-50; and “One Ibn al-Haytham or Two?
Conclusion,” Zeitschrift fiir Geschichte der Arabisch-Islamischen Wissenschaften 15

(2002/2003): 95-108.
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Introduction to al/-Shukiik) on scientific advancement and the questioning of scientific authorities

(which I believe is worth repeating here):'"

“Truth is sought for itself [but] the truths [he warns], are immersed in
uncertainties [and the scientific authorities (such as Ptolemy, whom he greatly
respected) are] not immune from error.... [Nor, he said, is human nature itself:]
Therefore, the seeker after the truth is not one who studies the writing of the
ancients and, following his natural disposition, puts his trust in them, but rather
the one who suspects his faith in them and questions what he gathers from them,
the one who submits to argument and demonstration, and not to the sayings of a
human being whose nature is fraught with all kinds of imperfection and
deficiency. Thus the duty of the man who investigates the writings of scientists, if
learning the truth is his goal, is to make himself an enemy of all that he reads, and,
applying his mind to the core and margins of its content, attack it from every side.
He should also suspect himself as he performs his critical examination of it, so

that he may avoid falling into either prejudice or leniency.”

The fact that Ibn al-Haytham should not be seen “as having single-handedly established
physical cosmography in Islam” should not undermine the fact that many of his successors found
him inspiring.'”* Nasir al-Din al-Tiisi devotes an entire chapter to the configuration of the
epicycles orbs of the planets according to Abii “Alf ibn al-Haytham in a Persian appendix to his

Risalah-i Mu ‘Tniyya (written in 1235);'” and it is well-known that ‘Abd al-Jabbar al-Kharaqi

'> We are indebted to A. I. Sabra for providing us this marvelous translation, whose additional

side comments are contained in brackets (“Ibn al-Haytham: Brief life of an Arab mathematician:
died circa 1040,” Harvard Magazine, September-October 2003, p. 54).

17 See F. J. Ragep, Tadhkira, p. 33.

'3 See F. Jamil Ragep, “Ibn al-Haytham and Eudoxus: The Revival of Homocentric Modeling in
Islam,” in Studies in the History of the Exact Sciences in Honour of David Pingree, ed. Charles
Burnett, Jan P. Hogendijk, Kim Plofker, and Michio Yano (Leiden: E. J. Brill, 2004), pp. 786-
809 (a Persian edition with English translation of chapter 5 of Tus1’s Hall-i mushkilat-i

Mu ‘Tniyya is included in this article).
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(477-553 H [1084-1158])—who flourished over a century earlier than TiisT in the vicinity of
Merv, during the volatile period of struggle for hegemony between the Seljuk Sultan Sanjar and
the Khwarazm Shah ‘Ala’ al-Din Atsiz'*—explicitly credits Ibn al-Haytham as being an
important influence for motivating him to consider solid spheres as opposed to imaginary circles

in astronomy, and inspiring his attempts to reconcile physics with mathematical models.'”” In

176 * Abd al-Jabbar al-Kharaqi has often been confused with an older contemporary, a Shams al-
Din Abu Bakr Kharaqt (both sharing the same nisba); however, we can confidently date our
Kharaqi (i.e., the one who authored /ay ‘a works) based on information he himself provides
within his treatises and also from contemporary primary sources. For example, he dedicates his
Tabsira to “al-Amir Shams al-Din Abii al-Hasan ‘Al ibn al-sahib Nasir al-Din Mahmiid ibn
Muzaffar” (Istanbul, Ayasofya MS 2581, f. 2a and Ayasofya MS 2579, f. 1b), the son of the
vizier who was also known as Ibn Abi Tawba (466-503 H [1074-1110]) and put to death by the
great Seljuk Sultan Sanjar (see Max Meyerhof, “* Al al-Bayhaqt’s Tatimmat Siwan al-Hikma: A
Biographical Work on Learned Men of the Islam,” Osiris 8 [1948]: 177-78). Zahir al-Din al-
Bayhaqi (ca. 1097-1169), a contemporary of Kharaqi, also reports that Kharaqt was taken into
service of a Khwarazm Shah; Hanif Ghalandari speculates the ruler was Atsiz (r. 521-551 H
[1127-1156]) (Ghalandari, “A Survey of the Works of ‘Hay’a’ in the Islamic Period with a
Critical Edition, Translation and Commentary of the Treatise Muntaha al-Idrak fi Taqasim al-
Aflak written by Baha’ al-Din al-Kharaqi (d. 553 AH/1158 AD),” Ph.D. diss., The Science and
Research Branch of the Islamic Azad University (SRBIAU), Tehran Oct. 2012, pp. 4-5 [in
Persian with an Arabic edition]. See also Cemil Akpinar, “Haraki,” in Islam Ansiklopedisi
(Istanbul: Turkiye Diyanet Vakfi [TDV], 1997), vol. 16, pp. 94-96 [Turkish]. For a German
translation of the introductions to both the Muntaha and Tabsira, see Eilhard Wiedemann and
Karl Kohl, “Einleitung zu Werken von al-Charaqi,” Sitzungsberichte der Physikalisch-
Medizinischen Sozietdt zu Erlangen 58 and 59 (1926-7): 203-18; reprinted in E. Wiedemann,
Aufsdtze zur arabischen Wissenschafts-geschichte (Hildesheim: Georg Olms, 1970), vol. 2, pp.
628-43.

177 Actually Kharagi cites both Ibn al-Haytham and Ja‘far al-Khazin in the Muntaha (e.g., Berlin,
Staatsbibliothek, Landberg MS 33, f. 2a); however, he omits al-Khazin in the Tabsira (e.g., see
Istanbul, Ayasofya MS 2581, f. 2b). See also Ghalandari, “A Survey of the Works of ‘Hay'a’ in
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turn, Kharaqi writes on theoretical astronomy, especially his Muntaha al-idrak fi taqasim al-
aflak , in which he explicitly stated that ‘i/m al-hay ‘a follows theology in standing and nobility
in showing God’s wisdom, and his shorter, more popular Tabsira fi ‘ilm al-hay ‘a, both written in

178

Arabic, would play critical roles in the development of ay’a " (the Tabsira being the unnamed

source extensively used by Jaghmini throughout the Mulakhkhas).'” Tt is Kharaqi’s works that

the Islamic Period with a Critical Edition, Translation and Commentary of the Treatise Muntaha
al-Idrak fi Taqasim al-Aflak written by Baha' al-Din al-Kharaqi (d. 553 AH/1158 AD),” pp. 149-
50.

178 We know that Kharaqi’s Tabsira inspired a thirteenth-century commentary by Mu’ayyid al-
Din al-"Urdi, and at least two others, one by a Yemeni Jew Alu’el ben Yesha“, and another
anonymous one. See Petra G. Schmidl, “‘Urd1,” and Langermann, “Kharaqt” (both articles in
The Biographical Encyclopedia of Astronomers, vol. 2, pp. 1161-62, and vol. 1, p. 627
[respectively]). In comparison, I do not currently know of any commentaries written on
Kharaqi’s Muntaha; however Kharaqi’s works were often cited by other Islamic scholars, such
as al-"Urd1 (see George Saliba, “The First Non-Ptolemaic Astronomy at the Maraghah School,”
in A History of Arabic Astronomy, p.114). For more examples of citations, see the following
footnote.

' See the Commentary for references to KharagT, and especially the examples provided in
which Jaghmini paraphrases sections from Kharaqi’s Tabsira (IL.1 [3]: his description of
latitudes from 63 to 66 degrees; and IL.1 [5]: regarding the astrolabe/gnomon exercise). Rather
than charging Jaghmini with plagiarism, however, one should keep in mind that Kharaqi’s works

were probably common knowledge, and so Jaghmini may have felt no compunction to cite him.

Tais1 refers to him simply as “the author of the Muntaha al-idrak” (.ﬂb.}}'\ s —=Lo) in his

Hall-i mushkilat-i Mu ‘tniyya, (Ragep, “Ibn al-Haytham and Eudoxus,” pp. 797 [Persian], 805
[Eng. trans.]; see also Tadhkira, p. 33 and fn. 25); Qutb al-Din al-Shirazi’s listing of the
“Muntahd al-idrak, and al-Tabsira” when he references titles of well-known hay ‘a books
“composed in this discipline” in the explicit to his Nihdya (Ragep, “Shirazi’s Nihayat al-I1drak:
Introduction and Conclusion,” pp. 51 [Arabic], 55 [Eng. trans.]); and Shirazi’s student ‘Ubaydi
(d. 1350), who playfully incorporates fabsira into his commentary title to Tas1’s Tadhkira
(Bayan al-Tadhkira wa-tibyan al-tabsira) (Ragep, Tadhkira, p. 61).
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would codify the basic structure of subsequent say ‘a works: an introduction, and (most
importantly) the two-part division of regions into the arrangement (farkib) of the celestial bodies
and their motions, and the configuration (2ay ‘a) of the Earth. Other later 4ay ‘a works might also
devote a chapter or section to the subject of sizes and distances; a discussion of chronology,
included as a separate section in the Muntahd, tended to be downplayed in these later works.'™
The credit for this new delineation of astronomy associated with say’'a works, i.e., presenting the
cosmos as a coherent whole with subject matter divided into two basic arenas—i.e., the upper
bodies of the celestial region (“‘cosmo-graphy”) and the lower bodies of the terrestrial realm
(“geo-graphy”’—has usually been attributed to Kharaqi’s two Arabic treatises.'®' However,
Kharaqt also wrote another #ay 'a work, in Persian, entitled al- Umda li-dla al-albab. This
recently discovered work that exists in a unique copy is dedicated to the above-mentioned
Khwarazm Shah Atsiz and is among the list of “unattributed” hay ‘a works mentioned by Shirazi
in his explicit to the Nikdya.'™ Kharaqi’s Persian treatise, like its two Arabic counterparts,

contains his signature two-part division of the cosmos.

180 As mentioned earlier, both Kharaqi and Jaghmini do not include sizes and distances in the
Tabsira and Mulakhkhas (respectively), most-likely considering it inappropriate subject matter
for a hay ‘a basita work; however, Kharaqi’s Muntaha contains a chapter on the subject [Magala
I1, bab 17, in 2 parts (faslan)]. Some later hay 'a works would devote an entire section to sizes
and distances (e.g., TuisT’s Tadhkira). Regarding subjects related to chronology (such as year,
month, hours), in the Mulakhkhas, Jaghmini lumps the various topics altogether in his final
chapter of Part Two (on an explanation of the Earth and what Pertains to it) under the umbrella
title of “Miscellaneous Items” (Mulakhkhas [11. 3 [6-10]). In comparison, TiisT informs us that
subjects related to chronology have no place in a hay ‘a work and he buries these topics in a
section of a chapter in Book III (see Ragep, Tadhkira, pp. 36, 36 fn. 12, 300-3 (II1.10 [3], lines
10-12)).

181 See Ragep, Tadhkira, p. 36.

182 See Ragep, “Shirazi’s Nikayat al-idrdk: Introduction and Conclusion,” pp. 51 [Arabic], 55
[Eng. trans.]. Until now we were unaware that the identity of Shirazi’s unnamed author was

Kharaqi, and also that the work was composed in Persian.
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Although I have yet to examine Kharaqi’s Persian hay ‘a treatise carefully, its mere
existence raises interesting questions that challenge our views regarding the role of Persian
compositions of theoretical astronomy, especially their relationship to Arabic treatises during this
formative period. The standard narrative has been that “from the fifth/eleventh century onwards
[at least]...the language par excellence of science” was “almost exclusively in Arabic.”'*?
Indeed, the assumption was that any Persian treatises on scientific topics are later translations of
their Arabic counterparts, perhaps attempts to convey scientific information for court members
or a lay audience, people more comfortable with the vernacular Persian and less familiar with
Arabic. The possibility that the Persian treatise gave rise to the Arabic is typically downplayed
(or dismissed). A good example highlighting this point is the general assumption that Birint’s
Arabic version of his Kitab al-Tafhim preceded the Persian, although it is well acknowledged
that there is no evidence to support any priority. Furthermore, it has also been suggested that the
Persian rendition was not necessarily done by Birtint himself (who I might add was trilingual in
Persian, Arabic, and [his mother tongue] Khwarazmian), again based on unfounded

speculation.'®*

'3 See C. Edmund Bosworth, “The Persian Contribution to Islamic Historiography in the Pre-
Mongol Period,” in The Persian Presence in the Islamic World, ed. Richard G. Hovannisian and
Georges Sabagh (Cambridge, Eng; New York: Cambridge University Press, 1998), p. 231.

'8 Although Gilbert Lazard points out that the priority of the two versions has never been
explicitly established, he confidently concludes Arabic seniority based on his impression that the
Arabic is written in a concise and elegant style, whereas the Persian is written in a more clumsy
and belabored way (“Souvent 1’arabe est concis, net élégant 1a ou le persan paraphrase plus ou
moins et donne I’impression d’une certaine gaucherie et d’une certaine lourdeur.” [p. 60]). He
also notes that the Persian is highly dependent on Arabic scientific terms, but it is not clear why
this is an argument in favor of the priority of the Arabic version. Furthermore, he cites Birtin1’s
objection to composing scientific works in Persian (as expressed in his work on Pharmacology
[Kitab al-Saydalal); though I should add that Lazard is not alone in referring to this work and
referring to Birlin1’s sentiment that Persian was a language “fit only for the recital of bedtime
stories and legends of kings” (E. S. Kennedy, “Biruni,” p. 155), and also that Persian was a

language far “less precise and less lexically rich for scientific purposes” [than Arabic]
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So a prevalent narrative is that it would be difficult to point to “scientific texts and say
that there was an indigenous Persian scientific production which was independent of the
contemporary Arabic production.”® A preliminary comparison of Kharaqi’s three works
indicates striking similarities between them, and especially between the Arabic Muntaha and the
Persian ‘Umda;'™ and this clearly supports the notion that the two “productions” are somehow
interrelated. However, it would be rash to conclude from this that the Persian is a direct
translation or derivative from the “original” Arabic, certainly not without a more careful
examination of the content of these treatises. Fortunately, here we have the example of another
extant Persian hay ‘a work dating from this period, one that (as far as I know) has no Arabic
counterpart, to assist us in ascertaining the possibility of an independent Persian production of
hay 'a works. The Gayhan-shendakht (Knowledge of the Cosmos) was composed in 498-500 H
[1104-1107] by Kharaqi’s contemporary Qattan al-Marwazi (465-548 H [1072-1153]), known

for being a physician and also a polymath, who stemmed from a family of scholars among the

(Bosworth, “The Persian Contribution to Islamic Historiography in the Pre-Mongol Period,” pp.
231-32). George Saliba also reiterates this in “Persian Scientists in the Islamic World:
Astronomy from Maragha to Samarqand,” in The Persian Presence in the Islamic World, ed.
Richard G. Hovannisian and Georges Sabagh (Cambridge, Eng; New York: Cambridge
University Press, 1998), pp. 126, 146. Nevertheless, unlike Lazard, Kennedy concluded that
Biriint alone prepared both versions of the Tafhim (p. 154). See G. Lazard, La langue des plus
anciens monuments de la prose persane. Etudes linguistiques (Paris: C. Klincksieck, 1963), pp.
58-62 (no 10: Al-Tafhim).

'3 Saliba, “Persian Scientists in the Islamic World,” p. 127.

186 Eor example, for the Tabsira, Kharaqi has removed the entire section on chronology that is
included in both the Muntaha and the ‘Umda (the following compares the divisions of these
three works: Muntaha: Part I: 20 chapters; Part II: 17 chapters; Part III: 11 chapters; ‘Umda:
Part I: 25 chapters; Part II: 15 chapters; Part II1: 12 chapters; Tabgira: Part I: 22 chapters; Part
II: 14 chapters). With an admittedly brief skim of the ‘Umda, I noted that both the Muntaha

and ‘Umda cite Ibn al-Haytham and Ja'far al-Khazin, whereas the latter is omitted in the Tabsira.
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learned circles of Merv.'®’ This three-part treatise contains what we have been calling the
“classical” two-part division of the cosmos plus a section on chronology, and the early date
indicates that this may very well have been the inspiration for Kharaqi’s structure (with an

"% 1n any event, the

alternative possibility being another unknown source that influenced both).
mere existence of two Perisan hay ‘a treatises, especially at this formative stage, is a step in
debunking the view that Persian astronomy was concerned more with “astrological computations
and less with theoretical astronomical issues.”™

The wide range of subject matter covered in Qattan al-Marwazi’s Gayhan Shinakht on

theoretical astronomical issues is impressive, and so it would be reasonable to assume Jaghmini

187 See Behanz Hashemipour, “Qattan al-Marwazi,” in The Biographical Encyclopedia of
Astronomers, vol. 2, pp. 943-44 and “Gayhanshenakht: A Cosmological Treatise,” in Sciences,
techniques et instruments dans le monde iranien (Xe-XIXe siecle), études réunies et présentées
par N. Pourjavady et Z. Vesel (Tehran, 2004), pp. 77-84 [in Persian]; Storey, Persian Literature,
pp. 45-46 (no. 82: “‘Ain al-Zaman Abu ‘Al al-Hasan b. ‘Ali b. M. al-Qattan al-Marwazi); and
Ghalandari, “A Survey of the Works of ‘Hay’a’ in the Islamic Period with a Critical Edition,
Translation and Commentary of the Treatise Muntaha al-Idrak fi Tagasim al-Aflak written by
Baha’ al-Din al-Kharaqt (d. 553 AH/1158 AD),” pp. 19-22, 26, 28, 111, 140, and 141. A
facsimile of this treatise has recently been published along with an introduction [in Persian]; see
al-Hasan ibn ‘Alt Qattan, Gayhan Shinakht, Chap-i 1(Tehran: Kitabkhanah, Miizih va Markaz-i
Asnad-i Majlis-i Shiira Islami, 2012) [with facsimile of Kitabkhanah, Buzurg-i Hadarat-i Ayat
Allah al- ‘Uzma Mar ‘ashi Najafi MS 8494].

'8 Tt is certainly possible that contemporary scholars residing in the same locale may not be
aware of each other; however the Khwarazm Shah Atsiz does provide a common link, since
Qattan al-Marwazi is known to have corresponded with Rashid al-Din Watwat, who was the

Shah’s chief secretary (see Hashemipour, “Qattan al-Marwazi,” pp. 943-4; and “Watwat, Rashid

al-Din,” Encyclopcedia Iranica, http://www.iranicaonline.org/articles/watwat-rasid-al-din
Accessed on May 31, 2014.

189 Saliba, “Persian Scientists in the Islamic World,” p. 144.
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would have known of this work, especially given the place and date of composition.'”
Nevertheless, it is most likely that Jaghmint depended in the main on Kharaqt’s Tabsira, which
can be shown to be the source for much material he selected and incorporated into the
Mulakhkhas (several parts directly lifted). On the other hand, his parameters were gleamed from
the “authorities” of Ptolemy and Battani, i.e., not from Kharaqi. And though both Kharaqt’s
Tabsira and Jaghmini’s Mulakhkhas were both extremely popular elementary astronomical
textbooks, there are differences between the two in both subject matter and organization (once
we put aside the signature two-part division)."”' Clearly, Kharaqi’s Tabsira as the “abridged”
version of the Muntahd was not abridged enough; and there was a growing demand for another,
more accessible elementary textbook.

So now that our trail of dots (or texts) has led us to Jaghmini’s Mulakhkhas, what follows
is an overview summarizing what Jaghmini does—and also does not do—in comparison with
some of these earlier works on theoretical astronomy. We can then assess how the Mulakhkhas

fits into this genre, and how Jaghmini complied with the lofty command of his patron.

§ 1.2.5 L’Astronomie pour les Nuls

Jaghmint’s simplified (basita) epitome of hay ‘a is in fact anything but simple-minded. Unlike

other introductory astronomical textbooks that on the one hand present wide-ranging but non-

coherent overviews or on the other hand target specific astronomical problems, Jaghmini

"0 The date given in one colophon is Tuesday, 21 Ramadan 586 H (= Tuesday, 29 Oct. 1190),

which indicates it certainly could have been an available source for Jaghmini. Also, the facsimile
is not the only witness. The published Gayhan Shinakht lists several other witnesses (pp. 67-69),
and I was able to check no. 2 on the list (Tehran, Majlis Shiira MS 202), which contains the exact
same colophon; however in this case one was probably copied from the other.

I An example of this is that Jaghmini gives an explanation of a/l the orbs in one chapter (I.1
[1]-[11]) and all the motions of the orbs in another separate one (1.2 [1]-[13]), whereas Kharaq,
similar to TusT in his Tadhkira, combines the descriptions and motions for a planet together

(usually in a separate self-contained chapter).
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provides fundamental information to comprehend the broad picture of the universe (from top to
bottom) that is conceptually packaged. He gives basic definitions and rules along with
parameters in easily accessible lists to account for various planetary motions; many of the latter
have been updated from Ptolemy for a twelfth-century Khwarizmian audience, the fruits of the
work of Battant and the Ma’miin observations (the so-called “Moderns”) and subsequent
scholars. He excludes astronomical topics he deems too difficult or inappropriate for the
beginner student and thus omits the topic of sizes and distances. Furthermore, he thinks it
inappropriate for a hay ‘a work to contain an extensive chapter on chronology, though he does
incorporate relevant material into appropriate sections. He also eliminates information that the
student could (or should) seek elsewhere, such as within practical handbooks with their
astronomical tables (zijes) or the anwa’ literature. The general subject of astrology never enters
the picture, at least as a science that interprets celestial signs and makes predictions, even though
he is undoubtedly aware of its popularity (at least in some circles). However, Jaghmini
recognizes that the student is familiar with certain components of astrology, such as the signs of
the zodiac and the constellations, inasmuch as he never defines the former and omits the latter
altogether in the Mulakhkhas. He also incorporates the movement of the zodiacal signs and
constellations into various discussions, in particular when he discusses their appearances for the
various climes. In fact, Jaghmini has the clear expectation that the student already has had some
previous astronomical training, as evidenced by the following few examples: a student must be
familiar with how to use an astrolabe for the “hands-on” exercise in I1.3 [5 | since Jaghmini
provides no definitions of its parts or operating procedures; technical terms such as al-shagqiil
(the plumb-line or plummet) in I1.3 [3] are assumed, again without further explanation; the
student should be able to perform computations using sexagesimal notation, often beyond
seconds (see L.5 [30] for exercises); and the student should be familiar with astronomical dating,
in particular the Alexandrian calendar (Dhii al-Qarnayn) as in L5 [22].

Jaghmin1’s challenge pedagogically was to simplify difficult material (for example by
eliminating mathematical proofs), while ensuring that the information presented was both
detailed and accurate, unlike the case, as we have seen, with Roman sources. Many of the
astronomical textbooks Jaghmint inherited camouflaged the information with complex
explanations (Proclus’s Hypotyposes), long-winded discussions (Kharaqi’s Muntaha),

oversimplifications (Farghant’s Jawami "), additional literary references (Geminus’s Introduction

112



to the Phenomena ), and/or incorrect statements and depictions (recall Battani incorrectly
depicted the Mercury model in his Zij). Indeed, the success of the Mulakhkhas was Jaghmini’s
ability to meet this challenge and make the complex look simple. He presented basic
astronomical information with an objective style that exuded authority while also providing
expansive asides meant to aid and reassure the student. The reinforcing, pedagogical style is seen
throughout the textbook in statements such as “as you will come to know...” and “as you already
learned...” (statements he makes at least twenty-one times!). In addition, the Mulakhkhas
contains several diagrams, which, as we have seen, are not often found in earlier introductions
such as Farghani’s Jawami ‘. These diagrams were not meant to be lavish or elaborate but simply
functional with pedagogical value. Perhaps this explains why the original text is not as
extensively illustrated as other hay ‘a works, such as those of Kharaqt or Ttisi, or as later
commentaries on the Mulakhkhas. We should also note that this is not a “passive” treatise but
one replete with pedagogical exercises.

Pedagogy here has its limits. Jaghmin1 does not seek to provide moral guidance to the
reader by using examples from astronomy, unlike what one finds in Epistle 3 (“On Astronomia™)
of the “Ikhwan al-Safa’. In fact, it bears mentioning that the Mulakhkhas only touches on
religious needs when it relates to determining the direction of Mecca and determining the prayer
times, with distinctions noted between the Hanafl and Shafi‘T schools. God remains a silent
partner.

All of this brings us to the pressing questions of what inspired the commissioning of this
treatise, and who was the target audience? The new delineation of astronomy as dealing with
both the upper and lower bodies connected God’s unchanging celestial realm with the ever-
changing sublunar one of man (recall Ibn al-Haytham dealt only with half this equation in his On
the Configuration of the World). And so hay 'a’s claim was that it could provide a picture of
God’s entire creation, both that of the perfect and that of the corruptible. The claim made by
Qutb al-Din al-Shirazi that the discipline of ‘ilm al-hay 'a was “the most noble of the sciences”

with his support being a citation from the Qur’an,'* indicates that within Islamic society there

192 Qutb al-Din al-Shirazi cites Qu’ran I11.191 to link the heaven and the Earth in the

“Introduction” to his Nihaya: “Whoever—standing, sitting or reclining—recall God and reflect

on the creation of the heavens and the Earth [will say]: Our Lord! Thou hast not created this in
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was an ever-growing segment of the population that had begun to view the study of hay'a as a
way to glorify the Creator. Kharaqt clearly believed that the study of ‘ilm al-hay 'a provided a
rational and noble approach to better understand His creation (as stated in his introduction to his
Muntaha); presumably he still believed this when he composed his Tabsira, but felt there was no
need to explicitly state it there, nor did Jaghmini in his Mulakhkhas. The Mulakhkhas then
provided the essential keys to unlocking knowledge of His created universe (without attempting
to address “why” the celestial or terrestrial realm operates the way it does), which certainly made

it an ideal addition to the madrasa curriculum.

vain” (Ragep, “Shirazi’s Nihayat al-Idrak: Introduction and Conclusion,” pp. 49 [Arabic], 54
[Eng. trans.]).
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CHAPTER3

Situating the Composition and Teaching of the Mulakhkhas

in a Madrasa Setting

Is locale significant when we consider the teaching of the mathematical sciences in premodern
Islam? Many have downplayed its pedagogical role and tell us that it is “almost irrelevant to ask
whether these sciences were taught in a teaching institute, a private house, or a garden”;' the
assumption here is that any place will do as long as the student-teacher mentoring relationship
remains intact. As Jonathan Berkey has asserted, “An education was judged not on /oci but on
personae.” This personal bond, which gave scholars the option “to choose what to study, with

whom, and where, as well as what to teach,”

has been depicted as promoting scientific inquiry
rather than stifling it; and it is credited with being the backbone of support and stability by
establishing flexible and informal networks of individual relationships that ensured the survival

of Islamic science itself.*

! See Sonja Brentjes, “On the Location of the Ancient or ‘Rational” Sciences in Muslim
Education Landscapes (AH 500-1100),” Bulletin of the Royal Institute for Inter-Faith Studies 4,
no. 1 (Spring/Summer 2002): 60. Brentjes addresses the question of place, ultimately concluding
that “the locus of teaching simply did not matter nearly as much as the teaching itself.”

? See Berkey, The Transmission of Knowledge in Medieval Cairo (Princeton: Princeton
University Press, 1992), p. 23.

3 Brentjes, “On the Location of the Ancient or ‘Rational’ Sciences in Muslim Education
Landscapes (AH 500-1100),” p. 64.

* Berkey and Chamberlain both attribute close ties and networks for shaping the character of
instruction and pedagogy in Islam, especially in comparison to institutions, which are depicted
by them as creating formal and restrictive barriers to learning. See Berkey, The Transmission of
Knowledge in Medieval Cairo, pp. 20, 42-44; and Michael Chamberlain, “The Production of
Knowledge and the Reproduction of the A ‘yan in Medieval Damascus,” in Madrasa: la
transmission du savoir dans le monde musulman, ed. Nicole Grandin and Marc Gaborieau (Paris:

Arguments, 1997), pp. 28-62 (this is essentially Chapter 4 of his Knowledge and Social Practice
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Such approaches to the pedagogy of Islamic science tend, whether intentionally or not, to
promote its history as episodic and dependent in the main on courts or individual initiatives, i.e.,
outside the core institutional structures, and in particular religious structures, of Islamic societies.
A. 1. Sabra has referred to this as the marginality thesis, the idea being that science in Islam had
nothing to do with Islam (either the religion or the civilization), which in this narrative was
hostile to science and, more broadly, rationality.” This sentiment was articulated rather explicitly

in the works of both Ernest Renan® and Gustav von Grunebaum.” An underlying motif at play is

in Medieval Damascus, 1190-1350 [Cambridge: Cambridge University Press, 1994], pp. 108-
51). See also Sonja Brentjes, who comments on the positions of Berkey and Chamberlain in her
“On the Location of the Ancient or ‘Rational’ Sciences in Muslim Education Landscapes [AH
500-1100],” pp. 49-50, 61, 64.

> A. 1. Sabra (“Appropriation,” p. 229) raised the poignant question of how Islamic scientists
managed to sustain their high levels of scientific achievement some six hundred years after its
initial launching in the eighth/ninth centuries with the translation movement. His theory was that
this was achieved through a process of acceptance, assimilation, and ultimately “naturalization”
of philosophical and scientific materials within mainstream Islam, but at a price that ultimately
curbed the scientists’ appetite for inquiry and creativity in favor of a more religiously-oriented
palate, one geared for utilitarian (instrumentalist) ends in the “service of Islam” (see King,
Astronomy in the Service of Islam).

% According to Renan, this hostility comes from “the inevitable narrow-mindedness of a true
believer, of that kind of iron ring around his head, making it absolutely closed to science.
...inspires him with a contempt for other religions that has little justification. Convinced that
God determines wealth and power to whomever He sees fit, regardless of education or personal
merit, the Muslim has the deepest contempt for education, for science...” (L islamisme et la
science, pp. 2-3 [Eng. trans. S. Ragep and F. Wallis]).

7 As Gustav von Grunebaum puts it: “A modicum of astronomy and mathematics is required to
determine the direction in which to turn at prayer, as well as to keep the sacred calendar under
control; a certain amount of medical knowledge must be available to the community. But
anything that goes beyond these manifest (and religiously justifiable) needs can, and in fact

ought to, be dispensed with. No matter how important the contribution Muslim scholars were
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that one rarely finds the pursuit of scientific knowledge in Islam valued for its own sake, either
by the individual or by the society as a whole;® and any scientific advances came about due to the
mitigating intervention of patrons.” Now the importance of patronage for promoting science is
not in question; its role is showcased in the stellar achievements of the three “great men” of the
eleventh century: Ibn Sina, Ibn al-Haytham, and al-Biriini. Furthermore, it seems that some of
Jaghmint’s disciplinary predecessors—al-Farghant, al-Kindi, Thabit ibn Qurra, Qusta ibn Liiqa,
Ibn al-Haytham, and al-Kharaqi—were all affiliated at some point in their careers with courts

and dedicated their works to highly-placed patrons.'’ I dare say that Jaghmini should also be

able to make to the natural sciences, and no matter how great the interest with which, at certain
periods, the leading classes and the government itself followed and supported their researches,
those sciences (and their technological application) had no root in the fundamental needs and
aspirations of their civilization” [emphasis added] (“Muslim World View and Muslim Science,”
in Islam: Essays in the Nature and Growth of a Cultural Tradition [London: Routledge, 1964],
p.114).

® This view flies in the face of Franz Rosenthal’s contention that “the religion of Muhammad
stressed from the very beginning the role of knowledge ( i/m) as the driving force in religion, and
thereby, in all human life. ... ilm never lost its wide and general significance. Thus the interest in
knowledge for its own sake, in systematic learning per se and in the sciences as expressions of
man’s thirst for knowledge, was greatly and effectively stimulated” (The Classical Heritage in
Islam, p. 5).

? Aydin Sayily, in his seminal work on The Observatory in Islam, viewed the rise and fall of
observatories in terms of a series of temporal episodes dependent “on the patronage of rulers or
rich people even when very large instruments were not constructed”; and he believed the
frequent changes of political power handicapped the progress of science (The Observatory in
Islam and Its Place in the General History of the Observatory [ Ankara: Turkish Historical
Society, 1960], pp. 311, 427).

10Al-Fargha'lni, al-Kindi, Thabit b. Qurra, and Qusta ibn Liiqa were all associated with the court
culture of the ninth-century ‘Abbasid caliphal family; Ibn al-Haytham was patronized by the
eleventh-century Fatimid Caliph al-Hakim of Cairo (r. 996-1021), who also patronized the
astronomer Ibn Yunus (d. 1009); and Kharaqi (fl. early-/mid-twelfth century) dedicated his
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added to this list since Badr al-Din al-Qalanisi, and more so Shihab al-Din al-Khiwaqi, were
highly-placed individuals.

Nevertheless, courtly patronage and individual initiatives can take us only so far in
explaining this long-lived scientific tradition. Something was motivating Badr al-Din al-Qalanis1
to demand the composition of yet another introductory astronomical textbook dealing
specifically with the subject of ‘ilm al-hay ‘a; and Jaghmin1’s corpus of introductory scientific
textbooks was definitely not geared for a single individual. It is my contention that something
important begins to happen to the mathematical sciences in the twelfth century, especially to
astronomy, that transforms not only the way they are taught but also their place within Islamic
civilization, that makes them less susceptible to the vagaries of courts and individual
circumstance. And this is accompanied by a more general, and broadly based, attempt to codify,
systematize and institutionalize Islamic scientific learning. At this time the ‘ulama’ were
consolidating their position in relation to the rulers and the ruling elites, and one way to do this
was to democratize learning, to bring a substantial number of the public into contact with the
‘ulama’’s understanding of Islam, through teaching in the madrasas.

Beginning with the Seljuk rulers, at a time during which it is alleged that al-Ghazali
killed off science, he actually paved a way for logic and the mathematical sciences, including

astronomy, to penetrate the madrasa curriculum by accepting their certainty and usefulness. '

popular Tabsira to the son of the minister of the Seljuk Sultan Sanjar (r. 1118-1153). We can add
many other scholars to this list.

"' On how Ghazali provided a way, admittedly limited, for the mathematical sciences to enter the
madrasa, see A. I. Sabra, “Appropriation,” pp. 239-40. For a somewhat more positive view of
Ghazali in promoting science, see F. J. Ragep, “Freeing Astronomy from Philosophy: An Aspect
of Islamic Influence on Science,” Osiris 16 (2001): 53-55 and Ragep, “Islamic Culture and the
Natural Sciences,” in The Cambridge History of Science, ed. David C. Lindberg and Michael H.
Shank, vol. 2: Medieval Science (Cambridge: Cambridge University Press, 2013), pp. 56-57.
Ghazali has been vilified as instigating scientific decline in Islam due to his fears that the
teaching of science and especially philosophy in the madrasas could lead to heresy. Actually
Ghazalt insisted on “not being overly overzealous in condemning all ancient science,” especially

its apodeictic parts such as the mathematical sciences, since this might lead to a mocking of
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However, astronomy in the “service of Islam” became valued not just for its practical
applications for religious ritual (as it is most often depicted), but also for its theoretical
applications to achieve a better understanding of the physical world of God’s creation. And here
is where the study of hay ‘a—and Jaghmini’s Mulakhkhas—enters the picture, both literally and
figuratively. But in order to better understand how all this fits together, we need first to review
some of the evidence establishing that the mathematical sciences (with a focus on theoretical
astronomy) were actually being taught in Islamic religious institutions, especially the madrasas;
and we also need to review some of the reasons that such teaching has often been denied or

deemed irrelevant.

§ L.3.1 Shedding Light on Old Evidence

Although the court, the observatory, the mosque, the madrasa, and the hospital are all recognized

loci for the promotion or propagation of scientific activity within medieval Islam,'? most

Islam, especially by the young (Ragep, “Freeing Asronomy,” p. 54). See also Frank Griffel, “The
Western Reception of al-Ghazali’s Cosmology from the Middle Ages to the 21% Century,” Divin
(2011/1): 33-62 (esp. Renan’s views on Ghazali); F. J. Ragep, “When Did Islamic Science Die
(and Who Cares)?” (a rebuttal to the Nobel Laureate Steven Weinberg’s claim that after Ghazali
“there was no more science worth mentioning in Islamic countries”); and Aydin Sayili (quoting
E. Sachau) who states that “But for Al Ash‘ari and Al Ghazali the Arabs might have been a
nation of Galileos, Keplers, and Newtons” (The Observatory in Islam, p. 408).

2 Three of these loci (“The Court, the College and the Mosque”™) are discussed in Sabra’s
“Situating Arabic Science” (pp. 661-70). Frangois Charette builds on Sabra’s theme to examine
the multi-dimensional functions astronomical instruments achieved in various Islamic
institutional settings. Charette emphasizes the need to reexamine texts on instruments as being
more than utilitarian, and explore their educational and didactic motives. He points out that many
introductions to texts on instruments express the author’s concerns for “training the minds of
students” in addition to teaching them how to use the instruments (“The Locales of Islamic

Astronomical Instrumentation,” History of Science 44 (2006): 130-32, 134, fn. 3).
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literature tends to attribute scientific achievements to the individuals within them, or the
individuals who patronized them,"® ignoring the role of the institutions themselves. The
flourishing of scientific activities that took place in fifteenth-century Samarqand, though
occurring several centuries after the time of the Khwarizm Shahs, provides clear evidence that
the teaching of the mathematical sciences in an Islamic religious institution had become well-
established. In a personal letter home to his father in Kashan (a province in Iran near Isfahan),
the Islamic astronomer and mathematician Jamshid Ghiyath al-Din al-Kashi (d. 832 H [1429])
describes student life at the Samarqand observatory and madrasa under the auspices of the
Timurid ruler of Samarqand Ulugh Beg, a patron well-known “for his erudition and great
learning.”'* Kashi informs his father that there are five hundred students who have begun
studying mathematics (presumably including astronomy) in twelve places scattered throughout
»15

Samarqgand out of more than twenty thousand students, all “engaged in learning and teaching.

In his intimate and detailed letter to his father, one of several written home, Kashi documents the

1 Sonja Brentjes traces scientific patronage after 1200 up to the eighteenth century, in lands
between Egypt and India, and the shifting personage relationships in “Courtly Patronage of the
Ancient Sciences in Post-Classical Islamic Societies,” A/ Qantara (2008): 403-36.

' See Ghiyath al-Din al-Khwandamir, who lists some of these “learned men...who basked in the
sun of his favor and patronage” (Tarikh-i habib al-siyar fi akhbar afrad bashar, English
translation of Tome Three, parts one and two, by W. M. Thackston as The Reign of the Mongol
and the Turk [Cambridge, Department of Near Eastern Languages and Civilizations, Harvard
University, 1994], vol. 4, pp. 34-38. [2: 369-71]). Much has been written on al-Kashi, but for
brief overviews, see Aydin Sayili, The Observatory in Islam, pp. 268-88, and Petra G. Schmidl,
“Kash1,” in The Biographical Encyclopedia of Astronomers, vol. 1, pp. 613-15.

' See Mohammad Bagheri, “A Newly Found Letter of Al-Kashi on Scientific Life in
Samarkand,” Historia Mathematica 24 (1997): 243. This letter supplements another letter written
by Kasht to his father about Ulugh Beg’s circle of scholars in Samarqand, a city he depicts as
having no parallel in the province of Fars [in southern Iran], in the teaching and learning of

mathematics.
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existence of a vibrant scientific community of scholars, scholars who undoubtedly wrote, read,
and disseminated scientific materials.'®

Given the staggering numbers one might assume that Kashi is just exaggerating;'’
however, his depiction of a Samarqand education is confirmed by a personal account of
Fathallah al-Shirwant (d. 1486), contained in his commentary to Tus1’s al-Tadhkira. Shirwani
reports that he traveled to Samarqand from his native Azerbaijan in pursuit of scientific studies
after reading al-Sayyid al-Sharif al-Jurjani’s Tadhkira commentary with the Shi1 scholar Sayyid
Abii Talib at the Shrine of Imam “Al1 Riza in Mashhad. He tells us that he spent five years at the
Samarqgand madrasa studying Nizam al-Din al-NisabiirT’s commentary on al-Tadhkira (among
other things), before receiving his diploma (ijaza) in 844 H [1440] with Qadizade al-Raimi, the
head-teacher at Samargand (who was also Ulugh Beg’s tutor).'®

'® One should keep in mind that the Samarqand madrasa was just one of several madrasas at the
time. “Timir established many civil institutions as well as madrasa’s, particularly in his capital
Samarqgand and in other prominent centers like Herat and Bukhara,” with some placing the
number at 69 madrasas, and this based only on available sources (Fazlioglu, “The Samarqand
Mathematical-Astronomical School,” p. 10). See also V. V. Barthold, Four Studies on the
History of Central Asia. Vol. 2: Ulugh-Beg, trans. from the Russian by V. and T. Minorsky
(Leiden: E. J. Brill, 1958), pp. 119-29; and Sayili, The Observatory in Islam, p. 268.

7 Kashi also boasts that some five hundred scientists witnessed his success in mathematically
proving a problem related to leveling the ground and determining the meridian at the site of the
Samarqgand observatory (see E. S. Kennedy, “A Letter of Jamshid al-Kashi to His Father:
Scientific Research and Personalities at a Fifteenth Century Court,” Orientalia 29 [1960]: 198-
99). Cf., Aydin Sayil1, Ulug Bey ve Semerkanddeki ilim faaliyeti hakkinda Giyasiiddin-i Kagi 'nin
mektubu (Ghiyath al Din al Kdshi’s Letter on Ulugh Bey and the Scientific Activity in
Samargand) (Ankara, 1960), p. 36. Sayil1 provides an English translation similar to the one by
Kennedy; in addition, he provides the Persian text and a Turkish translation along with a
commentary in both English and Turkish.

'8 See Fazlioglu, “The Samarqand Mathematical-Astronomical School,” pp. 36-37, 51, 55 (pp.
41, 46 [Arabic text], 46, 49 [Eng. trans.]). See also F. J. Ragep, “Kadizade Rimi,” in
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Shirwant’s detailed account of student life confirms that by the fifteenth century the
teaching of the mathematical sciences had become formalized and integrated into Islamic
institutions.'” His personal situation highlights several points: that a student would have sought
out a prescribed program of study for a higher education; and also that in order to obtain a
diploma, a student had to undergo a rather grueling process demonstrating proficiency through
oral testing, listening, and reading. Shirwant is rather specific in his descriptions of the way
lectures were held, and he describes the slow and careful process involved in reading texts by
examining the subjects in detail through explanations, discussions, and establishing connections
between the texts and their sources.”’ Shirwant’s text, corroborated with historical sources such
as Ibn al-Akfant and Tashkubrizade, indicates that students were required to progressively
master a body of scientific teaching textbooks categorized as beginner (mukhtasar), intermediate
(mutawassit), and advanced (mabsiit). For the discipline of hay ‘a the assigned reading consisted
of Tust’s Tadhkira and Jaghmin’s Mulakhkhas for beginners, works by al- Urdi for intermediate

students, and al-Shirazi’s Nihdya and Tuhfa for the most advanced student.*’

Encyclopaedia of Islam, 2nd ed. (Leiden: E. J. Brill, 2004), vol. 12, p. 502; and Ragep,
“Qadizade al-Rium1,” in The Biographical Encyclopedia of Astronomers, vol. 2, p. 942.

1 Ekmeleddin Thsanoglu provides an overview of the “formal” teaching programs of the
madrasas, what he calls “the most indigenous institutions of learning in Islam,” in
“Institutionalisation of Science in the Medreses of Pre-Ottoman and Ottoman History,” in
Turkish Studies in the History and Philosophy of Science, ed. Giirol Irzik and Giiven Giizeldere,
Boston Studies in the Philosophy of Science, vol. 244 (Dordrecht, The Netherlands: Springer,
2005), pp. 265-85. For more sweeping surveys, see “Ottoman Educational and Scholarly
Scientific Institutions,” pp. 368-90 (“Medreses™), esp. 383-87 (“Curricula in Ottoman
Medreses”); and Cevat Izgi, Osmanli Medreselerinde Ilim: Riyazi ilimler.

2% See Fazlioglu, “The Samarqand Mathematical-Astronomical School,” pp. 41-46 [the Arabic
text], 46-49 [Eng. trans.], and 55.

2l See Mamluk Ibn al-Akfani (d. 749 [1348])’s Kitab irshad al-qasid ila asna al-maqasid
(Witkam, De Egyptische Arts Ibn al-Akfani, pp. 55-57, [408]-[407] Arabic), and the Ottoman
Ahmad ibn Mustafa Tashkubrizade (901-968 [1495-1561])’s Miftah al-sa ‘ada wa-misbah al-
siyada (3 vols. [Beirut: Dar al-kutub al-‘ilmiyya, 1985], pp. 348-49). Witkam believes
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Qadizade al-Rumt hailed from Bursa, and had studied the mathematical sciences there as
a member of a renowned circle of scholars in late fourteenth-century Anatolia referred to as the
Fanari school.” Qadizade would become an important link in disseminating the fruits of their
scientific activities to Central Asia.”> But in fact a pipeline had already been established between
the two regions. Mulla FanarT (d. 1431), under the auspices of Bayezid I, had been charged with
inviting the best and brightest intellectuals to collect and standardize scientific textbooks for the
curricula of the burgeoning Ottoman madrasas; among the scholars he attracted to Bursa was
‘Abd al-W3jid ibn Muhammad (d. 838 H [1435]), who traveled to Anatolia from his native
Khurasan, where he subsequently became one of Qadizade’s teachers before teaching at the

eponymous Wajidiyya Madrasa in Kiitahya.*

Tashkubrizade incorporated Ibn al-Akfani’s material into his own compilation (p. 22). Their only
difference is that only Tashkubrizade includes the Mulakhkhas (under “famous abridgements”)
and lists four Mulakkhkhas commentaries (Fadl Allah al-‘Ubaydi, Kamal al-Din al-Turkmani,
Sayyid al-Sharif, and Qadizade al-Riimi), p. 349. See also Fazlioglu, “The Samarqand
Mathematical-Astronomical School,” p. 23.

22 See F. J. Ragep, “Astronomy in the Fanari-Circle,” pp. 165-76.

* However, keep in mind that Qadizade was not the only link; throughout the Ottoman period
scholars traveled extensively, and there were many pipelines between Anatolia and other regions,
such as cities located in Egypt and Syria (fhsanoglu, History of the Ottoman State, Society &
Civilisation, p. 371).

2 <Abd al-Wajid’s Mulakhkhas commentary cites Tus1’s Tadhkira, Qutb al-Din al-Shirazi’s
Nihayat al-idrak and al-Tuhfa, and Kharaqt’s al-Tabsira; presumably he would have
incorporated these hay ‘a textbooks into the material that he taught at the Wajidiyya Madrasa in
Kiitahya (see F. J. Ragep, “Astronomy in the Fanari-Circle,” pp. 165, 173-5; and Hiiseyin
Topdemir, “°Abd al-Wajid,” in The Biographical Encyclopedia of Astronomers, vol. 1, pp. 5-6).
‘Abd al-Wajid may have played a role in Qadizade’s decision to compose his Mulakhkhas
commentary, which subsequently became one of the most popular astronomical textbooks for
students in the madrasas (there are at least 300 extant copies of it [see Thsanoglu,

“Institutionalisation of Science in the Medreses of Pre-Ottoman and Ottoman History,” p. 276]).
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The scholarly connections between Anatolia and Central Asia, along with Samarqand’s
high reputation in the mathematical sciences, were presumably strong factors in Qadizade’s
decision to travel eastward; but he undoubtedly remained there due to the high level of
proficiency in learning he found.” Qadizade’s arrival meant that Samarqand scholars now had
access to the collection of the circle of Mulla Fanari, adding to the already impressive corpus of
scientific texts in fifteenth-century Samarqand inherited from their Islamic predecessors. These
works were further supplemented with their own original compositions, commentaries, super
commentaries, and glosses.*

Much of this corpus of scientific treatises—which stemmed from the pre-Mongol,
Ilkhanid, and Timurid periods—disseminated widely. This was in large part due to the Ottomans
who inherited the Samargand scientific legacy, and, with a strong centralized administration,
standardized these scientific materials and incorporated them into the burgeoning number of
educational institutions peppered throughout their vast empire. Mehmet II played a pivotal role
in all this. He was able to lure to Istanbul the polymath ‘Ali Qushjt (circa 1472) who brought the
enriched knowledge of the Samarqand tradition of mathematical sciences back to Anatolian

1.27

soil.”" In addition, Mehmet II officially demanded that the trust deeds of Ottoman educational

% Qadizade demanded a high level of proficiency from his teachers in the mathematical sciences,
one of whom was Sayyid al-Sharif al-Jurjani. It has been said that the two “parted ways” because
Qadizade felt he was deficient in these subjects. See Ragep, “Qadizade,” p. 942; and Fazlioglu,
“The Samarqand Mathematical-Astronomical School,” p. 34.

26 According to the research of Kishimjan Eshenkulova, 63 astronomical works were composed
at Samarqand (“Timurlular Devri Medrese Egitimi ve Ulum el- Evail,” Master’s thesis, Istanbul
University, 2001, pp. 130-42); and al-Kash1 specifically mentions that Qadizade was working on
Jaghmint’s Mulakhkhas then (see Sayili, Ulug Bey, p. 78). For Kash1’s extensive list of
mathematical and astronomical works read in the Samargand madrasa, see Fazlioglu, “The
Samarqand Mathematical-Astronomical School,” pp. 19-20, p. 20 fn. 78.

27 Ali Qashji’s profound impact on the teaching of the mathematical sciences within the
Ottoman madrasa system cannot be overstated, nor his influence on future generations of
scholars. Many of his compositions (five mathematical treatises [four in Arabic, one in Persian]

and nine astronomical ones [seven in Arabic, and two in Persian], were used in Ottoman
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institutions require that the employment of professors be dependent on their being
knowledgeable in both religious studies and in the rational sciences, which included
mathematics, philosophy, and logic.”® So in effect, the teaching of hay a treatises was officially
sanctioned in Ottoman madrasas, religious institutions that lasted from the fifteenth to the
twentieth century, and were dispersed throughout three continents.*

The Samargand mathematical sciences also spread to India during the periods of the
Delhi Sultanate and Mughals. In addition to the Arabic and Persian originals, there was also a
market for their Sanskrit translations that continued well into the eighteenth century (as indicated
by the efforts at Jayasimha’s court in Jayapura [1687-17437%°). It is also significant that the
emperor Akbar (r. 963-1014 H [1556-1605]) decreed the teaching of the rational sciences as

madrasas; Fazlioglu credits QuishjT with determining the levels of proficiency for the Ottoman
madrasa curricula by designating which treatises were appropriate for teaching at each level
(e.g., Qadizade’s Sharh al-Mulakhkhas and Sharh Ashkal al-ta 'sis were designated as
intermediate level textbooks for astronomy and geometry, respectively) (see Fazlioglu, “Qushjt,”
in The Biographical Encyclopedia of Astronomers, vol. 2, pp. 946-48). Fazlioglu points out that
Shirwant was influential “in shaping the Ottoman scientific outlook™ in that he disseminated the
accumulated knowledge of Samarqgand in the madrasas of various regions throughout Anatolia
(“The Samarqand Mathematical-Astronomical School,” pp. 24, 26, 38, 60).

% See Ihsanoglu,“Institutionalisation of Science in the Medreses of Pre-Ottoman and Ottoman
History,” pp. 274-76; and Thsanoglu, History of the Ottoman State, Society & Civilisation, pp.
375-76.

** For more details on the military conquests that established the Ottoman Empire, see Halil
Inalcik, The Ottoman Empire: the Classical Age 1300-1600, pp. 23-34. A statistical analysis of
the development of the number of Ottoman madrasas indicates that by the time of Mehmet 11
(1451-1481) there were over a hundred Ottoman madrasas, which more than doubled with
Siileyman I (1520-1566) due to his extensive construction efforts (see Ihsanoglu, History of the
Ottoman State, Society & Civilisation, pp. 380-83).

3% David Pingree provides a list eight works, six authored by al-TusT, the other two being by al-
Zarqallu and al-Kashi (“Sanskrit Translations of Arabic and Persian Astronomical Texts at the

Court of Jayasimha of Jayapura,” Suhay!/ 1 [2000]: 101-6).
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compulsory in all madrasas. Many of these Arabic and Persian scientific texts, as well as their
Sanskrit translations, would have been ideal textbooks for a madrasa curriculum on the one hand,
and for more traditional South Asian teaching on the other; however, there has been little
scholarship to date that has assessed how widespread their implementation or influence
became.’!

Just as the Ottomans, Mughals, and Safavids®* were indebted (in various degrees) to the

scientific achievements of their fifteenth-century predecessors, our Samarqand scholars were

3! Two important works translated into Sanskrit were Qishji’s Persian Risala dar ‘ilm al-hay’a
(Hayatagrantha [Book on Hay 'a]); and al-Birjandi’s commentary on Book II, Chapter 11 of
Tust’s al-Tadhkira (completed in 913 H [1507-8]), which includes the “Tusi-couple” and
mentions prominent astronomers such as Ibn al- Haytham and Qutb al-Din al-Shirazi. For
additional information, see: S. M. Razaullah Ansari,“On the Transmission of Arabic-Islamic
Science to Medieval India,” Archives Internationales d’Histoire des Sciences 45 (1995): 274-76,
279-80; S. M. Razaullah Ansari, “Transmission of Islamic Exact Science to India and its
Neighbours and Repercussions Thereof,” Studies in the History of Natural Sciences 24 (2005):
31-35; Sonja Brentjes, “The Mathematical Sciences in Safavid Iran: Questions and Perspective,”
in Muslim Cultures in the Indo-Iranian World During the Early-Modern and Modern Periods,
ed. Denis Hermann and Fabrizio Speziale (Berlin: Klaus Schwarz Verlag, 2010), pp. 340-45
(“The mathematical sciences in Mughal India”); Fazlioglu, “The Samarqand Mathematical-
Astronomical School,” p. 22; Takanori Kusuba and David E. Pingree (eds. and trans.), Arabic
Astronomy in Sanskrit. Al-Birjandi on Tadhkira II, Chapter 11 and its Sanskrit Translation
(Leiden: E. J. Brill, 2002), pp. 1-7; David Pingree, “Indian Reception of Muslim Versions of
Ptolemaic Astronomy,” in Tradition, Transmission, Transformation: Proceedings of Two
Conferences on Pre-modern Science Held at the University of Oklahoma, ed. F. Jamil Ragep and
Sally P. Ragep with the assistance of Steven Livesey (Leiden: E. J. Brill, 1996), pp. 474-76, 483;
and Kim Plofker, who discusses the influence of Islamic texts on Indian mathematics in
Mathematics in India (Princeton: Princeton University Press, 2009), pp. 255-78 (“Exchanges
with the Islamic World”).

32 For an overview of mathematical sciences during the Safavid period, see Sonja Brentjes, “The

Mathematical Sciences in Safavid Iran,” pp. 345-65. Although Brentjes stresses that her focus is
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indebted to the members of the Fanari-circle, who in turn were indebted to the scientific
activities of thirteenth-century scholars, among whom were Nasir al-Din al-TsT, Qutb al-Din al-
Shirazi, Mu’ayyad al-Din al-Urdi, and Muhy1 al-Din al-Maghribi. This collective group, which
included members from regions that spanned China to Spain, has frequently been referred to as
“the Maragha school” in recognition of the important but short-lived Mongol-sponsored
observatory that attracted an impressive array of scholars. But to call this a “school” is
problematic for a number of reasons. First, it tends to reinforce the notion that Islamic science is
episodic and dependent on patronage; however, what this “school” is meant to represent, namely
a program of alternatives to Ptolemaic astronomical models, was a tradition that went on for
centuries both before and after the Maragha observatory. In fact, few if any of these alternative
models were actually originated during the time the observatory was in operation.” Second, it
confuses the meaning of “school” within an Islamic context. A group of scholars does not a
school make, and of course school normally means “madrasa,” which the “Maragha school”
definitely was not. But most importantly, the notion of a “Maragha school” has tended to mask
the great debt thirteenth-century scholars owed to their predecessors in the preceding centuries
who established many of the foundations of 4ay ‘a that have often been associated with the
Maragha school.** However, this dependence has been obscured due to the Mongol onslaught

that occurred earlier in the same century, and made it necessary to resurrect the advances that

not on contextualizing Safavid science with their predecessors, she highlights similarities
between the Timurids, Ottoman, and Safavids, which include shared “authorities” such as Tusi,
Ulugh Beg, Qadizade, Kashi, “Al1 Qushj1, Birjandi, Nisabiiri, and Shirazi, and a strong interest in
planetary theory). She also points out some differences, such as little interest in the zij literature,
astronomical observations, and timekeeping.

33 See Ragep, Tadhkira, pp. 55-56.

2

* E. S. Kennedy used this term out of “convenience” (“Late Medieval Planetary Theory,” Isis
57, no. 3 [Autumn, 1966]: 365); the temptation to call Maragha a “school” is understandable
given that we find an active group of scholars engaged in various scientific activities such as
compiling new zijes (the Ilkhani Zij), discussing and debating theoretical astronomy, producing

key texts, and so on.
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had been made.” Thus the Maragha scholars should be recognized for their concerted efforts in
resuscitating the works of their predecessors. Indeed, by the mid-1240s—just over some thirty
years beyond the time Jaghmini composed the Mulakhkhas in 1206—Nasir al-Din al-TtisT was
embarking on a major project that spanned twenty years (the time of his service with the
Isma‘1lis and later with the Mongols) to churn out reeditions (often accompanied with original
commentary) of many Greek classics and treatises on mathematics and astronomy by early
Islamic authors that included: “Euclid’s Elements, Ptolemy’s Almagest, and the “Middle Books™
of mathematics and astronomy with treatises by Euclid, Theodosius, Hypsicles, Autolycus,
Aristarchus, Archimedes, Menelaus, Thabit ibn Qurra, and the Bant Misa.”®

When Qutb al-Din al-Shirazi provided his summary list of important hay ‘a works up
until his time in the explicit of his Nikdya, he was paying homage to his predecessors; and it is
noteworthy that he specifically singles out the titles of al-Jaghmini and al-Kharaqt—a strong
indication that the Mongol onslaught may have caused the destruction of the madrasas
physically,”’ but that it could not eradiate the idea of teaching astronomy. Fortunately not all
Islamic scientific treatises composed prior to the Mongol invasions were destroyed, as evidenced

by the thousands of extant manuscript witnesses to that period on various astronomical subjects

located in repositories throughout the world today.*® We owe much of this to the vibrant Islamic

3% Tiist had first-hand experience of the Mongol devastation of Khurasan since the destruction
included his hometown of Tus in the northeastern part of that region.

3% See Ragep, “Nasir al-Din al-Tasi,” in Encyclopaedia of the History of Science, Technology,
and Medicine in Non-Western Cultures, pp. 757-58.

37 Before the Mongol invasions, the number of madrasas in Khwarizm and Khurasan was
enormous; there were a reported 400 madrasas in the city of Balkh alone, none of which survived
the Mongol onslaught (see Fazlioglu, “The Samarqand Mathematical-Astronomical School: A
Basis for Ottoman Philosophy and Science,” p. 9).

¥ This should give us pause as to what the number of treatises was prior to the invasions; Yaqit
al-Hamaw1 reported one library alone in Merv holding 12,000 volumes (Mu jam al-buldan, vol.
5,p. 114 [see Ch. 1, fn. 70]). See Rosenfeld and ihsanoglu, Mathematicians, Astronomers, and
Other Scholars of Islamic Civilization and Their Works (7th - 19th c.) for a list of some 1,700

scientists, their works, and tens of thousands of manuscript copies; and The World Survey of
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tradition of copying treatises; this entrenched enterprise assisted in the widespread dissemination
of treatises throughout Islamic lands and contributed to their preservation.®”

Sonja Brentjes comments that various biographical dictionaries may contain entries
linking students to specific teachers of particular rational sciences, “but they very seldom
indicate where teachers taught, whether by reading texts with their students or by sharing their
own thoughts through conversations or lectures. Thus, it is extremely difficult to find an
unequivocal statement to the effect that a certain ‘rational’ discipline was studied or taught at a
specific locale.” She points out that consequently scholars have mistakenly taken this to mean

that they were “banned from madrasas and cognate teaching institutes.”*” Brentjes knows this is

Islamic Manuscripts, a four-volume guide to the collections of Islamic manuscripts and general
information on their holdings throughout the world (Geoffrey Roper, general ed. [London: Al-
Furqgan Islamic Heritage Foundation, 1993]).

3% See Franz Rosenthal, who discusses the importance placed in Islamic society on mastering
“the technique of the written transmission of learning.” According to Rosenthal “Muslim
civilization, as much as any higher civilization, was a civilization of the written word”; and he
attributes al-Jahiz (ninth century), “the great lover of books, [with stating] knowledge is that
which can be put down black on white” (“The Written Word as the Basis of Knowledge,” in
“The Technique and Approach of Muslim Scholarship,” Analecta Orientalia 24 [1947]: 6). This
process was aided by the introduction of paper into Islamic lands from Central Asia in the eighth
century (see Jonathan M. Bloom, Paper before Print: The History and Impact of Paper in the
Islamic World [New Haven: Yale University Press, 2001]; and Berkey, The Transmission of
Knowledge in Medieval Cairo, pp. 24-26).

¥ See Brentjes’s “On the Location of the Ancient or ‘Rational’ Sciences in Muslim Education
Landscapes [AH 500-1100],” pp. 58, 60. As the title indicates, Brentjes investigates (using both
primary and secondary sources) the “respectability,” meaning social sanctioning, of the rational
sciences within Islamic society (see esp. pp. 57-60). See also Berkey, The Transmission of
Knowledge in Medieval Cairo, p. 18; and Jane H. Murphy, who adds the ijazas to the list of
entries that rarely specify the location of study (“Ahmad al-Damanhurt (1689-1778) and the
Utility of Expertise in Early Modern Ottoman Egypt,” Osiris 25, no. 1 [2010]: 94). Michael

Chamberlain finds biographical dictionaries problematic in being more anecdotal than providing
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wrong from her own research; she detected several scientific works with connections to religious
institutions,*' as well as evidence indicating that “endowed teaching institutes and particularly
important shrines and mosques acquired a steadily growing number of donated manuscripts that

became attached to the institute rather than to its professor(s).”42 So some sources do include

detailed information (see “The Production of Knowledge and the Reproduction of the A ‘yan in
Medieval Damascus,” p. 31).

*! Brentjes provides six examples (which she claims is “by no means exhaustive”) of witnesses
studied or copied within religious institutions; four give the specific madrasa, the remaining two
indicate they were being studied within a religious context: (1) Ibn Stna’s medical treatise al-
Qaniin (copied at the Nizamiyyya madrasa in 1283); (2) Tast’s hay ‘a work al-Tadhkira (also
copied at the Nizamiyyya madrasa in 1283 [actually 1284]); (3) a work by al-Kind1 on optics
(copied at the Kamiliyya madrasa in Cairo) (4) al-Khafri’s commentary on Tusi’s Tadhkira
(copied by a student of the Isma‘1liyya madrasa in Shiraz for his teacher); (5) a treatise by a
student of ‘Adud al-Din al-Iji that cites al-Biriin1’s Qaniin and Qutb al-Din al-Shirazi’s Nihdya
and Tuhfa); and (6) a work by Ibn al*Attar, a Shafi‘1 jurist, student of Jamal al-Din al-Maridin1
(who taught Euclid’s Elements at the Azhar mosque), known for his association with muwaqgqits
and for composing and teaching astronomy (“Reflections on the Role of the Exact Sciences in
Islamic Culture and Education between the Twelfth and the Fifteenth Centuries,” in Etudes des
sciences arabes, ed. Mohammed Abattouy [Casablanca: Fondation du Roi Abdul-Aziz Al Saoud,
2007]), pp. 17-18. Brentjes’s footnotes indicate that this list was compiled based on secondary
sources, i.e., not having examined the witnesses.

*2 Brentjes provides many examples to illustrate her point that “various scientific manuscripts
exist today that were copied explicitly for a courtly library.” She also states “from the last
decades of the thirteenth century onwards, princely patronage for madrasas, mosques and Sufl
khangahs with their prescriptions for teaching posts, stipends and other positions, among them
the post of a muwaqgqit, were features that repeatedly occurred in the cultural politics of Mamluk
sultans in Egypt and Syria” (see “Courtly Patronage of the Ancient Sciences in Post-Classical

Islamic Societies,” pp. 412, 431).
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information on pedagogical practice and place of study;* and of course many witnesses
themselves may contain this information, but the process of detecting it can be a painstaking and
time-consuming process.** Another important thing to consider is that some of the information
we seek may never have been recorded; in other words, we can accumulate evidence of scientific
works in endowed institutions, but if a scientific treatise were being studied within a broader
classroom environment (i.e., rather than through a personal relationship), there may not have
been a need to record this. That said, what follows are four scientific treatises on hay ‘a treatises

connected with religious institutions. I selected these to raise certain points.*

* For example, A. Z. Iskander’s catalogue lists two witnesses of Jaghmini’s Qaniinca that
specifically state the textbook was used in schools of medicine: (1) ... This account was written
by ... Muhammad, senior physician to the Dar-sh-Shifa’ [hospital], at the time of the teaching of
K. Qanunca on medicine, in order to simplify the chapter on the senses, for students who want to
benefit from this book...” [In addition, Iskander informs us that this Cairo hospital was founded
by the Mamluk Sultan al-Mansiir Qalawiin, who ruled 1279 to 1290.]; and (2) [K. Qaniinca was]
“...currently used in all countries, and indeed, students were as familiar with it as with the
midday sun. In view of its very brief accounts of anatomy, and because it embraces so many
topics, a commentary is badly needed...” (4 Catalogue of Arabic Manuscripts on Medicine and
Science, pp. 56-57).

* My purpose here is not to present a laundry list of skills required for examining a witness
(compounded by gaining access to witnesses, and the massive number of them); rather it is to
point out difficulties that contribute to our current lack of information.

* 1 have other witnesses, in both the exact sciences and philosophy, documenting the teaching of
science in Islamic institutions; this is part of the current ongoing database research projects
centered at McGill University (ISMI: Islamic Scientific Manuscripts Initiative; and PIPDI: Post-

classical Islamic Philosophy Database Initiative).
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MS SCIENTIFIC INSTITUTION DATE PERSONS
TEXT NAMED*®
Paris, BnF, Muntahd al-idrak | Zahiriyya Juwaniyya | 730 H [1329-30] | Studied by
MS ar. 2499, by Kharaqi madrasa in Muhammad b.
title page (d. 1138/9, Merv) | Damascus Muhammad b.
[owners note] Ahmad b. ‘Alf al-
Hanafi
Berlin, Stabi, | Muntahd al-idrak | Shahzade 970 H [1562-63] | Owned by
Landberg MS | by Kharaqt Muhammad Khan Muhammad son of
33,f. 1a madrasa our master
[owners note] (mawlana), Ab1
Sinan, the teacher (al-
mudarris)
650 H [1252]? Copied by the
physician Mawdiid b.
‘Uthman b. ‘Umar
(al-mutatabbib) al-
Shirwant [f. 66a]
Vatican City, Tadhkira Copied in Baghdad | Friday, Copied by Mahmid
Vatican ar. by Nagir al-Din (madinat al-salam) 5 Muharram 683 | b. Muhammad b. al-
MS 319, al-Tast (d. 1274) | at the Nizamiyya [24 March 1284] | Qadi Taqt al-Din
f. 64a madrasa
[colophon]
Paris, BnF, Mulakhkhas Umayyad Mosque at | Friday, 19 Dhti | [Copied]
MS ar. 2330, f. | by Jaghmin1 Aleppo al-Qa‘da 787
82b [1385]
Beginning of [A note in another
Rabi" II 788 hand] Read in the
[1386] presence of the

Shaykh ‘Ala’ al-Din,
the timekeeper (al-
muwaqqit)

1 have included the occupations in Arabic transliteration (in parentheses) because there can be

subtle distinctions between the ordinary and the technical meanings of a term. George Makdisi

provides a list of some technical terms with respect to law (institutions, teaching personal, and

students) based on the biographical literature [the tabagat works] in “Muslim Institutions of

Learning in Eleventh-Century Baghdad,” Bulletin of the School of Oriental and African Studies,
University of London 24, no. 1 (1961): 10-14.
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Witness 1: Paris, BnF, MS ar. 2499, title page

Muhammad b. Muhammad b. Ahmad b. ‘Al o vy x 2 x L2 é\” ) L;l sl | ad éﬂo
al-Hanaft studied this in 730 H. [1329-30] in u‘*k’ K e 6 &“Sj s A e &__L\ g}p

Damascus at the Zahiriyya Juwaniyya 5.5\}—\ &)w\ Lu)d..c, 3\..#3 J;\ s Sy Blas :
madrasa

Kharaqi’s Muntahd is in an interesting codex that contains on its title page various marginal
notes in Hebrew, Greek, and Latin as well as Arabic. The significance of numerous ownership
notes caught the attention of George Saliba who examined them,*’ but he missed an important
one that stated it was studied in al-Zahiriyya al-juwaniyya Madrasa in fourteenth-century
Mamluk Damascus. This is significant in that the student only mentions the institution, and not a
particular teacher. This may indicate that the work was being studied within the broader context
of the madrasa itself. Michael Chamberlain states that the al-Zahiriyya al-juwdaniyya at this time
was one of a group of madrasas in Damascus known as the “qadis’ madrasas,” which supported
chief judges in the later Mamluk period as well as “clients of powerful people.” Chamberlain
interpreted this to mean that that the madrasas were being used for purposes that had “little to do
with education;”*® in fact it was the exact opposite, since these were exactly the kind of “clients”

that the ‘uluma’ were educating during this time.*

*7 Saliba’s focus was connecting this codex with the sixteenth-century scholar Guillaume Postel
(d. 1581), and highlighting this as a strong indication of “untapped” avenues for the transmission
of scientific ideas from the Islamic world to Renaissance Europe (see “Arabic Science in
Sixteenth-Century Europe: Guillaume Postel (1510-1581) and Arabic Astronomy,” Suhay! 7
[2007]: 151-59).

* Chamberlain, Knowledge and Social Practice in Medieval Damascus, 1190-1350, pp. 57-58,
fn. 104.

1 will return to this point later in this chapter (§ 1.3.3b: Institutional Transformations), when

I discuss who the ‘uluma’ were teaching.
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Witness 2: Berlin, Staatsbibliothek, Landberg MS 33, f. 1a

The needy Muhammad, the most deficient of the O\;L\ Al sl s &S & s

servants of God the All-giving, known as the son of our C)\“-"“ gé\ wjﬁ J\) & I jwj\ 2
t lana) Ab1 Sinan, the teach [-mudarri - .
master (mawland) Abi Sinan, the teacher (al-mudarris) (J\& v °-’\J' oL Koyht o) K

bAE A1l 42 e dlndy

at the Shahzade Muhammad Khan madrasa, may
they have forgiveness and charity, is honored to own
this [book] in the year 97<0> of the Hijra of the most

noble of civilization

This is an example of Kharaqt’s Muntaha being owned by someone at a religious institution,
namely the Shahzade Muhammad Khan Madrasa. Whether this particular Muhammad, who
apparently is a teacher there, taught it is an open question, but at the least we can say that he is
not hesitant in associating this astronomical work, which he is honored to own, with the madrasa,
even if indirectly. This information is not contained in Ahlwardt’s catalogue description of this
witness; he does, however, give the name of the copyist, the physician Mawdiid ibn “Uthman ibn
‘Umar al-Shirwani (f. 66a), and also provides a copy date of 650 H [1252] that I was unable to

find in the text.’”

Witness 3: Vatican City, Vatican ar. MS 319, f. 64a’!

The writing of this was completed by the sinner in need J) skl Coall ) o x ﬁ o @3
of the mercy of his forgiving Lord Mahmid b. e g . .

Muhammad son of the Judge Taqt al-Din on Friday, the . L

5™ of Muharram of the year 683 at the College of o . .
TUd' Ay (3 Blawy ks S

*% T am indebted to Adam Gacek for discovering this particular note. For the catalogue
information on Landberg MS 33, see Ahlwardt, Die Handschriften-Verzeichnisse der
Koniglichen Bibliothek zu Berlin, vol. 5, pp. 155-56 (no. 5669).

>! The English translation is by F. J. Ragep, who also provides the colophon in al-Tadhkira, pp.
76-77. Note Brentjes includes this witness in her list (no. 2) and cites Ragep (“Reflections on the
Role of the Exact Sciences in Islamic Culture and Education between the Twelfth and the

Fifteenth Centuries,” p. 18 and fn. 3).
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Nizam al-Mulk in the City of Peace, may God o dls A | > rw\ g S

Almighty protect it from the misfortunes and afflictions
of time, as a laudation of God Almighty and a prayer for

His Prophet; Praise be to God, Lord of the Worlds.

s & el Syl C3lg

This codex connects Nasir al-Din al-Tus1’s al-Tadhkira with the famous Nizamiyya madrasa in

Baghdad, known as the City of Peace (madinat al-salam).> It is especially noteworthy that it

was being copied in 683 H [1284], some twenty-seven years after the Mongol invasion of

Baghdad 656 H [1258], a time that has often been portrayed as a period in which the Mongols

destroyed all madrasas and killed off any scientific pursuits.

Witness 4: Paris, BnF, MS ar. 2330, f. 82b: [this witness was used in my edition (=MS S)]

And God is the One who bestows success and from Whom
one seeks assistance, and in Whom is the greatest trust. The
completion of its copying occurred during the night of
Friday, the nineteenth of the month of Dhu al-qa‘da of the
year 787 [Thursday evening-Friday morning, 21-22
December 1385 CE]. Praise be to God alone, and may God
bless our master Muhammad and his family and grant them

salvation.

“v:k% Q\""-““UJ dﬁﬁu ‘&\J
4l e S LA il N

[A note in another hand]: The reading of this under the
Shaykh ‘Ala’ al-Din the Timekeeper was completed at the
beginning of the month of Rabi" II of the year 788 [early
May 1386 CE] in Aleppo, may God extend its duration.

oo A e st B3 B sl
o Blarwy o8l Gl s
Az Bl ) e C“‘M

.

32 Nizam al-Mulk founded this Shafi‘T madrasa in 457 H [1065] (though it was inaugurated two

years later), having built nine others (and possibly a tenth) spread throughout Iraq and Khurasan

(eight of them bearing his name) (see Makdisi, “Muslim Institutions of Learning in Eleventh-

Century Baghdad,” p. 44).
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This witness highlights that many 4ay ‘a works were being read in mosques as well as madrasas;
this is not surprising since the muwaqgqit (timekeeper) as a profession was often attached to both
institutions. The “professionalization” of the muwagqgqit is often heralded as having provided a
stable niche within religious institutions for science to thrive (the caveat being that it was the
only niche, and furthermore confined to Mamluk regions alone®). David King has continually
asserted that the science of reckoning time ( ‘i/lm al-migat) constituted “the essence of Islamic
science” in that muwagqqits often came up with creative, ingenious, and sophisticated solutions to
rather complex astronomical problems, albeit “in the service of Islam,” which implies for many a
focus on matters related to ritualistic needs such as timekeeping and the regulation of prayer
times.”* Hence, the muwaggqits have also been accused of restricting their brand of science to
more practical, religiously-oriented concerns.” So someone like an Ibn al-Shatir, the renowned

timekeeper and chief muezzin of the Umayyad Mosque, becomes a rather enigmatic figure

>3 King believed that there was a similar office in Andalusia at the end of the thirteenth century,
but with a different title (“On the Role of the Muezzin and the Muwaggqit in Medieval Islamic
Society,” in Tradition, Transmission, Transformation, pp. 299-300). Emilia Calvo confirms that
“by the end of that century we find the first mention of an astronomer of this kind at the Jami*
mosque of Granada,” and she analyzes two treatises classified under the category of migat in
“Two Treatises on Miqat from the Maghrib (14™ and 15™ Centuries A.D.),” Suhayl 4 (2004):
159-206 at 161.

> See David A. King, “Science in the Service of Religion: The Case of Islam,” in Astronomy in
the Service of Islam (Adlershot: Ashgate Variorum Reprints, 1993), p. 245; King, “On the Role
of the Muezzin and the Muwagqqit in Medieval Islamic Society,” pp. 285-346; King, “The
Astronomy of the Mamluks,” Isis 74, no. 4 (Dec., 1983): 534-35; and King, “Mikat,” in
Encyclopaedia of Islam, 2nd ed. (Leiden: E. J. Brill, 1993), vol. 7, pp. 27-32.

>> Sabra insists that “it would be wrong to consider the muwaqqit a ‘professional’ astronomer”
since any of their impressive accomplishments were ultimately geared to guide religious ritual;
this Sabra concludes “appears to be the result of the fact that their institutional position did not

demand or encourage theoretical ventures for their own sake” (“Situating Arabic Science,” pp.

668-69).
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displaying stellar achievements in both theoretical and practical aspects of astronomy.”® Ibn al-
Shatir was not moonlighting in his theoretical pursuits; we have mounting evidence that there
were many other muwagqqits who showed a strong interest in both areas, including ‘Ala’ al-Din
as this witness indicates. However, ‘Ala’ al-Din is only listed in the catalogues as having
composed works on various instruments,’’ so this witness reminds us that the muwagqqits were
“versed in many fields,” a point Charette has asserted, along with the need to reevaluate many

treatises on instruments to explore their didactic component.”®

> Much has been written on his great feats, especially since Ibn al-Shatir’s innovations in non-
Ptolemaic planetary theory link him with influencing the work of Copernicus; see Jerzy
Dobrzycki and Richard L. Kremer, “Peurbach and Maragha Astronomy? The Ephemerides of
Johannes Angelus and their Implications,” Journal for the History of Astronomy 27 (1996): 189,
207-9; E. S. Kennedy, “Late Medieval Planetary Theory,” p. 377; E. S. Kennedy and Victor
Roberts, “The Planetary Theory of Ibn al-Shatir,” Isis 50, no. 3 (Sep., 1959): 227-35; David A.
King, Astronomy in the Service of Islam, Ch. 1, p. 245; D. A. King, “On the Role of the Muezzin
and the Muwagqgqit in Medieval Islamic Society,” pp. 285-346; D. A. King, “The Astronomy of
the Mamluks,” pp. 534-35; D. A. King, “Ibn al-Shatir” in The Biographical Encyclopedia of
Astronomers, vol. 1, pp. 569-70; F. Jamil Ragep, “Copernicus and His Islamic Predecessors:
Some Historical Remarks™ History of Science 45, no 147 (2007): 65-81; Victor Roberts, “The
Solar and Lunar Theory of Ibn ash-Shatir: A Pre-Copernican Copernican Model,” Isis 48, no. 4
(Dec.,1957): 428-32; George Saliba, “Theory and Observation in Islamic Astronomy: The Work
of Ibn al-Shatir of Damascus,” Journal for the History of Astronomy 28 (1987): 35-43; Saliba,
Islamic Science and the Making of the European Renaissance, pp. 189-97, 204-13; and Noel M.
Swerdlow and Otto Neugebauer, Mathematical Astronomy in Copernicus’s De Revolutionibus, 2
parts (New York: Springer, 1984), passim.

°7 See David King, 4 Survey of the Scientific Manuscripts in the Egyptian National Library, p.
68 [C54: “Ala’ al-Din Abi al-Hasan"Ali b. Tibugha, muwagqgit at the Umayyad Mosque in
Aleppo]; and his father [C53: “Ala’ al-Din Tibugha al-Dawardar al-Baklamishi]. Like King,
Frangois Charette states that ‘Ala’ al-Din was the muwagqit at the Umayyad Mosque in Aleppo
(ca. 1400), and that he “wrote on the sine, astrolabic and shakkazi quadrants.”

¥ See Charette, “The Locales of Islamic Astronomical Instrumentation,” pp. 130, 131.
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§ 1.3.2 Partial Narratives

Despite the enormous amount of evidence showing that the mathematical sciences were being
studied and taught within a religious context for generations, there has been a strong resistance to
acknowledging that the institutions themselves played any significant role in this. Even the
prominent collective of scientific activities displayed in Samarqand is credited as being the

brainchild of “one Timurid prince, i.e., Ulug Beg,™’

who happened to have a personal bent for
mathematics and the funds to see his vision implemented.®’ Hence the prevailing view has been
that Islamic institutions, such as the madrasa, played a limited role in the teaching of the
mathematical sciences in favor of the narrative, articulated by A. 1. Sabra (over thirty years ago),
that in medieval Islam a scientific education was “largely an individual affair in which individual
students made special arrangements with individual teachers.” And further: “insofar as the
madrasas had anything like what we might call a curriculum, the study of the ‘ancient sciences’

was not part of it.”®’

*? See Sonja Brentjes (“The Mathematical Sciences in Safavid Iran,” p. 329) who advocates a
methodological approach that focuses on ““a specific time and locality” rather than one that
emphasizes historical predecessors where one runs the risk of placing events in terms of
“progress or decline across time,” something she clearly wishes to avoid (pp. 325-26, 328).

% According to Sayili, ...the fact that in Ulugh Bey’s time there apparently was a large number
of scientists representing various mathematical and astronomical fields on the staff of this
Samarqand madrasa must have very likely been due to that patron’s initiative and
encouragement” (Ulug Bey, p. 44).

o1 A. 1. Sabra, “Science, Islamic,” in Dictionary of the Middle Ages, ed. Joseph Strayer (New
York: Charles Scribner, 1982), vol. 11, pp. 85, 86. Aydin Sayili devoted an entire section of his
dissertation to discussing the “Exclusion of the Awail sciences from the Madrasa”; his assertion
was that the Greek sciences, “i.e., philosophy, mathematics, astronomy and the physical and
natural sciences were not admitted into the curriculum” due to “theologians who had developed
the madrasa system, [who] did not believe that the awail were of any use to a Moslem in this
world or in the next. Some theologians were even convinced that the awail sciences were

harmful and undesirable. Thus, the madrasas, which were the only institutions in Islam devoted
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Sabra eventually recognized that the rational sciences, or some of them, “were able to

2
penetrate even the madrasas,”

albeit informally, because occasionally private arrangements
might be made between a student and madrasa teacher to teach the mathematical sciences
(which, for example, is reported to have occurred between TiisT and Kamal al-Din ibn Yiinus in
Mosul®). But Sabra was essentially in agreement with George Makdisi’s often-cited position
(put forth in his seminal work The Rise of Colleges) that a wagf institution, such as the madrasa,
was legally bound to follow the stipulations of its endowment, and also that a madrasa’s primary

focus was the “teaching of the religious sciences with law at its center.”®*

This effectively and
legally excluded the ancient sciences and philosophy from the madrasa.

Although Makdisi’s focus was on one specific madrasa at one particular time in history,
he extrapolated that “the Nizamiya Madrasa, like all madrasas, was a traditionalist institution, in

the sense that in it were taught only the traditional religious sciences of Islam. The foreign

to advanced teaching, did not contribute to the transmission and cultivation of the awail
sciences” (“The Institutions of Science and Learning in the Moslem World” [Ph.D. diss.,
Harvard University, 1941], pp. viii, 40-41, 44-64).

62 See Sabra, “Appropriation,” pp. 234.

63 Kamal al-Din ibn Yainus (1156-1242) was a rather renowned Shafi ‘T jurist who directed,
taught, and studied at various schools in Mosul and at the Nizamiyya madrasa in Baghdad. He
was noted for his expertise in astronomy and mathematics as well as his knowledge of logic,
physics, medicine, music, and metaphysics. As a result, people came to him from great distances
to study both the religious disciplines and the exact sciences. Among his students, who studied
the ancient sciences with him, were: Tiis1, Athir al-Din al-Abhari, ‘Alam al-Din Qaysir, and
‘Abd al-Latif al-Baghdadi. See Goldziher, “The Attitude of Orthodox Islam Toward the ‘Ancient
Sciences’”, pp. 204-5; Ragep, Tadhkira, pp. 7-9; Sabra, “Appropriation,” pp 237, 243, tn. 16;
and Shawkat Toorawa, “A Portrait of “Abd al-Latif al-Baghdadi’s Education and Instruction,” in
Law and Education in Medieval Islam: Studies in Memory of Professor George Makdisi (Great
Britain: E. J. W. Gibb Memorial Trust, 2004), p. 101.

% George Makdisi, The Rise of Colleges: Institutions of Learning in Islam and the West
(Edinburgh: Edinburgh University Press, 1981), p. 9; and Makdisi, “Muslim Institutions of
Learning in Eleventh-Century Baghdad,” pp. 16, 46.
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. . —>. . . . . 65
sciences, ilm al-awa’il, were not allowed here, nor were the rationalist theological sciences.”

His strict legal interpretation meant that: the terms of the endowment stipulations had to be
enforced; all sanctioned subject matter had to be restricted to the study of figh (Islamic
jurisprudence); and any subjects taught outside the purview of the charter had to be done
privately. Makdisi later modified his views in recognition of mounting evidence that “the waqf’s
exclusory rule did not succeed in excluding the foreign sciences [for] there was nothing to stop
the subsidized student from studying the foreign sciences unaided, or learning in secret from
masters teaching in the privacy of their homes, or in the wagqf institutions, outside of the regular

99!

curriculum.”® But the modus operandi was that a professor would not, indeed legally could not,
stray from the subject he was charged to teach,”’ although there was nothing preventing him
from straying off course as long as his legal obligations had been fulfilled in accordance with the
charter stipulations.

According to Chamberlain:

“What the lecturer taught, if he taught anything at all, depended on the terms of the waqf,
on his own interests, and occasionally on the efforts of rulers to mandate or proscribe
subjects. Lecturers taught and wrote in fields other than figh. While the lecturer was often
expected to lecture in one of the sciences of the shari‘a, many different forms of

knowledge were taught, both in madrasa and in study circles throughout the city. Shaykhs

65 See George Makdisi, “The Sunni Revival,” in Islamic Civilization 950-1150, ed. D. S.
Richards (Oxford: Cassirer, 1973), pp. 158, 160. Makdisi never denied the profound influence of
Greek works on the development of Islamic thought and education; he just insisted that “neither
the madrasa nor its cognate institutions harboured any but the religious sciences and their
ancillary subjects” (The Rise of Colleges, p. 77).

66 See Makdisi, The Rise of Colleges, p. 78.

%7 Makdisi insisted professors had to go strictly by the book (or in this case charter): “Ghazzali
could not have taught Ash‘arism in the [Nizamiya] madrasa even if it had been possible. He was
a professor of Shafi‘1 law, and that is the subject he taught...Outside of that traditional institution

of learning, the madrasa, he pursued other subjects...” (“The Sunni Revival,” p. 160).
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taught the Hellenistic “rational” sciences in madrasas as elsewhere, in spite of attempts

[by the rulers] to forbid them.”®®

So were all these lecturers not playing strictly by the rules?

According to Makdisi, Nizam al-Mulk, as founder of his eponymous Nizamiyya
Madrasa, was making all administrative decisions acting in his legal capacity as a private
individual, and not in the name of the state, or as the trusted and esteemed vizier in the Seljuq
administration.”” Each madrasa was its own private institution, one among many such
institutions, each independent of the other, and each with its own endowment; so what may have
been true of one institution may not have been true of another.” So this introduced a great deal

of flexibility into the madrasa system regarding choice of appointments and subject matter

%% See Chamberlain, Knowledge and Social Practice in Medieval Damascus, 1190-1350, pp. 83-
84.

% Makdisi remained steadfast that Nizam al-Mulk was acting “outside the reach of the Caliph’s
authority” (“Muslim Institutions of Learning in Eleventh-Century Baghdad,” pp. 16, 43, 51-52).
Not surprisingly his position—though it applied to Nizam al-Mulk alone (i.e., not to subsequent
founders) —was highly contested since it downplayed the political and social dynamics at play,
including key questions such who funded the madrasas, set the curriculum, and so on. See C.
Edmund Bosworth, “The Political and Dynastic History of the Iranian World (A.D. 1000-1217),”
pp. 71-74; Carla L. Klausner, The Seljuk Vezirate: A Study of Civil Administration 1055-1194.
Harvard Middle Eastern Monographs (Cambridge: Harvard University Press, 1973), pp. 5, 7, 22-
27, 63; Ann K. S. Lambton, “The Internal Structure of The Saljuq Empire,” in The Cambridge
History of Iran, vol. 5: The Saljug and Mongol Periods, ed. J. A. Boyle (Cambridge: Cambridge
University Press, 1968), pp. 214-17; Sabra, “Appropriation,” p. 233; and Sabra, “Science,
Islamic,” p. 85; and Tibawi, “Origin and Character of al-Madrasah,” Bulletin of the School of
Oriental and African Studies 25 [1962]: 231-36).

" See George Makdisi, “Madrasa and University in the Middle Ages,” Studia Islamica 32
(1970): 258, 263, and 264; and Makdisi, “The Sunni Revival,” p. 158.
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taught.”' There was only one caveat: the terms of the wagf could not in any way contravene the
tenets of Islam. But what did that mean? Makdisi (and others) interpreted this as “the exclusion
of the godless ‘sciences of the Ancients’ from the curriculum™;’* however the term “ancient
sciences” was never clearly defined, nor did it always designate the same thing.”® Given this
ambiguity, many topics might legitimately be understood as “serving” Islam.

Subjects like mathematics and astronomy penetrated the madrasas (as Sabra noted), but
not as sideline affairs as usually depicted, but in broad daylight, becoming indispensable tools
used for matters related to Islamic law (such as the division of legacies [fara id]) and the
performance of religious ritual).”* Theoretical astronomical works also seeped in, offering Islam
another approach “to reveal the glory of God’s creation.”” And even the oft maligned subject of

logic’® had its share of advocates, and introductory works on the subject were incorporated into

! Tibawi stated that while the “administration of the waqf was governed by the actual deeds in
accordance with the sacred law [the ‘u/ama ’s] teaching was on whole free and subject only to
mutual checks and balances within the learned community” (“Origin and Character of al-
Madrasah,” p. 232). Berkey also claimed that “the deeds of endowment themselves left a good
deal of latitude to the schools’ professors. Often they left even the choice of subject matter to the
teacher...” (The Transmission of Knowledge, pp. 83, 99).

> Makdisi, The Rise of Colleges, pp. 35-36 and 77-78. Hellenistic philosophy (which Makdisi

299

referred to as the “queen of the ‘foreign sciences’) was particularly targeted as being an
egregious discipline (“The Sunni Revival,” p. 160).

73 Sabra points out that though the term “ancient sciences” could apply to everything that was
translated into Arabic through the translation movement, “it primarily referred to the occult
branches of Hellenistic lore, such as magic, astrology, and witchcraft” (“Appropriation,” p. 231).
7 Sabra, “Appropriation,” pp. 231-32, 233; and Brentjes, “On the Location of the Ancient or
‘Rational’ Sciences in Muslim Education Landscapes (AH 500-1100),” pp. 52-53.

> See F. J. Ragep, “Freeing Astronomy from Philosophy,” p. 51.

7® According to Goldziher, the “battle against logic was an opposition of fundamental
importance. It (orthodoxy) maintained the recognition of Aristotle’s methods of proof was a

serious threat to the validity of religious doctrines” (“The Attitude of Orthodox Islam Toward the

‘Ancient Sciences’,” p. 198). Tibawi also held the position that “orthodoxy, though internally
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the curriculum becoming an “indispensable instrument of reasoning.””’ And I should mention
that any critics of these topics would have felt the need to deal with them, if only to refute
them.”

Ironically, this entire argument establishing that the mathematical sciences entered the
madrasas with some form of legitimacy becomes totally irrelevant when viewed from the

perspectives of Jonathan Berkey and Michael Chamberlain.” Berkey, for example, insisted that:

divided, waged a relentless, if not concerted war” to exclude Hellenistic philosophy from the
madrasas (“Origin and Character of al-Madrasah,” pp. 228, 237).

77 See Sabra, “Appropriation,” p. 232. Franz Rosenthal articulates how important logic became
for theologians: “It was indeed the auxiliary science which enabled Muslim scholars to give all
their intellectual activities the necessary theoretical foundations. It provided a generally valid
method of research and the only approach available in the Middle Ages to dealing with such
basic problems of physics as, for example, the problem of the nature of time, space, vacuum and
motions. More than that, it constituted the principal point of contact between the ‘Greek’ and the
‘Arabic’ sciences, as can be observed in connection with grammar and, at a later date, in
connection with the science of the principles of jurisprudence (usiil al-figh)” (see The Classical
Heritage in Islam, p. 75).

78 F. Jamil Ragep cites the rise of theological “manuals” of al-IjT (d. 1355) and al-Taftazani (d.
1389) and the commentaries these inspired over the next centuries that “included introductory
essays on natural philosophy (and even expositions of Ptolemaic astronomy) that adopted much
terminology and methodology from the philosophers while seeking to refute them” (“Islamic
Culture and the Natural Sciences,” p. 57). See also Robert G. Morrison, “What Was the Purpose
of Astronomy in IjT’s Kitab al-Mawagqif fi ‘ilm al-kalam?” in Politics, Patronage and the
Transmission of Knowledge in 13th—15th Century Tabriz, ed. Judith Pfeiffer (Leiden: E. J. Brill,
2014), pp. 201-29.

"1t is even more ironic in that Berkey acknowledges his debt to Makdisi’s The Rise of Colleges,
and refers to it as the “locus classicus for the institutional history of medieval Islamic education”
due to its tracing of the rise and “phenomenal spread” of the madrasa (The Transmission of

Knowledge in Medieval Cairo, pp. 6 and 7, footnotes 12 and 14). We should note, however, the
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“institutions themselves seem to have had little or no impact on the character of the
processes of the transmission of knowledge. ... Indeed, medieval Muslims themselves
seem to have been remarkably uninterested in where an individual studied. The only
thing that mattered was with whom one had studied, a qualification certified not by an
institutional degree but by a personal license (ijaza) issued by a teacher to his pupil.
Whether lessons took place in a new madrasa, or in an older mosque, or for that matter in

.. . g 30
someone’s living room, was a matter of supreme indifference.”

And as Michael Chamberlain puts it: “there is no evidence that students sought out prescribed
programs of study, or enrolled in a madrasa to master a specific body of knowledge. Rather they
chose their subjects for themselves, and sought out shaykhs who could ‘benefit’ them.”®'

Berkey and Chamberlain do not see the individualization of learning to be necessarily a
bad thing; there were a lot of educational perks to having “no institutional structure, no

curriculum, no regular examinations, nothing approaching a formal hierarchy of degrees.”™ It

importance Makdisi placed on the madrasa for the transmission of knowledge in that it “provided
[the student] with all his essential needs for learning” (The Rise of Colleges, p. 32).

8 Jonathan Berkey, “Madrasas Medieval and Modern: Politics, Education and the Problem of
Muslim Identity,” in Schooling Islam: The Culture and Politics of Modern Muslim Education,
ed. Robert W. Hefner and Muhammad Qasim Zaman (Princeton: Princeton University Press,
2007), p. 43.

81 Chamberlain, Knowledge and Social Practice in Medieval Damascus, 1190-1350, p. 87. Cf.

9% ¢

Makdisi’s detailed examination of the “Organization of Learning” (“madrasa curriculum,” “class

29 ¢ 99 ¢

procedure,” “teaching days and holidays,” “the long years of study”) in The Rise of Colleges, pp.
80-98; and pp. 9 and 313, fn. 38 (where he provides examples of madrasas in thirteenth-century
Damascus designated specifically for the study of medicine); and Fazlioglu, “The Samarqand
Mathematical-Astronomical School.”

82 See Berkey, “Madrasas Medieval and Modern,” p. 43. In The Transmission of Knowledge (pp.
44, 217), Berkey adds: “There is little suggestion in the sources that particular schools ever

acquired any lasting identity or mission within the academic sphere distinct from that of the
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allowed for a higher degree of pedagogical flexibility and creativity: there were fewer
restrictions on the range of subject matter one could teach, study, and read; and furthermore,
scholars were not governed by specific stipulations regulating pedagogical issues of any given
institution. In addition, individualism promoted character development and freed the student to

seek out the most reputable and morally upright teacher.** Furthermore, it allowed for social

individuals who taught within them...the whole system remained, as it were, thoroughly
nonsystematic.” Cf. Makdisi, who maintained that a legal education was a structured and formal
affair; and that the introduction of the scholastic method of teaching students and obtaining the
license to teach that occurred within the Western university (consisting of the elements of sic et
non, dialectic, and disputation) had Islamic antecedents (George Makdisi, “Baghdad, Bologna,
and Scholasticism,” in Centres of Learning: Learning and Location in Pre-Modern Europe and
the Near East, ed. Jan Willem Drijvers and Alasdair A. MacDonald [Leiden: E. J. Brill, 1995],
pp. 146-49, 151). See also Devin Stewart’s position regarding a medieval legal education that
“the great professors of medieval Islam operated within a structured framework which, like the
legal madhhabs, showed remarkable stability over space and time. While this framework may
have been less formal and rigid than modern educational systems, it did not lack key structural
elements, including recognized certificates and degrees” (“The Doctorate of Islamic Law in
Mamluk Egypt and Syria,” in Law and Education in Medieval Islam: Studies in Memory of
Professor George Makdisi [ Great Britain, 2004], p. 66).

%3 According to Berkey, “the critical factor that a successful student considered was always the
character, intellectual quality, and reputation of his instructor...it is important to select the most
learned, the most pious and the most advanced in years” (The Transmission of Knowledge in
Medieval Cairo, pp. 22-23); and Jonathan P. Berkey, “Enseigner et apprendre au temps des
madrasas,” in Lumieres de la Sagesse: Ecoles médiévales d’Orient et d’Occident, ed. Eric Vallet,

Sandra Aube, and Thierry Kouamé (Paris: Publ. de la Sorbonne, 2013), pp. 139-40.
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mobility (something familial connections may not have been able to bestow) ,* and the prestige
of being inducted into the club of scholars known for their “nobility of learning.”*’

But the onus was on the individual, who was not getting institutional or, perhaps more
importantly, cultural support. He had to become an advocate, be proactive in seeking out the best
teachers, often hopping from teacher to teacher, place to place, accumulating ijazas along the
way. More importantly, this individual had to fend for himself financially, unless he was lucky
enough to find a patron or came from a family of wealthy scholars.*® And there was no recourse
if the relationship between student and teacher broke down.

But here we reach the following puzzle: could science in Islam, or anywhere else for that
matter, have been sustained for almost a millennium—over the course of 50 generations or so—
on individual initiatives and networks alone? And even with individual initiative, how does one
learn something as complicated and extensive as Ptolemy’s Almagest, or Euclid’s Elements,
without teachers or vade mecums?®’ And who sustained the market for such books, allowing for
copyists who had the technical ability to reproduce complicated texts with often arcane
terminology as well as diagrams? At this point, we might well call upon that tried and true deus

ex machina, the patron. But patrons may be able to pay for buildings, instruments and salaries,

% This is pointed out by Jane H. Murphy in “Ahmad al-Damanhiiri (1689-1778) and the Utility
of Expertise in Early Modern Ottoman Egypt,” p. 92-95, 102-3.

% See Chamberlain, “The Production of Knowledge and the Reproduction of the A ‘yan in
Medieval Damascus,” pp. 30, 31.

% Apparently most common side jobs for young scholars were being guards and night watchmen
(see Makdisi, “Muslim Institutions of Learning in Eleventh-Century Baghdad,” p. 52).

87 Toby Huff would have us believe that Muslim scholars used “memorization” and “repetition”
to study ancient texts such as Ptolemy’s A/magest and Euclid’s Elements (The Rise of Early
Modern Science: Islam, China, and the West [Cambridge: Cambridge University Press, 1995], p.
164). It would be interesting to see if he could find anyone, Muslim or otherwise, who could
memorize Ptolemy’s table of chords or his star chart that occupies 60 pages in a modern

translation.
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but they cannot conjure scientists out of thin air. And patrons collected scholars as trophies,*
and supported them because they already were scholars.” These on-the-job training narratives
are really inadequate to explain how these scholars got their expertise, especially when we recall
the structured hierarchy of hay ‘a texts given by Akfani and Tashkubrizade needed for mastering

the subject and the many years of study in an institutional setting described by Shirwani.

§ 1.3.3 Transformations

I began this chapter with the claim that “something important began to happen to astronomy in
the twelfth century that transformed not only the way it was taught but also its place within
Islamic civilization.” This final section is devoted to addressing this statement and will involve
discussing three interconnected transformations that I have identified as having taken place: one
being “conceptual,” another “textual,” and a third “institutional.” In the twelfth century the
structure of the hay ‘a text was altered in an attempt to present the material in agreement with the
way the discipline itself was being transformed conceptually. One of the results was the
emergence of a new kind of hay ‘a textbook that was conducive for a more general readership.

No longer was the study of /ay ‘a restricted only to experts, limited to just a handful of

% It is said that Timir collected scholars among the cities he ravaged to quench his inexhaustible
delight in debating with them. Among his alleged abductees were Sayyid al-Sharif al-Jurjant and
Qadizade (which represents an alternative narrative to how they ended up in Samargand).
Apparently, Ibn Khaldiin, who met Timir in Damascus in 1400-1, was spared by flattering him
and promising to include him in his chronology. See V. V. Barthold, Ulugh-Beg, p. 39; Beatrice
Forbes Manz, The Rise and Rule of Tamberlane (Cambridge: Cambridge University Press,
1989), pp. 1, 16-17; and Tamerlane or Timur The Great Amir, trans. J. H. Sanders (London:
Luzac & Co., 1936), pp. xv, 144-45, 296-99 (Eng. trans. of Ahmad ibn Muhammad Ibn
‘Arabshah’s ‘Aja’ib al-magqdir fi nawa’ib Timir).

% «Scholars engaged in patronage relationships were expected to offer expertise in areas”; and
Brentjes presents us with a rather lengthy list in “Courtly Patronage of the Ancient Sciences,” p.

407.
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individuals; it now could be used by the ‘uluma’ to educate the burgeoning number of madrasa
students who understood that it offered them another approach to better understanding God’s
creation. This of course also meant that major transformations had to have been occurring within

the religious institutions.

§ 1.3.3a  Conceptual and Textual Transformations of the Discipline of hay ‘a

In the introduction to his Muntaha, Kharaqt explicitly tells us that studying /ay ‘a is a rational
and noble approach for attaining a better understanding of God through His creation; and by this
he means His creation in its entirety, both the perfect celestial realm and that of the corruptible,
sublunar one. Kharaqi was not alone in the view that studying #ay ‘a could provide a gateway to
Heaven;”® as mentioned before, Qutb al-Din al-Shirazi also maintained that the discipline of

hay 'a was “the most noble of the sciences” as stated in his Nikdya introduction (with citations
from the Qur’an to support his contention). But the fact that Kharaqt articulates his position gives
us an idea of what was motivating him to compose his say ‘a works, more so since he eliminates
this passage altogether in his abridged Tabsira. This sentiment may have been a contributing
factor in Kharaqi’s decision to repackage the discipline of hay ‘a with a new format that reflected
his line of thinking; but in any event, the new structuring of his ay ‘a works were striking
departures from those of his predecessors;”' his would become the model for subsequent Aay

treatises, especially the establishment of a two-part delineation of God’s two realms, one dealing

% For example, Qadizade states that the discipline of 4ay a is one by which one learns about the
Creator, namely from substances and accidents (Sharh al-Mulakhkhas, Istanbul, Ayasofya MS
2662, f. 2b). See also, F. J. Ragep, “Freeing Astronomy from Philosophy,” pp. 51, 64.

11 do not here wish to demote the basic two-part division that is also contained in Qattan al-
Marwaz1’s (465-548 H [1072-1153]) Persian Gayhan-shenakht (Knowledge of the Cosmos),
which he composed in 498-500 H [1104-1107], i.e., prior to Kharaq. Its influence and its
relationship to Kharaqi’s work certainly need to be explored in the future. Nevertheless,
Kharaqi’s hay ‘a works are the ones that are most often cited by later scholars. In any case, we

see this two-part division appearing in the twelfth century, and in the vicinity of Merv.
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with the upper bodies of the celestial region (hay ‘at al-samd’) and the other with the lower
bodies of the terrestrial realm (hay at al-ard).

Kharaqi’s Tabsira is recognized as having become a very popular elementary textbook on
theoretical astronomy, so the question is why did Badr al-Din al-QalanisT feel the need to
commission Jaghmini to write yet another textbook, especially one on exactly the same subject
matter?”> This is even more puzzling given that Jaghmini not only relies on the Tabsira as a
major source for the content of the Mulakhkhas, but even incorporates parts of Kharaqi’s work
into it. The answer rests with the need for an even more simplified textbook than those of
Kharaqi. So let me provide a comparison of the number of chapters in both works before tackling
the question of Jaghmin’s intended audience; this will show us immediately how the

Mulakhkhas was a far less complex work than Kharaqi’s “introductory” alternative:

Jaghmint’s Mulakhkhas | Kharaqr’s Tabsira

Introduction Introduction Introduction

(includes an extensive
discussion of
mathematical terms)

Part One 5 chapters 22 chapters

(hay’at al-sama’) (5 chapters have

extensive subdivisions)

Part Two 3 chapters 14 chapters
(hayat al-ard)

Before moving on to the target audience for the Mulakhkhas, we should note some additional
features and differences between the contents of the two works: (1) in discussing the equinox
points Jaghmini references the two holidays of Nayriiz and Mihrjan (see I1.2. [2]), and this may
be an indication of Persian influence; (2) Jaghmini cites al-Shafi‘t and Abii Hanifa (see I1.3

[2])°%; and, most significantly, (3) Jaghmin has considerably condensed the Tabsira’s

%2 T am assuming that I have convinced you that Jaghmini flourished in the late-twelfth/early-
thirteenth century, and not the fourteenth (in Chapter One).
% As mentioned in the commentary, al-Shafi‘T has been added in the margins of several of the

witnesses I used. I interpreted this as meaning that Jaghmini originally felt no need to refer to
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introductory sections, essentially eliminating Kharaqi’s section dealing with mathematical
definitions (such as point, line, straight line, and so forth) and giving only the briefest account of
the general properties of bodies. In fact, Jaghmini has drastically abbreviated Kharaqi’s section
(contained in Chapter One of the Tabsira) that deals with bodies from the perspective of natural
philosophy. The explanation that Jaghmini provides in the introduction to the Mulakhkhas
(Intro. [1]) regarding the simple and composite bodies barely hints at its connection with
Aristotelian natural philosophy, thus making it far more appropriate than the Tabsira for

inclusion in the madrasa.

§ I.3.3b  Institutional Transformations: A New Clientele

Let us review what has been established so far: (1) We know that some of the mathematical
sciences “penetrated” into the madrasas, and from our evidence we determined that hay ‘a was
among the subjects being taught; (2) some scholars viewed the discipline of 4ay ‘a as a noble
science and asserted that it was an alternative approach to understanding God’s creation; thus the
study of hay ‘a could be seen as compatible with someone with a religious orientation; (3)
Jaghmint’s Mulakhkhas was commissioned because there was a demand for a simplified “user-
friendly” textbook on theoretical astronomy; (4) an analysis of the Mulakhkhas content in
conjunction with its pedagogical style indicates that it is a teaching textbook geared for a broad
audience.

So why can’t we assume that the Mulakhkhas was geared for a circle of religiously-
oriented students, studying, say, at a private home or somewhere in the marketplace? Why insist
on a madrasa audience? The answer rests with our final transformation, that of the religious
institutions themselves. According to Joan Gilbert, the period of the twelfth and thirteenth
centuries experienced major political, social and religious changes due to “the
professionalization of the ulama”; and among the changes was a concerted effort to regulate their

salaries and standardize their training and practice. Consequently, there was an upsurge in the

him explicitly inasmuch as students in a Shafi‘1 madrasa would have known al-Shafi‘1’s position

on prayer times.
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number of teaching institutions constructed, and a growing demand for standardization of many
things, including textbooks;”* but textbooks for whom?

The reference sources on the Seljuks during this period all seem to point out that there
were close links between the central government and the ‘uluma’;”® and they state explicitly that
the Seljuk system of civil administration looked to the Shafi‘1 madrasas as training grounds for
“judges, lawyers, and administrators, secretaries, ministers, ambassadors, political advisers, in

short, the personnel for all public and private functions.” Carla Klausner adds: “The Seljuks

% Joan E. Gilbert, “The Ulama of Medieval Damascus and the International World of Islamic
Scholarship,” pp. 58-59, 71. Gilbert also notes transformations occurring in twelfth- and
thirteenth-century Damascus: “By degrees specialized buildings replaced common teaching sites
such as mosques, private homes, shops, libraries and gardens, and served not only as places of
instruction and devotion but also as residents for professors and students.”

% Carla L. Klausner reiterates the important point that “A major innovation of the Seljuks was
their attempt to link central government with the religious institution through state support for
the madrasa system of education. There is no doubt that the early organizers of the empire hoped
in this way to further the cause of the Sunni revival, to secure the support of the religious classes
by giving them a stake in the proper functioning of the state, and to bolster civil administration
against the expected encroachments of the military establishment” in the The Seljuk Vezirate, pp.
22. See also Dominique Sourdel, “Réflexions sur la diffusion de la madrasa en Orient du XI° au
XIII° siécle,” Revue des études islamiques 44 (1976): 182-83; and Tibawi, “Origin and Character
of al-Madrasah,” p. 234.

% Say1l1, “The Institutions of Science and Learning in the Moslem World,” p. 23. Ann K. S.
Lambton gives an overview of some of the positions held by local administrators of towns and
cities who were appointed by the central government (Ph.D. diss., University of London, 1939,
pp- 275-92), including the role of the “ra’is of the town,” a local notable who was an important
link between the government financial administration, religious affairs, and the people (pp. 290-
92). For more on the ra’ts, see Lambton, “The Administration of Sanjar’s Empire as Illustrated in
the ‘Atabat al kataba,” Bulletin of the School of Oriental and African Studies 20, no. 1 (February
1957): 384-88; and Lambton, “The Internal Structure of The Saljuq Empire,” pp. 279-80. Recall
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hoped not only to win the support of the religious classes by sponsoring this system, but also to
diffuse Sunni Islamic values more widely throughout the society, especially at the political
level.”®” Furthermore the histories of the Seljuks and the Khwarizm Shahs were tightly
interconnected;”® recall that Kharaqi dedicated his Tabsira to the son of a vizier of the Seljuk
Sultan Sanjar. So it is reasonable to assume that the Seljuk madrasa system would have had a
great influence on the ones throughout Central Asia and Khwarizm.” We also know from
Jaghmini’s own personal experience that the dedicatee of at least two of his works was the highly
esteemed scholar and Shafi‘1 Imam Shihab al-Din al-Khiwaqt. Shihab al-Din taught at five
Shafi‘1t madrasas (and presumably included the Mulakhkhas in his list of required reading).
Furthermore, Shihab al-Din was the trusted advisor (wakil) to the Khwarizm Shah ‘Ala’ al-Din
who “consulted him in all serious circumstances and yielded to his decision in important

100
matters.”

It is certainly conceivable that he used his position to promote the teaching of the
sciences, especially since he was directly responsible for establishing numerous Islamic
institutions throughout the region and filling their libraries with extensive collections.

I will stop here because I feel that we have more than enough evidence to present a
plausible case that Jaghmini composed his Mulakhkhas for the Shafi‘T madrasas (especially given
the weaknesses of the alternative options). Moreover, the popularity of the Mulakhkhas as a

teaching textbook continued for five centuries beyond its composition; in fact it was still being

that some members of the Qalanist family held this position (Gilbert, “The Ulama of Medieval
Damascus and the International World of Islamic Scholarship” pp. 206-211).

*7 Klausner, The Seljuk Vezirate, p. 5.

% See Lambton, “Contributions to the Study of Seljiq Institutions,” pp. 13-14. Many of the
Khwarizm Shahs were originally governors for the Seljuks before becoming independent rulers
(C. Edmund Bosworth, The Islamic Dynasties: A Chronology and Genealogical Handbook
[Edinburgh: Edinburgh University Press, 1967], p.107).

% “In the thirteenth century the madrasa system had established itself all over Islam from Central
Asia to Sudan” (see Sayili, “The Institutions of Science and Learning in the Moslem World,” p.
29).

100 Nasaw1i, Sirat al-Sultan Jalal al-Din, p. 109 (= Houdas, Histoire du Sultan, p. 82).
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used as a teaching textbook “in the Azhar in Cairo about 1800.”'"' This may explain why there
are thousands of extant witnesses (and commentaries on it) spread throughout the world.

So given this wealth of evidence showing that 4ay ‘a was taught in religious institutions,
why are personal initiatives, informal structure, and patrons promoted and the role of the
religious institutions consequently demoted? The answer lies in the value one gives to
“promoting” science versus “sustaining” science. Sabra charged the historian of Islamic science
with “the important task™ of answering the question: “How did a significant scientific tradition
maintain itself [emphasis mine] for such a long time largely outside the only stable institution of

9 102

higher learning in medieval Islam For him this meant that institutions “did not demand or

encourage theoretical ventures for their own sake”;'” thus they were an impediment to scientific
advancement. Any accomplishments made by Muslim scholars had no relation to place.'®* He
saw the religious institutions only as obstructions in the way of scientific inquiry, and blind to

their role in “maintaining” learning.'” And he was far from being alone in this position. David

"% See David A. King, “The Astronomy of the Mamluks,” p. 552. King comments that “the
manuscript libraries of Cairo and Damascus, which contain many manuscripts copied during the
Ottoman period, and even the older collections in Europe whose shelves are somewhat less
cluttered with late manuscripts, bear witness to the popularity of the works of al-Jaghmini.” And
there are so many Mulakhkhas witnesses contained in the Cairo collection that King doesn’t
attempt to mention them all in his catalogue description of the scientific manuscripts in the
Egyptian National Library; he just writes “efc.” under its listing (see Survey, p. 150). As detailed
in Appendix II, the Mulakhkhas tradition was still going strong in the nineteenth and even early
twentieth centuries; indeed as reported by a student of Muhammad ‘Abduh (d. 1905), Sayyid
Jamal al-Din al-Afghani read the Mulakhkhas in Cairo with his students (Thomas Hildebrandt,
“Waren Gamal ad-Din al-Afgani und Muhammad ‘ Abduh Neo-Mu ‘taziliten?” Die Welt des
Islams 42, 2 [2002]: 215 and fn. 22; I owe this reference to R. Wisnovsky).

12 Sabra, “Appropriation,” p. 234.

1 Sabra, “Situating Arabic Science,” p. 669.

194 See Sabra, who states all accomplishments “must be regarded as accomplishments in
astronomy proper, regardless of their institutional setting” (“Situating Arabic Science,” p. 668).

193 Sabra, “Situating Arabic Science,” p. 660; and “Appropriation,” p. 241.
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King judged Jaghmin1’s textbooks insignificant since they were “a nontechnical digest of
Ptolemaic astronomy.”'% But “the promotion of science” and “the sustaining of science” should
not be an either/or choice. Ignoring the importance of the latter not only leads to reductionist
statements such as place doesn’t matter; it blinds us to the role the religious institutions played in
providing some stability for an education in the mathematical sciences in order for these great
feats of scientific achievement to occur over almost a millennium. Denying the role the madrasas
played leads us to episodic history at best, great man narratives at worst—a historiography based
on chance and accident rather than a more plausible story of individual effort sustained within an
enduring social context.

When Badr al-Din al-Qalanist and Shihab al-Din al-Khiwaqt commissioned Jaghmini to
write textbooks, neither they nor the author could have guessed how wildly successful his works
would become. Had they known, they would have been well-pleased. They would also have been
pleased to have known that his works would play such a vital role in educating countless

individuals in a madrasa setting.

1% See King, “The Astronomy of the Mamluks,” p. 552.
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§II.1  Editorial Procedures

§I[I.1a  Establishing the Text

Although there are a large number of extant manuscripts of the Mulakhkhas, either standing as
independent texts or incorporated into a commentary or supercommentary, it was possible to
establish an edition that, I claim, is close to the author’s original. Fortunately, there was a
relatively simply way to eliminate the vast majority of extant manuscripts as candidates for the
author’s original. These witnesses contain modifications that, as I explain in Commentary,
I1.1]4] (“the second clime”), could have only occurred after the publication of the Tadhkira by
Nasir al-Din al-TisT in 659/1261, i.e., well after Jaghmini’s lifetime.' Next, I identified a
dedication and poem to Badr al-Din al-QalanisT that occurs in only a very few manuscripts.” I
thus chose these manuscripts (MSS B, F, S), which also contain the pre-Tadhkira parameters, for
the edition. There were two additional manuscripts containing the original parameters that I used:
one, MS K, has the dedication but not the poem; and MS L, which lacks both but has the earliest
copy date (644/1246-7). One could then distinguish these five manuscripts based on their
prefaces: three have the poem and dedication (MSS B, F, and S); one has only the dedication
(MS K); and one has neither (MS L). I therefore edited each of the three prefaces separately.
After these divergent prefaces, the manuscripts come together in the introduction and continue to
the end with relatively minor variants. These are listed in the critical apparatus.

There is no autograph copy, and no single manuscript establishes the “original”
version. Each has some deficiency. For example, the oldest one (MS L) lacks the original
preface; MS F has one folio missing; MS S has many grammatical mistakes; and MSS B and K
contain various mistakes and are further contaminated by one or more commentaries.
Nevertheless, using MSS F, L and S, I claim that the edited text is very close to the author’s
original, given the remarkably few variants between these three unaffiliated manuscripts and the
plausible explanations for divergences in MSS B and K (usually due to misreadings or
misunderstandings by the copyists, or additional material from one or more commentaries). My

occasional use of the commentaries usually confirmed my readings. The earliest commentary by

' See also Ragep, “On Dating Jaghmini and His Mulakhkhas,” pp. 462-64.
? The manuscripts used for the edition are described in detail in the next section § IL.2.
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Yusuf ibn Mubarak al-Alant (ca 735/1334) [Istanbul, Topkap1 Saray1 Miizesi, Ahmet III MS
3308] had the original values for the climes, while ‘Abd al-Wajid (d. 838/1435) [Istanbul,
Stileymaniye Library, Laleli MS 2127] clearly struggled (as I did) with the range of numbers and
gave both the original and the post-Tts1 parameters for the climes. Other commentators gave the

post-Tiist values.

§ II.1b  Establishing the Figures

The figures in the manuscripts displayed different degrees of meticulousness; but generally
speaking, MS L had the best diagrams. There was also a range of labeling the figures: some
copyists being quite detailed, others sparse. Specific figures are occasionally missing; these are
noted in the Figure Apparatus. My procedure was to follow the basic structure of the figures
(which was usually similar in all manuscripts) and then use the text and context to decide on
which labels to include. In a number of cases, I checked commentaries to confirm or clarify, but
never used them to supplement or modify my five core manuscripts. Variants to my edited

figures are noted in the Figure Apparatus, which follows the edited text.

§ II.1¢  Variants and Orthography

Since I used only five manuscripts to establish the text, I noted all variants in the critical
apparatus with the exception of minor orthographic differences. As noted below in § I1.3:
Explanation of Signs and Conventions, | have generally modernized the orthography for
writing hamzas, numbers, and numerals; divergences are not noted except where there could be
alternative readings (such as between thulth and thalath). When giving variants, I have written

these as they occur in the text, providing or leaving out the dots, vowels, and hamzas as given.
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§II.1d  Parameters

Four out of five of my main manuscripts used the alphanumeric system for numbering
parameters. The exception was Berlin; here parameters were often omitted altogether, but it is
noteworthy that when included in the text, the copyist wrote them in unit fractional form, an

indication of a late Ottoman style:

/3"""'%,-"7:’5!?!9‘,]"/"55’,!19 o)
Jf ' "i'd ’59'9!/ﬂﬂylh’1ﬁ/ ’

/1———-—r- als

Since the alphanumeric system lends itself to ambiguity, and inattentive copyists could

often introduce mistakes—for example by omitting a dot which would lead one to read a CB] as

a C[S] or by forgetting to add a stroke to £} (20) causing it to be read as a J (30)—1I relied on the

context to confirm a value, either in the main text or as a variant. In general, values given by
Ptolemy and Battani allowed me to control the text. When this was not possible, or when further
confirmation was needed, commentaries in which the parameters were written out in words
proved valuable; however, cautious judgment had to be applied in recognition that parameters
were often “updated” by commentators (for example, by changing Jaghmini’s Ptolemaic ones to
those found in Nasir al-Din al-Tus1’s Tadhkira). Alan1’s commentary (the oldest one to date)
alone seemed to contain non-contaminated values, so it was particularly valuable for
establishing/confirming some of the parameters. A significant example of this occurs in fixing

the date that Jaghmini gives for the position of the planetary apogees; misreading a single letter

o [300] instead of & [500] can make a 200-year difference, but fortunately both context and

AlanT’s commentary provide us with the correct Alexandrian date of 1517, which also gives

added confirmation of Jaghmini’s dates (see I. 5 [22], and § 1.1.3b: Dating the Mulakhkhasy).
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§II.2  Description of the Manuscripts

The following list contains the five principal manuscripts that have been used to establish the

edition.

| SIGLA

‘ DESCRIPTION OF MANUSCRIPT

Lo =B

Berlin, Staatsbibliothek, MS or. oct. 1511, pp. 6-64. The codex contains
several treatises, with a total of 667 pages, all in the same hand. On p. 667, a
date of 1275 H/ 1858-9 is given. A more expansive colophon is on p. 623,

where we learn that the copyist is a certain ‘Abd al-Kartm Bulghart

(s )\.;.L 2 JQ\ ¢ ) who finished copying that particular work on Wednesday,

24 Jumada I 1275 H [28-9 Dec. 1858 CE] at Mir Sayyid al-Sharif (Mosque,
Madrasa?) in Tashkent (al-Tashkand) in the Kallah Khanah quarter. MS B is
contaminated with commentary comments; but, despite the late date, it
includes Jaghmin1’s dedicatory poem. Its use of unit fractions is discussed

above.

Colophon: p. 64
Sy ) adly Slally LT A,

And God is most knowing of truth, and to Him are the refuge and the final

return.

2 |G =

Philadelphia, University of Pennsylvania, Rare Book & Manuscript
Library, LJS, MS 388, ff. 2b-19b. The codex of 19 folios contains only this
one witness. It is written in a nasta ‘lig script. Formerly owned by Muhammad
ibn al-Dawla, 1246 [1830-31], it bears a Qajar seal imprint on ff. 1a and 19b.
It was sold by Sam Fogg Ltd., cat. 22 (July 2000), no. 60 to Lawrence J.
Schoenberg in 2011. (See Transformation of Knowledge: Early Manuscripts
from the Collection of Lawrence J. Schoenberg (London: Paul Holberton,
2006), p. 55 (LJS 388); and
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http://dla.library.upenn.edu/dla/medren/record.html?id=MEDREN_5068122
Accessed July 27, 2014.) The witness was completed day 2 [i.e., Monday] 29
Rabi‘ I 786 H [probably, Sunday-Monday, 22-23 May 1384 CE]. MS F and
MS S are closely aligned. The folios in this MS F (2-19) are bound in the
wrong order; the correct order should be 2-7, 10, 13, 11, 12, 8, 9, 14-19. In

addition a folio is missing between 17v and 18r. This corresponds in my

edition to I1.3 [1], line 6 to I1.3 [4] line 6.

Colophon: f. 19b
2 VAT dew J33 ) L

And God is the One who bestows success and from Whom one seeks
assistance, and in Whom is the greatest support and trust. The completion of
its copying occurred on day 2 [i.e., Monday], the 29™ of the blessed month of
Rab1’ I in the year 786 hijra [probably, Sunday-Monday, 22-23 May 1384
CE].

J[=K]

Cambridge UK, Cambridge University Library, MS Or. 593 (7), ff. 1b-
38b [= Trinity, R. 13.21]; the codex contains 109 folios written in a Persian
naskh script. According to Edward G. Browne, it is dated 764 [1362-3] and
the codex was bought from Elias Géjou on October 30, 1905 (4
Supplementary Hand-List of the Muhammadan Manuscripts, in the Libraries
of the University and Colleges of Cambridge [Cambridge, 1922], p. 205). E.
H. Palmer gives the date incorrectly as 1582-83 (4 Descriptive Catalogue of
the Arabic, Persian and Turkish Manuscripts in the Library of Trinity College
[Cambridge; Cambridge: Deighton Bell and Co., 1870], pp. 50-52.) For an
online description, see
http://www.fihrist.org.uk/profile/manuscript/abef3293-10e8-4e05-8142-
f15e28786ae9 ; accessed July 27, 2014. The title page states it was owned by
a Mustafa ibn Hasan al-Fardi in the year 1180 [1766-7].
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Colophon: f. 38b
3 oy 4225 lly 42 b Jo ) oy ooy b ady Olgall 3501 A,
wfy s Ledle ) s VIE G
And God is the One who bestows truth. Praise be to God alone, and may God
bless our master Muhammad and his family and companions and grant them

salvation. On the date of the year 764 [1362-3 CE], may God make its

outcome favorable by His grace and munificence.

J[=L]

Istanbul, Siileymaniye Library, Laleli MS 2141/3, ff. 61b-81a; the codex
contains 94 folios. This witness was copied in 644 H [1246-7 CE], making it
the oldest Mulakhkhas to date. The title page and f. 94a both contain an
endowment stamp: Sultan Salim Khan [i.e., Selim III] ibn Sultan Mustafa
Khan 1217 [1802-3] (see Giinay Kut and Nimet Bayraktar, Yazma Eserlerde
Vakif Miihiirleri Waqif [ Ankara, 1984], p. 41 [no. 15]).

Colophon: f. 81a
L2 (Leldl 3 D) 1 s 3 DS I F 38 L

With God is success. The book was completed in the months of 644 hijra
[1246-7 CE].

o [=8]

Paris, Bibliothéque nationale, MS arabe 2330, ff. 48b-82b; the codex
contains a total of 116 folios. Written in a naskh script, the codex contains at
least 14 witnesses. (See Baron William de Slane, MacGuckin, Catalogue des
manuscrits arabes / par le baron de Slane [Paris: Imprimerie nationale, 1883-
1895], pp. 408-9).

This witness was completed the night of Friday, 19 Dhi al-qa‘da 787
[Thursday evening-Friday morning, 21-22 Dec. 1385 CE]. For more on this
witness, see SECTION ONE, Chapter Three, § 1.0, “Shedding Light on
Old Evidence” (no. 1).
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Colophon: f. 82b

o A el Zadt) il welsS e BN 1 A ey lasadly okl AU
bz o b ooy codomy ll ) By ciilly s i o0 5001 (53 g
;L‘j ATy 12
And God is the One who bestows success and from Whom one seeks
assistance, and in Whom is the greatest trust. The completion of its copying
occurred during the night of Friday, the nineteenth of the month of Dhii al-
qa‘da of the year 787 [Thursday evening-Friday morning, 21-22 December
1385 CE]. Praise be to God alone, and may God bless our master Muhammad

and his family and grant them salvation.
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§ II.3  Explanation of Signs and Conventions Used in Arabic Critical

Edition and Apparatus

For the Arabic edition, the following conventions have been used:
1) The orthography and rules for hamza follow modern conventions.

2) The dotting of (s follows the rules used by printers in Syria and Lebanon.
3) Tanwin is generally added (but not on feminine ¢a° endings).

4) Shaddas have been supplied (except for sun letters and nisbas).
5) Short vowels have been provided sparingly as aids to the reader and/or to avoid

ambiguity
CRITICAL APPARATUS
[ Separates reading in edition from any variant

Separates variant and manuscript sigla
+ Added in

Missing from
= Indicates another variant
(...) Editor’s comments

< (B) Berlin, Staatsbibliothek, MS or. oct. 1511, pp. 6-64

o~ (S) Paris, Bibliothéque nationale MS ar. 2330, ff. 48b-82b

<> (F) Philadelphia, University of Pennsylvania, LJS 388, ff. 2b-19b
J(K) Cambridge UK, Cambridge University Library Or. 593, ff. 1b-38b
J (L) Istanbul, Laleli MS 2141, ff. 61b-81a

b L (blank)

b & jaudl o2 (under the line in)

L & sk (crossed out in)

L 'tl (s 9y s& ¢ wsekae (Smudged, unreadable, etc.)

b & el 35 (above the line in)

la & Uil & (margin)
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§ II.4 Arabic Edition of al-Mulakhkhas fi al-hay a al-basita
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