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Preface

Mahmiid al-Jaghmint’s thirteenth-century al-Mulakhkhas fi al-hay’a al-basita
provided an accessible introduction in the premodern period to Ptolemaic
theoretical astronomy, for both specialists and the educated public throughout
Islamic lands. It played a crucial role in the teaching, dissemination, and institu-
tional instruction of Islamic astronomy; and the base Arabic text served as the
starting point for at least sixty-one commentaries, supercommentaries, glosses, and
translations (into Persian, Turkish, and Hebrew) that were composed and studied
well into the nineteenth century and even beyond. The topics include basic
astronomical definitions and concepts, parameters of the motions of the planets and
the Earth’s inhabited zone, and, above all, a structure or configuration (hay’a) of
the universe that offered a scientific account of God’s creation.

The impact and longevity of the influence of the Mulakhkhas are not in question,
as evidenced by thousands of extant copies of the original and its various derivatives
contained in repositories worldwide. However, the focus until now has been on the
work itself, leaving unaddressed questions such as: why was the Mulakhkhas com-
missioned; who was Jaghmini’s target audience; and what kind of a society
produced such a scholar? Moreover, ambiguity in the literature about the date for
Jaghmint’s floruit led to speculation that there were two Jaghminis, a thirteenth-
century scholar who composed the ubiquitous astronomical work al-Mulakhkhas,
and a fourteenth-century namesake who authored the equally popular medical
treatise al-Qaniinca. Establishing that there was only one Jaghmini who composed
a corpus of introductory scientific works during the late twelfth/early thirteenth
centuries under the auspices of the Khwarizm Shahs in Central Asia highlights that
this period just before the Mongol invasions was not one of scientific stagnation, as
is so often asserted. Rather, it indicates a continuity of scientific learning within
Islamic lands and furthermore suggests a demand for works in the mathematical
sciences and the desire of those societies to promote scientific education.

The fact that I refer to Jaghmint’s Mulakhkhas as an Islamic introduction to
Ptolemaic astronomy, rather than simply an introduction to Ptolemaic astronomy,
warrants some clarification. The commissioning of the Mulakhkhas needs be situ-
ated within an Islamic context related to major and interconnected social, political,
and religious transformations that were occurring during the late twelfth and early
thirteenth centuries. Specifically, textual and conceptual transformations were
altering the way the discipline of hay a (theoretical astronomy) was being taught,

vii



viii Preface

which were concurrent with institutional transformations that resulted in the
codification and systematization of the teaching of both religious and non-religious
subjects. In conjunction with this, the ‘ulama’ were attempting to consolidate their
position vis-a-vis the rulers and ruling elites, and one way of accomplishing this
was to bring a substantial number of the public into contact with their understanding
of Islam through teaching in the madrasas. It is my contention that the Mulakhkhas
fulfilled a growing demand for a simplified, user-friendly introductory textbook on
theoretical astronomy; it was a work not just geared for a broad audience, but a
treatise whose structure and content offered madrasa students a physical cosmogra-
phy glorifying God’s entire creation, both His celestial and sublunary realms.

Although my primary intention is to provide a critical edition and English trans-
lation of, and commentary on, this important and influential treatise for specialists
in the field, anyone interested in learning the basics of Ptolemaic astronomy, and
how it is presented to an Islamic audience, will benefit. Scholars engaged in the
study of Islamic theoretical astronomy will be able to use the base text to trace
textual and conceptual changes and developments that occurred over time and space
through the ensuing commentaries and translations. In addition, the Arabic-English
glossary of technical astronomical terminology enables those with a rudimentary
knowledge of Arabic to read the edition and get a sense of Jaghmini’s pedagogical
style and erudition. I should add that I made great efforts to capture these features
in the English translation so that a general reader could learn what constitutes an
elementary introductory textbook on theoretical astronomy in Islamic lands; this
will be useful for comparisons with other traditions, in particular that of the Latin
West. An important point for comparative studies is that this “beginner” treatise is
far from simple and requires at least some prior knowledge of astronomy and
mathematics.

JaghminT and his Mulakhkhas play center stage in this book; however, it is my
sincere hope that the issues raised, especially in the Introduction, will be useful for
future research in a number of areas. It is noteworthy that after composing the
Qaniinca, Jaghmini dedicated his Mulakhkhas to a certain Badr al-Din al-QalanisT,
whose family hailed from Damascus and whose fame (as far as we know) was not
in astronomy but in pharmacology. Among other things, this highlights ongoing
scholarly pipelines throughout Islamic regions as well as the importance of avoiding
the all too prevalent practice of examining scientific fields in isolation. It also serves
to underscore the vibrant activities occurring in the various sciences during this
understudied period.

I could not have written this book without the generosity and support of a great
many people whom I am extremely grateful to acknowledge. With deep apprecia-
tion, I thank Len Berggren for his careful read, comments, and suggestions. I am
indebted to Tzvi Langermann, Faith Wallis, and Robert Wisnovsky, for sharing
their expertise and meticulous attention to detail; and to Rula Abisaab, who first
introduced me to the Khwarizm Shahs. I owe special thanks to Sajjad Nikfahm-
Khubravan, Fateme Savadi, and Hasan Umut, all who assisted with translations,
manuscript analyses, acquisitions, and proofreading. I am beholden to Sean
Swanick and the late Stephen Millier (formerly of McGill’s Islamic Studies
Library), who tracked down crucial works for me; Robert Morrison, who brought
the Hebrew translation of the Mulakhkhas to my attention; Reza Pourjavady and
Devin DeWeese, who provided me with various Persian sources; Taro Mimura,
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who, among other things, discovered a miniscule Mulakhkhas text embedded within
a codex margin; Issa Boulatta, who helped me uncover JaghminT’s poetical side;
and the late Merce Comes, Raine Daston, Adam Gacek, Judith Pfeiffer, Emilie
Savage-Smith, Pouneh Shabani-Jadidi, all who supported me in innumerable ways.

This book would not have been possible without the assistance of many libraries
that allowed me access to their collections: the Basagi¢ Collection of Islamic
Manuscripts, University Library of Bratislava; the Bibliothéque nationale de
France, Paris; the Siileymaniye Library and the Topkapi Saray1 Miizesi Library,
Istanbul; the Staatsbibliothek, Berlin; the Forschungsbibliothek, Gotha; the Rare
Book and Manuscript Library Collection, University of Pennsylvania; the Islamic
Manuscripts Collection, Princeton University Library; Cambridge University
Library; Oriental Collections, Leiden University; the Dar al-kutub, Cairo; and,
various libraries throughout Iran, including those within Isfahan, Qum, and Tehran.
I owe special thanks to the Siileymaniye Manuscripts Library and the Tiirkiye
Yazma Eserler Kurumu Baskanligi, Istanbul, and the Staatsbibliothek, Berlin, for
permission to reproduce images from their collections. I am also indebted to the
support of the Rational Sciences in Islam (RaSI) database research project housed
at McGill University, and especially the Islamic Scientific Manuscript Initiative
(ISMI) component.

Special heartfelt thanks go to Ihsan Fazlioglu, who has generously shared his
vast knowledge of the Islamic mathematical sciences over the years, and to Michael
Powell and Angela Libby, both of whom graciously entered unwittingly into my
Jaghmint world, and became invaluable complements to our family sphere. Finally,
no words can convey what I owe to the late Mollie Palchik, for her unmitigated love
and support that permeate still. And to Lina, Anwar, and Jamil-—as boundless as I
know the Mulakhkhas tradition is, it will never be as extensive as my love for them.
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Introduction

§ I.1 The Arabic Edition and English Translation
of Jaghmint’s Mulakhkhas'

The Mulakhkhas fi al-hay’a al-basita was an extremely popular astronomical text-
book 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-Jaghmini 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, supercommentaries, and glosses contained in
research libraries and various other repositories throughout the world. 1 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 (and beyond).? The study of the Mulakhkhas
along with its commentaries was still relevant even after “European science” came
on the scene, and it is noteworthy that concerted efforts were made to seek teaching
approaches that could accommodate the older Islamic scientific traditions such as

! Throughout this book, all transcriptions of Arabic names follow the convention of the En-
cyclopaedia of Islam, 3" ed. The first of two dates separated by a slash (/) is the hijra date; the
second is the corresponding Common Era (CE) date. When only one date is given, it is the
Common Era unless otherwise indicated. For purposes of alphabetizing in the bibliography,
the Arabic article “al-" is ignored.

2 See Appendix II for a list of 61 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 twentieth-century Bosnia (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 2007, Opatija, Croatia, 1-4).

© Sally P. Ragep 2016 1
S.P. Ragep, Jaghmini’s Mulakhkhas, Sources and Studies in the History
of Mathematics and Physical Sciences, DOI 10.1007/978-3-319-31993-3 1



2 S.P. Ragep

that of the Mulakhkhas along with new (jadid) scientific developments.’> So
Jaghmini’s ubiquitous introductory textbook on 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 book is to present an Arabic edition along with an English transla-
tion of the Mulakhkhas. Furthermore, establishing the base (or matn) text is a
fundamental prerequisite for gaining better insights into the extensive, and rather
daunting, commentary tradition that built upon the Mulakhkhas.?

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 exam-
ple, there was considerable tampering by later copyists and commentators with the

3 For example, the Muslim Ottoman scholar al-Qinaw1 (fl. 1857) attempted to reconcile the
traditional and jadid sciences by including an 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.

4 Hasan al-JabartT’s (d. 1188/1774-75) circle of scholars provides 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. 1241/1825-26), his father Hasan
was a member of the ‘ulama’ and attracted students from all parts of the world, and his
instruction included Jaghmini’s Mulakhkhas along with Qadizade’s fifteenth-century
commentary on it. See Ekmeleddin [hsanoglu, “The Ottoman Scientific-Scholarly Litera-
ture,” in History of the Ottoman State, Society & Civilisation, ed. Ekmeleddin Ihsanoglu, 2
vols. (Istanbul: IRCICA, 2002), 2:586-87; Jane H. Murphy, “Improving the Mind and De-
lighting the Spirit: Jabarti and the Sciences in Eighteenth-Century Ottoman Cairo,” Ph.D.
diss., Princeton University, 2006, 97—-100; Boris A. Rosenfeld and Ekmeleddin Thsanoglu,
Mathematicians, Astronomers and Other Scholars of Islamic Civilization and Their Works
(7th—19th c.) (Istanbul: IRCICA, 2003), 410 [hereafter cited as MAMS2]; Osmanli Astronomi
Literatiirii Tarihi (History of Astronomy Literature during the Ottoman Period), ed. Ramazan
Sesen et al., 2 vols. (Istanbul: IRCICA, 1997), 2:479, no. 19 [hereafter cited as OALT); and
Cevat Izgi, Osmanli Medreselerinde Ilim: Riyazi ilimler, 2 vols. (Istanbul: 1z, 1997), 1:386,
¢6 [hereafter cited as Riyazi ilimler]. Furthermore, a century after Jabarti, a student of
Muhammad ‘Abduh (d. 1905) reported that 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, no. 2 [2002]:
215n22).

5 Having the text of the Mulakhkhas should also prove useful for other disciplines, since its
influence extends well beyond the astronomical genre of 4ay ‘a per se. For example, there is
growing evidence to connect the content of the Mulakhkhas with nautical cartography.
Jaghmini is mentioned in several passages of the atlas of the Tunisian chart maker al-Sharafi
(fl. 1551-79), who attributes his picture of the universe to the “cosmological scheme derived
from JaghminT’s treatise on the fundaments of theoretical astronomy”; see Monica Herrera-
Casais, “The Nautical Atlases of "Alf al-Sharafi,” Suhay! 8 (2008): 242, 242n49.

6 This is a major problem of the German translation by G. Rudloff and Prof. Dr. Ad.

A9

Hochheim (“Die Astronomie des Mahmad ibn Muhammed ibn ‘Omar al-Gagmini,
Zeitschrift der Deutschen Morgenldndischen Gesellschaft 47 [1893]: 213—75). Rudloff and
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parameters for the climes. Thus given the enormous numbers of extant Mulakhkhas
witnesses, it certainly would be understandable if my goal of providing the “origi-
nal” text would be met with skepticism. However, there are several reasons that |
believe | 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 work. As a result of this access and net-
working, 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 JaghminT to a certain Badr al-Din al-Qalanist along with a dedica-
tory 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 644/1246-47.7 So apparently, within the relatively
short period of forty years after the composition date of the Mulakhkhas in
602-3/1205-6, 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,’ I also recog-
nized 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 com-
mentators 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 Nasir al-Din al-Tast’s al-Tadhkira fi ‘ilm
al-hay’a, written over fifty years after the Mulakhkhas in 659/1261.'° Thus, I was

Hochheim unknowingly added numerous comments from al-Sayyid al-Sharif al-Jurjant’s
(d. 816/1413) commentary, one of the key witnesses they relied on for their translation.

7 This was the discovery by Max Krause in 1936 of a copy of the Mulakhkhas dated 644 hijra
in the colophon of Istanbul, Siileymaniye Library, Laleli MS 2141, f. 81a; see “Stambuler
Handschriften islamischer Mathematiker,” Quellen und Studien zur Geschichte der Mathe-
matik, Astronomie und Physik, Abteilung B, Studien 3 (1936), 509-10, no. 403.

8 The three different preface versions and the dating of the Mulakhkhas are discussed in more
detail in the Commentary [Preface].

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

10 T discuss this in further detail in my commentary on the second clime (see I1.1[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. Jamil 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-TtsT 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 Thsanoglu,
ed. Mustafa Kagar and Zeynep Durukal [Istanbul: IRCICA, 2006], 463).
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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 remain-
ing ambiguous readings, and these are noted in the critical apparatus. A description
of the manuscripts used for the edition and the editorial procedures employed can
be found in § /1. 1: Editorial Procedures and § I1.2: Description of the Manuscripts.

I should also mention that I made a concerted effort not to make Jaghmint 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 “cor-
recting” poorly composed sentences, inconsistent use of terminology, and so on.
Indeed, these colloquial features bring out the orality of the text. However, I was
confronted with yet another challenge: JaghminT’s plain or simple (basita) in-
troductory 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 suc-
cinct 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 Ahay’a writers. Moreover, Jaghmint did not
limit his subject matter to straightforward 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, I 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 Jaghmini’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. after 844/1440), and Yusuf ibn Mubarak al-
Alani (ca. 735/1334);'3 (2) the edition, translation, and study of the Tadhkira, Nasir
al-Din al-TusUs major hay’'a work;'* (3) al-Birun?’s Tafhim, a reference of

1 See Mulakhkhas, Pref.[1] and I1.3[11].

12 Noel M. Swerdlow, “Ptolemy’s Theories of the Latitude of the Planets in the 4lmagest,
Handy Tables, and Planetary Hypotheses,” in Wrong for the Right Reasons, ed. Jed Z.
Buchwald and Allan Franklin, Archimedes 11: New Studies in the History and Philosophy
of Science and Technology (Dordrecht; New York: Springer, 2005), 41-42.

13 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,” 9-10; a 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).

14 F. Jamil Ragep, Nasir al-Din al-Tiisi’s Memoir on Astronomy (al-Tadhkira fi ‘ilm al-
hay’a), 2 vols., Sources in the History of Mathematics and Physical Sciences 12 (New York:
Springer-Verlag, 1993) [hereafter cited as Tadhkira]; a useful glossary of technical terms is
included in 2:581-613. TasT and Jaghmini deal with much of the same astronomical subject
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astronomical terms, concepts and explanations, even though it is ostensibly an
“astrological” primer;'® 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.'®

Jaghmini claimed that he was delighted in being entrusted with the lofty task of
compiling an introductory book on the subject of ‘ilm al-hay’a.'” His Mulakhkhas,
usually classified as an abridged (mukhtasar) beginner treatise on the subject of
theoretical astronomy,'® was composed for an 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 JaghminT’s treatise al-Mulakhkhas fi al-hay’a al-
basita presented in this book (eight centuries after the original composition) will, I
hope, allow another group of readers to assess its significance.

§ 1.2 The Dating of Jaghmint
to the Late Twelfth/Early Thirteenth Century
and Resolving the Question of Multiple Jaghminis

Mahmiid ibn Muhammad ibn ‘Umar al-Jaghmin1 al-Khwarizm1 wrote one of the
most successful astronomical textbooks of all time. Given the extent of the influence
of the Mulakhkhas and its impact on the hay ‘a tradition, it may seem surprising that
there has been so little agreed-upon information about who Jaghmin1 was, the soci-
ety 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

matter, so their content overlap proved extremely helpful, especially since TiisT provides far
more elaborate explanations than Jaghmini.

15 Abii Rayhan Muhammad ibn Ahmad al-BiranT’s Kitab al-Tafhim li-awd'il sina 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) [hereafter cited as Tafhim]. I discuss
Birlint’s text as a reference in 1.3.3b: The Post-Moderns.

16 See Mulakhkhas, 11.2 on various locations having latitude. Frankly, I marveled at
Jaghmint’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/, but Jaghmini
obviously had to depend on other means; it would certainly be interesting to explore the tools
scholars used to determine this information.

7 Mulakhkhas, Pref.[1].

18 The sixteenth-century Ottoman encyclopedist Tashkubrizade (1495-1561) listed
Jaghmin’s Mulakhkhas along with four commentaries on it (by Fadl Allah al-‘Ubaydi,
Kamal al-Din al-Turkmani, al-Sayyid al-Sharif, and Qadizade al-Riim1) under a separate
category entitled “famous abridgments” (Mifiah al-sa‘ada wa-misbah al-siyada, 3 vols.
[Beirut: Dar al-kutub al-‘ilmiyya, 1985], 1:349).
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early thirteenth century, ambiguity about him has continued, leading some to spec-
ulate that perhaps there were two Jaghminis, one thirteenth-century Jaghmini whose
work focused on astronomy, another who lived in the fourteenth century and wrote
the popular medical treatise al-Qaniinca. 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 JaghminT lived in the
mid-fourteenth century, he would be coming after the Mongol invasions, the build-
ing of the Maragha observatory, and the consolidation of the Islamic scientific,
philosophical, and theological traditions in the late thirteenth/early fourteenth cen-
turies. 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 pre-Mongol period we have the example of at least one scholar compos-
ing 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. Therefore, establishing that there was
one Jaghmint who flourished under the auspices of the Khwarizm Shahs of Central

19 Ghazal has often 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. Ac-
tually Ghazali 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 Islam, especially by the young (F. Jamil Ragep, “Freeing Astronomy from Phi-
losophy: An Aspect of Islamic Influence on Science,” Osiris 16 [2001]: 54). Nevertheless,
the view that “But for Al Ash‘arf and Al Ghazali the Arabs might have been a nation of
Galileos, Keplers, and Newtons” continues to be perpetuated (see Aydin Sayili [quoting E.
Sachau], The Observatory in Islam and its Place in the General History of the Observatory
[Ankara: Tiirk Tarih Kurumu Basimevi, 1960], 408). See Frank Griffel, “The Western Re-
ception of al-Ghazali’s Cosmology from the Middle Ages to the 215 Century,” Divdn 16,
issue 30 (2011/1): 33-62 (esp. Renan’s views on Ghazali); and 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 (a rebuttal to the Nobel Laureate Steven Weinberg’s claim that
after Ghazalt “there was no more science worth mentioning in Islamic countries”).

20 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 pro-
grams and historical chronicles leave no doubt that philosophical treatises by Ibn Sina
(d. 428/1037), Fahr ad-Din ar-Razi (d. 606/1209), Nasir ad-Din at-TasT (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], 131n2). 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], 19, 184-85nn46-47).
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Asia (470-628/1077-1231),2! and who would play a major role in Islamic astron-
omy and medicine over the next seven centuries, would be a significant contribution
to reaffirming the continuity of scientific traditions in Islam and the society’s need
to promote a scientific education.

1.2.1 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-RGimi informs us “Jaghmin is one of
the villages in Khwarizm” in his Sharh al-Mulakhkhas, the commentary he
composed in 814/1412 and dedicated to Ulugh Beg in Samarqand. 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 CelebT (a.k.a.
Hajj1 Khalifa) felt no compulsion to remove the cloud of obscurity surrounding
Jaghmint’s life and wrote in his Kashf al-zuniin that the Mulakhkhas was “composed
by the eminent [scholar] Mahmid ibn Muhammad al-Jaghmini al-Khwarizmi, an
author whose fame makes an identification 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 the
Mulakhkhas without mentioning the name of the author or the source of the
paraphrase in the introduction and explicit of his Nihayat al-idrak fi dirayat al-aflak,
presumably with the expectation that the reader would recognize their provenance
(assuming that Shirazi was not plagiarizing in his paraphrase).?*

2! For a nice family tree charting the reigns of the Khwarizm Shahs, see Muhammad ibn
Ahmad Nasawi, Sirat al-Sultan Jalal al-Din Mankubirti li-Muhammad ibn Ahmad al-
Nasawr, ed. Hafiz Ahmad Hamdrt (Cairo: Dar al-fikr al-‘arabt, 1953), intro., 2 [in Arabic].

22 See Qadizade al-Rami, Sharh al-Mulakhkhas, Istanbul, Siileymaniye Library, Ayasofya
MS 2662, f. 2b: ) Dls> (858 oo 43 (e . A potential opportunity of pinpointing Jaghmini’s

location was lost in Jaghmint’s discussion on the gibla bearing (see 11.3[4]); here he compares

the longitude and latitude of Mecca to “our locality” but unfortunately fails to be more spe’’
cific (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 com[]
mentators | 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 specu!]
lative possibility is that Jaghmini’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.

23 F. Jamil Ragep, “On Dating JaghminT and His Mulakhkhas,” 464:

iy e G Sed lge gy )l geeidl 0F oy 05# Lol b
24 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
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It would certainly be understandable that many scholars such as Qutb al-Din al-
Shirazi (fourteenth century), Qadizade al-Rami (fifteenth century), and Katib Celebi
(seventeenth century), as well as the literally dozens of commentators over the cen-
turies, would have been more concerned with the content of the Mulakhkhas than
ascertaining the particulars of where and when Jaghmini lived. However, since de-
finitively dating JaghminT 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
Jaghmint who wrote multiple works in the exact sciences and medicine, who flour-
ished 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 on-
slaught of the Mongol invasions into the region that put an end to the reign of the
Khwarizm Shahs. This evidence was collected from the Mulakhkhas and some of
Jaghmini’s other works, and bolstered by primary and secondary sources.

L.2.2  Review of the Literature and the Tale of Two Jaghminis

Textual analysis can be a rather complex and daunting endeavor in that 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 er-
rors, 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

(2013): 51 [Arabic], 55 [Eng. trans.]. Shirazi “borrows” the following from Jaghmini (50
[Arabic], 54 [Eng. trans.]) in his introduction:

2 oo T oyl diae o T aol S
“...so that its name will indicate its connotation and its literal sense will inform its significa-
tion” (Mulakhkhas, Pref.[2]. See especially the preface variants for MSS B and L [§ 11.2:
Description of Manuscripts)).

25 The fact is that any particular manuscript 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 “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” (Franz Rosenthal, “The Technique and Approach of
Muslim Scholarship,” Analecta Orientalia 24 [1947]: 30).

26 Heinrich Suter informs us that The Cairo Khedieval Library catalogue contains statements
that Jaghmini died in the ninth-century hijra, and composed the Mulakhkhas in the year “808,
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following statement, which appeared in the respected and widely used Encyclopae-
dia of Islam, First Edition, in 1913: “His date is not quite certain but it is very
probable that he died in 745 (1344-45).”%7 Often repeated, this statement is still
found today in numerous references, many quite reputable,® even though mounting
evidence challenging this assertion had emerged as early as 1936, with the discov-
ery by Max Krause of a copy of the Mulakhkhas dated 644 H[1246-47 CE]).?° In
fact, two main Islamic reference resources currently list JaghminT as flourishing in
the fourteenth century, namely, the “al-DjaghminT” entry in Encyclopaedia of Islam,
2nd ed. (1965) (which simply repeats verbatim what appeared in the 1913 first edi-
tion);*® and the Encyclopeedia Iranica (2008) article entitled: “Jagmini, Mahmud b.
Mohammad b. ‘Omar (d. 1344), an astronomer from Jagmin.”!

1405/6” (see “Der V. Band des Katalogs der arabischen Biicher der vicekoniglichen Biblio-
thek in Kairo,” in Historisch-literarische Abtheilung der Zeitschrift fiir Mathematik und
Physik, ed. Dr. O. Schlémilch and Dr. M. Cantor [Leipzig: Verlag von B. G. Teubner, 1893],
vol. 38, no. 5, 162; and Heinrich Suter, “Zu Rudloff und Hochheim, Die Astronomie des
Gagmini,” Zeitschrift der Deutschen Morgenlindischen Gesellschaft 47 [1893]: 718). Carlo
A. Nallino also points out that Cairo catalogues list the ninth-century hijra date for Jaghmini
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 Jaghmint’s Mulakhkhas (without explanation) in Isma ‘Tl
Basha al-Baghdadi’s Hadiyyat al- ‘arifin (Istanbul, 1955), vol. 2, col. 410 [in Arabic].

27 Henrich Suter, “al-Djaghmini,” in Encyclopaedia of Islam, First Edition (Leiden: E. J.
Brill, 1913), 1:1038.

28 Let me point out that this error of referencing an eighth-/fourteenth-century JaghminT oc-
curs in non-Western sources as well as Western ones, such as: The Majlis Library Catalogue
(Fihrist-i Kitabkhanah-yi Majlis-i Shiirda-yi Milli, kutub-i khatt?), ed. ‘Abd al-Husayn Ha' it
(Tehran, 1347 H. Sh./1968-69), vol. 10, part 1, 512; Abt al-Qasim al-Qurbant’s Zindagi-
namah-yi rivadi-danan dawrah-yi Islami (Tehran, 1365/1986), 219-20 (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), 176n*.

2 Krause, “Stambuler Handschriften islamischer Mathematiker,” 509—10. The 644 hijra copy
date that Krause mentions, still the oldest one to date, is found in Laleli MS 2141, f. 81a; for
the entire colophon, see § /1.2: Description of the Manuscripts, no. 4. See also Plate 6.

30 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. [hereafter cited as
EI2] (Leiden: E. J. Brill, 1965), 2:378; 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 “Mahmiid b. Muhammad b. ‘Umar AL-GAGMINT” as “probably 745/1345” in the
important bio-bibliographical resource Geschichte des arabischen Schrifttums, vol. 5: Math-
ematik (Leiden: E. J. Brill, 1974), 115 (no. 56) [hereafter cited as GAS, 5].

31 Lutz Richter-Bernburg suggests here that since “Nothing specific is known about his life, but
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, 373; originally published Dec. 15, 2008; online version last updated April 10, 2012:

http://www.iranicaonline.org/articles/jagmini-mahmud).
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The fact that many sources cited Jaghmini as flourishing circa 618/1221%2 did
not sway those committed to a fourteenth-century JaghminT to reevaluate their po-
sition. 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 thirteenth-
century astronomer/mathematician (fl. ca. 618), the one who authored the
Mulakhkhas; and, a fourteenth-century physician who wrote the Qaniinca (the “little
Qaniin”),** an abridged treatise of Ibn Sina’s medical text al-Qaniin fi al-tibb.
Almost without exception, references to the Jaghmini who authored the Qaniinca
state that he flourished in the eighth/fourteenth century.3*

How did the two-JaghminT narrative take hold? The short answer is most refer-
ences that have cited a 618/1221-22 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 fourteenth-century option
emerged as a contender. Two different dates, hence two Jaghminis, seemed a logical
compromise to many; however, this was not the conclusion of Henrich Suter
(d. 1922) who, as we shall see, insisted on one fourteenth-century Jaghmint who
authored both the Mulakhkhas and the Qaninca. The longer answer follows.

Rudloff and Hochheim, in the introduction to their 1893 German translation of
Jaghmint’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 resi-
dence, and life circumstances of the author of the following treatise.”*® Now it is

32 For a list of some of the more prominent references that cite the 618/1221 date, see fn. 55.

3 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,
Jaghmint never wrote scientific texts in Persian, though he does reference the two holidays
of Nayriiz and Mihrjan in the Mulakhkhas (see 11.2[2]). So this title may be an indication of
Jaghmini’s background or perhaps some playful tribute by him acknowledging the wealth of
medical literature written in Persian during the twelfth century.

34 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 Medi-
cine website (with text written by Emilie Savage-Smith, The Oriental Institute, Oxford
University): http://www.nlm.nih.gov/hmd/arabic/bioJ.html). 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. Iskandar 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), 56. 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 JaghminT (author of the Qaniinca) is listed as flourishing circa 618 H in
Fihris al-makhtitat al-musawwara, ed. Ibrahim Shabbih (Cairo, 1959), vol. 3, pt. 2, 145 (no.
186).

35 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.

36 G. Rudloff and Prof. Dr. Ad. Hochheim, “Die Astronomie,” 213. Note all English transla-
tions of the German here are mine.
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evident that Rudloff and Hochheim are unfamiliar with Islamic history; for exam-
ple, they openly admit that they are unaware of the identity of al-Shafi‘1 (d. 204/820)
and Abt Hanifa (d. 150/767), the famous founders of two Sunnf legal schools. Both
are cited in the Mulakhkhas (11.3[2]) in the context of Jaghmini distinguishing
between their opinions regarding the determination of prayer times using shadow
lengths. In addition, Rudloff and Hochheim were unacquainted with the renowned
Islamic scholar al-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 Jaghmint 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 initial publication of Carl Brockelmann’s sem-
inal Geschichte der arabischen Litteratur, vol. 1 in 1898.3%) But 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 JaghminT 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.”® With qualifications, their assessment
has merit. Nevertheless, one must say that their German translation is not always
reliable, since it is 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 copy of
JurjanT’s fifteenth-century commentary.*' Although it is highly questionable

37 Rudloff and Hochheim, “Die Astronomie,” 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. Gottwaldt, Opisanie arabskich rukopisej prinadlezavsich biblioteké Imperatorskago ka-
zangskago universiteta (Kazan, 1855), 245 (entry for the Mulakhkhas [no. 169] under the
category of mathematics) [in Russian].

38 Carl Brockelmann, Geschichte der arabischen Litteratur, 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) [hereafter cited as
GAL).

39 Rudloff and Hochheim, “Die Astronomie,” 215.

40 Although Rudloff and Hochheim restricted their translation to witnesses from the Gotha
Library Oriental collection, it evidently housed “the largest collection held at German librar-
ies 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 appar-
ently “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 Is-
lam from 1800 to 1945 (London/New York: Routledge, 2009), 92 and 130. Perhaps this may
help contextualize why Suter trusted their catalogue information [see below].

41 For Rudloff and Hochheim’s description of these four manuscripts, see “Die Astronomie,”
216-18. For the catalogue descriptions, see Wilhelm Pertsch, Die orientalischen
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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, as noted, correctly place
Jaghmini in the seventh/thirteenth century. This fact 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 Jurjant and the composition
date of his Mulakhkhas commentary (813/1410-11); and he was also aware of other
Mulakhkhas commentators such as Qadizade al-Rami and Kamal al-Din al-
Turkmani. He believed that Turkmani’s commentary was especially significant for
dating JaghminT since it was written in 755 H. Armed with this date, Suter confi-
dently concluded that any claim that Jaghmini was “a scholar of the 9" century H”
is highly improbable;* but he also states that Jaghmini “with near certainty...flour-
ished in the first 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 a/-Qaniinca fi al-tibb, an abridge-
ment of Ibn STna’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

Handschriften der Herzoglichen Bibliothek zu Gotha (Gotha: Friedrich Andreas Perthes,
1881), vol. 3, part 3, 4648 (nos. 1385, 1386, 1387, 1388).

42 Suter, “Zu Rudloff und Hochheim, Die Astronomie des Gagmini,” 718.

43 Suter, “Zu Rudloff und Hochheim,” 718; and Suter, “Der V. Band des Katalogs der arab-
ischen Biicher der vicekoniglichen Bibliothek in Kairo,” vol. 38, no. 5, 161 and 162.

4 Suter, “Zu Rudloff und Hochheim,” 718-19. C. A. Nallino 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 Astrono-
mie,” 120).

4 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.

46 Quter: “Der V. Band des Katalogs der arabischen Biicher der vicekdniglichen Bibliothek
in Kairo,” 161 and 162; “Zur Frage iiber die Lebenszeit des Verfassers des Mulahhas fi’l-
hei’a,” 539-40; “Die Mathematiker und Astronomen der Araber und ihre Werke,” Abhand-
lungen zur Geschichte der mathematischen Wissenschaften mit FEinschluss ihrer
Anwendungen 10 (1900): 164 (no. 403); and “al-Djaghmini,” in Encyclopaedia of Islam,
First Edition, 1:1038.

47 Suter, “Zur Frage iiber die Lebenszeit des Verfassers des Mulahhas fi’l-hei’a,” 539-40 (no.
2).
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Gotha 1928 (Section XIX. Medicin, 468).*® Nevertheless, the marginal note is ac-
tually contained in Gotha 1930 (which I checked).* 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 mar-
ginal notes pertaining to this particular witness making their reliability suspect.*
According to Suter, the emergence of Mulakhkhas commentaries around the
fourteenth century strongly supported the 745 H [1344-45 CE] 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-Jaghmini option.
Indeed, Suter 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 not suggest it as an option in his supplement to this work.>
Furthermore, he fails to cite other references that list Jaghmini twice due to the con-
trary information, such as we find in Brockelmann, who lists Jaghmint under the

48 Wilhelm Pertsch, Die orientalischen Handschriften, vol. 3, part 3, 468—69 (no. 1928) and
469-71 (no. 1930).

4 1 examined the witness Sharh Qaniinca, Gotha Ms. orient. A 1930 (which bears a copy
date of 949 H/1542 CE [f. 144b]), and the marginal note on f. 1b reads as follows:

VEL G ,F 02 B b ) S o gl o s s
“He abridged it from the great Qaniin [Canon] of Ibn Sina, the aforementioned Mahmud died
in 745” [the aforementioned Mahmiid being Mahmiid ibn ‘Umar al-Jaghmini].

So indeed, according to this statement, JaghminT died in 745.

30 A. Z. Iskandar, 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 ‘AlT
b. Kamal al-Din Mahmiid al-Astarabadi 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, 469]); and the date of al-MistT’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 re-
ported by Pertsch (ibid.). See Iskandar, “Commentaries on K. Qantin¢a,” in A Catalogue of
Arabic Manuscripts on Medicine and Science, 58-59.

31 Suter, “Die Mathematiker und Astronomen,” 164—65, no. 403. This reference work (writ-
ten 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.) [Mathema-
ticians and Astronomers of the Muslim Middle Ages and Their Works (VIII-XVII
centuries)], 3 vols. (Moscow: Nauka, 1983).

52 Suter, “Nachtrige und Berichtigungen,” Abhandlungen zur Geschichte der mathe-
matischen Wissenschaften mit Einschluss ihrer Anwendungen 14 (1902): 177.
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categories of both astronomy and medicine but 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 sources that followed him perpetuating the 745 date), the
vast majority of references to Jaghmini the astronomer cite the date 618 H [1221-
22 CE] as either the year of JaghminT’s death or the date of the composition of the
Mulakhkhas. In either case, one typically finds that this date is stated without qual-
ification, except it is not uncommon that sources simply reference other sources that
provide no evidence for the date.™

One of the most frequently cited sources for Jaghmint is HajjT 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

33 See Brockelmann, GAL1:473 (no. 5) for Jaghmini on astronomy (d. after 618/1221); and
GAL1:457 for Jaghmini on medicine (745/1344). Brockelmann repeats this bifurcation in
suppl. 1:826, 865. 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., 1927-72), vol. 2, pt. 1 (A. Mathematics. B. Weights and Measures.
C. Astronomy and Astrology. D. Geography), 50 (no. 88) [for astronomy]; and Storey, vol.
2 (E. Medicine), pt. 2, 219 (no. 377) [for medicine]. As the basis for dating Jaghmini
745/1344-45, 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, 46, no. 1385 (Section XIV:
Astronomie und Astrologie) and 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,” 164).

35 Some of the more prominent references citing the 618 H date are: Brockelmann, GAL1:473
(no. 5), GAL suppl. 1:865; Izgi, Riyazi ilimler, 1:370, esp. n1010; David A. King, 4 Survey
of the Scientific Manuscripts in the Egyptian National Library (Winona Lake, Indiana:
Eisenbrauns, 1986), 150 (G17; 1.2.7) [hereafter cited as Survey]; Krause, “Stambuler Hand-
schriften islamischer Mathematiker,” 509 (no. 403) [Krause does not state a year but refers
to Brockelmann, GAL1:473]; Rudloff and Hochheim, “Die Astronomie,” 213; Matvievskaya
and Rosenfeld, Matematiki i astronomi, 2:368; Rosenfeld and Thsanoglu, MAMS?2, 198 (no.
547); and Khayr al-Din al-Zirikl1, Kitab al-A ‘lam, 8 vols. (Beirut: Dar al-‘ilm, 1980), 7:181.

36 See Hajji Khaltfa, 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 Encyclopeedicum a Mustafa ben Abdallah.
Katib Jelebi dicto et nomine Haji Khalfa celebrato compositum, 7 vols. (Leipzig and London,
1835-58), 6:113—14 (no. 12886) [for astronomy], 4:495-96 (no. 9347) [for medicine].

37 The fact that witness copies vary for a title (each witness being unique and thus potentially
containing valuable information) highlights the important and complex issue of establishing
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Qadizade’s commentary on the Mulakhkhas (Cairo, Dar al-kutub, Taymir Riyada
338, f. 1b) contains a note stating that JaghminT “completed it in the year 618,” and
that this information 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.

1.2.3 Evidence Shedding New Light

The origins of the date 618 H [1221-22 CE] for Jaghmini’s date of death would be
interesting to resolve;>® and an historiographical analysis of the literature regarding
Jaghmini’s dates is undeniably important for many reasons, among which are the
insights one gets from tracing the nachleben of faulty assumptions. Nevertheless,
my primary concern here is to remove some of the obscurity surrounding Jaghmint’s
life and works. So the remaining parts of this section provide conclusive evidence
to support the contention that there was only one Jaghmini who wrote multiple sci-
entific works (and in particular the Mulakhkhas in 602-3 H [1205-6 CE]), and who
flourished in the late twelfth/early thirteenth centuries during the extremely tumul-
tuous 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 buttressing my claims.
Needless to say, there are hundreds (if not thousands) of still-to-be-read manuscripts
that need to be examined for future research;' and undoubtedly these contain infor-
mation that will broaden, alter, and enrich our spectrum of knowledge.

the veracity of information, especially if there are conflicting claims. Suter seemingly be-
lieved that multiple versions of a primary source such as Kashf al-zuniin made using it suspect
(see “Zu Rudloff und Hochheim,” 719; and Suter, “Zur Frage iiber die Lebenszeit des Ver-
fassers des Mulahhas fi’l-hei’a,” 539); and he had few qualms about relying on a single
secondary source, namely, the Gotha catalogue.

8 F. J. Ragep provides the Arabic text of this passage along with an English translation in
“On Dating Jaghmint and His Mulakhkhas,” 464—65.

39 This year may simply have surfaced based on the assumption that Jaghmint died with the
Mongol invasions.

60 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 Saljuq and Mongol Periods, ed. J. A. Boyle (Cambridge: Cam-
bridge University Press, 1968), 185-95 (Section XIII: Khurasan in the Second Half of the
6M/12™ Century, and the Expansion of the Khwarazm-Shahs); and W. Barthold, Turkestan
Down to the Mongol Invasion, 2nd ed. (London: Luzac and Co., 1958), 323—-80 (Ch. III: The
Qara-Khitays and the Khwarazm-Shahs).

6 My colleague Sajjad Nikfahm-Khubravan has made a preliminary listing of over 1,000
extant witnesses of the text of the Mulakhkhas and its commentaries; just to provide perspec-
tive, there are about 300 extant copies of Qadizade’s commentary in Istanbul libraries alone
that are not included in his list (OALT, 1:8-20).
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To begin with, the original version of Jaghmini’s Mulakhkhas contains a dedi-
cation and a poem that Jaghmini composed for the Imam Badr al-Din Muhammad
ibn Bahram al-QalanisT (Pref.[1]),°2 who Jaghmini informs us proposed that he com-
pile a work on the subject of ‘i/m al-hay a (i.c., an epitome of theoretical astronomy
that provides a configuration [or kay ‘a] of the Universe). Jaghmini also dedicated a
short treatise on planetary sizes and distances to Badr al-Din al-QalanisT, a subject
he did not include within the Mulakhkhas.®® Since hay’a works often devote a
section to this topic, perhaps Jaghmint recognized the omission and tried to rectify
it by composing this brief astronomical work as a kind of appendix. In any event,
JaghminT’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):

bl ) 3 ua:';\l\ AL o @3 e dj)\ji’\ d\.ui\ rb}/\ laslal 6"\5\ ) e

del dbly oa¥a) ol s pld) )
“The treatise is completed, which the Imam al-Jaghmini al-Khwarizmi put forth 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, . 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

2 The Mulakhkhas has three different preface versions; for more details on this, see Com-
mentary [Preface] and § /1.2: Description of Manuscripts.

63 JaghminT’s Mulakhkhas is not the only elementary /ay’a text that lacks a discussion of
planetary sizes and distances; al-Tabsira fi ‘ilm al-hay’a of Kharaqt (fl. mid-twelfth century,
Merv) is another example.

4 1 know of two extant copies of this treatise, both of which I have consulted. The first is
listed in David A. King’s Survey, 150 (G17, 1.2.7): Cairo, Dar al-kutub, TJ [C»B Calls 1429,

2, ff. 4a—4b. King also provides the colophon in his 4 Catalogue of the Scientific Manu-
scripts in the Egyptian National Library (Cairo: General Egyptian Book Organization, 1986),
vol. 2,21 (2) [in Arabic]; however, King misread al-Qalanist as “al-Falasiti (?)”. The witness
is described by King as unique, but [ 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). I
am grateful to Mr. Sajjad Nikfahm-Khubravan for bringing this 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 at the beginning of the text:

:Smyu.“ J’M Y r\.aY\ g_,;\ a\.m\j uasJL\ ;,ajb o @5 U Cﬁjjsji\ dVWJ\ r\.a\/\ .,\;\}é >
65 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 mé-
decine arabe: exposé complet des traductions du grec; Les sciences en Orient, leur
transmission a I’Occident par les traductions latines, 2 vols. (Paris: E. Leroux, 1876), 2:128.
The sentiment was echoed over a century later by Irene Fellmann, who translated into Ger-
man QalanisT’s pharmaceutical work, and also reviewed the author and his work in her
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Muhammad ibn Bahram ibn Muhammad al-QalanisT as the author of a pharmaceu-
tical treatise (in 49 chapters) entitled Aqrabadhin al-Qalanisi (composed ca.
590/1194),% and who flourished in the late sixth/twelfth to early seventh/thirteenth
centuries.’” There are also references to Qalanist 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 was a contemporary of Ibn Abi Usaybi‘a.®” Some references

introduction to Das Agrabadin al-Qalanisi: Quellenkritische und begriffsanalytische Unter-
suchungen zur arabisch-pharmazeutischen Literatur (Beirut, 1986), 1.

% In addition to Leclerc and Fellmann, see Ibn Abi Usaybi‘a, ‘Uyin al-anba’ fi tabagat al-
atibba’ (2 editions): ed. A. Miiller, 2 vols. plus corrections (Cairo: al-Matba‘a al-Wahabiyya,
1299/1882, Konigsberg, 1884), 2:31; and ed. Nizar Rida (Beirut: Dar maktabat al-hayah,
1965), 472. Also see: Brockelman, GAL1:489 (no. 23); suppl. 1:893 (no. 23); A. Z. Iskandar,
A Catalogue of Arabic Manuscripts on Medicine and Science, 79-80; Iskandar, “A Study of
Al-Samarqandt’s Medical Writings,” in Le Muséon Revue d’Etudes Orientales 85 (Louvain,
1972), 452 (esp. n7); ‘Umar Rida Kahhala, Mu jam al-mu allifin: tarajim musannifi al-kutub
al- ‘Arabiyya, 15 vols. (Beirut: Dar ihya’al-turath al-‘arabi, 1980), 9:122; Manfred Ullmann,
Die Medizin im Islam. Handbuch der Orientalistik (Leiden: E. J. Brill, 1970), 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. 4, 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), 310; and Fihris al-makhtatat al-musawwara, vol. 3, pt. 2, 24 (no. 25).

7 Only Richter-Bernburg questions this as a “dubious date”; however, he provides neither
reason nor alterative (“Medical and Veterinary Sciences,” 310n42).

% A. Z. Iskandar 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-Samarqandi’s Medical Writings,” 452, esp. n7). | 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 a I’histoire de la pharmacie arabe. Etude
particuliére du manuscrit intitulé: Al-Nadjibiate Al-Samarkandiate” (Ph.D. diss., Strasbourg
University, 1952), intro., 6; Storey, Persian Literature, vol. 2, pt. 2, 215 (no. 368); Ibn Abi
Usaybi‘a, ‘Uyin al-anba’, Beirut ed., 472, Cairo-Konigsberg ed., 2:31; and Ullmann, Die
Medizin im Islam, 170, 278, 294, 308, 339.

% Leclerc states that Badr al-Din al-Qalanist was among the numerous sources cited by Abii
Ishaq Ibrahim b. Muhammad ‘Izz al-Din b. Tarkhan al-Suwaydi in his medical treatise on
remedies entitled al-Tadhkira al-hadiya (Histoire de la médecine arabe, 2:128, 199-202 [on
“Soueidy”]). For more on Suwaydi, see Brockelmann [listed as “‘1zzaddin a. Ishaq Ibr. b. M.
b. Tarhan b. as-Suwaidr al-Ansari”], GAL1:493 (no. 38), GAL suppl. 1:900 (no. 38); Albert
Dietrich, “al-Suwaydi,” in £12 (1997), 9:909-10; Ibn Abi Usaybi‘a, ‘Uyiin al-anba’, Beirut
ed., 759-61, Cairo-Konigsberg ed., 266—67; Ullmann, Die Medizin im Islam, 284-85, 291;
and Islamic Medical Bio-Bibliographies at the National Library of Medicine:
http://www.nlm.nih.gov/hmd/arabic/bioS.html.
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add the nisha al-Samargandi to Badr al-Din al-Qalanis?’s name,’® which is notewor-
thy since the Bant 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 time.”" Moreover, dur-
ing this period the Qalanisi family was known to have “gradually evolved into a
family of Shafi‘1 scholars and qadis” from a family of government bureaucrats dur-
ing a period that witnessed attempts to “professionalize” the “‘ulama’ and codify
law.”? This professionalization of the ‘ulama’ extended well beyond regulating
salaries, and also included attempts to standardize their training and practice. Con-
sequently, 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.” Evidence indicates that this demand was not
just restricted to the subject of religious law, and also that this phenomenon was not
confined to Damascus alone.

So it should not surprise us that Jaghmini dedicated works to a scholar-Imam.
On the other hand, 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,
we should keep in mind that twelfth-century Central Asia was a hub of scholarly
activity (a further indication that this period was not one of scientific stagnation),
“remarkable for the development of a vernacular medical and scientific literature,””*
and would have been a locus for those seeking a proficient scientific education. In
support of this, we have growing indications that Mas‘tid ibn Mahmud al-Shirazi

70 Brockelmann originally listed him as Badraddin M. b. Bahram al-Qalanist (GAL1:489),
and then later modified it by changing the name to Badr ad-Din M. b. Bahram al-QalanisT as-
Samarqandt (GAL suppl. 1:893).

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

72 Joan E. Gilbert provides valuable information about the Banii Qalanisi 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 thirteenth
centuries (206-8, 222-25). It would seem that the Qalanisi family wore many “hats,” figura-
tively 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): 113-26.

73 Gilbert informs us that: “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” (“The Ulama of
Medieval Damascus,” 59).

74 Edward G. Browne, Arabian Medicine, Being the Fitzpatrick Lectures Delivered at the
College of Physicians in November 1919 and November 1920 (Cambridge: Cambridge
University, 1921), Lecture 1V, 98.
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(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
Aqrabadhin al-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-Biriini 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 con-
cise 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 centuries; 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.

I1.2.3a Dating the Qanunca

A Qaniinca manuscript, recently discovered, states that it was copied on 12
Ramadan 601 H [=3 May 1205 CE], in the city of Konya (lit., 3 [=Quniya 4443]).”®

75 See Junayd ibn Mahmiid Junayd Shirazi, Tazkirah-yi Hazar Mazar: Tarjumah-yi Shadd all)
Izar: Mazarat-i Shivaz (Shiraz, 1364 H. Sh./1985-86), 109—11; and al-Jaghmini, Talkhis kitab
Uqlidis, ed. Husayni al-Ishkavari (Qum, 2006), 246 (where there is a marginal note in this
mathematical treatise indicating that Jaghmini may have been a teacher of Mas‘tid ibn
Mahmid 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”
(62; 83). Qutb al-Din also tells us that he traveled to Khurasan to engage with scientists and
benefit from their 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 Con-
figuration of the Heavens” [Ph.D. diss., Columbia University, 2011], ProQuest [3479090],
82-85; and Niazi, Qutb al-Din Shirazi and the Configuration of the Heavens: A Comparison
of Texts and Models, Archimedes 35: New Studies in the History and Philosophy of Science
and Technology [Dordrecht: Springer, 2014], 62—64, 67-68).

76 See Richter-Bernburg, “Medical and Veterinary Sciences,” 310.

77 A. Z. Iskandar reports that two witnesses of Jaghmini’s Qaniinca specifically state that the
textbook was used in schools of medicine “...in all countries, and indeed, students were as
familiar with it as with the midday sun ...” (4 Catalogue of Arabic Manuscripts on Medicine
and Science, 56-57).

78 See Istanbul, Siileymaniye Library, Ayasofya MS 3735, f. 25a. I have ihsan Fazlioglu to
thank for his assistance in deciphering the ambiguous < 3 > in the colophon. This can be
understood as the city of Konya since another colophon in the same codex (and in the same
hand) states explicitly that the work was copied in city of Qliniya (4. 4~.c) and completed



20 S.P. Ragep

That this treatise was copied in 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 spe-
cific treatise was in circulation by 601/1205. As far as I know, this Qaniinca witness
is the oldest one to date, evidently copied during Jaghmini’s lifetime. This should
effectively put to rest the purported fourteenth-century date for the Qaniinca as well
as the two-JaghminT hypothesis unless one wishes to maintain that there were two
Mahmud ibn Muhammad ibn ‘Umar al-Jaghmini al-Khwarizmt’s living in
Khwarizm at the same time and that both were writing scientific textbooks.”

1.2.3b  Dating the Mulakhkhas

There is strong evidence that the Mulakhkhas was composed in 602-3 H (=1205-6
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 Jaghmint himself in the
Mulakhkhas in his chapter on planetary motions, and specifically within the discus-
sion of the parameters for the apogee and nodes (1.5[26]). Here JaghminT states: “As
for the position of the apogees, they are for the beginning of the year 1517 of Dhai
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 Jaghmini was also using this as an exercise in calendar conversion.) In any
event, in support of my update claim, I was able to calculate, using the positions
provided by Jaghmint and Battant for their apogees and the Alexandrian years be-
tween 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, 1.5[26]). 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 the Alexander era, which converts to the year 1205-6 CE [or 602-3 H],
is the date of composition of the Mulakhkhas.3

on 20 Ramadan (i.e., eight days later) in the previously-mentioned year ( , 5 Al aw), ie., 601
(f. 40a).

79 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).

80 An even more precise calculation of this date is 1517 years from Monday, 1 October —312,
or in other words 1 October 1205 [=16 Safar 602 H]. See Commentary, 1.5[26] for more
information on this calendar conversion, the term Dhii al-Qarnayn, and variant readings of
the year 1517. I am not alone in asserting that Jaghmini’s use of the date 1517 Dha al-
Qarnayn indicates when he lived; see Hanif Ghalandari, “Chaghmini,” The Great Islamic

Encyclopedia (Tehran, 1390 H. Sh./2012), 19:356-57 [in Persian]; and Farid Qasimlg,
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1.2.3¢  Further Evidence for Dating Jaghmini

Additional support that JaghminT flourished during this time comes from another of
his compositions, this one being a short astrological treatise entitled F7T quwa al-
kawakib wa-da fiha (The Strengths and Weaknesses of the Planets). This work
contains a discussion similar to the one Jaghmini put forth in the Mulakhkhas on the
positions of the apogees for each of the planets; however, his listing of parameters
here 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 1204-5 CE [or 601-2 H].%? This work is also very important 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.”®?

Identifying this Shihab al-Din with nothing but the abbreviated form of the name
is not 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 Abii Sa‘d
ibn ‘Imran al-Khwarizmi al-Khiwaqi—is provided by Jaghmint himself in another
work that he dedicated to him, namely, a mathematical treatise entitled Talkhis kitab
Ugqlidis (Epitome of Euclid’s book [i.e., the Elements]),* in which we learn from
the colophon that it was completed on Sunday, 22 Safar 615 H (=Saturday-Sunday,
19-20 May 1218 CE).%

“Chaghmini,” Encyclopaedia of the World of Islam (Tehran, 1387 H. Sh./2008-9), 12:61 [in
Persian]. See also Arash Abutorabi Hamedani (ed.) in the introduction to the printed Persian
commentary by Muhammad ibn ‘Umar al-Andiqani of Jaghmint’s al-Mulakhkhas (Tarjumah-
yi al-Mulakhkhas fi al-Hay a, in Namah-yi Ma ‘ani, Yadnamah-yi Ustad Ahmad Gulcin Ma ‘ant
(Memoirs of Master Ahmad Gulcin Ma ‘ani) [Tehran, 1383 H. Sh./2004-5], 866 [in Persian]).
81 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, 249-53. Jaghmini specifically mentions the year 1516 of Dhii al-Qarnayn on 250 of
the facsimile, and on f. 174b [=f. 27b] of BnF, MS ar. 2589; and in both witnesses the num-
bers for the year are not alphanumerical but are clearly written out in words.

82 Jaghmini’s use of these two successive dates was also noted by Ghalandari, “Chaghmini,”
19:356-57; and Qasimld, “Chaghmini,” 12:61.

83 Obviously being able to connect a specific date 601-2/1204-5 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 fu/an [meaning “unspecified person”] in
its place (see Talkhis kitab Uqlidis, 249).

84 See Barthold, who lists four Shihab al-Din’s, all flourishing in the late twelfth/early thir-
teenth centuries in this region (Turkestan, General Index). I cannot resist pointing out that
Suter should have been aware of Jaghmini’s dedicatee since he lists Paris MS 2589 as a wit-
ness for this work in “Die Mathematiker und Astronomen,” 164—65.

85 See Talkhis kitab Uqlidis, 16.
80 See Talkhis kitab Uglidis, 246.
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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 infor-
mation 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 (r. 596-617/1200-20). In
fact, Muhammad ibn Ahmad al-Nasawi (fl. 639/1241), in his Sirat al-Sultan Jalal
al-Din Mankubirti (a biography of the Khwarizm Shah who reigned 617-28/1220—
31) devotes an entire chapter to Shihab al-Din in which he describes his departure
from Khwarizm to Nasa during the crumbling of the Khwarizm dynasty just prior
to the arrival of the Mongols circa 618/1221.%7 Furthermore, there are also other
sources that specifically mention Shihab al-Din al-Khiwaqi and that provide
insightful information about the period; among these, several were written by
contemporary historians.3®

With specific regard to JaghminT’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 rec-
ognized as a highly esteemed scholar/Shafi‘T Imam.?’ In addition, both Badr al-Din

87 See Nasawi, Sirat al-Sultan Jalal al-Din, 109-15, Ch. 23: On the Arrival of Shihab al-Din
al-Khiwaqt to Nasa from Khwarizm (=Histoire du sultan Djelal ed-Din Mankobirti, prince
du Kharezm par Mohammed en-Nesawi, French trans. Octave Houdas [Paris: Leroux, 1895],
82-89, Ch. 22 [=Ch. 23 in Arabic]). Nasawi entered the service of Jalal al-Din in 1223. The
valuable detailed information he provides presumably is due to having the “home court ad-
vantage” of writing from the perspective of a native Khurasanian and living there during this
period (see Barthold, Turkestan, 38-39).

8 See ‘Ala’ al-Din al-Juwayni (d. 681/1283), Tarikh-i Jahdn-gusha [in Persian] (=The His-
tory of the World-Conqueror by ‘Ala-ad-Din ‘Ata-Malik Juvaini. Translated from the text of
Mirza Muhammad Qazvini, trans. John A. Boyle, 2 vols. [Manchester: Manchester Univer-
sity Press, 1958], 1:322-23); Ibn al-Athir, a/-Kamil fi 'I-Ta rikh [in Arabic] (Beirut: Dar
sadir, 1966), 12:362—-63 (=The Chronicle of Ibn al-Athir for the Crusading Period from al-
Kamil fr'l-Ta’rikh. Part 3, The Years 589—-629/1193—1231: The Ayyiibids after Saladin and
the Mongol Menace, trans. D. S. Richards [Aldershot, Hants, England; Burlington, Vt.: Ash-
gate, 2008], 206 (within the “Account of the Tatars’ irruption into Turkestan and Transoxiana
and what they did,” 204-10); Minhaj Siraj Juzjani (born 589/1193) wrote his Tabagat-i
Nasirt [in Persian] in 658/1260 (=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. 252—
78; and Yaqut 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 Abt ‘Abd Allah Yaqit ibn ‘Abd
Allah al-Hamawt al-Rami al-Baghdadr, 5 vols. (Beirut: Dar sadir, 1957), 5:114. See also
J. A. Boyle, “Dynastic and Political History of the II-Khans,” in The Cambridge History of
Iran, vol. 5, The Saljuq and Mongol Period, ed. J. A. Boyle (Cambridge: Cambridge Univer-
sity Press, 1968), 306; and S. M. Stern, “Petitions from the Ayyubid Period,” Bulletin of the
School of Oriental and African Studies, University of London 27, no. 1 (1964): 15-16.
Barthold provides a nice overview of many of these contemporary historians (Turkestan, 31—
37; on Shihab al-Din, see 376, 404-5, 429).

8 Nasawl informs us that “Regarding the science of law, [Shihab al-Din] combined
knowledge of lexicography, medicine, and dialectic, and other sciences. Eloquent and versed
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al-Qalanist 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 “con-
sulted him in all serious circumstances and yielded to his decision in important
matters.”” These scholars seem to have used their positions with governmental con-
nections to promote scholarly activities (especially the teaching of the sciences).’!
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 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. It is certainly con-
ceivable that he used his position to promote the teaching of the sciences. Nasawi
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.””? If this were true then it would surpass Yaqiit al-Hamaw’s citing of 12,000

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, 109 [=Houdas,
Histoire du Sultan, 82]). Cf. Ibn Athir, al-Kamil fi ’I-ta rikh, 12:362—-63 (=Richards, The
Chronicle of Ibn al-Athir, 2006).

%0 Nasawi, Strat al-Sultan Jalal al-Din, 109 (=Houdas, Histoire du Sultan, 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 Ayytbid Period,” 16).
Barthold also mentions Shihab al-Din’s position of wakil at the Khwarizmian court, and
points out that in the twelfth century, Khwarizm Shah ‘Ala’ al-Din Muhammad’s “bold re-
form” (379) transferred power from the Imperial wazir alone to a mandatory unanimous
decision by six wakils (Turkestan, 376-80).

91 Carla L. Klausner stresses that a major innovation of the Seljuks was their attempt to es-
tablish close links between the central government and the ‘ulama’ through state support for
the madrasa system of education (The Seljuk Vezirate: A Study of Civil Administration 1055—
1194 [Cambridge, MA: Harvard University Press, 1973], 22). This echos Aydin Sayili’s as-
sertion that the Seljuk system of civil administration looked to the Shafi'T madrasas as
training grounds for “judges, lawyers, and administrators, secretaries, ministers, ambassa-
dors, political advisers, in short, the personnel for all public and private functions” (“The
Institutions of Science and Learning in the Moslem World,” Ph.D. diss., Harvard University,
1941, 23).

92 ‘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
Received,” Journal of Islamic Studies 13, no. 3 [2007]: 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 (567-96/1172-1200)
(A Study on Fakhr al-Din al-Razi and His Controversies in Transoxiana [Beirut: Dar El-
Machreq Editeurs, 1984], 19).

93 Nasawi, Strat al-Sultan Jalal al-Din, 109-10 (=Houdas, Histoire du Sultan, 83, 84). See
also Barthold, Turkestan, 429.
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volumes (in one library alone) among the multitude of scholarly books he scouted
that were located throughout Merv.**

The dating for Jaghmini’s two dedications to Shihab al-Din (601-2/1204-5 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 (596-617/1200-20). So the composi-
tion dates of several of Jaghmini’s treatises in conjunction with the floruits of his
two dedicatees all support the contention that Jaghmint flourished during his reign
and that of the Khwarizm Shah ‘Ala’ al-Din Tekish (r. 567-96/1172—-1200). Where
Jaghmini lived throughout this period, though, is not at all clear. The last composi-
tion date we have for him is 615/1218, which as mentioned earlier is given for his
Talkhis kitab Uqlidis. If he managed to evade the ensuing massacres that occurred
in the cities of Bukhara (616-17/1219-21) and Samarqand (617/1220-21),%° he
would have witnessed the ushering in of the reign of Jalal al-Din, which occurred
in 617. However, it is equally possible 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 JaghminT was residing; hence we have a viable ex-
planation for the 618 H death date for him that surfaced (unreferenced) 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 Nasawl
writes that they both perished circa 1220. Nasawi also informs us of Shihab al-Din’s

% See Yaqit, Mu jam al-buldan, 5:114; Svat Soucek provides an English translation of these
relevant parts in A History of Inner Asia (Cambridge: Cambridge University Press, 2000),
11415 (“The conquering Mongols”).

%5 Accounts vary whether it was 616 or 617 H [1220] for the capture of Bukhara. However,
all the sources agree on the ensuing devastation; Juwayni describes how Chingiz Khan “mar-
tyred 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 617/1220
(Tabagat-i Nasiri, Raverty [trans.], 274-75); cf. Ibn al-Athir, a/-Kamil fi ’I-ta rikh, 12:361—
68 (=Richards, The Chronicle of Ibn al-Athir, 204-10); and Juwayni, 1:75-84 (=Boyle,
History of the World, 1:97-109 [XVI: Of the Capture of Bukharal]).

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

97 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 five-day journey
westward from Merv, two days from Sarakhs, one day from Abivard, and six or seven days
from Nisabur. See Yaqit, Mu jam al-buldan, 5:282; and “Nésa and Nisa” in Houdas, Histoire
du Sultan, 458. See also V. Minorsky [C. E. Bosworth], “Nasa, Nisa” in £/2 (1993), 7:966—
67.
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valiant attempts to preserve what he considered the most valuable books, but con-
cludes 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 cir-
culate 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 arith-
metic, 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 are the false
proclamations concerning the demise of Islamic science during this period.

1.2.4 So What’s in a Date?

Pinpointing that Jaghmini flourished in the late twelfth/early thirteenth centuries,
and resolving once and for all 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 to rest repeated errors contained within the secondary
sources; determining that JaghminT 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 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 also
raises other questions, such as the makeup of his target audience. 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.!%

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-
TasT (597-672/1201-74) was a remarkable resuscitation by TasT (and others) of a

9% Nasaw1, Sirat al-Sultan Jalal al-Din, 110-11, 115 (=Houdas, Histoire du Sultan, 84, 88—
89); Barthold, Turkestan, 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.

9 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, Garrett MS 502H, f.
51a states it was completed in Khwarizm, at the Sadriyya madrasa at the end of Shawwal 661
[early Sept. 1263].

100 See F. J. Ragep, “When Did Islamic Science Die (and Who Cares)?” 1-3.
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well-established mathematical tradition within the fabric of Islamic society that had
been interrupted, but not curtailed or terminated, due to the disruptions resulting
from the Mongol invasions and political events of the late twelfth/early thirteenth
century. Qutb al-Din al-Shirazi provides a historical summing up of the Aay ‘a liter-
ature 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 in-
cluded in his list are a number of pre-Mongol treatises, Jaghmint’s al-Mulakhkhas
included.'

The hay’a literature, this rich corpus of works on theoretical astronomy that
JaghminT inherited and built upon (and was ultimately disseminated through gener-
ations), is the focus of the next section.

§ .3  An Overview of Summary Accounts of Astronomy
Before the Mulakhkhas

Jaghmini’s elementary astronomical work al-Mulakhkhas fi al-hay a 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 ay a texts, JaghminT’s stated aim
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” (al- ‘alam), 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 section explores how ‘ilm al-hay'a
(the science of hay’a) came into being in an Islamic context, and how Jaghmini’s
text fits into this genre, both in content and historically.!?

101 See F. J. Ragep, “Shirazi’s Nihayat al-Idrdk: Introduction and Conclusion,” 51 [Arabic],
55 [Eng. trans.]. Shirazi specifically cites al-Mulakhkhas as one of “the books...set forth and
composed in this discipline.” This is yet another indication that Jaghmini flourished prior to
the Nihdaya’s composition date (i.e., 680/1281).

102 My goal 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 [hereafter cited as E/3], ed. Gudrun Kramer et al., Brill Online, 2014.
Reference. McGill University. 03 March 2014
http://referenceworks.brillonline.com/entries/encyclopaedia-of-islam-3/astronomy-
COM_22652 (esp. part 1, “Theoretical astronomy and cosmology™); “Hay'a,” in Encyclo-
paedia of the History of Science, Technology, and Medicine in Non-Western Cultures, ed.
Helaine Selin (Dordrecht: Kluwer Academic Publishers, 1997), 395-97; and Tadhkira, 1:33—
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
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1.3.1 The Meaning of ‘Ilm al-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-nujim (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-Tast (d. 672/1274) provides us with what would become the classi-
cal definition of the discipline: “The subject of astronomy is the simple bodies, both
superior and inferior, with respect to their quantities, qualities, positions, and intrin-
sic 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”). Ac-
cording 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 acther and the ever-changing
realm of the four elements, the world of generation and corruption, into a single
discipline.'® And although one finds topics dealing with the inhabited world in-
cluded within Greek astronomical works, indeed a prominent example being

Science], 1990), 25-34 (“Predecessors and the Ahay ‘ah tradition”); and David Pingree, “ Ilm
al-hay’a,” in EI2 (1971), 3:1135-38.

103 B.g., in the tenth century ilm al-nujiim is still being used in Islamic reference books by
al-Farabi in his Enumeration of the Sciences, Abl ‘Abd Allah al-Khwarizmi in his Mafatih
al- ‘uliim, and the Ikhwan al-Safa’ in Epistle 3 of their Rasa il as the general term for astron-
omy (with the latter two designating i/m al-hay’a as a branch). However, ‘ilm al-hay’a
becomes the general term in Ibn Stna’s (d. 1037) Agsam al- ‘uliim al- ‘agliyya (Classification
of the Rational Sciences), and it becomes synonymous with astronomy in most accounts of
the discipline after this time (see Ragep, Tadhkira, 1:34-37).

104 See Ragep, Tadhkira, LIntr.[2] (1:90-91), and 1:38 (on “All simple bodies as the subject
matter of astronomy”). Some seventy-five 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 posi-
tions, 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” (Jan J. Witkam, De Egyptische Arts Ibn al-Akfant
[Leiden: Ter Lugt Pers, 1989], 408).

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

o dilly Bl Tl (a3 Ul a8 S (sl 2l ol e S 5 T S
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“...[Also] it is possible that [Jaghmini’s] intention by Aay'a of the world is the science of

hay’a in which one studies the states of the superior and inferior simple bodies, with re-

spect to their quantity, quality, position, and intrinsic motion and what pertains to them.
Moreover, we have used the term “the lower simples” without qualification because the
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Ptolemy’s Almagest, Book 11,'% it is significant that Islamic astronomers saw
themselves as doing something new and considerably expanded.'®’

One major consequence of the recategorization of the discipline from ‘ilm al-
nujium 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 (plain hay 'a) then becomes
one branch of the discipline, which provides a general overview of cosmography
but devoid of geometrical proofs and complex mathematical derivations;'®®
Jaghmint’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 as a way of providing a picture of the universe as a whole; and its focus
addresses the external aspects of cosmology, in other words issues related to “how”
the celestial and terrestrial realms operate the way they do, and not with dealing
with questions of “why.” The fact that hay ‘a 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.!?

Some modern studies of the discipline of %/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.'!? This interpretation categorizes ‘ilm al-hay a, at least before

Moderns, among whom is the author [i.e., Jaghmini], 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 [in
bold] is strikingly similar to that of Tast's (Tadhkira, LIntr.[2]) quoted above. Qadizade
suggests this definition could also apply to Jaghmini, since Jaghmint does not provide one in
the Mulakhkhas within his explanation of 4ay’a and discussion of the simple bodies (see
Mulakhkhas, Intr.[1]).

106 Moreover, Ptolemy is the authority Jaghmini relies on for matters pertaining to the terres-
trial region (Mulakhkhas, 11.1[2]).

107 This was pointed out by F. J. Ragep, Tadhkira, 1:38; and Ragep, “Astronomy in the
Fanari-Circle: The Critical Background for Qadizade al-Riim1 and the Samarqand School,”
in Uluslararast Molla Fenari Sempozyumu (4—6 Aralik 2009 Bursa) (International sympo-
sium on Molla Fanari, 4-6 December 2009 Bursa), ed. Tevfik Yiicedogru et al. (Bursa, 2010),
165-76.

108 Ragep, Tadhkira, 1:35, 36-37.

199 Jaghmint 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, TTsT ex-
plicitly states that there is a demarcation of how to deal with the same 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], 1:90-91).

110 See Pingree, ““ Ilm al-haya,” 3:1135-36. Carlo Nallino 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
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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 observa-
tions (i.e., “to save the phenomena”) and for their predictive ability.!'! This view of
‘ilm al-hay’a, which reduces the debate to an either/or situation (i.e., geometrical
constructs versus physical realities), significantly ignores that most Islamic astron-
omers believed that the mathematical models needed to be compatible with a
physical representation of the universe (as Ptolemy himself had shown in his
Planetary Hypotheses)."'? It also assumes that physical bodies were only first intro-
duced with Ibn al-Haytham’s On the Configuration of the World, certainly not a
clear-cut conclusion.'3

Unlike works falling under the rubric of ‘ilm al-nujim, another significant fea-
ture of hay’'a works was the exclusion of topics on astrology, especially those
espousing predictive capabilities related to future events; and this dissociation of

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, and Stars (Muhammadan),” in Encyclopcedia of Religion and Ethics,
ed. James Hastings [Edinburgh: T. & T. Clark; New York: Charles Scribner’s Sons, 1921],
12:99). In defense of these earlier scholars, a few Islamic astronomers did focus on imaginary
circles rather than solid spheres, a point made by al-Kharaqi (d. 553/1158) who claims
that Ibn al-Haytham was one of the first to emphasize real spheres; see F. J. Ragep, Tadhkira,
1:33 and 2:454.

I 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 below in 1.3.2: Ancient Forebears (see Proclus). G. E. R. Lloyd’s seminal
article, “Saving the Appearances,” provides 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 instrumen-
talist view, whose insistence that Ptolemy was an instrumentalist (despite evidence to the
contrary) 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], 248-50). For more on Duhem and his ramifications, see F. J. Ragep, “Duhem, the
Arabs, and the History of Cosmology,” Synthese 83 (1990): 201-14; and Ragep, “Freeing
Astronomy,” 51-52, esp. n9. And for evidence that this debate still continues, see Peter
Barker, who argues that Peurbach’s introduction of Ptolemaic geometrical models as physi-
cally 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 Fifteenth and Sixteenth Century Astronomy,” in Change
and Continuity in Early Modern Cosmology, ed. Patrick J. Boner, Archimedes 27: New Stud-
ies in the History and Philosophy of Science and Technology [Dordrecht; New York:
Springer, 2011], 7-32).

12 For G. E. R. Lloyd’s stance on the compatibility of the two options, see “Saving the Ap-
pearances,” 250. See also, Ragep, “Duhem, the Arabs, and the History of Cosmology,” 210.

113 Langermann argues that this is a misconception and 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” (/bn al-Haytham’s “On the Configuration of the World, ” 25).
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‘ilm al-hay’a from astrology had important ramifications, a prominent one being
that it helped to secure /ay’a a niche within Islamic religious circles. It should not
be surprising that a strictly scientific discipline based on mathematics and observa-
tions would be far less objectionable to certain Islamic theologians (mutakallims)
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 main-
tained that the need to demarcate astronomy from astrology gave birth to the genre
of ilm al-hay a, this being a corpus of literature within a strictly Islamic context
distinct from, and 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 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

114 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): 25-27, 42; “The Development of Astronomy in Medieval Islamic
Society,” in 4 History of Arabic Astronomy: Planetary Theories during the Golden Age of
Islam (New York: New York University Press, 1994), 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.

115 Saliba specifically states, “the attack on astrology did not entail a rejection of the foreign
sciences altogether” (“The Development of Astronomy in Medieval Islamic Society,” 56;
and “Astrology/Astronomy, Islamic,” in A History of Arabic Astronomy, 66-81).

116 Many Islamic scholars straddled multiple subjects, and there could be considerable
overlap in disciplines. So, for example, we find that in his fifteenth-century commentary to
Tist’s “theological” work, the Tajrid al- ‘Aqa’id, ‘Ali Qushji discusses astronomy and puts
forth the “case that astronomy should dispense with its dependence upon Aristotelian
physics” and that the “the Earth’s rotation is a possibility” (see F. J. Ragep, ' Ali QushjT and
Regiomontanus: Eccentric Transformations and Copernican Revolutions,” Journal for the

History of Astronomy 36, no. 4 [2005]: 360—-61 and Ragep, “Freeing Astronomy,” 61-63).

117 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
(“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 accepted
methods of argumentation, see Charles Burnett, “The Certitude of Astrology: The Scientific
Methodology of al-Qabist and Abli Ma‘shar,” Early Science and Medicine 7, no. 3 (2002):
198-213.
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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, as-
tronomical 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 say ‘a works was highly indebted to the scien-
tific works of the Greeks and other “foreign” sources, with the result that making
them more suitable for a broad Islamic audience presented a challenge. So how did
Islamic scholars adapt or reformulate subject matter into an astronomy that was
“distinctly Islamic”?'?!

When Badr al-Din al-Qalanist 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; however, it was a genre that had been several centuries in
the making and so by then had become an established discipline. Jaghmini then was
confronted with a rather daunting task (Mulakhkhas, 11.3[11]) in that by that period
he had inherited quite an extensive corpus of sources as well as pedagogical styles
to choose from.'?? 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

118 See A. 1. Sabra, “Configuring the Universe. Aporetic, Problem Solving, and Kinematic
Modeling as Themes of Arabic Astronomy,” Perspectives on Science 6, no. 3 (1998): 289.

119 For a scathing critique against both astrology and alchemy, see Ibn Khaldiin, The
Mugaddimah: An Introduction to History, trans. Franz Rosenthal, 3 vols. (Princeton, NJ:
Princeton University Press, 1967), 3:258—67 and 3:267-81 (respectively).

120 That a hay 'a work such as the Mulakhkhas was viewed as one “dedicated purely to inter-
ests of science” was duly noted by Rudloff and Hochheim. Although they were writing from
a nineteenth-century perspective, both assumed that Jaghmini’s exclusion of astrological dis-
cussions indicated that “he must have looked down on it with contempt™ and that “Jaghmin’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 Mahmiid ibn Muhammed ibn
‘Omar al-Gagmini,” 215-16). Their views probably indicate more about the attitudes of nine-
teenth-century German scholars than late twelfth-century Islamic ones. Also recall that
Jaghmini composed a separate work on astrology (see /.2.3c: Further Evidence for Dating
Jaghmini and Appendix I, no. 4).

121 Saliba: “The Development of Astronomy in Medieval Islamic Society,” 65.

122 Liba Taub points out that it is often neglected that authors writing on scientific, mathe-

matical, 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 dis-
play 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 Mathemati-
cal Authorship in Ancient Greece, ed. Markus Asper (Berlin/Boston: Walter de Gruyter,
2013), 333-34.
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or written during the early Islamic period that could arguably have been at
Jaghmini’s disposal, either directly or indirectly, and found suitable to use and mod-
ify for his brand of theoretical astronomy so as to comply with Badr al-Din’s lofty
proposal that he compose an elementary introduction to ilm al-hay a.

1.3.2 Ancient Forebears

I.3.2a Ptolemy’s Predecessors

According to Otto Neugebauer, the eminence of the scientific works of the Alexan-
drian 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 profound impact on theoretical astronomy,
including the development of the hay’a tradition that became dependent on his
works. Nevertheless, before moving on to this, it is worth highlighting the emer-
gence of “a particular literary fopos, the introduction,” beginning in the first century
BC as a way for writers to present views of celestial science (astrologia in Latin;
dotporoyio in Greek) to their readers.!>* According to James Evans and J. Lennart
Berggren, the demand for popular surveys in the Hellenistic period led to the pro-
duction of “comprehensive astronomy textbooks written at an elementary level”;
and both view these works as forming a Greek genre of elementary textbooks on
astronomy, even though they duly point out that the works “differ markedly in tone”
as well as content and period composed.'”® Some examples included in their
“corpus” are Geminus’s Introduction to the Phenomena (also referred to as the
Isagoge) (first century BCE), Theon of Smyrna’s Mathematical Knowledge Useful
for Reading Plato (second century CE), and Cleomedes’s Meteora (third to fourth
centuries CE). Although the titles alone indicate their diversity, they all provide
general descriptive overviews of astronomy (some more than others) and cover a
variety of topics and basic concepts on celestial science.

However, it is unclear whether these works were actually intended as elementary
astronomical textbooks. Indeed, the huge discrepencies between these works—with
respect to content, structure, and literary style—raise serious questions about what
it means to lump together general works dealing with astronomical topics (admit-
tedly with some overlap) and refer to them as a genre of “elementary textbooks” or
“introductions,” especially when they clearly contain significant differences and

123 Otto Neugebauer, A History of Ancient Mathematical Astronomy, 3 parts (Berlin; New
York: Springer-Verlag, 1975), 1:5 [hereafter cited as HAMA].

124 Alan C. Bowen, “Three Introductions to Celestial Science in the First Century BC,” in
Writing Science, 299-300, 319, 326-27.

125 James Evans and J. Lennart Berggren, Geminos’s Introduction to the Phenomena: A
Translation and Study of a Hellenistic Survey of Astronomy (Princeton, NJ: Princeton Uni-
versity Press, 2006), 8, 10.
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may have been written centuries apart.'?® Thus Alan Bowen understandably under-
scores the need for “a more carefully thought out notion of what an introduction is,”
especially without real evidence to support the claim that these works were intended
to form part of a curriculum of study.'?” Bowen points out that the lack of standard-
ization between these 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, 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.'? For example, it is interesting that
within Geminus’s hodge-podge of topics that purportedly cover “all important
branches of Greek astronomy,” he omits planetary theory, but includes discussions
on the limitations of weather prognostication and the astrological doctrine of the
“aspects” according to which Babylonian astrologers calculated the zodiacal signs’
influence on human affairs—indications that the role and veracity of astrological
theory and practice were major concerns during this period.'3° Also, several of these
works include causal explanations to account for various aspects of celestial sci-
ence,'3! which distinguishes them from hay a treatises that 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 astron-
omy/astrology made inroads into Greek celestial science during this period,
although the depth of its penetration seems to be a matter of disagreement.'3? Nev-
ertheless, their employment of the Babylonian sexagesimal system (dating back to

126 Evans and Berggren, Geminos's Introduction to the Phenomena, 8. Evans and Berggren
seemingly find it unproblematic to refer to Geminus’s work as an introduction even though
they acknowledge, “we cannot be sure that /ntroduction to the Phenomena is the title that
Geminos himself gave it,” 3.

127 See Bowen, “Three Introductions to Celestial Science in the First Century BC,” 303n11,
319-20. Cf. Evans and Berggren, Geminos’s Introduction to the Phenomena, 8.

128 Bowen, “Three Introductions to Celestial Science in the First Century BC,” 318-19.

129 For example, unlike Geminus (and others), Jaghmini does not employ literary references
in the Mulakhkhas (unless one counts his dedicatory verse to Badr al-Din [see Preface]), and
we know that he composed poetry from another of his works (see Talkhis kitab Ugqlidis, 247—
49).

130 See Evans and Berggren, Geminos’s Introduction to the Phenomena, 2, 8-9, 105-6; 220~
22 (Ch. XVII [15-23]: The Stars Indicate But Do Not Cause The Weather); and 125-36 (Ch.
IT [Aspects of the Zodiacal Signs]); Neugebauer, HAMA, 2:581-88; and D. R. Dicks,
“Geminus,” in Dictionary of Scientific Biography [hereafter cited as DSB] (New York:
Charles Scribner’s Sons, 1972), 5:345-46.

2. 66

131 Bowen discusses Geminus’s “emphasis” on causation in “Three Introductions to Celestial
Science in the First Century BC,” 320-26. See also Ragep, Tadhkira, 1:39-40; and Evans
and Berggren, Geminos’s Introduction to the Phenomena, 49-51.

132 Neugebauer is impressed with how far Babylonian astronomy had penetrated into early
Greek mathematical astronomy” (HAMA, 2:579), but Evans and Berggren conclude (without
explanation) that “...this material was still being absorbed and adapted by the Greeks”
(Geminos’s Introduction to the Phenomena, 22; cf. Geminus’s references to the Babylonians,
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Eratosthenes circa 250 BCE) would be the hallmark of a sound astronomical text-
book in that it indicates a concern for precision. Indeed, it became /e notation for
Ptolemaic parameters and subsequent zay ‘a works (including the Mulakhkhas), and
was a system so widely used by Islamic astronomers that it became known as “the
astronomers’ arithmetic.”!33

1.3.2b  Ptolemy'**

In the second century BCE, the Alexandrian Claudius Ptolemy proposed a coherent
picture of the 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 mo-
tions accounted for perceived observations. This so-called “Ptolemaic system”
transformed ancient mathematical astronomy; the nesting principle for the orbs
would become the cornerstone of hay ‘a,'*® and thus was crucial for its development
and consequently its textbook tradition.

Though certainly not a “user-friendly” textbook, Ptolemy’s great comprehensive
compilation of Greek mathematical astronomy, Mathematike Syntaxis, also com-
monly 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 presumably Athens and Antioch). 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.”'3¢ The work, in thirteen books, provides geometric models,

13-15, 125, 192n4, 228-29). See also, Bowen, “Three Introductions to Celestial Science in
the First Century BC,” 306-8, 31618, 322-26.

133 See J. Lennart Berggren, Episodes in the Mathematics of Medieval Islam (New York:
Springer-Verlag, 2003), 41. See also Neugebauer, HAMA, 2:590-93; and G. J. Toomer,
Ptolemy’s Almagest, trans. and annot. G. J. Toomer (Princeton, NJ: Princeton University
Press, 1998), 6-7.

134 For information on Ptolemy, see: Bernard R. Goldstein, “The Arabic Version of Ptolemy’s
Planetary Hypotheses,” Transactions of the American Philosophical Society, n.s., 57, no. 4
(1967): 3-55 at 3—4; Langermann’s Ibn al-Haytham’s “On the Configuration of the World,”
15-25; Neugebauer, HAMA, 2:834-38 (“Biographical and Bibliographical Data” and “The
Almagest”), 2:900-26 (“Planetary Hypotheses” and “Canobic Inscription”), and 2:926-41
(“Additional Writings of Ptolemy”); Alexander Jones, ed., Ptolemy in Perspective: Use and
Criticism of His Work from Antiquity to the Nineteenth Century, Archimedes 23: New Studies
in the History and Philosophy of Science and Technology (Dordrecht; New York: Springer,
2010), xi—xv (Introduction), 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,” in DSB (1975), 11:186-206 (an excellent overview).

135 Ragep, Tadhkira, 2:517.

136 See Almagest, Book 1 [Preface]; and Toomer, Ptolemy’s Almagest, 1-2, 6, 37, 37n13.
Ptolemy’s assumption is that the student has already studied the works of Euclid, and, likely,
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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, and values de-
marcating the climata.'3’

Ptolemy continued to develop and modify his astronomy throughout his career.
For example, in the A/magest 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 rec-
tifies these concerns in his later two-part work, the Planetary Hypotheses (Kitab al-
igtisas or Kitab al-manshiirat); there he provides absolute distances of the celestial
bodies from the Earth (in Earth radii and stades, 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 coherent, unified structure, or hay’a.”'* Ptolemy’s

the so-called “Middle Books,” a corpus of pre-Ptolemaic Greek texts that would later be rec-
ommended for study before tackling the Almagest. They were sometimes grouped together
under the title of the “little or small astronomy collection.” Translated into Arabic in the ninth
century, they included: “the Data, the Optics, the Catoptrica and the Phenomena of Euclid
[fl. ca. 300 BCE]; the Spherics, On Habitations and On Days and Nights of Theodosius [d. ca.
90 BCE]; On the Moving Sphere and On Risings and Settings by Autolycus [d. ca. 290 BCE];
On the Sizes and Distances of the Sun and Moon by Aristarchus of Samos [d. ca. 230 BCE];
On the Ascensions of Stars of Hypsicles [d. ca. 120 BCE]; 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, Astronomy—Theoretical and Applied, ed. Roshdi Rashed [London: Routledge,
1996], 7, 18-19, 21, 55n6). See also Toomer, “Ptolemy,” 187-88.

137 See Jones, Ptolemy in Perspective, xi—xii. Ptolemy would also later compile his astronom-
ical 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 (1.2[10]; 11.3[7]). For example, the z7j of al-Battani
(whom Jaghmini mentions (I1.3[9])) shows 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]: 132-33). For the Handy Tables, see Anne Tihon and Raymond
Mercier, Ptolemaiou Procheiroi Kanones: Les Tables Faciles de Ptolémée. Volume la:
Tables A1-A2 (Louvain-la-Neuve: Université catholique de Louvain, Institut Orientaliste,
2011-).

138 Almagest, V.13-16, 19. See Neugebauer, HAMA, 2:917-22; and Toomer, “Ptolemy,”
191-94.

139 Ragep, Tadhkira, 2:500. In the Planetary Hypotheses, Ptolemy assumes the following
order of the celestial bodies: Moon, Mercury, Venus, Sun, Mars, Jupiter, Saturn, Fixed Stars,
with the Earth at the center; each planet, as well as the Fixed Stars, is contained within 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 Dimen-
sions and Ptolemy’s Kitab al-Manshirat,” in Mélanges Alexandre Koyré, 2 vols. (Paris:
Hermann, 1964), 1:254-82; Hartner’s work was superseded by Goldstein’s “The Arabic Ver-
sion of Ptolemy’s Planetary Hypotheses,” 3—55 (which includes an English translation and
commentary of Book I, second part, as well as an Arabic facsimile of the entire work (British
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Almagest and Planetary Hypotheses together provide both the geometrical model-
ing 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 re-
spect to the Almagest, not all hay 'a works include the new, improved parameters.
Jaghmini, for example, opts in the Mulakhkhas (for reasons unknown) to use the
Ptolemaic values of the A/magest rather than those of the Planetary Hypotheses.'*
JaghminT also omits any discussion of sizes and distances in the Mulakhkhas, which
is typically contained in a hay 'a work. However, it would be unwarranted to assume
that this is due to his being unaware of the Planetary Hypotheses. More likely, this
is a case in which JaghminT considered that pedagogically the subject of sizes and
distances was inappropriate for an elementary textbook. In fact, this is Qadizade’s
assessment, namely, that the topic was omitted due to its difficulty.'*!

On the other hand, Jaghmint does present “updated” information from Ptolemy’s
Geography, which he wrote after the Almagest.'*? In the Geography, which was
translated into Arabic in the ninth century,'*’ Ptolemy showcases topics of the ter-
restrial realm, in contrast to the relatively minor role they played in the Almagest;

Museum MS. arab. 426 [Add. 7473], ff. 81b—102b)). See also Neugebauer, HAMA, 2:919—
22 (who includes tables comparing the parameters found in the Almagest and the Planetary
Hypotheses with Proclus’s Hypotyposis and his Commentary to the Timaeus along with the
values of Thabit b. Qurra); Olaf Pedersen, A4 Survey of the Almagest (Odense: Odense Uni-
versity Press, 1974), 393-97; and Toomer, “Ptolemy,” 197.

140 A specific example of this is Jaghmini’s parameters for the maximum inclination of the
inclined orbs from the zodiacal orb (see Mulakhkhas, 1.5[16]); Jaghmint gives for Mars 1;0
and for Mercury 0;45 [Almagest], not 1;50 and 0;10 respectively [Planetary Hypotheses].
See also Neugebauer, HAMA, 2:907-9; Pedersen, A Survey of the Almagest, 392-93; and
Swerdlow, “Ptolemy’s Theories of the Latitude of the Planets in the A/magest, Handy Tables,
and Planetary Hypotheses,” 68 (Swerdlow provides here a convenient table of the
inclinations for the three Ptolemaic works and the modern values); and Neugebauer, HAMA,
2:907-9.

141 See Qadizade, Sharh al-Mulakhkhas (Istanbul, Ayasofya MS 2662, f. 4a) where he states
that the difficulty (su @“ha) of the subject is the reason for its omission. See also Ragep,
Tadhkira, 2:500n1. Here one should also keep in mind that Jaghmini wrote a separate short
treatise on sizes and distances. It is interesting, though, that JaghminT 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 A/magest, Handy Tables,
and Planetary Hypotheses,” 41-42).

142 Actually, Ptolemy mentions that its publication will be forthcoming in Book I1.13 of the
Almagest.

143 Tbn al-Nadim reports that Ptolemy’s “Geography of the Inhabited Lands and a Description
of the Earth” was a book in eight sections, which 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” (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, 2 vols.
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and he provides “for the first time a mathematically clear theory of geographical
mapping” along with a grid of coordinates, reckoned 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. This is reflected in the Mulakhkhas; though Jaghmini does not cite the
Geography specifically, he states: “Ptolemy, after writing the Almagest, claimed
that he found habitation below the equator to a distance of 16;25 [degrees]” (see
I1.1[2] and Commentary).'®

Some have 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;!*” however, there is no evidence that the
Tetrabiblos played a part in the Mulakhkhas. On the other hand, there could have
been some valuable borrowing of information between the disciplines of astronomy
and astrology due to the overlap of topics, basic terminology and concepts, and pa-
rameters.'*

[New York: Columbia University Press, 1970], 2:640; cf. the more recent critical edition by
Ayman Fu’ad Sayyid, 2 vols. in 4 [London: Al-Furgan Islamic Heritage Foundation, 2009],
2/1:216). [Hereafter cited as Fihrist. Citations below will refer to the Dodge trans. and the
Sayyid Arabic ed.] See also J. Lennart Berggren and Alexander Jones, Ptolemy’s Geography:
An Annotated Translation of the Theoretical Chapters (Princeton, NJ: Princeton University
Press, 2000), 5052 (on early readers and translators). The line of textual transmission of this
treatise has not been a straightforward one. Florian Mittenhuber points out that of the fifty-
three 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, 95).

144 Neugebauer, HAMA, 2:934.

145 Neugebauer points out that Ptolemy relied on Hipparchus for many of his basic assump-
tions in the A/magest, and so the various geographical data found in his Geography indicate
different stages of his development (HAMA, 2:939-40). See also Berggren and Jones,
Ptolemy’s Geography, 21-22, 64-77.

146 Cf. Berggren and Jones, Ptolemy’s Geography, 110 (Book 7); cf. Toomer, Ptolemy’s
Almagest, 8283 (I1.6[1]).

147 Both Toomer and Taub seem to be advocating this position: Toomer points out that

Ptolemy regards “the Tetrabiblios as the natural complement to the A/magest: 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,” 198); and 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, 132—
33). However, Neugebauer concluded that, “On the whole, the Tetrabiblios stands alone”
among Ptolemy’s works (HAMA, 2:897).

148 Jaghmini was certainly familiar with the subject of astrology, and composed a short
treatise entitled F7T quwa al-kawakib wa-da 'fiha (The Strengths and Weaknesses of the
Planets) (see 1.2.3c: Further Evidence for Dating Jaghmini and Appendix I (“Jaghmint’s
Works,” no. 4).
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1.3.2¢  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 that has been described as “the first and last sum-
mary of the contents of the Almagest from antiquity.”'*’ Proclus, a director of the
“Academy” in Athens, demonstrates a remarkable knowledge of astronomy as well
as pedagogical acumen. However, Proclus’s Hypotyposis was written within a phil-
osophical milieu, and there are differences when compared with some hay’a
compositions.'*® Far more than an overview of the Almagest, 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 status
of epicycles and eccentrics as either geometrical fictions or physical realities, rais-
ing objections to both options but without choosing sides.!** Ultimately, Proclus
(the Platonist) and Ptolemy (the Mathematician) both believe in the regularity of
celestial motion, and seek simple solutions to account for the problem of perceived
irregularites.'** Given his neo-Platonic bent, Proclus’s ability to distinguish himself

149 Neugebauer, HAMA, 3:1036.

150 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 4ay ‘a works. On the other
hand, Ibn al-Haytham, like Proclus, omitted this topic altogether in his On the 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-Manshirat,” 323—40; and
Neugebauer (HAMA, 2:920-91), who includes tables of comparative values for Ptolemy,
Proclus, and Thabit ibn Qurra (2:920-22).

151 Proclus discusses the use and construction of Ptolemy’s instrument for determining the
obliquity of the ecliptic (4/magest, 1.12 [Toomer, 61-63]) and also Ptolemy’s “ringed” or
spherical astrolabe [armillary sphere] (Almagest, V.1 [Toomer, 217-19]). See Procli
Diadochi Hypotyposis Astronomicarum Positionum, ed. Carolus Manitius (Stuttgart: B. G.
Teubner, 1974 [original Leipzig: B. G. Teubner, 1909]), 41-55 and 199-213, respectively.

Cf. Neugebauer, HAMA, 2:1036.

152 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 be-
lieves there is no movement, whereas Ptolemy states they move one degree per 100 years
(Almagest, V11.2 [328]) (see Procli Diadochi Hypotyposis, 235).

133 Lloyd’s overview of Proclus’s Hypotyposis highlights key points regarding Proclus’s po-
sition on astronomy, including how he has been misrepresented as being an instrumentalist.
Lloyd asserts 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 mak-
ing clear enough “those things that it is possible to grasp” (263) (“Saving the Appearances,”
256-64).

154 Ptolemy explicitly states his position on the meaning of “simplicity” in Almagest, XI11.2:
“Let no one, considering the complicated nature of our devices, judge such hypotheses to be
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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 hay’a tradition of “reforming” Ptolemaic astron-
omy rather than “overthrowing” it.!3

In addition to Proclus’s Hypotyposis, mention should be made of several other
works sometimes listed as “introductions” to the A/magest but which are actually
commentaries. One is by Pappus (fl. 320); another is by Theon of Alexandria (fl.
Alexandria, second half of the fourth century), who tells us in the preface that he
composed the work for his students;'>® and a third is an anonymous work attributed
to Eutocius, who also authored a commentary on Apollonius’s Conics and is con-
sidered to be the head of the Alexandrian school between Ammonius and

overelaborated. 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 heav-
enly motions, but if this does not succeed, [one should apply hypotheses] which do fit”
(Toomer, Ptolemy’s Almagest, 600).

155 By “overthrowing,” I 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 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 argu-
ment found in the so-called Shukiik [Doubts] literature, in which difficulties or objections
were raised against ancient authorities. (The term shukiik [doubts]) is here 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-Bitriji,” in Transfor-
mation and Tradition in the Sciences: Essays in Honor of 1. Bernard Cohen, ed. Everett
Mendelsohn (Cambridge: Cambridge University Press, 1984), 133-35; “Configuring the
Universe,” 2901, 297-300; and “Reply to Saliba,” Perspectives on Science 8, no. 4 (2000):
343.

156 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 DSB [1976], 13:321-22). The
work is listed in Ibn al-Nadim as an “Introduction to ‘Almagest’ [Introductio in Almagestum)
with an ancient translation” (Fihrist, Dodge 2:641; Sayyid 2/1:217), and also as an introduc-
tion in Sezgin, Geschichte des arabischen Schrifitums, vol. 6: Astronomie bis ca. 430 H.
(Leiden: E. J. Brill, 1978), 102 [hereafter cited as GAS, 6]. The content of Pappus’s commen-
tary, 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 translated into Arabic by Thabit ibn Qurra (642). See also Neugebauer,
HAMA, 2:965-69.



40 S.P. Ragep

Olympiodorus.'3” All three of these works contain some overlap, and deal with con-
tent concerned with explanations of mathematical computations.'*® In other words,
their orientation is quite technical, and so one would presume that the target audi-
ence would have been rather limited. However, apparently this topic found
resonance with some Islamic scholars, such as al-Kindi, 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-Kind1’s Kitab fi al-sind ‘a al- ‘uzma, a work deal-
ing 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.”!

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 hav-
ing been translated into Arabic'®! or into Latin (in tofo or in parts). We do know,

157 Joseph Mogenet considers 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” (156), in Textual Studies in Ancient and
Medieval Geometry (Boston: Birkhéuser, 1989), 155-211 (Ch. 7: On Eutocius: A Thesis of
J. Mogenet).

158 See Neugebauer, HAMA, 2:1042-43. Regarding these three works, G. J. Toomer con-
cluded 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 con-
cerning isoperimetric problems (see “The Mathematician Zenodorus,” Greek, Roman and
Byzantine Studies 13 [1972]: 177, and nl; and Toomer, “Theon of Alexandria,” 321).
Although Zenodorus’s name is not mentioned by Ptolemy in the Almagest, extensive excerpts
of his proofs of propositions are used by Theon in discussing Ptolemy’s section on the sphe-
ricity of the heavens (4/magest, 1.3; see Toomer, Ptolemy’s Almagest, 39—40, 40n25).

159 See Franz Rosenthal, “Al-Kindi and Ptolemy,” Studi Orientalistici in Onore di Giorgio
Levi Della Vida, Pubblicazioni dell’Istituto per 1’Oriente, 52 (Rome, 1956), 2:440, 444. 1
return to al-Kindi’s 4/magest commentary later as well as one by Abt Ja‘far al-Khazin,
whose Tafsir al-Majisti also dealt with isoperimetric problems.

160 Rosenthal is rather explicit in asserting that the “context leaves no doubt that Theon’s
Commentary is al-Kindi’s source” and that in parts of the work “al-Kindi follows Theon
almost literally but expands the discussion in some places” (“Al-Kindi and Ptolemy,” 2:446,
449n2, 450).

161 Tbn al-Nadim does include “Diadochus Proclus, the Platonist”; however, the Hypotyposis
is not listed among his works translated into Arabic (Fihrist, Dodge 2:607-8; Sayyid
2/1:173). The work was printed in Basel in the sixteenth century: Procli Diadochi
Hypotyposis astronomicarum positionum, ed. Simon Grynaeus (Baseleae, 1540). However,
Franz 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, Plotinus and Proclus” (The Classical
Heritage in Islam [Berkeley: University of California Press, 1975], 11-12).
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however, that Proclus had students and successors;'®> and so one would presume his
astronomical knowledge (with a Ptolemaic bent) would have influenced future gen-
erations 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 Greek astronomy for pedagogical purposes; but this virtually made

162 Tt is known that Proclus’s student Ammonius had students who included Philoponus,

Asclepius, Olympiodorus, Damascius, and Simplicius; and 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 Alex-
andria, see Neugebauer, HAMA, 2:1031-54; and also David Pingree, “The Greek Influence
on Early Islamic Mathematical Astronomy,” Journal of the American Oriental Society 93,
no. 1 (Jan.-Mar., 1973): 32-34.

163 The library of Cardinal Bessarion is said to have housed the largest collection of Greek
manuscripts in fifteenth-century Italy; it included several Greek A/magests, Proclus’s
Hypotyposis, Theon of Alexandria’s commentary on the A/magest, Theon of Smyrna’s
Mathematical Knowledge Useful for Reading Plato, and other hard-to-find Greek works. See
Michael H. Shank. “The Classical Scientific Tradition in Fifteenth-Century Vienna,” in
Tradition, Transmission, Transformation, ed. F. Jamil Ragep and Sally P. Ragep (Leiden: E.
J. Brill, 1996), 128-29.; and Shank, “Regiomontanus and Astronomical Controversy in the
Background of Copernicus,” in Before Copernicus: The Cultures and Contexts of Scientific
Learning in the Fifteenth Century, ed. Rivka Feldhay and F. Jamil Ragep (McGill-Queens
University Press, in press).

164 See Bruce Eastwood, Ordering the Heavens: Roman Astronomy and Cosmology in the
Carolingian Renaissance (Leiden: E. J. Brill, 2007), 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 [Cam-
bridge: Cambridge University Press, 1998], 20).

165 In his inimitable way, Neugebauer proclaimed, “Ptolemy had no successor,” and also
deemed the extent of extant Greek scientific works at the time of the Roman period as “rather
sad” (HAMA, 1:5). But even more graphic demonstrations of this overall sentiment of stag-
nation 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., 1932], 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], 335).
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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, compiled during the first to the fifth centuries, that had
piecemealed bits of Greek astronomy, 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 CE) 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 realms;'®® and Mar-
tianus Capella’s De nuptiis Philologiae et Mercurii (fifth century), Book VIII,
which provided some elementary astronomical concepts and data.'”

166 See Olaf Pedersen, “The Corpus Astronomicum and the Traditions of Medieval Latin As-
tronomy: A Tentative Interpretation,” in Colloquia Copernicana III, ed. Owen Gingerich and
Jerzy Dobrzycki (Wroctaw: Ossolineum, 1975), 62.

167 See Eastwood, Ordering the Heavens (on Pliny the Elder, 95-178 [Ch. 3]; on Macrobius,
31-94 [Ch. 2]; and on Martianus Capella, 179-311 [Ch. 4]). Cf. Neugebauer, HAMA,
2:1028-30; McCluskey, Astronomies and Cultures, 16-17; and, Pedersen, “The Corpus As-
tronomicum,” 60—62.

168 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 Heav-
ens, 178). Book II alone contains 109 chapters, with topics ranging from eclipses to why the
sea is salty. Bernard R. Goldstein and Alan C. Bowen highlight Pliny’s passage on eclipses
(I.12) to assert that he has been an underappreciated source for our knowledge of pre-
Ptolemaic Greco-Latin astronomy. Their intent 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, no.2 [1995]: 155—
58). Actually, I share 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”).

169 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; discus-
sions 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, 19, 27, 59—
60, 66—67). See also McCluskey, Astronomies and Cultures, 117-19.

170 The title of this 9-volume work is an allegory for the marriage of elegance and wisdom,
uniting to combine respectively the #ivium (grammar, rhetoric, and logic) and the quadriv-
ium (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 addi-
tion 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 lengths of the four seasons. Unlike both Pliny and Macrobius, he also asserts (with-
out 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
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Theoretical astronomy was a topic dealt with only peripherally in these Roman
sources.!”! Consequently, one finds a range of competing and often contradictory
astronomical theories; so, for example, we find different scenarios for the
sequencing of the planets.'”> Accompanying this is a general lack of technical ac-
curacy and mathematical explanations,'” i.e., epicycles and eccentrics make only
cameo appearances in Roman sources. It seems that far more important for a Roman
audience was presenting 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 theo-
retical understanding of the universe without instruction.”!”

Roman astronomy then, in roughly the ninth century, provides us with an alter-
native account of an astronomical education, one that developed in the main without
the benefit of ancient Greek sources for theoretical guidance.!” This would have

Heavens, 12-14, 20-21, 244-59, 303; Gerd GraBhoff, “Natural Law and Celestial Regulari-
ties 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), 144—46; and McCluskey, Astronomies and Cul-
tures, 120-22.

171 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, 10-12).

172 A striking example of this is that the three most popular Roman sources for teaching as-
tronomy 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.

173 Neugebauer provides us with what he refers to as some of the more “absurd parameters”
regarding sizes and distances found in Roman sources (HAMA, 2:723-24, 1029-30); and he
singles out their oft-repeated postulate that all seven planets move with equal speed in their
respective orbits. See also Pedersen, who bemoans the “non-mathematical character” of as-
tronomical works of popularization (“The Corpus Astronomicum,” 61-62, 65).

174 McCluskey concludes that “literary presentation was more important than rigorous
demonstration, philosophical significance more important than mathematical precision” (4s-
tronomies and Cultures, 117). Cf. both Eastwood and Pedersen, who intentionally omit those
literary sources referencing astronomy and cosmology in their surveys of popular pedagogi-
cal astronomical texts (Pedersen, “The Corpus Astronomicum,” 60; and Eastwood, Ordering
the Heavens, 13).

175 Almagest, 1.1 [Preface] (Toomer, Ptolemy’s Almagest, 35).

176 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 com-
pared with Ptolemy or his Greek commentators” (“The Corpus Astronomicum,” 59-60).
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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.!”®

1.3.3  Islamic Forebears

Many Islamic scholars writing on theoretical astronomy supported Ptolemy’s view,
as stated in the A/magest preface, that two of Aristotle’s three divisions of theoreti-
cal 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 rigorously.”'”” By the ninth century,
Ptolemy’s Almagest had been translated no less than five times,'®® along with the
translation of his Planetary Hypotheses, other ancient Greek 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 phys-
ical component for the picture of the universe, i.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. '8!

177 Rosenthal, The Classical Heritage in Islam, 14.

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

179 See Almagest 1.1: Relation of astronomy to philosophy (Ptolemy’s Almagest, 36).

180 To summarize, these Almagest translations include a lost Syriac version translated from
the Greek as well as translations from Greek into Arabic, including two different versions for
the Caliph Ma’miin (one by al-Hasan ibn Quraysh and another by al-Hajjaj ibn Matar) and a
later translation by Ishaq ibn Hunayn for Abt al-Saqar ibn Bulbul, which was revised by
Thabit ibn Qurra. Ibn al-Nadim 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 version was corrected by Thabit (Fihrist, Dodge 2:639-40; Sayyid 2/1:215). See Sezgin,
GAS, 6:83-96; Toomer, Ptolemy’s Almagest, 2-3; and Morelon, “Eastern Arabic Astron-
omy,” 21-23. For comparison, 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.

181 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 mishaps, 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,” 3—4). (The entire text has yet to
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Islamic scholars took 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 re-
counted “everything useful for the theory of the heavens” up until his time in the
second century. In other words, Ptolemy had done his part by updating the three
elapsed centuries since Hipparchus’s observations, and it was incumbent on 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 provide to test and improve upon past observations.'$?
Needless to say, elementary Islamic astronomical textbooks on hay’a were the
beneficiaries of this directive.

1.3.3a The Moderns'®

It is not uncommon to find references in say ‘a works referring to the opinions of the
“Moderns” (see, for example, Mulakhkhas, 1.2[6]), which originally meant 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. 813-33).'%* So some three

be critically edited, though there are partial translations into German and French.) Also see
Neugebauer, HAMA, 2:900—-1, 918-19; Ragep, Tadhkira, 1:27n7; and Sezgin, GAS, 6:94-95.

182 See Almagest, 1.1 [Preface]; VIL1 and 3; XIIL11 [Epilogue] (Toomer, Prolemy’s
Almagest, 37, 37nl1, 321, 329, 647 respectively). A. 1. 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,” 289). The mandate for scientific advancement so dearly upheld
by Islamic astronomers seems to contrast sharply with what was occurring in the Latin
Middle Ages; perhaps that is why McCluskey stresses 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 astro-
nomical practice and knowledge from the fourth to the thirteenth centuries” (Astronomies
and Cultures, ix).

183 The contrast between “ancients” and “moderns” is commonplace among Islamic authors
but has different connotations depending on the subject. For Islamic astronomers, the dichot-
omy 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 Geert Jan van
Gelder, “Ancients and Moderns,” EI3. Brill Online, 2014. Reference. McGill University. 19
January 2015  http:/referenceworks.brillonline.com/entries/encyclopaedia-of-islam-3/
ancients-and-moderns-SIM_0040. For a fuller version of this article, see also Geert Jan van
Gelder, “Muhdathiin,” in E72 (2004), 12:637-40.

184 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


http://referenceworks.brillonline.com/entries/encyclopaedia-of-islam-3/ancients-and-moderns-SIM_0040
http://referenceworks.brillonline.com/entries/encyclopaedia-of-islam-3/ancients-and-moderns-SIM_0040
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centuries later, by the twelfth century, JaghminT 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 is a brief overview of some of the key astronomical
textbooks within this tradition that JaghminT 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‘qub ibn Tariq (fl. late eighth-century Bagh-
dad) composed one of the first #ay ‘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 '@ works
(for example, it is omitted in the Mulakhkhas). This work, extant only in fragments,
was composed circa 777-78 (so prior to the translations of most Greek scientific
texts) and uses Indian techniques to compute the planctary distances. But as al-
BiriinT aptly commented, the Hindu approach is markedly different than Ptolemy’s
“computation of the distances of the planets in the Kitab-almanshiirdat, and in which
he has been followed both by the ancient and the modern astronomers.”!® Indeed,
once Ptolemy’s A/magest 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 BirQini, writing two
centuries later, would view Ya‘qiib ibn Tariq’s cosmology as unfamiliar and “based
on a principle which is unknown to me in the present stage of my knowledge.”'®’

833] near Damascus) with the intent of verifying Ptolemy’s parameters in the 4/magest and
Handy Tables. One important improvement was determining new values for the obliquity of
the ecliptic. See Lennart Berggren, “Ma’miin,” and Benno van Dalen, “Yahya ibn Abi
Mansiir,” in The Biographical Encyclopedia of Astronomers [hereafter cited as BEA], ed.
Thomas Hockey et al., 2 vols. (New York: Springer-Verlag, 2007), 2:733 and 2:1249-50
[respectively]; and Tbn al-Nadim, Fikrist, Dodge 2:653; Sayyid 2/1:237. In addition, Ma’'miin
sent a group of scientists to 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, 124-25. See also Y. Tzvi Langermann,
(“The Book of Bodies and Distances of Habash al-Hasib,” Centaurus 28, no. 2 [1985]:108-28),
who presents a portion of Habash’s Arabic text with English translation, which is a record of
the scientific projects carried out by the Caliph al-Ma miin.

185 See Kim Plofker, “Ya‘qiib ibn Tariq,” in BEA, 2:1250-51; and David Pingree, “The Frag-
ments of the Works of Ya‘'qub ibn Tariq,” Journal of Near Eastern Studies 27, no. 2 (Apr.,
1968): 98, 105-20. Pingree includes BirGini’s extracts from Tarkib al-aflak found in
Alberuni’s India (trans. Edward C. Sachau, 2 vols. [London: Triibner & Co., 1910], 2:67-68,
80) in addition to Biriini’s own comments. See also Ibn al-Nadim, Fikrist, Dodge 2:659;
Sayyid 2/1:245; Jamal al-Din Abu al-Hasan ‘Alf ibn Yasuf al-Qifti (d. 1248), Ta rikh al-
hukama’, ed. J. Lippert (Leipzig: Dieterich’sche Verlagsbuchhandlung, 1903), 373; and
Sezgin, GAS, 6:124-27.

186 4lberuni’s India, 2:69.

187 See Alberuni’s India, 2:70. Birani provides a brief synopsis of Hindu planetary theory and
points out that it differs from the Ptolemaic system (69).
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BirtinT 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-Manstr and al-Ma miin; according to Taro Mimura, 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 fay a dealing with
phenomena in both the celestial and sublunar world, but with a focus on glorifying
God and how the celestial orbs influence the sublunar region. Ptolemy is quoted;
however, the treatise uses non-Ptolemaic planetary models, seemingly similar to
Sanskrit ones 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 as-
tronomy and planetary theory was compiled by Muhammad ibn Kathir al-Farghant,
a scholar affiliated with the ninth-century Baghdad ‘Abbasid court. His thirty-
chapter compendium on the science of the stars (Jawami‘ ‘ilm al-nujim),"* com-
posed between 833 (after Ma’miin’s death) and 857, has often been characterized

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

189 See Taro Mimura, “The Arabic Original of (ps.) Masha’allah’s Liber de orbe: Its Date
and Authorship,” The British Journal for the History of Science 48 (2015): 321-52.

190 Tbn al-Nadim lists the work as a “book known as The Twenty-Seven” (Fihrist, Dodge
2:650-51; Sayyid 2/1:242). So does al-Qift1, 7a rikh al-hukama’, 327 and Rosenfeld and
Ihsanoglu, MAMS2, 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), 32-33 (no. 8: De motibus [De
orbe]); David Pingree, “Magha’ allah,” in DSB [1974], 9:162 [no. 25 in Pingree’s list of 28]);
Julio Samso, “Masha’ Allah,” in E72 (1991), 6:710—12; and Sezgin, GAS, 6:129 (no. 2).

191 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 Press, 1975), 10-12.

192 Farghani’s Jawdami ‘ is not really a summary, but more a compilation of selected parts of
Ptolemy’s A/magest; see Ibn al-Nadim, Fihrist, Dodge 2:660; Sayyid 2/1:247. Many titles
have been attributed to this work: Hajjt Khalifa just gives Kitab al-Fusiil al-thalathin (The
Book of 30 chapters) in his Kashf al-zuniin (4:438-39); but al-Qiftt refers to it as Madkhal
ila ‘ilm hay’at al-aflak wa-harakat al-nujim (Introduction to the Science of the Structure
(hay'a) of the Orbs and the Movements of the Stars) (Ta rikh al-hukama’, 78), although
Farghani refers to his work as ‘ilm al-nujiim, not ‘ilm al-hay’a, and he restricts the use of the
word hay a to the title of a chapter discussing the “arrangement” of the nested orbs (see Ch.
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as a popular summary of Ptolemy’s 4A/magest due to the scope of his descriptive
selections from it, which are replete with basic astronomical information,
definitions, concepts, and parameters, many (but not all) “updated” Ma’miin values
(which 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 Almagest, such as
astronomical instruments, are noticeably absent.!”* It also lacks any illustrations.
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, one
might object to this categorization, finding fault with the work’s (dis)organization
and oversimplifications, and lack of attention to what one might call the “how-to’s”
of planetary motion, this including his presentation of Ptolemy’s nested spheres
(e.g., he constantly lumps the upper and lower planets together, is vague on
positions of eccentrics, and so forth).!° Nevertheless, given the time and place, one
must credit Farghani with providing a description of the “hay’a” of the orbs for

12, Jawami ‘, 45-49 [e.g., Paris, BnF, ar. MS 2504, ff. 127b—128b]). For more on Farghani,
the astronomer-astrologer-engineer, plus an overview of the content of the Jawami, see A.
I. Sabra, “Al-Farghani,” in DSB (1972), 4:541-45 and Bahrom Abdukhalimov, “Ahmad al-
Farghant and His Compendium of Astronomy,” Journal of Islamic Studies 10, no. 2 (1999):
142-58. See also Fuat Sezgin’s reprint of Golius’s 1669 Arabic printed edition with Latin
translation (Ahmad ibn Muhammad ibn Kathir al-Farghani [Alfraganus] (about 850 CE),
Jawami® ‘ilm al-nujim wa-usil al-harakat al-samawiya, ed. Jacob Golius [Frankfurt am
Main, 1986]) [hereafter cited as Jawami ]; Sezgin, GAS, 6:149-51; and Gregg DeYoung,
“Farghani,” in BEA, 1:357.

193 Farghani sometimes provides both the old (Ptolemaic) and the new (Ma miinT) 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 (see Ch. 5, Jawami , 18; Paris, BnF,
ar. MS 2504, f. 121a). Sometimes Farghani gives only Ma’'miin’s new information, such as
his measurements for the Earth’s circumference (20,400 miles) and the Earth’s diameter (ap-
prox. 6,500 miles) (Ch. 8, Jawami', 31; Paris, BnF, MS ar. 2504, f. 124a). However,
sometimes he retains the old (perhaps unknowingly) rather than presenting the new, such as
maintaining Ptolemy’s precessional rate of 1°/100 (Ch. 13, Jawami , 49-50; Paris, BnF, MS
ar. 2504, f. 128b), versus replacing it with the updated 1°/66 value. For more specifics on
Farghant’s parameters, and comparisons with other sources, see the Commentary below, in-
cluding the charts.

194 One would have thought Farghani, being an engineer, would have included some discus-
sion 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.

195 This is Langermann’s assessment (Ibn al-Haytham’s “On the Configuration of the
World,” 31).

19 Langermann 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” (Ibn al-Haytham’s “On the Configuration of the World,” 26-28).
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each of the planets and their distances from the Earth (Ch. 12), and further
acknowledge his overall attempt to make more accessible a lot of information often
deeply buried within the thirteen books of the Almagest, which includes Ptolemy’s
numerous parameters. One example is Farghant’s calculation of the distances of the
planets from the Earth in miles (in Ch. 21), which seems to be based on an inde-
pendent calculation using parameters from the A/magest rather than the Planetary
Hypotheses.

It is not at all clear who Farghant’s target audience was (e.g., court officials or
the general public); however, the Jawami ‘ inspired a few Arabic commentaries—
one by al-Qabisi (d. 967),'” another by Ibn Sina’s companion and literary secretary
al-Jazjani (eleventh century),'®® and possibly a third by al-Birani'**—which indi-
cates the work was known, and taken seriously, by later scientists. Given that there
are relatively few extant copies and commentaries of the Jawami , certainly in com-
parison with other later 4ay 'a works and their commentaries, perhaps it should be
considered more of a formative textbook within an Islamic context in contrast with
those 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 Bagh-
dad was the Sabian Thabit ibn Qurra (221-88/836-901), who flourished during the
reigns of several post-Ma miin ‘Abbasid caliphs.?”! Renowned for his extensive
number of translations and revisions of Greek works (which included the Almagest

197 A1-QabisT also wrote a work on sizes and distances. See Sezgin, GAS, 6:209 (nos. 1 and
2); and Rosenfeld and Thsanoglu, MAMS2, 85 (no. 205), A3, A4.

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

199 The work is listed as corrections to Farghant’s chapters (Tahdhib fusiil al-Farghani ) in
D. J. Boilot, “L’oeuvre d’al-Beruni, Essai bibliographique,” Mélanges de [I’Institut Domini-
cain d’Etudes Orientales 2 (1955): 181 (no. 14); Sezgin, GAS, 6:274 (no. 13); and Rosenfeld
and Thsanoglu, MAMS?2, 152 (no. 348), A26.

200 The influence of al-Farghani [Alfraganus] on medieval European astronomy is indicated
by the number of Latin translations and printed editions of the Jawami ‘ or Elements. There
were two twelfth-century Latin translations and one into Hebrew by Jacob Anatoli (fl.
thirteenth century) that 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 M. 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, MA: MIT
Press, 1993), 131-68; and James S. 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.

201 The number of ‘Abbasid caliphs that spanned Thabit’s lifetime is rather impressive and
include: al-Mu‘tasim (r. 833—42); his son al-Wathiq (842—47); his brother al-Mutawakkil
(847-61) and his son al-Muntasir (861-62); al-Musta‘In (862-62); al-Mu ‘tazz (866—69) and
al-Mu‘tamid (870-92) [sons of al-Mutawakkil]; and al-Mu‘tadid (892-902).
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and Planetary Hypotheses), he also composed numerous astronomical composi-
tions, several of them on Ptolemaic astronomy, among which a few can be classified
as introductions.?%? It has been suggested that Thabit 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” (without indicating in
what sense) and cites their only commonalities as being that both had modified
Ptolemy’s parameters on the ecliptic obliquity (though each gives a slightly
different value) and that both had agreed on the motion of the solar apogee (taken
to be fixed by Ptolemy).2** 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-Majistr and FT dhikr al-
aflak....** But they also had some commonalties, and both differences and simi-
larities are worth pointing out here for what they indicate about elementary
astronomy texts during this period. Part of their differences lies in the fact that
Thabit’s introductions deal exclusively with the celestial realm, whereas Farghant’s

202 Régis Morelon attributes to Thabit between thirty to forty astronomical works, with at

least seven of these related to Ptolemaic astronomy; see Thabit ibn Qurra: (Euvres d astron-
omie (Paris: Les Belles Lettres, 1987), XI-XXIII, XXV-XXVI. See also al-Qift1, Ta rikh al-
hukama’, 115-22 at 117; Ibn Abi Usaybi‘a, ‘Uyiin al-anba’, Beirut ed., 295-300 at 298; and
Ibn al-Nadim, Fihrist (Dodge 2:647—48; Sayyid 2/1:227-28); 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.

203 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 trans-
lations 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], 17, 11718, 120).

204 See Morelon, Thabit ibn Qurra, XLIV-XLV. Thabit gives 23;33 for the ecliptic obliquity
(Tashil al-Majisti [Morelon, Thabit ibn Qurra, Arabic: 8, line 7]), and Farghani gives 23;35
compared with Ptolemy’s value of 23;51,20 (4/magest, 1.12). Each may have been relying
on different Ma 'min observations for their modifications; however, to somewhat muddy the
waters, A. I. Sabra points out that Farghant also gives the inclination of the ecliptic as 23;33
for the year 225 of Yazdigird (=857-58 CE) in his work on the astrolabe (“Farghani,” 543).
See also Ragep, “Islamic Reactions to Ptolemy’s Imprecisions,” 129-30 (on “The Obliquity
of the Ecliptic”).

205 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-Majistr (Ja_,..é\ Juged)
(“L’Almageste simplifi¢”) [Istanbul, Ayasofya MS 4832, ff. 52a—53b] and F7 dhikr al-aflak
wa-khalaqihda [correct to halaqgiha) wa- ‘adad harakatiha wa-miqdar masiriha

(o jns ey LB s0cy [1] lgilsy SN6YI 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, X1V,
XIX, XX, XXIV-XXV, XXXVII-XLIII). Also see Carmody for a brief overview of the con-

tent of the Latin translation of Thabit’s Tashil al-Majisti [=De Hiis que indigent antequam
legatur Almagesti] (The Astronomical Works of Thabit b. Qurra, 21, 117-18).
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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 ter-
restrial-related subjects such as determining the sphericity and the centrality of the
Earth (found in Farghant [Chs. 3 and 4]), and the discussion of the inhabited world
(contained in Farghani [Ch. 8]).2% Interestingly, the word /ay’a never enters
Thabit’s 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 Farghani’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 readers. Both also seem 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 the context of introductory works (but then
again JaghminT 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; however, here we find some differences (minor and
more significant ones) between the two scholars. Whereas FarghanT maintains the
Ptolemaic value for precession, Thabit acknowledges modifications have been
made, though he provides no specific parameters;?” and Farghani presents
Ma’mun’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 dis-
tances, and furthermore he uses the values contained in the Planetary Hypotheses
(but without citing his source),?!’ whereas Farghani calculates parameters for deter-
mining the nearest distances of the planets from the Earth based on the Almagest.

206 Generally speaking, absent from Thabit are topics associated with kay ‘at al-ard, such as
the seven climes (discussed in Ptolemy’s A/magest and Geography [both works that Thabit
translated] and also in Farghant’s Jawami ‘). On the other hand, Thabit does include items pe-
ripherally associated with terrestrial localities, such as definitions for the meridian and
horizon circles, zenith, and so forth.

207 In 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 (cf.
Mulakhkhas, 1.3 and 1.4); the similarity is such that it is worth considering the former as a
model for Jaghmini, especially since most other 4ay ‘@ works did not have separate chapters
on circles and arcs.

208 For example, both FarghanT 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.

209 See Morelon, Thabit ibn Qurra, Tashil al-Majisti (Arabic: 16, lines 10-11).

210 See Morelon, Thabit ibn Qurra, Tashil al-Majisti (Arabic: 14, line 5-15, line 3). Since
Thabit doesn’t reference the values, Carmody is apparently unaware that the values contained
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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 in-
formation or are knowledgeable of all available extant sources or are even aware of
all new developments. Nor might they have the same views on what the scope and
content of their subject entailed.

Furthermore, one should not assume that new information will be assimilated
immediately. Here we have the example of al-Kind1 (fl. ninth century),”!! who
demonstrates a 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 eluci-
date 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-sina ‘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-
Kind1’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) from within a Greek context, completely ignoring any new astro-
nomical developments, indicates 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 'min”...“which is inconceivable that he should not have
known about it.”?!> Rosenthal suggests (halfheartedly) that al-KindT’s rivalry with
the Ban@i Miisa, who were active in establishing the new measurements during this
period, may have been a contributing factor in al-Kindi’s decision.

within his De Hiis are from the Planetary Hypotheses, since he claims that “there is no evi-
dence that Thabit knew this work™ (The Astronomical Works of Thabit b. Qurra, 19; cf. 130,
137). Neugebauer makes the point that Thabit ibn Qurra “fully confirms the numbers from
the Planetary Hypotheses” (HAMA, 2:920 and n23).

211 Al-Kindt also flourished during the reigns of several caliphs who included al-Ma’miin, al-
Mu ‘tasim, and al-Mutawakkil. A seminal article is Rosenthal’s “Al-Kind1 and Ptolemy’’; and
for more on his writings on astronomy and mathematics, see also Ibn al-Nadim, Fihrist
(Dodge 2:618-20; Sayyid 2/1:187-89); Sezgin, GAS, 6:151-55 at 153 (no. 1).

212 Rosenthal, “Al-Kindi and Ptolemy,” 455.

213 Rosenthal, “Al-Kindf and Ptolemy,” 440, 44445, 455. See also A. 1. Sabra, “Some Re-
marks on Al-kindi as a Founder of Arabic Science and Philosophy,” in Dr. Mohammad
Abdulhadi Abu Ridah Festschrifi, ed. Abdullah O. Al-Omar (Kuwait: Kuwait University Press,
1993), 601-7.

214 For more on Theon’s Commentary of the Almagest, see above 1.3.2c: The Ptolemaic
Aftermath. For specifics regarding the content of al-Kindi’s Kitab fi al-sina‘a al- ‘uzma,
which includes evidence that his source was Theon’s Commentary, see Rosenthal, “Al-Kindi
and Ptolemy,” 43653, esp. 446.

215 Rosenthal, “Al-KindT and Ptolemy,” 454.
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An account of the Palmyra-Raqqa scientific expedition in Syria is reported by
the Banii 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 Liiqa, 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
text strikingly contains some forty-eight two-dimensional mathematical
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 illustra-
tion of the configuration of the world; and also the word hay 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, which, as mentioned, is 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.2'® 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

216 F, J. Ragep provides the passage on the expedition from the Harakat al-aflak (both the
Arabic and an English trans.), and situates the expedition within the broader context of the
complexity of introducing new parameters, and balancing tradition and innovation in Islamic
science (Tadhkira, 2:502—-10). See also F. J. Ragep, “Islamic Reactions to Ptolemy’s Impre-
cisions,” 122-25. For listings of this work by the Banii Miisa, see Sezgin, GAS, 6:147 (no.
3); and Rosenfeld and Thsanoglu, MAMS2, 35-36 (no. 74), A3. The passage is contained in
an extant fragment of Damascus, Zahiriyya 4489, f. 12a—b; and the treatise begins “qala Bant
Mausa” (f. 1b).

217 See Oxford, Bodleian Library, Seld. 11, ff. 38b—85b (the passage is on ff. 47b—48a). This
text describes both the celestial and terrestrial realms (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 Liqa, 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, no. 2 (1994):
119; “Arabic versus Greek Astronomy,” 328, 330; A History of Arabic Astronomy, 17; and
Islamic Science and the Making of the European Renaissance (Cambridge, MA: MIT Press,
2007), 18, 262. For more on Qusta and his works, see Ibn al-Nadim, Fikhrist (Dodge 2:694—
95; Sayyid 2/1:292-94); Elaheh Kheirandish, “Qusta ibn Liiga al-Ba‘labakki,” in BEA,
2:948-9; al-Qift1, Ta rikh al-hukama’, 262—63; and Rosenfeld and Thsanoglu, MAMS2, 59—
60 (no. 118).

218 The illustrations in this treatise are more mathematical than physical depictions of the
orbs, along the lines one finds in the A/magest; however, many diagrams in astronomical
works, even hay’'a works, use “mathematical” simplifications rather than the full, spherical
versions.
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clearly not well-organized (the subject matter is in one continuous stream distin-
guished 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 develop-
ments is somewhat ironic given his advocacy of upholding Ptolemy’s imperative of
scientific advancement, which demanded “the necessity of [building on] the con-
secutive 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. 317/929) provides us with a prominent counter-example. In the preface to his
great astronomical Zij, Battant explicitly informs us that his work is also in accord-
ance 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 (264-306/877-918).2> The focus of
Battant’s al-Zij al-Sabi’** as its title indicates, is concerned predominantly with

219 B.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).

220 Rosenthal, “Al-KindT and Ptolemy,” 445, 447.
221 Rosenthal, “Al-KindT and Ptolemy,” 455.

222 Carlo A. Nallino, Al-Battani Sive Albatenii Opus Astronomicum, 3 vols. (Milan, 1899—
1907), 3:7 [hereafter cited as Zij]. As noted by Willy Hartner: “Al-Battani 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 DSB [1970], 1:508).

223 Much has been written on Abii ‘Abd Allah Muhammad ibn Sinan ibn Jabir al-Battani al-
Harrant al-Sabi’ (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 £12 (1960), 1:1104-5; Julio Samso, “Battani, Al-,” in Medieval Science, Tech-
nology, and Medicine: An Encyclopedia, ed. Thomas F. Glick, Steven J. Livesey, Faith
Wallis (New York: Routledge, 2005), 79-80; and Samso, “Al-Battant,” in Encyclopaedia of
the History of Science, Technology, and Medicine in Non-Western Cultures, 91. F. J. Ragep
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 Sams6 (Barcelona, 1996), 283—90. Additional sources include:
Hajjt Khalifa, Kashf al-zuniin, 2: col. 970 [Fligel, Lexicon, 3:564 (no. 6946)]; Ibn al-Nadim,
Fihrist (Dodge 2:661-62; Sayyid 2/1:249); Qifti, Ta rikh al-hukama’, 280; E. S. Kennedy,
“A Survey of Islamic Astronomical Tables,” 132-33, 154-56 (Battani [no. 55] plus other
zijes influenced by al-Battani); Sezgin, GAS, 6:182-87; and Benno van Dalen, “Battant,” in
BEA, 1:101-3. Also see Mulakhkhas, Commentary, 11.3[9] and charts that contain his
parameters.

224 The title al-Zij al-Sabi’ or “The Sabian zij” is a reference to Battan’s Sabian ancestral
roots, and probable links with Harran in southern Anatolia. This also suggests connections
with Battani’s older contemporary, the Sabian Thabit ibn Qurra, despite Carmody’s statement
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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 hay '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).?”> However, 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 from 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 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 hay 'a textbooks. Battani is the only “authority” outside of Ptolemy that Jaghmin1
specifically cites in the Mulakhkhas (11.3[9]), an indication that Battani’s influence
was pervasive some three centuries after he flourished.

1.3.3b The Post-Moderns

Although Jaghmint only specifically cites Ptolemy and his Almagest and Battan,
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 scien-
tific activities), it is not surprising that he would inherit the ensuing work of other
scholars whose writings had altered the understanding of theoretical astronomy. For

that Battani’s Zij shows “no influence of [Thabit’s] work or methods” (stated without expla-
nation) (The Astronomical Works of Thabit b. Qurra, 18—19).

225 Langermann, however, wants to situate al-Battani, along with Farghani, within the “hay’a
literature”; he views Battant’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,” 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],” 99, col. 2, n4).

226 Battant’s extremely lengthy explanations (throughout the Zij) that accompany his param-
eters 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 under-
lying mathematics behind the numbers (“A Survey of Islamic Astronomical Tables,” 123).

227 Hartner states that anyone familiar with Ptolemy would be struck by Battani’s insufficient

and inaccurate explanations, and he points out some of Battant’s “particularly bewildering
features” contained in his Zij (“Al-Battani,” 509). See also Samso, “Battani, Al-,” 79.

228 For example, Jaghmini alludes to Ptolemy’s Geography (Mulakhkhas, 11.1[2]).



56 S.P. Ragep

example, we mentioned that JaghminT omits astrological topics in the Mulakhkhas;
however, this weeding out of astrology from Aay’a works only began in earnest in
the eleventh century, as we see with Ibn Stna’s categorization. It was after all a
subject sanctioned by Ptolemy (who also includes astrological terms and concepts
in his Almagest**®). Another example is from tenth-century Basra, where the Ikhwan
al-Safa’ included both astronomy and astrology in Epistle 3 (entitled “On
Astronomia”) of their encyclopedic work, the astronomy evidently a handmaiden to
astrological applications. It would seem that their purpose was not to present a sum-
mary account of Ptolemaic astronomy, but rather to provide moral guidance through
astronomical knowledge, i.e., the orbs being stairways to Heaven. In sum, the work
(an introduction and thirty-one chapters) gives an overview of the stars, planets, and
zodiacal signs employing basic Ptolemaic principles, but without explanations of
planetary models (e.g., the terms epicycles and eccentrics never appear); and
Ptolemy’s A/magest is cited only once [Ch. 26] and in the context of its application
for salvation.?*

The introduction of various aspects of theoretical astronomy for application to
astrology was not unique. For example, the Kitab al-Tafhim, the astrological primer
of al-Birint (d. ca. 442/1050), 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.?*! BirtinT’s “true” attitude 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

229 For example, see Ptolemy, Almagest, Book VIIL.4 (Toomer, 407-8, nn185, 187, 190).

230 The exact date of the 52 epistles of the Ikhwan 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 con-
tained 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
possible sources include: Ptolemy’s Tetrabiblos, Farghant’s Jawami‘, Abt Ma‘shar’s Intro-
duction to Astrology, Battant’s Zij, and Qabisi’s Introduction to Astrology. For most of the
information on the Ikhwan presented here, see F. Jamil Ragep and Taro Mimura (eds. and
trans.), Epistles of the Brethren of Purity. On Astronomia. An Arabic Critical Edition and
English Translation of Epistle 3 (Oxford: Oxford University Press in association with The
Institute of Ismaili Studies, 2015). Also see: Yves Marquet, “Ikhwan al-Safa’,” in £12 (1971),
3:1071-76; Rosenfeld and Ihsanoglu, MAMS2, 90-91 (no. 226), El, Al; Sezgin, GAS,
6:234-39; and Ziva Vesel, “Ikhwan al-Safa’,” commissioned for BEA:
http://islamsci.mcgill.ca/RASI/BEA/Ikhwan_al-Safa%27 BEA .htm.

231 Biriini is explicit in stating that the purpose of the Kitab al-Tafhim is to provide definitions
of astronomical terms, by way of questions and answers, to help facilitate their further appli-
cation elsewhere; and he informs us: “I have begun with Geometry and proceeded to
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 thor-
oughly conversant with these four sciences” (Tafhim, 1).
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so compositions on the subject, we cannot deny both the demand for works on as-
trology and its multifaceted role within Islamic society and among scholars
themselves.?*

That Biriin 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 Birtin1’s contemporary Aba ‘Al1 Ibn
Sina.?** However, there were many others (some recognizable by their nisbas), such
as Muhammad ibn Misa al-Khwarizmi (d. ca. 830), Abu Ja‘far al-Khazin al-
Khurasant (d. ca. 971), Abi al-Wafa’ al-Biizjani (d. 997 or 998), and Abu Sa‘id
al-Sijz1 (d. ca. 1020). Birin1 mentions the observational improvements he found in
al-Khazin’s Tafsir al-Majisti, another commentary concerned with isoperimetric
problems of the 4lmagest, Book One.?** He also exchanged astronomical data and
measurements with Biizjani (a Baghdad transplant from Khurasan), who also com-

posed a work entitled al-Majisti;**° and befriended the prolific mathemati-

232 See Edward S. Kennedy, “Al-Biriini,” in DSB (1970), 2:152, 155-57.

233 fhsan Fazlioglu refers to the regions of Transoxiana, Khurasan, and Iran as “philosophical
and scientific granaries of Islamic civilization” for Ottoman lands [italics in the original]
(“The Samargand Mathematical-Astronomical School: A Basis for Ottoman Philosophy and
Science,” Journal for the History of Arabic Science 14 [2008]: 8n13).

234 For a preliminary overview analyzing Ibn Sina’s astronomical works, see F. Jamil Ragep
and Sally P. Ragep, “The Astronomical and Cosmological Works of Ibn Sina: Some Prelim-
inary 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), 3—15.

235 See Birtini, Al-Qaniin al-Mas dr, 3 vols. (Hyderabad, 1954-56), 2:653 [hereafter cited
as Qanuin]. 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
1.3.2¢: The Ptolemaic Aftermath). In the Qanin, BirGni reports al-Khazin’s improved
observations, along with those of the ninth-century Ma'miin astronomers Khalid al-
Marwarriidhi, ‘Alf ibn ‘Tsa, and Sind ibn ‘Alf; but apparently he was critical of al-Khazin in
other works (Yvonne Dold-Samplonius, “Al-Khazin,” in DSB [1973], 7:334-35). See also
Emilia Calvo, “Khazin,” in BEA, 1:628-29; Roshdi Rashed, Founding Figures and Com-
mentators 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: Abii Ja‘far al-Khazin: Isoperimetrics and Isepiphanics; Rosenfeld and Ihsanoglu,
MAMS?2, 82 (no. 194), A3; and Sezgin, GAS, 6:190 (no. 1). For more on the other scholars,
see Marvin Bolt, “Marwarriidhi,” (2:740) and Bolt, “‘Alf ibn ‘Tsa al-Asturlabi,” (1:34), both
in BEA; Rosenfeld and Thsanoglu, MAMS2, 26 (no. 42: Marwarrtidhi), 28 (no. 47: ‘Alf al-
Asturlabi), 28-29 (no. 48: Sanad ibn ‘Ali); and Sezgin, GAS, 6:159, 143—-44, and 138 [re-
spectively]).

236 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” (“Blzjant,” in BEA, 1:188-89). See also the Arabic edition by ‘Al
Miisa, Majistt Abt al-Wafa’ al-Biizjani (Beirut: Markaz Dirasat al-Wahda al-‘Arabiyya,
2010).
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cian/astronomer al-Sijz1, who flourished in Khurasan for some period and composed
a work enticingly entitled Kitab al-aflak.>*” BiriinT’s various relationships highlight
the fact that many scholars known for their compositions on more “practical” as-
pects 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. BiriinT also showcases the
vibrant exchange of information among scholars irrespective of 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 al-Magqala fi hay at al-‘alam
(Treatise on the Configuration of the World), > a hay ’a work often championed 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 planetary theory in the Latin
West.?* Ibn al-Haytham assessed (I believe correctly) that no previous work on

237 This work is listed with this title in both Rosenfeld and Thsanoglu (MAMS?2, 113 [no. 296],
A2) and Sezgin, GAS, 6:225 [no. 1]). But this title is not mentioned in Glen van Brummelen,
“Sijz1,” in BEA, 2:1059 nor in Yvonne Dold-Samplonius, “Al-Sijz1,” in Encyclopaedia of the
History of Science, Technology, and Medicine in Non-Western Culture, 159—60. The witness
I checked (Tehran, Majlis-i Shiira MS 174, which was kindly provided to me by Mr. Sajjad
Nikfahm-Khubravan) is referred to on the library’s frontispiece label as a work on judicial
astrology. The content (240 pages) seems to deal with detailed parameters for sizes and dis-
tances and various celestial motions based on Ptolemy, and it also contains extensive tables.
Al-Sijz1 was apparently known for his astrological compilations and commentaries, which
included at least forty-five geometrical and fourteen astronomical works.

238 Langermann provides an edition of the text, along with an English translation and notes,
in Ibn al-Haytham’s “On the Configuration of the World.” See also Langermann, “Ibn al-
Haytham,” in BEA, 1:556-57.

239 Tbn al-Haytham [Latinized as Alhacen or Alhazen] became known in Europe in the thir-
teenth century, and his Configuration was translated into Spanish, Hebrew, and Latin (see A.
I. Sabra, “Ibn al-Haytham,” in DSB [1972], 6:197-98, 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 Jaghmini’s interest in the physical reality of
the orbs (albeit misplaced to the fourteenth-century [124n89]), and lumped Jaghmint together
with Ibn al-Haytham in asserting, “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 infor-
mation” (“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], 1:124-35).
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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.
Based on available evidence, 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. However, Ibn al-Haytham
does not provide parameters, proofs, a discussion of sizes and distances, or even
illustrations.?*” Furthermore, since his focus is presumably explaining the hows of
the celestial components, terrestrial topics are kept to a minimum; and philosophical
and astrological topics are omitted altogether.

However, 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 al-Shukitk ‘ala Batlamyis (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 sentiments upheld by many Islamic schol-
ars, as exemplified by his Configuration, and he also conveyed in his statements the
duties of the scholar to question scientific authorities in the quest for truth, which is
contained in his Introduction to a/-Shukitk.>*?

Ibn al-Haytham’s work was certainly remarkable and undoubtedly inspirational
for future scholars; nevertheless, to claim that he “single-handedly established

240 However, there are indications that Ibn al-Haytham may have wanted to include illustra-
tions. 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 seem to indicate
that figures should follow (Langermann, /bn al-Haytham’s “On the Configuration of the
World,” 131 [209], 150 [272], 177 [321], 196 [337], 206 [359], 215 [374], 223-24 [382]
(English); and 37, 46, 54, 57, 60, 63, 65 (Arabic)).

241 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, another philosophically inclined. For evidence sup-
porting 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 Wissenschafien 12 (1998): 1-50; and
Sabra, “One Ibn al-Haytham or Two? Conclusion,” Zeitschrift fiir Geschichte der Arabisch-
Islamischen Wissenschaften 15 (2002/2003): 95-108. Cf. the work of Roshdi Rashed, who
denies that the Ibn al-Haytham who composed On the Configuration of the World also au-
thored Doubts on Ptolemy; see “The Configuration of the Universe: A Book by al-Hasan ibn
al-Haytham?” Revue d’histoire des sciences 60 (2007/1): 47—63, where Rashed summarizes
and reaffirms his position in light of criticism.

242 A. 1. Sabra provides a marvelous translation in “Ibn al-Haytham: Brief Life of an Arab
Mathematician: Died circa 1040,” Harvard Magazine, September-October 2003, 54.
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physical cosmography in Islam” overshadows the fact that he was often making
explicit what was already implicit in previous theoretical works.?*’

However, Ibn al-Haytham should be duly recognized as a ‘“pioneering
inspiration rather than a prototype to be emulated.”*** Nasir al-Din al-TiisT devotes
an entire chapter to the configuration of the epicycle orbs of the planets according
to Abli ‘Alf ibn al-Haytham in a Persian appendix to his Risalah-yi Mu ‘Tniyya
(written in 1235);>*° and ‘Abd al-Jabbar al-Kharaqi (477-553/1084—1158)%4¢
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 turn,
Kharaqi’s compositions on theoretical astronomy, especially his Muntaha al-idrak
fi tagasim 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
al-Tabsira fi ilm al-hay’a (both written in Arabic and composed ca. 526-27/1132-
33),2*8 would play critical roles in the development of hay ‘a.?* In fact, the Tabsira

243 F. J. Ragep points out that Ibn al-Haytham “seems to go out of his way to indicate that
previous [astronomical] work has assumed the existence of solid spheres” (Tadhkira, 1:30—
33 at 31).

24 See Ragep, Tadhkira, 1:33.

245 See F. Jamil Ragep, “Ibn al-Haytham and Eudoxus: The Revival of Homocentric Model-
ing in Islam,” in Studies in the History of the Exact Sciences in Honour of David Pingree, ed.
Charles Burnett et al. (Leiden: E. J. Brill, 2004), 786—809.

246 Abd al-Jabbar al-KharaqgT has often been confused with an older contemporary, a Shams
al-Din Abu Bakr Kharaqi (both sharing the same nisba); however, we can confidently date
our Kharaqt (i.e., the one who authored hay ‘a works) based on information from contempo-
rary primary sources. See Hanif 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),”
Ph.D. diss., Tehran, Oct. 2012, 4-5 [in Persian with an Arabic edition]. See also Cemil
Akpinar, “Haraki,” in Islam Ansiklopedisi (Istanbul: TDV, 1997), 16:94-96 [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 (1926-27): 203—18; repr. in E.
Wiedemann, Aufsdtze zur arabischen Wissenschafis-geschichte (Hildesheim: Georg Olms,
1970), 2:628-43.

247 Kharaqf cites both Ibn al-Haytham and Abii Ja far al-Khazin in the Muntaha (e.g., Berlin,
Staatsbibliothek, Landberg MS 33, f. 2a), but he omits al-Khazin in the Tabsira (e.g., Istan-
bul, Ayasofya MS 2581, f. 2b). See also Ghalandari, “A Survey of the Works of ‘Hay 'a’ in
the Islamic Period,” 149-50.

248 Ghalandari, “A Survey of the Works of ‘Hay’a’ in the Islamic Period,” Abstract and 7.
249 Some indications are: Mu’ayyid al-Din al-‘Urdi’s thirteenth-century Tabsira commentary
and quotes from Kharaqi’s works (see Saliba, “The First Non-Ptolemaic Astronomy at the
Maraghah School,” Isis 70, no. 4 (Dec., 1979): 572; repr. in A History of Arabic Astronomy,
114); Tast referencing Kharaqi simply as “the author [s@hib] of the Muntaha al-idrak”
(1,53 i >lo) in his Hall-i mushkilat-i Mu iniyya (Ragep, “Ibn al-Haytham and
Eudoxus,” 797 [Persian], 805 [Eng. trans.]); Qutb al-Din al-Shirazi including three of his



Introduction 61

was an unnamed source used extensively by Jaghmini throughout the
Mulakhkhas.>>® Kharaq’s works would codify the basic structure of subsequent
hay’a works: an introduction and (most importantly) the two-part division of
regions into the arrangement (tarkib) of the celestial bodies and their motions and
the configuration (hay’a) of the Earth. Other hay’a works might also devote a
chapter or section to the subject of sizes and distances; and a discussion of
chronology, included as a separate section in the Muntahd, tended to be downplayed
in later works.?>! The credit for this new delineation of astronomy associated with
hay’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 hay ‘a work, in Persian, entitled al- Umda dedicated to the Khwarizm Shah
Atsiz (r. 521-51/1127-56); and it is among the list of “unattributed” hay 'a works
mentioned by Shirazi in his explicit to the Nihdya.?>* Kharaqi’s Persian treatise, as
do its two Arabic counterparts, contains the signature two-part division of the
COSMOS.

Although I have yet to examine Kharaq1’s Persian Aaya treatise carefully, its
mere existence raises interesting questions that challenge our views regarding the
role of Persian compositions of theoretical astronomy, especially their relationship

works in his list of well-known /ay ‘a books in the explicit to his Nihdya (Ragep, “Shirazi’s
Nihayat al-Idrak: Introduction and Conclusion,” 51 [Arabic], 55 [Eng. trans.]); and Shirazi’s
student ‘Ubaydi (d. 751/1350) playfully incorporating the use of tabsira into his commentary
title to Tust’s Tadhkira (Bayan al-Tadhkira wa-tibyan al-tabsira) (Ragep, Tadhkira, 1:61).
See also Petra G. Schmidl, “‘Urdi,” in BEA, 2:1161-62.

230 See the Commentary for references to Kharagi, and especially the examples provided in
which JaghminT paraphrases sections from Kharaqi’s Tabsira (I1.1[10]: his description of lat-
itudes from 63 to 66 degrees; and I1.3[5]: regarding the astrolabe/gnomon exercise). Rather
than charging Jaghmini with plagiarism, one should keep in mind that Kharaqi’s works were
probably common knowledge, and so Jaghmini may have felt no compunction to paraphrase
him.

251 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 mat-
ter for a hay'a basita work; however, Kharaqi’s Muntaha contains a chapter on the subject
[Magala 11, bab 17, in 2 parts (faslan)]. Some later hay ‘a works would devote an entire sec-
tion to sizes and distances (e.g., TUsT’s Tadhkira). Regarding subjects related to chronology
(such as years, months, hours), Jaghmini in the Mulakhkhas lumps the various topics together
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). In comparison, TasT 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, 1:36, 36n12, 300-3 (II1.10[3],
lines 10-12)).

252 See Ragep, Tadhkira, 1:36.

253 See Ragep, “Shirazi’s Nihdayat al-Idrak: Introduction and Conclusion,” 51 [Arabic], 55
[Eng. trans.]. Only recently have we become aware that the identity of Shirazi’s unnamed

author of al- ‘Umda li-uli al-albab was Kharaqi, and also that the work was composed in
Persian.
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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 counter-
parts, 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 a Persian treatise gave rise to an Arabic one is
typically downplayed (or dismissed). A good example highlighting this point is the
general assumption that Birtin1’s Arabic version of his Kitab al-Tafhim preceded the
Persian, although there is no evidence to support any priority. Furthermore, it has
also been suggested that the Persian rendition was not necessarily done by Birtin1
himself (who I might add was trilingual in Persian, Arabic, and [his mother tongue]
Khwarizmian), again based on unfounded speculation.?>

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 inde-
pendent of the contemporary Arabic production.”?*® However, even a preliminary
comparison of Kharaqi’s three works indicates striking similarities between them,
and especially between the Arabic Muntaha and the Persian ‘Umda.?>” This clearly

254 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: Cambridge University Press, 1998), 231.

255 Although Gilbert Lazard points out that the priority between the two versions has never
been explicitly established, he confidently concludes Arabic seniority based on his impres-
sion that the Arabic is written in a concise and elegant style, whereas the Persian is written
in a more clumsy and belabored way (“Souvent I’arabe est concis, net ¢légant 1a ou le persan
paraphrase plus ou moins et donne I’impression d’une certaine gaucherie et d’une certaine
lourdeur” [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 Birtin’s objection to composing scientific works in Persian (as ex-
pressed in his work on Pharmacology [Kitab al-Saydalal]). Lazard is not alone in referring to
this latter work and citing BirlinT’s statement that Persian was a language “fit only for the
recital of bedtime stories and legends of kings” (E. S. Kennedy, “Al-Biriini,” 155), and also
that Persian was a language far “less precise and less lexically rich for scientific purposes”
[than Arabic] (Bosworth, “The Persian Contribution to Islamic Historiography in the Pre-
Mongol Period,” 231-32). George Saliba also reiterates this sentiment in “Persian Scientists
in the Islamic World: Astronomy from Maragha to Samarqand,” in The Persian Presence in
the Islamic World, 126, 146. Nevertheless, unlike Lazard, Kennedy concluded that Birtini
alone prepared both versions of the Tafhim (154). See G. Lazard, La langue des plus anciens
monuments de la prose persane (Paris: C. Klincksieck, 1963), 58—62 (no 10: Al-Tafhim).

236 Saliba, “Persian Scientists in the Islamic World,” 127. A major counterexample is the
Tasi-couple, which was first presented in Persian in Tusi’s appendix to his Risalah-yi
Mu ‘Tniyya; see F. Jamil Ragep, “The Origins of the Tusi-Couple Revisited,” forthcoming.

257 For example, for the Tabsira, Kharaqgi 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 chs; Part II: 17 chs; Part III: 11 chs; ‘Umda: Part I: 25 chs;
Part II: 15 chs; Part I1I: 12 chs; Tabsira: Part I: 22 chs; Part II: 14 chs. With an admittedly
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supports the notion that the two “productions” are at least somehow interrelated,;
and it would be rash to conclude from this simply that the Persian is a direct trans-
lation 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 say 'a work dating from this period, one that (as far as I
know) has no Arabic counterpart. The Gayhan Shinakht (Knowledge of the Cos-
mos) was composed ca. 498/1104 by Kharaqi’s contemporary Qattan al-Marwazi
(465-548/1072-1153), known for being a physician and also a polymath, who
stemmed from a family of scholars among the learned circles of Merv.?*® This three-
part treatise contains what we have been calling the “classical” two-part division of
the universe 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 alternative pos-
sibility being another unknown source that influenced both).*° In any event, the
mere existence of two Persian hay ‘a treatises, especially at this formative stage, is
a step in problematizing 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 rea-
sonable to assume JaghminT would have known of this work, especially given the
place and date of composition.?®! Nevertheless, Jaghmini’s parameters are clearly
gleaned from the “authorities” of Ptolemy and Battant; and Kharaqt’s Tabsira (more
than the Muntaha) is another main source of structure and material for him, given

brief skim of the ‘Umda, I noted that the Muntaha and ‘Umda cite Abt ‘All ibn al-Haytham
and Abu Ja‘far al-Khazin, whereas the latter is omitted in the Tabsira.

258 See Behnaz Hashemipour, “Qattan al-Marwazi,” in BEA, 2:943-44 and “Gayhanshenakht:
A Cosmological Treatise,” in Sciences, techniques et instruments dans le monde iranien (Xe—
XlXe siecle), 77-84 [in Persian]; Storey, Persian Literature, 1:45-46 (no. 82: ‘Ain al-Zaman
Abi ‘Alf al-Hasan b. "Al1 b. M. al-Qattan al-Marwazi); and Ghalandari, “A Survey of the
Works of ‘Hay’a’ in the Islamic Period,” 26, 147 (English Abstract). A facsimile of this
treatise has recently been published along with an introduction [in Persian]; see al-Hasan ibn
‘Ali Qattan, Gayhan Shinakht, Chap-i 1 (Tehran, 2012).

239 1t is certainly possible that contemporary scholars residing in the same locale may not be
aware of each other; however, the Khwarizm Shah Atsiz provides 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’; and Natalia Chalisova,
“Watwat, Rasid-al-Din,” in Encyclopcedia Iranica (New York, 1996-), available online at
http://www.iranicaonline.org/articles/watwat-rasid-al-din.

260 Saliba, “Persian Scientists in the Islamic World,” 144.

261 The date of copying given in one colophon is Tuesday, 21 Ramadan 586 H (=Tuesday, 29
Oct. 1190), which indicates it was in circulation during the time Jaghmini was composing
the Mulakhkhas. Also, the facsimile is not the only witness. The published Gayhan Shinakht
lists several other witnesses (67—69), and I was able to check no. 2 on the list (Tehran, Majlis-
i Shira MS 202), which contains the exact same colophon; however, in this case, one was
probably copied from the other.
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that the Mulakhkhas shares its signature two-part division of the celestial and ter-
restrial regions, and, more significantly, JaghminT directly lifts several parts from
the Tabsira and incorporates them into the Mulakhkhas.>*

This would certainly make Badr al-Din al-Qalanist’s request for yet another el-
ementary astronomical textbook quite puzzling without a closer examination of the
differences between the Tabsira and the Mulakhkhas in both subject matter®®* and
organization.”** However, for our purposes here, even a simple comparison of the
number of chapters contained in both works shows us immediately how the
Mulakhkhas is by far a less complex work than Kharaqt’s introductory alternative:

Jaghmint’s | Kharaqt’s Tabsira
Mulakhkhas

Introduction Introduction | Introduction
(includes an extensive discussion
of mathematical terms)

Part One (hay’at al-sama’) | 5 chapters 22 chapters (5 chapters have
extensive subdivisions)

Part Two (hay ‘at al-ard) 3 chapters 14 chapters

262 Extant copies of Kharaqi’s Tabsira far outnumber those of his Muntahd. In fact, I am
currently unaware of any commentaries on the Muntaha. The Tabsira commentaries (all
seemingly composed in the thirteenth and fourteenth centuries), indicate that the treatise dis-
seminated widely, was studied in Yemen and in eighteenth-century Egypt, and was translated
into Hebrew. It is noteworthy that one commentator, Ibn al-Turkmani (fl. Cairo), was the
father of Kamal al-Din al-Turkmani, who authored a Mulakhkhas commentary (see Appendix
IL, no. 5). See Fazlioglu, “Kamal al-Din al-Turkmani,” in BEA, 1:609. See also Langermann,
“Kharaqi,” in BEA, 1:627; Ghalandari, “A Survey of the Works of ‘Hay’a’ in the Islamic
Period,” 8; and Izgi, Riyazi ilimler, 1:405-6 (no. 7).

263 Here are some additional features and differences between the contents of the two works:
(1) in discussing the equinox points JaghminT references the two holidays of Nayrtiz and
Mihrjan (see I11.2[2]), and this may be an indication of Persian influence; (2) Jaghmini cites
al-Shafi'T and Abt Hantfa (see I11.3[2]); and, most significantly, (3) Jaghmint has considera-
bly condensed the Tabsira’s 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 JaghminT pro-
vides in the introduction to the Mulakhkhas (Intr.[1]) regarding the simple and composite
bodies barely hints at its connection with Aristotelian natural philosophy.

264 An example of this is that Jaghmini gives an explanation of all the orbs in one chapter
(I.1) and a// the motions of the orbs in another separate one (1.2), whereas Kharaqi, similar
to Tais1 in his Tadhkira, combines the descriptions and motions for a planet together (usually
in a separate, self-contained chapter).
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Clearly, Kharaqi’s popular “abridged” version of the Muntaha was still fairly
extensive, with quite a bit of technical detail for an elementary treatise. One could
well conclude that there must have been a growing need for a more simplified “user-
friendly” textbook on theoretical astronomy.

Hence, Jaghmini’s Mulakhkhas enters the picture, both literally and figuratively.
So what now follows is an overview summarizing what Jaghmini does—and also
does not do—in comparison with some of these earlier works on theoretical astron-
omy. This allows us to assess how the Mulakhkhas fits into the transformations that
began to occur within the discipline of ay ‘a that transformed the way it was being
taught, with one very important result being the emergence of a new kind of hay'a
textbook that was conducive for a more general audience.

§ 1.4 Jaghmint’s Mulakhkhas:
A Beginners Text, but Not for the Untutored

Jaghmini’s plain or 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 provides fundamental information to
comprehend the broad picture of the universe (from top to bottom) that is concep-
tually 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’s A/magest for a twelfth-century Khwarizmian audi-
ence, the fruits of the work of Battani and the Ma’miin observations (the so-called
“Moderns”) and subsequent scholars. He omits mathematical proofs and the topic
of sizes and distances. 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 assumes that the student is familiar with certain components of
astrology, such as the signs of the zodiac and the constellations, inasmuch as he
incorporates the movement of the zodiacal signs and constellations into various dis-
cussions, in particular when he discusses their appearances for the various climes.?¢’

265 Cf. David A. King, who viewed the ubiquitous Mulakhkhas as no more than consisting
“mainly of a nontechnical digest of Ptolemaic astronomy” (“The Astronomy of the
Mamluks,” Isis 74, no. 4 [Dec., 1983]: 552).

266 The anwa’ literature was the discipline that consisted of a corpus of folklore material that
developed from astronomical mapping and weather prognostication, and was modified to
conform with the 28 lunar mansions (see Ch. Pellat, “Anwa’,” in EI2 [1960], 1:523-24).

267 As far as I know, no hay 'a work devoted an independent section to the constellations;
more common is to direct the reader elsewhere. For example Tasi states that that the
“knowledge of the fixed stars and that which concerns them [is] a separate discipline”
(Ragep, Tadhkira, 11.4[9-12], 1:37, 128-29). Interestingly, Rudloff and Hochheim duly point
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In fact, Jaghmint has the clear expectation that the student already has had some
previous astronomical training, as evidenced by the following few examples: a stu-
dent must be familiar with how to use an astrolabe for the “hands-on” exercise in
11.3[5], since Jaghmini provides no definitions of its parts or operating procedures;
the student should be able to perform computations using sexagesimal notation, of-
ten beyond seconds (see 1.5[37] for exercises); and the student should be familiar
with astronomical dating, in particular the Alexandrian calendar (Dhii al-Qarnayn)
as in .5[26].

Jaghmint’s challenge pedagogically was to simplify difficult material, while en-
suring 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 contained complex explanations (Proclus’s Hypotyposis), long-
winded discussions (Kharaqi’s Muntahd), oversimplifications (Farghani’s
Jawami*), additional literary references (Geminus’s Introduction to the
Phenomena), and/or incorrect statements and depictions (recall that Battani incor-
rectly 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 stu-
dent. The reinforcing, pedagogical style is witnessed throughout the textbook in
statements such as “as you will come to know...” and “as you already learned...”
(statements he interjects 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 Farghant’s Jawami ‘. These diagrams are not lavish or elabo-
rate 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 Tiist, or as later commentaries on the Mulakhkhas. We should also note
that this is not a “passive” treatise but one replete with pedagogical exercises.

But pedagogy here has its limits. Jaghmini does not seek to provide moral guid-
ance 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 Hanaff and Shafi1 schools. God seemingly remains a silent partner.

All of this brings us to the pressing questions of what inspired the commission-
ing of this treatise, and who was the target audience? The new delineation of
astronomy that dealt with both the upper and lower bodies connected the un-
changing celestial realm (hay at al-sama’) with the ever-changing sublunar one of
man (hay at al-ard). (Recall Ibn al-Haytham kept terrestrial topics to a minimum in
his On the Configuration of the World.) The study of hay’a then could provide a

out that the Mulakhkhas lacks a star catalogue; however, they assume it was because
Jaghmini would have found the catalogue of SGff to be sufficient (“Die Astronomie,” 214—
15). They are referring to ‘Abd al-Rahman al-Suff, 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 (see Paul Kunitzsch, “Stfi,” in BEA, 2:1110).
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picture of God’s entire creation, both that of the perfect and that of the corruptible,
and offer another approach to serve God.?®8 The assertion made by Qutb al-Din al-
Shirazi in his Nihaya introduction that the discipline of 7/m al-hay 'a was “the most
noble of the sciences” (with his support being a citation from the Qur’an 2°), indi-
cates that within Islamic society there was an ever-growing segment of the
population that had begun to view the study of ~ay ‘a as a way to glorify the Creator.
Kharaqt explicitly tells us in his introduction to his Muntahda that the study of ‘ilm
al-hay a is a rational and noble approach for attaining a better understanding of God
through His creation; 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 celes-
tial and terrestrial realms operate the way they do), which potentially made it an
ideal addition to the madrasa curriculum.?”!

268 Tn other words, astronomy “in the service of Islam” (a term coined by David King) is
valued for its theoretical applications to achieve a better understanding of the physical world
of God’s creation, not only for its practical applications for religious ritual and more
utilitarian needs. For the latter, see D. A. King, Astronomy in the Service of Islam (Aldershot:
Ashgate Variorum Reprints, 1993).

269 Qutb al-Din al-Shirazi cites Qu’ran I11.191 to link the heaven and the Earth in the “Intro-
duction” to his Nihdya: “Whoever—standing, sitting or reclining—recalls God and reflects
on the creation of the heavens and the Earth [will say]: Our Lord! Thou hast not created this
in vain” (Ragep, “Shirazi’s Nihayat al-Idrak: Introduction and Conclusion,” 49 [Arabic], 54
[Eng. trans.]).

270 1t is, though, pointed out in some commentaries; for example, Qadizade states that the
discipline of /ay’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,” 51, 64.

271 T develop the case that at least part of the readership of Jaghmini’s Mulakhkhas were
students studying in madrasas in Sally P. Ragep, “Mahmtd ibn Muhammad ibn ‘Umar al-
Jaghmint’s al-Mulakhkhas fi al-hay’a al-basita: An Edition, Translation, and Study,” Ph.D.
diss., McGill University, 2015, chapter 3. It is my contention that, beginning in the twelfth
century, interconnected conceptual and textual transformations began to occur within the dis-
cipline of hay’a that transformed the way it was taught. One very important result is the
emergence of a new kind of 4ay ‘a textbook that was conducive for a more general audience.
My current research further examines evidence establishing that the mathematical sciences
(with a focus on theoretical astronomy) were being studied in Islamic institutions, especially
the madrasas; see Sally P. Ragep, “The Teaching of Theoretical Astronomy in Pre-modern
Islam: Looking Beyond Individual Initiatives,” in Schiiler und Meister, ed. Andreas Speer
and Thomas Jeschke, Miscellanea Mediaevalia 39 (Berlin: De Gruyter, 2016), 557-68.
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§ 1.1 Editorial Procedures
Il.1a  Establishing the Text

Although there are a large number of extant manuscript witnesses of the
Mulakhkhas, either standing as independent texts or incorporated into a commen-
tary or supercommentary, it was possible to establish an edition that, I claim, is close
to the author’s original. Fortunately, there was a relatively simple 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, II1.1[4] (“the sec-
ond clime”), could have only occurred after the publication of the Tadhkira by Nasir
al-Din al-TiisT in 659/1261, i.e., well after Jaghmint’s lifetime.! Next, I identified a
dedication and poem to Badr al-Din al-Qalanist that occurs in only a very few man-
uscripts. Thus I chose MSS B, F, and S, which also contain the pre-Tadhkira
parameters, for the edition. There were two additional manuscripts containing the
original parameters that I also used: one, MS K, has the dedication but not the poem;
and MS L, which lacks both but has the earliest known copy date (644/1246-47).
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). These divergent prefaces come together in the pref-
ace (Pref.[2]) and continue to the end of the treatise with relatively minor variants;
these are listed in the text apparatus. The five principal manuscripts used for the
edition are described in detail in the next section §II.

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

! See also Ragep, “On Dating Jaghmini and His Mulakhkhas,” 462—64.

© Sally P. Ragep 2016 69
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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. An early commentary by Yasuf ibn
Mubarak al-Alant (ca. 735/1334) [Istanbul, Topkap1 Saray1 Miizesi, Ahmet 11l MS
3308] had the original values for the climes, while ‘Abd al-W3jid (d. 838/1435)
[Istanbul, Siileymaniye Library, Laleli MS 2127] clearly struggled (as I did) with
the range of numbers and gave both the original and the post-TaisT parameters for
the climes. Other commentators gave the post-TasT values.

IL.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 manu-
scripts) 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.

Il.1c  Variants and Orthography

Since I used only five manuscripts to establish the text, I describe each along with
its incipit, preface, and colophon in § I1.2, and I note all variants in the text appa-
ratus with the exception of minor orthographic differences. As noted below in § I11.3:
Explanation of Signs and Conventions, I have generally modernized the orthogra-
phy 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.

Il.1d Parameters

Four out of five of my main manuscripts used the alphanumeric system for num-
bering parameters. The exception was MS B; 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 (Berlin, Staats-
bibliothek, MS or. oct. 1511, p. 33):
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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 C(S) asa C(8) or by forgetting to add a stroke to £} (20) causing it to

be read as a J (30)—1 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 param-
eters were often “updated” by commentators (for example, by changing Jaghmint’s
Ptolemaic ones to those found in Nagir al-Din al-Tas1’s Tadhkira). Alant’s com-
mentary (one of the older ones) 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 Jaghmint gives for the
position of the planetary apogees; misreading a single letter 3 (300) instead of &
(500) can make a 200-year difference, but fortunately both context and Alani’s com-
mentary provide us with the correct Alexandrian date of 1517, which also gives

added confirmation of Jaghmini’s dates (see 1.5[26], and 1.2.3b: Dating the
Mulakhkhas).

§ II.2  Description of the Manuscripts

The following list contains the five principal manuscripts that have been used to
establish the edition.
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‘ Sigla ‘ Description of Manuscript
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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 1275/1858 is given. A more expansive
colophon is on p. 623, where we learn that the copyist is a certain

‘Abd al-Kartm BulgharT (g 3|HY £ ﬂ\ 2s) who finished copying

that particular work on Wednesday, 24 Jumada I 1275 H [28-29
Dec. 1858 CE] 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.

Incipit and Preface: pp. 6-7
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In the name of God, the Beneficent, the Merciful. Praise be to God
as much as His bestowal of bounty, and may a benediction be upon
His Messenger Muhammad and his family. The magnanimous,
worthy, perfect, erudite Shaykh Imam Sharaf al-Din Mahmid ibn
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Muhammad ibn ‘Umar al-Jaghmini, may God have mercy upon
him, states: the dearest of friends and the sincerest of companions
conveyed to me that my master, the highly esteemed, proficient,
refined Imam Badr al-Milla wa-1-Din, cherished by kings and sul-
tans, the healer of spirits, the seal of the sages, Muhammad ibn
Bahram al-QalanisT, proposed that I compile a book on [the subject
of] 9lm al-hay’a, being both an abridgement and an exposition,
and combining a succinctness of words with an elucidation of
meanings. I considered this a delightful entrustment and I hastened
to comply with his lofty proposal, and I said: | Oh what a proposal
came my way; it raised my rank and it advanced my standing. It
came to me from the noble one who (?); | the highly esteemed
Imam, the full moon [Badr] of the true religion. He considered me
worthy for a momentous task; | [but] the likes of me is not worthy
of such a thing as that. Nevertheless, I expended every effort for
that; | complying with his command whatever sacrifice. He called
upon me for that in kindness and piety; | not requiring the offerings
of such as myself. I composed this book on hay’at al-‘alam
[Configuration of the World] as a memento from me for every
scholar after me seeking an epitome on [hay ‘a] with an exposition,
and a succinctness of words with an elucidation of meanings,
according to [my] ability. And I have called it “The Epitome on
Theoretical Astronomy,” so that its name will indicate its
connotation and its literal sense will inform its signification; and I
arranged it so as to comprise an introduction and two parts.

Colophon: p. 64

;;\.Uj 6)&\ d\j Clguall f\;\ l\,
And God is most knowing of truth, and to Him are the refuge and
the final return.

[=F]

Philadelphia, University of Pennsylvania, Rare Book & Man-
uscript 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 Qajar seal imprints 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 Crofton Black, Transformation of Knowledge: Early
Manuscripts from the Collection of Lawrence J. Schoenberg
[London: Paul Holberton, 2006], 55 (LJS 388); and
http://dla.library.upenn.edu/dla/medren/record.html?id=MEDRE
N _5068122).The witness was completed day 2 [i.e., Monday] 29



http://dla.library.upenn.edu/dla/medren/record.html?id=MEDREN_5068122
http://dla.library.upenn.edu/dla/medren/record.html?id=MEDREN_5068122
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Rab1' I 786 H [probably, Sunday-Monday, 22-23 May 1384 CE].
MS F and MS S are closely aligned. The folios in MS F (2-19),
however, 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 17b and 18a, and this includes Figure 8 along with text. I
have indicated the beginning and the end of the missing passage
(contained in II.3[1-4]) in both the Arabic edition and English
translation between two asterisks [*]...[*].

Incipit and Preface: f. 2b
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In the name of God, the Beneficent, the Merciful, and from Whom
we seek assistance. Praise be to God as much as His bestowal of
bounty, and may a benediction be upon His Prophet Muhammad
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and his family. The proficient, highly esteemed, most learned
Imam, teacher of mankind, most noble of the worthies, he without
peer, king of the eminent ones, seal of the sages, Mahmiid ibn
Muhammad ibn ‘Umar (al-Faqtht: [may have been crossed out])
al-Jaghmini al-Khwarizmi, mercy upon him, has said: the dearest
of friends and the sincerest of companions conveyed to me that my
master, the highly esteemed, proficient, refined Imam Badr al-
Milla wa-1-Din, the pride of Islam and Muslims, cherished by
kings and sultans, the healer of spirits, the seal of the sages,
Muhammad ibn Bahram al-Qalanisi, may God have mercy upon
him, proposed that I compile a book on [the subject of| ‘ilm al-
hay’a, being both an abridgement and an exposition, and combin-
ing a succinctness of words with an elucidation of meanings. |
considered this a delightful entrustment and I hastened to comply
with his lofty proposal, and I said:

Oh what a proposal came my way; | it raised my rank and it
advanced my standing. |

It came to me from the noble one who inspires hope; | the highly
esteemed Imam, the full moon [Badr] of the true religion. |

He considered me worthy for a momentous task; | [but] the likes
of me is not worthy of such a thing as that. |

Nevertheless, I expended every effort for that; | complying with
his command whatever sacrifice. |

He called upon me for that in kindness and piety; | not requiring
the offerings of such as myself. |

I composed this book according to [my] ability, aiming for an epit-
ome on [hay ‘a] that is also an exposition. And I have called it “The
Epitome on Theoretical Astronomy,” so that its name will inform
its connotation and its literal sense will indicate its signification;
and I arranged it so as to comprise an introduction and two parts.

Colophon: f. 19b
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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 Rabi‘ I in the year 786 hijra [prob-
ably, Sunday-Monday, 22-23 May 1384 CE].
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Cambridge UK, Cambridge University Library, MS Or. 593,
ff. 1b—38b [=Trinity, R. 13.21]; the codex contains 109 folios writ-
ten in a Persian naskh script. According to Edward G. Browne, it
is dated 764 [1362—63] and the codex was bought from Elias Géjou
on October 30, 1905. (See A Supplementary Hand-List of the
Muhammadan Manuscripts, in the Libraries of the University and
Colleges of Cambridge [Cambridge, 1922], 205). E. H. Palmer
gives the date incorrectly as 1582-83 (A4 Descriptive Catalogue of
the Arabic, Persian and Turkish Manuscripts in the Library of
Trinity College, Cambridge [Cambridge: Deighton Bell and Co.,
18701, 50-52.) For an online description, see
http://www.fihrist.org.uk/profile/manuscript/abef3293-10e8-
4e05-8142-f15e28786ae9.

The title page states it was owned by a Mustafa ibn Hasan al-Fardt
in the year 1180 [1766-67].

Incipit and Preface: f. 1b
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In the name of God, the Beneficent, the Merciful. Praise be to God
as much as His bestowal of bounty, and may a benediction be upon
His Messenger Muhammad and his family. The highly esteemed,
proficient, most learned Shaykh Imam, teacher of mankind, most
noble of peers, king of the eminences, seal of the sages, Mahmud
ibn Muhammad ibn ‘Umar al-Jaghmini al-Khwarizmi, may God



http://www.fihrist.org.uk/profile/manuscript/abef3293-10e8-4e05-8142-f15e28786ae9
http://www.fihrist.org.uk/profile/manuscript/abef3293-10e8-4e05-8142-f15e28786ae9
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Almighty protect him with His grace, has said: the dearest of
friends and the sincerest of companions, Badr al-Milla wa-1-Din,
the pride of Islam and Muslims, cherished by kings and sultans,
comforter of Shaykhs, the healer of spirits, Muhammad ibn
Bahram al-Qalanist, may God find his outcomes praiseworthy,
proposed that I compile a book on [the subject of| ‘ilm al-hay’a,
being both an abridgement and an exposition, and combining a
succinctness of words with an elucidation of meanings. I consid-
ered this a delightful entrustment and I hastened to comply with
his lofty proposal. I composed this book according to [my] ability,
aiming for an epitome on [hay 'a] that is also an exposition. And I
called it “The Epitome on Theoretical Astronomy,” so that its
name will inform its connotation and its literal sense will indicate
its signification; and I arranged it so as to comprise an introduction
and two parts.

Colophon: f. 38b
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And God is the One who bestows truth, praise be to God alone.
May God bless our master Muhammad and his family and com-
panions and grant them salvation on the date of the year 764 [1362-
63 CE], may God make its outcome favorable by His grace and
munificence.

(=L

Istanbul, Siilleymaniye Library, Laleli MS 2141, ff. 61b—81a;
the codex contains 94 folios. This witness was copied in 644 H
[1246-47 CE], making it the oldest extant 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 Wagqif [Ankara, 1984], 41 [no. 15].)

Incipit and Preface: f. 61b
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In the name of God, the Beneficent, the Merciful. Praise be to God
as much as His bestowal of bounty, and may a benediction be upon
His Prophet Muhammad and his family. The servant of God (“Abd
Allah) in need of His compassion, Mahmiid ibn Muhammad ibn
‘Umar al-Jaghmini, may God have mercy upon him, states: I com-
posed this book on Aay ‘at al- ‘alam [Configuration of the World]
as a memento from me for every scholar after me seeking an epit-
ome on [hay a] with an exposition, and a succinctness of words
with an elucidation of meanings, according to [my] ability. And I
have called it “The Epitome on Theoretical Astronomy,” so that its
name will indicate its connotation and its literal sense will inform
its signification; and I arranged it so as to comprise an introduction
and two parts.

Colophon: f. 81a
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With God is success. The book was completed, the book was com-
pleted [sic] in the months of 644 hijra [1246-47 CE].

Paris, Bibliothéque nationale de France, 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 MacGuckin de Slane, Catalogue des manuscrits arabes /
par le baron de Slane [Paris: Imprimerie nationale, 1883-95],
408-9.) This witness was completed the night of Friday, 19 Dhia
al-qa‘'da 787 [Thursday evening/Friday morning, 21-22 Dec.
1385 CE].

Incipit and Preface: ff. 48b—49a
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In the name of God, the Beneficent, the Merciful, Lord may You
inspire Truth. Praise be to God as much as His bestowal of bounty,
and may a benediction be upon His Prophet Muhammad and his
family. The proficient, highly esteemed, most learned Imam,
teacher of mankind, most noble of the worthies, he without peer,
king of the eminent ones, seal of the sages, Mahmiid ibn
Muhammad ibn ‘Umar al-Faqiht al-JaghminT al-Khwarizm1, may
God have mercy upon him, has said: the dearest of friends and the
sincerest of companions conveyed to me that our master, the highly
esteemed, proficient, refined Imam Badr al-Milla wa-1-Din, the
pride of Islam and Muslims, cherished by kings and sultans, the
healer of spirits, the seal of the sages, Muhammad ibn Bahram al-
Qalanist, may God have mercy upon him, proposed that I compile
a book on [the subject of] ‘ilm al-hay a, being both an abridgement
and an exposition, and combining a succinctness of words with an
elucidation of meanings. I considered this a delightful entrustment
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and I hastened to comply with his lofty proposal, | and I said in
verse |:

Oh what a proposal came my way; | it raised my rank and it
advanced my standing.

It came to me from the noble one who inspires hope; | the highly
esteemed Imam, the full moon [Badr] of the true religion.

He considered me worthy for a momentous task; | [but] the likes
of me is not worthy of such a thing as that.

Nevertheless, I expended every effort for that; | complying with
his command whatever sacrifice.

He called upon me for that in kindness and piety; | not requiring
the offerings of such as myself.

I composed this book according to [my] ability, aiming for an epit-
ome on [hay ‘a] that is also an exposition. And I have called it “The
Epitome on Theoretical Astronomy,” so that its name will inform
its connotation, and its literal sense will indicate its signification;
and I arranged it so as to comprise an introduction and two parts.
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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 Dhi 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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[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 Rab1" II of the year 788 [early May 1386 CE] in Aleppo,
may God extend its duration.




Editorial Procedures 81

§ I1.3  Explanation of Signs and Conventions Used in the

Arabic Critical Edition and Apparatus

For the Arabic edition, the following conventions have been used:

[ N S R N

. The orthography and rules for hamza follow modern conventions.
. The dotting of (¢ follows the rules used by printers in Syria and Lebanon.
. Tanwin is generally added (but not on feminine ¢ endings).

. Shaddas have been supplied (except for sun letters and nisbas).
. Short vowels have been provided sparingly as aids to the reader and/or to avoid

ambiguity.

< (B)
o ()
< (F)
S(K)

Jm©

F & -

G-

Critical Apparatus
Separates reading in edition from any variant
Separates variant and manuscript sigla
Added in
Missing from
Indicates another variant

Editor’s comments

Berlin, Staatsbibliothek, MS or. oct. 1511, pp. 6-64

Paris, Bibliothéque nationale de France, MS arabe 2330, ff. 48b—82b
Philadelphia, University of Pennsylvania, LJS MS 388, ff. 2b—19b
Cambridge UK, Cambridge University Library, MS Or. 593, ff. 1b—38b
Istanbul, Siileymaniye Library, Laleli MS 2141, ff. 61b-81a

o2\ (blank)

3 o) &£ (under the line in)

& sk (crossed out in)

t\ (59,40 4& < wsakas (smudged, unreadable, etc.)

& Jedl 35 (above the line in)

& Uil & (in the margin in)
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84 Translation (Preface [1-2])

[Preface]
In the Name of God, the Beneficent, the Merciful

[1] Praise be to God as much as His bestowal of bounty, and may a benediction
be upon His Prophet Muhammad and his family. The proficient, highly esteemed,
most learned Imam, teacher of mankind, most noble of the worthies, he without
peer, king of the eminent ones, seal of the sages, Mahmiid ibn Muhammad ibn
‘Umar al-Faqtht al-Jaghmint al-Khwarizmi, may God have mercy upon him, has
said: the dearest of friends and the sincerest of companions conveyed to me that our
master, the highly esteemed, proficient, refined Imam Badr al-Milla wa-1-Din, the
pride of Islam and Muslims, cherished by kings and sultans, the healer of spirits, the
seal of the sages, Muhammad ibn Bahram al-Qalanisi, may God have mercy upon
him, proposed that I compile a book on [the subject of] ‘i/m al-hay a, being both an
abridgement and an exposition, and combining a succinctness of words with an
elucidation of meanings. I considered this a delightful entrustment and I hastened
to comply with his lofty proposal, and I said in verse:

Oh what a proposal came my way; | it raised my rank and it advanced my
standing.

It came to me from the noble one the highly esteemed Imam, the full

who inspires hope; moon [Badr] of the true religion.

He considered me worthy for a [but] the likes of me is not worthy of

momentous task; such a thing as that.

Nevertheless, I expended every complying with his command whatever

effort for that; sacrifice.

He called upon me for that in not requiring the offerings of such as

kindness and piety; myself.

[2] I composed this book according to [my] ability, aiming for an epitome on
[hay a] that is also an exposition. And I have called it “The Epitome on Theoretical
Astronomy,” so that its name will inform its connotation, and its literal sense will
indicate its signification; and I arranged it so as to comprise an introduction and two
parts.! The Introduction is about an explanation of the divisions of the bodies in
general terms. The First Part concerns an explanation of the orbs and what pertains
to them, and there are five chapters: (1) On the configurations of the orbs; (2) On
an explanation of the motions of the orbs; (3) On an explanation of the circles; (4)
On an explanation of the arcs; (5) On what occurs to the planets in their motions
and what is connected with this. The Second Part concerns an explanation of the
configurations of the Earth and what pertains to it, and there are three chapters: (1)
On the inhabited part of the Earth and its latitude, its longitude,

! Up to this point, there is considerable variation among the manuscripts. For the different
versions, see §11.2: Description of the Manuscripts. For the edition and translation, I have
mainly followed MSS F and S.
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86 Translation (Preface [2] — Introduction [2])

and its division into the climes; (2) On the characteristics of the equator and
locations having latitude; (3) On miscellaneous items.

Introduction

On an Explanation of the Divisions of the Bodies
in General Terms

[1] The bodies are two kinds: simple, which are those that cannot be [further]
broken down into bodies of different natures; and composite, which are those that
can be [further] broken down into bodies of different natures, such as minerals,
plants, and animals. There are two kinds of simple bodies: elements, namely, earth,
water, air, fire, and the aethereal bodies, which are the orbs with what is in them.
Every simple body, when left unimpeded in its natural state, is—as has been shown
in another science—spherical in form. Hence, the elements, in their totality, and the
acthereal bodies have spherical shapes. However, on the Earth, inasmuch as it
admits of [geological] formations, there are undulations that occur on its surface
due to reasons external to it, such as we observe by way of valleys, hills, and so
forth. But these undulations do not detract from its being spherical in shape as a
whole, like with an egg: if kernels of barleycorn were stuck on it, this would not
detract from its overall shape. Similarly, the water is spherical, despite the fact that
it is not completely round, since emerging from its surface are elevations from the
Earth. Likewise, the air is spherical yet its concave surface is irregular as well due
to undulations in it from the water and the Earth. The fire is a spherical shape that
is truly round [both] convexly and concavely according to the most correct opinion.

[2] All the orbs are spherical in shape and these spheres enclose one another.
The Earth is in the middle, then the water that encloses it, then the air, then the fire,
then the orb of the Moon, then the orb of Mercury, then the orb of Venus, then the
orb of the Sun, then the orb of Mars, then the orb of Jupiter, then the orb of Saturn,
then the orb of the Fixed Stars, and then the Orb of Orbs, which is called the
Greatest Orb; it is the orb that encloses all the bodies, nothing being beyond it,
neither vacuum nor plenum. Every enclosing [orb] is contiguous with that enclosed
by it, which is adjacent to it according to the aforementioned arrangement. To the
totality of these bodies—the elements, the orbs, and what is within them—is
extended the name “The World.” This is its illustration:
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Illustration of the Orbs

Translation (Introduction [2])

[Figure 1]






90 Translation 1.1 [1-3]

The First Part
On an Explanation of the Orbs and What Pertains to Them

Chapter 1 of Part I
On the Configurations of the Orbs

[1] The orb of the Sun is a spherical body bounded by two parallel surfaces
whose center is the center of the world. For every sphere whose two surfaces are
parallel, the center of their two surfaces is the [sphere’s] center. For every solid orb
enclosing the Earth, its two surfaces are parallel. I mean here by two parallel
[surfaces] that the distance between them is the same in all directions—not varying
such that the sphere would [then] have a thinner part and a thicker part, but rather it
is uniform in thickness.

[2] Inside the thickness of this orb, i.e., in what is between its two parallel
surfaces, not in the [orb’s] cavity, is a second orb, which is a spherical body
enclosing the Earth and bounded by two parallel surfaces whose center is away from
the center of the world; the convex of its two surfaces is tangent to the convex of
the first [orb’s] two surfaces at a point common to both called the apogee. The
concave of its two surfaces is tangent to the concave of the first [orb’s] two surfaces
at a point common to both and is called the perigee. In other words, this second
[orb] is inside the thickness of the first [orb]—not in its cavity—and shifted to one
side of it in such a way that a point on its convex [surface] will reach the convex of
the first [orb], and a point on its concave [surface will reach] the concave of the first
[orb].

[3] Thus necessarily the first [orb] becomes by [the second orb] two spheres
[i.e., two spherical bodies] whose surfaces are not parallel but rather of variable
thickness, one of the two encloses [the second orb], and the other is enclosed in it.
The thinner part of the enclosing [spherical body] is that which is adjacent to the
apogee; and the thicker part is that which is adjacent to the perigee. And the thinner
part of the enclosed [spherical body] and its thicker part are in reverse. Each one of
them is a complementary [body]. This second orb is called the eccentric, and the
first is called the parecliptic orb because on its circumference is the circle that is
also called the parecliptic orb, which you will learn about in the chapter on circles.
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92 Translation 1.1 [4-6]

[4] The Sun is a solid, spherical body fixed in the body of the eccentric orb,
embedded in it in such a way that [the Sun’s] diameter is equal to the thickness of
the orb and its surface is tangent to [the orb’s] two surfaces.

[5] As for the orbs of the upper planets and Venus, they are exactly the same
as the orb of the Sun, there being no difference at all between them and it except
that they have small orbs that do not enclose the Earth. Rather, they are fixed [and]
embedded in the bodies of their eccentric orbs in such a way that the surface of each
one of them is contiguous with the two surfaces of its deferent, in the manner of the
body of the Sun in its eccentric orb. These small orbs are called epicycle orbs.

[6] A planet in [the epicycle orbs] is a solid, spherical body fixed in the body of
the epicycle orb, embedded in it in such a way that its surface is tangent to the
surface of the epicycle at a common point between them. The eccentric orbs, with
the exception of the Sun, are called deferents [sing: samil] on account of their
carrying [haml] the centers of the epicycles, because they, I mean the centers, are
like parts of them [i.¢., the deferents].

Ilustration of the Sun’s Orb

\3

T— I

[Figure 2]
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94 Translation 1.1 [6-7]

Ilustration of the Orbs of the Upper Planets and Venus
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[Figure 3]

[7] As for the two orbs of Mercury and the Moon, each of them consists of
three orbs enclosing the Earth and an epicycle orb; however, the orb of Mercury
includes an orb, namely the parecliptic, whose center is the center of the world, and
two eccentric orbs, one of which, enclosing the other and called the dirigent, is
within the thickness of the parecliptic as in the illustration. In other words, it is like
the other eccentric orbs that are in their parecliptics, whereby its convex [surface]
is tangent to the convex [surface] of the parecliptic at a point common to both of
them, this being the apogee, and its concave to its concave at a point, this being the
perigee. The second of the two eccentrics, this being the enclosed, is the deferent
for the epicycle center within the thickness of the body of the dirigent as in the
illustration. The epicycle orb is in the body of the deferent, and the planet is in the
epicycle, according to what we stated for other epicycles. It follows that Mercury
has two apogees, one of them being as a part of its parecliptic, and the second as a
part of its dirigent.
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96 Translation I.1 [8-9]

[8] The Moon’s orb includes two orbs, their center being the center of the
world, and a deferent orb. One of the first two, which encloses the second, is called
the jawzahart and the parecliptic. The second, called the inclined, is in the cavity
of the jawzahart, not in its thickness. The deferent is in the thickness of the inclined
as in the illustration. The epicycle is in the deferent, and the Moon is in the epicycle,
according to what we have stated.

[9] From these circles, one may conceive the manner of what we have stated
regarding the configurations of the orbs.

Hlustration of Mercury’s Orb

2 Apogees

(\\.
Dirigent Compe™

P o
Uecliptic Comp\eme

[Figure 4]
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98 Translation I.1 [9-11]

Illustration of the Moon’s Orb

[Figure 5]

[10] As for the Orb of the Fixed Stars, it being the eighth orb and called the
orb of the zodiac [lit., of the signs] whose meaning you will learn about in the
chapter on the circles, it is a spherical body whose center is the center of the world.
It is a single sphere according to the most correct opinion; the concave of its two
surfaces is contiguous with the convex of Saturn’s sphere, and its convex is
contiguous with the concave of the Great Orb. The fixed stars in their entirety are
embedded [and] implanted in it.

[11] The Great Orb, called the Orb of Orbs, is a spherical body whose center
is the center of the world. The concave of its two surfaces is contiguous with the
convex of the orb of the fixed stars, and its convex is not contiguous with anything,
since there is nothing beyond it, neither vacuum nor plenum.
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100 Translation 1.2 [1-6]

Chapter 2 of Part I
On The Motions of the Orbs

[1] The motions of the orbs, in their multiplicity, have two divisions: a motion
from East to West and a motion from West to East. As for motion that is from East
to West, among these are:

[2] the motion of the Great Orb about the center of the world, this being the rapid
motion whereby the rotation [of the orb] is completed in approximately one day and
one night. The motion of the remaining orbs and what is in them follows from it,
since they are contained within the Great Orb, following as the motion of that
contained to the motion of the container. Through it is the rising and setting of the
Sun and other planets. This motion is called the motion of the universe and the
prime motion, since among the motions of the celestial bodies it is the first [motion]
one perceives and through it the Universe moves; and its two poles are called the
poles of the world, and its equator the equinoctial;

[3] the motion of Mercury’s dirigent about its eccentric center. It is called the
motion of the apogee since in it is the second apogee of Mercury as has come
before. [The motion] is upon two poles and an equator that are not the equinoctial
and the two poles of the World, nor the zodiacal equator and its two poles; you will
learn about both of them later. It is in each nychthemeron [lit., a day with its night]
0:;59,8,20, this being equivalent to the mean [motion] of the Sun, which you will
learn about later;

[4] the motion of the Moon’s jawzahar about the center of the World upon the
zodiacal equator and its two poles, it being in a nychthemeron 0;3,10,37; this is the
motion of the head and the tail,

[5] the motion of the Moon’s inclined orb about the center of the World, upon
an equator and two poles that are not the equinoctial nor the zodiacal equator, and
not their poles, it being in a nychthemeron 11;9,7,43; this is the motion of the
apogee of the Moon.

[6] As for motion that is from West to East, among these are: the motion of the
Orb of the Fixed Stars, it being a slow motion about the center of the World that
traverses, according to the opinion of most Moderns, one degree in
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102 Translation 1.2 [6-9]

sixty-six solar years or sixty-eight lunar [years|]—and you will learn about both
later—upon an equator, also called the zodiacal orb, and the zodiacal equator [lit.,
orb of the zodiacal signs and equator of the zodiacal signs], and upon two poles,
which are not the World poles, called the zodiacal poles. It follows that its equator
intersects the equinoctial; this discussion will be completed in the chapter on circles;

[7] the motions of the parecliptic orbs about the center of the World, equivalent
to the motion of the Orb of the Fixed Stars and upon its equator and two poles, as if
they move with it. These are the motions of the apogees and nodes [jawzahars],
except for one of Mercury’s two apogees, namely that in the dirigent, and except
for the Moon’s apogee, its parecliptic, and its nodes;

[8] the motion of the Sun’s eccentric orb upon an equator in alignment with the
zodiacal equator, two poles that are not its two poles, and an axis that is parallel to
the axis of the zodiacal orb, it being in a nychthemeron 0;59,8,20;

[9] the motions of the deferent orbs about their eccentric centers, upon equators
and poles that are not the two equators of the Great Orb nor the zodiacal orb and
their [respective] poles, they being in each nychthemeron:

for Saturn: 0;2,0,35

for Jupiter: 0;4,59,16
for Mars: 0;31,26,40
for Venus: 0;59,8,20
for Mercury:  1;58,16,40
for the Moon: 24;22,53,22.

This motion is called the mean [motion] of the planet; it is also called the motion
of latitude, which is just the motion of longitude when taken with respect to the
zodiacal orb; we will make clearer the explanation of this in the chapter on circles. It
is also called the motion of the center.
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104 Translation 1.2 [10]

[10] As for the motions of the orbs of the epicycles about their centers, they
deviate from what we mentioned, namely the two divisions of motions, because the
motions in their upper parts obviously differ in direction from motions in their lower
parts since they do not enclose the Earth. In other words, if the upper motion is from
West to East, then the lower motion is from East to West; this is the case for the
epicycles of the five vacillating planets.? If the upper motion is from East to West,
then the lower motion is in reverse; and this is the case for the Moon’s epicycle.
Nevertheless, what is stated and accepted concerning the course of the epicycles
with respect to the zodiac, this being established in the astronomical handbooks
[zijes], is that which is in the sequence of the signs, whether it is for the upper motion
as in the case of the vacillating planets or the lower motion as for the Moon. The
motions of the epicycles in each nychthemeron are:

for Saturn: 0;57,7,44
for Jupiter: 0;54,9,3
for Mars: 0;27,41,40
for Venus: 0;36,59,29
for Mercury:  3:6,24,7
for the Moon: 13;3,53,56.

This motion is called the motion of anomaly and the proper motion of the
planet; and God knows best.

2 JaghminT makes a distinction between the term mutahayyira [vacillating planets], which
designates the five retrograding planets, i.e., Saturn, Jupiter, Mars, Mercury and Venus, and
the more general term al-sayyara, which designates all seven planets, including the Sun and
Moon. For a fuller discussion, see Commentary 1.2[10].
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106 Translation 1.3 [1-3]

Chapter 3 of Part I
On the Circles

[1] The circle is either a great [circle], which bisects the World and its center is
obviously the center of the World, or it is not a great [circle], which does not bisect
it, and let it be called a small [circle].

[2] The equinoctial [circle] [lit., that which balances the day], called the right
orb, you already know. In fact, it is called the equinoctial because when the Sun is
on line with it, day and night are “balanced” in all regions, i.e., are equal. The circle
located in its plane upon the face of the Earth is called the equator, I mean the circle
that occurs upon the Earth’s surface as we imagine the equinoctial intersecting the
World. The circles parallel to [the equinoctial circle] are called day-circuits; they
are small, imagined [circles] that are traced by the rotation of the Great Orb by every
point assumed on it.

[3] The zodiacal circle, also called the zodiacal orb and the zodiacal equator,
you have already learned of. The circles that are in its plane, I mean the circles that
occur upon the surfaces of the parecliptic orbs when we imagine the zodiacal circle
intersecting with the World, are also called parecliptic orbs. With reference to these
circles one determines the quantity of longitude for the motions of the planets and
the Sun; since when we imagine a line extending from the center of the World to
the plane of the zodiacal orb passing through the centers of the planets, then if it
happens that the endpoint of that line falls on the zodiacal equator, then its point of
incidence will be the [projected] position of the planet along the zodiacal orb, and
thereupon the planet will have no latitude. [But] if the [endpoint] falls away from
the zodiacal equator, we imagine a circle passing through the zodiac’s two poles
and the endpoint of that line that intersects the zodiacal equator; then the intersection
point between that circle and the zodiacal equator is the position of the [projected]
planet along the zodiacal orb, and thereupon the planet will have latitude. So the
position of the [projected] planet is one of these indicated points. Then as the planet
moves forth, the [projected] point moves along the zodiacal orb; this is the meaning
of the motion of the planet in longitude.
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108 Translation 1.3 [4-6]

[4] The circles parallel to [the zodiacal equator] are called parallels of latitude.
They are imagined small [circles] that are traced with the rotation of the Eighth Orb
by each point assumed on it.

[5] Since the two poles of the zodiac are not the two poles of the World, it
follows that the zodiacal circle will intersect the equinoctial at two opposite points.
One of the two, from which the zodiacal orb sets out northward in the sequence [of
the signs], is called the vernal equinox point; the other [is called] the autumnal
equinox point. Its maximum distance from it, I mean the distance of the zodiacal
circle from the equinoctial, will be at two points: one of the two is toward the north
and is called the summer solstice point; the other is toward the south and is called
the winter solstice point. Thereby, then, are designated four points on the zodiacal
circle by which it becomes four parts. The period of time the Sun traverses each
fourth of [the zodiac] is the period of one of the four seasons of the year. Then we
imagine for each one of two adjoining quarters of the [zodiac] two points, the
distance of each one of them from the other is the same as the distance of the other
from the nearer of the two endpoints of the quarter to it. Then we imagine six great
circles, all intersecting one another at two opposite points, namely the two poles of
the zodiac: one of them passes through the two poles of the World, the two poles of
the zodiac, and the two solstice points; this is called the solstitial colure (lit., the
[great] circle passing through the four poles), and its two poles are the two
equinox points. The other passes through the two equinox points and its two poles
are the two solstice points. The remaining [great circles] pass through the four
imaginary points lying in the two designated quarters, and through four other points,
being opposite the designated ones, that are on the two remaining quarters facing
the designated ones. So the Eighth Orb is thus divided by these six circles into 12
divisions, each division called a zodiacal sign. The arc that is between every two of
these circles along the zodiacal equator is also called a zodiacal sign; for this reason,
it is called the zodiacal orb. The parecliptic orbs and also the Great Orb are likewise
divided by the imagined planes of these circles into 12 zodiacal signs.

[6] The horizon circle is a great circle that separates what is seen of the
[celestial] orb from what is not seen; and with reference to it one determines rising
and setting. Its two poles are the zenith and the nadir, and it bisects
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110 Translation 1.3 [6-10]

the equinoctial at two points: one is called the east point and [place of] rising of the
equinox; the other the west point and [place of] setting of the equinox. The line
connecting them is called the east-west line and the equinox line. The circles
parallel to it are called almucantars.

[7] The meridian circle is a great circle that passes through the two poles of the
World, and the zenith and nadir. Its two poles are the east and west points. It bisects
the horizon circle at two points, one of them called the south point and the other
the north point; and the line connecting them is called the meridian line. This line
and the east-west line are etched on the surfaces of sundials [rukhamat].

[8] The altitude circle, also called the azimuth circle, is a great circle that
passes through the zenith and nadir, and through the endpoint of a line extending
from the World center to the surface of the highest orb, having passed through the
center of a star or the Sun. It intersects the horizon circle at right angles at two points
that are not fixed but rather shift along the horizon circle commensurate with the
shifting of the star or the Sun. Each one of them is called an azimuth point. The
arc along the horizon circle that is between [one of] them and either the east or west
point is called the arc of the azimuth; what is between [one of] them and either the
north or south point is called the complement of the azimuth. This circle coincides
with the meridian circle twice in a nychthemeron.

[9] The circle of the initial azimuth [prime vertical] is a great circle that
passes through the zenith and nadir, and through the east and west points. Its two
poles are the north and south points. It intersects the meridian circle at the zenith
and nadir points; in fact, it is called by that [name] because when an altitude circle
coincides with it, it does not have an azimuth arc. The circuit that is tangent to it is
called the circuit of that locality, this [passing through] the zenith for its residents.

[10] The declination circle is a great circle passing through the two poles of the
equinoctial. With it one determines the distance of a star from the equinoctial and
the inclination of the zodiacal orb from the equinoctial, in other words the first
declination, which you will learn about later.
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112 Translation .3 [11-13]

[11] The latitude circle is a great circle that passes through the two poles of the
zodiac, and through the endpoint of a line extending from the World center and
passing through the center of a star until the surface of the Great Orb. With it one
determines the latitude of the star and the second declination of the zodiacal orb
from the equinoctial.

[12] The imaginary circles that are traced by the rotation of points in the
planetary orbs are either traced on the surfaces of spheres or else are not traced on
the surfaces. The traced [circles] on the surfaces are then: that traced from the motion
of the center of the Sun on the circumference of its eccentric orb; and those traced
from the motions of the centers of the epicycles on the circumferences of the
deferent orbs and from the motions of the centers of the planets on the
circumferences of the epicycle orbs. Each of these circles bears the name of the orb
on whose circumference it is traced; thus the traced [circle] from the motion of the
Sun’s center is called the eccentric orb, the traced [circles] from the motions of the
epicycle centers [are called] deferent orbs, and the traced [circles] from the planet
centers [are called] epicycle orbs. If these deferent orbs and the equator of the
inclined orb are assumed to intersect the World, there occurs on the surfaces of the
parecliptic orbs, the zodiacal orb, and the Great Orb circles that are called
declination orbs due to their inclination from the zodiacal orb. Because the motions
of the orbs in which [these circles] have been traced occur about poles that are
neither the two zodiacal poles nor the two World poles, these being the inclined
orbs, they intersect the parecliptics at two points, one of them being the crossing
point of the planet on the zodiacal circle toward the north, called the head, and the
other the tail.

[13] Those not traced on surfaces are traced by the deferent center of Mercury
and of the Moon through the dirigent’s moving of Mercury’s deferent and through
the inclined’s moving of the Moon’s deferent. These traced [circles] are called the
deferent orb of the deferent center, since the deferent center revolves on its
circumference.
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114 Translation 1.4 [1-5]

Chapter 4 of Part I
On the Arcs

[1] The arc is a segment of the circle’s circumference. If that segment is then
subtracted from 90 parts, [these] parts being those by which the circumference is
360 parts in total, the excess of 90 over it is called the complement of that arc. An
example is what has preceded regarding the arc of the azimuth and its complement.

[2] The longitude of a locality is the arc along the equinoctial between the
meridian circle at the end of the inhabited region, in other words the beginning of
the inhabited region’s longitude in the west, which you will learn about later, and
the meridian circle for that locality.

[3] The co-ascension of each arc along the zodiacal orb is that which rises with
it along the equinoctial. The co-ascension will obviously be bounded on the equator
between two declination circles since its horizon passes through the two poles of
the World and so it is also one of the declination circles. In other words, what is
between two declination circles along the equinoctial is the co-ascension for what
is between them along the zodiacal orb.

[4] The co-ascension of a [discrete] part of the zodiacal orb is an arc along the
equinoctial between the head of Aries and the [discrete] part of the [equinoctial]
that rises with that part.

[5] The equation of daylight for a [discrete] part on the zodiacal orb is the
difference between its co-ascension at the equator and its co-ascension at a locality.
Let us take an example for this: When the head of Gemini is found toward the east
for a horizon other than the equator, and we assume one of the declination circles
passes through it and intersects the equinoctial, there occurs a triangle. One of its
sides is the declination of the head of Gemini, and you will learn about declination
later. The other two sides are two arcs between the declination circle and the vernal
equinox point: one of them is along the zodiacal orb and is called the equal degrees;
the other is along the equinoctial and is the co-ascension of the zodiacal arc for the
horizon of the equator. The horizon of the locality divides this triangle into two
triangles: one of them is above the Earth and is bounded by the ortive amplitude
(which you will learn about later), by the aforementioned zodiacal arc, and by the
arc along the equinoctial between the vernal equinox point and the horizon. The
other triangle is

3 For further clarification of the equation of daylight, see Commentary, 1.4[5], Fig. C1.
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116 Translation 1.4 [5-8]

below the Earth and is bounded by the ortive amplitude, by the declination of the
head of Gemini, and by an arc along the equinoctial that is between the horizon and
the intersection point between the declination circle and the equinoctial. This arc,
which is on the equinoctial, is the equation of daylight for the head of Gemini at
that locality. Since the sections for horizons will differ from the example of this
triangle with the varying latitudes of localities, it necessarily follows that the co-
ascension will vary with different latitudes.

[6] The solar mean is an arc along the zodiacal orb that is between the first of
Aries and the tip of a line extending from the center of [the Sun’s] eccentric orb that
passes through the center of the Sun and terminates at the zodiacal circle. If that line
is assumed to extend from the World center, then the arc along the zodiacal orb that
is between its endpoint and the first of Aries is the true position [fagwim] of the
Sun. What is between the endpoints of the two aforementioned lines is its equation.
The angle of the two lines intersecting at the Sun’s center, I mean the angle
subtended by the arc of the equation, is the angle of the equation.

[7] The planet’s mean is an arc along the zodiacal orb that is between the first
of Aries and the endpoint of the line extending from the World center that passes
through the epicycle center and terminates at the zodiacal orb, this being when the
epicycle center is aligned with one of the two nodal points. Then when it moves
beyond [the nodal point] and obtains latitude, the position of the line will fall outside
the zodiacal orb, either to the north or to the south. One then imagines a circle
passing through its position and the two poles of the zodiac that intersects the
zodiacal orb; then the arc along the zodiacal orb that is between the first of Aries
and the intersection point of that circle and the zodiacal circle is the planet’s mean.
If we then assume a line extending from the World center terminating at the zodiacal
orb and passing through the center of the planet, then the arc that is between the first
of Aries and the endpoint for a planet lacking latitude, or between the first of Aries
and the intersection point of the zodiacal orb and the circle passing through the two
poles of the zodiac and the endpoint, is the planet’s true position. What is between
the mean and the true position along the zodiacal orb is the equation.

[8] On the basis of this meaning [for equation]: when the Sun is at the apogee or
perigee whereupon the two extended lines coincide—one of them from the World
center and the second from the center of its eccentric orb—
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118 Translation 1.4 [8-9]

both passing through [the Sun’s] center; or [when] the planets are at the apices of
their epicycles or at their lowest [points], whereupon the two lines extending from
the World center coincide—one of them passing through the epicycle center and the
second through the center of the planet—there is thereupon no equation.

[9] They divided each one of the eccentric orbs and the epicycles into four
disparate parts, two of them being lower and equal, and two upper and equal, that
they called sectors. They differed concerning the initial [points] of these divisions.
Some of them took distance into account, so the eccentric was divided by two lines,
one of them extending from the World center to the apogee and perigee, and the
other passing through the two mean distances, these being two facing points on the
circumference of the eccentric orb where two produced lines are equal, one being
from the World center and the other from the eccentric center, that terminate at
either [point]. This latter line passes through the midpoint between the two centers.
The epicycle is divided by two lines, one of them extending from the deferent center
and passing through the epicycle’s perigee and center to its apex, and the other
passing through the two points of intersection between the epicycle and the deferent.

Illustration of Sectors with Respect to Distance

Epicycle Apex
Ep/b
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[Figure 6]
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120 Translation .4 [10]

[10] Some of them took variable movement into account [in determining the
sectors]. Thus the eccentric was divided by two lines, one of them extending from
the World center to the apogee and perigee, and the other passing through where the
angle of equation is greatest, this being on the apogee side at a distance of 90 parts
from it along the parts of the zodiacal orb. The epicycle was divided by two lines,
one of them extending from the deferent center and passing through the epicycle’s
apex and perigee, and the other being perpendicular to it, its two endpoints
terminating at the two tangent points between the epicycle circumference and two
lines extending to it from the deferent center. Here too is the maximum equation
with respect to the epicycle. So the first sector is what the planet reaches after it
crosses the apogee or the epicycle’s apex, and the second, third, and fourth [sectors]
are in the sequence of its motion. As long as the planet moves from the highest part
to the lowest part, i.e., when it is in the first and second sectors of the eccentric or
the epicycle, it is descending; and as long as it moves from the perigee to the apogee,
i.e., when it is in the other two sectors, it is ascending.

Ilustration of Sectors with Respect to Variable Movement

Epicycle Apex

[Figure 7]
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122 Translation 1.4 [11-15]

[11] The latitude of a locality is an arc along the meridian circle between the
equinoctial and the zenith, and it is equivalent to what is between the horizon and
the pole that is on the meridian circle, which is the altitude of the pole, i.e., the
nearest of the two World poles to that locality.

[12] The declination is an arc along a declination circle between the equinoctial
and the zodiacal circle, this being the first declination. Declination, when used by
itself, means the first declination. The second declination is an arc along a latitude
circle between the two of them, I mean between the equinoctial and the zodiacal
circle. The maximum declination, called the total obliquity [lit., the complete
declination] and the greatest declination, is an arc between them along the solstitial
colure circle; it falls under the definition of [either] the first or second declination.
It is the limit of the inclination of the zodiacal circle from the equinoctial, and its
amount is 23;35.

[13] The planet’s latitude is an arc along the latitude circle between the
zodiacal circle and the tip of a line extending from the World center, passing through
the planet’s center, and terminating at the zodiacal orb. If the arc is along a
declination circle between the equinoctial and the aforementioned tip of the line,
then it is the planet’s distance from the equinoctial.

[14] The planet’s altitude is an arc along the altitude circle between the tip of
the previously mentioned line and the horizon. If the altitude circle coincides with
the meridian circle, then this arc is the maximum altitude of the planet.

[15] Parallax [lit., divergence of sight] is the arc along the altitude circle
between the positions of two lines passing through a planet’s center and terminating
at the zodiacal orb, one [line] extending from the World center and the other from
the perspective of sight, I mean [from] the Earth’s surface. This can be found below
the Sun’s orb, it being small for the Sun’s orb, and it is not found beyond it, since
the Earth does not have a perceptible ratio with respect to what is beyond it.
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124 Translation .4 [16-22]

[16] The ortive amplitude is an arc along the horizon circle between the
planet’s circuit and the rising place of the equinox. Since circuits are parallel to the
equinoctial, the ortive amplitude for each planet is the same as its occasive
amplitude. The ortive and occasive amplitudes increase with the increase of local
latitude.

[17] The azimuth and its complement have come before.*

[18] The ascendant azimuth is an arc along the horizon between the zodiacal
orb and an altitude circle.

[19] The gibla azimuth for a locality is an arc along the horizon between the
meridian circle of the locality and a circle passing through the zenith for its residents
and through the zenith for the residents of Mecca.

[20] The arc of daylight is an arc along the Sun’s circuit above the Earth
between its setting and rising points. The arc that is between them below the Earth
along this circle is the arc of night. The planet’s arc of daylight is an arc along its
circuit above the Earth between its rising and setting points. The arc along it that is
between them below the Earth is the [planet’s] arc of night.

[21] The turning of the orb is an arc along the circle of the Sun’s circuit
between its [zodiacal] part and the eastern horizon during daylight; and [an arc]
between its facing part and the eastern horizon along the circle of the circuit of its
facing part during the night.

[22] The measure of each one of these six arcs’ is similar to its [corresponding
arc] along the equinoctial.

4 This was discussed in I.3: On the Circles (see zenith and azimuth).

3 The six arcs are: (1) the arc of daylight; (2) the arc of night; (3) the planet’s arc of daylight;
(4) the planet’s arc of night; (5) the turning of the orb [daylight]; and (6) the turning of the
orb [night].
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126 Translation 1.5 [1-3]

Chapter 5 of Part I
On What Occurs to the Planets in Their Motions

[1] Among what occurs to the planets is longitudinal anomaly:

[2] The Sun has a single anomaly: since it revolves on the circumference of a
circle whose center is eccentric from the World center, more than half of it being in
one of the halves of the zodiacal orb, namely the half that contains its apogee, and
less than half of it in the other half of the zodiacal orb, namely the half of the perigee,
and [since the Sun] will only traverse each half of the zodiacal orb by traversing
what is on its own circle, it follows that the period in which it traverses one of the
halves of the zodiac will differ from the period in which it traverses the other half.
Thus its motion is seen in one-half of the zodiac, this being the apogee half, to be
slower than its [motion] in the perigee half, since the period in which it traverses
the former is longer than the period in which it traverses the perigee half. Its motion
on its eccentric orb, this being its mean, does not vary, so therefore one needs to add
the equation to or subtract it from its mean in order to ascertain its position on the
zodiacal orb.5

[3] As for the remaining planets, they have numerous anomalies in longitude.
One of them, called the first anomaly, is what occurs to them on account of their
motion along the epicycle circumference. When they [i.e., the planets] are at the
epicycle apex or its perigee, the two lines extending from the World center—one of
them passing through the center of the epicycle and the other through the center of
the planet—will coincide one on the other, and so there will be no difference
between the planet’s mean and its true position, according to what has come before.
As for when [the planets] depart from the apex or perigee, the location of the two
aforementioned lines on the zodiacal orb will be different, so there will result a
difference between the mean and the true position. The maximum of this anomaly
[lit., difference] is where the maximum equation is in the epicycles, and you have
learned about this in the chapter on the sectors.” This anomaly will obviously be in
the amount of the radius of the epicycle. The radii of the epicycles at their mean
distances are:

% The equation is defined and discussed in 1.4: On the Arcs. See also Commentary, 1.5[2],
Fig. C2.

7 See 1.4.
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128 Translation 1.5 [3-7]

for Saturn: 6;30
for Jupiter: 11;30
for Mars: 39;30
for Venus: 45;0
for Mercury: 2530
for the Moon: 6;20.

[4] The second anomaly for the planets is what occurs to them on account of
the nearness of the epicycle center to the Earth, and its farness from it on account
of the deferent being an eccentric. So the epicycle radius is seen to be greater when
it is closer, and its anomaly is greater; and when it is farther away, it is the opposite.

[5] The third anomaly is when the centers of the epicycles are at the apogee or
perigee, their diameters thereupon coinciding with the line passing through the
centers of the World, the deferent, and the epicycle; [but the diameters] do not
remain coincident with [this line] when [the centers] depart from the apogee or
perigee. Neither do they remain directed toward the deferent center nor the World
center, but rather are directed toward another point on that line, which is called the
alignment point for the Moon and the center of the dirigent line or center of the
equant orb for the vacillating [planets]. You will come to know the meaning of this
[later] in this chapter.

[6] As for the upper planets and Venus, [the epicycle diameters] are directed
toward a point on the side of the apogee whose distance from the deferent center is
equal to the distance of the deferent center from the World center, in other words
the deferent center is between [that point] and the World center.

[7] As for Mercury, [the epicycle diameter] is directed toward a point midway
between the World center and the dirigent center. I will explain this further to you
[later] in this chapter.
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130 Translation 1.5 [8-12]

[8] As for the Moon, [the epicycle diameter] is directed toward a point on the
side of the nearest distance whose distance from the World center toward the perigee
is equal to the distance of the deferent center from it, in other words from the World
center toward the apogee. So when the deferent and its center rotate about the World
center by the rotation of the inclined [orb], this point and the deferent center will
revolve in alignment upon the circumference of a single circle, i.e., they are at the
endpoints of one of its diameters.

[9] So the aforementioned diameters of the epicycles are directed towards these
aforementioned points, always being in alignment with them, however they rotate;
in other words, if lines are extended from these points to the epicycle centers, every
line from them will coincide with the aforementioned epicycle diameter, not
separating from it, however it rotates. For the vacillating [planets], this line is called
the dirigent line; the imagined circle that is traced through the rotation of this line
by the epicycle center is called the equant orb [lit., the orb that equalizes the
movement], since the movement of the vacillating [planets] is equalized in relation
to it, i.e., [the line] describes equal arcs on its circumference in equal times. The
place this line falls at the upper part of the epicycle is the mean apex, and the place
the line extending from the World center passing through the epicycle center falls
is the apparent apex.

[10] The distances of these points and their centers, one from the other:

[11] The distance of the eccentric center from the World center is: for the Sun
2529,30; for the Moon 10319, and it is equal to the distance of the alignment point
from [the World center] in the other direction.

[12] For the vacillating [planets], with the exception of Mercury, [the distance
of the eccentric center from the World center] is equal to half the distance of the
equant center to it, and that, namely the distance of the equant center from the World
center, is:

for Saturn: 6;50
for Jupiter: 5;30
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132 Translation .5 [12-16]

for Mars: 12;0
for Venus: 2;5.

[13] For Mercury, the center of its equant orb is at the midpoint between the
center of its dirigent and the World center. The distance of its deferent center from
its dirigent center is equal to half the distance of its dirigent center from the World
center. As a result, when the dirigent line on the side of the nearest distance
coincides with line passing through the centers, the deferent center point falls on the
equant center. When it coincides with it on the side of the farthest distance, the
centers will be arranged along the line passing through them: first the World center,
then the equant center, then the dirigent center, then the deferent center. The
distances between them are equal, each of their distances being 3310, so what is
between the centers of the World and the deferent is 9;30.

[14] Among what occurs to the planets is latitudinal anomaly:

[15] The Sun has no latitude, since in its motion it adheres to the plane of the
zodiacal orb.

[16] The remaining planets incline from the zodiacal orb to the north and south
due to inclination of the inclined orb from it, and it is called the eccentric latitude.
Its maximum is:

for Saturn: 2;30
for Jupiter: 1;30
for Mars: 1;0
for Venus: 0;10
for Mercury: 0345
for the Moon: 5;0.
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134 Translation .5 [16-19]

The Moon has only this latitude because its inclined, deferent, and epicycle orbs are
in a single plane; by these orbs we mean circles, which you have already learned
about.

[17] The vacillating [planets] have another anomaly, namely the inclination of
its epicycle apex and its perigee from the inclined orb. It is called the epicycle
latitude and its maximum is:

for Saturn: 0;32
for Jupiter: 0;38
for Mars: 6;16
for Venus: 152

for Mercury:  1;45.

[18] The two lower planets have another proper anomaly, and it is the inclination
from the inclined orb of the diameter that passes through the two mean distances of
the epicycle orb. It is called the latitude of the slope [wirab], the slant [inhiraf],
and the twist [i/tiwa ']. Its maximum for both [i.e., Mercury and Venus] is 2;30.

[19] As for the inclination of the inclined orb from the zodiacal orb, it is fixed
for the upper planets and the Moon and does not change. It is not fixed for Venus
and Mercury; rather, whenever the epicycle center reaches one of the two nodal
points, the inclined [orb] will coincide with the zodiacal orb. Then when it crosses
it, half the inclined [orb], i.e., the half upon which is the epicycle center, will begin
to incline for Venus to the north and for Mercury to the south; its other half is the
opposite. The inclination then continues to increase until the [epicycle] center
reaches midway between the two [nodal] points, and then the inclination begins to
decrease until the inclined [orb] coincides again with the zodiacal orb when the
center reaches the other [nodal] point. Then when it crosses it, it returns to its
original situation. So it follows that the epicycle center is always north of the
zodiacal orb for Venus, and south of it for Mercury.
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136 Translation 1.5 [20-23]

[20] As for the inclination of the epicycle diameter, I mean the diameter passing
through its apex and its perigee, it also is not fixed; rather, for the upper planets it
will coincide with the zodiacal orb when the center, i.e., the epicycle center, is at
either the point of the head or the tail. Then when the [epicycle] center crosses the
head, the apex begins inclining to the south, and it will continue to increase until it
attains its maximum when the center reaches midway between the two [nodal]
points. Then it begins to decrease until it coincides a second time with the zodiacal
orb when the [epicycle] center reaches the tail. Then when it crosses it, the apex
begins inclining to the north, its increase, maximum, and decrease as described. It
follows that the inclination of the apex will always be toward the zodiacal orb, and
the inclination of the perigee away from it.

[21] For the lower planets, [the epicycle diameter] coincides with the inclined
orb when the epicycle center reaches midway between the two [nodal] points, i.e.,
the two points of the head and the tail; and this [occurs] when the inclination of the
inclined orb from the zodiacal orb is at maximum, ecither at the apogee or at the
perigee. Then at the apogee, the epicycle apex begins inclining: for Venus toward
the north and for Mercury toward the south; at perigee it is the opposite for each of
them. It attains its maximum at the two [nodal] points; and its increase, decrease,
and coincidence [occurs] according to the aforementioned description.

[22] As for the slant, it starts when the epicycle center reaches either the point
of the head or the tail, and its maximum is when it is midway between the two of
them. If the midway [point] is the apogee, the eastern endpoint of the diameter
passing through the two mean distances will be at its maximum inclination for
Venus to the north and for Mercury to the south, and the western [endpoint] for
Venus to the south and for Mercury to the north. And if the midway [point] is the
perigee, it is the opposite for both of them.

[23] It has become evident from all of this that the period of rotation for the
deferent orb and for the two aforementioned epicycle diameters® are equal to one
another, and the four quarters of their rotation are equal to one another.

8 Le., one passing through the apex and perigee, and one through the two mean distances.
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138 Translation 1.5 [24-27]

[24] Let us mention here the apogees and the nodes:

[25] As for the apogees and the nodes that move with the motion of the orb of
the fixed stars: Saturn’s apogee is 50 degrees beyond the midpoint between its two
nodal points, i.e., from the maximum inclination of the inclined orb from the
zodiacal orb, in the sequence of the signs; and Jupiter’s apogee is 20 degrees in
advance of the midpoint in the counter-sequence [of the signs]. “In advance” means
the planet reaches it in advance of reaching the midpoint; as opposed to this is the
meaning of “beyond.” The apogee of the remaining planets is at the midpoint
[between the nodes].

[26] 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]:’

for the Sun: Gemini 27;10,33

for Saturn: Sagittarius 9;23,33
for Jupiter: Virgo 19;23,33
for Mars: Leo 11;53,46

for Venus: Gemini 27;10,33
for Mercury:  Libra 26;23,33.

[27] As for the positions of the nodes for that date, the head node is:

for Saturn: Cancer 19;23,33
for Jupiter: Cancer 9;23,33

for Mars: Taurus 11;53,46
for Venus: Pisces 27;10,33

for Mercury:  Capricorn 26;23,33.

° The date 1517 and Jaghmini’s parameters for the apogee and nodes are important in
establishing that he was alive in 1205 CE (=602 H). Some copyists and commentators

misdate the year as 1317 due to reading y» (300) for & (500). Rudloff and Hochheim omitted

the year altogether in their German translation (“Die Astronomie des Mahmid ibn
Muhammed ibn ‘Omar al-Gagmini,” 253). See Commentary to 1.5[26] for more detail.
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140 Translation 1.5 [28-33]

[28] Then for every year, one adds to their positions what the orb of the fixed
stars moves in the year, and this you have already learned.

[29] What occurs to the vacillating planets regarding
retrogradation, direct motion, and stations:

[30] When the planet is in the upper part of its epicycle, the motion of its center
corresponds to the motion of the epicycle center in the sequence of the signs, so it
is seen in direct motion, moving swiftly. Then when [the planet] approaches the
lower part of the epicycle, it starts to incline counter-sequentially, according to what
you have learned regarding the motion of the epicycle about its center.'” However,
as long as the motion of [the planet’s] center is counter-[sequential] by a lesser
[amount] than the motion of the epicycle center [moving] sequentially, it is seen in
direct motion, but slow in speed. Then when the two [opposite motions] are equal,
it is seen to be stationary. Then when the [counter-sequential] motion of the
[planet’s] center is greater than the motion of the epicycle center, it is seen
retrograding. Then after retrogradation, [the planet] is stationary a second time and
[then] moves in direct motion for the same reason [as before]. Despite this, [the
planet] completes its rotation on its [epicycle] orb without variation occurring to it
with respect to its orb. Its stationary position before retrogradation is called the first
station, and its stationary position after retrogradation is called the second station.

[31] The motion of the Moon’s center on the circumference of the epicycle orb
is less than the motion of the epicycle center on the deferent circumference; on
account of this, the Moon is not seen retrograding at all, rather it may be seen to be
slow[er] in speed.

[32] What occurs to [the vacillating planets] in relation to the Sun:

[33] As for the upper [planets], the distance of their centers from the apices of
their epicycles is always equal to the distance of their epicycle centers from the Sun;
thus they will always be in conjunction with the Sun when they are at the apices of
the epicycles. So as the Sun moves away from the epicycle center, the planet’s
center moves away from the epicycle apex in the amount of the [Sun’s] distance
[from the epicycle center], so when the Sun is in opposition to the epicycle center,
the planet will have descended to the epicycle perigee. Thus their combusts will
always be when they are at the epicycle apex, and their oppositions to the Sun will
be when they are at the perigee. It has been said that when Mars is in conjunction
with the Sun, the distance between it and the Sun is greater than the distance
between it and the Sun when [Mars] is at opposition because the diameter of its
epicycle is greater than the diameter of the Sun’s parecliptic [orb].

10 See 1.2: On the Motions of the Orbs.
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142 Translation 1.5 [34-36]

[34] As for the two lower [planets], their two epicycle centers are always aligned
with the Sun’s center, so both distance themselves from [the Sun] only by the
amount of the epicycle radius, i.e., by the amount of the first anomaly, as you have
already learned. It follows that both are in conjunction [with the Sun] halfway
through direct motion, that being at the epicycle apex, and halfway through
retrogradation, that being at perigee.!! Therefore, their mean is the same as the Sun’s
mean.

[35] What occurs to the Moon in relation to the Sun:
The new Moon [muhagq], waxing, full Moon, waning,
its eclipsing of the Sun, and lunar eclipses

[36] The reason for [all] this is that the Moon’s body in and of itself is opaque
and dark, only becoming illuminated by the light of the Sun, like a mirror. Thus its
half facing toward the Sun will always be illuminated, and the other half dark. Then
at conjunction the Moon will be between us and the Sun, its dark half is facing us
so we will not see any of its light, which is the new Moon. Then when it moves
away from the Sun an amount of nearly 12 degrees, more or less according to
different locations in the inhabited zone, its luminous half will incline toward us so
that we see an edge of it, which is the crescent. Then as its distance from the Sun
increases, the inclination of the luminous [part] toward us increases. So its light
increases until when it is in opposition, we come to be between the two and that
which faces the Sun faces us, which is the full Moon. Then when it departs from
being in opposition, some of its dark half inclines toward us; the darkness then
begins to increase and the luminous [part] decrease until it is effaced. For this
reason, when the Moon is in conjunction on the Sun’s path, this being at the head
or tail or close to them, it is interposed between the Sun and us, thus concealing its
light from us, which is a solar eclipse. This blackness that appears in the Sun is the
color of the Moon’s body; for this reason, the blackness of the Sun begins from the
western side because the Moon catches up with it from the west. Then when [the
Moon] proceeds to transit [the Sun], the reappearance will also begin from the
western side due to the explanation we have mentioned. Similarly, when the Moon
is on the path of the Sun in opposition, the Earth will interpose between them and
its shadow falls on the Moon. So the Sun’s light will not reach it,

11 Istanbul, Siileymaniye Library, Laleli MS 2141, f. 74a adds in the margin: “Le., since their
two epicycle centers are always aligned with the Sun’s center.”
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144 Translation 1.5 [36-37]

and it then remains in its original darkness, which is a lunar eclipse. The beginning
of a lunar eclipse and its reappearance will be from the eastern side because the
Earth’s shadow catches up with it from the western side; so [the Moon’s] eastern
edge will arrive first into the shadow, and then proceed to blacken first. Similarly,
the transit of the [Moon’s] eastern edge through the shadow will be first; then it
begins to reappear from it.'?

[37] Among what occurs to the Moon is that the Sun is always in the middle
between the [Moon’s] apogee and the center of its epicycle. The reason for this is
that when the [Moon’s] epicycle center at apogee is in conjunction with the Sun’s
center at a point on the zodiacal orb, say, for example, the head of Aries, and then
the apogee moves away from it over a day and its night due to the motion of the
inclined [orb] 11;9,7,43 and to the motion of the jawzahar 0;3,10,37, then its
[combined] motion in the counter-sequence of the signs becomes 11;12,18,20. The
Sun moves from it approximately a degree, and the epicycle center moves due to
the motion of the deferent 24;22,53,22. Both the motions of the Sun and the
[epicycle] center are in the sequence [of the signs]; however, the inclined [orb] turns
back the deferent counter-sequentially by the amount of its motion, namely,
11;12,18,20, so there remains for the [epicycle] center sequentially approximately
13;10,35,2, which is the mean motion of the Moon in a day and its night. Then when
the solar mean is subtracted from it, and [when the solar mean is] added to the
inclined [plus jawzahar] motion, the result after the subtraction is the distance of the
[epicycle] center from the [mean] Sun, and after the addition, the distance of the
apogee of the Moon from [the mean Sun], both being approximately 12;11,26,41.3
So the Sun is midway between the two; for this reason, the motion of the center is
called the double elongation, because when the distance between the [epicycle]
center and the [mean] Sun is doubled, it equals the distance between the center and
the apogee. It follows that the [epicycle] center at its quadrature to the Sun will be
at the perigee, and at opposition and conjunction at the apogee; so the center will
have reached the apogee and perigee twice for every rotation.

12 See Commentary for illustrations of the illumination of the Moon in relation to the Sun
(Fig. C3), a solar eclipse (Fig. C4), and a lunar eclipse (Fig. C5).

1313;10,35,2 [lunar mean] minus 0;59,8,20 [solar mean] equals 12;11,26,42, and 11;12,18,20
[inclined motion and jawzahar motion] plus 0;59,8,20 [solar mean] equals 12;11,26,40.
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146 Translation L.5 [38]

[38] Similar to this is what occurs to Mercury’s epicycle center because the
motion of its epicycle center, due to the deferent motion, is twice the motion of its
apogee that is due to the dirigent motion. However, the dirigent, in the amount of
its motion, turns back the deferent; so what remains from the excess motion of the
[epicycle] center sequentially is equal to the dirigent motion counter-sequentially.
Thus if the two are in conjunction—I mean the [epicycle] center and the apogee that
is in the dirigent—in Libra with the other apogee, the parecliptic one, [and] they
then both move away from [the parecliptic apogee], then whatever distance the
[dirigent] apogee reaches counter-sequentially will be reached by the center
sequentially. Thus [it follows that] they will both be in conjunction twice per
rotation, once in Libra and once in Aries; and they will be in opposition twice when
one of them reaches Capricorn, and the other Cancer.
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148 Translation II.1 [1-2]

The Second Part

On an Explanation of the Earth and What Pertains to It
in Three Chapters

Chapter 1 of Part 11

On the Inhabited Part of the Earth and Its Latitude,
Its Longitude, and Its Division into the Climes

[1] The Earth is circular in shape as has been [mentioned] before, and we assume
three circles upon it: one of them is in the plane of the equinoctial, and it is the
equator as you know; the second [circle] is in the plane of the equator’s horizon;
and the third is in the plane of the meridian circle that is in the middle of the
habitable land through the equator. Then the first cuts the Earth into two halves, a
southern and a northern. The second bisects its two halves, so it becomes quarters.
The inhabited part of it is one of the two northern quarters as one observes in it
mountains, deserts, pastures, seas, and so on, including wastelands. The remaining
quarters are uninhabitable. The third circle cuts the inhabited part into two halves,
a western and an eastern. The intersection point between the first and third [circles]
is called the cupola of the Earth.

[2] The latitude of the inhabited part is 66 degrees, and its beginning is from the
equator; however, Ptolemy, after writing the Almagest, claimed that he found
habitation below the equator to a distance of 16;25.!* So according to this claim of
his, the latitude of habitable land is 82;25. The longitude of the inhabited part is
180;0, and its beginning is from the west; however, some of them take it to be from
the coast of the enclosing ocean and some of them from islands well into this ocean,
their distance from its coast being 10;0.'

14 Jaghmini is referring to Ptolemy’s Geography, which Ptolemy wrote after his Almagest.
For more details, see the Commentary to I1.1[2].

15 These are the Eternal Islands (al-khalidat), sometimes called the Fortunate Islands
(su‘ada’). They are also referred to as the Isles of the Blest, and usually thought to be the
Canary Islands.
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150 Translation II.1 [3-9]

[3] This inhabited part was then divided into seven longitudinal sections parallel
to the equator. The first clime begins from it, and daylight there is always 12 hours,
as you will learn; for some of them, it is from where daylight, [ mean the longest
daylight of the year, is 12;45 [hours] and the latitude is 12330 [degrees]. By
consensus, [the clime’s] midpoint is where [maximum] daylight is 13;0 [hours] and
the latitude is 16527 [degrees].

[4] The beginning of the second clime, and obviously it is the end of the first
clime, is where [maximum] daylight is 13;15 [hours] and the latitude is 20;14
[degrees]; and its midpoint is where [maximum] daylight is 13330 [hours] and the
latitude is 23;51 [degrees].

[5] The beginning of the third is where [maximum] daylight is 13;45 [hours]
and the latitude is 27;12 [degrees]; and its midpoint is where [maximum] daylight
is 1450 [hours] and the latitude is 30522 [degrees].

[6] The beginning of the fourth is where [maximum] daylight is 14515 [hours]
and the latitude is 33;18 [degrees]; and its midpoint is where [maximum] daylight
is 14530 [hours] and the latitude is 3650 [degrees].

[7] The beginning of the fifth is where [maximum] daylight is 14;45 [hours] and
the latitude is 38;35 [degrees]; and its midpoint is where [maximum] daylight is
1550 [hours] and the latitude is 40556 [degrees].

[8] The beginning of the sixth is where [maximum] daylight is 15;15 [hours]
and the latitude is 43;51 [degrees] and its midpoint is where [maximum] daylight is
15:30 [hours] and the latitude is 45;1 [degrees].

[9] The beginning of the seventh is where [maximum] daylight is 15;45 [hours]
and the latitude is 46;51 [degrees]; and its midpoint is where [maximum] daylight
is 1650 [hours] and the latitude is 48;32 [degrees].
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152 Translation 1.1 [10] — I1.2 [1]

[10] According to some of them, its end is at the end of the habitable land;
according to others, it is up to where the latitude is 50;25 [degrees]. The latitude,
though, from the beginning of the first clime to its midpoint and what is between the
middle of the seventh to its end [in both cases] turns out to be greater due to the diff-
erence in habitable land in them. For this reason, they do not count that part of the
habitable land below the equator as part of the climes; for this [reason] as well, some
of them do not count what is between the equator and latitude 12;30 nor what is
between latitude 50:25 to the end of the habitable land. But beyond this latitude are
habitations, according to what they have claimed, namely: in latitude 63 is an inha-
bited island whose residents live in bath-houses due to the severity of the cold'®; in
latitude 64 is a habitation whose residents are an unknown Slavic people!’; and
[from there] up to latitude 66 are habitations whose residents resemble wild animals.

Chapter 2

On the Characteristics of the Equator and Locations Having Latitude

[1] Among the characteristics of the equator are: that the equinoctial is directly
overhead for its inhabitants, similarly for the Sun when it reaches the two equinox
points; and that its horizon, called the horizon of the right orb and the horizon of
the erect sphere, bisects the equinoctial and all the day-circuits at right angles. The
turning of the orb there is wheel-like, I mean similar to the buckets of waterwheels
emerging from the surface of the water at right angles. There is no star or point on
the orb that does not rise or set, with the exception of the two poles of the World
since they are both on the horizon. The arcs of the visible day-circuits are always
the same as those below Earth. For this reason, daytime and nighttime are always
equal, each of them 12 hours, and the daytime of each star is the same as its
nighttime. The greatest inclination of the Sun from the zenith is the same amount
northward and southward, this being in the amount of the maximum obliquity of the
zodiacal orb from the equinoctial.

16 Jaghmini is probably referring to the Thule Island, usually thought to be the Shetland
Islands.

17 The unknown Slavic people (the Sagaliba) could be a reference to Ptolemy’s “unknown

Scythian peoples” at 64;30 degrees (A/magest, 11.6[30], Toomer, Ptolemy’s Almagest, 89).
See Commentary to II.1[10] for more details.
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154 Translation I1.2 [2-3]

[2] As for the oblique locations to the north of the equator whose latitude
does not reach 90 degrees: among their characteristics is that their horizons, called
oblique horizons, bisect the equinoctial alone into two [equal] halves, but not at
right angles, so the turning of the orb for them is slanted. The [horizons] cut all the
day-circuits into two unequal sections; thus the visible arcs for the northern day-
circuits are greater than those below the Earth, and for the southern [day-circuits] it
is the opposite. For this reason nighttime and daytime are not equal for them, except
when the Sun reaches the two equinox points, this being the days of Nayriiz and
Mihrjan. Daytime is longer than nighttime when the Sun is in the northern signs,
and shorter when it is in the southern signs. The greater the local latitude, the greater
will be the difference in amount between nighttime and daytime; obviously, this is
due to the zenith being inclined in these locations to the equinoctial. By the amount
of its inclination, the northern pole and the day-circuits that are in its direction will
be elevated, and the southern pole and the day-circuits that are adjacent to it will be
depressed. As the latitude increases, the inclination of the zenith from the
equinoctial will increase, so the altitude of the northern pole and the day-circuits
adjacent to it increase; the excess of their visible arcs will then increase over those
below the Earth. The depression of the southern pole and the day-circuits near it
will then increase as [also] the excess of their arcs that are below the Earth over the
visible ones. For each day-circuit whose distance from the northern pole is equal to
the pole’s altitude, then all that is in it and all the stars up to the northern pole that
its circle contains will be permanently visible; its corresponding [day-circuit] on the
southern side, with all that is in it, is permanently invisible.

[3] Those locations whose latitude does not reach 90 degrees have divisions,
each division having characteristics: Among them are the locations whose latitude
is less than the maximum obliquity of the zodiacal orb from the equinoctial. The
Sun is directly overhead for its inhabitants twice per year, this being when it reaches
two points, each on [one of] the two sides of the summer solstice point, whose
declination from the equinoctial is equal to the local latitude.
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156 Translation I1.2 [4-7]

[4] Among them are the locations whose latitude equals the maximum
obliquity. The Sun is thus directly overhead once per year, this being when it
reaches the summer solstice point. Those locations from the equator to this latitude
have in them two shadows, i.e., planar shadows [umbra recta], which you will learn
about, sometimes being at noon toward the south and at other times to the north.
[Locations] from this latitude to latitude 90 have one shadow, i.e., the shadow is
only toward the north.

[5] Among them are [the locations] whose latitude is greater than the
maximum obliquity. The Sun is thus not directly overhead for its inhabitants.

[6] Among them are [the locations| whose latitude equals the complement of
the obliquity, this being 66;25.'"® When the zodiacal pole reaches the meridian
circle by the motion of the Universe, it will be at the zenith, whereupon the zodiacal
circle coincides with the horizon; so Aries is at the east point, Capricorn is at the
south point, Libra at the west point, and Cancer is at the north point. Then when [the
pole] departs from the zenith, six zodiacal signs rise in one stroke, and they are those
in the eastern half along the horizon, namely from Capricorn to Cancer; and the
other six set in one stroke. The circuit of Cancer'® here does not set because of what
was [said] before, so when the Sun reaches it, it does not set until it has passed it.
So the longest day is 24 hours and similarly the longest night, since [the former] is
in the amount that occurs for the northern day-circuits of permanent visibility; and
the magnitude of the visible arcs ensues in their counterparts of permanent
invisibility and in the magnitude of the arcs that are below the Earth.

[7] Among them are [the locations] whose latitude exceeds the complement
of the obliquity, i.c., over 66;25. So the zodiacal pole? is inclined away from the
zenith toward the south in the amount of the excess of the latitude over 66;25; and
it follows that those [northern] parts of the zodiacal orb whose declination from the
equinoctial is greater than the colatitude of the locality do not set.

18 66;25 is the complement of Jaghmini’s value for the total obliquity, i.e., 23;35 (see his
discussion on the declination in 1.4).

19 “Cancer” here should be understood as Cancer 0°.

20 As noted by ‘Abd al-Wajid, what is meant here is the zodiacal pole on the meridian at its
highest altitude (Istanbul, Siileymaniye Library, Laleli MS 2127, f. 112b).
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158 Translation I1.2 [8-10]

[8] A way to facilitate conceiving this is for us to assume the zodiacal pole is on
the meridian circle, which is then inclined southward from the zenith on the part [of
the meridian] that is toward the south; and in the amount of its inclination, the head
of Capricorn will be depressed below the horizon in the south, and the head of
Cancer will be elevated in the north. [That part of] the equinoctial that is toward the
south [on the meridian] is above the horizon, and its altitude is in the amount of the
difference of the latitude from 90 degrees, which is the colatitude, I mean [the
latitude’s] “completion,” and it is known as the complement of the arc.?' So the
[southern] parts on the zodiacal orb whose declination from the equinoctial is less
than the colatitude will therefore be, along with the equinoctial, obviously above
the horizon [when] toward the south; those whose declination is equal to the
colatitude will touch the horizon, not being depressed from it [at that time]; and
those whose declination is greater than the colatitude will obviously be depressed
[below the horizon] and will thus be permanently invisible. The permanently
invisible is obviously an arc along the zodiacal orb whose midpoint is the winter
solstice point. The period of time the Sun traverses this arc with its proper
movement is the length of the longest nighttime for that locality; and the counterpart
of this arc along the northern signs is permanently visible, as you have learned, and
the period of time the Sun traverses this counterpart is the length of the longest
daytime for that locality. Among these localities are those where the length of their
daytime amounts to approximately six months and likewise the length of nighttime.

[9] It happens that for part of the zodiacal orb that rises there [i.c., locations
whose latitude is between 66;25 and 90], it will rise in reverse order and set in
regular order. This is in the half of the zodiacal orb that is from Capricorn to Cancer;
so Gemini rises before Taurus, Taurus before Aries, and [continuing] according to
this pattern. For part of it, it will rise in regular order and set in reverse order, this
being in the other half of the zodiacal orb; so Sagittarius sets before Scorpio, Scorpio
before Libra, and [continuing] according to this pattern.??

[10] A way to facilitate conceiving this is that if we take the zodiacal pole to be
on the meridian circle toward the south from the zenith, then half of the [zodiacal]
orb from Aries to Libra is visible in sequence toward the north, and the other half is
invisible toward the south. The head of Aries is on the east point, and the head of
Libra is on the west point. Hence, Aries will have risen before Pisces, and Libra will
have set before Virgo. Then when the zodiacal pole inclines away from the meridian
circle toward the west while Aries is ascending, that which is contiguous

21 See 1.4.

22 Note that the vernal equinox (Aries 0°) is the midpoint in the first half of the zodiac (i.e.,
rising in reverse order and setting in regular order), and the autumnal equinox (Libra 0°) is
the midpoint in the second half (i.e., rising in regular order and setting in reverse order) (cf.
‘Abd al-W3jid, Laleli MS 2127, f. 115a).
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160 Translation I1.2 [10-14]

with Aries toward the south, namely the end of Pisces, begins to rise counter-
sequentially until the rising of Pisces is complete. Then Aquarius begins rising
similarly. Setting is likewise: I mean that Libra having set, its head is at the west
setting point. So when [Libra] has set and become depressed, that which is
contiguous with it, namely the end of Virgo, begins to set counter-sequentially with
it; and [continuing] according to this pattern.

[11] When we take the head of Cancer to be on the meridian circle toward the
south, from Libra to Aries is toward the north below the horizon, and the other half
is visible. Then Virgo will have risen before Libra in regular order. Then when the
head of Cancer inclines away from the meridian circle, Libra begins to rise in
regular order as we have stated. Since that which sets faces that which rises, then
that facing what rises in reverse order will set in reverse order, and vice versa.?* And
since the rising in one of the two halves of the [zodiacal] orb in terms of order is
contrary to the rising in the second [half] but matches the setting,? it follows that
the rising of each half will be contrary to its setting, so what rises in reverse order
will set in regular order, and vice versa.?

[12] As for the locations whose latitude is 90 degrees, the World pole
corresponds to the zenith there. The equinoctial is coincident with the horizon circle,
and the rotation of the [celestial] orb is spinning parallel with the horizon. A year
there is a day and a night, being six months of daytime—this when the Sun is in the
northern signs—and six months of nighttime—this when the Sun is in the southern
signs. There nothing of the orb has a rising or a setting; instead, its northern half is
permanently visible and its southern half is permanently below the Earth.

[13] We have only described specifically the northern locations because in them
is the inhabited world. Since everything pertaining to them that we have described
is due to their inclination from the equator toward the north, a comparable situation
pertains to southern locations due to their inclination toward the south.

[14] Now then, instruction of the above is sufficient for understanding this

[topic].

23 According to ‘Abd al-W3jid, “vice versa” here means “that facing what rises in regular
order will set in regular order” (Laleli MS 2127, {f. 118b—119a).

24 For further clarification, see Commentary, 11.2[11].
25 In other words, what rises in regular order sets in reverse order.
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162 Translation I11.3 [1-2]

Chapter Three

Miscellaneous Items

[1] The ascendant is the part [i.e., point] of the zodiacal orb on the horizon that
is toward the east. The degree of rising of the star is the degree of the zodiacal orb
that rises with the rising star. The degree of transit of the star is the degree of the
zodiacal orb that transits the meridian circle along with the transit of the star. Then
if the star is [aligned] with one of the two solstice points or it has no latitude, its
degree, i.c., [the star’s projected] place on the zodiacal orb, is its degree of transit;
and if it has latitude and is not [aligned] with the solstice point, then not. This is
because when the star is between the first of Cancer and the end of Sagittarius, it
reaches the meridian circle after its degree [of transit] if it has a northern latitude,
and in advance of it if it has a southern latitude. When [the star] is in the other half
of the zodiacal orb,?® the reverse will hold since the [northern] zodiacal pole?” [*]
will be easterly when the first half is on the meridian; the circle passing through [the
pole] and through the degree of the star is then inclined toward the west and will
reach a star with northern latitude first and then its degree. Thus the star is farther
from the meridian than its degree, so it arrives on it after it, but before it if it has
southern latitude for this very same reason. What is between the star’s [longitudinal]
degree and its degree of transit is called the transit difference. You should follow
this same approach for [the star’s] degree of rising. As for the right orb, the rules
for this are exactly the same. As for the inclined orbs, one needs to take into account
the horizons.

[2] The shadow is taken either: from a gnomon erected parallel to the plane of
the horizon, called the first shadow, the reversed [umbra versa], and the erect; or
from a vertical gnomon perpendicular to the plane of the horizon, called the second
shadow and the planar [umbra recta)®® The gnomon is sometimes divided into
twelve divisions called digits, sometimes into seven or six and a half divisions called
feet, and sometimes into sixty divisions called units. When the shadow reaches its
limit at the Sun’s maximum altitude, it is then the start-time for the noon [zuhr]
prayer. The start-time for the afternoon [ ‘asr] prayer is, according to al-Shafi T—
may God have mercy upon him—when that limit is increased by the equivalent of
the gnomon [length], and according to Abli Hanifa—may God be pleased with
him—it is when it has increased by twice the gnomon [length].

26 Le., between the first of Capricorn to the end of Gemini.

27 MS F is missing a folio. The beginning and end of the omitted passage corresponds to
I1.3[1-4], which I have indicated (in both the Arabic edition and the English translation)
using two asterisks [*]...[*].

28 On these shadows, see Commentary, 11.3[2].
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164 Translation I1.3 [3]

[3] On determining the meridian line and the equinox line: land is leveled in
such a way that if water were poured over it, it would flow evenly in all directions.
Then a circle of any size is constructed on [the land]; this circle is called the Indian
circle. A conic gnomon is erected at its center with a height one-fourth its diameter
at a right angle, which can be determined by either a plumb-line or by measuring an
equal amount between the tip of the gnomon and the circumference from three
points on the circumference. The tip of the shadow is observed when it arrives at
the circumference on the western part before diminishing [at noon], and afterwards
on the eastern part. Each of the two arrival points is marked and the arc between
them is bisected; you produce a line from [the arc’s] midpoint that passes through
the center to whatever distance you wish. This then is the meridian line, and it cuts
the circle into two halves. Then you produce a line from the midpoints of the
[circle’s] two halves that intersects the meridian line at the center at right angles;
this is the east-west line.

Ilustration of the Indian Circle

South

Meridian Line

™ Equinox Line West

ine connecting 2 Markers

Shadow Exit\_/Shadow Entry

North
[Figure 8]
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166 Translation I1.3 [4-5]

[4] On determining the gibla bearing: we mean here by the gibla bearing, a
point on the horizon [such] that when a person faces it he will also be facing the
Ka‘ba. Since the longitude and latitude of Mecca are less than the longitude and
latitude of our locality, we count along the Indian circle from the south point toward
the west the amount of the difference between the two longitudes, and its equivalent
from the north point. We join what is between the two endpoints with a straight line.
We count from the west point toward the south the amount [of the difference]
between the two latitudes, and its equivalent from the east point; we join the two
endpoints with a straight line. The two lines will then obviously intersect one
another. We now produce a line from the center of the circle to their intersection
point, and we extend it to the circumference. This line then is in the direction of the
qibla, [*] and the arc between the [line’s] endpoint and the south point is the arc of
the gibla bearing, it being the amount that the worshipper should incline away from
the south point. Do something comparable when the longitude or latitude, or both,
of Mecca is greater.

[5] If the longitude of the locality equals the longitude of Mecca, then the gibla
is on the meridian. If its latitude equals Mecca’s latitude, then make note that the
degrees of the zodiacal orb that pass overhead for the people of Mecca during a
rotation are Gemini 7;21 and Cancer 22;39. Place it, I mean one of the two
[zodiacal degrees], on the mid-heaven line of the astrolabe that has been constructed
for the latitude of the locality. Put a mark at the position of the “almuri”;?* then turn
the rete [lit., spider] toward the west by the difference between the two longitudes
if the locality is toward the east, and the reverse if it is toward the west. So wherever
the [chosen zodiacal] degree lands on the altitude almucantars, you will observe the
Sun when it reaches that altitude and erect a gnomon; then its shadow at that time
is the bearing for the gibla.

29 The almuri, known as the tooth (or denticle) of Capricorn, is the marker located at the head
of Capricorn which juts out from the astrolabe rete, and can be used for various calculations,
such as here for longitude difference. Cf. Birtni, Tafhim, no. 325 (194).
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168 Translation I1.3 [5-6]

Ilustration of the Qibla bearing
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[Figure 9]

[6] On daytime, nighttime, hours, the year, and the month: When the Sun’s
light falls on the Earth, its face toward the Sun is illuminated and its shadow falls
opposite the direction of the Sun. So when the Sun is above the Earth, then it is
daytime since the only light distinguishing daytime is the Sun’s light; when [the
Sun] is below the Earth, its shadow falls above it, and it is nighttime. The [Earth’s]
shadow occurs in the shape of a cone, since the Sun is of a greater size than the
Earth. Then when the Sun is below the Earth near the horizon, the shadow cone is
inclined away from the zenith, and the air illuminated by the Sun’s light is nearby
so light appears on the horizon; and as the Sun comes nearer, light predominates
and red appears, as is the case of dusk and dawn.
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170 Translation I1.3 [7-8]

[7] The nychthemeron [lit., a day with its night] is the time between the Sun’s
departure from the meridian circle until it returns to it with the motion of the
Universe; but according to people at large, it is from the setting of the Sun to its
equivalent. Its beginning could be the departure of the Sun from any assumed point
on the orb; however, the calculators and the astral practitioners have conventionally
taken its beginning to be from the meridian circle because the variations in the
ascensions with respect to the horizons of the inhabited regions are many, [but] it
has only one variation with respect to the meridian circle because the meridian circle
for all inhabited regions serves as a horizon for the equator. The time of a
nychthemeron exceeds one rotation of the Universe by the co-ascension of what the
Sun has traveled along the zodiacal orb; and since the Sun cuts off arcs of variable
[sizes] along the zodiacal orb, then its co-ascensions will be variable. Furthermore,
even if the Sun were presumed to cut off arcs of equal size, the co-ascension of the
equal arcs would not be equal. So due to these factors, the nychthemerons are
variable. Thus [the practitioners] classified the nychthemeron into a true and a
mean. The true is the time of return of an equinoctial point to a given point plus the
time to traverse the co-ascension of what the Sun has traveled during [the motion
of] that given point; the mean is the time of return of an equinoctial point to a given
point plus the time to traverse an equinoctial arc that is equal to the Sun’s [daily]
mean, namely 03;59,8,20, during [the motion of] that point. This is recorded in the
zijes [astronomical handbooks]. The difference between the true and the mean is
called the equation of the time [lit., the equation of the days with their nights].

[8] The duration of daytime is from the rising of the Sun to its setting, and in
law [shar ] from the rising of dawn [al-fajr] to the setting of the Sun; and from its
setting to the Sun’s rising is the duration of nighttime, and in law to the rising of
dawn. Then [practitioners] divide the daytime and the nighttime into regularized
hours and seasonal [lit., temporal] hours. Regularized hours, called equal hours,
are in the amount by which the Universe rotates 15 degrees. Then if one divides the
arc of daylight or the arc of night or an arc of the orb’s rotation by 15, the result is
the number of regularized hours for that day or night, or a period within the day or
night. The seasonal hour, called unequal [lit., distorted], is always one
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172 Translation 11.3 [8-10]

of 12 parts of daytime or nighttime; so if daytime is longer than nighttime, its hours
are longer than the night hours, and if [daytime is] shorter, its hours are shorter.
When the arc of daylight or the arc of night is divided by 12, the result is what the
orb rotates in each seasonal hour, which is in parts of the seasonal hour called units
of time. It has thus become clear that regularized hours are those whose number
varies according to the length and shortness of daytime, but their units of time do
not vary; seasonal hours are those whose units of time vary, but their number does
not vary.

[9] The year is the time from the Sun’s departure from any given point on the
zodiacal orb until it returns to it with its proper motion, which it has from west to
east. [The practitioners] began this year from the time the Sun is situated at the head
of Aries, but they differed on the duration of this year. For some of them said 365%
days; according to Ptolemy, 365" days less 1/300 part of a day; and according to
Battant 365' days less 3 parts 24 minutes out of 360 parts of a day. What is
intended here by a day is the nychthemeron. The above is a solar year; as for the
lunar year, it is 12 months.

[10] The month is the time from the Moon’s departure from any given position
it has from the Sun until it returns to [that position]. The most obvious position is
the crescent (hilal). However, the sighting of the crescent varies according to
changes in inhabited regions, so one only takes it into account for religious matters.
The beginning of the month was set from the conjunction of the Sun and Moon, and
[the month’s] duration is between two conjunctions with the mean motion of the
two luminaries: they take away the Sun’s mean [motion] from the Moon’s mean,*
and they divide the remainder by the rotation of the orb, namely 360 degrees, thus
resulting in 29;31,50,8 days, which is the amount of a month. They then multiplied
that by 12, obtaining the days in a lunar year: 354+Y5+Y days. This year is less than
the solar year by approximately 10 days and 20% hours.

3013;10,35,2 [Moon’s mean] minus 0;59,8,20 [Sun’s mean] equals 12;11,26,42 (see 1.5).
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[11] This is as much as allowed by [my] ignoble character, a tormented mind,
thought befuddled by preoccupations beyond counting, and concerns [so
overwhelming] they would make a mother neglect her child. I have gone to great
lengths to elucidate and illuminate the content with concise and succinct
expressions, fulfilling the obligations of obeisance and service while guarding
against the tedious and the cluttered. This volume that I have presented is perhaps
enough to attain what I desired, faithful to what has been indicated above. So it is
best that I limit myself to that, so let this be the end of the book.?!

31 For the different colophons, see §11.2: Description of the Manuscripts.



[N ¥/Y e 175

Sy g3l by 0NN M g e b [1)]

G ) Sk 8y s (ol Y Ry o Jay Y sl padieT

Yl )bl lalasly LY Slal e bl gL TS

PTG ekl Ve Jaly Gy D) e T ) e deadly Jlns)

R P L L P N e Y
S el e S ae a8l



176 Text Apparatus (Preface [1])

TEXT APPARATUS
|

NSNS I T ENEL I S SENVETT I NE R AP
(O e gt = 10 gally r:5:\ Oyt [(;?)S\Y
g W= 0= O[T
gy = O [t
Ol s = (Agkedn «Jor) ol Jeg= G O [d], °
Sl LBl ol pld1 vt sl g [ amy oo ol B
Ll e 0 2 J = 2l amy o) oy 2 352
o A s SR s Sl Sl B Fae oY) O s (g )5l e
asMall oY1 @U\ eyt JB = o ralll 4, o)+ dw.aé»\ sl 38
PR S f:\’ Szal) el Jile! e JolB) O i (54 sl
Sl 4y gl et (8) B S
o = O [ 5
oY= e [¥ge !
o= e ey ALY £
o = O e [ amy
o= G [pa
ookl = G o [l Y
ol = O e [l T
'J_‘H”_=u‘[5b"‘j‘m
.g:‘_;\&=d‘u~[:)5\°
oo nea Nt
e [é WY
o igatl= S [



Text Apparatus (Preface [1-2]) 177

LB :f\L.w [ des '
&.JVL‘C=\J cuﬂ[J.lV
o el = O e [l T

wrd=o e (AT
wSige= (e o) e [ 7
'(“C» ) @)w\? W= [l
O e = e Ji‘:“w
(s 2)slS 4 ad e 2501 AT [wsm dadie o v )
oSl g1 Jo ¥ sl sl (9)06 e @m«wg\cmb A
ol S o ad o ap# S Ml e Bt O (s sl
el A o Doy Ry Aol 336l o) asm, Mo el dusis 23153
a2 oY ity Aav) i) b, i&j\u}f kel r&m}
meu“uﬁh\*{‘wj fk’@f 59‘\-”*?\ A
BRI PRWEN mwu\buawdu Lo Q1 Ladl) u\@»jd
g 4 sl ol - KMWQ&U\Q L )y adlal) agylat Jlel
Q‘%J%&J°Wu‘ﬁw‘\%@(Uﬂf)éu”*mwjdw
WAl S gl o) ) o = 2 rpelling Aevie Jo 50 wary ol
A2 R ey d) el s Ja dly 0 4 e skally Ll
Jlo K0 s Go 555 Jlll an (3 OLSU Ui Sl G AU amy oid)
Ko\/\wu\cd\alhwgbuﬁ/\ 3l L CJMUML)M
oy 812 o T o plloy olas Jo W5 ael o) S sl 3 patlll e,
calls [ ellieg dadie o . USI ia Edlly || .J roelliey dedie o Jiid
oad s ssat Jlo ST s G 55 J [0 2V o] B 3 OlSD) Vi
3 I ey K1 s e Gl ey 1 BV Sla, o



178 Text Apparatus (Preface [2] — Introduction [1])

o J (o ol e o Tyl s Jo T 48 0
ot ey dalie

L

ot el L[5 el ™

e [ Al v

Aid WSl = wiY == J o [T

gl Sl = oY = ogldly = o o m

- lok ™

A S = Y=ol = Jo [>T
4 :C\Jﬁ\ Sl= wit=0 :&U\j =Ja[aT
el Sl = 0= Ol = 2 [
NN

J- (ol ™

oot ™

A Sl = w0 dgi=J e [1TT
Aol e

gl oWl = Y = gl = J o [
g oW = V= oidddly = J oo [

Lo i3 [83,00 T

Jlerd) o pluar¥ sl oy 3 Ro3al)
Ao [l s et U] s ) gy SISy
RN

N /\uo &
.(«f» ) C)u,u\: [ja.;.‘m &y



Text Apparatus (Introduction [1-2]) 179

.4 ‘W"“&gj [‘ij A

REEC CAl RAREREY

o [l

J ew tboalas [anles

Wbl = 0o plagdly JWH e = 8O e [OMy slagl e O
L 5o plols

Jay er

o ilin [odn OF

.d‘w:C@Y=g:beY=J‘A[CJSSY°°

O K [ e o

ao B[P

5l e cal (Sl L s o

e 110

2 el [ e

) \@{3+ [CM B

e [ ™

U A [Lsfw

(2 oy ) 3ln [ o
e oyl Sl [kl e

A i

(g2 3o ) la [291™
Dibhe=oibhd=Jd(wlls™

1.

d O UOJY\B = J ci& [y [uoj‘}]\j A
NG RN Y v v
e

o [ bz g0



180 Text Apparatus (Introduction [2]) — I.1 [1]

o iylaall o [5)lee S5 YT
AL
. uo

O :(Ja:f}!\ s [sz\ ellall Yo

(b2 3 Jadl 55 5,0 ) [35 036 Y7

w0 ey M elyy el [3e Yy D Ve gt 1yl

S DS 57 3 sl B e L 65

«doy of Lo raldl QL)L b)) o e il = O [Alegy
(J dbgaz 3 “E e

S iplar Y= J e co [l

Jm o= =4 b o [Lle M

55 5yp0 = il ypoy 2hny = 0 550 2y = O [0dn Loy M
J :é\;’d\

A len 3 J5¥ O 33 Al

J (oY ) AY

Jb il s o [l e ey M
Ao [l A

Aol ol 3 [Clen 3N

\

o et

Jed o e = O [dan S
Jb :Bjﬁ\+ [u’){f oM

B

Jibals = o (Ol [l

o gt [l

g ar

S IY+ [L5\>



Text Apparatus 1.1 [1-3] 181

Sl [

oo e e

gz ler ™

ol sl [

oo bl st [ad W

4 L = EIE R U WP

S dlan Jo oW il ol amdans jainy ¥ = Ola [ anad '
(< 3o o) Bl s fmadl ooy s

e ')

D pite=Jdo[Es T

Jida [Jas T

R 0
.l [ojfubo o e
e

J 555,l5 [5 s

VA

—

Jipad= o[ pa

o0 gl [ulse

Alades = Jla [ e Gyl
e tleos! [l M

2 iag [42 T

o :‘\S [4«5 VY

Jeo il [A,d) e

ol [N, M

Jigew = d pay = O pw = o[ gl

A= ey [Busly Y

'J:W:Uﬂ:w:‘?:w:d‘ﬂ[&%\m



182 Text Apparatus 1.1 [3-7]

Orpw= pipad=J o= A g
NGRS~ AN

o tldag [daz T

e 1) T

o535 55"

Jeagple= gorpliy= o [l '
ot [l

Ao

e e ) [ 10T

S STLT

35 <7 C)U»Lu todaurt = il = J 0 corplo= Sk T
(e

o el [dels T

Je o = O e [laall DY) oia T

Al

S PR S] SR RE R 5 PN

Joiony e

2 g [ ol 170

b i el B 5 g0 sdmgr [l T

RE N SENWEL BN

2 M [ s YA

ST ST

[

oY e

el =0 pillde = Jd oo [ade 'Y

ol [



Text Apparatus 1.1 [7-10] 183

u'j%:w[u“ Vet

WS e iliiey = J A o 1

e e

—S'Lﬁjﬁ' [w ¥a%

S SN = J o S0 280
iy sz; PETRN

e e [ S

S pla [pp 1

el Ol Wl O3z e ot s = J et o sl T ) Je T

V:ubf*'“;\@JMJ‘@WJ@Y\&jH‘Sé{MMJ‘

S oG [,

oo ) o= O [gld) o 3LS3L Jo ot

o 10y 1

il [l 1"

J iy = (ol «pdl) oz pudy = 1 gt = B[ g

ola £ gmy Jell) [ JBlL %

Jedeoie )l o= 0w [B53 L 4 Je

Azl [oda M

Ao ng e

J_XcumUu{ﬂ G e [l T

iy = e o gy = S s T

L« pdola [ ™

S =im = p[pp

(2 50 p)a [

Jededim= i = w5

2 e [k 1A



184 Text Apparatus I.1 [10] — 1.2 [3]

g To\ﬂ V14

e o ildgy = e [l

- oo Sl Lol gsﬁ\bhdb‘w

ol :EJ{JM = [oé,o WY

o .w\_{ [uﬁ‘ VY

o0 iy = Ol = o) O [ldey "Vt
_S . '-\ \Yvo

_S (kp )u A

AN O (3 W ol 3 el

N :@\’ﬂ\ oW B [du\ S
o [N o
u*”\‘” & J.A V4
Al [WB M
‘(«5» 3 C)un = - [P 6‘3\ VA
e (o= ‘-”:F‘“J[;&" VAY
u\;] (5L, A7

L uo VAL

Jed oty = Ol pay = 1 Aady [ Sl
.(«5» ) C)J\Jb [\,o in AT
e oY WA
AL [ s

REPLTI VAR

< \%:‘Lz@j [\—(AQMJ "
.(«f» ) C)u.u\ﬁ [J«M '



Text Apparatus 1.2 [3-6] 185

o ey = Ry = 2 O [ Sy T
o [3)led "7

A par [ 11t

REI TS

el may = J oo [l pwy

.iS—[é\M

uc\J\)\'~' 5 A daudy 09 = J J‘d[j_z_

iy [y
[l Loy Jio 52y 2 vl oy S5 25 Wy
.(«f’» ) C)uu\.h

RV PO POV

Pt [%\A\V'T
ud\ﬁ“\’u\fh &b)v=dcﬁjcdcuﬂ[;.}(§> Yt
J N Yo

«L» g_,& «&\33» «L’» Ojﬁ «49-),3» .,\p-j))d ‘g_j ‘u,u [; ) .b L} Vv

1l &Y g Y gls A Ay V) = («5'-» B0 «adby CHy S« lgr
A bl-

Jedeogpr [T

ol [Led TR

B = J e = o [

o [ty ™

-w :Z\L-A#‘l' [ .’.M:. j Y\Y



186 Text Apparatus 1.2 [6-9]

o sy [y 7T

s [‘}p YV¢E

L Tog e

‘(«‘f» B C)u‘\é [ijj\ Saaiey )

2 okiedy [liwy ™Y

2y A

REL PR aab =J @ éau g [aa\m Y14
N e Y-

s ol g = o[

.2 L;Lu S ok [l T

o = O e i = o [ T
(2w 3oy ) JB [SAIT

J LB ujja-m L(.Ja.ej ijj M.LM Yvo

TR %Lm[ PRAR

(g « ) )bz Jet [ondasy ™

O— [ T

(2 3 ) [gs o Gl sads ™
(Ju\ 39 “'C» ) C)uﬂ\.«u :LWLBJJF [Cjﬁi\ T

=UAJLY'UEAAMQOQ=J<J(£}U[T‘JCL~n‘\
(2 oy p)dla= - [ s

S

s gl [ bl T
s [ s, T



Text Apparatus 1.2 [9] 187

343(5«0»3&0«'»)0%)'ZQIQWJZﬂchw[‘J o Y
J
ij o ‘ué)““‘“’b jzdcd [&M-U i Y¥A

(Jog «é».&\)?g(ﬂzzz Cigbr o= s BEYRENAAN
.4
i5 Lo tjo.uj = J e [tw

.u.:\:w.)\ﬂ\ chfj ) cw[??gTVi\

ALY

iS cgis‘)ﬁ}ujzkjcuﬂ cd[%ﬁj\j Yer

ubﬂ/\ 4}5.33(&;&«\‘» J'AJC)OC\ = Jdo ‘w[ﬂcb . Ve
RERPCI A S

..’J < :J‘)M: J O = [J)M veo

SR ‘«G,US» oL «Yr ) C)&UJ Wj = J I c [( 5 C, | yen
N Z(Bj{b)‘.\j dﬁ\).u &L«J\ «Y»J) L;l S_)Libl
.ﬂcwcq:ﬁﬂjzdcd[ﬂzﬁ\‘iv

=w:dé{ﬁ:g:&,jé;wa@;vz:g;‘g[gffgng
S S (Geld) G s« H4)S

WD iy = e iy = S e

4 :Yﬂjﬂ\[g.,{jﬂ\“”

A= J D= ot Sy = o [(5ed T

il = O ilen = o ilami = o0 [l ™7

et = OBy = e iy = ey = [ T
D= Jegrigmts = S i [ 5™



188 Text Apparatus 1.2 [9-10]

(g2 30y ) = o [l ™
Jedeoledy = e RV

.(«C@» s )ela [I9af Yor

o g [ade T

oY e

Jay ™

ool e S a e [ all T

gl = et S = a0 e [glad T
A [ eV T

REERVARCI W :J,_j,\:{= J e o[ pod T
Ot el [l T

o [l T

Hraa [0 T

SECTIELIA
AT

J YV
L 100

Al usdl [ o) Y

uz\swbo\’=d‘_ﬂ¢d‘u»[v\.n)} AN

UZ&BJY/\=Jcﬂcdcuﬂ[<‘L‘; LYY
o ially [aal T



Text Apparatus 1.2 [10] — 1.3 [2] 189

L3 «j@.» Jl «j@'»_}\j «J'S» L;l «53»_5\ J}.M)J (B [M Lo )j . VA

ST L e = Gl TV = (b D
L :A)Ua:jj [QJUQAJ A

«J»-f-)uﬂ:gf{.)\{jczh.):Jb.}w;«\J'?-\Y':Jc.ﬂcd[}5)7-'\‘/\\
.(«&)j ((.6)} «j» k:/;i ().A «J.»j «.,\§>j

didrrmeoigh tlbp\WaJ O usfas™
o 1YY [ syl YAY

o S [, TN

oS- G [ ST

Ao [l Ay ™

Al 3 S QU 331 Al

OB ey [Caas Y
e w YAA

Y w[ cwow YAQ

J Wj = 5 [ w{j = L [fy«“ﬂdﬁ v
2 Jme bl )l [l Jie ™
d Ljo.u-dj = ij Ljou.m)j =0 e < [sz.u')j YAy

gl f\a,....l\ s [#M\ Sl T

ol [ Jaes) YRS
B \/\ua Yo
oA T

(OJB «u'aj»+)g:\/\ [uoj‘))\ Ay



190 Text Apparatus 1.3 [2-3]

e YA
2 g [Lbg T

(el 3 «%L‘UH);’) tdla) [é\aﬂ T

2 zag) gl [0 T

L« 30 ) tloay Sl oy Ll Jaal) ot [dos T
o= pipp=J o omT

4 :CJJ«)\ 3,15 Loy [Cﬂd\ 3pla Tt

Al siat [ gwdy 0

or 00 T

vt el [ eloally T

N S S Jdo [WV.A
2 el [l TR
o [Has T
O [Jb ™

A [ ey T
oy T

2SS e[S st

._’J:@=J:Cj[i\%¢>jﬂ°

'U’“b :A& [p{jﬁj AN
iz s [T
0 ks, [, T
O thabls [dablas MY
LA

.ﬂ<d:cdbfa:g:ubjpjw=dcw[iv‘é?ub);\‘n
NOEAL N



Text Apparatus 1.3 [3-5] 191

oo bl Gl [daadl T

d c_’j X :j.hj= - o [jﬁ \;\Aj\”\‘i
e o

C 0o [ Al ey [ 5 W A0 ol ™
e PG S o)

(g2 smy ) [

o= Ol [J\ YA

) L J@-L = J cis L [J@fi) m
d— cij— (Ld— = Bl [4».9 AN
EENSLRAL

o il [l ™

o il [l ™

Yye

d cij [ W = O [J»&i‘a

e sala [ja.m ve

.(«zc‘a» ) C);ﬁ\; tode = 3l :Jﬁj [B.ju@j m
ey T

i [ ™

e fy’= Jd o [(mj‘ Yra
2l [ KT
Jeoely= 40 s, T
NN [u-° YLy

e 0 T

Spafeops=d dPegT
B igbles = o nabley = e (o [ables T
J et [ T

JTATY



192 Text Apparatus 1.3 [5-6]

BT

o :Y.uo\"iﬁ

ol (g g ) [0 ghatyy g1 T

iy [y ™

RUR AR [Llaz oY

e [T

oo ke ma [ glaiy T

e

O [opday) b aldas, cdleey) glaiy 5 5531, ™0
i = G o sl = o [l T

2 iopay [ )T

oo rabag [ Lo 7O

g [T

2y [de ™

STy T

o madlt = o corgdlell = sl (O [l T

i I = B e i e 8 = e [ e e T
RUTN (P Yo

O i = J e [ ps T

Jed O pm= gm0 s

v ARl [Lagmol) T

S

.LS:P*MZQ = o :vﬁulw =4 [rﬁuau
o [ai ™

et [ s ™)

Ny YvY
Lo~ oY

yay



Text Apparatus 1.3 [6-8] 193

o e [l T

o0 sy [leleY ™V
o [l Lo, 7Y
(2 3 )b U™
o [ e ™

20 e [Q\)&.ﬁl\ YA
Al L™

ANy oYY ™
2 Gy [ge0y ™

oo o [ldag YA

g s [ . w...} YAY

O ilpas! [lalis) T

O :z\jﬂ)Y\ 5,15 Lo [tlav%/\ 3pla TAC
Dy = iy = o [38,™
2 il asecdl 3 A (et 5 001 L TAY
o oipy = o lee™

.(«tﬁ» ) C)‘f\é [dad) ™M

NG B ST T

Lk :iijiﬁ [;\j\ﬁm

oS [

2 SIS ST

i = O gellie = J e [opedie TN
D (Foskin «Jord)) i Jo = Gt = J o [ T
ot T

JSTS [ STy

~J‘w5¢~%=dcg:w:_ﬂ[é¢j“/\



194 Text Apparatus 1.3 [8-12]

Lo ey [Bas)y T

i Mo ™

.2 :CJJ?M*' [ skt &)

Ay 8
.J‘d:w=w:u&,5=ﬂcq[u&-~?.
.d:M:g:@=J<ﬂ<w[m@i"i
Jj\ BJ«\J \’ff.‘Aj = &..) :L’bj b}e.‘.us\ Jj\ .D.j\ﬁ = d cij cd [C)}Lias\ J‘V;\ Ej\.ﬁ £0
.k..) :M}j [ QLJLJ“ J £

- YYua £y

.(«f» 0y C)u»\.b ['o'j\s eA

Arpes [oee B0

Pt [ L) s BV

ToA £

gy

o

o L [l e €

s L) Jhwo o O

o Pt [oAll sl BE

Wm0 i SIS = O[S

RO v\ [éa.u 8

2oy B

= (2 ) o) ele [pae W Al el ) ) T o ey €
i e [l 2y

(g 55 C)ﬂu[v{;ﬁ\ o

Sl 2 g ) = 3 5001~ 1,00 Ly [ A1 57
o= o = J e (@ oy p)ale [kl N6 3 Ll o T
(35 3oy )3l dl 361§ s



Text Apparatus 1.3 [12] 195

NEC T

o el OE «éa‘u»'l' [y *7¢

2SS0 S0 S5 AR 0 Ly [V 2B ) 0
w2 SN e Jo Ao Ll gy sl cls

A [y By §7W1 Ll Je 10

o ) [ Ll

o taed My [Aend b £

ot [ Ll €7

O 4§J.->- [oE>

2ol gl

S ez Lo SIS ST0 OB ey el NN Sllaz fe &7
o [yl

(g2 3oy pa) ol [ 577

Y e ere

Jd o= o [0f

2 alold | [gleld ) £

o 1Ot [ T

5 1NaYl [V £

(P Lo Lol 59 58 ooy y glatis () By [odny T
RERARLLS

2 alold | [leld | 2

o 1OA €Ly

EEAR Sl

.J e et

REITSEAUSE IRY Ul

22 sl [ el i



196 Text Apparatus 1.3 [12] — 1.4 [1]

.(«f» ey C)J\A [djﬁj ij.j\ £ev

4 éahu = %L@ = o YL sl L3l %}D = J e [%m £4A
2 [lalas) #81

N [J.p Lo

.ch:w=q;&e=5‘w[wzm

o :Cjﬁa_,i\ [Laslod) &7

2 Lol [ el T

2ol [ Jels 208

.(«f» ) C)J\A [Jﬁ\i\ £00

2ol = G e [ el 7

S ool = J o e [ Y

2 Lol [ el 2ot

:S J”au_\ Ji’t = ("}JB'A J’c «Jﬁ\;’\») w\ﬁ = d cd <L [JA\;—\ JSL tod
A L) S n) e

PASYIRN @\i\ Ll ‘\S& (’“dfgfb Py gemall Joall Al Lrogt [lgha &V
S G e 752y aey D) L S kb Lo Jo sl 8 oK
o 1] )

G 3 plh ol 3 3Ll

o iYE o B

il [adadl) BT

o)y e

JeolpY o= 8Oy [o)523 £
E R R R

J\.ﬁ-ﬁ- [ ubu.uj S\jL\L = J ci& (L 8 [v-\ . £y



Text Apparatus 1.4 [1-5] 197

A Ll #

RS

(< 30 )il [l

(g 3oy o Jodl S eyt [N

Drpby ST L

s [l 87

(oo cp )iy [

.J‘ﬂ:éa:.ed:é@: uﬂ[é@.zvo

(e e D Jian o e lla Lo 2 7l s o e O llae 2
B oly & M Zodlayls e i b 131 Alall (uls )l = J
Jone o (o i5n lll) posilh Vg L) e o g8 (il lgme)as
Lz oy )l o iga Ao o (2 G egilh s plllas o Jy L)
(i 30y o) o 38 o [3)502

.(«'C» ) C)uﬂ\; t ek [ L) &Y

.J:&:A:@ZJKKJN cg[jgéiw

R :&Mj =0 :é\ho Lo [é\b@ €A

(o0 33 0 5 o [ S o

i By [

o tlet [l T

L« 5o ) (€2 5oy p)Bla = A= (o = O [ ™

(0 3oy o [

Ly e

2kl e Laeg [N Joass

b o Py [ 92 A

N [& AR

- :Youa s



198 Text Apparatus 1.4 [5-6]

O [
o) Y
‘P :;:)0‘\ Ly
e [ e
Al gyl [l £
Jiota e
2eelly [@,\4 8y
'J:V‘wﬁj;-:d:v“‘.‘;;-zu‘:f*‘?ﬁ-z5:(*“%:“?:(*“'::‘:[(‘:“%“/\
g G Jell = ool [ul'l“ a8
Hilagy= O iy = 0[S,
Ao
L« ot lon ™
g [ sy
Nl
= Jed e [ Jas oy Sl gl oy bl dla gy 9331 e Lo
(<2 50 )l = o
O [ 0.1
(2 oy pa) 3l Ll Y
3 e bl o e = Ol = o [ob 1Yl
rpf=d e onSs g oS
Ao = O = it = O il = J [l
o Gl G a0 il by ey [peedd) Ly
-(«ﬁ”»
el O [y 0N
T
ey ol o g [das oy oy JH 3l e b



Text Apparatus 1.4 [6-8] 199

(2> o3 o ) G5 iy oao e J)om i) S 355 50
il S =

i (a2 e ol Sk p)m i S [ 3
T SR

Aaye o

(2 3o s [Ubolis

(2 5oy pa) e e ilaagt [Joandl T

i o [T

e b g = J e[y T

L« )b 277

Jipg (R

REEIAL pi

o dabols [dablie °T7

31l [ sl 7T

ot T

NERZR

Aoy e

ik [T

ot ke [2as °TY

(e sy pdotiom =J e oim= o

oYY e T

o e [l o7

ol gl = O [l T
RO O AR

2 i S ST e

e [ 3dan T



200 Text Apparatus 1.4 [8-10]

My o

T ¢
o Y 0

RO O P

J bl [l lds °5°

2 oblas [obls °t*

Jedig=s pweoi=0[x°
RERRN VSRR
(e 50 ) S0
N :@\i—\ [ ol 0%

o tlaots) [lanst o8

o YA O

2ioyo o

Al :&\'&:;SH [0S 05 °°

Jeig= pwaod=ad5°7

3y gall ol = O 18 g0 odgr [ ey °°F
Ve ey 0

RERNLL dhal

NSVRLLS [J.-;Y\j
Jedoie= o i[5
O e & [ 2

o 6"‘\" [w\o o1-

ooy

.(«C» j'o) C)u,u\.m :3\?)3+ [’\;.J.v- o
Ay en

ol [ el

Jeig= pwaoid=d5x

o i [ glas



Text Apparatus 1.4 [10-12] 201

R WRIRE IR
Y4 e o
wo s [l
o ygall sl [aS> Mg o O
NEVEINS e
WJetpedly = Ol gl= e [padl TV
RS
2 rpplladl [ epollad) 7
ooy Y 3 als My I sladl (3 el Jad S84 [aclo 59 o
150
(o @ pol) [ o 27
(o3 o o o) [
NI IR
(e 3 )b illagr = o icllsy [s2y ™
Sl Cag syl et [Cladll O
(o & ) [
i [Jib oA
i [, o
o [l spls e AT
i sl et [Zﬂﬁ\ oAt
o= [Jd) &k ore
Sl J o[ K
(< s pddla [ ™
2oyl s Wl [0 5 s °M
e [Ge o

STy o



202 Text Apparatus 1.4 [12-16]

REEIAR TN
(0 & o) [4 =5

(@@ 2k [SS o
8 u.\\l oft

. 5~rﬂgg\ [V{jﬁ\ 090

.4 u{[w eal

o4y

et [ e

N NERR

Javy en

(28 ) [SSU gl ™
ol ider = o2 [Je
[l s 8 s 5 o gl 3 Calsl o ) oy
(< 30y )l

(@3 2k [l bt T
RUR A NP

e [0

Aoy T

RN [6“‘\ Y

.(«A’C"» ) C)d\h [Ua)ﬁy\ CE‘“ T A
[l Vs v

2 thogat [Auwgws
(@@ 2l el aan ™
A58 g e ™

e YT

(g 3oyl [ 21



Text Apparatus 1.4 [17-21] 203

ol [
el e [l
(o @ ol [ewdt ™Y
ﬂ 8 i :éﬁal\= d e [&Uﬂj\ A
o [u-“’ A

(o @ el [ ad e ™
okt e [ ™

S— [’\'U\ avy

o . YT
= 'U‘J\J [u"ﬁJ)

iy = (glatin iy N3t 0g 59 o ) [05)5
el g [T

(0 & o) [l o ™

TN Y

w2 tliag 1t [ ey Lppa T

(2@ 2b) IS8 e o ™™

RURR YOV PSP

A= ¥ s

= g e o (A7

RRE DY (

.2 iR+ [ubjﬁ\ e

@M A o ol = (0 3 Bh) = J s [ e ) T
il 3oy o Sl S QM 5 et

oY e

S 1l 5200 ly () )3l bl s o L [l ™
sl e oot [l T

o = (P gy )l L ™



204 Text Apparatus 1.4 [22] — 1.5 [2]
RS P L ZAD-\j = J [DJo-\j e

e & SISU o pm od ol LY ¢ 3,30 Al

RN\

Jiovy

L2 3oy )l [ (2 3oy ) [ b S
(oshaine vl il o [ S0 188

ORI S

RNV

(s cpI)m 8T, 817

(20 3 ) [l

i sl = e ot anadl Giadl = o8 O [ el s T
(g o) plple

(g2 3y pe ) G o) e oy = o o [
o ks [y

o I [T

Jed gm0 = (Glgkie ) OE ldai) e [g50 T
o L [

iy [C;Y\ 1ee

coo— [lgaas ™

o ey [y ™Y

4 C\:ﬁ =d Qo CL; [CL; oA

Jig [0

oYY e

e e



Text Apparatus 1.5 [2-3] 205

.(«C» ) C)w\) thaw i [ldaw, M

S («‘Cf» ) C)JL‘E 2 ‘(«C» ) @)w\'ﬁ' o [ae T
Jrgioed = O gemed = g = Ot gieed = 2 [ g T
MY [l T

S [Jgkal) T

o ! [laaet 1Y

Ao [ty T

Ay T

A=Y

o SIS LSS

o SIS LSS

ol [y, ™

el = bl Bl = J e e [13) T, TV

e 155 35,00 V0

S 3 D) e 1V = J e o [Bds) ™
oot [on VY

(2 5oy o) Sla [V ™
JeonSedpmnS=olpse™
o gl [l A

O s ™

o ilaaly [laly ™
o gl [l AT

u\\ngb\-k:Jc_’j = cw[d‘j& e

o = d cis ) L [JE&M e

S u-\ ¢ K



206 Text Apparatus 1.5 [3-5]

.Acd:JLJ:g_:J‘w[JEéW Y

Brops oM e 67 sl = el e[+ 4 sal W

RERIAR

ij:g):gj?- \\Y j/L)"YY J)szdcd cu.u[' SJJM-H.
.4

s oo = o NE Tl 0 il = ) B [y Ll
o d T e Ll Bl o) S il s i e oS G ST YL
(e QLS oo Jaudl 395 381 Tas )

o oYy [Lasls) T

ERRTRLY

o [ e

o [&ﬁﬂ e

Higp[op™

Ve e v

1 Lol [ Lld) 194

26 = J e d e 3« deg) r [ ™

(2 o )l [lasT adlasly ¥

Joavy

oo S M [l s VT

Y.y

‘5:Q‘=J:E=J‘wwe[—’w:>
.(«f» ) C)uﬂu M\_’_ [w\v.g
&.)'Jg.c [J'ﬂ)qv'o

.2 :J.,a&\j [J"\;\j vt

co B[V



Text Apparatus 1.5 [5-9] 207

Jed ot jamably = O [anadl VN

Ol e aadacer [ 23Y, M

(<2 5my ) ple sder [Y

ot [

S [y Jo by S ¥y J) 500
ot [l VT

REIEN [;\ Vit

Al e = e e U = O o [ Juaid) i M°
RO WP P WES RN

2ol [ LY

RER R

‘U* T..Lo Ve

olb = il =J S o [l

ol slasa Y o e [l YT

Jm =0 e [ T

il =J g c(«f» ey G)uﬂ\.a co [T
2 il [ il VTR

I P

ol :J;{da,b).—ﬁ [QL Le V71

sl [1s 137

o 7O VTA

s [ el v

w0 ety 3yl Jer 1) v

Ao danl = oo e [daadt M

T SUN ES S

S (el 3 shin Gramg) e oSm S K= I oS YT



208 Text Apparatus 1.5 [9-11]

.(«AC"”» b E)J\A [3)5.3\1.\ vre
e [ W\ = J c(g)_’j ) [‘L:.a.J\ yye
et [law Y
" REIEN A
2 s [as YT
jSj‘j v J{Jﬂ& L}bw\cMuﬁCﬁ }Sd'&\c))3+ \AJVW»
a8 e s ¥ el j5al) Ll e et Lee (0VY) s
o glayk [ohn Y
g 3&).10 Yy
«3»J\j «_3.»_\\ O)ﬁ RE J@f)uﬂ :&5“"“53 = d e < :ui_‘_,..: = :j [k};‘“} Yy
(skaine
= («C» ) CJXQ""‘S o «JM» »j’)w JJJU 3 (o [JM Yey
Joidde = O o
ol s [
(ujh.»n «j»_ﬂ)uu LY [j,a: ve
(ujhw «j»j\)u,u :g;a.,uj)\j [UL‘?S\ v
Jiovy Y
Digpy= ot aw=d
iSL# . q)ujl 03)-6 VM

YEA

is c;.):J\JU_ chd ‘U’U[ 9 WM
[ VOY

0
'q_fvr

u‘:wLV' 43> Y4 ob;:d‘jjcd‘uﬂ[JMuvoi
.g:}mj[)gﬁ.uwo



Text Apparatus 1.5 [11-13] 209

= :(«C» ) C)ja; © = o ads V4 g\}?—\ Vo= J ol [E;VM
N ETIR-

Jism oy [my"

d ‘iﬁ <L :O.A= o cor [L); VoA

ij c&.)Dw X j=dcd 8 [WVOQ

.(« .-'>->>_“ g_/.:f- «C» »y)u‘u [y" Y.

oy

ol e

- :f)&bj+ = u-uL-u [CJ\L}& v

2l el Jaal) $e s ot Gl s [l VT
2y e

N W) O 2\)>\'K =J¢_’J e <u»[3;\"10

wo gl [(siaall Y

oY gl 0= G [ oYY

o 7l [0 T

IR OTIUE SRR} R YL
ol [5l T

enbm iy 0, = J B e o ™)
oSl [l

wo el 4l T

A [ope Sy o dile S amy ) S0 0y
(2 )b

(2 3oy ) [ ™

ol

e T



210 Text Apparatus 1.5 [13-16]

v tdaal [Jaali e
o {ogaie ) K, [5 b
(ogpl)=J. chc¢[¢5>
el = (03 )= J S0 e [ B
J (38 « O g e b = O [BMes YT
oo et [ ymadl YA

- o \.3 [g/\,\ﬁ VA

_SL.» J’l V/\'k
.uﬂ:L}o.ij:dcu'Wj:J J[W}

CJ [@u_\ YAA

oy

B or den)r i) s A d (= (o3 B = ol @
J ‘(‘)}Tojﬁjja';:«j»'}\
(P3P =dd G p[dIM™

-5I;:=(g)éub\.ﬁ)=(«o» L;ljz;'a,o«'»_“)d (Lo ‘L)“[. | vay

D = (@ mplabig=(eg ) =do [
q:T“Vro“

2 “3 (0P =d s vae

(o & f\"’) =J o («ordl ot «ﬁ"» ) C)u,,.. [« oY

A Y

- [,S\)\;\ YaA

) stj =< stj = d cij 8 [stj vas

.(«f» ) C)J\ﬁ Ol [Jd A



Text Apparatus 1.5 [17-19] 211

ﬂ—=wd‘&j=d<uwj=d[&‘“}j/\\
._’j—=&):ubj)9=dcuﬂ c&._)[ubf/\.Y
uﬂ'uiil\.r

A gl ope sy S A o am )
u\p«wn\q-ji)uuldj:-’jldJz(yé&\ﬁ)zd‘d[%"s o A0
(i'U\f‘pdﬁjﬁ‘B«ﬁ»J\

.ﬂzﬁlwauab):ducw[ETM

did - (@)= s o=diy sle "
"4:J(S)°=(‘r’&}ublﬁ)=dcdcw[q\""\

'(‘?éub@.ﬁd‘ﬂ‘dcw[d y
vy AN
gan) 3 By )3 ile [yl MY
LAY M
Jilwl = Ol = e e sl [Tl A0
i de [ade M
oY EUAY
Al W [l M
o FA M
2233l 13l AT
o ke [ole AT
o= Sl o (AT
2SI [ AT



212 Text Apparatus 1.5 [19-21]

Jedipgld= 0w o [pihy M

Lo Y AT

o= [as T

il [ el

bl e [t AT

Jighe= Gl = (@0 38 @ p)d o [T
Hioyy AT

N ua\a..:Y\ [uobw A

2 [ A

2z Jeall Sl [y ) s AT

N :J{f=g—=d 2 <w[)§}\m

Syl [oggle 1T

oA M

RUEN A AR
o aslinly [aslis)y AT
oo rodadd) = J oG e [opdand) AT

el [l A

.(«ﬁ"» g sl 3« Jslh+) Jla :@135\ [ sl A
o e\ AEY

JeO i = ey = oo gy [gsaas M
v i3laa) [3laaly A2

S [AAe

YA e M

Jees :é“'j =0 :ég-'j = :é,,.j = 4 [é"'ﬁ ALY

o \«AC [ak AEA

Ao oalyly = J s (o [o3bayly M1



Text Apparatus 1.5 [21-26] 213

o aoladly [aslasly o

A [yt A

w0 )W g [O) 1 LT, AT

O ol [oglanls AT

L2y Aot

J ooy el

wo e [ M

EERIRT AoY

(e 358 [ 3 0y ool sl 35 il 12
o= [ I

o 13l [l

A LA

(gkain IO o)l [33 M

i [l

kel Fob [l t\?f‘ o

2 i, = (sl o) tlen L F3idy = oo [lgp $3, 1
J il \.af,'\ﬂj =

Al el = 2 laly [WTAT

e TIA AT

Wil e Al e Y Gl e pace AN @\ﬁ [\¢J> AT
iovy A

== O [ LY

oSS [

REF T

by [WTAT

\43

.J c.’j cg:g\jﬁzd O [caj,o/\



214 Text Apparatus 1.5 [26-28]

.:Jtdj\/\g@é=g:Jj\éq@:J‘@‘w[%yg@Av

LS o ) (1)S Cladl 28 (DATIYo4) [ AV
Jed s = (03 k) = (e
.(géu’a\,ﬂ)zd‘ﬂ‘d‘w[;;?/\w

W [ e

LA
‘(uduo\-ﬂ) = J c.’J cd cor [Ik—{;/\/\.
(u&uob) J Jck.} cw[I_{EAA\

(RN OENFENE ISR

(uéubb)=d 5*3‘0‘[;795;"’“‘

g; (u&uﬁ\»’)—d P (;"«J»OJS «)» . ,.f;/\/\i
g

- )wﬁjj;\ = J c_’j e Cor [CSJA)}\ AAo

'is;tt‘}q:(‘?éu&tﬂ):J‘d‘w[;f’ff-hi/m
B C)u»ha el agr = o rgrall 3= J o [grael MY
.(«f»

ngE;:(u&uab):J‘d cuﬂ[lk—{;m\/\

‘(uéuab)zdc.dcd(w[jﬁél_i/\’\q

o :E}\ [u}\ AR

(Cop)=dd o p[de s

N S TR ENREPR R

iqe [ alos ARY
2y [b)y



Text Apparatus 1.5 [29-33] 215

(u*' @ ujia..m «j»J\) tj")“} [@}JS\ AdE
O SIS [y Ase

o tSTA AT

A [ ey el (3 o815 S 5T ey, MY
S[TY g A

WA

i [

Al ds [ e

R :S[\l“

o = S0 i = (et gy o S )[BT
Jilde =0

oo gl [holud *7

.g:i\uaq'i

Jiveg e

“ 9.y

o i [l Y

gy == O [45,)0
.chzwzd‘g:v&w:iﬁ[é_ﬁﬁ'i

J e g = (shin 8y iy O wprazg) S g3
REENPHCY PRI

Heoye Y

e [T

S :T'ké‘ e

S = (@ oy ) dbo o [ e W
i = O as = widag= 0 tas = A o™
Hiday= OB o e = etdan = J [aag Y

L :LQJ\AE.C. [‘)\u\ﬁﬁ. DA



216 Text Apparatus 1.5 [33-35]

(S oglaine «brI) o 1 ST LSS0

)5 [54,0

(Osladine <) ot poladl [ 9all 31

I [l S et S5 13 G 2

S g degy wskie bl padl aradl [ ) jaras T
S (@ oy e by

LBl s [l et 3T

Ao [g%ﬂo

(2 oy )b [T

RE RN

s [u"‘j 4YA

(2 oy )l v s *

At [Jee 3T

ENCIT S EN PN A

Jed o glnlae = G e [pleludy VT
JedoiSl=0 [ SN

o iEY o 1T

ool [laag 1T

Al [l 2T

o pe)dle s pmed) FA ol Wl ligpss G50 585 e [anad ) T
.(«t@»

O [y el e Ay o i By gl 5,0 s T
Aidyo AT



Text Apparatus 1.5 [35-36]

217

(«Jj.ug »

_S LC [\é ‘\iT’

o [o\}{“i

R PR
P \fmom [M e

5l [Caall, 1Y

ELIWP o v e [fUal\ 1A

(sl Mor) uj [sy ™
O 113l 136 1

o ber [ [J.\'a'.o el

Jiove T

e [ e

26 b (B 2

2oyl [alsy) 20
23l [l et
ioyo Y
NURIA P

e e rgadlly = Jeo [eadll S

Sa ZTV' 1

SEENTTINT B

il o [l
.(«éa» ) C)u,u\.a [1@9\ e
REEIAR S

.qu V\L\\ Lﬁ\l‘\u



218 Text Apparatus 1.5 [36-37]

uﬂLﬂ J«aj\ g_}j,.uo- ;«\Mb+ [Jo.aj\ ‘}c A
L [ad)

Jedas 2™

(Ve o s L}Ba;éfd\ Jr..é. o0 drg) BV

el O sy = 2 o =00 o [l Ggan ozl W)
Jeth o = O e [

o 2 [&UAS 3%

e fane 1VE

)y e

G [

RN R

2t ) [oy g0 YA

= :O@J = (sin 2y S rlE W Jrg) e (o [ugj avq
J :ﬂj

e & el [ U el Slae W

A [as WM

RIFEPY PR

e Y W

(u(}u@b)=d(_’jcdguﬂ[;‘)b L}'ﬂ’\i
2l [165, W
o R [y

(u{_;ua\"’)=dciscdcuﬂ[)(;§> . AN

J (Lo W =4 ‘(«-.’.»&jé «S» ,\,.y)u‘J (o W[ . L AAA
___C‘\/\au

WS, [,



Text Apparatus 1.5 [37-38] 219

o iiuo a4y

i@ w4 (03 ) = J O[S £ S
o sl [l e

uﬂu’mﬁ[dﬁ?

.(«ﬁ”» ) - J.Xa..uj\ vl «;,QQJ\?» Joj;)u,u\.w ujﬂ\: \_/djlj\é 1A

J o A
JZQ» [U’° “
4 ) it Vo

I S RCH PO S B NOY (P HRUTR
WSS oS T

o ey [amy

S etz 8 o el

.2 Co thame> [u;zma;\ Voot

P = 5 ol ST = ) o [l Jiy) Y
2 dlaay

Y .& [é.‘ AR

w3,

el TV\ A

oV e T

(ujja_.wc «j»j\)u,J ::)ﬁj [:)g VY



220 Text Apparatus 1.5 [38] —1L.1 [1]

(ujﬁa..m «J»J\)U"’ :J&E/\j [fy\ e
S E g

80 Vo

VY

i :@Y\ =J 2o [@‘ﬂd v
v 18 g1 [5 el VA

2 1okl [olbl,

Ly

L,

J el dlyr [l

AN 3] deudy dgloy a0y (oY1 o geall (3 S5 L 23001 )

- YY

i Gl ok 8
Beide Py= il = Jb e, T
- [f.,l\.ﬂ\ A axendy VO
Sipp=ddioipas p 2T
Jed ool oibas! [ble) Y

B [elgrayt VA

Jpiom=doox"

i3y [d;\‘

R A I

oo el [addly T

.J<d:&1=w‘gz%&=ﬂ[&'&s"”

Al ban oYW = O iChas = e ichan = J oo [caas )
s = pooo s = J o [laa T
Jipad=dijad= pwipad=0 o pad



Text Apparatus II.1 [1-2] 221

R L u'\jw\ = J 4_55 [ [iju\ I
s e ™
Aoy \ T

- %JD:JckJ cu%ﬁ&=i§[&£\.i.
Jigve e
\RRa

ij—=k_ﬁuﬂ=dcu.uck.)[du

o = J c.’J cd c(ju\ uﬁ- JS\‘) <<-K-L'>>.,\D.-j?.j)u'“ [j"ﬂ b
Arde [A)F
e [aa dl5le

- :i-\ua ey
A= OB YO, e s V1= J B e[S 2
V€9

o [l

08 o oo1) BEAO, Gy AY = J e[4S )
o s [y ')

.d :a)jui\ = u.u .a‘)u\ = .’J ‘J cg_) [Jj‘“’l\ Yooy

o8 Vrov

(P =Jddo w8

RUEICA PRFA R

e [l e

NEVRACA I [v@,,axj v

(@ 5o hdl 08 Aly sog) o idsls = J e o [H, T
(0 30 Jadl 2 bl sm)

o [

ol = Gl [l )



222 Text Apparatus II.1 [2-4]

(egp)=dd ol ¢

REHAREN

4 (’“’w[("“s v

.(«f» ) C)dba [\da V7

. 0 yganl) [ geall VTTE

oo VY e

4 fJ\sY\ Sy (pedy = :E,S\EY\ e gt [elgrayt s V00
2o g [G\.x,.:\j "

2 el o e [ .(«15» 0y C)J\Jb [400 Js30 f\m}\ el
oY = J B[

J- LW u‘“ v

el = 180 LTl VY = J G [0 o Y

[

b= (03 ) = o [d e

(Cd )= uls £
YA YR

PO (T ST N YU SRR

e e = G e [y

(Cdp)=d b pas ™

So gy Q) jitn @SHH) ot v aS= (0 2l = [ 80
PV o U J

(03P =d s plds™

.uﬂ\ﬁ . «r )§>+ = (L) ‘_; uab) = J c.’J cd o [L’ 7'{ VrA



Text Apparatus II.1 [5-8] 223

(od ) =J o pfws

) c(«§> Jl;\am«jag»j\)uﬂvg_b_{:(uéuob) [u j{\.M
o=

(od P =J. J‘dcw[ R

(06 )= d e p o5 J v

! :PXBYM [Tgw\j VAo

JedOapw[d M
J ) G oy e ol L(J\WC\JJH.\..:\ 1S

B:S JoJo el S [ S e,
.4 :@53\/\+ [g\_)w\j Ve

Gl c2 cam drg)p + = (0 ple) = sl e [an 0
(UL;UO\.J) J_Scdcu.u ‘dé\cﬂl

(uéua\») Jchcuﬂ['A-_{\qr
ui\’ua

—u:yU—(udu@b)—(«r»dW“\‘»*"ﬁ’)w[ff

.(«43. \,o» 4::5—5 W\é\ J «f» -'\"'j’)d . y v\.ﬂ = _’j . 45 \.A
.4 :PXBYH [Tgw\j IR

(u(}u@\-ﬂ’)= J c_“j ) (uﬂ[z*;\'%v



224 Text Apparatus II.1 [8-10]

Cd gl gbs seg)d d (O (el Sy can) e [U 2 W
(U e bax raldl 3 capy 24U e Loz o i ol oS5, ol
(CRWOE

did e c(Cgp-Jo s da

58 B ) BNl = (003 Bl = J B e [l a0
.(«\J»
.4 :PXBYM [Tty M

(edpl)=d o pfue T
B = (0 b P = J B [U g T

iﬂ— cg..)—=dcd ‘qu[. ﬁ\\.i

S UVY e

=J o A B [ e ol vl S ey,
(o g 2l

YA Y

A0 (0g k) = d e [ 0N
ool [oe

(€8 5my p)oplo [ 1

i& ‘L.-.uj [434.-&}\\”

il [

AidaY) fﬁw/\=q:5¥\/\=d‘dcw[f§\ﬂ\””‘
(2N 3 rgaba) o [, "

A iday [Tas M0



Text Apparatus I1.1 [10] — I1.2 [1] 225

@)wb[upjsdlgw\/\ib?uubr@ax-\xy\ami gy sylall e 11
o0 i@l = O [ e (2 )

(0d ) = J oo o ld ou Y

Al [y, A
-(u.»g?u'ﬂb%d‘-’i‘d‘w[gz\m
oot [5 OT

ARRA

i35 et [
5&_}_ [Q S "\\YT

VYE

VYY

ord= (e @ el =dd o A
Jay e
2 radlial) [l T

U_=J<A<dcw[j-“

(«£2» 34 C)Ju [LQ‘K‘” YAYA

o e = i = e O [Rpa T

= oY) s sl i ey iell = e e [

gl

2r ¢ ‘5;\5\ co\}\.\) gl s Sl 3 Q}\ﬂ\ U ¢ Al gl

VY

AR

LT BAA

ol e Y4 [d‘j\ "Ny
o= [ep ") @5\ cc\jl\j ¢\ gyl Ls Pl 3 dU\ NI
g, [1US, T

A ya e



226 Text Apparatus 1.2 [1-2]

(s NG i Juall [Joae M

15 bl [l 1YY

e TV A

s LS,

o :ng+ [Y, M

NRTYIE

NG RN S N

RTINS GRS P SR

A il gylde oY 5 Al = ol [O)lal e
" " g e
ol [l

BPRCIPEE

(gkain bhI)o el [ells M+
.J:é.-:dzédzﬂcgé;:w[éﬁ”“

d MY = («ﬁ”» ) C)J\A [d\;}“ \y0.

AREA

AREAS

Je e [oraan

oy e

g :CE&U =30 %.m =J [&wj \er
ool [l e

gl = (o i d) o sl kit o 1%
(g 5my gl [z

. :é\.ﬁ\ =J o :Cs,.}il\j = [Csﬁdb oy
.;;:Q\J,\‘JJ [&&\&U e

J bl [yl

oo Y [, M

e VT



Text Apparatus 11.2 [2-3] 227

Ay S LS g [ Ly A (g M
i 8 A (e T

u,o. Ve

ij c(u}a...».n <<_.|.>>j\)uﬂ Jv\cmj =< JJ“"} = d e [)Mj e

5 ol [l

Do iad= ol = J S [ak Y

‘o 1\:{3 [\:@ YV TA

N AR

Jiova v

o layly [alayl MY

e WY

Jed conlyly = O [l YT

o il [l VY

e P

.d (uﬂu :J\J:D.G = J ci& c(«{» }0) C)L),ut (L [J\JA AR

vl «L"ﬁé\/\ EJ,,\J éa.,u ) «a"» ) C)J\Jb ¢4 33\ j\‘" [;,‘.Lzoj\ Ny
(e

Lo ve N

Jiagt = gt = oot [45

[Jlead) el ) wgls 455 L By 4 L % il Z,LUJ\ Jre M
.

o Zu,z{jﬁ\ [Vﬂﬂ\ VAN

.ﬂIG%ZJICWZUAZ@@:J‘g[@éHAY
R [C.s,\:\ VIAY

o [(l VIAE



228 Text Apparatus I1.2 [3-6]

J <J:é~= w:&;g J ool [&J V1A
A= d oo [’\‘)? VIAT
ook g [ 2% VIAY

i ple = o gl = J e e [ ol M
o [Lae 8

ek Y+ [L5,\§\ ARE

B by = J o [ewlld M
(23 o2k [y

o 10) o

b [los

WD iulay = J o [ewlls M
Aoy N
REIEJPRUOMIIE § PTOWINE B3 70

A s N

A [

ao Ol [y 1T

2l [T

o ke [3,6T

e iYe

(o3 2l [y

2rlwlay = J o c(«;';w\...j»» A «nlosy j”wa 15) e e [sli )70
(23 AL [l ™

(& P [ 5™

.ij‘d:cj:d‘w‘\-.)[.‘“,.:j\‘.

e e = J oo tadan [pdas 1T



Text Apparatus 11.2 [6-8] 229

iy [T
REETEA R AR

vy T

5 L uﬁ = d ) U [J& AR
J gt [Gas "7¢

vy me

o :o\lua YY)

B (0 P = J B e [0S
.J:JJ:D.S\=A:JJZS\S\=d:JMJ\=wc\.ﬁ[J@5l\V\A
(o gl [L
REERAINW PR EWURM
ROERRY [é.\f}l\ '\

" :T\/o \YYY

.4 \ij\.u = d e c(gjwj ,\5\)‘ «.,\J%»)L),u (o [\.hjUa,J \YYY
(u&uob) [\-nf"’j \YYE

SR

514 = (0 o) = J B [S g T

(03 A [S 5

deoiom=doioms (wop dlaam g 8) p[op T
YYYA

AeSipas pepipp=dloas
.JL‘JJ == = _4 cd cu.u [Uy;\ L}')’ \l e
.d ‘8) [d)jj VYT

Lory YT

s ciaad e [l T

'J‘wl&zd‘ﬂ‘sﬁ[g&wm



230 Text Apparatus 11.2 [8-9]

d‘wM JJ‘UM\Y\‘O

(2 oy p)dla [T

NS PP SR I Al

Al aer [l YT

L VO 1YYa

A gl = e [ T

b [ My aie Lo ¥y 39 2l L o) ol (gl VT
o ey = O e ks = el [ams VT

RURTI

CREPIERS CENUERY CENIRT St

Y S B AT

By Sodle Y[l ¥ ST

oo bl = Ot old e = ah o0 coln [ Lo VT
BTy T

_S Ju\ J«LJ \Y¢eq

Jrellil = O e oo ellsS = S [l el e

JidsbeYh [l T

Y e

e [T

s «» J"J’)U"" 1Oy = @ T J (L iy = 4 [u)’uj et
.(«_‘5»_}\

(S8 ) [

Al gl Wl [Le T

Joiovy ey

(S 3 o) [l

o Ay es



Text Apparatus 11.2 [9-11] 231

e[ s

.(«5» ) C)J\A [O\J‘U J"B u)"’j\j 1Y
o [T

.(«f»j'nj C)uﬂ\b (Q)L;L = 6% [L}) \ Yy
o :oij‘a \Ye

2l [ e

NURRICAN ISR
el [l T

o L [l T

Aeory T

.2 &UAL [@UA\ 3 AN

SURRICAN NS R
.J:fi;:ﬂ:f"\::d‘w ‘q[%\wr
(o 1k [ YT

ot [akag Ve

o ilaly [1al 1TV

Jioy dl gr= o Tadls [Lagly '™V
Jiog a3 ane S [ane 0 Al (3 iy

ORI Y

i Vet = e e tdate = J O 4 Jaze '™
'(«ﬁa»)ﬁj C)uﬂ\h [L;\jj\ \YA-

S oV VA

S alls ol AT

e [

FERNSA A

) :&ﬂaﬁ\ [éu\ \YAC



232 Text Apparatus IL.2 [11] - 11.3 [1]

oK
o bl [ ™

RO VG AL

gt = («5»)0) C)uﬂ\.a: el [3 T
W00 o T

Al [l T
O @u@ [é@ \YaY

RS

s [ e (T

. \Yao
TS RSTIET) [929

e By = prinSy = @i [, ™

or VYT

J VA YT

S (oAl @ pmatd) BT s, el By alad) T
o :ngﬁ [

Ao :;\ja\b =J O [ pb '

i thioy [olitsy )T

J gl [y oty T

Ol [T

gl | ) g [l T

53 oletl (3 S QU ¢ sl lall

Sl Ol = (@ @ o) = J o0 e [0 oLl 3 2 QLT
- redjia Lzl (3 asldl AL
S [ijd\ \Yey



Text Apparatus 11.3 [1-2] 233

.J:gﬁ:=uﬂ:éﬁﬁzd‘_ﬁj‘q[c{£j\\‘~/\
2 SIS ST

2 f [5 7"
PP A
0T T
e VY T

Ny [c}(

o i Sl = (29 my )l [l T

ng [P e L;\ NA, OV g & dbglaz O dadl B ), :j\ allal) T
(T D o Jo oo Tkl Mo B« J5¥ Caadl o e 132
oyl [ Je Y

EERT SRR LN AT < R

Al gl [a

Al = b= J e e EP A

'ﬂ:@ﬁzw:ﬁj=q:u_¢i\ij:d[q@jwn
.J:M:gzwzgcw[www
Hepild=J ‘(«f» 3 C)u,,\g N WA
.g:Bj{:J‘iﬁcw[o}t \TYE

e VAT

2o 1B = e [T

A= e e [BTY

e YA

ol tget [ e T

o ey = J et ey = I sy Y

~“r’:o\/hf9 YT

Al gt [d;}/\

MRS

\YYY



234 Text Apparatus 11.3 [2-3]

J VA YT

iy = ey = J e [
2l gt [dU\ \Yve

\YY

\YYE

2 thaew = o [Aaen

NSRRI

ol el LU [aolal )77

(135 3y hrla s ™

ol Jag= o e [J '

wo = e ) g2 lall we Uy = 2 [ amy ladl e Uy T
R T N Y LR PR g
(2 o )
=y:@ca&\«a)¢b¢>&\mj=:S‘uﬂ[wa&\@%;&ﬁ,q\mjwﬂ
) Ay daee ) sy

,H);%:J‘ﬂ‘w[@cwir

(0@ ol [Tas Bpme 37

L = ¥ e 3= 1 3
-J :uz’)\ S5 =

2l ol T

.J [y :Wj: o :sz‘#?'j = iS[ 5@.0»” .j ey
e VA TEA

2 [Ha) 1T

. 2 \Yo.
P .wj [Q_Ma.d.j

ujh.»n «953» Joj;)d cur Jjb L3 =4 c(«C» ) C)u,u\a (o [A‘SJL \Yo)
.(«‘\\)L» éljwua,o «Jjb»j\j
O gt [486 7T

Siore e



Text Apparatus 11.3 [3-4] 235

s [ul \Yoe
Jm = B s p)ls o [oh T

.J:J\_‘\Z_Q.zij:_)jizq:JJizw[J:i\roﬁ

o sl [ L 7Y

w

.4 :%p..y:dw.);(\,_,j:w[(wﬁ \FOA

L tas Lo e e —i} @ do \Yod
J RNy = (RN 9 T ey = [um.uj

.4 Gﬁ- =¥ Cf*—’ =< :C\j’f,-.j =J [1}3 A
o :o/\f al

\YRY

oo o
o leaasie [lgauaze 7T
ot = J o («asr ) gae lasn 5 Ogladi « b)) w [ e

R & [ w s o Y0

o ) [T
ok = g [ Y

o :g}” [%ﬂ AFIA
.2 :aﬂ\,\“ 0 )92 0By r\:«\ c&\j+ [uﬁuj R
Java

Aye '™

o— [d‘gﬂ (3 \YYY

Aigmy= Cigmy=d e [y T

J Lol = 4 4(«5» ) C)u,u\.h e [L@Jﬁ \Tve
e ve e
oo e (p dai (p [das TV

J ciS \‘3\3 =0 <L [\Jl VY

ity = 0ty = e [Jay TV

S :Oif:j = _d .u\%)) =< .:\” = J [:\:uj VA



236 Text Apparatus 11.3 [4-5]

N :oa‘f \YA-

u\.ﬁ [u& \YAN

A e [ay

Aiday = il bty = 0ty = J [ Ly T
o bl [leabols A

.ij D..SJLU‘, =ud-l ::\é:j.j = J “‘." [DJ&JJ rAo

= wi(9)db s [

S S DA, DI e O dbglar e il 5, 51 alall) o AT
Cre do o L e J) S Gl of e e oK D
(«[*] 4

o 1O YL [ s VWAA

o [Ce

REIE [&,ﬁbj e

e gl [T

Jsb (pbtlen sy (o)) L e & Jobor [81TV
2 Plt)lezses (Plt)p )5

Jiales = Figolul = B o [(golen T

\YAQ

o iYa T
A e T

A gplud ol T

2oy T

Ol = Ol = J e e [Cwlus T

) s 0 2l o s S8 5 3 s
e

Veon

(o) =d oS



Text Apparatus 11.3 [5-6] 237

S (S (03 pl) = J e [B) 5,
Je ité:’-:bj* [OU"J“‘S\ h

J oy ey

-ij:LAQ [L§QT\2~2

ij ) L &JYJBGA@\/\ = J <L [UYJL"‘:SM ‘e
o) [J_;\ e

= («JC”» 353 C)J\A | ‘U’”\'m - [&JP QKQE ey
i [

RUPAINY WIFGRLE

o .pr V).
[
is :ajyaj\ °;\'K+ [M VY
& -V :M\J J\“fj\ L3 =< u\"mj J\?‘S\"’(uo\*’) = [u\;‘:\j\j JL(J\ @ e
J il L (29 my o ol @i pne (3= 2Ly I 250
ij )Mb u\j =< wb )j@a«i\j = J e O [Jé““s\j 4,.....3\) Ve
TN Veyo
L)—“ .
i@y [
U’HL IubJ\o/\+ [\,;\.b VEy
o 113l [13s 1A
.J—zdcﬂ <(«ﬁ”» ) C)U'“u"u[ AREAL
ol [l e
RN VA [@L VETY
J :“\’/\. VEYY
o ibl= J g

S 'Qb = J c.’j (Lo [\JL.B eve

\FAR

Vet



238 Text Apparatus 11.3 [6-7]

\evo

W) e

o b oW el CETBE o1 e Lo asl el 5 1
.(«f» ) C)u.uhb [LJJS- OKO;Y\

) UKé [0{3 YEYY

g e [

WO VT

) el ST, ol W) 3 e Losr = e o [IgW T
el = O lat o

sy = Ot gy = J O e ey T

u‘\’ u»ﬁa\/\ ) Pt [:,m\ e

o o) g et = el [ el g 8 e 1T

D (2 o gt « S0) oS m J oo [55 T
Ao oS

5 V&Y

NS

o [l

RN B

(g2 3oy )b Sl STl 1o
.Lraig)A' ‘et

w0 kel [LYus, 0

o— ["»\j\iﬂ

oo tode gt [ LA VEET

(S e s = Jeoiogp =4 [TJB VEEE
o Al [;Kj\ vego

.o 2 L3 [f/\.b e 164
.d:&ﬁ::wz%éﬁzd‘_ﬁj[%gﬁ\m

o [ puaid \u@u@wwwmw@g\wm@w



Text Apparatus 11.3 [7-8] 239

.U»:C{a}&i=d‘d<g:&j,=_ﬁj[&aﬁﬁxzm
4 :‘_%_ﬂ” [Lowyy &

N .'LYua Ve

e [é VoY

2 ey [ L, \eov

P :L"SJL.MLO+ [u.uj:é Veot

Ay e
.(«f» ) C)Ju [)L(J\ J:\&A e ye0
o [cbj\,,.m \eoy

'J_‘-’J_‘J_“?—=w[ﬂcb L gny V0O

e T/\\ Ve

At Jauglly [Lasgly V0

s :\'VUJ." ot [\'Mf‘ \ ey

3ty e et [Les e o yverr
.ﬂcg:\.@cj\bzdcd‘w[ :.S\Z?\L\iu
RO

o AJJa [M\j et
oA B
ool [oleludl Y

Vena

Sepip=ddo [P

O ey i had = J oo [Rr)0 5 e i 'Y
RO IEE R

3 s [

o A, [ e



240 Text Apparatus 11.3 [8-9]

N - u\cu\j = J c_’j N [AGLMS\} Veve

KB Gy = e iRy = J S a1
o L..}bj [Ljé'e Vevi

e oA Y

o1y [ oy

JOTY oY o '

gy [py N

(e ) jaze «en ) o :leld) [zelodl VN

gl = J e o ol ) e cglag) e [olog¥)
A Tt b 1 2l el T

o [z ¥, leg) i 1 &3l el Lelag) Vo0¢

ol by = O sl [gley 140

AR = el = O ol = | [&] AT

. VEAY
o= Lo
w? N EAA

iS— (O = J ) o [a.\.n

.(«aﬂ» J-,,)C)u,u\‘s :Vﬂ0+=(yéub\ﬁ)=d‘_ﬁj‘d‘w[w VEAR

(uj.\a..m «CJJ»J\)CJJ Y104+ = (u @ UQL’) - J ) (e [w FH
.(«f» ) C)UHL
ﬂL.u :(j?f" [ﬁjj Yy

.(«f» ) C)w\) VW°+=(UQ}U0\~J)=J¢5 “J‘U'“ [W \eay
o "\'/\Y \ ¢4y

0o Z\Z )'7- [;)’?- Vedo

= o Lga = J c(«c» ) C)u,u\.m [\.JA e
.J— c.’J— (I = g.} 8l [@ VAV



Text Apparatus 11.3 [9-11] 241

S PR

2L VA Ve

R PR

i [

o e S s G

FEENL N

ol '

ek [oad, Y0l

Do igbeys = ol = J s [wle, '
B t\‘o-\/\ [creleay) oY

JioAy et

A a b ot [ppd) 2o

2 A - [J—‘ \oy«

.w\s+ “.):F;T:J‘_’l (L w»[;w”
4 o ey s 6"'\ & A+ [C} oy

Jed oz oY ke

:(S)v -k ' 2 =(«f» }9) E)uﬂt :voi-f':J(:J cd (u») [-LA-:V Yot

s
4 fpdy = (ujL:..m «M»J\)ij Ao = J (b g [d“‘”J“Lﬁ e
S u/\\' et

e [l oY

o [l 4
sl [CLM AEAR

AOTA \ev:
.4 :\m.\\j [\A:\:ﬁj e



242 Text Apparatus 11.3 [11]

RERPETAUN ST

s Laalll [ Ll

A3b )l 2l B = J e (2 3oy po) ol o [ )2 AN
A (sl

e ezl = J e o [l 0T

REEIN TSR

o [

- L;j%j [&‘;‘)}\3 VoTA



Figure Apparatus (Figs. 1-2) 243
FIGURE APPARATUS

Jerd) Jo pluar ¥ sl ol 3 2o3al)

ANy 390 ) ‘,Kz

e e [N A - (e = oW sS = [V 550
cor o [l 350 e W = OB e o [N a5 0 s eyt s =
55 = [ ¥ss . d il = o = e [M35.0 iyl = O
e = B o [l S oW = e syl = sl s
== J e (o) o o b = [(pldge) oAl L0
el (b gl (s = O = e o [(pase) Jll) (b o
Moy = O G 8 gl ) (o G sl )
(2 & sl poball dlon) (2 3 8l <z

A1 e 3 S5 U W Al

M\éﬁiﬁjy:\'ﬁi
:@\:J‘g[@m.wzw\&\b:q—zJ‘ﬂ‘d[w@ﬁ\d\lé'&)f
0 [pmatd) o (@G Bl «pmedl Frov) - =
sl = O gsjsfm (D G 5T se 3 ol il (o) J
G izl e [ e J il = el e = ) e = O
e e o = O i e [l e e et e oo
= < il J{J" Ji'o“ FrSipl Sp=de = o [ S
f}@ IS s Jefle Spo= 0t Som e
ex u.\;[@ 2 (Bl ) J el = O iFe e = e o
Grdut [Jlo— = J e o [pamadl - e e o= 0
C G on [l G2 e e = (slebge) e s el Sl =



244 Figure Apparatus (Figs. 2-4)

il Sl e o= b (= O gl e e o
¢ o -) &#K@M\rbiryjﬁx)dr‘l\=ﬂywzw
(@b -Yedpw-t

s ally Zglall ST Y6l 500 ¥

Nl = J I [y Gl SIS N6l 5,50 (O 3 b S
w2 ally Al () SIS ANV 550 = o maslly Sl SIS
o (e 3l gl 59)9) Szl = e,y gl = o = [
A= (Bl dnyl) J (T e @) @ sl = 0 (B0 B) 2 [asd)
or o= e o [N (pldse) J e sl = o = [Jel)
o [aeim 2= = o (@l 836) S0 = J 0 [ S8 o o sl
il e oM = e e [N s paead) = gl e = o =
([obdse] J e 3 0y «Juad) b)) (o @ w8l Gpudl Sio) L0
8y el b $00) (o0 3 8 S ) (o G 8 fWl So)
ibogaz K73 bl ol psesy 306) (J G 8l gl anian) (S G
(dgbedepro-t

s b 550 1€ ST
= :@Y\ = [l oo lee A= J O o [s)llee o350
(@l Aa) o [ SN 3 8y ol 55,30) J e anjllae oyl = 5
Mo = (Blge Ta) J o gl = O [ I = O oo -
it = O e [(ge) el o (B = (Blge 8Y8) o )
O o [(Qbge) Jaall o L e i) il (30 = sl (Bl
= (L sy ge) il e = O (e = (L ol )
S i S = e e o = o [J S (plse) JUo
Jm et o = O [ e Ot = U= e e = G [



Figure Apparatus (Figs. 4-6) 245

bl Al = O [l (@ G 8l el Jans Si00) o ifle S =

e et o = (plge) B [e (plidge) J el el =

= O o= = e [plasadl - e e = ol Al = o [

r\);\ Py 232) . ity g «oud) puasy = d ) puae
(He-) e J e tilbglar K3 0

A A3y 0 K

= d ol el s = B = J e el o0
(A3 oo = ol Sl = (Bl dn) J e [l - -
= (o\*’éf)ﬂl uﬁ{:'?k J= e @—:uﬂrf OlBse)
Al = G bt o iy o e B = (i)
Sl = oo .Jﬂu,\ Al = O [ Bl By Ll
= oo [JW J-{,a Jm e = O e [ S (Glse) J
Jobise) Bl = 2 om = o W Sl = G [l e e e
gl auasy = il pias = O = o [ el
= o0 [JBal) gy oy edl Gl (S 3 )y @il Ay ) . e auadb
s R = S iy dal Jully gl e = o el
«hll o2 3 ea sl L) s liagy) L 1 e oty poel = el
N e d-t oY b2 K3 bl Bl peuy i) (B G
(J@ b

) 3 plh U 3 el

St lzely ol 5 g0 1 K8

Joldl el S s [@SM (J & Lail Slandl) (O 3 b @\)
o [(dge) LoV aad) o e 'JAU* Fr= o [(SH
ng<<uf\ﬂAaJ>>) A [l S L[S @&\g) Joldl el



246 Figure Apparatus (Figs. 6-9)

LABUA.\D-}) [&M\M_’j— (o = [J’j'\“”d‘b(ﬂt};}\ @U-\
[Coped) 3) Jolbh At S0 2 i gl e (S 3 Sl e
(.3 o) 3 8y b (i Tas dzg) e Llb S

bt O3 Ly blladl 500 Y K8

aadly) 2= [GSA 1 3) Jeld Al [l S (0 0 3 2L)
S @ | 8ty (oldge) «uadl 4l0) (2 3 SU 2B 3 ol cani!
[l °i)'>(-SL3J§JUC) 6”)&\;\4@&&*’3) (43
o [(oldge) ol A o gl o b e [upd) oo 5,5
e Ll e o = 2 o(lg) ol Rl s@u.) Jeadl dais =
2 (gl (3) Jaldd Al oW S = ol [(pd) (3) o) S

3.3)&.16 9\:—4::‘ L} CJ\‘:J\ L'JL..“ (Réb’.“ 7\!\'&1\

Gyangd) 5 201 3550 A S
oAb el oy Jol) L) (@ 3 dasl Slandl £ G il Kl
aais = %wj* (43 pllde oyt e & B ) (o 3
daw = J o3 ol J o e ) coa T 2 iy = g
58 i) = o = O [l o2 e [ e e Al
[ JJ el e [3 2 Jalb e = J 2 &}i‘ (33 b3
il 72 = J LG Joae d el e o [omedall gy Jol T L ) o

o el e = S [ = e [ 2 =

Ll colid) 3,00 14 K2
e A2 e )+ )
Ll bl W e O e = J IS L s T s L



Figure Apparatus (Fig. 9) 247

S UG ) et O e = LG s s gy s
(o G b el éj‘) = J [(pladge) ol o b Jizb = cOo— o
il das = J S [l ool das = J S [opll - = (o

Do rdled = J A el O o = e [Jles s L



Commentary to the Edition and Translation

Preface

The Mulakhkhas has three different preface versions; however, starting with
Pref.[2], “The Introduction is about an explanation of the divisions of the bod-
ies in general terms,” the three versions converge enough to allow them to be
collated as a single version, with variants noted in the critical apparatus. The in-
cipits, prefaces, and colophons of the five principal manuscripts that have been used
to establish the Arabic edition are provided, with English translations, in § /7.2:
Description of the Manuscripts. All five contain JaghminT’s original parameters; in
general, these values are either Ptolemaic or ones that Jaghmini refers to as “Mod-
ern,” usually meaning from the ninth century (I.2[6]). Most of the later copies of
the Mulakhkhas and commentaries have updated at least some of these parameters,
the most obvious examples occurring in the listing of the climes and their parame-
ters (IL.1) that can be shown to derive from TusT’s Tadhkira (see commentary on
the second clime (I1.1[4]). This provided a convenient means of differentiating wit-
nesses that are closer to Jaghmini’s original version from those that have been
updated.

Version 1: The preface in this version contains both a dedication by Jaghmini to
Badr al-Din al-Qalanist and a poem he composed to commemorate being entrusted
with such a lofty commission. The poem, which I have metered below, has a khafif
rhyme:'

' For the khafif meter, see W. Stoetzer, “Prosody (‘ariid),” in Encyclopedia of
Arabic Literature, ed. Julie Scott Meisami and Paul Starkey (London: Routledge,
1998), 2:619-22 at 621. I am grateful to Prof. Emeritus Issa Boulata for his
assistance in metering this.

© Sally P. Ragep 2016 249
S.P. Ragep, Jaghmini’s Mulakhkhas, Sources and Studies in the History
of Mathematics and Physical Sciences, DOI 10.1007/978-3-319-31993-3 4
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Oh what a proposal came my way;

It came to me from the noble one
who inspires hope;

He considered me worthy for a
momentous task;

Nevertheless, I expended every
effort for that;

He called upon me for that in
kindness and piety;

Commentary (Preface [1])
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it raised my rank and it advanced my
standing.

the highly esteemed Imam, the full
moon [Badr] of the true religion.

[but] the likes of me is not worthy of
such a thing as that.

complying with his command whatever
sacrifice.

not requiring the offerings of such as
myself.
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Unique to Version 1 is the added nisba al-fagihi to Jaghmini’s name Mahmiud
ibn Muhammad ibn ‘Umar al-FaqihT al-Jaghm1inT al-Khwarizmi (Pref.[1]). I did not
translate this since it is not clear what it refers to. Most likely it simply means that
he was someone who came from a family of jurists, but it could also be an indication
that he was an esteemed scholar, a reciter of the Qur’an, or a school master.

This version also contains prayers of mercy for both Jaghmini and QalanisT,
implying both are deceased; however, these were presumably added later by the
copyists. In this version, JaghminT informs us that his motivation for composing the
Mulakhkhas is that “the dearest of friends and the sincerest of companions”
conveyed to him that master Badr al-Din proposed that he compile a book on the
subject of ilm al-hay’a.

For Version 1, [ used the following 3 manuscripts:

e o [=B] Berlin, Staatsbibliothek, MS or. oct. 1511, pp. 6-64; copied 1275 hijra

[1858 CE]
e (3 [=F] Philadelphia, University of Pennsylvania, Rare Book & Manuscript Li-

brary, LJS MS 388, ff. 2b—19b; copied 786 hijra [1384 CE]
® [ S] Paris, Bibliotheque nationale, MS arabe 2330, ff. 48b—82b; copied 787

hijra [1385 CE]

MS B is contaminated (not unusual given its late copy date) and contains vari-
ants that distinguish it from MS F and MS S, both of which are more closely aligned.
Its preface also has a part similar to MS L (Version 3), but I included it in Version
1 because it contains both the dedication and the poem.

Version 2: The preface in this version contains only Jaghmini’s dedication to Badr
al-Din al-Qalanisi, and not his poem. Here Jaghmini states that his motivation for
composing a work on ‘ilm al-hay’a came directly from Badr al-Din himself (and
not from an intermediary) whom he describes as “the dearest of friends and the
sincerest of companions” rather than his “master.” The prayer after his name (“may
God find his outcomes praiseworthy”) seems to imply that he is still alive.

For Version 2, [ used one manuscript:

e [= K] Cambridge UK, Cambridge University Library, MS Or. 593, ff. 1b—
38b; copied 764 hijra [1362-63 CE]

Version 3: This version contains neither the dedication nor the poem. Unique to
Version 3 is that JaghminT states that he composed this book on hay at al-‘alam
(Configuration of the World), rather than ‘ilm al-hay ‘a (the science of hay a), as a
memento for every scholar seeking an epitome on [/ay ‘a]. The beginning to Version
3 (with minor variations on it) is the most widespread preface for the Mulakhkhas
as well as for the commentaries.

For Version 3, I used one manuscript:

e [=L]Istanbul, Siileymaniye Library, Laleli MS 2141, ff. 61b—81a; copied 644
hijra [1246-47 CE], and the oldest witness to date
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The First Part: On an Explanation of the Orbs
and What Pertains to Them

Chapter 1 of Part I: On the Configurations of the Orbs

L.1[1]. For every sphere whose two surfaces are parallel, the center of their two
surfaces is the [sphere’s] center: Clearly by “kura” Jaghmini means “falak”. Cf.
the Tadhkira, 1.1[10] and 1.1[15], where TusT clearly differentiates between a com-
plete sphere and an orb, which may be either a complete or hollowed-out sphere
(Ragep, Tadhkira, 1:96-99).

1.1[6]. The Illustration of the Sun’s Orb [Fig. 2] is placed after paragraph [6] in
MS F (f. 4a) and MS S (f. 52a). MS S also juxtaposes this illustration with the
illustration of the orbs of the Upper Planets and Venus [Fig. 3], whereas MS F omits
the latter illustration entirely. MS S then places the illustrations for Mercury [Fig.
4] and the Moon [Fig. 5] together on f. 52b after L.1[9], whereas MS F places these
last two illustrations consecutively on the next two pages (ff. 4b—5a), but also after
L.1[9]. MSS B, K, L place all four illustrations (i.e., the orbs of the Sun, Upper
Planets and Venus, Mercury and the Moon) together after I.1[9] (see MS B [p. 13];
MS K [f. 5a-5b]; and MS L [ff. 64a—65b]).

L.1[8]. The Moon’s orb includes two orbs, their center being the center of the
world, and a deferent orb: Note that the Moon should consist of four, not three,
orbs. Jaghmini does not count the epicycle orb as the fourth orb.

Chapter 2 of Part I: On the Motions of the Orbs

L.2[3]. It is in each nychthemeron [lit., a day with its night]: For comparative
technical definitions of nychthemeron, see Tis1, Tadhkira, 111.8[ 1], “On the Lengths
of the Nychthemerons” (Ragep, Tadhkira, 1:286-87); and Birani, Tafhim, no. 132

(51).

L.2[6]. ... according to the opinion of most Moderns, one degree in sixty-six
solar years or sixty-eight lunar [years]: “Moderns” here refers to the astronomers
of the ‘Abbasid caliph al-Ma’miin (r. 813-33) and their immediate successors, in
distinction to Ptolemy who has a value of 1°/100 years. In comparison, Farghant is
committed to the Ptolemaic value of 1°/100 years and states a complete revolution
occurs in 36,000 years (Ch. 13, Jawami‘, 49—50). However, al-Battant uses 1°/66
years in his Zij (Ch. 52, 3:192-93), which JaghminT follows in his calculations for
the values of the apogees and nodes (see below Commentary, 1.5[26-28]). Kharaqt
also gives 1°/66 years in the Muntaha (Ghalandari, “A Survey of the Works of
‘Hay’a’ in the Islamic Period,” 180 [56]: Bab 8, Fasl 2) as does Tuis1 in his Tadhkira,
I1.4[4] (Ragep, Tadhkira, 1:122-25). See also F. J. Ragep, “Al-Battani, Cosmology,
and the Early History of Trepidation in Islam,” 282, 290.
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L.2[7]. These are the motions of the apogees and nodes [jawzahars], except for
one of Mercury’s two apogees, namely that in the dirigent, and except for the
Moon’s apogee, its parecliptic, and its nodes: TusT (II.7[8]) may have had
Jaghmini in mind when he criticizes those who say “the motion of the fixed stars is
indistinguishable from the other lunar motions” for failing to point out that the
reason for this is that the perceptible motion is a composed motion of the excess of
the Moon’s nodes over the fixed stars (Ragep, Tadhkira, 1:150-53).

L.2[9]. It is also called the motion of the center: According to Taist (IL.7[10]): “It
is called the motion of the center because the epicycle center is moved by it this
amount” (Ragep, Tadhkira, 1:152-53).

On the Sources

In the Mulakhkhas Jaghmini mentions two authorities: Ptolemy (I1.1[2] and IL.3[9])
and Battant (I1.3[9]). Regarding Ptolemy, he specifically mentions the Almagest,
and he alludes to his Geography (I1.1[2]). For Ptolemy’s parameters, I relied on G.
J. Toomer, Ptolemy’s Almagest |[=Alm.] and Olaf Pedersen, A Survey of the
Almagest (and especially convenient is his listing of many Ptolemaic values in “Ap-
pendix B: Numerical Parameters,” 423-29). Ascertaining parameters attributed to
Battant proved more challenging than simply relying on Carlo Nallino’s seminal 3-
volume edition, translation, and commentary of Battani’s Kitab al-Zij al-sabi’
(Opus astronomicum) |= Zij|; Nallino provides Battani’s values only to sexagesimal
minutes whereas Jaghmini also give seconds. Consequently, I used the following
additional sources: E. S. Kennedy’s “A Survey of Islamic Astronomical Tables”
[=Kennedy]; Battani’s parameters as reported by other primary sources such as
Kishyar ibn Labban (fl. late-tenth/early-eleventh centuries) in his Jami * Zij (Istan-
bul, Fatih 3418, f. 44a); and Battant’s parameters preserved in the fourteenth-
century Persian Zij-i Ashrafi by Abu ‘Abd Allah Sanjar (see Fateme Savadi and
Sajjad Nikfahm-Khubravan, “The Mean Motion of the Planets in Zij-i Ilkhani and
the Criticisms Regarding It,” in Ustad-i Bashar: Essays on the Life, Times,
Philosophy and Scientific Achievements of Khwdjah Nasir al-Din Tist, ed. H. M.
Hamedani and M. J. Anvari (Tehran, 2012), 374 [=S-K]. For Kharaqi, I used
witness copies of his Tabsira and Muntahd (noting any discrepancies between the
two treatises), but Muntahda citations in parentheses (unless specified otherwise)
refer to the page and bracketed paragraph of Hanif Ghalandari’s Arabic edition of
the Muntaha (“A Survey of the Works of ‘Hay 'a’ in the Islamic Period”).

Below is the first of several charts I have compiled that lists parameters con-
tained in the Mulakhkhas for various motions, and compares them with other
sources. Other charts are in 1.5[3], I.5[11-13], I.5[16-17], 1.5[26-27], 11.1|3-10].
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[S]: sequence of the signs (west to east)
[CS]: counter sequence of the signs (east to west)

Commentary 1.2 [3-5, 8-9]

Jaghmini, Ptolemy, Farghani, Battani, Tiist,
Mulakhkhas | Almagest | Jawami* Zij Tadhkira
[=Mul.] [=A4im.] [=]] [=Zij] [=T]
VARIOUS MOTIONS OF MERCURY AND THE MOON (1.2[3-5])
Mercury 0;59,8,20 0;59,8,17, |Same as 0;59,8,20,46 Same as
[dirigent] Mul 1.2|3] |13,12,31 mean Sun S-K (374) mean Sun
[CS] Alm.,1X.4 |J: Ch. 14 T: I1.8[9]
(441) (58) (1:166-7)
Moon 0;3,10,37 - 3 0;3,10,37,18,40,26 |3’ plus a
[parecliptic | Mul., 1.2[4] J: Ch. 13 (Kennedy, 156) fraction
with (52) or T: IL.7[8]
jawzahar| 0;3,10,37,17,40,26 |(1:150-1)
[CS] S-K (374)
or approx. 0;3
Zij: Ch. 30 (3:76)
Moon 11;9,7,43 - 11;9 11;12-0;3=11;9 |11;9
[inclined Mul., 1.2[5] J: Ch. 13 Zij: Ch. 30 (3:76) | T: IL.7[9]
orb] [CS] (52) (1:152-3)
MOTION IN A NYCHTHEMERON (1.2[8])
Sun? 0;59,8,20 0;59,8,17, |ca. 59 0;59,8,20,46 0;59
Mul., 1.2[8] |[13,12,31 J: Ch. 13 T: 2:493 T: IL7[11]
Alm., 1112 |(50) (1:152-3)
(143)

& Kharaqi’s Muntaha [Bab 8, Fasl 2 (180 [57])] has “about 59;8”; Biraini, Qaniin (2:688)
has 0;59,8,40,7,56,33.

MOTIONS OF THE DEFERENT ORBS ABOUT THEIR ECCENTRIC CENTERS IN
A NYCHTHEMERON (L.2]9])

Jaghmini Ptolemy Farghani |Battani Tast
Saturn 0;2,0,35 0;2,0,33,31,28,51 ca. 2’ 0;2,0,35,55,48.3 2
[S] Mul., 1.2[9] |Alm., 1X.4 (429) J: Ch. 14 |Fatih 3418, f. 44a; T:11.9[8]
(59) or 0;2,0,36,4,43,2,8 | (180-1)
(Kennedy, 159)
Jupiter |0;4,59,16 0;4,59,14,26,46,31 ca. 5 0;4,59,16,54,54,57 |5’
[S] Mul., 1.2[9] |Alm.,1X.4 (432) J: Ch. 14 |Fatih 3418, f. 44a T: 11.9[8]
(59-60) |or (1:180-1)
0:;4,59,16,
19,53,47,11,20
(Kennedy, 159)
Mars 0;31,26,40 |0;31,26,36,53,51,33 |ca. 31’ 0;31,26,40,15,11,13 |31’
[S] Mul., 1.2[9] |Alm., 1X.4 (435) J: Ch. 14 |Fatih 3418, f. 44a; T: 11.9[8]
(60) or (1:180-1)
0;31,26,39.,36,
34,5,16,50
(Kennedy, 159)
Venus 0:;59,8,20 0;59,8,17,13,12,31 Same as  |0;59,8,20,46 Same as
[S] Mul., 1.2]19] |Alm., 1X.4 (438) Sun [same as Sun] Sun
J: Ch. 14 T: 11.9[8]
(59) (1:180—-1)
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MOTIONS OF THE DEFERENT ORBS ABOUT THEIR ECCENTRIC CENTERS IN
A NYCHTHEMERON (1.2[9])

Jaghmint Ptolemy Farghani | Battant Tust
Mercury |1:;58,16,40 [0;59,08,17,13,12,31 | Twice Twice the Sun Twice the
[S] [twice this amount] |the Sun |[see Sun] Sun

Mul., 1.2[9] |Alm., 1X.4 (441) J: Ch. 14 T:11.8[10]

(58) (1:168-9)

Moon 24;22,53,22 (12;11,26,41,20,17,59 |24;23 24;23 24;23
[S] or [twice this amount or |J: Ch. 13 | Zij: Ch. 30 (3:76) T:11.7[10]

24:23,53,22 | double elongation] (€29 (1:152-3)

or 24;23 Alm., IX.4 (187)

Mul , 1.2[9]*

21.2[9]. for the Moon: 24;22,53,22. This value is in MS F (6a), MS K (f. 7b), and MS L (f.
66b). MS B (p. 16) rounds it to 24;23, as does Tust (I1.7[10]; Ragep, Tadhkira, 1:152-53).
These MSS then also agree with 24;23 found in Battani’s Zij. Only MS S (f. 54b) has
24;23,53,22, which is the variant written unambiguously (since he wrote it out) in ‘Abd al-
Wajid’s commentary (Laleli 2127, f. 26b). Nevertheless, it is more decisive that Jaghmini
repeats the value 24;22,53,22 in L.5[37], in his discussion of “What occurs to the Moon in
relation to the Sun.”

L.2[10]. ...this is the case for the epicycles of the five vacillating planets:
Throughout the Mulakhkhas Jaghmint uses the word mutahayyira, which 1 have
translated as vacillating planets, in order to designate the five retrograding planets,
namely Saturn, Jupiter, Mars, Mercury, and Venus (see 1.2[10], L.5[5, 9, 12, 17, 29,
32]). This term does not include the Sun and the Moon, which are also “planets”
[i.e., “wandering stars” with respect to the “fixed stars”]; for the general term,
Jaghmini uses the word al-sayyara, but this only once (I.3[12]). Jaghmint’s
distinction between al-mutahayyira (for the five planets) and the more general al-
sayyara (for the seven planets) is most likely due to his following Kharaqt in his
Muntaha al-idrak fi tagasim al-aflak:

el SISUy Sally puosdl ol el (ST

The wandering planets [al-kawakib al-sayyaral, i.e., the Sun, Moon, and the vacil-
lating planets [al-kawakib al-mutahayyira] (See Ghalandari, “A Survey of the
Works of ‘Hay’a’ in the Islamic Period,” 172 [42]; cf. Berlin, Staatsbibliothek,
Landberg MS 33, f. 8b.)

Exactly when this distinction between sayyara and mutahayyira came into gen-
eral use is not clear. In the Planetary Hypotheses, planets [mAavdpevol] is translated
as mutahayyira (see Goldstein, “The Arabic Version of Ptolemy’s Planetary Hy-
potheses,” 13 [variant in MS L; Heiberg, 70, title], 15 [lines 10 and 15; Heiberg, 76,
lines 20 and 29]). For the last case, MS L correctly translates to dndysio 1@V €

TLAVOUEVOV as 3 pouk| K Vﬂ jﬁ\ Ol ;\j [apogees of the five planets], seeming

to imply that there is a special category for five of the planets. But already in
Khwarizmi’s tenth-century Mafatih al- ‘uliim (edition by G. van Vloten [Leiden: E.
J. Brill, 1895], 210, 228) and Birtint’s eleventh-century Qaniin (3:987), a clear dis-
tinction is made between sayyara for the seven planets and mutahayyira for the five
(Kunitzsch, “al-Nudjom,” in £72 [1995], 8:101a).
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Commentary 1.2 [10]

MOTIONS OF THE EPICYCLES IN EACH NYCHTHEMERON (1.2[10])

Jaghmini | Ptolemy Farghani |Battani Tast
Saturn 0;57,7,44 |0:;57,7,43,41, |57 0;57,7,44,48 =’s excess of
Mul., 43,40 J: Ch. 14 |S-K (374) Sun’s mean over
L.2[10] Alm., IX.4 (59) planet’s mean
(429) T: IL9[11]
(1:182-3)
Jupiter |0;54,9,3 0;54,9,2,46, |54’ 0;54,9,3,52 =’s excess of
Mul., 26,0 J: Ch. 14 |S-K (374) Sun’s mean over
1.2[10] Alm., IX.4 (59) planet’s mean
(432) T: IL9[11]
(1:182-3)
Mars 0;27,41,40 |0;27,41, 28’ 0;27,41,40 =’s excess of
Mul., 0,19,20,58 J: Ch. 14 |S-K (374) Sun’s mean over
L.2[10] Alm., 1X.4 (60) planet’s mean
(435) T: 11.9[11]
(1:182-3)
Venus 0;36,59,29 |0;36,59, 37 0;36,59,29, 0;37
or 25,53,11,28 |J: Ch. 14 |27,42,45 [S in upper half]
0;37 Alm., 1X.4 (59) Fatih 3418, f.44a | T: I1.9[11]
or (438) or (1:182-3)
0;37,19,29 0;36,59,
Mul., 45,27,42,45
1.2[10]? S-K (374)
or
0;36,59,29,
28,42,45
(Kennedy, 156)
Mercury |3;6,24,7 3;6,24,06,59, |3;6 3;6,24,7, 3;6
Mul., 35,50 J: Ch. 14 |45,53,33 T: I1.8[13]
1.2[10] Alm., 1X.4 (58) Fatih 3418, f.44a |(1:170-1)
(441) or
3;6,[2]4,7,
45,53,33
(Kennedy, 156)
Moon 13;3,53,56 |13;3,53,56, 13;4 13;3,53,56, 13;4
Mul., 17,51,59 J: Ch. 14 |17,51,59 [CS in upper half]
1.2[10] Alm., 1V .4 (51) Fatih 3418, f.44a | T: I1.7[13]
(186) or (1:154-5)

13:4
Zij: Ch. 30(3:77)

? 1.2[10]. The motions of the epicycles in each nychthemeron are...for Venus:
0;36,59,29: This value is in MS K (f. 7b); however, it has been changed in MS F (f. 6a), MS
L (67a), and MS S (f. 55a) to 0;37,19,29. The source of 0;37,19,29 is not clear, but ‘Abd al-
Wajid’s Sharh al-Mulakhkhas gives it unambiguously (but without explanation) (Laleli
2127, £. 28b). MS B (p. 17) has 0;37 (and this is the value given by several sources such as
Tast and Farghani), but obviously this approximation could apply to either 0;36,59,29 or
0;37,19,29. On the other hand, an early Mulakhkhas commentary by Alani (Ahmet III 3308,
f.25a) has 0;36,59,29; and so does Battani, whose values Jaghmini seems to rely on

throughout.
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Chapter 3 of Part I: On the Circles

L.3[12]. The imaginary circles that are traced by the rotation of points in the
planetary orbs are either traced on the surfaces of the spheres or else are not
traced on the surfaces: It is not clear whether the words “by the rotation of points
in the planetary orbs” were in the original version of the text; they are found in MSS
Kand L. MS S (f. 58) and MS F (f. 7b) added this in their margins (and both had
correction marks). MS B (p. 22) had a variant that was an incomplete sentence.

1.3[13]. Only MS B (p. 23) adds an additional sentence at the conclusion of this
paragraph, which marks the end of Chapter 3, to the effect that the equant orb is one
of “the traced circles”: “it being a circle traced by the motion of the line extending
from a point that toward which the epicycle’s diameter is always directed however
it turns.” The fact that this variant also states that a further clarifying explanation of
this is in the chapter on circles clearly makes it suspect given that this is the chapter
on circles. Princeton, Garrett MS 373 (p. 343) also includes a modified version of
this sentence; however, it states that the clarifying explanation is given in Chapter
5, which is correct.

Chapter 4 of Part I: On the Arcs

L.4]3]. The co-ascension of each arc along the zodiacal orb is that which rises
with it along the equinoctial: There is a variant in MS B (p. 24) that is also given
as an alternative reading in the margin of MS S (f. 59a) with only minor variations.
The variant states: “Among [the arcs] is the co-ascension: when an arc rises along
the zodiacal circle, there then necessarily rises with it an arc on the equinoctial, and
that arc on the equinoctial is called the co-ascension of that arc along the zodiacal
orb.”

L.4[5]. The equation of daylight... Let us take an example for this: Fig. Cl isa
three-dimensional rendition of Jaghmint’s passage. Cf. Tast: II1.3[2] (Ragep,
Tadhkira, 1:260-61; “On the Co-ascensions of the Ecliptic,” I11.7 [1:282-87]; and
Fig. C28 [1:363]). For comparison, ‘Abd al-Wajid’s commentary provides a two-
dimensional diagram (Laleli 2127, f. 49b).
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North Pole

equinox

8: Declination

Nn: Ortive Amplitude

q: Equation of Daylight
TI¢°: Head of Gemini

Fig. C1 Illustration of the Equation of Daylight

1.4[5]. When the head of Gemini is found toward the east for a horizon other
than the equator: The omission of y& by two key texts (MS F [f. 8a] and MS S [f.

59a]) may be an indication of what was missing in an earlier version of the
Mulakhikhas, and then added later, perhaps in a revision by Jaghmini himself. It is
also omitted in ‘Ubaydi’s commentary (Istanbul, Siileymaniye Library, Laleli 2128,
f. 33b). However, it is included in MS B (p. 25), MS K (f. 13a), and MS L (f. 69a).
It is also in the commentaries of ‘Abd al-Wajid (Laleli 2127, f. 48b) and several
copies of Qadizade’s (UCLA, Caro Minasian 33, p. 246; Tehran, Majlis-i Shtra
18045 [not foliated]; Isfahan, Abtu al-Barakat 50 [not foliated]; and Qum, Faydiyya
01832, p. 107).

1.4]6]. ...the angle of the equation: Cf. Birtini, Tafhim, nos. 172—174 (89-90); and
Ragep, Tadhkira, 11.6]5] (1:148—49).

L.4[9]. ...that they called sectors: Cf. Biriini, 7afhim, no. 201 (107-10) and TasT,
Tadhkira, 11.14[1] (Ragep, 1:240-41, 2:463). See also E. S. Kennedy, “A Survey of
Islamic Astronomical Tables,” 143; Kennedy, “The Sasanian Astronomical Hand-
book Zij-i Shah and the Astrological Doctrine of ‘Transit’ (Mamarr),” Journal of
the American Oriental Society 78, no. 4 (Oct.-Dec., 1958): 247-53; and Kennedy,
The Planetary Equatorium of Jamshid Ghiyath al-Din al-Kashi (Princeton, NJ:
Princeton University Press, 1960), 218-22.
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1.4[9]. The epicycle is divided by two lines, one of them extending from the
deferent center: For the epicycle orb, TusT states the line is produced from the
World center rather than from the deferent center (Tadhkira, 11.14[1]; Ragep, 1:
240-41). Also MS S (f. 61b) draws it from the World center. However, the text
clearly states it is from the deferent center, and MS B (p. 29) and MS K (f. 16a)
have it drawn this way, as do several commentaries I also checked (see ‘Abd al-
Wajid, Laleli 2127, f. 56a; ‘Ubaydi, Laleli 2128, f. 38b; Qadizade, UCLA, Caro
Minasian 33, p. 270).

1.4[12]. The second declination is an arc along a latitude circle between the two
of them, I mean between the equinoctial and the zodiacal circle: Given that this
sentence could have been written more succinctly as “The second declination is an
arc along a latitude circle between the equinoctial and the zodiacal circle,” it does
raise the question about the orality of the text, especially since he uses the first per-
son “I mean.”

1.4[12]. ...and its amount is 23;35: Jaghmini’s value for the obliquity is not the
Ptolemaic one of 23;51,20 (Almagest, 1.12 [Toomer, Ptolemy’s Almagest, 61—63,
esp. 63n75]). The 23;35 value is the one that derives from the time of Ma’man (r.
813-33). It is found in Farghant’s Jawami * ‘ilm al-nujum, Ch. 5 (Jawami ", 18), who
also reports Ptolemy’s value 23;51; Battani’s Zij, Ch. 4 (3:18); and Tus1’s Tadhkira
(IL4[1]) as (23+/5+Y4)° (Ragep, 1:120-21, 2:394). However, Tasi “updates” the
value to 23;30 in his Ilkhani Zij, written some four years after the Tadhkira.
Noteworthy is that ‘Abd al-Wajid uses the value of 23;30 throughout his commen-
tary, informing us (within his comments on Jaghmini’s 23;35 value) that 23;30 is
due to “new observations” (Laleli 2127, ff. 58a—58b). Ibn Sina found the value of
the obliquity to be 23;33,30, but seemingly he had few followers (see S. P. Ragep,
“Ibn Sta,” in BEA, 1:570-72; and F. Jamil Ragep and Sally P. Ragep, “The
Astronomical and Cosmological works of Ibn Sina,” 6, 10).

L.4[15]. Parallax [lit., divergence of sight]: TtsT devotes an entire chapter to this
subject. See Ragep, Tadhkira, 11.12[1-8] (1:222-29, 2:458).

L.4[16]. The ortive amplitude: See Biriini, 7afhim, no. 220 (129) for a clear expla-
nation of this term along with a diagram.

1.4[22]. The measure of each one of these six arcs is similar to its [correspond-
ing arc] along the equinoctial: The six arcs are: (1) the arc of daylight; (2) the arc
of night; (3) the planet’s arc of daylight; (4) the planet’s arc of night; (5) the turning
of the orb [daylight]; and (6) the turning of the orb [night]. Note the meaning here
of “these six arcs [are| similar” is analogous to what is meant by similar triangles.
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Chapter 5 of Part I: On What Occurs to the Planets in Their
Motions

L.5[2]. The Sun has a single anomaly (Fig. C2):
Apogee

Sun

Perigee

Fig. C2 Illustration of the Sun’s Single Anomaly

L.5[3]. As for the remaining planets, they have numerous anomalies in longi-
tude: I translated ikhtilaf (lit., difference) as anomaly. JaghminT is using the term in
a technical sense and lists them in this chapter. It should be understood as an “irreg-
ular, or anomalous, speed, i.e., one that differs from the mean” (see Tadhkira,
I1.7[1]18-21; Ragep, 1:148—49 and 2:417).

1.5[3]. Starting with the parameters in this section, MS B (p. 33) has an interesting
way of treating the fractional parts of the parameters, and provides us with an ex-
ample of late Ottoman mathematical notation. These are given as variants in the
apparatus. This is discussed in /1. /d: Parameters.

THE RADII OF THE EPICYCLES AT THEIR MEAN DISTANCES (1.5[3])*

Jaghmini, Ptolemy, |Battani, |Farghani, |TusT, Kharagq,
Mulakhkhas | Almagest |Zij Jawami*® | Tadhkira | Muntaha
[=Mul.] [=A4im.] [=Zy] [=]] [=T] [=M] and
[Tabsira]
Saturn 6;30 6;30 6;29,50 | 6% 6 6;30
Mul  1.5|3] |Alm., Zij: Ch. |J: Ch. 16 |T:IL.9[13] |M: Bab 10,
XI.6 28 (65) (1:184-5) | Fasl 2 (207
(540) (3:73) [110])
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THE RADII OF THE EPICYCLES AT THEIR MEAN DISTANCES (1.5[3])*

Jaghmini, Ptolemy, |Battani, |Farghani, |Tasi, Kharagq,
Mulakhkhas | Almagest |Zij Jawami* | Tadhkira | Muntaha
[=Mul.] [=A4im.] [=Zy] [=]] [=T] [=M] and
[Tabsira]
Jupiter |11;30 11;30 11;30,5 |11% 11% 11;30
Mul., 1.5[3] |Alm., Zij: Ch.  |J:Ch. 16 |T:I1.9[13] |M: Bab 10,
XIL.3 28 (65) (1:184-5) |Fasl2 (207
(570) (3:73) [110])
Mars 39;30 39;30 39;25,22 |39% 39Y% 39;30
Mul., 1.5[3] |Alm., 39;55,22 |J: Ch. 16 |T:I1.9[13] |M: Bab 10,
XI1.4 Zij: Ch. | (65) (1:184-5) |Fasl2 (207
(574) 28 [110])
(3:73)°
Venus 45;0 43;10 44;9,5 43V 43V 43;10
or Alm.,X.2 |Zy:Ch. |J:Ch.16 |T:I1.9[13] |or43;30
43V (472) 28 (65) (1:184-5) |M: Bab 10,
[=43;10] (3:73) Fasl 2 (207
Mul., L5[3]° [110]);
43;32[Tabs.]
Mercury |25;0 22;30 22;30,30 |22% 22% 22:30
or Alm., Zij: Ch.  |J:Ch. 16 |T:I1.8[13] |M: Bab 11,
22:30 1X.9 28 (65) (1:170-1) |Fasl2 (218
Mul, L5[3]° |(459-60) |(3:73) [133])
Moon 6520 5;14 5;15 6% 5;15 ca. 5
or Alm., Zij: Ch. |J: Ch. 16 |T:IL.7[16] |M: Bab 9,
5;15 Iv.6 28 (65) (1:156-7) |Fasl3 (197
Mul., L5[3]° |(202) (3:73) [87])

# For abbreviations and references, see above “On the Sources” in L.2[9].

® L5[3]. The radii of the epicycles at their mean distances are...for Mars: 39;30: J. B.
Delambre gives the Battant value as 39;55,22. However, the Arabic text, written alphanu-
merically as A.{, is 39;25,22. Cf. Nallino, A/-Battant Sive Albatenii Opus Astronomicum, Ch.

28, 3:73 and Delambre, Histoire de [’astronomie du Moyen Age (Paris, 1819), Ch. 2:
Albategnius, 10-62) [repr. In Islamic Mathematics and Astronomy, ed. Fuat Sezgin (Frank-
furt am Main, 1998), 68:37].

¢ L.5[3]. The radii of the epicycles at their mean distances are...for Venus: 45;0: MS F
(f. 10b), MS K (f. 19a), MS L (f. 71b), and MS S (f. 64b) have a value of 45;0, which could
be a rounding up of Battan1’s parameter. MS B (p. 33) gives Ptolemy’s value of 43', which
is also found in Farghani, Kharaqi, and TasT.

4 1.5[3]. The radii of the epicycles at their mean distances are...for Mercury: 25;0: MS
F (f. 11a), MS L (f. 71b), and MS S (f. 64b) all have the 25;0 value; however, MS B (p. 33)
and MS K (f. 19a) have the Ptolemaic value 22;30, which is also the value found in the other
sources (and clearly closer to Battant’s value of 22;30,30 [Zij, Ch. 28, 3:73]).

¢ 1.5[3]. The radii of the epicycles at their mean distances are...for the Moon: 6;20: The
two values given for the Moon’s parameters (6;20 and 5;15) derive from different reference
radii: (1) 6;20 is based on the deferent orb having a radius of 60p; and (2) 5;15 is based on
an inclined orb having a radius of 60p. Jaghmini has opted for the former, as does Farghani.
MSS F, S, K and L have 6;20; only MS B has 5;15. Cf. Ptolemy, Almagest, IV.5; and
Pedersen, 4 Survey of the Almagest, 159-202 (Ch. 6: The Theories of the Moon), 424.
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L.5[5]. The third anomaly [regarding what occurs to epicycle centers|: For TTsT’s
explanation of this anomaly regarding the Moon, see Tadhkira, 11.7[25] (Ragep,
1:158-61).

L.5]9]. the mean apex: For TGsT’s definition of the mean apex, see “On the Orbs
and Longitudinal Motions of the Remaining Planets,” Tadhkira, 11.9[11] (Ragep,
1:182-83).

THE DISTANCE OF THE ECCENTRIC CENTER FROM THE WORLD

CENTER (L.5[11])*
Jaghmini, Ptolemy, |Battani, Farghani | Tast, Kharaqt,
Mulakhkhas | Almagest | Zij Jawami* | Tadhkira | Muntaha
[=Mul.] [=A4im.] [=Zy] [=1] [=T] [=M] and
[Tabsira]
Sun 2;29,30 2:29,30 24,45 2% 2:5 ca.?2
Mul., Alm., 111.4 | Zij: Ch. J: Ch. 16 |[also M: Bab 8,
L5[11] (153-5) 28 (64-5) 2;30] Fasl2
(3:73; T:IL.6[4] |(183[62])
2:244) (1:146-7,
2:416, n6)
Moon® [10;19 10;19 10;19 12% 10;19 10+
Mul., Alm., V.4 |Zij: Ch. [=10;19] |T:IL7[18] |[M: Bab9,
L5[11] (226) 30 J: Ch. 16 |(1:156-9) |Fasl1 (189
(3:82; (64-5) [71])
2:223)

 For abbreviations and references, see above “On the Sources” in 1.2[9].

® The two values given for the Moon’s parameters (10;19 and 12;30) derive from different
radii (See Pedersen, 4 Survey of the Almagest, 184-85, 424): (1) 12;30 is based on the def-
erent orb having a radius of 60; and (2) 10;19 is based on the inclined orb having a radius of
60p.

THE DISTANCE OF THE EQUANT CENTER FROM WORLD CENTER
(1.5[12])

Jaghmini |Ptolemy Farghant Tiist Kharaqt
Saturn |6;50 6;50 3+t 3+t 6+t
Mul., [3;25x2] [x2] [x2] M: Bab 10, Fasl 2
L.5[12] Alm., X1.5 |J: Ch. 16 T: 119 [9] (205 [152])
(537) (64-5) (1:180-3)
Jupiter |5;30 2;45 [x2] 2+ [x2] | 2% [x2] 5+%
Mul., Alm., X1.3 |J: Ch. 16 T: 11.9[9] M: Bab 10, Fasi 2
L5[12] (524) (64-5) (1:180-3) (205 [152]))
Mars 12;0 6;0 [x2] 6;0 [x2] 6;0 [x2] 12
Mul., Alm., X.7 J: Ch. 16 T :11.9[9] M: Bab 10, Fasl 2
1.5[12] (498) (64-5) (1:180-3) (205 [152]))
Venus |2;5 1;15 [x2] 1;15 [x2] ca. %2 Sun [x2] [2;5
Mul., Alm., X.2 J: Ch. 16 T: I1.9[9] M: Bab 10, Fasi 2
L5[12]* |(472-4) (64-5) (1:180-3) (205 [152))

 Note Jaghmini’s value for Venus is not the Ptolemaic one; rather it is the same as Kharaqi’s
value. This could be an indication that they are deriving it from new values for the Sun’s
eccentricity.
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DISTANCE BETWEEN EQUANT AND DIRIGENT, AND BETWEEN
DIRIGENT AND DEFERENT CENTER (1.5[13))

Jaghmini | Ptolemy Farghant Tiist Kharaqt
Mercury |3;10 3;0 3:0 Half 6;0 3 parts+Y%

Mul., Alm., 1X.9 |J: Ch. 16 T: 11.8[14] M: Bab 11, Fasl 2

1.5[13] (459) (64-5) (1:170-1) (217-18 [133])

LATITUDE OF THE PLANETS (1.5[16])
(=maximum inclination of the inclined orb from the zodiacal orb)

Jaghmini, Ptolemy, Tasi,

Mulakhkhas Almagest Tadhkira
Saturn 2;30° 2%° 2%°

Mul., 1.5[16] Alm., XI11.3 (605) 11.10[1] (1:188-9)
Jupiter 1;30° 1%%° 1%%°

Mul., 1.5[16] Alm., XII1.3 (605) 11.10[1] (1:188-9)
Mars 1;0° 1° 1°

Mul., 1.5[16] Alm., X111.3 (604) 1L.10[1] (1:188-9)
Venus +0;10° +Ve° +Ve°

Mul., 1.5[16] Alm., XI11.3 (601) 11.10[1] (1:188-9)
Mercury —0;45° —a° —(VatVa)

Mul., 1.5[16] Alm., XI11.3 (601) 11.10[1] (1:188-9)
Moon 5;0° 5° 5°

Mul., 1.5[16] Alm.,V.7,12(237,247) |11.7[4] (1:150-1)

EPICYCLE LATITUDE AT MAXIMUM (1.5[17])
(= maximum deviation in either direction of the apex [or epicyclic perigee] from the

inclined deferent)®

Jaghmini, Ptolemy, Tsi, Alani, Kharaqt,
Mulakhkhas | Almagest Tadhkira Sharh Muntaha
Mul ,1.5[17] T:11.10[4] |Ahmet IIT M: Bab15, Fasl
(1:190-3) [3308, f. 51a |3 (281 [chart])
Saturn 0;32° 0;35° 0;35 0;32 0;35
Jupiter |0;38° 0;38P 0;38 0;38 0;38
Mars 6;16° 6 6% 6;16 6;7
or Alm., XI11.3 (=6;6)
6;56° (603 4)
Venus 1;2° 1;2 1;2 1;2 1;2
Alm., XII1.3
(602)
Mercury |1;45° 1;45 1;45 1;45 1;45
Alm., XII1.3
(602)

& JaghminT’s values for Saturn, Jupiter, and Mars are with respect to the maximum deviation
of the perigee; however, for Venus and Mercury he gives the values for the maximum devi-

ation of the apex.

b Values derivable from latitude tables in 4 Imagest, X1I1.5.
¢ Value found in MS S (f. 66b) and MS F (f. 8a).
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1.5[17-18]. F. J. Ragep provides a table listing values for the deviation and slant of
planet epicycles for Ptolemy and TtisT (7adhkira, 11.10[4] and [5], 2:424-25) as well
as a diagram of the deviation for the upper planets (Fig. C6a, 1:347). See also
Swerdlow, “Ptolemy’s Theories of the Latitude of the Planets in the Almagest,
Handy Tables, and Planetary Hypotheses,” 4171, esp. 63.

L.5[18]. It is called the latitude of the slope [wirab], the slant [inhiraf], and the
twist [iltiwa’]. Its maximum for both [i.e., Mercury and Venus] is 2;30: These
are Ptolemy’s values for Mercury and Venus (4/magest, X111.5 [Toomer, Ptolemy’s
Almagest, 633-34]). Cf., Tus1, Tadhkira, 11.10[5] (Ragep, 1:192-95, 2:424-26).

1.5[26]. As for the position of the apogees, they are for the beginning of the year

1517 (;¢) of Dhii al-Qarnayn: The term “Dhu al-Qarnayn” (the two-horned) is in
reference to the era of Alexander the Great; see W. Montgomery Watt, “al-
Iskandar,” in EI2 (1978), 4:127. A variant reading of this number is 1317 (jo&5)

due to a mistake in reading % (300) instead of & (500); for an example of this, see

‘Abd al-W3jid’s commentary (Laleli 2127, f. 85a). However, some commentators
removed all doubt by spelling the year out in addition to writing the number
alphanumerically; two prominent examples are Alant (Ahmet I1I 3308, f. 55b) and
Qadizade (Ayasofya 2662, f. 42b). The date 1517 is also found in at least two
fifteenth-century Persian commentaries (Muhammad b. ‘Umar al-Andigant
[Ayasofya 2592, f. 26a] and Hamza b. HajjT Sulayman [Ayasofya 2593, f. 121a]).
It is also noted in the articles of Ghalandari (“Chaghmini,” The Great Islamic
Encyclopedia) and Qasimla (“Chaghmini,” Encyclopaedia of the World of Islam).
Rudloff and Hochheim omitted the year entirely in their German translation (“Die
Astronomie des Mahmid ibn Muhammed ibn ‘Omar al-Gagmini,” 253); had they
included it much of the controversy regarding Jaghmini’s dates may have been
avoided.

The date 1517 and Jaghmini’s parameters for the apogee and nodes are im-
portant in establishing that he was alive in 1205 CE (=602 H). An even more precise
calculation of the date is 1516 years from Monday, 1 October 312 B.C.=1 October
1205 (=16 Safar 602 H [+2 days]). This is because the beginning of year one of the
Alexander epoch is calculated starting with Monday, 1 October 312 B.C. in the
Julian calendar (see Benno van Dalen, “Ta’rikh,” section 2.a. “Calendars and eras,”
TABLE 2 in EI2 (2000), 10:264-71; how to convert dates is also provided within
the article); cf. Birin1’s listing of eras (7afhim, no. 282 [174]).
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JAGHMINI’S PARAMETERS FOR THE POSITIONS OF THE APOGEES
(1.5[26]) AND NODES (1.5]27])

These values are found in all 5 MSS and also the commentaries of Alani (Ahmet III 3308,
f. 55b) and Qadizade (Ayasofya 2662, ff. 42b—43a). Furthermore, since the planetary nodes
are fixed with respect to the apogees (i.e., being 90 degrees apart), they provided additional
confirmation that Jaghmini was internally consistent within the Mulakhkhas.

Apogee Head Node Tail Node |Midpoint (between
Position Position Position head & tail)
Saturn Sagittarius Cancer 289;23,33 199;23;33
[50° beyond 9;23,33 19;23,33
midpoint] =249;23,33 =109;23,33
[=199;23;33+50]
Jupiter Virgo 19;23,33 Cancer 9;23,33 [279;23,33 189;23,33
[20° in =169;23,33 =99;23,33
advance of [=189;23,33-20]
midpoint]
Mars Leo 11;53,46 Taurus 221;53,46 131;53,46
[= midpoint] =131;53.,46 11;53,46
=41;53,46
Venus Gemini 27;10,33 |Pisces 27;10,33 [177;10,33 87;10,33
[= midpoint] |=87;10,33 =357;10,33
Mercury Libra 26;23,33 Capricorn 116;23,33 206;23,33
[= midpoint] |=206;23,33 26;23,33
=296;23,33

Most likely, Jaghmini relied on Battant’s values for his computations (see chart
below). My conclusion was facilitated by the fact that both Jaghmini and Battant
give their values in the era of Dhii al-Qarnayn (in contrast to Birlin1 who uses the
Yazdigird calendar), and both agree that the apogee moves 1° per 66 years. Based
on this, I calculated a constant value of 4;55,33 that the apogee would have moved
between their two dates (1517 Dhii al-Qarnayn for Jaghmint; 1191 Dhiai al-Qarnayn
for Battant. However, note that some tweaking was necessary since a 325-year (ra-
ther than 326) difference was necessary to make the calculation work out; and
alternative readings for the alphanumerical values of Mars and Venus are suggested.

POSITION OF THE APOGEES
Jaghminf, Battant, Zij Value of Jaghmint
Mulakhkhas (Ch. 45, 3:172-3; minus value of Battani
1.5[26] Ch. 28, 3:67 [Sun])
Year 1517 Dhi al- 1191 Dhii al-Qarnayn
Qarnayn
Sun Gemini 27;10,33 [same as Venus]
=87;10,33
Saturn Sagittarius 9;23,33 244;28 249;23,33
=249;23,33 244:28.00
4;55,33
Jupiter Virgo 19;23,33 164; 28 169;23,33
=169;23,33 164:28.00
4;55,33
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POSITION OF THE APOGEES

Jaghminf, Battant, Zij Value of Jaghmint
Mulakhkhas (Ch. 45, 3:172-3; minus value of Battani
1.5]26] Ch. 28, 3:67 [Sun])
Mars Leo 11;53,46° 126;18 131;53,46
~131;53,46 126:18:00
5;35,46
Misprint 126;58 131;53,46
in o [58 (@ not 18 (é) 2] 126:58.00
Battani? 4;55,46
Venus Gemini 27;10,33 82;14 87;10,33
=87,;10,33 82:14.00
4;56;33
Misprint 82;15 87;10,33
in [15 (4) not () 7] 82:15.00
Battant? 4;55;33
Mercury Libra 26; 23,33 201;28 206;23,33
=206;23,33 201:28.00
4;55,33

 Note that JaghminT repeats 33 seconds for all the apogee positions, except Mars has 46
seconds (with no variants on this to date); 46 is a mystery, seemingly a mistake introduced at
an early time and repeated. The repetition of 33 seconds though I assume was based on a zij.
See Kennedy (“A Survey of Islamic Astronomical Tables,” 169) for his take on newly ob-
served parameters versus calculated ones.

= =

I find it puzzling that Jaghmini does not rely on Birtint’s often more accurate
parameters (which clearly do not correspond with Jaghmini’s); they were fellow
Khwarizmians, and BirGnT flourished a century after Battani. Perhaps Jaghmini
found working in the Alexandrian calendar more congenial and thus followed
Battani, but it is far more likely the authority of Battant’s Zjj still held sway despite
the intervening centuries and the availability of better parameters.

L.5[28]. Then for every year, one adds to their positions what the orb of the
fixed stars moves in the year: Jaghmini has accepted the fact that precession is a
fixed constant of 1 degree per 66 years, thus rejecting the notion of variable preces-
sion. This is in contrast to what one finds in the western Islamic world and the West.

1.5[29]. What occurs to the vacillating planets regarding retrogradation, direct
motion, and stations: TaisT uses wugqiif not magam for station (Tadhkira, 11.5[8]24
[Ragep, 1:136-37, 2:414]). Cf., Almagest, IX.2 (Toomer, Ptolemy’s Almagest, 420—
21).

1.5[32]. What occurs to [the vacillating planets] in relation to the Sun: Cf. TasT,
Tadhkira, 11.9[12] and [14] (Ragep, 1:182-85) and IV.6[3] (2:525). For BiriinT’s
definition of a planet in combust, see Tafhim, no. 153 (64—65).

L.5[35]. What occurs to the Moon in relation to the Sun: The new Moon
[muhdaq], waxing, full Moon, waning, its eclipsing of the Sun, and lunar eclipses:
See Figs. C3, C4, and CS.
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1.5[35]. What occurs to the Moon in relation to the Sun: The new Moon
[muhdq]: According to Birlini, this term technically applies to the Moon’s setting
or disappearance two days prior to appearing new in the west (7afhim, no. 154 [64—
66]).

1.5[37]. Among what occurs to the Moon is that the Sun is always in the middle
between the [Moon’s] apogee and the center of its epicycle: For an indication
that the Mulakhkhas was studied (and not merely copied), the mathematics of this
is worked out in the margin of Princeton, Garrett 373 (pp. 358, 358A).

The Second Part: On an Explanation of the Earth
and What Pertains to It in Three Chapters

Chapter 1 of Part II: On the Inhabited Part of the Earth and Its
Latitude, Its Longitude, and Its Division into the Climes

I1.1[1]. the cupola of the Earth: Cf. Biriini, Tafhim, no. 239 (140); and TusT,
Tadhkira, I11.1[7] (Ragep, 1:250-51).

I1.1]2]. Ptolemy, after writing the A/magest, claimed that he found habitation
below the equator to a distance of 16;25: Jaghmin is here referring to Ptolemy’s
Geography, which Ptolemy wrote after his Almagest. Regarding habitation beneath
the equator, Ptolemy states in the A/magest: “For those who live beneath the equa-
tor...It is said that the regions beneath the equator could be inhabited, since the
climate must be quite temperate...But what these inhabited regions are we have no
reliable grounds for saying. For up to now they are unexplored by men from our
part of the inhabited world, and what people say about them must be considered
guesswork rather than report” (Toomer, Ptolemy’s Almagest, 83 [11.6]). In compar-
ison, in his Geography, Ptolemy gives the southern limit of habitation as 16%,°
south of the equator (Berggren and Jones, Ptolemy’s Geography, 85 (Bk 1.23[4],
[23])). Note that the Mulakhkhas commentators are well aware that Jaghmin is re-
ferring to Ptolemy’s Geography here (for examples, see Alani, Ahmet III 3308, f.
65a; ‘Abd al-Wajid, Laleli 2127, f. 101a; and Qadizade, Ayasofya 2662, f. 48b).

I1.1[2]. The longitude of the inhabited part is 180:0, and its beginning is from
the west; however, some of them take it to be from the coast of the enclosing
ocean and some of them from islands well into this ocean, their distance from
its coast being 10;0: Jaghmini is here referring to the Eternal Islands (al-khalidat),
also called the Fortunate Islands (su ‘ada’) [also referred to as the Isles of the Blest,
and usually thought to be the Canary Islands]. See Tadhkira, I11.1{7]10 (Ragep,
1:250-51 and 2:468).

II.1[3]. This inhabited part was then divided into seven longitudinal sections
parallel to the equator: The original versions of Jaghmini’s al-Mulakhkhas contain
the Ptolemaic values found in the A/magest, 11.6 up to Clime VII for the maximum
daylight of 16 hours (Toomer, Ptolemy’s Almagest, 82—87). Kharaqi’s Tabsira
(Magala 2, Bab 2 of hay’at al-ard) and Muntaha (Maqala 2, Bab 4) also contain
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Ptolemaic values, and Kharagf cites Ptolemy and the A/magest in both his works.
But there are differences, for which see I1.1[8].

As discussed in the Introduction (§ I.1), an enormous number of extant
Mulakhkhas witnesses have been modified with parameters found in TGsT’s
Tadhkira ft ‘ilm al-hay’a, composed over fifty years after the Mulakhkhas. For more
extensive comparative charts of the values of the maximum daylight and latitudes
of climes, see F. J. Ragep, “On Dating Jaghmini and His Mulakhkhas,” 463—64; and
Ragep, Tadhkira, Commentary I11.1[8] (2:469-71), esp. Table 7 (2:470). In addition
to Ptolemy, Jaghmini, and TusI, these charts list the parameters found in Birfini,
Qadizade’s Sharh al-Mulakhkhas, Rudloff and Hochheim’s German Mulakhkhas
translation, and modern computations.

Below is a comparative chart of the values of the maximum daylight and lati-
tudes of climes for Ptolemy’s A/magest, Jaghmini’s Mulakhkhas, TGsT's Tadhkira,
and Kharaqi’s Muntaha and Tabsira.

MAXIMUM DAYLIGHT AND LATITUDES OF THE CLIMES (I1.1[3-10])

Latitudes
Maximum Jaghmini, Ptolemy, | Tasi, Kharaqt,
Daylight Mulakhkhas Almagest | Tadhkira 111.1[8] Muntaha
(Hours) (IL1[3-10])* |IL6(82-7) |(1:250-3;2:469-71) |and Tabsira®
I 12 0°
12% [12;45] |12;30°(11.1[3]) [12;30° 12;40° [12+%5] 12;30°
13 [13;0] 16;27°(IL.1[3]) |16;27° 16;37,30° 16;27°
[16+Y4+%]
11 13% [13;15] |20;14°(11.1[4]) [20;14° 20;27° [20+V4+5] 20;14°
13% [13;30] |23;51° 23;51° 24;5° [24+(" of V6)] 23;51°
(IL.1[4]) 24;40° [24+(V2t%)]
copyist error
111 13% [13;45] |27;12°(11.1[5]) |27;12° 27;30° [27+'4] 27;12°
29;12°
copyist error
14 [14;0] 30;22°(IL.1[5]) |30;22° 30;40° [30+%4] 30;22°
v 14Y, [14;15] |33;18°(11.1[6]) |33;18° 33;37,30° [33+1at+l%]  |33;18°
145 [14;30] |36;0° (I.1[6]) |36;0° 36;22° [36+5+%] 36;0°
\Y% 14%[14;45] |38;35° 38;35° 38;54° 38;35°
(IL.1[7]) [39 minus Vo]
15 [15;0] 40;56°(I1.1[7]) |40;56° 41;15° [41+V4] 40;56°
VI |15%[15;15] |43;51°(IL1[8]) |43;1° 43:22.30° 43;1°
43;15° [43+V4t14] 43;15°
15% [15;30] |45;1° (L1[8]) |45;1° 45:21° [45+Y4t Vio] 45;1°
VII [15%[15;45] |46;51°(11.1[9]) |46;51° 47;12° [47+Y5) 46;51°
16 [16;0] 48;32°(11.1[9]) |48;32° 48;52,30° 48;32°
[48+VatVat%]
16% [16;15] |50;25° 50;4° 50;20° -
(IL.1[10])

# See Text Apparatus for parameter variants found in the manuscripts.

b Tabsira: Ayasofya 2581, ff. 121a—124a and Laleli 2141, ff. 45a—46b; Muntaha: Ghalandari,
327-34 [308-25]. In both Tabsira witnesses, the numbers are written in words.
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I1.1[3]. The first clime: All 5 witnesses give the value 12 hours for maximum
daylight at the equator, and 12;45 hours for the maximum daylight at the alternative
beginning of Clime I. MSS F, K, L, S have 12;30 degrees latitude for this
alternative, but MS B provides no value. In fact, starting here MS B leaves blank
spaces for the clime values. For a maximum daylight of 13;0 hours, MSS F, L, S
give 16;27 degrees latitude. Alant’s Sharh (Ahmet 111 3308, f. 66a) also gives this
Ptolemaic value. But MS K (f. 28a) gives 16;37; this could be due to the obvious

scribal error of not changing the J (30) into a £ (20). Another possibility is that the

copyist is using Qadizade’s parameter of 16;37 (Ayasofya 2662, f. 49a) or perhaps
abridging TusT’s parameter of 16;37,30 [16+%+%] degrees (Tadhkira, 111.1[8]
[Ragep, 1:250-51]). Note that TasT, unlike JaghminT, begins the first clime at 12;45
[124+Y2+Y4] hours with a latitude of 12;40 (12% degrees).

I1.1[4]. the second clime: MSS F, K, L, S begin the second clime where maximum
daylight is 13;15 [hours] and the value in MS B is blank. The Ptolemaic value of
20;14 degrees latitude is given in MS L (f. 75b) and MS S (f.72a), though in MS S
someone has modified 20;14 to 20;27, which is the value found both in TasT
(20;27=20+Y4+Ys [Tadhkira, 111.1[8] (Ragep, 1:250-51)]) and in Qadizade, Sharh
Mulakhkhas (Ayasofya 2662, f. 49b). In other words, someone has tried to “update”
the Ptolemaic 14 minutes to TasT’s 27. MS B provides no value. MS F (f. 15a) has

24;0 and MS K (f. 28a) has 24;15. For MSS F and K, 20;14 (2, &) was most likely
misread from a copy that was missing the dots on the (s, leading to the combining

of >and 2 to form 24. For MS K, the 24;15 is most likely a copyist error. Note that

AlanT’s commentary (Ahmet II1 3308, f. 66b) also has the Ptolemaic value.

For 23:51 degrees latitude: 4 out of 5 of my main manuscripts have Ptolemy’s
value for latitude of 23;51 degrees; MS B provides no values. This specific Ptole-
maic value (also used by Kharaqt) was an important factor in selecting manuscripts
for this edition, since I chose those witnesses that contain the original Ptolemaic
values. Though Alani’s commentary also has the Ptolemaic value of 23;51 degrees
(f. 66b), the vast majority of Mulakhkhas manuscripts and commentaries have
changed the text here to 24;40, which is found in many copies of the Tadhkira.
(Note that someone has written 24;40 in the margin of MS S.) This value is itself
the result of a copyist’s error whereby TiisT’s correct value of 2455 degrees [written
as 24+("s of '4)] was misread as [24+("2 and %) or 24%], which only involves the

addition of a < 4 >. Because the 24;40 value could only have been transmitted after

the Tadhkira was copied, and it is the predominant value in most copies and
commentaries of the Mulakhkhas, it was assumed by Birjandi (followed by F. J.
Ragep in his commentary on the Tadhkira) that the Mulakhkhas must postdate the
Tadhkira. For more details on the significance of this scribal error, see Tadhkira,
MI.1[8] (1:250-51 and 2:471); for J. Ragep’s revision of his original assumption,
see his “On Dating Jaghmint and His Mulakhkhas.”

I1.1[5]. the third [clime]: for 27;12 [degrees latitude]: MS B provides no value;
the remaining 4 MSS all have the value 29;12 (i.e, Ja() However, in MS S (f. 72a),
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someone has attempted to change 29 to 27 in the main text; and also in MS L (f.
75b), someone has written 27 ( Jf) in the margin. The value 29 remains a mystery.

For comparison, 27;12 is in AlanT’s commentary (Ahmet III 3308, f. 66b) and in
both Kharaqt’s Tabsira and Muntaha; whereas Tus1 (Tadhkira, 111.1[8] [Ragep,
1:250-51]), Qadizade (Ayasofya 2662, f. 49b), and ‘Abd al-W3jid (Laleli 2127, f.
102b) all give 27;30. However, al-AndiqanT’s fifteenth-century Persian translation
of the Mulakhkhas has 29;12 (Ayasofya 2592, f. 21b).

For 14 hours, and 30322 degrees latitude: MS B provides no values; the remain-
ing 4 MSS all have the Ptolemaic value of 30;22. For comparisons: Alant’s
commentary also has 30;22 (f. 66b); however, Tist gives 30% (Tadhkira, 111.1[8]
[Ragep, 1:250-51]) and this is equivalent to Qadizade’s 30;40 (f. 49b). ‘Abd al-
Wajid (ff. 102b—103a) gives 30;40 but in addition mentions that some versions have
30;22.

I1.1]6]. the fourth [clime]: The entire section on the fourth clime is omitted by MS
B. MSS F, L, S have the Ptolemaic value of 33;18 for 14;15 hours. MS K (f. 28a)

has the variant (t t), which can be read 33;38 or 33;33; however, 33;38 could be

a rounding up of TTsT’s value of 33;37,30 (see chart and Tadhkira, 111.1[8] [Ragep,
1:250-51]). This assumption is supported by ‘Abd al-Wajid, who in his commen-

tary (Laleli 2127, f. 103a) provides both the alphanumeric t t and Tias1’s value of

33+Y+Y% (=33;37,30). For other comparisons: Qadizade gives 33;37 (Ayasofya
2662, f. 49b); and both Kharaqi’s Tabsira and AlanT give the Ptolemaic value of
33;18 (Ahmet 111 3308, f. 66b).

For 14;30 hours, MSS F, L, S give the Ptolemaic value of 36;0 degrees latitude
(also found in Alani [f. 66b] and Kharaqi’s Tabsira). However, MS K (f. 28a) has
36;22, which is found in Qadizade (f. 49b), and is equivalent to the 36+Y5+% put
forth by Tust (Tadhkira, 111.1[8] [Ragep, 1:252-53]) and also ‘Abd al-W3jid (f.
103a), who attributes his value to TasT.

I1.1[7]. the fifth [clime]: MS B provides no values for this clime. MSS F, K, L all
have 14;45 hours, and MS S has 14;0 with 45 written beneath the 0. MSS F, K, L,
S all have the Ptolemaic value of 38;35 for latitude. AlanT (Ahmet IIT 3308, f. 66b)
also gives 38;35; however, both TusT (Tadhkira, 111.1[8] [Ragep, 1:252-53]) and
‘Abd al-Wajid (Laleli 2127, f. 103a) give the value as 39 minus Yo which is
equivalent to Qadizade’s parameter of 38;54 degrees (Ayasofya 2662, f. 50a).

For 15 hours, MS L (f. 75b) has 44,56, but the 44 has been corrected to 40 in the
margin. MS S has been corrected from 41;56 to the Ptolemaic value 40;56. MS F
(f. 15a) has 41;56 (unaltered). MS K (f. 28a) has 41;55; this could be a case of a
copyist mistaking 4 [55] for 4 [15], since 41;15 is the value given by Taist (41%4)
(Ragep, Tadhkira, 1:252-53, 111.1[8]), Qadizade (f. 50a), and ‘Abd al-Wajid (f.
103a). Furthermore, in the margin of MS L, someone has written 41;15 in a different

hand from the 40 in the margin mentioned above. The Ptolemaic 40;56 degrees is
also found in Alani (f. 66b) and Kharaqi’s Tabsira.
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I1.1[8]. the sixth [clime]: There are a number of variants for the 43;51. Toomer,
Ptolemy’s Almagest, 86 and 86n43 states: “Although not supported by any ms. read-
ing (Ar has 43%), 43;1 is confirmed by the values for the shadow lengths.”
However, the Kharaqi witnesses contain both readings: the Tabsira has 43;1
(Ayasofya 2581, f. 123a [copied 885/1480, f. 155a]), and the earlier Laleli 2141 (also
containing the earliest dated Mulakhkhas), f. 46a has 43;15. The parameters are
written out in both, thus removing any ambiguity connected with witnesses using
an alphanumerical notation. The Muntaha has 434 (Ghalandari, 331 [319]).

MS B provides no values for this clime. MS F (f. 15a), MS K (f. 28a), MS S (f.
72a), MS L (f. 75b) all have 15;15 hours with latitude 43;51 (clearly marked), as
opposed to the Ptolemaic value of 43;15 (or 43%4). There are attempts to change the
51 to 15 in different hands: in MS S, 15 is added beneath 51; and in MS L, 2 dots

are added beneath the ) with 4 (15) added in the margin. Also in the main text of

MS L, in another hand, someone has written 22 beneath the 51. The value 43;22 is
found in Qadizade (Ayasofya 2662, f. 50a) and in Taist’'s Tadhkira (I11.1[8] [Ragep,
1:252-53]), written as 43+Y+%. ‘Abd al-Wajid gives both 43;22 and forty-three
parts and a quarter [=43;15] (Laleli 2127, f. 103a). AlanT also gives 43;15 degrees
(Ahmet III 3308, ff. 66b—67a). The original source(s) of 43;51 remains a mystery
to me (to date); however, it is contained in the published fifteenth-century Persian
translation of the Mulakhkhas (Andigani, 903). Unfortunately, Andiqani’s value
was unreadable in Ayasofya 2592 (f. 22a), the only witness I was able to consult.
MSS F, L, S have 15;30 hours and 45;1 degrees latitude. In MS K one finds the
odd value of 15;32 hours and an ambiguous value for the latitude that might be read

as 44;21 or 44;51, or even 0;21 or 0;51, since his 44 (;) often is used to represent

0. For comparison, Qadizade (f. 50a) has 45;21 as does TasT (=45+Y+"10)
(Tadhkira, 111.1[8] [Ragep, 1:252—53]) and ‘Abd al-Wajid (f. 103a). Alant has 45;1
(f. 67a), which is also found in Kharaq1’s Tabsira.

I1.1]9]. the seventh [clime]: MSS F, L, S have the Ptolemaic value of 46;51 degrees
(also found in Alani [Ahmet I1I 3308, f. 67a] and Kharaqt’s Tabsira); MS B has no
value; and MS K has 46;52 (clearly marked). In comparison: TasT’s value is 475
(Tadhkira, 111.1[8] [Ragep, 1:252-53]), which is also found in ‘Abd al-W3jid (Laleli
2127, f. 103b), and is equivalent to Qadizade’s value of 47;12 degrees (Ayasofya
2662, f. 50b).

MSS F, L, S all have 48;32 degrees latitude for 16 hours; these values are miss-
ing in both MS B and MS K. Kharaqt’s Tabsira and Muntaha, and Alani’s Sharh,
also have these Ptolemaic values (f. 67a). TasT gives this value as 48+Y+Vat+4
(Tadhkira, 111.1[8] [Ragep, 1:252-53]); it is also found in ‘Abd al-W3ajid (f. 103a),
which is equivalent to Qadizade’s 48;52 (f. 50b).

I1.1[10]. According to some of them, its end is at the end of the inhabitable
land; according to others, it is up to where the latitude is 50;25 [degrees]: In the
Almagest, Ptolemy gives 16;25 hours for the end of the seventh clime at 50;4 de-
grees, this purportedly going through the middle of the Maiotic Lake (modern Sea
of Azov); see Almagest, 11.6[18] (Toomer, Ptolemy’s Almagest, 87, 87n51). MS B
has no value, and MSS F, S, L give 50325 degrees. MS K (f. 28b) has 50;35. Birtint
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seems to be the origin of 50;25, which is what one finds in his Tafhim, no. 236
(138). For other comparisons: Kharaqi gives no value in his Tabsira and Muntaha;
and Tast gives 50% (Tadhkira, 111.1[8] [Ragep, 1:252-53]), equivalent to 50;20
(found also in Qadizade [Ayasofya 2662, f. 50b] and Alani [Ahmet IIT 3308, f.
67a]). ‘Abd al-Wajid (Laleli 2127, f. 103b) gives the otherwise unattested 55;20.

I1.1[10]. ...they do not count that part of the habitable land below the equator
as part of the climes: ‘Abd al-Wajid reminds us that this would be that part of the
habitable land below the equator in Ptolemy’s Geography (Laleli 2127, f. 103b).

I1.1[10]. ...some of them do not count what is between the equator and latitude
1230 nor what is between latitude 50:25 to the end of the habitable land: MSS
F, K, L, S all give a latitude of 50;25; MS B has no value. ‘Abd al-Wajid gives
55;25 (=55+Y+Y) (Laleli 2127, f. 104a), which is close but not exactly the same as
the 55;20 cited previously.

I1.1[10]. According to what they have claimed, in latitude 63 is an inhabited
island whose residents live in bath-houses due to the severity of the cold:
Jaghmini is probably referring to the island Thule, usually thought to be the Shet-
land Islands; Almagest, 11.6[29] (Toomer, Ptolemy’s Almagest, 89, 89n66) and
Ptolemy’s Geography, Book 1.7 and I1.3[32] (Berggren and Jones, 64-65, 180).
Kharaqt explicitly mentions the island of Thule in the Tabsira (Laleli 2141, . 45a).

IL.1[10]. in latitude 64 is a habitation whose residents are an unknown Slavic
people: The unknown Slavic people (the Sagaliba) could be a reference to Ptol-
emy’s “unknown Scythian peoples” at 64;30 degrees (4/magest, 11.6[30] [Toomer,
Ptolemy’s Almagest, 89]). It is not clear whether Jaghmini is aware of Ibn Fadlan’s
tenth-century account of various peoples in the northern latitudes. For a recent
study, see James E. Montgomery, “Ibn Fadlan and the Risiyyah,” Journal of Arabic
and Islamic Studies 3 (2000): 1-25.

At the end of this chapter, MS B (p. 48) includes an incomplete and unlabeled
illustration for the climes. MSS F, L, K, S do not have a diagram, and there is no
indication that one was ever intended here. However, one does find an illustration
of the climes in Kharaqt’s Tabsira as well as in all the Mulakhkhas commentaries |
have checked.

Chapter 2 of Part II: On the Characteristics
of the Equator and Locations Having Latitude

I1.2[1]. The turning of the orb there is wheel-like, I mean similar to the buckets
of waterwheels emerging from the surface of the water at right angles: Jaghmini
here uses the word ‘asamir (plural of ‘usmar), which is defined as a waterwheel
with a bucket; see F. Steingass, Arabic-English Dictionary (London, 1884), 701.
Cf. Tadhkira, 111.2[1]23 (Ragep, 2:472), for a definition of dizlabiyy*™ (wheel-like).

I1.2]2]. ...when the Sun reaches the two equinox points, this being the days of
Nayriiz and Mihrjan: For Birtin’s discussion of Nayriiz and Mihrjan, see Tafhim,
nos. 302 and 304, respectively (180-82). Jaghmini uses an “Arabized” spelling of
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Nayriiz <, >, rather than < j, )5 >; and I found no variant spellings in my main

manuscripts or in various commentaries I checked (‘Abd al-W3jid [Laleli 2127, f.
106b]; Alani [Ahmet III 3308, f. 69a]). JaghminT clearly connects the two holidays
with the equinox points (Nayruz: the vernal equinox; Mihrjan: the autumnal
equinox). However, according to Birtini, Mihrjan falls on the 16" day of the month
Mihr-mah, which does not necessary occur at the autumnal equinox.

I1.2[7]. Among them are [the locations] whose latitude exceeds the complement
of the obliquity, i.e., over 66;25: JaghminT’s statements in this section are often
obscure and seemingly contradictory, and certainly not “obvious” as he claims sev-
eral times. His attempt to facilitate his points with an example further complicates
this. This is due to Jaghmini not distinguishing clearly between what is occurring
on the northern parts of the ecliptic and the southern parts; he begins the discussion
with the former, but his example relates to the latter. In addition, he does not clearly
distinguish between those stars that are permanently visible or permanently invisi-
ble, and those that are temporarily visible/invisible (i.e., those that rise and set). |
have therefore added clarifying phrases in brackets and also footnotes for his pas-
sages on these locations. Fortunately, I was greatly assisted in comprehending this
section by using ‘Abd al-Wajid’s commentary. ‘Abd al-Wajid specifically provides
a worked out example of a location of 70 degrees latitude (20 degrees colatitude) in
Laleli 2127, ff. 112b—114b.

IL1.2[8]. ...and its altitude is in the amount of the difference of the latitude from
90 degrees, which is the colatitude, I mean [the latitude’s] “completion,” and it
is known as the complement of the arc.: Jaghmini first introduces the meaning of
the complement of the arc in 1.4[1]: On the Arcs. However, here he also terms the
latitude’s complement as its “completion.” Cf. ‘Abd al-W3jid, Laleli 2127, f. 113b.

I1.2[11]. Since that which sets faces that which rises, then that facing what rises
in reverse order will set in reverse order, and vice versa: According to “‘Abd al-
Wajid, “vice versa” here means “that facing what rises in regular order will set in
regular order” (Laleli 2127, ff. 118b—119a).

I1.2[11]. And since the rising in one of the two halves of the [zodiacal] orb in
terms of order is contrary to the rising in the second [half] but matches the
setting, ...:

RISING SETTING
Half 1 Capricorn 0° => Gemini 30° reverse regular
Half 2 Cancer 0° => Sagittarius 30° regular 4 | A reverse

I1.2[11]. ...it follows that the rising of each half will be contrary to its setting,
so what rises in reverse order will set in regular order, and vice versa: Vice
versa here means what rises in regular order sets in reverse order.

I1.2[14]. Now then, instruction of the above is sufficient for understanding this
[topic]: The abrupt tone of this closing statement suggests that Jaghmini’s target
audience is a student, not a patron.
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Chapter 3 of Part II: Miscellaneous Items

A folio is missing in MS F which corresponds to omitted text between 11.3[1] and
I1.3[4]. I have marked the beginning and end of this omission between two asterisks
([*]...[*] in both the Arabic edition and corresponding English translation, and it
is also noted in the critical apparatus. The missing part starts within the passage on
the ascendant and returns within the section on determining the gibla bearing, so
Fig. 8 (the illustration of the Indian circle) is also missing.

I1.3[1]. Then if the star is [aligned] with one of the two solstice points or it has
no latitude, its degree, i.e., [the star’s projected] place on the zodiacal orb, is its
degree of transit: Regarding the definition of the degree of transit of the star, it
seems redundant that Jaghmint dichotomizes between a star at the solstice point
with a star with no latitude, since a star at a solstice point is on the ecliptic and thus
would have no latitude. However, ‘Abd al-Wajid comments that Jaghmini really
meant that a star aligned with the solstice points on the solstitial colure will have
the same degree of transit as those points. See ‘Abd al-W3ajid, Laleli 2127, f.121a.

SUMMARY OF STAR TRANSIT

NORTH latitude SOUTH latitude
Half 1 of zodiacal orb: star reaches meridian star reaches meridian before
Cancer 0° => Sagittarius 30° after its degree its degree
Half 2 of zodiacal orb star reaches meridian star reaches meridian after
Capricorn 0° => Gemini 30° before its degree its degree

For discussions of the star’s degree, see Biriini, Tafhim, no. 243 (147-48) and
TasT’s chapter entitled “On the Degrees of Transit of the Stars on the Meridian and
on Their [Degrees of] Rising and Setting” (Tadhkira, [111.11[1-3]; Ragep, 1:302-5,
370 [Fig. C35] and 2:495-96).

I1.3[1]. As for the right orb, the rules for this are exactly the same. As for the
inclined orbs, one needs to take into account the horizons: The various latitudes
for these cases are discussed by ‘Abd al-Wajid (Laleli 2127, f. 123a-123Db).

I1.3]2]. Jaghmint refers to 2 kinds of shadows: the “first shadow” is produced by a
horizontal gnomon erected parallel to the horizon plane and is called ma ‘kiis [umbra
versa] because it produces a reversed shadow directed toward the ground. This
shadow is also called muntasib (erect) since it is perpendicular to both the gnomon
and the horizon plane. Jaghmini’s “second shadow” is produced by a vertical gno-
mon perpendicular to the horizon plane. It is called mustawi [umbra recta] because

this planar shadow is level with the horizon plane (see Fig. C6).
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Fig. C6

JaghminT informs us here how to determine the start-time for the afternoon [ ‘asr|
prayer using gnomon shadows according to both the rulings of al-Shafi‘T and Abt
Hantfa. It is noteworthy that the attribution to al-Shafi‘T has been added in the mar-
gins of both MS S (f. 78a) and MS L (f. 78b); since these manuscripts are witnesses
to the earliest version of the text, this could indicate that in the original version
Jaghmint did not think there was a need to cite al-Shafi‘T explicitly, since, as a
Shafi'1 presumably teaching in a Shafi't madrasa, Jaghmin1 probably assumed that
Shafi'T’s opinion on prayer would have been common knowledge. On the other
hand, he did need to cite the source of the second opinion, i.e., that of Abli Hantfa.
In any event, someone writing after the first edition of the Mulakhkhas felt the need
to reference both.

For BiriinT on the various divisions of the gnomon and kinds of shadow, see
Tafhim, nos. 227, 228, and 229 (133-34); and E. S. Kennedy, “Al-Biriin1 on the
Muslim Times of Prayer,” in The Scholar and the Saint: Studies in Commemoration
of Abii’l-Rayhan al-Biriuni and Jalal al-Din al-Rimi (New York: New York Uni-
versity Press, 1975), 88; repr. in E. S. Kennedy, et al. Studies in the Islamic Exact
Sciences, ed. D. A. King and M. H. Kennedy (Beirut, 1983), 304. See also E. S.
Kennedy, The Exhaustive Treatise on Shadows by Abu al-Rayhan Muhammad b.
Ahmad al-Birini, Translation & Commentary. Vol. 1, Translation (Aleppo: Insti-
tute for the History of Arabic Science, 1976), 62—67 (Ch. 6: On the Method by
Which the Use of the Shadow and the Gnomon is Arranged); 68—80 (Ch. 7: On the
Divisions into Which Gnomons are Divided); 210-30 at 219 (Ch. 25: On the Recital
of the Opinions of the Imams Regarding the Times of Prayer, and What is Resorted
to in Determining Them). Cf. David A. King, “On the Role of the Muezzin and the
Muwaqqit in Medieval Islamic Society,” in Tradition, Transmission, Transfor-
mation, especially the sections “On the Times of Prayer in Islam,” 289 and “Simple
Techniques for Time-Keeping by Day and Night,” 296.

I1.3[3]. On determining the meridian line: On finding the meridian line and de-
fining the Indian circle, cf. Tts1, Tadhkira, 111.12[2-3] (Ragep, 1:306—7, 2:496—
97); and on how to determine the Indian circle, see Biriini, Tafhim, no. 131 (49-52).
There are some minor discrepancies between Jaghmini, TsT, and Birtini: Both
BirtinT and Tast prefer to define the gnomon length as half the radius, whereas
JaghminT uses the equivalent Y4 the diameter (cf. Tafhim, 49; Tadhkira, 1:306-7);
and whereas Jaghmini gives two methods to determine that the gnomon is
perpendicular, BirtinT uses the plumb-line option only and TasT is silent on this
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matter. Al-shaqil (the plumb-line or plummet) is a suspended string with an
attached weight that points towards the Earth’s center of gravity.

I1.3[4]. Since the longitude and latitude of Mecca are less than the longitude
and latitude of our locality: We have here an example of Jaghmini personalizing
the exercise by referring to his hometown. Unfortunately, he does not mention the
locale specifically (presumably the students knew where they lived), and the
commentators I checked either omitted this information (see Alani, Ahmet I11 3308,
f. 83; and ‘Abd al-W3jid, Laleli 2127, f. 128a) or only cited the general region; for
example, Qadizade just gives Khwarizm (Ayasofya 2662, f. 62b).

I1.3[4-5]. In these passages, JaghminT instructs us how to determine the gibla bear-
ing for:

1. Locations whose longitude and latitude are greater or less than those of
Mecca (by constructing Fig. 9) using an Indian circle (see Fig. 8). Cf. “Abd al-
Wi3jid, who discusses eight different possibilities using various combinations of
greater, equal to, and less than for the latitudes and longitudes (ff. 128b—129a);

2. Locations whose longitude are the same as that of Mecca;

3. Locations whose latitude equals Mecca’s latitude. This is not a simple deter-
mination based on facing due east or west. (‘Abd al-W3jid points out Kaishyar ibn
Labban made this error [f. 129a].) Jaghmin provides detailed instructions here on
determining this gibla bearing using an astrolabe, for the two specific times of the
year (Gemini 7;21 and Cancer 22;39) when the Sun would be directly overhead in
Mecca.

Three points: [1] Gemini 7;21 and Cancer 22;39 are derived by using a latitude
of 21;40 for Mecca and an obliquity of 23;35; [2] JaghminT uses the term khatt wasat
al-samd’ here, literally “mid-heaven line” (linea medii coeli) for the meridian; and
[3] Jaghmint assumes the reader is already familiar with how to use the astrolabe,
its parts, and its various functions. Alternatively, we would have to speculate that
he was providing basic definitions of its parts, its use, and applications while
teaching the exercise.

IL1.3[5]. So wherever the [chosen zodiacal] degree lands on the altitude
almucantars, you will observe the Sun when it reaches that altitude and erect
a gnomon; then its shadow at that time is the bearing for the gibla: Note that
this process of determining the Sun’s altitude for the location (using the astrolabe),
then observing the Sun at that altitude in the sky, and then erecting a gnomon to
observe the cast shadow can only be done twice a year (Gemini 7;21 and Cancer
22:39), namely when the Sun is directly overhead at Mecca at noon and will cast its
shadow in a direct line to the location. Cf. Tus1, who was able to use the idea behind
Jaghmini’s technique for latitudes equal to that of Mecca and generalize to all
locations (Tadhkira, 111.12[3-4]; Ragep, 1:306-9, 2:497). Also see David A. King,
who points out that Battant and Jaghmint both used methodological procedures that
were cartographic (World-Maps for Finding the Direction and Distance to Mecca
[London: Al-Furgan Islamic Heritage Foundation; Leiden: E. J. Brill, 1999], 59,
59n25, no. 1 [Ch. 2: The Determination of the Sacred Direction in Islam]).
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Jaghmini’s section on determining the gibla was most likely taken from
Kharaqi’s Tabsira, given that Kharaqi has the exact same astrolabe/gnomon exer-
cise (Laleli 2141, Bab 12, ff. 55a-56b).

I1.3[7]. This is recorded in the zZjes [astronomical handbooks]: Jaghmini
mentions zijes twice in the Mulakhkhas, here and in 1.2[10]. According to E. S.
Kennedy, these astronomical handbooks with tables were used by “the practicing
astronomer, or astrologer, to solve all the standard problems of his profession” (“A
Survey of Islamic Astronomical Tables,” 123). See D. A. King and J. Samso6 for a
supplement to Kennedy’s survey with additional tables that are not contained within
zijes (“Astronomical Handbooks and Tables from the Islamic World [750-1900]:
an Interim Report,” Suhyal 2 [2001]: 9-105).

I1.3[8]. The duration of daytime: For this section, cf. Tusi, Tadhkira, 111.10
(Ragep, 1:298-303, 2:489-95).

I1.3[8]. It has thus become clear that regularized hours are those whose num-
ber varies according to the length and shortness of daytime, but their units of
time do not vary; seasonal hours are those whose units of time vary, but their
number does not vary:

In sum: in case 1 the number of regularized hours during daytime can vary, say,
between a short winter and a long summer, but one winter hour would still equal
one summer hour; in case 2, 1 of the 12 summer hours would be longer than 1 of
the 12 winter hours, but the 12 for daytime and night remains constant throughout
the year.

I1.3[9]. For some of them said 365" days; according to Ptolemy, 365%: days less
1/300 part of a day; and according to Battani 365" days less 3 parts 24 minutes
out of 360 parts of a day: F. J. Ragep provides comparative charts that summarize
these reported values (see “Al-Battani, Cosmology, and the Early History of Trepi-
dation,” 285; and Tadhkira, 2:493). See also Ptolemy’s Almagest, 111.1 (Toomer,
140); and Battant’s Zij, Ch. 27 (3:61-62 and 1:40-41).

I1.3[10]. ...they take away the Sun’s mean [motion] from the Moon’s mean,
and they divide the remainder by the rotation of the orb, namely 360 degrees,
thus resulting in 29;31,50,8 days, which is the amount of a month. They then
multiplied that by 12, obtaining the days in a lunar year: 354+Y+Y days. This
year is less than the solar year by approximately 10 days and 20" hours:

This passage, including a// Jaghmin1’s parameters, is found in Kharaqi’s Tabsira
(Laleli 2141, Bab 14 of hay'at al-ard, esp. f. 58b). According to the parameters of
Jaghmini (see Mulakhkhas, 1.2[3], 1.2[8], 1.5[37])—and Kharaqi—one would
subtract 0;59,8,20 [Sun’s mean] from 13;10,35,2 [Moon’s mean] and then divide
360 by the remainder of 12;11,26,42 for a result of 29;31,50,8 days. The value
29;31,50,8,20 days is the mean length Ptolemy claims to derive for the synodic
month; however, as Toomer points out, this value is not actually what one obtains
by Ptolemy’s calculation (nor by Jaghmint’s) but instead is Hipparchus’s value
which he took from Babylonian sources (see Almagest IV.2 [Ptolemy’s Almagest,
176, esp. n10]).
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On the machinations of calculating the lunar calendar, and the value of
354+Y5+Y% days (or 354!'4 days), see Ragep’s commentary on Tast’s Tadhkira,
I1.10[2] (2:491-92). As for the lunar year being less than the solar year by
approximately 10 days and 20%; hours: According to Qadizade, it would have been
more correct for Jaghmini (and presumably Kharaqi) to have stated that the
difference was approximately 10 days and 21 hours [Ayasofya 2662, f. 69a], which
is closer to what I calculated.

I1.3[11]. This is as much as allowed by [my] ignoble character, a tormented
mind, thought befuddled by preoccupations beyond counting, and concerns [so
overwhelming] they would make a mother neglect her child:

«ai) |y 553 Y» This is literally “her child will not be called out to.” The idiom,

which signifies difficulty or distress, is from a proverb whose original meaning im-
plies that the distress is so overwhelming that a mother would forget her child and
not call out to him (see Edward W. Lane, An Arabic-English Lexicon [Beirut, 1968]:
8:2967).
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Appendix I: Jaghmin’s Works

A. Astronomy

Title Description
L 2 )| 2. gl (l;, & u‘-‘f’J“U An introductory work on the discipline
Ml kh”kh. ""l l"h i of hay a basita, dedicated to Badr al-
at-Muta as ft ‘ilm al-hay’a Din al-Qalanist, composed 602-3/1205-6
al-basita [extant]
GAL1: 473; GAL suppl. 1:865; Ghalandari, “Chaghmini,” no. 1; Kahhala,
12:198; Qasimli, 12:62 (no. 8); Ziriklt, 7:181.
2. | 3\,,\} vﬂ jﬁ\ f\f"\ 3 ‘3 b\ y A treatise on planetary dlstarices and
Risala fi agdar ajram al sizes, dedicated to Badr al-Din al-
isala fi aqdar ajram al- lanisT [extant
kawakib wa-ab ‘Gdiha QalanisT [extant]
King, Survey, 150 (G17, 1.27); King, Catalogue, 2:21 [2] [al-QalanisT is
misread as “al-Falasiti (?)”]. See also Bratislava, Bratislava Library, TG
15, Ordinal Number 291.
3. " < . | A treatise on rules for clarifying vari-
Shall el e aclaall ying
L : e ous miscellaneous items in astronomy
Tahrir al-gawd id li-tahlil astar | [extant]
al-fara’id
GAL1:625; de Slane, 516, no. 2865.
B. Astrology
4. A work on the strengths and weak-

inoy ST 555 3 S
al-Kitab fi quwa al-kawakib wa-
da fiha

nesses of the planets, dedicated to a
Shihab al-Din. Based on a date given
for the planetary apogees, this treatise
was composed one year earlier than the
Mulakhkhas, i.e., ca. 600/1204 [extant]
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(continued)

4. | Paris, BnF, MS ar. 2589, f. 174b contains the abbreviated name of the
dedicatee; this is missing in Jaghmini, Talkhis kitab Ugqlidis, 249. On the
identification of Shihab al-Din, see supra /.2.3¢. See also de Slane, 468,
no. 2589; Ghalandari, “Chaghmini,” no. 4; Kahhala, 12:198; Qasimld,
12:61 (no. 1); Zirikli, 7:182.

C. Mathematics

Title Description
5. s, US” sy | The Epitome of Euclid’s Elements,
U:' S - composed at the request of Shihab al-
Talkhis kitab Uqlidis Din Abt Sa‘d ibn ‘Imran al-

Khwarizmi al-Khiwaqt, and completed
Sunday, 22 Safar 615 H (= Saturday-
Sunday, 19-20 May 1218 CE)

GAS 5:115 (no. 56); Ghalandari, “Chaghmini,” no. 3; Qasimld, 12:62 (no.
7), 63; Talkhis kitab Uqlidis, 15-246 (the dedicatee is given on 16,
followed by seven verses of poetry).

6. [So j‘g\ =] oludl S jl\ A summary on arithmetic that includes
" a discussion of multiplication

al-Miijaz fi al-hisab
Ghalandari, “Chaghmini,” no. 6; Qasimla, 12:61 (lists this as two separate
works: “al-darb” [2] and “suwar al-hisab” [3]); Talkhis kitab Uqlidis,
254-55.

7. P\ f) t‘j\ olud | 3o P\ 5 [Ae )gziii]se on nine types of arithmetic
Gl =S ol 3kl
(sl

Risalat suwar al-hisab al-tis
(=Risala latifa fi hisab?=Risala
fi al-hisab?)

GAL suppl. 1:865; Ghalandari, “Chaghmini,” no. 5; Hitti, 324 (no. 1032 =
Princeton University, Garrett no. 502H); Kahhala, 12:198; Qasimla, 12:61
(no. 4); Zirikli, 7:182. See Tehran, Central Library of the University of
Tehran, MS 6911. King ambiguously mentions a “R. mukhtasara fi I-
Hisab, on simple arithmetic” (King, Survey, 150 [G17, 6.3.11]); MAMS?2
follows King, 198 (no. 547), M1.

8. | Log) Sl 3 wlud! 3 b~ & | A Commentary on using arithmetic in
" C questions related to inheritance [ex-
Sharh Turuq al-hisab fi masd’il | tan(]

al-wasaya
GAL suppl. 1:865; Ghalandari; “Chaghmint”; Qasimla, 12:62 (no. 6);
Kahhala, 12:198; Zirikli, 7:182.
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Title Description

‘\Lbl\j }.;\ 3 jjaw A treatise in rhyme on algebra: a poem
~ . T in 25 verses on problems about alge-
Manzima fi al-jabr wa-l- braic equations

muqabala

Qasimla, 12:61-62 (no. 5).

D. Medicine

10.

ad 53\5 The “little Qaniin,” an abridged
o : treatise of Ibn Stna’s medical text al-
Qaniinca Oaniin fi al-tibb [extant]

GAL2:213; GAL suppl. 1:826, 865; Ghalandari, “Chaghmini,” no. 2;
Qasimli, 12:62—-63 (no. 9); earliest copy dated 12 Ramadan 601 H (=3
May 1205 CE) (Ayasofya MS 3735); see supra 1.2.3a.

E. Other

11.

3oz | A poem (qasida) [extant]

Talkhis kitab Uqlidis, 247-49; Qasimla, 12:63.

12.

? A small fragment of a mathematical
work attributed to Jaghmini

Witkam, /nventories, 88: Leiden, Leiden University, Or. 204 (2), f. 30a.

F. Misattributions

ol 3 ‘_5'\555\ U | Arithmetical treatise on extracting
j < ' roots and operations with decimal
al-Kitab al-Qiwami fi al-hisab fractions

GAL suppl. 1:865; Ghalandari, “Chaghmint’; Qasimlii (12:63). All three
raise the possibility that this is a misattribution. Qasimla states it may be a
treatise by Abt Nasr Samaw’al ibn Yahya al-Maghribi [composed in
1173] that bears this name. Cf. MAMS?2, 185 (no. 487), M3; and Rashed,
Entre arithmétique, 14045 (for Samaw’al’s text).

Lf‘;’M Sl g 51.\ Al J\ A treatise on medicine of the Prophet

al-Risala al-mawsuma bi-Tibb
al-Nabt

There are several lithographs (Tehran, late nineteenth century) that
attribute the authorship of this work to JaghminT; this was also Elgood’s
conclusion (43, 186-92). However, the Majlis-i Shiira and Millt Libraries
(Tehran) have correctly identified the author as Ja‘far ibn Muhammad al-
MustaghfirT (d. 432/1040) (GAL suppl. 1:617). The misattribution may
have stemmed from al-Mustaghfiri’s work having been copied together
with Jaghmini’s Qaniinca within one or more codices.
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Appendix II: Works Derivative from the Mulakhkhas

A. Commentaries, Supercommentaries, and Glosses (Arabic)

Author

Title and Description

Muhammad ibn Mubarak-shah
Mirak al-Bukhari (d. 741/1341)

Sharh al-Mulakhkhas,
composed last part of Rabi" I,
727 (March 1327)

MAMS?2, 256 (no. 753), Al and (
Riyazi ilimler, 1:389, e.1.

no. 694), Ad; OALT, 1:Ixxviii;

2. Yusuf ibn Mubarak al-Alant Sharh al-Mulakhkhas, [2]
(ca. 735/1334) composed Sunday, 19
Ramadan 735 [13-14 May
1335] and dedicated to Jani
Beg Khan (r. 1341-57) of the
Golden Horde of the Mongol
Empire
Riyazi ilimler, 1:389, e.2.
3. Fadl Allah al-‘Ubaydi (d. 751/ | Sharh al-Mulakhkhas, [3]
1350) composed in three days at the
request of professors and
students; ‘Ubaydt was Qutb al-
Din al-Shiraz1’s student
Fazlioglu, “‘Ubaydi,” BEA, 2:1157; KZ, 2:col. 1819; Fligel,
6:113; OALT, 1:1xxviii; Riyazi ilimler, 1:389, ¢.3; Tashkubrizade,
Miftah al-sa ‘dda, 349.
4. Sa‘d al-Din Hamza ibn ‘Ali al- | Sharh al-Mulakhkhas [4]
Bayhagi (early 8"/14% ¢.)
MAMS?2, 248 (no. 723); Riyazi ilimler, 1:391, e.11.
5. Kamal al-Din al-Turkmani: Sharh al-Mulakhkhas; [5]
Muhammad ibn Ahmad al- composed in 755/1354 in
Hanaft (d. 758/1357) Gilistan/Saray, the capital city
of the Golden Horde State, and
offered to Jani Beg
Fazlioglu “Kamal al-Din al-Turkmani,” BEA, 1:609; KZ, 2:col.
1819; Fliigel, 6:113; OALT, 1:1xxix; MAMS2, 252 (no. 738), Al;
Riyazi ilimler, 1:389-90, e.4; Tashkubrizade, Miftah al-sa ‘ada,
349.
5. Fasih al-Din Muhammad ibn Hashiya on Kamal al-Din al- [6]
(a) | ‘Abd al-Kartm Nizamt al- Turkmani’s Sharh al-

Kihistani (d. 1530)

Mulakhkhas

Fligel, 6:114(?); MAMS?2, 309 (no. 914), A6.
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6. Muhammad ibn al-Husayn ibn | Sharh al-Mulakhkhas; its only | [7]
al-Rashid al-Mashhadt al- extant copy bears a date of
Khwarizmi (8%/14" ¢.) 774/1372-73
KZ, 2:col. 1820; Fliigel, 6:114; Riyazi ilimler, 1:390, e5.
7. Anonymous Sharh al-Mulakhkhas; parts [8]
missing
Riyazi ilimler, 1:390, e.7.
8. Kamal al-Din ‘Abd al-Rahman | Sharh al-Mulakhkhas; [9]
ibn Muhammad ibn Ibrahim al- | composed in 770/1368-69
‘Ata’iqi (d. 790/1388)
The only known witness is Isfahan, Maktabat al-Zahra 144.
9. Humam al-Tabib: Muhammad | Sharh al-Mulakhkhas [10]
ibn Muhammad ibn Ab1 Talib
(d. after 813/1410)
KZ, 2:col. 1820; Fliigel, 6:114; MAMS?2, 267 (no. 794), Al;
Riyazi ilimler, 1:390, e.8.
10. | al-Sayyid al-Shartf Sharh al-Mulakhkhas [11]
al-Jurjani (d. 816/1413)
KZ, 2:col. 1819; Fliigel, 6:113—14; MAMS2, 266 (no. 788), A2;
Riyazi ilimler, 1:390-91, e.9; Fazlioglu, “The Samarqand
Mathematical-Astronomical School,” 34-36; Tashkubrizade,
Miftah al-sa ‘ada, 349.
10. | Anonymous al-Tawdih al-Husayni li-Sharh | [12]
(a) Mulakhkhas al-Jaghmini; gloss
on 10. with a dedication to
Mehmed II (r. 144446, 1451—
81)
The only known witness is Ayasofya 2608.
10. | Anonymous Gloss on al-Jurjant’s Sharh al- | [13]
(b) Mulakhkhas, only extant
witness copied in 880 H. by
Mustafa ibn ‘Abd Allah
Riyazi ilimler, 1:390-91, ¢.9.
11. | ‘Abd al-Wajid (wrongly: Sharh al-Mulakhkhas, it was [14]

Wahid) ibn Muhammad ibn
Muhammad al-HanafT al-

presented to Sultan Murad II (r.
1421-51)

Kutaht (d. 838/1435)

KZ, 2:col. 1820; Fliigel, 6:114; MAMS?2, 267 (no. 791), A3;
OALT, 1:24 (no. 2); Ragep, “Astronomy in the Fanari-Circle”;
Riyazi ilimler, 1:388, d.2; Topdemir, “‘Abd al-W3ajid”.
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12. | Qadizade al-Rami (d. ca. 835/ | Sharh al-Mulakhkhas; [15]
1440) composed in 8§14/1412 and
dedicated to Ulugh Beg
KZ, 2:col. 1819; Fliigel, 6:113; MAMS2, 27374 (no. 808), Al;
OALT, 1:8-21 (no. 3); Riyazi ilimler, 1:372—73; Fazlioglu, “The
Samargand Mathematical-Astronomical School”; Ragep,
“Qadizade,” BEA, 2:942; Tashkubrizade, Miftah al-sa ‘ada, 349.
12. | Fath Allah al-Shirwani (d. 891/ | Hashiya ‘ala Sharh al- [16]
(a) 1486) Mulakhkhas, gloss on 12. by
Qadizade’s student; presented
to Mehmed II in 878/1473
Ihsanoglu, History, 2:533, 535-36; KZ, 2:col. 1819; Fliigel,
6:114; MAMS2, 292 (no. 868), A2; OALT, 1:43-44 (no. 1); Riyazi
ilimler, 1:385, ¢.1; Fazlioglu, “Shirwani,” BEA, 2:1055-56;
Fazlioglu, “The Samargand Mathematical-Astronomical School”.
12. | Sinan Pasha (d. 890/1486): Hashiya ‘ala Sharh al- [17]
(b) | Sinan al-Din Yasuf ibn Khidr | Mulakhkhas; gloss on 12. by
Beg ibn Jalal al-Din ‘Arif vizier of Mehmed II; dedicated
to Bayazid 11
Ihsanoglu, History, 2:534-35; KZ, 2:col. 1819; Fliigel, 6:114;
MAMS2, 290 (no. 858), A2; OALT, 1:47 (no. 1); Riyazi ilimler,
1:385, ¢.3.
12. | Fakhr al-Din al-‘Ajam1 Hashiya ‘ala Sharh al- [18]
(c) (9™/15M ¢.) Mulakhkhas, gloss on 12. by a
student of “AlT Qushjt
OALT, 1:54; Riyazi ilimler, 1:385, ¢.4.
12. | Niksart: MuhyT al-Din Hashiya ‘alda Sharh al- [19]
(d) | Muhammad ibn Ibrahtm ibn Mulakhkhas, gloss on 12. by a
Hasan al-Niksart al-Ram7 (d. student of Shirwant; dedicated
901/1495) to Bayazid II
MAMS2, 293 (no. 871), Al; OALT, 1:62; Riyazi ilimler, 1:385,
¢.5.
12. | Kubnawt: al-Haqq ibn Abt Hashiya ‘ald Sharh al- [20]
(e) | Ishaq Kubnawi (late 9"/15" ¢.) | Mulakhkhas; gloss on 12.;
Kubnawi worked at the
Diyarbakir court of Aq
Qoyunlu Sultan Ya“qub
Bahadur-Khan (r. 1478-90)
MAMS?2, 282 (no. 833), A2.
12. | Dellakoglu: Husam ibn Shams | Hashiya ‘ala Sharh al- [21]
€3} al-Din al-Khattabi al-Lahijant | Mulakhkhas, gloss on 12.

al-Jilant (d. 901/1495)

OALT, 1:20, 63-64.
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12. | Akhawayn: MuhyT al-Din Hashiya ‘ald Sharh al- [22]
(g) | Muhammad ibn Qasim (d. 904/ | Mulakhkhas, gloss on 12.

1499)

MAMS2, 303 (no. 893), A4; OALT, 1:20, 65-66 (no. 4); Riyazi

ilimler, 1:385, ¢.6.
12. | Mirim Celebi (d. 931/1525) Hashiya ‘ala Sharh al- [23]
(h) Mulakhkhas, gloss on 12.

OALT, 1:100-1 (no. 4).
12. | ‘Abd al-“Ali al-Birjand1 Hashiya ‘ala Sharh al- [24]
(1) (d. 935/1528) Mulakhkhas; gloss on 12.

1hsanog1u, History, 2:548; KZ, 2:col. 1820; Fligel, 6:114;

MAMS2, 315-16 (no. 938), Al1; OALT, 1:101-4 (no. 1); Riyazi

ilimler, 1:381-82, d.1.
12. | ‘Abd al-Rahman ibn Ibrahtm Gloss on 12.(i) entitled [25]
(i.1) | al-Suhrant al-Shafi‘1 (d. Ta ‘ligat ‘ald Hashiya ‘ala

1066/1656) Sharh al-Mulakhkhas

OALT, 1:294; Riyaczi ilimler, 1:384, c.1.
12. | Ahmad al-‘Imadi: Mawlana Gloss on 12.(1) [26]
(1.2) | Ahmad ibn Sayyid Ahmad al-

‘Tmadi (11%/17% ¢.)

OALT, 1:331 (no. 2); Riyazi ilimler, 1:384, c.2.
12. | See infra, C. Translation (Turkish), no. 1.
(1.3)
12. | Fasth al-Din Muhammad ibn Hashiya ‘ald Sharh al- [27]
) ‘Abd al-Kartm Nizamt al- Mulakhkhas, gloss on 12.

Kihistani (d. 1530)

Fliigel, 6:114(?); MAMS?2, 309 (no. 914), A7.
12. | Manstr al-Dashtakt: Ghiyath Hashiya ‘ald Sharh al- [28]
(k) al-Din Mansir ibn Muhammad | Mulakhkhas; gloss on 12.

al-HusaynT al-DashtakT al-

Shirazi (d. 948/1541)

Ruhullahi, “Dashtaki,” title no. 7.
12. | Burhan al-Din Ibrahim ibn Hashiya ‘ala Sharh al- [29]
)] Muhammad ibn Ibrahim al- Mulakhkhas, gloss on 12.

Halabi (d. 956/1549)

MAMS2, 321 (no. 959), Al.
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12. | Sagli Emir (d. 963/1555): Risala fi kashf' ma dara ‘alda [30]
(m) | Shams al-Din Muhammad ibn | istidarat al-ard wa-
‘Abd al-Awwal ibn Husayn ibn | kurawiyyatiha,; gloss on the
Hasan al-QamarT al-Husayn1 Earth’s sphericity (and its
al-Tabrizi al-HanafT (d. 963/ relation with prayers as
1555) discussed in 12.); composed in
940/1533-34 and presented to
the Ottoman vizier Ibrahim
Pasha
OALT, 1:135-36; Riyazi ilimler, 1:388, d.1.
12. | Qadi Hasan al-Makki: Hasan Hashiya ‘ala Sharh al- [31]
(n) ibn Muhammad al-Fasihi al- Mulakhkhas, gloss on 12.
Makki (fl. 1014/1605)
OALT, 1:249.
12. | Baha’ al-Din Muhammad ibn Hashiya ‘ala Sharh al- [32]
(o) | Husayn al-'Amili (d. 1621) Mulakhkhas; gloss on 12.
MAMS2, 350 (no. 1058), Al6.
12. | Ahmad al-'Imadi: Mawlana Hashiya ‘ala bahth al-sha ‘trat | [33]
(p) | Ahmad ibn Sayyid Ahmad al- | fi Sharh al-Mulakhkhas [i-
‘Tmadt (11%/17% ¢.) QOddizade; gloss on the study
of the standard measure of
barleycorns in 12.
OALT, 1:330 (no. 1).
12. | ‘Imad al-Din Husayn al-Riyadi | Hashiya ‘ala Sharh al- [34]
(q) | ibn Lutf Allah al-Lahuri (d. Mulakhkhas, gloss on 12.
1732)
MAMS?2, 374 (no. 1179), A2.
12. | Walt al-Din Jar Allah Yani Hashiya ‘ala Sharh al- [35]
() ShahrT (d. 1154/1738) Mulakhkhas, gloss on 12.
OALT, 1:403—4; Riyazi ilimler, 1:385, ¢.7.
12. | Kasiri-zade: Muhammad Amin | Gloss on 12. dealing with the [36]
(s) ibn al-Shaykh Muhammad al- standard measure of a

UskadarT al-HanafT al-Mudarris
(d. 1151/1738)

barleycorn, entitled Tagrirat
wafiya wa-tahrirat kafiya li-
hall al-mas’ala al-mashhiira
bi-I-mas ala al-sha ‘iriyya fi
sharh risalat al-Jaghmint li-I-
sharih al-mashhur bi-Qadizade
al-Riami

OALT, 1:405-6.
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12. | Hasan al-Jabartt: Badr al-Din Hashiya ‘ald Sharh al- [37]
(t) Hasan ibn Burhan al-Din Mulakhkhas, gloss on 12.
Ibrahim al-Jabartt (d. 1188/ reported by Hasan al-JabartT’s
1774) son ‘Abd al-Rahman al-JabartT;
extant?
1hsanog1u, History, 2:586—87; MAMS?2, 410 (no. 1367); OALT,
2:479 (no. 19); Riyazi ilimler, 1:386, ¢.8.
12. | Fakhri-zade al-Mawsili (d. Hashiya ‘ala Sharh al- [38]
(w) | 1188/1774) Mulakhkhas, gloss on 12.
MAMS2, 411 (no. 1369); OALT, 2:482.
12. | Anonymous Hashiya ‘ala Sharh al- [39]
v) Mulakhkhas; gloss on 12.
OALT, 2:744-45.
12. | Anonymous Hashiya ‘ald Sharh al- [40]
(w) Mulakhkhas; gloss on 12.
OALT, 2:745.
12. See infra, B. Translations, Commentaries, Supercommentaries, and
(x) | Glosses (Persian), no. 4.
13. | Kafiyaji: Muhyt al-Din Abi Sharh al-Mulakhkhas [41]
‘Abd Allah Muhammad ibn
Sulayman al-BargamawT (d.
879/1474)
MAMS2, 291 (no. 863), A2; OALT, 1:27 (no. 2); Riyazi ilimler,
1:388, d.3.
14. | Qara Sinan: Sinan al-Din Sharh al-Mulakhkhas, [42]
Yisufibn ‘Abd al-Malik ibn dedicated to Bayazid I1
Bakhshayish (d. ca. 885/1480-
81)
Ihsanoglu, History, 2:535-36; KZ, 2: col. 1819; Fliigel, 6:114;
OALT, 1:40—41 (no. 1); Riyazi ilimler, 1: 385, ¢.2.
15. | Molla-zade al-Rtmi (d. ca. Sharh al-Mulakhkhas [43]
900/1495)
Thsanoglu, History, 2:545-46; OALT, 1:58-59.
16. | ‘Abd al-Salam al-Muhtadi al- Hashiya (to the base text or a [44]

Muhammadi (d. after 918/
1512-13) = Hoja Iliya al-
Yahtdi

commentary?); ‘Abd al-Salam/
Tliya migrated to the Ottoman
Empire from Andalusia and
lived during reigns of Sultans
Bayazid Il and Selim I

Ihsanoglu, History, 2:546; OALT, 1:71.
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17. | Anonymous (late 8"/14% ¢.) Hashiya ‘ala Sharh al- [45]

Mulakhkhas, a gloss on a

Mulakhkhas commentary

(which one?); copied by ‘Al

ibn Fath Allah al-Ma‘danf al-

Isfahant (=al-Sabir1) with the

seal of Mehmed I1

Riyazi ilimler, 1:390, e.6.

18. | Fasih al-Din ‘Abd al-Karim al- | Hashiya ‘ala Sharh al- [46]
Nizami al-Nisaburi (d. ca. Mulakhkhas, a gloss on a
850/1446) Mulakhkhas commentary

(which one?); oldest copy
dated 9" century H
Riyazi ilimler, 1:391, e.10.

19. | Fasih al-Din Muhammad ibn Sharh al-Mulakhkhas, Fasih [47]
‘Abd al-Kartm Nizamf al- al-Din was a student of Qushj1
Kihistant (d. 936-37/1530)

MAMS?2, 309 (no. 914), A2.
20. | Anonymous Hashiya ‘ala sharh al- [48]
Mulakhkhas (which one?)
OALT, 1:745.

B. Translations, Commentaries, Supercommentaries, and Glosses (Persian)

Author Title and Description
1. Muhammad ibn ‘Umar al- Persian translation of the [49]
Andiqani (8"/14" ¢.) Mulakhkhas; Ayasofya MS
2592 has a copy date of 796 H
Andiqant; Riyazi ilimler, 1:388, el.1.
2. Husayn ibn al-Husayn al- Persian commentary on the [50]
Khwarizmit al-Kubraw1 (d. 839/ | Mulakhkhas dedicated to
1435-36) Ulugh Beg
MAMS2, 272 (no. 805), A2; PL, 50 (no. 88a), 73 (no. 106[2]).
3. Hamza ibn Hajj ibn Sulayman | Persian translation by the order | [51]
(9™/15™ ¢.) of Mehmed I1
OALT, 1:21, 56-57; Riyazi ilimler, 1:388, el.2.
4. Anonymous Hashiya ‘ald bahth al-tadaris [52]

(on the Earth’s undulations as
found in Qadizade’s Sharh);
presented to Sultan Bayazid II
(r. 886-918/1481-1513)

Riyazi ilimler, 1:387-88, d2.4.




Appendices 291
Author Title and Description

5. Mahmiid ibn Muhammad ibn A Persian revision of the [53]
Muhammad al-Qadr al- Mulakhkhas compiled for
Walishtani al-Haraw1 (15" ¢.) Ghiyath al-Din Ahmad;

HarawT worked at the court of
Shahrukh ibn Timiir
Andiqani, 873; MAMS2, 282 (no. 832), Al.

6. Kamal al-Din Husayn ibn ‘Abd | Persian commentary on al- [54]
al-Haqq Ardabili (fl. 15%/16" | Mulakhkhas
centuries)

Andigani, 869 (no. 8).

7. Qadi Nar Allah Shashtart (d. Persian commentary on al- [55]
1019/1610) Mulakhkhas
Andiqgani, 869 (no. 9).

8. Muhammad Zaman ibn Persian commentary entitled [56]
Muhammad Sadiq ibn Abi Hikam al-riyadr and completed
Yazid Anbalaji Dihlaw1 1130/1718-19
PL, 50 (no. 88b).

9. Mulla Muhammad Ja'far Persian commentary on al- [57]
SharT‘atmadar Astarabadi Mulakhkhas; Astarabadi was a
(1198-1263/1783—-1847) member of the ‘ulama’ who

traveled (e.g., to Karbala,

Mecca, and Tehran) and had

various teaching circles
Abada, 92-95 (3.6); Andigani, 869 (no. 10).

10. | Sayyid Muhammad Taqt ibn Persian commentary on al- [58]
Husayn ibn Dildar ‘Al Naqawl | Mulakhkhas
(19%¢)

Andigani, 869 (no. 11).
11. | Anonymous Persian commentary on a/- [59]
Mulakhkhas
OALT, 2:786.
C. Other Translations (Turkish and Hebrew)
1. ‘Abbas Wastm Efendi (d. Tarjamat kitab al-Birjandi min | [60]
1173/1760) al-khusif wa-l-kusif; Turkish
trans. of ch. 10 of Birjandt’s
Hashiya on Qadizade’s Sharh
al-Mulakhkhas dealing with
lunar and solar eclipses
OALT, 1:446-47 (no. 3); Riyazi ilimler, 1:385, c.3.
2. Moses Ben Elijah the Greek Hebrew translation of the [61]

(late 8/14" ¢.)

Mulakhkhas

Morrison, “The Role of Oral Transmission”; Vajda.




Glossary

11.3[2] = first appearance and/or definition of term occurs in Book II, Chapter 3,

paragraph 2 of edition and translation; el (plural); yae= )iae (verbal noun)

1
permanent [visibility] (IL2[2]) (541
aether (Intr.[1]) }:Y\
end (of Pisces, etc.) (og) 51
(11.2[10])
end of the inhabitable sl T
land (IL.1[10])
beyond (in longitude) );L;
the Moderns (1.2[6]) Ryeaciy
earth (element) (Intr.[1]); u.'aj\
land (IL3[3])
the Earth V,'aj})\
Leo (.5[26]) 23
astrolabe (I1.3[5]) Yl
horizon ] 5

horizon of the

right orb (IL.2[1])

© Sally P. Ragep 2016

horizon of the »\Ma:i\ 5 jﬂ\ Oj
erect sphere (I1.2[1])

oblique horizons (IL2[2]) 4Bl 3B

clime (I.1) fg\f\ (C) 5|

residents (1.3[9]) QL:J\ (C) il

apogee (1.1[2]) C}\

solar apogee sl Cj\

lunar apogee (1.2[7]) gl

first (of Aries) (Jad) Jgt

o

ocean; sea B (C) 2
(ILI[1 and 2])

to reappear ouds

(after being eclipsed) (1.5[36])
full Moon (Pref.[1]) Sl

zodiacal sign (I1.3[5]) Cj}f (C) Cj
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the zodiacal equator ijgﬁ\ bVASH complement of obliquity J..U r\‘;
(1.2[3]) (1L.2[6])
cold (IL.1[10]) S5 complementary body v‘:.i\
simple (bodies) slg (C) beus (1.1[3]); complement
(Intr.[1])
sight; vision JLA,;\ (C) P &
(L.4[15]) the fixed stars (I.1[10]) :,..\jj\
slower motion  podl oL caxley S~ | thickness S
(1.2[6]); slow (in speed) (1.5[30] triangle (1.4[5]) V:LZ
and [31]) second g\f (C) b
to move away g | Taurus Byl
distance sl (C) A%
farthest distance (1.5[13]) &33! 242\ -
double elongation ol 2J0 | mountain (IL1[1]) Jle (C) Jz
(15[37]) Capricornus el
nearest distance (I1.5[8]) ujﬁ\ 2&dl | body fb':':\ (C) oz
mean distance (1.4[9]) Lo usdl | aethereal bodies b j\f\ rb!\
to remain (after subtraction) P (Intr.[17)
locality Y (C) A | the simple bodies S r\j";}ﬂ
to attain; reach 8‘ the celestial bodies & ;L.;J\ r\j";}ﬂ
(12[2])
) part (L1[1]); £33 (C) gt
hill (Intr.[1]) N (C) g unit (I1.3[2])
complement of the azimuth a2l TL‘ solid; body r\_....-f;\ (C) e
(L3[8]) spherical body (I.1[1]) Cﬁfr“’
colatitude (I1.2[7]); 2 fL‘ to reappear ) (2s) u\"“l
latitude’s completion (IL.2[8]) (after being eclipsed) (1.5[36])
complement of the arc o }A\ TL‘ to be in conjunction ’61.4
(L4[1]) conjunction t\{o-\
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side Cilgx (C) <il> | motion of the Universe K S 5>
south IS (L.2[2])
south point (1.3[7]) oyt LE | mean motion o g}\/b@jﬂ\ 3@,—»
crossing point (1.3[12]) s (1.2[9))

Gemini ¢35\ | the daily motion Eaa) Y e
lunar nodes; 25531/ 255 | perceptible (1.4[15]) P ges
jawzahar (1.2[7]) mathematician; olas (C) el

cavity (L.1[2]) ol (C) IS calculator (IL3[7])
to be bounded (1.4[3]) Jpae

definition (1.4[12]) 3905 (C) Nt

convex (I.1[2]) NENESA

alignment point (I.5[5]) 15l A

to depart from o ) Jzﬁ

slant (L.5[18]) 1Y)

to combust é\j\o-\ (L) & J«é
(L5[33])

motion o (C) "y 5>~

motion of the apogee @3}\ "y 5
(1.2[3])

the prime motion (1.2[2]) J;}}\ 45}\

proper motion (L2[10])  &5k-1 S

motion of anomaly N s
(1.2[10])

motion of the center ng\ "y >
(1.2[9])

motion of longitude J jﬁ\ "y 5
(1.2[9])

motion of latitude (1.2[9]) >33\ "y 5>

2os e

(from an arithmetical operation)

to reach; to obtain; to result

perigee (I.1[2]); a5
epicyclic perigee (1.4[9])
to be depressed; to descend s

depression (I1.2[2]) L\L;}
true (IL3[7]) chis
rule (IL3[1]) e (C)" e
sage (Pref.[1]) s () r&’
red; redness U?,-
Aries jres
deferent (orb) (I1.1[6]) Jelo (6)

deferent (orb)  Jld| J{ 5a Jol (5)
of the deferent center (1.3[13])

slanted (I11.2[2]) ub\‘s
bath house (IL1[10]) L& (Cj f\:’;
Pisces e
axis (1.2[8]) YY)
to bound; enclose ’L,:;
circumference; enclosing loot
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enclosing (I.1[3]) &sl> | equinox line (IL3[3]) oze Y Las
enclosed (I.1[3]) (55 | straight line (I1.3[4]) f\a,.....is i
animal (Intr.[1])  Oblgs (C) Q\yf- meridian line D) ca Tas
vacillating planets (1.2[10]) aj«al\ (L.3[7]; 1L.3[3])
mid-heaven line elad) loag has
(IL3[5])
wasteland (IL1[1]) L5 | invisibility (112[2]) b /s
to emerge; to be extended; ’G’.ﬁ of permanent invisibility k) 6,\,;\
to result (I1.2[2])
to produce or extend @; Eternal Islands (IL1[2]) <\&- gl
(a line, etc.) in reverse el
to be etched on (1.3[7]) g ’G;a‘fg to differ; to vary i
eccentric (orb) (I.1[3]) Sal @\;L\ to be invariable A Y
cone (I1.3[6]) bLyiis | difference; O (C) S
shadow cone (11.3[6]) JLI b yika variation (Intr.[2]); divergence
conic (11.3[3]) R (L.4[15]); anomaly (1.5[17]);
autumn, fall ) NIES change (I1.3[10])
lunar eclipse (1.5[35]) yall Jjj.f,- first anomaly (I.5[3]) J;\ NS
proper movement (I1.2[8]) 5 J«_,.U second uJ;Y\ 2l Vs ‘u\: ) ES|
characteristic Pl (C) sl anomaly (1.5[4]); anomaI;/ of the
proper (motion) (1.2[10]) 4| (& 2) nearest distance
proper anomaly (I.5[18]) %) 45k third anomaly (1.5[5]) Sk Vs
mean proper Ja.wéﬂ\ il | variable movement J«...l\ ) PSS
anomaly (1.4[10]; Fig. 7)
line LJA;", (C) Li | longitudinal anomaly }3;5\ ) ES|
dirigent line (1.5[9]) k) e (L5[1])
(Earth’s) equator (1.3[2]) \gxa¥\ hs | latitudinal anomaly 2 O
east-west line uj’i\j &J....U Li (1.5[14])
(1.3[6]; 1L.3[3]) transit difference (IL3[1]) 5al! 2Vl
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parallax JLU.\ (C) J,La,l\ Med| | the equinoctial circle L3} J3as 33ls
(L.4[ 15]); divergence of sight (L3[2])
without variation S J«c latitude circle (I.3[11]) B >sall 531
vacuum (Intr.[2]) NE | great circle (&9 (C) ( uohi) ML-“ 35l
(L3[1])
D solstitial colure 4)Y) ladYl 5351 3514)
equal degrees (1.4[5]) ¢lss @J (L3[5]) }
degree Sleyd (C) i35 | declination  Jgl) 153 (C) Jalt szl
degree v{}ﬁ\ @’& 4533 circle (1.3[107)
of rising of the star (IL.3[1]) meridian circle (L3[7]) 3 ca 531
degree SN sasds5s | Indian circle (113[3]) Zag sxl

of transit of the star (I1.3[1])

in one stroke (I1.2[6]) b’
minute (I1.3[9]) 365 () &
Aquarius Al
to revolve (1.3[13]); 9%

to rotate (I1.3[8])
rotation (I.3[2]); turning (IL2[1]) 33
rotation (I.5[8]) BUTE
rotation (1.2[2]) 335

circle 93 () 33l

horizon circle (1.3[6]) C;ﬂ\ 3zl
circle of the initial o4} S5l 53l
azimuth (prime vertical) (1.3[9])
zodiacal circle (1.3[3]) CJJ;M 3zl
altitude circle (1.3[8]) tlmﬁ)\ 35l
azimuth circle (I.3[8]) dxaadl spls

small circle

(L.3[1])

(5d) 5yl 5313

imaginary circle (I.3[12]) A,j’*}i\ 3\
circuit

solar circuit (1.4[20])

Slylas (C) Bis%
oead) s

parallel 55l &lylas (C) P N
of latitude (1.3[4])

day-circuit &y Olylus (C) (23 s
(L3[2])

epicycle Q\J@:\S'/ﬁ;\,\i' (C) j@l’i
(L1[5))

dirigent (I.1[7]) s

round (Intr.[1]) 33l

wheel-like (I1.2[1]) oY Ie

3
apex (of epicycle) (g js (C) 3 5)3/ 35
(L4[8])
apparent apex (1.5[9]) 4:3)1\ 355l
syl 533l

mean apex (1.5[9])
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tail (a node) (1.2[4]) i
J

apex; head (anode)  yws3} (C) u;b

(L.2[4]); tip (of a line) (1.4[6]);

overhead (IL.2[1])
head (of Gemini, ete.)  (s)3531) i,
apparent é 5o

almuri (Capricorn (5,9 /¢534) & J}l\

marker on astrolabe rete)

quarter mark (1.3[5]); t\gj\ (C) @’
one-fourth (I1.3[3])
spring (the season) C)
quadrature (1.5[37]) C’J
arrangement (Intr.[2]) G
retrogradation (I1.5[29]) &;j
retrograding (1.5[307) fb
spinning (11.2[12]) TS
sundial (L3[7) s () Gl
to turn back; return () 5%
(I.5[37])
to trace; 6—“1/?:‘}/%5
to be traced
to observe :\fbj
to be elevated ’d;J,
altitude (L4[11]) tu;jx
thinness be J
composite (Intr.[1]) S 50

c)\:{j;

composite (bodies) (Intr.[1])

Glossary £l

center Jﬂ v (C) J{JA
eccentricity (lit., what is uugl\ o e
between the two centers) (1.4[9])
o S5
e S5

equant center (1.5[5]) J«...L\ Jazd J,,

eccentric center

solar center

center of the World (J’u\ K 5

lunar center ) K 3

embedded (I.1[4]) 155
J

Saturn J’j

unit of time (IL3[8) o1 (7) 55

period (of time) oSy (C) oL

duration of daytime () Ldl L3
(nighttime) (I1.3[8])

Venus 353

angle 55 () sl

angle of anomaly MY & 5\)
(I.5[2]; commentary Fig. C1)

angle of the equation Joasdl & 5\)
(L.4[6])

right angle sl Ll (C) A& %5
(1.3[8])

astronomical handbook; ls; (C) &
25 (12[10])
to increase; to add 333 (as) Sy

33l 5

exceeds £l

waxing Moon (1.5[35])



Jok Glossary

to depart :,Uj / 3 9%

o
S () Jole
I

rapid (1.2[2]); swift (1.5[30]) s

@L—’? (C) 2l
ol (C) u\n.i [ Jas
the two lower planets (1.5[18]) la))

residents (I1.1[10]) oK

Sl

coast (II.1[2])

Cancer

surface (Intr.[1])

lower

inhabited zone or region
(1.5[36])

azimuth (1.3[8]) Coghe () &

complement of azimuth =il 53

(1.3[8])
zenith (L3[6]) s, S ¢l J| O

qibla azimuth (1.4[19]); el e
qibla bearing (11.3[4])

nadir (1.3[6]) r;@\ e

arc of azimuth (1.3[8]) Rl u*'jﬁ

azimuth point (13[8])  Zaal) s

the ascendant azimuth éUal\ e
(L4[18])

circle of the initial ~ ysad) S5l 53l
azimuth (prime vertical) (1.3[9])
alignment (1.2[8]) sl
the celestial (bodies) & .;L.:J\ f\j;ﬁ)\

(1.2[2])
year (I1.3[9]) O 5 (C) o

Al 5 Al s 299
solar year (1.2[6]) w &
lunar year (1.2[6]) by Jgs o
Virgo M\
blackness (1.5[36]) slg
hour (11.3[6]) Slela (C) el

seasonal (temporal) hours &y Slelu
(IL3[8])

equal hours (11.3[8])

regularized hours (I1.3[8]) duixé lelu

Gginm Sl

unequal (distorted) hours iz3as Olelus
(IL.3[8])

to equal; be equal to @u

to level (land) (I1.3[3]) Sy

are equal to one another 1.5[23] & jL».ii

regular (order) (I1.2[9]) };...i

speed (1.5[30]) / g

movement (1.4[10]); e
course (1.2[10])

proper movement (I1.2[8]) 5! J«...l.\

mean motion (I1.3[10]) Loy ps

(wandering) planets (1.3[12])  33keal)
&
S o
is similar to 5 And
uniform (I.1[1]) aplads
winter s
the law (I1.3[8]) @.A\
east )

east-west 1ine(l.3[6])g}l\j df“l\ i
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cast point (I.3[6]) 32 & | irregular (Intr.[1]) b
common point AS\...J» B3 undulations (Intr.[1]) oA Jhm
Jupiter S j\_:l\ side t&,;\ (C) é,e
barleycorn (Intr.[1]) e light (I1.5[36]) )
dusk (11.3[6]) S| light (LS[36]) Ao
plumb-line (I1.3[3]) Jgls luminous [part] (1.5[36]) s 520

figure; form; shape K& (C) K

(geological) formations C)m
(Intr.[1])
Sun gl
north J&
north point (1.3[7]) Jlah dad
month (11.3[10]) By (o) At
proposal (Pref.[1]) 33kl
e
digit (IL.3[2]) el () g2l
desert (IL.1[1] $l=2 (7) o2
ascending (1.4[10]) xlo
the Slavs (IL.1[10]) izl
worshipper (I1.3[4]) uL,m
illustration 32 (C) a 392
to conceive (1.1[9]) 1523
summer I
02
vice versa (L.2[11]) Jall
multiplied by (from an R

arithmetical operation) (I1.3[10])

to become illuminated (1.5[36]) 2554

b
natural state (Intr.[1]) éa
a nature (Intr.[1]) CLL (C) b
to coincide (with) (Je) Gk
coincidence (1.5[21]) 3l
coincident; (Je) dakais
coinciding (with)
endpoint; edge o) Lol (C) b
path (of the Sun) (el & b
(15[36])
to rise; to ascend t}h’o (Lae) éﬂm
ascendant (I1.3[1]) éUaJ\
rising place (L4[16]) @m
co-ascension (1.4[3]) a\b
co-ascension of ij;l\ o a\b
the zodiacal arc (1.4[5])
co-ascension of a o) a\b
[discrete] part (1.4[3])
length (I1.2[8]); longitude (1.3[3]) Jsb
longitude of a locality A }Yo

(.42
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L equinoctial (1.2[2]) S Jass

shadow (1.5[36]) B (C) 5\
g VAR AU R VAT PR
first shadow; reversed shadow [umbra
versal; erect shadow (I1.3[2])
second shadowgsj’;ﬁ:l\ Jhalt ¢ s lal
(I1.3[2]); planar shadow [umbra
recta] (IL.2[4])

shadow cone (11.3[6]) JLl by 5ds
dark (1.5[36]) (\Lﬁ
to appear; to be visible J’éb
noon [zuhr] prayer (11.3[2]) J@;
visibility gy
permanent visibility B };i\d\ Cs,\f\
(I1.2[2])
visible b (C) b
C
number sl (C) e
equation (1.4[6]) s

equation of daylight (L.4[5]) L3\ },.5

equation of the time LVJLL/ r\;ﬂ!\ oz
[nychthemeron] (I1.3[7])

Jasdl & 5l

angle of the equation
(L.4[6])

arc of the equation (L4[6]) s\ .3

e J3a (6 / 559)

(center or orb) (I.5[5])

equant

the equinoctial circle  ,Ldl JJas 531

(1.3[2])
to balance (1.3[2]); :j,uu
to equalize (1.5[9])
equinox Jlase
equinox (line) SV (Les)
(L3[6]; 1L.3[3])
equinox (point) (I.3[5]) Jlaus Y (d43)
autumnal equinox 2 J,L\ Jlaze )
(L3[5])
vernal equinox (13[5]) szl e
regularized (11.3[8]) ) Jagad
mineral SlBsas [ ol (C) REtHS
(Intr.[17)
latitude SPF
local latitude (1.4[11]) W s
colatitude (11.2[7]) oAl f\"
latitude circle (1.3[11]) oAl szl

parallel 55l &lylas (C) (2% s

of latitude (1.3[4])
characteristics u'a\)g\ (C) PF
afternoon [ ‘asr] prayer (IL3[2]) =&

waterwheel Jj.ohac (C) B 5444-’;
with buckets (I1.2[1])

Mercury 3 QUa.’c

Scorpius ;.)j%sj\

e (D) e

reversed (shadow) (I1.3[2])

science; discipline
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‘ilm al-hay a (Pref.[1]) bl (‘\“ )
the World (Intr.[2]) Vj | | dawn (IL3[6]) e
to mark (11.3[3]) ;‘\:3 to be assumed o
the upper planets b jLJ\ (ST jﬁ\) given or designated P9
(L1[5]) departure (IL.3[7]) a5;las
perpendicular (I1.3[2]) 2 }:" to separate (1.3[6]) LLa.m
habitable land; olle (C) 55 | chapter; season J }.2:3 (C) L2
habitation (II.1[2]) excess; difference Ju
inhabited (quarters) ) jﬁl\ orb u\:ga | S8 (C) oY
(I 1[title and [17]) the celestial orb (1.3[6]) S
element Ol J.izi« | pole (C) 26 | the zodiacal orb (1.2[6]) CJ:%M el
(Intr.[1]) orb of the fixed stars w\jJ\ s
the rete [lit., spider] <O }KJ\ (Intr.[2])
(of astrolabe) (I1.3[5]) solid orb (L.1[17]) V....ov}o oY
return 8358 atlas orb UALFY\ el
equant orb (1.5[5]) j_»s.U Jaas i
t the greatest orb (Intr.[2]) VL;Y\ oY
to set ;gjjc (ues) &% | the highest orb (1.3[8]) k}p;ﬁ\ O]
west w3e | orb of orbs (Intr.[2]) Y elle
west point (L3[6]) CAVEEE | therightorb (13[2)  aadl il
embedded (I.1[4]) Gy | difference NI
thickness (I.1[1]) JA;
maximum (1.3[5]) sk g
maximum altitude (1.4[14]) t\mj\ &k | cupola of the Earth (I1.1]1]) uon\ i
maximum equation (1.4[10]) s\ &le qibla ]
maximum declination JA\ §k | toface; &las =) :}ihi
(L4[12]) to be in opposition to
does not change juw Y opposite; facing (one another) AMw
(1.5[19]) amount JIH (o) 38
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amount; measure ol (C) ,laas | the Moon )
to determine; to measure 3% | almucantar (1.3[6]) <l,kias (C) 35kaias
foot (I1.3[2]) r\,\f\ (C) rlfa altitude almucantar t\a.ﬂ\ 35kaias
introduction (Pref.[2]) FYNVHA (IL.3[5])
to be in advance of ’r:\m’ arc (L.4[1]) G / ;9:9 (C) o
to approach & J’.aS Sagittarius o jA\
closeness; nearness uja arc of the azimuth (1.3[8]) .l o }3
approximately — JaJL arc of gibla bearing 4| o o
to be in conjunction with & ) & (I1.3[4))
conjunction ZJ’L’&.Z arc of the equation Joasdll g
to divide r“’“ [ s (L4[6])
division; part r\_,é\ (C) -8 | arcof night (14[20]) Jalll s
pole (1.2[2]) I (C) L | arc of daylight (1.4[20]) Sl s
diameter (I.1[4]) L () 5| part s

radius
(L5[3])

to be in opposition; in alignment ;b5

to cut off or describe (e.g. an arc); égjs

to intersect; to traverse

segment é" (C) il
to intersect ikt (as) %m
to intersect one another %L&;
intersection point é;\g; U
concave (Intr.[1]) ﬂ-f’
solstice (point) MY ( M)
winter solstice & j;M..S\ N ( L)

(point) (I.3[5])
summer solstice a2l M ( M)

(point) (I.3[5])

L ol (C) b s

(main division of Mulakhkhas)
Je ¢

to be perpendicular;
to stand erect (1.4[10])

people (I1.1[10]) r}s
true Vﬂ}ﬁ\ £ ¢ sl £38 158
position: true position of the Sun

(L.4[6]); true position of the planets
(L4[7D)
to be stationary;

station (1.5[29])

Aa6) (e) o
A
second station (1.5[30])

Rl (o) s

direct motion (1.5[30])

being stationary

first station;

to undergo
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having direct motion;

being straight

Glossary J;j,l\ 3zl

the right (erect) orb f\a.:..:l\ eAa

(1.3[2])
gnomon (II.3[2]) wLIu
4
sphere Q\J’f(c) a;’/
enclosing sphere Ah,pi\ ajﬁ\
(Intr.[2])
erect sphere (I1.2[1]) M&i\ ajﬂ\
spherical (Intr.[1]) &5
solar eclipse (I1.5[35])  judl Jj.’..’{
Ka‘ba (IL.3[4]) s
the Universe (1.2[2]) K
quantity Y (C) s
opaque (1.5[36]) 5

full Moon (L.5[35])

I

star; planet (1.1[6]) g,ﬁ;( C) u{;
vacillating planets aJ«s.::U vﬁ }Q\

(L2[10])

wandering planets {0 St }Q\

position; place

manner (1.1[9])

J

twist (for latitude) (I.5[18])
night; nighttime
arc of night (1.4[20])

o&a

)
JI ()
J o3

comparable; Jlesl (C) Jze
is equivalent to; is equal to;
the same as; similar to
parecliptic (orb) (1.1[3]) J..:l\ (@)
Almagest (11.1[2]) el

new Moon (1.5[35]) ) j\ai\
to pass through; to transit %
transit; traverse B! 3}3
transiting s
pasture (IL.1[1]) ij’f’ (C) Cf’
Mars é}\
to be contiguous with; ui\é
to be tangent to; to touch
tangent sl
tangency S
Mihrjan (11.2[2]) Ol e
water (Intr.[1]) olys (C) slo
to incline 3»)
inclination; declination  Jsts (C) Jes
first declination Jjg\ Jm
(L3[10]; 1.4[12])
second declination o\» Jws

(13[10]; 1.4[12])

total obliquity J..L\ sk / :;KS\ J..L\
or complete declination; m;ximum
declination (1.4[12])

dectination  Jd1 21,3 () Wl 3515
circle (1.3[10])
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declination/inclined orbs 25\ INEY! | arc of daylight (1.4[20]) L) e
(13[12]) limit (L4[12]) Gl

o
plants (Intr.[1]) Okl / LU (C) ol

astrologer (IL3[7]) ) se3s (C) ﬁw’a
ratio ) (C) &l
radius )\Lsf\ WA (C) Jlai )
noon Sl s
meridian Sdlcas (xls [ Les)

(line or circle) (1.3[7])

to bisect Cha
midpoint (1.4[9]); Canaiie
midway (I1.5[7]); middle (IL.1[1])
planetary sector sl (C) als
(1.4[9])
equator bl (C) e
zodiacal equator (I.2[3]) ijl\ bVARH
perspective (1.4[15]) B
parallax (L4[15]) ) eyl
to subtract from o ué.:.g
subtraction uLaaf
waning Moon (1.5[35]) QLZ&\
point g (C) b3
to shift (1.3[8]) Jas

reversed (order) (I11.2[9]) o ;iw
daylight; daytime (I1.2[1]) ] (C) g
duration of daylight S o

(IL3[8])

to terminate (1.4[6]); él Lﬂi' / Lﬂi"
to reach (1.4[10])
fire (Intr.[1]) Jt

light (I1.3(6] M5 () L5

the two luminaries (11.3[10]) O\J_«;EJ\

Nayriiz [11.2[2]) e
g

descending (1.4[10]) Lyl

crescent Moon (1.5[36]) BT

air (Intr.[17) B

configuration; shape

ok (C) &

2
to subtend (1.4[6]) ie

face (of a celestial body) 4>y

direction

to face (L5[36]); 48150 (_a0) 4215
to be facing (I1.3[4])

ole (C) i

wild animal (IL1[10]) 25>} (C) U3

slope (1.5[18]) (of latitude) <yl
beyond 9\;3
Libra Ol
parallel (1.2[8]) )\j’o
parallel to (IL.1[3]) 31340 u\p
to be parallel to one another )\jﬁ;

(11D



306 L:..:oj Glossary

middle; mean [motion] blus] (C) Las
midpoint [climes] (IL.1[3])
mid-heaven (I1.3[5]) elad) Loy
solar (Sun’s) mean (L4[6]) s\ Lacg
Moon’s mean motion ) e
(L5[37])
planet’s mean (1.4[7]) Jjﬁ\ Lag
ortive amplitude (L4[5]) 3 J..M s
occasive amplitude (1.4[16]) jm s
to describe; description .23 ‘g_j:..m
to reach A e
to be connected 5 ek e g a5

with; to be contiguous with

position t\abj{g (C) caj
location; place; position@a\}; (C) .2a
corresponding to (1.5[30]) PV IV
time oyl (C) by
sequence J\f
in the sequence of k}\j‘ Je

in the Jlg &N A/ dls e Y

counter-sequence of

valley (Intr.[1]) ;\.m; (C) XSS

imagined paRye

to imagine ’é‘b 5

imaginary A o
¢

day 2

nychthemeron (1.2[3]) agledy o5l

daily 65953
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Ordering is by increasing numerical value. Sexagesimal notation has been adopted
whereby 1;02° is 1 degree, 2 minutes. Comm.=Commentary; P=parts.

1°/68 lunar yrs.
1°/66 solar yrs.

0;02,0,35°
0;03,10,37°
0;04,59,16°
/12 [parts]
0;10°
0;27,41,40°
0;31,26,40°
0;32°
0;36,59,29°
0;37°
0;37,19,29°
0;38°

0;45°
0;54,09,03°
0;57,07,44°
0;59,08,20°
1;0°

1;02°

1;30°

1;45°
1;58,16,40°
2;05 [parts]
229,30 [parts]
2:30°
3;00,24,07°
3;10 [parts]
5;0°

5;15 [parts]
5;30 [parts]
6;16°

6;20 [parts]
6;30 [parts]
6;50 [parts]
6;56°

7;21°
9;23,33°
9;30 [parts]
10;0°
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Comm. [.2[10]
Comm. [.2[10]
L5[17]
L.5[16]
1.2[10]

1.5[16, 18]
1.2[10]
L.5[13]
L.5[16]

Comm. [.5[3]

10;19 [parts]

10 days+20% hours

11;09,07,43°
11;12,18,20°
11;30 [parts]
11;53,46°
12°

12 hours

12 months
12;0 [parts]
12;11,26,41°
12;30°

12;30 [parts]
12;45 [hours]
13;0 hours
13;03,53,56°
13;10,35,02°
13;15 hours
13;30 hours
13;45 hours
14;0 hours
14;15 hours
14;30 hours
14;45 hours
15;0 hours
15°

15;15 hours
15;30 hours
15;45 hours
16;0 hours
16;25°
16;27°
19;23,33°
20°

20;14°
22;30 [parts]
22;39°
23.35°
23;51°

24 hours

L5[11]
11.3[10]
1.5[37]
1.5[37]

1.5[3]

1.5[26, 27]
1.5[36]
IL1[3]; TL.2[1]
11.3[9]

1.5[12]
1.5[37]

I1.1[3, 10]
Comm. L.5[11]
I1.1]3]

IL.1[3]

1.2[10]
1.5[37]

11.174]

11.1[4]

IL1[5]

IL1[5]

I1.1[6]

I1.1[6]

IL.1[7]

IL.1[7]

11.3[8]

I1.1[8]

I1.1[8]

I1.1[9]

I1.1[9]

I1.1[2]

IL.1[3]

1.5[26, 27]
1.5[25]

11.1[4]
Comm. [.5[3]
IL.3[5

1.2[5];
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24,05° Comm. I1.1[3, 4]
24;22,53,22°

1.2[9]; 1.5[37]; Comm. 1.2[9]
24;23° Comm. [.2[9]
24;23,53,22° Comm. 1.2[9]
24,40° Comm. I1.1[3, 4]
25;0 [parts] 1.5[3]
26;23,33° 1.5[26, 27]
27;10,33° 1.5[26, 27]
27;12° IL.1[5]
29;12° Comm. IL.1[5]
29;31,50,8 days 11.3[10]
30;22° IL.1[5]
33;18° I1.1]6]
36;0° I1.1[6]
38;35° IL.1[7]
39;30 [parts] 1.5[3]
40;56° IL.1[7]
43;01° Comm. II.1[3]
43V [=43;10] [parts] Comm. 1.5[3]
43;15° Comm. IL.1[3, 8]
43;51° I1.1[8]
45;0 [parts] 1.5[3]

S.P. Ragep
45;01° IL.1[8]
46;51° IL.1[9]
48;32° IL.1[9]
50° 1.5[25]
50;25° IL.1[10]
63° IL.1[10]
64° IL.1[10]
66° IL.1[2, 10]
66;25° 11.2]6, 7]
66;25° => 90° [latitude ] 11.2[9]
82;25° IL.1[2]
<90° [latitude] 11.2[2]
90° 11.2[8, 12]
90 parts L4[1]
180;0° IL1[2]
354+V4+V6 days I1.3[10]
360° 11.3[10]
360 parts L4[1]

365Y% days — 3P24'/360° of a day 11.3[9]
365Y% days — 1/300P of a day 11.3[9]
365Y4 days 11.3[9]
1317 [Dhi al-Qarnayn] Comm. 1.5[26]
1517 [Dhi al-Qarnayn] 1.5[26]
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The Arabic particle al- has been ignored for alphabetizing entries. References of
the form 1.3[1] (in this case, Book I, Chapter 3, paragraph 1) refer to the text,
translation and, if there is any, commentary where a term is defined or explained.

A

‘Abbas Wasim Efendi, 291

‘Abd al-Karim Bulghari, 72

‘Abd al-Rahman ibn Ibrahim
al-Suhrant al-Shafi ‘1, 287

‘Abd al-Salam al-Muhtadi
al-Muhammadi. See Hoja Iliya
al-Yahudi.

‘Abd al-W3jid, 4, 70, 156n20, 158n22,
160n23, 255-59, 264, 268, 271
75,2717, 285

Abi Hanifa, 11, 64n263, 162 (11.3[2]),
276

Abi Ma‘shar, 30n117, 56n230

Abii al-Saqar ibn Bulbul, 44n180

Academy in Athens, 38, 41n162

acther/aethereal, 27, 86 (Intr.[1])

al-Afghani, Sayyid Jamal al-Din, 2n4
afternoon ( ‘asr) prayer, 162 (11.3[2]),
276
Ahmad al-‘ITmadi, 287, 288
air, 86, 168, 305
Aiton, E. J., 58n239
Akhawayn, 287
‘Ala’ al-Din (Aleppo timekeeper), 80
‘Ala’ al-Din Atsiz, Khwarizm Shah (r.
521-51/1127-57), 61, 63n259
‘Ala’ al-Din Muhammad, Khwarizm
Shah (r. 596-617/1200-20),
22-24

a’ al-Din Tekish, Khwarizm Shah
(r. 567-96/1172-1200), 23n92,
24

al-‘alam. See World.

al-Alani, Yusuf ibn Mubarak, 4, 70,
71, 156, 263-65, 268, 270-74,
277,284

Aleppo, 80

>
o
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Alexandrian (Dht al-Qarnayn)
calendar. See calendar.
Alexandrian School, 39, 41n162
Alfraganus. See al-Farghani.
‘Ali ibn Fath Allah al-Ma‘dant
al-Isfahani. See al-Sabiri.
‘All ibn ‘Tsa al-Asturlabi, 57n235
alignment, 102 (1.2[8]), 116, 130, 142,
162,275
alignment point (prosneusis), 128
(L.5[5]), 130, 262
Almagest. See Ptolemy.
almucantar, 110 (1.3[6]), 303
almucantar of altitude, 166 (I1.3[5]),
277
almuri (Capricorn marker on astrolabe
rete), 166 (I1.3[5])
altitude, 122, 154, 156n20, 158, 162,
166, 274,277
altitude circle. See circle.
al-‘Amili, Baha’ al-Din, 288
Ammonius, 39, 41n162
amplitude. See occasive; ortive.
ancients, the, 28n110, 39n155, 45,
45n183, 46
Andalusia, 39n155, 289. See also
Spanish Aristotelians.
al-Andigani, Muhammad ibn ‘Umar,
264,271-72,290, 291
angle
(of) anomaly, 126 (1.5[2]), 260
(Fig. C2)
(of) divergence. See parallax.
(of) the equation, 116 (1.4[6]), 120,
258 (Fig. C1)
right, 110, 152, 154, 164. See also
perpendicular to; to stand erect.
animal, 86 (Intr.[1])
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animal, wild, 152 (I1.1[10])
anomaly (ikhtilaf)
angle of. See angle.
first, 126-29 (1.5[3]), 142
latitudinal, 132-37 (1.5[14-23])
longitudinal, 126-33 (1.5[1-13]),
260
motion of, 104
proper, 134
second, 128 (1.5[4])
third, 128-31 (1.5[5-9]), 262
See also under individual planets.
apex (dhirwa)
apparent, 130 (1.5[9])
epicycle, 118 (1.4[8]), 120, 126,
134, 136, 140, 142, 263
mean, 130 (1.5[9]), 262
apogee, 20, 90 (1.1[2]), 94, 100, 102,
116, 118, 120, 128, 136, 138,
146, 252-53, 255, 264-65
epicyclic. See apex.
lunar. See Moon, lunar apogee.
motion of, 20, 100, 102, 146, 253
positions of, 20, 21, 71, 138
(1.5[26]), 26466, 281
solar. See Sun, solar apogee.
See also under individual planets.
Apollonius, Conics, 39
Aq Qoyunlu Ya“qtb (r. 883—
96/1478-90), 286
Agdar ajram al-kawakib wa-ab ‘adiha,
Risala fi. See
al-Jaghmint.
Aquarius, 160
arc, 51n207, 108, 130, 114-25 (1.4),
164, 170, 257-59
(of the) azimuth, 110 (1.3[8])
co-ascension of, 114 (1.4[3])
complement of, 114 (1.4[1]), 158,
274
(of) daylight/night, 124 (1.4[20]),
259
(of the) equation, 116 (1.4[6])
(of) gibla bearing, 166 (11.3[4])
turning of the orb, 124 (L4[21]), 259
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Aries, 114, 116, 144, 146, 156, 158,
160, 172
Aristarchus, 35n136
Aristotle, 44, 56n230
cosmology, 291110, 30n116,
39n155
natural philosophy, 28, 30, 30n116,
64n263
ascendant, definition of, 162 (I11.3[1])
Asclepius, 41n162
‘asr. See afternoon prayer.
Astarabadi, Mulla Muhammad Ja'far
SharT ‘atmadar, 291
astrolabe, 38n151, 48n194, 50n204,
61n250, 66, 166 (I1.3[5]),
277-78
astrologer, 30, 33, 47-48, 56n231, 170,
278
astrologia / dctporoyia, 32
astrological primer. See Biriini,
Tafhim.
astrology, 29-31, 33, 37, 56-57,
58n237, 59, 63, 65, 258, 281
astronomia, 26, 27, 56. See also
Ikhwan al-Safa’.
astronomical handbook. See zij.
atlas orb. See Orb of Orbs.
Atsiz, Khwarizm Shah. See ‘Ala’
al-Din Atsiz.
Autolycus, 35n136
autumnal equinox. See equinox;
Mihrjan.
Avicenna. See Ibn Sina.
al-Azhar, 2n4
azimuth
arc of azimuth, 110 (1.3[8]), 114, 124
ascendant azimuth, 124 (1.4[18])
circle. See circle.
circle of initial azimuth (prime
vertical). See circle.
complement of the azimuth, 110
(1.3[8]), 114, 124
point, 110 (I1.3[8])
qibla, 124 (1.4[19])
Azov, Sea of, 272
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B
Babylonians, 33-34, 278
Badr al-Din al-Qalanist. See
al-QalanisT.
Baghdad, 45-46n184, 46, 47, 49, 57
Bant Misa, 52
Harakat al-aflak, 53
Banii Qalanisi, 18
Barker, P., 29n111
barleycorn, 86, 288
Basra, 56, 58
bath house, 152
al-Battani, 20, 54nn223-24, 55, 63,
65-66, 71,253,277
Z1j, 35n137, 54-55, 56n230, 66,
172 (I1.3[9]), 252-56, 25962,
265-66, 278
Bayazid II (r. 886-918/1481-1512),
13n50, 286, 289, 290
Berggren, J. L., 32-34
Bessarion, Cardinal, library of, 41n163
al-Birjandi, 3n10, 270, 287, 291
al-Birtini, Abti Rayhan, 19, 49, 56-58,
62, 265-66, 269
(and) Indian astronomy, 4647
al-Qaniin al-Mas ‘udr, 570235,
254-55
al-Tafhim, 4-5, 5nl5, 56, 62,
166n29, 252, 258, 259, 264,
266, 268, 272-77
bodies
celestial/heavenly, 28-29 (1.2[2]),
33, 35,37n147, 38, 51, 59, 61,
100
divisions of, 86—89 (Intr.), 94, 249
natural state, 28n109, 86
simple (aethereal/elements) and
composite, 64n263, 86 (Intr.[1])
spherical, 28n109, 39n155, 90, 92,
98
(as) subject of astronomy, 2629,
33, 61, 66, 84 (Pref.[2])
Bowen, A., 33-34, 42n168
Brentjes, S., 6n20
Brethren of Purity. See Ikhwan
al-Safa’.
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Brockelmann, C., 11, 1314, 14n53,
18n70

Bukhara, 24

Burhan al-Din Ibrahim ibn
Muhammad ibn Ibrahim
al-Halabi, 287

al-Buzjani, Abu al-Wafa’', al-Majistt,
57

C
Cairo 2n4, 6n20, 16, 58, 64n262. See
also Khedieval Library.
calendar
Alexandrian/Dhii al-Qarnayn,
20-21, 66, 71, 138, 264-66
Julian, 264
lunar, 172, 278-79
Yazdigird, 265
Canary Islands. See Eternal Islands.
Cancer, 138, 146, 156-63, 166, 265,
274-75,277
Capricorn, 138, 146, 156, 158, 162n26,
166n29, 265, 274-75
Carmody, F. J., 471190, 50n203,
50n205, 51-52n210,
54-55n224
Chingiz Khan, 24n95
circle, 51n207, 90, 96, 98, 102, 10613
(1.3), 114, 126, 130, 134, 148
altitude, 110 (1.3[8]), 122, 124
azimuth, 110 (I.3[8])
day-circle, 106 (1.3[2]), 152, 154,
156
declination, 110 (1.3[10]), 114, 116,
122
equinoctial, 106 (1.3[2]), 122, 259
great, 106 (1.3[1])
horizon, 51n206, 108 (1.3[6]), 110,
124, 160
imaginary, 28-29n110, 60, 112
(L.3[12]), 116, 130, 257
Indian, 164 (I1.3[3]; Fig. 8), 166,
275-77
(of the) initial azimuth (prime
vertical), 110 (1.3[9])
latitude, 112 (1.3[11]), 122, 259
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meridian, 110 (1.3[7]), 122, 124,
156, 158, 160, 162, 170
small, 106 (1.3[1])
solstitial colure, 108 (1.3[5]), 122
zodiacal, 106 (1.3[3]), 116, 122,
156, 257,259
circle of scholars, 2n4, 30, 63, 65
circuit, 124, 156
day-circuit, 106 (1.3[2]), 152, 154,
156
(of) locality, 110
solar, 124 (1.4[20])
circumference, 90, 112, 114, 118, 120,
126, 130, 140
(in) determining measurements,
164, 166
(of) Earth, 35, 48n193
Cleomedes, Meteora, 32
climes, the seven, 2-3, 51n206,
54n219, 65, 69, 70, 86, 148-53
(I1.1), 249, 268-73
latitudes of/maximum daylight of,
150-53 (11.1[3-101]), 269
(chart), 270-73
See also Jaghmini, Mulakhkhas,
establishment of text.
co-ascension, 114 (1.4[3]), 170, 257
(of a) [discrete] part, 114 (1.4[4])
(of the) zodiacal arc, 114 (1.4[5])
coast, 148, 268
colatitude. See under latitude.
cold, severity of, 152, 273
combust way, 140 (I.5[33])
Birtni, definition of, 266
complement of. See arc; azimuth;
latitude; obliquity.
complementary body, 90 (I.1[3])
composite. See bodies.
concave surface, 86 (Intr.[1]), 90, 94,
98
concentric, 34
cone, shadow, 168 (I1.3[6])
configuration, science of. See hay a.
conic gnomon, 164 (I1.3[3])
conjunction, 140, 142, 144, 146, 172,
267 (Fig. C3)
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constellations, 5, 65, 650267

convex surface, 86 (I.1[2]), 90, 94, 98
cosmography. See hay a.

cosmos. See World.

the Creator, 67. See also God.

cupola of the Earth, 148 (IL.1[1]), 268

D
daily universal motion, 100 (1.2[2])
Dallal, A., 6n20
Damascius, 41n162
Damascus, viii, 6n20, 17-18,
45-46n184
dawn, 168 (11.3[6]), 170
day (with its night). See nychthemeron.
day-circuit/day-circle. See circle.
daylight/daytime, 168
arc of. See arc.
duration of, 42n170, 152 (I11.2[1]),
154, 158, 160, 170-73 (11.3[8]),
278
equation of, 116 (1.4[5]), 116, 257,
258 (Fig. C1)
maximum (for the climes), 150-53,
268-73
declination, 154, 156, 158
circle. See circle.
first declination, 112 (1.3[10]), 122
(of) inclined orbs, 112 (1.3[12])
maximum, 122 (1.4[12]). See also
obliquity.
second declination, 110 (I.3[11]),
122,259
deferent. See orb.
degrees, equal, 114 (1.4[5])
degree of rising/setting/transit of the
star, 162 (I1.3[1])
Dellakoglu, 286
depression, 154 (I11.2[2])
descending, 42n169, 120, 140
deviation (mayl). See latitude.
Dhi al-Qarnayn. See calendar.
digit (as division), 162 (I1.3[2])
direct motion, 140 (1.5[29-30]), 142,
266
dirigent. See orb.
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dirigent line. See line.

distance
absolute (and Ptolemy), 35, 44
farthest distance, 132 (I.5[13])
mean distance, 118 (1.4[9]),
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eccentric. See orb.
eccentricity, 118, 128, 130-33, 262-63
eclipse, 42n168
lunar/solar, 14245, 144, 266—67
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Eratosthenes, 34
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foot (as division), 162
Fortunate Islands. See Eternal Islands.
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horizon of the equator, 114, 148,
170, 258 (Fig. C1)
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See also climes; Earth, inhabited;
Earth, uninhabited.
Ishaq ibn Hunayn, 44n180
Iskandar, A. Z., 10n34, 13n50, 17n68,
19n77
Isles of the Blest. See Eternal Islands.
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S.P. Ragep

(of) fixed stars. See fixed stars;
zodiacal orb.

highest orb, 110

inclined (celestial), 36n140

inclined (terrestrial), 162, 275

influence on sublunary region, 47

meaning circle, 134

motions of, 100-5 (1.2), 252-56
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Plate 1. f. 62b: Illustration of the World (Introduction, Figure 1)



Plate 2. f. 64a: [llustration of the Sun’s Orbs (Part I, Ch. 1, Figure 2)



Plate 3. f. 64b: Illustration of the Orbs of the Upper Planets and Venus (Part I, Ch. 1,
Figure 3)



Plate 4. f. 65a: Illustration of Mercury’s Orbs (Part I, Ch. 1, Figure 4)



Plate 5. f. 65b: Illustration of the Moon’s Orbs (Part I, Ch. 1, Figure 5)




Plate 6. f. 81a: Colophon stating that the book was completed in the months of 644 hijra
[1246-47 CE]
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