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Preface 

Maḥmūd al-Jaghmīnī’s thirteenth-century al-Mulakhkhaṣ fī al-hayʾa al-basīṭa 
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 (hayʾa) of 
the universe that offered a scientific account of God’s creation.  

The impact and longevity of the influence of the Mulakhkhaṣ 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 Mulakhkhaṣ com-
missioned; who was Jaghmīnī’s target audience; and what kind of a society 
produced such a scholar? Moreover, ambiguity in the literature about the date for 
Jaghmīnī’s floruit led to speculation that there were two Jaghmīnīs, a thirteenth-
century scholar who composed the ubiquitous astronomical work al-Mulakhkhaṣ, 
and a fourteenth-century namesake who authored the equally popular medical 
treatise al-Qānūnča. Establishing that there was only one Jaghmīnī who composed 
a corpus of introductory scientific works during the late twelfth/early thirteenth 
centuries under the auspices of the Khwārizm Shāhs 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 Jaghmīnī’s Mulakhkhaṣ as an Islamic introduction to 
Ptolemaic astronomy, rather than simply an introduction to Ptolemaic astronomy, 
warrants some clarification. The commissioning of the Mulakhkhaṣ 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 hayʾa (theoretical astronomy) was being taught, 
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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 ʿulamāʾ were attempting to consolidate their 
position vis-à-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 Mulakhkhaṣ 
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 Jaghmīnī’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.  

Jaghmīnī and his Mulakhkhaṣ 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 
Qānūnča, Jaghmīnī dedicated his Mulakhkhaṣ to a certain Badr al-Dīn al-Qalānisī, 
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 Khwārizm Shāhs. 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 Mulakhkhaṣ 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 Mulakhkhaṣ text embedded within 
a codex margin; Issa Boulatta, who helped me uncover Jaghmīnī’s poetical side; 
and the late Mercè 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 Bašagić Collection of Islamic 
Manuscripts, University Library of Bratislava; the Bibliothèque nationale de 
France, Paris; the Süleymaniye Library and the Topkapı Sarayı Müzesi 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 Dār al-kutub, Cairo; and, 
various libraries throughout Iran, including those within Isfahan, Qum, and Tehran. 
I owe special thanks to the Süleymaniye Manuscripts Library and the Türkiye 
Yazma Eserler Kurumu Başkanlığı, 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 İhsan Fazlıoğlu, 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 
Jaghmīnī 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 Mulakhkhaṣ tradition is, it will never be as extensive as my love for them. 

ix



Contents 

:  

xi

Preface ................................................................................................................. vii 
 
I Introduction 
 § I.1 The Arabic Edition and English Translation of Jaghmīnī’s  

Mulakhkhaṣ ............................................................................................. 1 
 § I.2 The Dating of Jaghmīnī to the Late Twelfth/Early Thirteenth Century 

and Resolving the Question of Multiple Jaghmīnīs ................................ 5 
  I.2.1 A Man Who Should Need No Introduction ................................. 7 
  I.2.2 Review of the Literature and the Tale of Two Jaghmīnīs ............ 8 
  I.2.3 Evidence Shedding New Light .................................................. 15 
   I.2.3a Dating the Qānūnča ........................................................ 19 
   I.2.3b Dating the Mulakhkhaṣ ................................................... 20 
   I.2.3c Further Evidence for Dating Jaghmīnī ........................... 21 
  I.2.4 So What’s in a Date? ................................................................. 25 
 § I.3 An Overview of Summary Accounts of Astronomy Before the 

Mulakhkhaṣ ........................................................................................... 26 
  I.3.1 The Meaning of ʿIlm al-hayʾa ................................................... 27 
  I.3.2 Ancient Forebears ...................................................................... 32 
   I.3.2a Ptolemy’s Predecessors .................................................. 32 
   I.3.2b Ptolemy........................................................................... 34 
   I.3.2c The Ptolemaic Aftermath: Theoretical Astronomy 
    with—and without—Him ............................................... 38 
  I.3.3 Islamic Forebears ....................................................................... 44 
   I.3.3a The Moderns .................................................................. 45 
   I.3.3b The Post-Moderns .......................................................... 55 
 § I.4 Jaghmīnī’s Mulakhkhaṣ: A Beginners Text,  
  but Not for the Untutored ...................................................................... 65 
 
II Editorial Procedures 
 § II.1 Editorial Procedures .............................................................................. 69 
  II.1a Establishing the Text ................................................................. 69 
  II.1b Establishing the Figures ............................................................. 70 



xii Contents

  II.1c Variants and Orthography .......................................................... 70 
  II.1d Parameters ................................................................................. 70 
 § II.2 Description of the Manuscripts ............................................................. 71 
 § II.3 Explanation of Signs and Conventions Used in the  
  Arabic Critical Edition and Apparatus .................................................. 81 
 
III Edition, Translation, and Apparatuses 
 Translation and Edition .................................................................................... 84 
  Preface .................................................................................................. 84 
  Introduction: On an Explanation of the Divisions of the Bodies in 

General Terms ........................................................................... 86 
  Part I: On an Explanation of the Orbs and What Pertains to Them ...... 90 
   Chapter 1: On the Configurations of the Orbs ........................... 90 
   Chapter 2: On the Motions of the Orbs .................................... 100 
   Chapter 3: On the Circles ........................................................ 106 
   Chapter 4: On the Arcs ............................................................ 114 
   Chapter 5: On What Occurs to the Planets in Their Motions .. 126 
  Part II: On an Explanation of the Earth and What Pertains to It 
   in Three Chapters ..................................................................... 148 
   Chapter 1: On the Inhabited Part of the Earth and Its Latitude,  
    Its Longitude, and Its Division into the Climes ............ 148 
   Chapter 2: On the Characteristics of the Equator and  
    Locations Having Latitude ........................................... 152 
   Chapter 3: Miscellaneous Items ............................................... 162 
 Text Apparatus ............................................................................................... 176 
 Figure Apparatus ............................................................................................ 243 
  
IV Commentary to the Edition and Translation ............................................. 249 
 
Appendices 
 Appendix I: Jaghmīnī’s Works ...................................................................... 281 
 Appendix II: 

 Glossary .............................................................................................................. 293 
 
Bibliography ....................................................................................................... 307 
 
Indices 
 Parameter Index ............................................................................................. 329 
 Subject Index .................................................................................................. 331 
 

Works Derivative from the Mulakhkhaṣ .................................. 284 

Plates. ..................................................................................................................349
 



Introduction  

§ I.1 The Arabic Edition and English Translation 
of Jaghmīnī’s Mulakhkhaṣ1 

The Mulakhkhaṣ fī al-hayʾa al-basīṭa 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 Maḥmūd ibn 
Muḥammad ibn ʿUmar al-Jaghmīnī in the early thirteenth century in the region of 
Khwārizm 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. I have 
identified fifty-seven treatises that were written to elucidate the Mulakhkhaṣ, and 
these span, conservatively speaking, at least seven centuries beyond Jaghmīnī’s 
original composition date. Indeed, the Mulakhkhaṣ 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).2 The study of the Mulakhkhaṣ 
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 

––––––––––––––––– 
1 Throughout this book, all transcriptions of Arabic names follow the convention of the En
cyclopaedia of Islam, 3rd 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 Mulakhkhaṣ. I should add that according to Zalkida Hadzibegovic, 
the Mulakhkhaṣ was still being taught in twentieth-century Bosnia (see “Compendium of the 
Science of Astronomy by al-Jaghmīnī 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, Jaghmīnī’s Mulakhkhaṣ, Sources and Studies in the History 
of Mathematics and Physical Sciences, DOI 10.1007/978-3-319-31993-3_1 
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that of the Mulakhkhaṣ along with new (jadīd) scientific developments.3 So 
Jaghmīnī’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.4 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 Mulakhkhaṣ. 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 Mulakhkhaṣ.5 

A high priority was to ensure that the Arabic edition was as close to Jaghmīnī’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.6 For exam
ple, there was considerable tampering by later copyists and commentators with the 

––––––––––––––––– 
3 For example, the Muslim Ottoman scholar al-Qūnawī (fl. 1857) attempted to reconcile the 
traditional and jadīd 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 Ḥasan al-Jabartī’s (d. 1188/1774-75) circle of scholars provides an excellent example of the 
Mulakhkhaṣ still being studied in eighteenth-century Cairo, and at the Azhar. According to 
his famous son, the historian ʿAbd al-Raḥmān al-Jabartī (d. 1241/1825-26), his father Ḥasan 
was a member of the ʿulamāʾ and attracted students from all parts of the world, and his 
instruction included Jaghmīnī’s Mulakhkhaṣ along with Qāḍīzāde’s fifteenth-century 
commentary on it. See Ekmeleddin İhsanoğlu, “The Ottoman Scientific-Scholarly Litera
ture,” in History of the Ottoman State, Society & Civilisation, ed. Ekmeleddin İhsanoğlu, 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 İhsanoğlu, 
Mathematicians, Astronomers and Other Scholars of Islamic Civilization and Their Works 
(7th–19th c.) (Istanbul: IRCICA, 2003), 410 [hereafter cited as MAMS2]; Osmanlı Astronomi 
Literatürü Tarihi (History of Astronomy Literature during the Ottoman Period), ed. Ramazan 
Şeşen et al., 2 vols. (Istanbul: IRCICA, 1997), 2:479, no. 19 [hereafter cited as OALT]; and 
Cevat İzgi, Osmanlı Medreselerinde İlim: Riyazî ilimler, 2 vols. (Istanbul: İz, 1997), 1:386, 
ç6 [hereafter cited as Riyazî ilimler]. Furthermore, a century after Jabartī, a student of 
Muḥammad ʿAbduh (d. 1905) reported that Sayyid Jamāl al-Dīn al-Afghānī read the 
Mulakhkhaṣ in Cairo with his students (Thomas Hildebrandt, “Waren Ǧamāl ad-Dīn al
Afġānī und Muḥammad ʿAbduh Neo-Muʿtaziliten?” Die Welt des Islams 42, no. 2 [2002]: 
215n22). 
5 Having the text of the Mulakhkhaṣ should also prove useful for other disciplines, since its 
influence extends well beyond the astronomical genre of hayʾa per se. For example, there is 
growing evidence to connect the content of the Mulakhkhaṣ with nautical cartography. 
Jaghmīnī is mentioned in several passages of the atlas of the Tunisian chart maker al-Sharafī 
(fl. 1551–79), who attributes his picture of the universe to the “cosmological scheme derived 
from Jaghmīnī’s treatise on the fundaments of theoretical astronomy”; see Mónica Herrera-
Casais, “The Nautical Atlases of ʿAlī al-Sharafī,” Suhayl 8 (2008): 242, 242n49. 
6 This is a major problem of the German translation by G. Rudloff and Prof. Dr. Ad. 
Hochheim (“Die Astronomie des Maḥmûd ibn Muḥammed ibn ‘Omar al-Ǵagmînî,” 
Zeitschrift der Deutschen Morgenländischen Gesellschaft 47 [1893]: 213–75). Rudloff and 
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parameters for the climes. Thus given the enormous numbers of extant Mulakhkhaṣ 
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 I 
believe I have been able to reach a text very close to the author’s original. 

First of all, the advances in digital technology and information sharing meant 
that I had access to an enormous pool of extant Mulakhkhaṣ 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 Mulakhkhaṣ: one contained 
a dedication by Jaghmīnī to a certain Badr al-Dīn al-Qalānisī along with a dedica
tory poem Jaghmīnī 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 Mulakhkhaṣ copy, dated 644/1246-47.7 So apparently, within the relatively 
short period of forty years after the composition date of the Mulakhkhaṣ in 
602-3/1205-6, the dedicatory material was removed from the preface.8 

Although I knew that these earlier prefaces containing the dedication, with or 
without the poem, would prove quite significant for dating Jaghmīnī,9 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 Mulakhkhaṣ came from Naṣīr al-Dīn al-Ṭūsī’s al-Tadhkira fī ʿilm 
al-hayʾa, written over fifty years after the Mulakhkhaṣ in 659/1261.10 Thus, I was 

–––––––––––––––––  
Hochheim unknowingly added numerous comments from al-Sayyid al-Sharīf al-Jurjānī’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 Mulakhkhaṣ dated 644 hijra 
in the colophon of Istanbul, Süleymaniye 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 Mulakhkhaṣ are discussed in more  
detail in the Commentary [Preface].  
9 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 I discuss this in further detail in my commentary on the second clime (see II.1[4]). The  
argument for dating the later versions of the Mulakhkhaṣ 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-Bīrjandī (d. 935/1528) was led astray by not realizing that in his dating 
of Jaghmīnī as post-Ṭūsī he was using values for the climes that had been altered; in 
Bīrjandī’s defense he was writing some three centuries after the Mulakhkhaṣ’s composition 
(“On Dating Jaghmīnī and His Mulakhkhaṣ,” in Essays in Honour of Ekmeleddin İhsanoğlu, 
ed. Mustafa Kaçar 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 § II.1: Editorial Procedures and § II.2: Description of the Manuscripts. 

I should also mention that I made a concerted effort not to make Jaghmīnī appear 
more “erudite” than he actually was; in other words, my modus operandi was to 
provide the reader with the Mulakhkhaṣ 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: Jaghmīnī’s plain or simple (basīṭa) in
troductory work was anything but simple-minded. And this was compounded by the 
fact that Jaghmīnī, 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.”11 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 hayʾa writers. Moreover, Jaghmīnī 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,12 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 
Mulakhkhaṣ commentaries, whose authors often provided detailed explanations, 
along with clarifying examples, to shed light on Jaghmīnī’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 ʿAbd 
al-Wājid (d. 838/1435), Qāḍīzāde (d. after 844/1440), and Yūsuf ibn Mubārak al
Alānī (ca. 735/1334);13 (2) the edition, translation, and study of the Tadhkira, Naṣīr 
al-Dīn al-Ṭūsī’s major hayʾa work;14 (3) al-Bīrūnī’s Tafhīm, a reference of 

––––––––––––––––– 
11 See Mulakhkhaṣ, Pref.[1] and II.3[11].  
12 Noel M. Swerdlow, “Ptolemy’s Theories of the Latitude of the Planets in the Almagest,  
Handy Tables, and Planetary Hypotheses,” in Wrong for the Right Reasons, 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-Makhṭūṭāt al-Shāriḥa] Conference,  
Bibliotheca Alexandrina, Alexandria, 7–9 March 2006; preprint [15 pp]:  
http://www.islamicmanuscripts.info/preprints).  
14 F. Jamil Ragep, Naṣīr al-Dīn al-Ṭūsī’s Memoir on Astronomy (al-Tadhkira fī ʿilm al
hayʾa), 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. Ṭūsī and Jaghmīnī deal with much of the same astronomical subject  

http://www.islamicmanuscripts.info/preprints
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astronomical terms, concepts and explanations, even though it is ostensibly an 
“astrological” primer;15 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 Jaghmīnī’s statements.16 

Jaghmīnī claimed that he was delighted in being entrusted with the lofty task of 
compiling an introductory book on the subject of ʿilm al-hayʾa.17 His Mulakhkhaṣ, 
usually classified as an abridged (mukhtaṣar) beginner treatise on the subject of 
theoretical astronomy,18 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 Jaghmīnī’s treatise al-Mulakhkhaṣ fī al-hayʾa al-
basīṭa presented in this book (eight centuries after the original composition) will, I 
hope, allow another group of readers to assess its significance. 

§ I.2     The Dating of Jaghmīnī 
to the Late Twelfth/Early Thirteenth Century 

and Resolving the Question of Multiple Jaghmīnīs 

Maḥmūd ibn Muḥammad ibn ʿUmar al-Jaghmīnī al-Khwārizmī wrote one of the 
most successful astronomical textbooks of all time. Given the extent of the influence 
of the Mulakhkhaṣ and its impact on the hayʾa tradition, it may seem surprising that 
there has been so little agreed-upon information about who Jaghmīnī 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 Jaghmīnī in the early thirteenth century, others in the mid-fourteenth 
century. Though recently a number of historians have dated the Mulakhkhaṣ to the 

––––––––––––––––– 
matter, so their content overlap proved extremely helpful, especially since Ṭūsī provides far 
more elaborate explanations than Jaghmīnī.  
15 Abū Rayḥān Muḥammad ibn Aḥmad al-Bīrūnī’s Kitāb al-Tafhīm li-awāʾil ṣināʿat al-
tanjīm (=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 Tafhīm]. I discuss 
Bīrūnī’s text as a reference in I.3.3b: The Post-Moderns.  
16 See Mulakhkhaṣ, II.2 on various locations having latitude. Frankly, I marveled at 
Jaghmīnī’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 Jaghmīnī 
obviously had to depend on other means; it would certainly be interesting to explore the tools 
scholars used to determine this information.  
17 Mulakhkhaṣ, Pref.[1]. 
18 The sixteenth-century Ottoman encyclopedist Ṭāshkubrīzāde (1495–1561) listed 
Jaghmīnī’s Mulakhkhaṣ along with four commentaries on it (by Faḍl Allāh al-ʿUbaydī, 
Kamāl al-Dīn al-Turkmānī, al-Sayyid al-Sharīf, and Qāḍīzāde al-Rūmī) under a separate 
category entitled “famous abridgments” (Miftāḥ al-saʿāda wa-miṣbāḥ al-siyāda, 3 vols. 
[Beirut: Dār al-kutub al-ʿilmiyya, 1985], 1:349). 

http://www.stellarium.org/
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early thirteenth century, ambiguity about him has continued, leading some to spec
ulate that perhaps there were two Jaghmīnīs, one thirteenth-century Jaghmīnī whose 
work focused on astronomy, another who lived in the fourteenth century and wrote 
the popular medical treatise al-Qānūnča. Here we should emphasize what should 
be an obvious point: determining Jaghmīnī’s dates, and whether the same person 
wrote the textbooks attributed to him, really does matter. If Jaghmīnī lived in the 
mid-fourteenth century, he would be coming after the Mongol invasions, the build
ing of the Marāgha 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 Ghazālī (d. 1111),19 and that there was a strong 
prejudice against teaching the exact sciences in religious institutions such as the 
madrasa.20 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 Jaghmīnī who flourished under the auspices of the Khwārizm Shāhs of Central 
––––––––––––––––– 
19 Ghazālī 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 Ghazālī 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 Ashʿarî and Al Ghazâlî the Arabs might have been a nation of 
Galileos, Keplers, and Newtons” continues to be perpetuated (see Aydın Sayılı [quoting E. 
Sachau], The Observatory in Islam and its Place in the General History of the Observatory 
[Ankara: Türk Tarih Kurumu Basımevi, 1960], 408). See Frank Griffel, “The Western Re
ception of al-Ghazālī’s Cosmology from the Middle Ages to the 21st Century,” Dîvân 16, 
issue 30 (2011/1): 33–62 (esp. Renan’s views on Ghazālī); 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 Ghazālī “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 Sīnā 
(d. 428/1037), Faḫr ad-Dīn ar-Rāzī (d. 606/1209), Naṣīr ad-Dīn aṭ-Ṭūsī (d. 672/1274) or Ǧalāl 
ad-Dīn ad-Dawwānī (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),21 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. 

I.2.1 A Man Who Should Need No Introduction 

From the final nisba in his name, one can deduce that Jaghmīnī hailed from the 
region of Khwārizm; and indeed Qāḍīzāde al-Rūmī informs us “Jaghmīn is one of 
the villages in Khwārizm” in his Sharḥ al-Mulakhkhaṣ, the commentary he 
composed in 814/1412 and dedicated to Ulugh Beg in Samarqand. However, 
Khwārizm 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 Jaghmīn was not 
of much concern to Qāḍīzāde, as well as the other commentators I checked, for they 
provide nothing more specific than this.22 It is interesting that in the seventeenth 
century, the well-known Ottoman historian and bibliographer Kātib Çelebī (a.k.a. 
Ḥājjī Khalīfa) felt no compulsion to remove the cloud of obscurity surrounding 
Jaghmīnī’s life and wrote in his Kashf al-ẓunūn that the Mulakhkhaṣ was “composed 
by the eminent [scholar] Maḥmūd ibn Muḥammad al-Jaghmīnī al-Khwārizmī, an 
author whose fame makes an identification unnecessary.”23 This sentiment is also 
attested by the fact that in the late thirteenth/early fourteenth century, the prominent 
scholar Quṭb al-Dīn al-Shīrāzī could mention, and even paraphrase, from the 
Mulakhkhaṣ without mentioning the name of the author or the source of the 
paraphrase in the introduction and explicit of his Nihāyat al idrāk fī dirāyat al aflāk, 
presumably with the expectation that the reader would recognize their provenance 
(assuming that Shīrāzī was not plagiarizing in his paraphrase).24 

––––––––––––––––– 

22 See Qāḍīzāde al-Rūmī, Sharḥ al-Mulakhkhaṣ, Istanbul, Süleymaniye Library, Ayasofya 

’sīnī A potential opportunity of pinpointing Jaghm . زمارخورىقمنيةقرجغمينMS 2662, f. 2b: 

location was lost in Jaghmīnī’s discussion on the qibla bearing (see II.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, Qāḍīzāde is once again content to reference Khwārizm (f. 62b); the other com
mentators I checked followed his example or omitted a location altogether. I have attempted 
to home in on Jaghmīn’s location, but so far without much success. Given the lack of any 
record of a village, town, or region named Jaghmīn in the geographical sources, one specu
lative possibility is that Jaghmīnī’s name designates a family and not a locale, or perhaps a 
Turkic tribal affiliation, e.g., he was one of the Jagh [Čagh]-mān. 
23 F. Jamil Ragep, “On Dating Jaghmīnī and His Mulakhkhaṣ,” 464: 

يفهرتععنتغنيتههرشلفموهووزمىارلخواينىلجغمامحمدبنودمحمالفاضليفلتا
24 For Shīrāzī’s direct reference to the Mulakhkhaṣ in his explicit, see F. Jamil Ragep, 
“Shīrāzī’s Nihāyat al-Idrāk: Introduction and Conclusion,” Tarikh-e Elm (Tehran, Iran) 11 

21 For a nice family tree charting the reigns of the Khwārizm Shāhs, see Muḥammad ibn 
Aḥmad Nasawī, Sīrat al-Sulṭān Jalāl al-Dīn Mankubirtī li-Muḥammad ibn Aḥmad al-
Nasawī, ed. Ḥāfiẓ Aḥmad Ḥamdī (Cairo: Dār al-fikr al-ʿarabī, 1953), intro., 2 [in Arabic]. 
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It would certainly be understandable that many scholars such as Quṭb al-Dīn al
Shīrāzī (fourteenth century), Qāḍīzāde al-Rūmī (fifteenth century), and Kātib Çelebī
(seventeenth century), as well as the literally dozens of commentators over the cen
turies, would have been more concerned with the content of the Mulakhkhaṣ than 
ascertaining the particulars of where and when Jaghmīnī lived. However, since de
finitively dating Jaghmīnī 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 Jaghmīnīs—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 
Jaghmīnī who wrote multiple works in the exact sciences and medicine, who flour
ished in the late twelfth/early thirteenth century in Khwārizm, 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 
Khwārizm Shāhs. This evidence was collected from the Mulakhkhaṣ and some of 
Jaghmīnī’s other works, and bolstered by primary and secondary sources. 

I.2.2 Review of the Literature and the Tale of Two Jaghmīnīs 

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.25 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 Jaghmīnī who has been confidently held to have flourished sometime in the 
fourteenth century—or even later.26 Ironically, the basis for this confidence is the 

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

“…so that its name will indicate its connotation and its literal sense will inform its significa
tion” (Mulakhkhaṣ, Pref.[2]. See especially the preface variants for MSS B and L [§ II.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 Jaghmīnī died in the ninth-century hijra, and composed the Mulakhkhaṣ 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).”27 Often repeated, this statement is still 
found today in numerous references, many quite reputable,28 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 Mulakhkhaṣ dated 644 H [1246-47 CE]).29 In 
fact, two main Islamic reference resources currently list Jaghmīnī as flourishing in 
the fourteenth century, namely, the “al-Djaghmīnī” entry in Encyclopaedia of Islam, 
2nd ed. (1965) (which simply repeats verbatim what appeared in the 1913 first edi
tion);30 and the Encyclopædia Iranica (2008) article entitled: “Jaḡmini, Maḥmud b. 
Moḥammad b. ʿOmar (d. 1344), an astronomer from Jaḡmin.”31 

––––––––––––––––– 
1405/6” (see “Der V. Band des Katalogs der arabischen Bücher der viceköniglichen Biblio
thek in Kairo,” in Historisch-literarische Abtheilung der Zeitschrift für Mathematik und 
Physik, ed. Dr. O. Schlömilch 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 
Ǵagmînî,” Zeitschrift der Deutschen Morgenländischen Gesellschaft 47 [1893]: 718). Carlo 
A. Nallino also points out that Cairo catalogues list the ninth-century hijra date for Jaghmīnī 
in several places (“Zu Ǵaġmȋnȋ’s Astronomie,” Zeitschrift der Deutschen Morgenländischen 
Gesellschaft 48 [1894]: 120). This could be the explanation for how 808 became the year 
currently listed for the completion of Jaghmīnī’s Mulakhkhaṣ (without explanation) in Ismāʿīl 
Bāshā al-Baghdādī’s Hadiyyat al-ʿārifīn (Istanbul, 1955), vol. 2, col. 410 [in Arabic]. 
27 Henrich Suter, “al-Djaghmīnī,” 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 Jaghmīnī oc
curs in non-Western sources as well as Western ones, such as: The Majlis Library Catalogue 
(Fihrist-i Kitābkhānah-yi Majlis-i Shūrā-yi Millī, kutub-i khattī), ed. ʿAbd al-Ḥusayn Ḥāʾirī 
(Tehran, 1347 H. Sh./1968-69), vol. 10, part 1, 512; Abū al-Qāsim al-Qurbānī’s Zindagī
nāmah-yi rīyāḍī-dānān dawrah-yi Islāmī (Tehran, 1365/1986), 219–20 (no. 69); and Halil 
Inalcık’s The Ottoman Empire: The Classical Age 1300–1600, trans. Norman Itzkowitz and 
Colin Imber (London: Weidenfeld and Nicolson, 1973), 176n*. 
29 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 § II.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 “Maḥmūd b. Muḥammad b. ʿUmar AL-ĞAĠMĪNĪ” 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-Qānunja was a linear 
descendent of his earlier namesake…” (“Jaḡmini, Maḥmud,” Encyclopædia 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). 

http://www.iranicaonline.org/articles/jagmini-mahmud
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The fact that many sources cited Jaghmīnī as flourishing circa 618/122132 did 

not sway those committed to a fourteenth-century Jaghmīnī 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 Jaghmīnīs: an early thirteenth-
century astronomer/mathematician (fl. ca. 618), the one who authored the 
Mulakhkhaṣ; and, a fourteenth-century physician who wrote the Qānūnča (the “little 
Qānūn”),33 an abridged treatise of Ibn Sīnā’s medical text al-Qānūn fī al-ṭibb. 
Almost without exception, references to the Jaghmīnī who authored the Qānūnča 
state that he flourished in the eighth/fourteenth century.34  

How did the two-Jaghmīnī narrative take hold? The short answer is most refer-
ences that have cited a 618/1221-22 date35 for Jaghmīnī 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 Jaghmīnīs, 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 Jaghmīnī who 
authored both the Mulakhkhaṣ and the Qānūnča. The longer answer follows. 

Rudloff and Hochheim, in the introduction to their 1893 German translation of 
Jaghmīnī’s Mulakhkhaṣ, 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.”36 Now it is 

––––––––––––––––– 
32 For a list of some of the more prominent references that cite the 618/1221 date, see fn. 55. 
33 Jaghmīnī’s choice of Qānūnča 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, 
Jaghmīnī never wrote scientific texts in Persian, though he does reference the two holidays 
of Nayrūz and Mihrjān in the Mulakhkhaṣ (see II.2[2]). So this title may be an indication of 
Jaghmīnī’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 Jaghmīnī 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 Jaghmīnī lived and raises the possibility of 
two Jaghmīnīs in her description, many other sources do not: A. Z. Iskandar simply lists 
“d. A.H. 745/A.D. 1344” in his A 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 Jaghmīnī’s Qānūnča fī al-ṭibb currently bears 
both the date 751 H [!] on the book cover and 745 H on the inside title page (ed. and Persian 
trans. by Ismāʿīl Nāẓim [Tehran: Tehran University of Medical Sciences, 2012]). I found one 
exception in which Jaghmīnī (author of the Qānūnča) is listed as flourishing circa 618 H in 
Fihris al-makhṭūṭāt al-muṣawwara, ed. Ibrāhīm Shabbūḥ (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 Mulakhkhaṣ. 
36 G. Rudloff and Prof. Dr. Ad. Hochheim, “Die Astronomie,” 213. Note all English transla-
tions of the German here are mine. 

http://www.nlm.nih.gov/hmd/arabic/bioJ.html
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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-Shāfiʿī (d. 204/820) 
and Abū Ḥanīfa (d. 150/767), the famous founders of two Sunnī legal schools. Both 
are cited in the Mulakhkhaṣ (II.3[2]) in the context of Jaghmīnī 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-Sharīf al-Jurjānī (d. 816/1413), except for the fact that 
he was the author of the Mulakhkhaṣ 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 Jaghmīnī died in 618 H, and they 
present this date in their introduction.37 (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 1898.38) But since Prof. 
Gottwaldt provided no indication as to how he came by this date, it opened the door 
for speculation that Jaghmīnī may or may not have lived then. Nonetheless, Rudloff 
and Hochheim upheld this date based on their translation of the Mulakhkhaṣ, 
concluding that Jaghmīnī 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.”39 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,40 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 
Jurjānī’s fifteenth-century commentary.41 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 prinadležavšich bibliotekĕ Imperatorskago ka-
zangskago universiteta (Kazan, 1855), 245 (entry for the Mulakhkhaṣ [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 Woköck, 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 Jaghmīnī 
and those of Jurjānī or other commentators and interpolators, or understand the 
subtleties of the text they were dealing with, they did, as noted, correctly place 
Jaghmīnī 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.”42 

Suter’s opinion was formulated on information gathered from the mathematical 
and astronomical parts of the published catalogues of the Cairo Khedieval Library.43 

Unlike Rudloff and Hochheim, Suter was familiar with Jurjānī and the composition 
date of his Mulakhkhaṣ commentary (813/1410-11); and he was also aware of other 
Mulakhkhaṣ commentators such as Qāḍīzāde al-Rūmī and Kamāl al-Dīn al
Turkmānī. He believed that Turkmānī’s commentary was especially significant for 
dating Jaghmīnī since it was written in 755 H. Armed with this date, Suter confi
dently concluded that any claim that Jaghmīnī was “a scholar of the 9th century H” 
is highly improbable;44 but he also states that Jaghmīnī “with near certainty…flour
ished in the first half of the 8th century H.”45 This was an assertion that Suter would 
tenaciously champion in publications throughout his career.46 

The crucial piece of “new evidence” that Suter relied on to support his claim 
that “with near certainty” Jaghmīnī 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 
Maḥmūd ibn ʿUmar al-Jaghmīnī, the author of al-Qānūnča fī al-ṭibb, an abridge
ment of Ibn Sīnā’s work, died in the year 745 H.47 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, 46–48 (nos. 1385, 1386, 1387, 1388).  
42 Suter, “Zu Rudloff und Hochheim, Die Astronomie des Ǵagmînî,” 718. 
43 Suter, “Zu Rudloff und Hochheim,” 718; and Suter, “Der V. Band des Katalogs der arab
ischen Bücher der viceköniglichen Bibliothek in Kairo,” vol. 38, no. 5, 161 and 162. 
44 Suter, “Zu Rudloff und Hochheim,” 718–19. C. A. Nallino is also familiar with the ninth-
century dating of Jaghmīnī (also based on Cairo catalogues), but is less willing than Suter to 
reject it; however, Nallino is unaware of Turkmānī’s commentary (“Zu Ǵaġmȋnȋ’s Astrono
mie,” 120). 
45 Henrich Suter, “Zur Frage über die Lebenszeit des Verfassers des Mulaḫḫaṣ fî’l-hei’a, 
Maḥmûd b. Muḥ. b. ‘Omar al-Ǵaġmînî,” Zeitschrift der Deutschen Morgenländischen 
Gesellschaft 53 (1899): 540. 
46 Suter: “Der V. Band des Katalogs der arabischen Bücher der viceköniglichen Bibliothek 
in Kairo,” 161 and 162; “Zur Frage über die Lebenszeit des Verfassers des Mulaḫḫaṣ fî’l
hei’a,” 539–40; “Die Mathematiker und Astronomen der Araber und ihre Werke,” Abhand
lungen zur Geschichte der mathematischen Wissenschaften mit Einschluss ihrer 
Anwendungen 10 (1900): 164 (no. 403); and “al-Djaghmīnī,” in Encyclopaedia of Islam, 
First Edition, 1:1038. 
47 Suter, “Zur Frage über die Lebenszeit des Verfassers des Mulaḫḫaṣ fî’l-hei’a,” 539–40 (no. 
2). 
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Gotha 1928 (Section XIX. Medicin, 468).48 Nevertheless, the marginal note is ac
tually contained in Gotha 1930 (which I checked) .49 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.50 

According to Suter, the emergence of Mulakhkhaṣ 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 
Mulakhkhaṣ commentaries (especially that of Kamāl al-Dīn al-Turkmānī) to bolster 
his argument may explain why he never considered the two-Jaghmīnī option. 
Indeed, Suter has just one entry for Jaghmīnī, the scholar who authored both the 
Mulakhkhaṣ and the Qānūnča, in his seminal work listing 600 Islamic astronomers 
and mathematicians and their works.51 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.52 

Furthermore, he fails to cite other references that list Jaghmīnī twice due to the con
trary information, such as we find in Brockelmann, who lists Jaghmīnī under the 

–––––––––––––––––  
48 Wilhelm Pertsch, Die orientalischen Handschriften, vol. 3, part 3, 468–69 (no. 1928) and  
469–71 (no. 1930).  
49 I examined the witness Sharḥ Qānūnča, 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: 

“He abridged it from the great Qānūn [Canon] of Ibn Sīnā, the aforementioned Maḥmūd died 
in 745” [the aforementioned Maḥmūd being Maḥmūd ibn ʿUmar al-Jaghmīnī]. 

So indeed, according to this statement, Jaghmīnī died in 745. 
50 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 ʿAlī 
b. Kamāl al-Dīn Maḥmūd al-Astarābādī al-Makkī (as noted on f. 144b), but is misattributed 
by the annotator (on f. 1a) to Muḥammad b. Muḥammad al-ṭabīb al-Miṣrī, 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-Miṣrī’s death is 
given by the annotator as the year 801 (f. 1a), which is impossible since the work is dedicated 
to Sultan Bāyazīd II (f. 2a) who reigned 886–918/1481–1512. However, this error is not re
ported by Pertsch (ibid.). See Iskandar, “Commentaries on K. Qānūnča,” in A Catalogue of 
Arabic Manuscripts on Medicine and Science, 58–59. 
51 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, “Nachträge 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.53 Ironically, 
Pertsch is among those who listed Jaghmīnī twice; so in effect, Suter based his claim 
on dating Jaghmīnī 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.54 

Suter aside (and the sources that followed him perpetuating the 745 date), the 
vast majority of references to Jaghmīnī the astronomer cite the date 618 H [1221
22 CE] as either the year of Jaghmīnī’s death or the date of the composition of the 
Mulakhkhaṣ. 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.55 

One of the most frequently cited sources for Jaghmīnī is Ḥājjī Khalīfa’s Kashf 
al-ẓunūn; and this is particularly noteworthy because the printed editions of his 
work (at least the two that I have been able to check) omit Jaghmīnī’s dates twice, 
i.e., in the listings for the Mulakhkhaṣ and the Qānūnča.56 Nevertheless, Ḥājjī 
Khalīfa 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-ẓunūn.57 In support of this view, the title page of a manuscript copy of 

–––––––––––––––––  
53 See Brockelmann, GAL1:473 (no. 5) for Jaghmīnī on astronomy (d. after 618/1221); and  
GAL1:457 for Jaghmīnī 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 Jaghmīnī 
745/1344-45, Storey refers to the marginal note on folio 1b in Gotha 1930 listed in Pertsch’s 
Die orientalischen Handschriften. 
54 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 Jaghmīnī since he includes codices listed for 
Jaghmīnī 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). 
55 Some of the more prominent references citing the 618 H date are: Brockelmann, GAL1:473 
(no. 5), GAL suppl. 1:865; İzgi, Riyazî ilimler, 1:370, esp. n1010; David A. King, A 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 İhsanoğlu, MAMS2, 198 (no. 
547); and Khayr al-Dīn al-Ziriklī, Kitāb al-Aʿlām, 8 vols. (Beirut: Dār al-ʿilm, 1980), 7:181. 
56 See Ḥājjī Khalīfa, Kashf al-ẓunūn ʿan asāmī al kutub wa ʾl funūn, 2 vols. (Istanbul, 1941, 
1943), vol. 2, cols. 1819–1820 [for astronomy] and vol. 2, col. 1311 [for medicine]; and also 
Gustavus Flügel, Lexicon Bibliographicum et Encyclopædicum 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]. 
57 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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Qāḍīzāde’s commentary on the Mulakhkhaṣ (Cairo, Dār al-kutub, Taymūr Riyāḍa 
338, f. 1b) contains a note stating that Jaghmīnī “completed it in the year 618,” and 
that this information was obtained from the Kashf al-ẓunūn.58 This then could have 
been the basis for Gottwaldt’s entry in his 1885 catalogue as well as for other 
sources that subsequently repeated the date. 

I.2.3 Evidence Shedding New Light 

The origins of the date 618 H [1221-22 CE] for Jaghmīnī’s date of death would be 
interesting to resolve;59 and an historiographical analysis of the literature regarding 
Jaghmīnī’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 Jaghmīnī’s 
life and works. So the remaining parts of this section provide conclusive evidence 
to support the contention that there was only one Jaghmīnī who wrote multiple sci
entific works (and in particular the Mulakhkhaṣ 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 Khwārizm Shāhs.60 As mentioned earlier, 
my assertions are based on evidence gleaned directly from within the Mulakhkhaṣ 
itself, several of Jaghmīnī’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;61 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-ẓunūn made using it suspect 
(see “Zu Rudloff und Hochheim,” 719; and Suter, “Zur Frage über die Lebenszeit des Ver
fassers des Mulaḫḫaṣ fî’l-hei’a,” 539); and he had few qualms about relying on a single 
secondary source, namely, the Gotha catalogue. 
58 F. J. Ragep provides the Arabic text of this passage along with an English translation in 
“On Dating Jaghmīnī and His Mulakhkhaṣ,” 464–65.  
59 This year may simply have surfaced based on the assumption that Jaghmīnī 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: Khurāsān in the Second Half of the  
6th/12th Century, and the Expansion of the Khwārazm-Shāhs); and W. Barthold, Turkestan  
Down to the Mongol Invasion, 2nd ed. (London: Luzac and Co., 1958), 323–80 (Ch. III: The  
Qarā-Khiṭāys and the Khwārazm-Shāhs).  
61 My colleague Sajjad Nikfahm-Khubravan has made a preliminary listing of over 1,000  
extant witnesses of the text of the Mulakhkhaṣ and its commentaries; just to provide perspec
tive, there are about 300 extant copies of Qāḍīzāde’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 Jaghmīnī’s Mulakhkhaṣ contains a dedi
cation and a poem that Jaghmīnī composed for the Imām Badr al-Dīn Muḥammad 
ibn Bahrām al-Qalānisī (Pref.[1]),62 who Jaghmīnī informs us proposed that he com
pile a work on the subject of ʿilm al-hayʾa (i.e., an epitome of theoretical astronomy 
that provides a configuration [or hayʾa] of the Universe). Jaghmīnī also dedicated a 
short treatise on planetary sizes and distances to Badr al-Dīn al-Qalānisī, a subject 
he did not include within the Mulakhkhaṣ.63 Since hayʾa works often devote a 
section to this topic, perhaps Jaghmīnī recognized the omission and tried to rectify 
it by composing this brief astronomical work as a kind of appendix. In any event, 
Jaghmīnī’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): 

اهداهاو ئةيهلافى الملخص يفلتا من رغف حين زمىارالخو ينىلجغما الامام افادها التى سالةرال تمت
 اعلم والله القلانسى الدىن بدر الامام الى

“The treatise is completed, which the Imām al-Jaghmīnī al-Khwārizmī put forth at 
the time he completed the work al-Mulakhkhaṣ fī al-hayʾa, and he dedicated it to 
the Imām Badr al-Dīn al-Qalānisī, and God is all-knowing.” (Cairo, Dār al-kutub, 
ṬJ 429, f. 4b) 64 

So who was Badr al-Dīn al-Qalānisī? Although his life is not well known,65 there 
is a substantial number of sources that specifically reference Badr al-Dīn 

––––––––––––––––– 
62 The Mulakhkhaṣ has three different preface versions; for more details on this, see Com
mentary [Preface] and § II.2: Description of Manuscripts. 
63 Jaghmīnī’s Mulakhkhaṣ is not the only elementary hayʾa text that lacks a discussion of 
planetary sizes and distances; al-Tabṣira fī ʿilm al-hayʾa of Kharaqī (fl. mid-twelfth century, 
Merv) is another example. 
64 I know of two extant copies of this treatise, both of which I have consulted. The first is 

 J [Ṭr al-kutub, ā150 (G17, 1.2.7): Cairo, D Survey, listed in David A. King’sيعممجا طلعت ,429 [ 

2, ff. 4a–4b. King also provides the colophon in his A 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-Qalānisī as “al-Falāsitī (?)”. The witness 
is described by King as unique, but I was able to identify another witness of it from an online 
image contained in the Bratislava collection, whose catalogue description stated “no title” for 
a Jaghmīnī 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-Dīn, since it is written at the beginning of the text: 

ّالقلانسى لدينابدر الامام الي اهداهو لملخصايفلٔتا من رغف حينّزمىارالخو ينىچغملا الامام اىدوف من
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 à l’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 Qalānisī’s pharmaceutical work, and also reviewed the author and his work in her 

http://retrobib.ulib.sk/Basagic/EN/291.htm
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Muḥammad ibn Bahrām ibn Muḥammad al-Qalānisī as the author of a pharmaceu-
tical treatise (in 49 chapters) entitled Aqrābādhīn al-Qalānisī (composed ca. 
590/1194),66 and who flourished in the late sixth/twelfth to early seventh/thirteenth 
centuries.67 There are also references to Qalānisī found in other early thirteenth-
century medical sources, such as the pharmacological treatise by Najīb al-
Samarqandī, who is reported to have died in the city of Herat in the wake of the 
Mongol invasion of 619/1222,68 and al-Suwaydī (600–90/1204–92), who hailed 
from Damascus and was a contemporary of Ibn Abī Uṣaybiʿa.69 Some references 

––––––––––––––––– 
introduction to Das Aqrābāḏīn al-Qalānisī: Quellenkritische und begriffsanalytische Unter-
suchungen zur arabisch-pharmazeutischen Literatur (Beirut, 1986), 1.  
66 In addition to Leclerc and Fellmann, see Ibn Abī Uṣaybiʿa, ʿUyūn al-anbāʾ fī ṭabaqāt al-
aṭibbāʾ (2 editions): ed. A. Müller, 2 vols. plus corrections (Cairo: al-Maṭbaʿa al-Wahabiyya, 
1299/1882, Königsberg, 1884), 2:31; and ed. Nizār Riḍā (Beirut: Dār maktabat al-ḥayāh, 
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-Samarqandī’s Medical Writings,” in Le Muséon Revue d’Études Orientales 85 (Louvain, 
1972), 452 (esp. n7); ʿUmar Riḍā Kaḥḥāla, Muʿjam al-muʾallifīn: tarājim muṣannifī al-kutub 
al-ʿArabiyya, 15 vols. (Beirut: Dār iḥyāʾal-turāth al-ʿarabī, 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-makhṭūṭāt al-muṣawwara, vol. 3, pt. 2, 24 (no. 25). 
67 Only Richter-Bernburg questions this as a “dubious date”; however, he provides neither 
reason nor alterative (“Medical and Veterinary Sciences,” 310n42). 
68 A. Z. Iskandar pointed out that the marginal notes to two medical works by Najīb al-
Samarqandī contain quotes attributed to Qalānisī; see codex Coll. 1062, MS. Ar. 73 [=UCLA 
Ar. 73] (“A Study of Al-Samarqandī’s Medical Writings,” 452, esp. n7). I was able to check 
this (here I am indebted to E. Savage-Smith for graciously allowing me to consult her copy); 
however, whether Samarqandī is actually quoting Qalānisī within his treatises, as well as the 
dating of these marginal notes, needs further careful examination. For more on Najīb al-
Samarqandī, see Tarabein Chérif, “Contribution à l’histoire de la pharmacie arabe. Étude 
particulière 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 Abī 
Uṣaybiʿa, ʿUyūn al-anbāʾ, Beirut ed., 472, Cairo-Königsberg ed., 2:31; and Ullmann, Die 
Medizin im Islam, 170, 278, 294, 308, 339.  
69 Leclerc states that Badr al-Dīn al-Qalānisī was among the numerous sources cited by Abū 
Isḥāq Ibrāhīm b. Muḥammad ʿIzz al-Dīn b. Ṭarkhān al-Suwaydī in his medical treatise on 
remedies entitled al-Tadhkira al-hādiya (Histoire de la médecine arabe, 2:128, 199–202 [on 
“Soueidy”]). For more on Suwaydī, see Brockelmann [listed as “ʿIzzaddīn a. Isḥāq Ibr. b. M. 
b. Tarḫān b. as-Suwaidī al-Anṣārī”], GAL1:493 (no. 38), GAL suppl. 1:900 (no. 38); Albert 
Dietrich, “al-Suwaydī,” in EI2 (1997), 9:909–10; Ibn Abī Uṣaybiʿa, ʿUyūn al-anbāʾ, Beirut 
ed., 759–61, Cairo-Königsberg 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. 

http://www.nlm.nih.gov/hmd/arabic/bioS.html
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add the nisba al-Samarqandī to Badr al-Dīn al-Qalānisī’s name,70 which is notewor
thy since the Banū Qalānisī hailed from a prominent Damascene family. So Badr 
al-Dīn would seem to have been an émigré to Central Asia from Damascus, which 
highlights connections between the two regions during this time.71 Moreover, dur
ing this period the Qalānisī family was known to have “gradually evolved into a 
family of Shāfiʿī scholars and qāḍīs” from a family of government bureaucrats dur
ing a period that witnessed attempts to “professionalize” the ʿulamāʾ and codify 
law.72 This professionalization of the ʿulamāʾ 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.73 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 Jaghmīnī dedicated works to a scholar-Imām. 
On the other hand, it may seem somewhat odd that Badr al-Dīn al-Qalānisī, whose 
scholarly pursuits seem to focus on medicine, singled out Jaghmīnī to compose a 
work on astronomy. A possible explanation, admittedly somewhat speculative, is 
that Badr al-Dīn may have been a teacher or mentor of a younger Jaghmīnī. 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,”74 

and would have been a locus for those seeking a proficient scientific education. In 
support of this, we have growing indications that Masʿūd ibn Maḥmūd al-Shīrāzī 

–––––––––––––––––  
70 Brockelmann originally listed him as Badraddīn M. b. Bahrām al-Qalānisī  (GAL1:489),  
and then later modified it by changing the name to Badr ad-Dīn M. b. Bahrām al-Qalānisī as
Samarqandī (GAL suppl. 1:893).  
71 Furthermore, the sources on al-Suwaydī report that he traveled between Damascus and 
Egypt; so presumably Badr al-Dīn’s work disseminated both westward and eastward from 
Damascus. 
72 Joan E. Gilbert provides valuable information about the Banū Qalānisī 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 Qalānisī family wore many “hats,” figura
tively and literally, since the family name qalānisī is a nisba for small cap/hat makers. Also, 
see Joan E. Gilbert, “Institutionalization of Muslim Scholarship and Professionalization of 
the ʿUlamāʾ 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 IV, 98. 
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(who was Quṭb al-Dīn al-Shīrāzī’s father) had pursued studies in Khurāsān during 
this period, and not just in medicine (for which he is most famous).75 Badr al-Dīn’s 
Aqrābādhīn al-Qalānisī is a work full of quotations that “attest to his wide reading 
in the field; besides Ibn Sīnā, a whole range of authors, of whom al-Bīrūnī is the 
latest datable one, is represented.”76 So it is not inconceivable that Badr al-Dīn’s 
medical knowledge had an influence on Jaghmīnī, directly or indirectly. In any 
event, Jaghmīnī did compose the Qānūnča (which lacks a dedication), and this con-
cise elementary textbook on medicine became extremely popular (comparable to 
the Mulakhkhaṣ).77 Perhaps in recognition of Jaghmīnī’s success in adeptly writing 
a medical textbook, Badr al-Dīn 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 
Jaghmīnī (who authored both the Qānūnča and the Mulakhkhaṣ); that he flourished 
in the late twelfth/early thirteenth centuries; and that Jaghmīnī composed the 
Qānūnča not in the fourteenth century (as Suter et al. have claimed), but prior to his 
composing the Mulakhkhaṣ. What follows is evidence to support all of these 
assumptions. 

I.2.3a Dating the Qānūnča 

A Qānūnča manuscript, recently discovered, states that it was copied on 12 
n 601 H [=3 ق niyaū[=Q يهنقو.([78 May 1205 CE], in the city of Konya (lit., ḍāRama

––––––––––––––––– 
75 See Junayd ibn Maḥmūd Junayd Shīrāzī, Tazkirah-yi Hazār Mazār: Tarjumah-yi Shadd al
Izār: Mazārāt-i Shīrāz (Shiraz, 1364 H. Sh./1985-86), 109–11; and al-Jaghmīnī, Talkhīṣ kitāb 
Ūqlīdis, ed. Ḥusaynī al-Ishkavarī (Qum, 2006), 246 (where there is a marginal note in this 
mathematical treatise indicating that Jaghmīnī may have been a teacher of Masʿūd ibn 
Maḥmūd al-Shīrāzī). In his autobiography, Quṭb al-Dīn al-Shīrāzī (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). Quṭb al-Dīn also tells us that he traveled to Khurāsān 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 Quṭb al-Dīn Shīrāzī’s Texts and Models on the Con-
figuration of the Heavens” [Ph.D. diss., Columbia University, 2011], ProQuest [3479090], 
82–85; and Niazi, Quṭb al-Dīn Shīrāzī 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 Jaghmīnī’s Qānūnča 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 …” (A Catalogue of Arabic Manuscripts on Medicine 
and Science, 56–57). 
78 See Istanbul, Süleymaniye Library, Ayasofya MS 3735, f. 25a. I have İhsan Fazlıoğlu to 

> in the colophon. This can be ق thank for his assistance in deciphering the ambiguous < 

understood as the city of Konya since another colophon in the same codex (and in the same 
) and completedىهىقو نهىࠩدniya (ūhand) states explicitly that the work was copied in city of Q
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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 Qānūnča witness 
is the oldest one to date, evidently copied during Jaghmīnī’s lifetime. This should 
effectively put to rest the purported fourteenth-century date for the Qānūnča as well 
as the two-Jaghmīnī hypothesis unless one wishes to maintain that there were two 
Maḥmūd ibn Muḥammad ibn ʿUmar al-Jaghmīnī al-Khwārizmī’s living in 
Khwārizm at the same time and that both were writing scientific textbooks.79 

I.2.3b Dating the Mulakhkhaṣ 

There is strong evidence that the Mulakhkhaṣ was composed in 602-3 H (=1205-6 
CE); this places its composition as being after the Qānūnča, based on the above 
extant witness dated 601 H. The 603 H date is provided by Jaghmīnī himself in the 
Mulakhkhaṣ in his chapter on planetary motions, and specifically within the discus-
sion of the parameters for the apogee and nodes (I.5[26]). Here Jaghmīnī states: “As 
for the position of the apogees, they are for the beginning of the year 1517 of Dhū 
al-Qarnayn [the two-horned, i.e., the era of Alexander the Great]: …” Jaghmīnī 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 Jaghmīnī 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 Jaghmīnī and Battānī 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 Jaghmīnī for the 
precessional motion of the stars and apogees (see Commentary, I.5[26]). It would 
have been very odd indeed for Jaghmīnī 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 Mulakhkhaṣ.80 

––––––––––––––––– 

(f. 40a).  
79 Furthermore, Ayasofya MS 3735 is not the only Qānūnča bearing a thirteenth-century copy  
date; for another example, see Princeton, Garrett 3559Y, which bears a date of the middle of  
Ṣafar 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 Ṣafar 602 H]. See Commentary, I.5[26] for more 
information on this calendar conversion, the term Dhū al-Qarnayn, and variant readings of 
the year 1517. I am not alone in asserting that Jaghmīnī’s use of the date 1517 Dhū al-
Qarnayn indicates when he lived; see Hanif Ghalandari, “Chaghmīnī,” The Great Islamic 
Encyclopedia (Tehran, 1390 H. Sh./2012), 19:356–57 [in Persian]; and Farīd Qāsimlū, 

), i.e., 601ورك دلما نهسـn (i.e., eight days later) in the previously-mentioned year (ḍāon 20 Rama 



 
 

 21 Introduction

I.2.3c Further Evidence for Dating Jaghmīnī 

Additional support that Jaghmīnī flourished during this time comes from another of 
his compositions, this one being a short astrological treatise entitled Fī quwā al
kawākib wa-ḍaʿfihā (The Strengths and Weaknesses of the Planets). This work 
contains a discussion similar to the one Jaghmīnī put forth in the Mulakhkhaṣ 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 Dhū 
al-Qarnayn.81 So presumably this work was composed one year earlier than the 
Mulakhkhaṣ in 1204-5 CE [or 601-2 H].82 This work is also very important for dating 
Jaghmīnī 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 Shihāb al-Dīn, may God 
prolong his life.”83 

Identifying this Shihāb al-Dīn with nothing but the abbreviated form of the name 
is not an easy task; there were several Shihāb al-Dīns who lived in this region during 
this period.84 But fortunately a fuller version of his name—Shihāb al-Dīn Abū Saʿd 
ibn ʿImrān al-Khwārizmī al-Khīwaqī—is provided by Jaghmīnī himself in another 
work that he dedicated to him, namely, a mathematical treatise entitled Talkhīṣ kitāb 
Ūqlīdis (Epitome of Euclid’s book [i.e., the Elements]),85 in which we learn from 
the colophon that it was completed on Sunday, 22 Ṣafar 615 H (=Saturday-Sunday, 
19-20 May 1218 CE).86 

––––––––––––––––– 
“Chaghmīnī,” 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 Muḥammad ibn ʿUmar al-Andiqānī of Jaghmīnī’s al-Mulakhkhaṣ (Tarjumah
yi al-Mulakhkhaṣ fī al-Hayʾa, in Nāmah-yi Maʿānī, Yādnāmah-yi Ustād Aḥmad Gulčīn Maʿānī 
(Memoirs of Master Aḥmad Gulčīn Maʿānī) [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 Talkhīṣ kitāb  
Ūqlīdis, 249–53. Jaghmīnī specifically mentions the year 1516 of Dhū 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 Jaghmīnī’s use of these two successive dates was also noted by Ghalandari, “Chaghmīnī,”  
19:356–57; and Qāsimlū, “Chaghmīnī,” 12:61.  
83 Obviously being able to connect a specific date 601-2/1204-5 with the dedicatee Shihāb al- 
D n is extremely valuable information; it is also significant that the statement informs us that  ī 
Shihāb al-Dīn is still alive. This information, however, is only contained in the Paris 
manuscript; the Qum facsimile substitutes the word fulān [meaning “unspecified person”] in 
its place (see Talkhīṣ kitāb Ūqlīdis, 249). 
84 See Barthold, who lists four Shihāb al-Dīn’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 Jaghmīnī’s dedicatee since he lists Paris MS 2589 as a wit
ness for this work in “Die Mathematiker und Astronomen,” 164–65. 
85 See Talkhīṣ kitāb Ūqlīdis, 16. 
86 See Talkhīṣ kitāb Ūqlīdis, 246. 
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In addition to Shihāb al-Dīn al-Khīwaqī’s nisba, which indicates that his family 
hailed from Khīwa in the heart of Khwārizm, 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-Dīn al-Qalānisī. This 
is due to Shihāb al-Dīn’s eminence as a scholar as well as his important role as 
advisor to the Khwārizm Shāh ʿAlāʾ al-Dīn Muḥammad (r. 596–617/1200–20). In 
fact, Muḥammad ibn Aḥmad al-Nasawī (fl. 639/1241), in his Sīrat al-Sulṭān Jalāl 
al-Dīn Mankubirtī (a biography of the Khwārizm Shāh who reigned 617–28/1220– 
31) devotes an entire chapter to Shihāb al-Dīn in which he describes his departure 
from Khwārizm to Nasā during the crumbling of the Khwārizm dynasty just prior 
to the arrival of the Mongols circa 618/1221.87 Furthermore, there are also other 
sources that specifically mention Shihāb al-Dīn al-Khīwaqī and that provide 
insightful information about the period; among these, several were written by 
contemporary historians.88 

With specific regard to Jaghmīnī’s patrons, we have a situation parallel to that 
of Badr al-Dīn in that Shihāb al-Dīn is another example of a dedicatee who is rec
ognized as a highly esteemed scholar/Shāfiʿī Imām.89 In addition, both Badr al-Dīn 

––––––––––––––––– 
87 See Nasawī, Sīrat al-Sulṭān Jalāl al-Dīn, 109–15, Ch. 23: On the Arrival of Shihāb al-Dīn 
al-Khīwaqī to Nasā from Khwārizm (=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]). Nasawī entered the service of Jalāl al-Dīn 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 Khurāsānian and living there during this 
period (see Barthold, Turkestan, 38–39). 
88 See ʿAlāʾ al-Dīn al-Juwaynī (d. 681/1283), Tārīkh-i Jahān-gushā [in Persian] (=The His
tory of the World-Conqueror by ʿAla-ad-Din ʿAta-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-Athīr, al-Kāmil fī ’l-Taʾrīkh [in Arabic] (Beirut: Dār 
ṣādir, 1966), 12:362–63 (=The Chronicle of Ibn al-Athīr for the Crusading Period from al
Kāmil fīʾl-Taʾrīkh. Part 3, The Years 589–629/1193–1231: The Ayyūbids 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); Minhāj Sirāj Jūzjānī (born 589/1193) wrote his Ṭabaqāt-i 
Nāṣirī [in Persian] in 658/1260 (=A General History of the Muhammadan Dynasties of Asia, 
including Hindūstān, from A.H. 194 (810 A.D.) to A.H. 658 (1260 A.D.) and the Irruption of 
the Infidel Mughals into Islām, 2 vols., trans. Major H. G. Raverty (London, 1881), esp. 252– 
78; and Yāqūt ibn ʿAbd Allāh al-Ḥamawī (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 (Muʿjam al-buldān li-l-Shaykh al-imām Shihāb al-Dīn Abī ʿAbd Allāh Yāqūt ibn ʿAbd 
Allāh al-Ḥamawī al-Rūmī al-Baghdādī, 5 vols. (Beirut: Dār ṣādir, 1957), 5:114. See also 
J. A. Boyle, “Dynastic and Political History of the Īl-Khāns,” 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 Ayyūbid 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 Shihāb al-Dīn, see 376, 404–5, 429). 
89 Nasawī informs us that “Regarding the science of law, [Shihāb al-Dīn] combined 
knowledge of lexicography, medicine, and dialectic, and other sciences. Eloquent and versed 
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al-Qalānisī and Shihāb al-Dīn had government affiliations. In the case of Shihāb al-
Dīn, these are more pronounced; it is reported that he held the status of a trusted 
advisor (wakīl) to the Khwārizm Shāh ʿAlāʾ al-Dīn Muḥammad himself, who “con
sulted him in all serious circumstances and yielded to his decision in important 
matters.”90 These scholars seem to have used their positions with governmental con
nections to promote scholarly activities (especially the teaching of the sciences).91 

It is worth noting that the Khwārizm Shāh ʿAlāʾ al-Dīn Muḥammad also had a close 
relationship with Fakhr al-Dīn al-Rāzī (d. 606/1210),92 so presumably he was highly 
receptive to supporting scholarly endeavors. Indeed, it is stated that Shihāb al-Dīn 
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. Nasawī 
informs us that Shihāb al-Dīn was charged with teaching in five madrasas and had 
built a library in a Shāfiʿī mosque in Khwārizm that had no equal “either before or 
since.”93 If this were true then it would surpass Yāqūt al-Ḥamawī’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” (Sīrat al-Sulṭān Jalāl al-Dīn, 109 [=Houdas,  
Histoire du Sultan, 82]). Cf. Ibn Athīr, al-Kāmil fī ’l-taʾrīkh, 12:362–63 (=Richards, The  
Chronicle of Ibn al-Athīr, 206).  
90 Nasawī, Sīrat al-Sulṭān Jalāl al-Dīn, 109 (=Houdas, Histoire du Sultan, 82). The position 
of wakīl 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 Ayyūbid Period,” 16). 
Barthold also mentions Shihāb al-Dīn’s position of wakīl at the Khwārizmian court, and 
points out that in the twelfth century, Khwārizm Shāh ʿAlāʾ al-Dīn Muḥammad’s “bold re
form” (379) transferred power from the Imperial wazīr alone to a mandatory unanimous 
decision by six wakīls (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 ʿulamāʾ 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 Aydın Sayılı’s as
sertion that the Seljuk system of civil administration looked to the Shāfiʿī 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 ʿAlāʾ al-Dīn Muḥammad was a patron of Fakhr al-Dīn, and also entrusted him with tutoring 
his children (see See Frank Griffel, “On Fakhr al-Dīn al-Rāzī’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-Dīn being a tutor 
to a young Muḥammad during the reign of his father ʿAlāʾ al-Dīn Tekish (567–96/1172–1200) 
(A Study on Fakhr al-Dīn al-Rāzī and His Controversies in Transoxiana [Beirut: Dar El-
Machreq Editeurs, 1984], 19). 
93 Nasawī, Sīrat al-Sulṭān Jalāl al-Dīn, 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.94 

The dating for Jaghmīnī’s two dedications to Shihāb al-Dīn (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 
Khwārizm Shāh ʿAlāʾ al-Dīn Muḥammad (596–617/1200–20). So the composi
tion dates of several of Jaghmīnī’s treatises in conjunction with the floruits of his 
two dedicatees all support the contention that Jaghmīnī f lourished during his reign 
and that of the Khwārizm Shāh ʿAlāʾ al-Dīn Tekish (r. 567–96/1172–1200). Where 
Jaghmīnī 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 
Talkhīṣ kitāb Ūqlīdis. If he managed to evade the ensuing massacres that occurred 
in the cities of Bukhara (616–17/1219–21) and Samarqand (617/1220-21),95 he 
would have witnessed the ushering in of the reign of Jalāl al-Dīn, 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 Khurāsān and Khwārizm and 
destroyed major centers of learning, such as the cities of Merv and Gurgānj (in 617– 
18/1220–21), where most likely Jaghmīnī 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.96 

We know more specifically about the fate of Shihāb al-Dīn; it is reported that 
his ill-fated advice to the Khwārizm Shāh ʿAlāʾ al-Dīn Muḥammad eventually led 
to his fleeing to the city of Nasā,97 along with his son Tāj al-Dīn, where Nasawī 
writes that they both perished circa 1220. Nasawī also informs us of Shihāb al-Dīn’s 

–––––––––––––––––  
94 See Yāqūt, Muʿjam al-buldān, 5:114; Svat Soucek provides an English translation of these  
relevant parts in A History of Inner Asia (Cambridge: Cambridge University Press, 2000),  
114–15 (“The conquering Mongols”).  
95 Accounts vary whether it was 616 or 617 H [1220] for the capture of Bukhara. However, 
all the sources agree on the ensuing devastation; Juwaynī describes how Chingiz Khān “mar
tyred the whole of the inhabitants, put the ʿUlamāʾ to the sword, and gave the libraries of 
books to the flames.” He then marched towards Samarqand and captured it on 617/1220 
(Ṭabaqāt-i Nāṣirī, Raverty [trans.], 274–75); cf. Ibn al-Athīr, al-Kāmil fī ’l-taʾrīkh, 12:361– 
68 (=Richards, The Chronicle of Ibn al-Athīr, 204–10); and Juwaynī, 1:75–84 (=Boyle, 
History of the World, 1:97–109 [XVI: Of the Capture of Bukhara]). 
96 Ibn al-Athīr, al-Kāmil fī ’l-taʾrīkh, 12:389–95, esp. 394–95 [On the Destruction of 
Khwārazm] (=Richards, The Chronicle of Ibn al-Athīr, 224–28, esp. 227–28); Juwaynī, 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 Nasā, also the hometown of al-Nasawī and where Shihāb al-Dīn is buried, is situated in 
Khurāsān [near modern-day Ashgabat, Turkmenistan] and was considered a five-day journey 
westward from Merv, two days from Sarakhs, one day from Abīvard, and six or seven days 
from Nīsābūr. See Yāqūt, Muʿjam al-buldān, 5:282; and “Nésâ and Nisa” in Houdas, Histoire 
du Sultan, 458. See also V. Minorsky [C. E. Bosworth], “Nasā, Nisā” in EI2 (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.98 

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 
Jaghmīnī 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 Mulakhkhaṣ surfacing (=MS L); and shortly 
thereafter, we find two extant copies of a treatise that Jaghmīnī composed on arith
metic, both bearing colophon dates from the seventh/thirteenth century, and one 
explicitly stating that it was completed in the Ṣadriyya madrasa in Khwārizm in 
661/1263.99 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. 

I.2.4 So What’s in a Date? 

Pinpointing that Jaghmīnī 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 Mulakhkhaṣ and the Qānūnča—is not insignificant. More is at 
stake than just finally putting to rest repeated errors contained within the secondary 
sources; determining that Jaghmīnī flourished during the period of the reign of the 
Khwārizm Shāhs 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.100 

This also means that we should consider that the massive scientific efforts 
occurring in thirteenth-century Marāgha under the directorship of Naṣīr al-Dīn al
Ṭūsī (597–672/1201–74) was a remarkable resuscitation by Ṭūsī (and others) of a 

––––––––––––––––– 
98 Nasawī, Sīrat al-Sulṭān Jalāl al-Dīn, 110–11, 115 (=Houdas, Histoire du Sultan, 84, 88– 
89); Barthold, Turkestan, 424, 429–30. One can certainly sympathize with Nasawī’s anguish 
regarding the loss of massive numbers of scholarly works; clearly, there was no suitcase large 
enough to contain them all. 
99 Specifically, Tehran, University of Tehran, Central Library and Documentation Center, 
MS 6911, p. 12, states it was completed Monday, at noon, the beginning of Rabīʿ II 660 
[=probably, 27 February 1262]; and Princeton, Princeton University, Garrett MS 502H, f. 
51a states it was completed in Khwārizm, at the Ṣadriyya madrasa at the end of Shawwāl 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. Quṭb al-Dīn al-Shīrāzī provides a historical summing up of the hayʾa liter
ature up to his time in his major astronomical work Nihāyat al‐idrāk fī dirāyat al
aflāk (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, Jaghmīnī’s al-Mulakhkhaṣ 
included.101 

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

§ I.3 An Overview of Summary Accounts of Astronomy 
Before the Mulakhkhaṣ 

Jaghmīnī’s elementary astronomical work al-Mulakhkhaṣ fī al-hayʾa al-basīṭa 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 hayʾa texts, Jaghmīnī’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-ʿālam), 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 ʿilm al-hayʾa 
(the science of hayʾa) came into being in an Islamic context, and how Jaghmīnī’s 
text fits into this genre, both in content and historically.102 

–––––––––––––––––  
101 See F. J. Ragep, “Shīrāzī’s Nihāyat al-Idrāk: Introduction and Conclusion,” 51 [Arabic],  
55 [Eng. trans.]. Shīrāzī specifically cites al-Mulakhkhaṣ as one of “the books…set forth and  
composed in this discipline.” This is yet another indication that Jaghmīnī flourished prior to  
the Nihāya’s composition date (i.e., 680/1281).  
102 My goal is not to provide a general survey of hayʾa literature, but rather to highlight hayʾa  
works prior to Jaghmīnī’s Mulakhkhaṣ that were mainly used as introductory texts for  
teaching purposes. For overviews of hayʾa, see F. Jamil Ragep: “Astronomy,” Encyclopaedia  
of Islam, THREE [hereafter cited as EI3], ed. Gudrun Krämer 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”); “Hayʾa,” 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, Ibn al-Haytham’s “On the  
Configuration of the World” (New York: Garland [Harvard Dissertations in the History of  

http://referenceworks.brillonline.com/entries/encyclopaedia-of-islam-3/astronomy-COM_22652
http://referenceworks.brillonline.com/entries/encyclopaedia-of-islam-3/astronomy-COM_22652
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I.3.1     The Meaning of ʿIlm al-hayʾa 

Jaghmīnī’s al-Mulakhkhaṣ is part of a genre of astronomical literature termed ʿilm 
al-hayʾa, which developed at least as early as the eleventh century in eastern Islam 
and replaced ʿilm al-nujūm (the science of the stars), or sometimes “astronomia” as 
transliterated from the Greek, as the general term for the discipline of astronomy.103 
Naṣīr al-Dīn al-Ṭūsī (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.”104 This new delineation of astronomy focused on topics related to the 
configuration (hayʾa) 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 Qāḍīzāde, a fifteenth-century commentator on the Mulakhkhaṣ, this 
definition was a way “modern” Islamic astronomers (in which he includes 
Jaghmīnī) differentiated their science from that of the ancient Greeks in that it 
brought together the unchanging realm of the celestial aether and the ever-changing 
realm of the four elements, the world of generation and corruption, into a single 
discipline.105 And although one finds topics dealing with the inhabited world in-
cluded within Greek astronomical works, indeed a prominent example being 
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Science], 1990), 25–34 (“Predecessors and the hayʾah tradition”); and David Pingree, “ʿIlm 
al-hayʾa,” in EI2 (1971), 3:1135–38.  
103 E.g., in the tenth century ʿilm al-nujūm is still being used in Islamic reference books by 
al-Fārābī in his Enumeration of the Sciences, Abū ʿAbd Allāh al-Khwārizmī in his Mafātīḥ 
al-ʿulūm, and the Ikhwān al-Ṣafāʾ in Epistle 3 of their Rasāʾil as the general term for astron-
omy (with the latter two designating ʿilm al-hayʾa as a branch). However, ʿilm al-hayʾa 
becomes the general term in Ibn Sīnā’s (d. 1037) Aqsām al-ʿulūm al-ʿaqliyya (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, I.Intr.[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-Akfānī (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-Akfānī 
[Leiden: Ter Lugt Pers, 1989], 408). 
105 Qāḍīzāde (Sharḥ al-Mulakhkhaṣ, Istanbul, Ayasofya MS 2662, f. 2b) informs us:  

والسفلية من  الأجرام البسـيطة العلوية يكون المراد بهيئة العالم علم الهيئة الذي يبحث فيه عن أحوال ويمكن أنْ 
لية لانّ المتاخّٔرين لقنا القول في البسائط السف منها. وإنماّ أط  حيث الكمية والكيفية والوضع والحركة اللازمة لها وما يلزم

 ومنهم المصنفّ تعرّضوا لها مطلقاً وإنْ لم يتعرّض صاحب المجسطي منها إلاّ لكرة الأرض والماء معاً. 
“…[Also] it is possible that [Jaghmīnī’s] intention by hayʾa of the world is the science of 
hayʾa 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 



28  S.P. Ragep 

Ptolemy’s Almagest, Book II,106 it is significant that Islamic astronomers saw 
themselves as doing something new and considerably expanded.107 

One major consequence of the recategorization of the discipline from ʿilm al
nujūm to ʿilm al-hayʾa is that hayʾa is no longer a subdivision of astronomy but 
becomes the term for the field in general. Hayʾa basīṭa (plain hayʾa) then becomes 
one branch of the discipline, which provides a general overview of cosmography 
but devoid of geometrical proofs and complex mathematical derivations;108 

Jaghmīnī’s al-Mulakhkhaṣ fī al-hayʾa al-basīṭa falls into this category. Thus, the 
genre of hayʾa 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 hayʾa 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.109 

Some modern studies of the discipline of ʿilm al-hayʾa 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.110 This interpretation categorizes ʿilm al-hayʾa, at least before 

–––––––––––––––––  
Moderns, among whom is the author [i.e., Jaghmīnī], deal with it without restriction even  
though the author of the Almagest only presents the sphere of the Earth and water together  
[i.e., without the other lower simple elements].”   

Note that Qāḍīzāde’s definition for the subject matter of the discipline of astronomy [in 
bold] is strikingly similar to that of Ṭūsī’s (Tadhkira, I.Intr.[2]) quoted above. Qāḍīzāde 
suggests this definition could also apply to Jaghmīnī, since Jaghmīnī does not provide one in 
the Mulakhkhaṣ within his explanation of hayʾa and discussion of the simple bodies (see 
Mulakhkhaṣ, Intr.[1]). 
106 Moreover, Ptolemy is the authority Jaghmīnī relies on for matters pertaining to the terres
trial region (Mulakhkhaṣ, II.1[2]).  
107 This was pointed out by F. J. Ragep, Tadhkira, 1:38; and Ragep, “Astronomy in the  
Fanārī-Circle: The Critical Background for Qāḍīzāde al-Rūmī and the Samarqand School,”  
in Uluslararası Molla Fenârî Sempozyumu (4–6 Aralık 2009 Bursa) (International sympo
sium on Molla Fanārī, 4–6 December 2009 Bursa), ed. Tevfik Yücedoğru et al. (Bursa, 2010),  
165–76.  
108 Ragep, Tadhkira, 1:35, 36–37. 
109 Jaghmīnī informs us that why simple bodies are spherical when left unimpeded and in 
their natural state is “shown in another science” (Mulakhkhaṣ, Intr.[1]). Likewise, Ṭūsī ex
plicitly states that there is a demarcation of how to deal with the same subject matter between 
disciplines and that the science of hayʾa 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, “ʿIlm al-hayʾa,” 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 Almagest 
were mathematical devices or fictions designed to account accurately for observa
tions (i.e., “to save the phenomena”) and for their predictive ability.111 This view of 
ʿilm al-hayʾa, 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).112 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.113 

Unlike works falling under the rubric of ʿilm al-nujūm, another significant fea
ture of hayʾa 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 Encyclopædia 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-Kharaqī (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. 
111 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 I.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).  
112 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” (Ibn al-Haytham’s “On the Configuration of the World,” 25). 
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ʿilm al-hayʾa from astrology had important ramifications, a prominent one being 
that it helped to secure hayʾa 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 ʿilm al-hayʾa, 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.114 

However, one should not conclude that any “Islamic” corpus of scientific and 
philosophical works totally eliminated Greek or any other “foreign” elements;115 

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.116 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.117 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 
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114 See George Saliba: “Islamic Astronomy in Context: Attacks on Astrology and the Rise of 
the Hayʾa 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 A 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 
Ṭūsī’s “theological” work, the Tajrīd al-ʿAqāʾid, ʿAlī Qushjī 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, “ʿAlī Qushjī 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’Études 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-Qabīṣī and Abū Maʿshar,” Early Science and Medicine 7, no. 3 (2002): 
198–213. 
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of an individual’s life”;118 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.119 Therefore, as
tronomical treatises that lacked the taint of astrology, such as hayʾa works, were 
presumably far less objectionable for inclusion within religious institutions.120 On 
the other hand, content contained in hayʾa 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”?121 

When Badr al-Dīn al-Qalānisī requested that Jaghmīnī compose an elementary 
hayʾa basīṭa 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 ʿilm al-hayʾa; however, it was a genre that had been several centuries in 
the making and so by then had become an established discipline. Jaghmīnī then was 
confronted with a rather daunting task (Mulakhkhaṣ, II.3[11]) in that by that period 
he had inherited quite an extensive corpus of sources as well as pedagogical styles 
to choose from.122 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 
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118 See A. I. Sabra, “Configuring the Universe. Aporetic, Problem Solving, and Kinematic  
Modeling as Themes of Arabic Astronomy,” Perspectives on Science 6, no. 3 (1998): 289.  
119 For a scathing critique against both astrology and alchemy, see Ibn Khaldūn, The  
Muqaddimah: 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 hayʾa work such as the Mulakhkhaṣ 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 Jaghmīnī’s exclusion of astrological dis
cussions indicated that “he must have looked down on it with contempt” and that “Jaghmīnī’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 Maḥmûd ibn Muḥammed ibn  
‘Omar al-Ǵagmînî,” 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  
Jaghmīnī composed a separate work on astrology (see I.2.3c: Further Evidence for Dating  
Jaghmīnī 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 
Jaghmīnī’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-Dīn’s lofty 
proposal that he compose an elementary introduction toʿilm al-hayʾa. 

I.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.”123 Indeed, once Ptolemy 
came on the scene, he undoubtedly had a profound impact on theoretical astronomy, 
including the development of the hayʾa tradition that became dependent on his 
works. Nevertheless, before moving on to this, it is worth highlighting the emer-
gence of “a particular literary topos, the introduction,” beginning in the first century 
BC as a way for writers to present views of celestial science (astrologia in Latin; 
ἀστρολογία in Greek) to their readers.124 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.125 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 
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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.126 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.127 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.128 

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.129 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.130 Also, several of these 
works include causal explanations to account for various aspects of celestial sci-
ence,131 which distinguishes them from hayʾa 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.132 Nev-
ertheless, their employment of the Babylonian sexagesimal system (dating back to 
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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 Introduction 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), Jaghmīnī does not employ literary references 
in the Mulakhkhaṣ (unless one counts his dedicatory verse to Badr al-Dīn [see Preface]), and 
we know that he composed poetry from another of his works (see Talkhīṣ kitāb Ūqlīdis, 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. 
II [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. 
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 the notation for 
Ptolemaic parameters and subsequent hayʾa works (including the Mulakhkhaṣ), and 
was a system so widely used by Islamic astronomers that it became known as “the 
astronomers’ arithmetic.”133 

I.3.2b Ptolemy134 

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 hayʾa,135 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-Majisṭī), 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.”136 The work, in thirteen books, provides geometric models, 
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13–15, 125, 192n4, 228–29). See also, Bowen, “Three Introductions to Celestial Science in  
the First Century BC,” 306–8, 316–18, 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 I [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.137 

Ptolemy continued to develop and modify his astronomy throughout his career. 
For example, in the Almagest Ptolemy is still uncertain about the order of the 
spheres (especially for Venus and Mercury) and their distances (Almagest, IX.1), 
and he provides absolute distances only for the Moon (through parallax) and the 
Sun (through eclipses) based on Earth radii.138 However, Ptolemy revisits and rec-
tifies these concerns in his later two-part work, the Planetary Hypotheses (Kitāb al-
iqtiṣāṣ or Kitāb al-manshūrāt); 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 hayʾa.”139 Ptolemy’s 
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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 zīj literature, which 
Jaghmīnī refers to in the Mulakhkhaṣ (I.2[10]; II.3[7]). For example, the zīj of al-Battānī 
(whom Jaghmīnī mentions (II.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 1a: 
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 Kitāb al-Manshūrāt,” 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 hayʾa 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 hayʾa works include the new, improved parameters. 
Jaghmīnī, for example, opts in the Mulakhkhaṣ (for reasons unknown) to use the 
Ptolemaic values of the Almagest rather than those of the Planetary Hypotheses.140 
Jaghmīnī also omits any discussion of sizes and distances in the Mulakhkhaṣ, which 
is typically contained in a hayʾa 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 Jaghmīnī considered that pedagogically the subject of sizes and 
distances was inappropriate for an elementary textbook. In fact, this is Qāḍīzāde’s 
assessment, namely, that the topic was omitted due to its difficulty.141 

On the other hand, Jaghmīnī does present “updated” information from Ptolemy’s 
Geography, which he wrote after the Almagest.142 In the Geography, which was 
translated into Arabic in the ninth century,143 Ptolemy showcases topics of the ter-
restrial realm, in contrast to the relatively minor role they played in the Almagest; 
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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 Thābit b. Qurra); Olaf Pedersen, A Survey of the Almagest (Odense: Odense Uni-
versity Press, 1974), 393–97; and Toomer, “Ptolemy,” 197. 

140 A specific example of this is Jaghmīnī’s parameters for the maximum inclination of the 
inclined orbs from the zodiacal orb (see Mulakhkhaṣ, I.5[16]); Jaghmīnī 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 Almagest, 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 Qāḍīzāde, Sharḥ al-Mulakhkhaṣ (Istanbul, Ayasofya MS 2662, f. 4a) where he states 
that the difficulty (ṣuʿūba) of the subject is the reason for its omission. See also Ragep, 
Tadhkira, 2:500n1. Here one should also keep in mind that Jaghmīnī wrote a separate short 
treatise on sizes and distances. It is interesting, though, that Jaghmīnī omits all discussion of 
sizes and distances in the Mulakhkhaṣ, but includes in this “elementary” textbook the 
parameters for planetary latitudes, a subject known for its complexity (according to 
Swerdlow, “Ptolemy’s Theories of the Latitude of the Planets in the Almagest, Handy Tables, 
and Planetary Hypotheses,” 41–42). 

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

143 Ibn al-Nadīm 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-Kindī made a bad translation of it and then Thābit 
[ibn Qurrah] made an excellent Arabic translation. It is also extant in Syriac” (see Ibn al-
Nadīm, Kitāb al-Fihrist, ed. Riḍā Tajaddud [Beirut: Dār al-Masīra, 1988], trans. as The 
Fihrist of al-Nadīm: 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.144 Included in this 
is Ptolemy’s latest information on the borders of the oikoumenê;145 and since this is 
a subject dealt with extensively in hayʾa textbooks, i.e., directly related to matters 
of hayʾat al-arḍ, any Ptolemaic modifications made here would have been of great 
concern. This is reflected in the Mulakhkhaṣ; though Jaghmīnī 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 
II.1[2] and Commentary).146 

Some have suggested that Ptolemy’s Almagest and Planetary Hypotheses be 
“linked” with his great astrological work the Tetrabiblos as together providing a 
better understanding of his cosmology;147 however, there is no evidence that the 
Tetrabiblos played a part in the Mulakhkhaṣ. 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.148 
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[New York: Columbia University Press, 1970], 2:640; cf. the more recent critical edition by  
Ayman Fuʾād Sayyid, 2 vols. in 4 [London: Al-Furqān 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), 50–52 (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 Almagest, 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, 82–83 (II.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 Almagest: as the latter 
enables one to predict the positions of the heavenly bodies, so the former expounds the theory 
of their influences on terrestrial things” (“Ptolemy,” 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 Jaghmīnī was certainly familiar with the subject of astrology, and composed a short 
treatise entitled Fī quwā al-kawākib wa-ḍaʿfihā (The Strengths and Weaknesses of the 
Planets) (see I.2.3c: Further Evidence for Dating Jaghmīnī and Appendix I (“Jaghmīnī’s 
Works,” no. 4). 
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I.3.2c 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.”149 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 hayʾa 
compositions.150 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.151 Proclus presents ten problems by 
which he criticizes various attempts by astronomers to account for the irregular 
movements of the heavenly bodies;152 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.153 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.154 Given his neo-Platonic bent, Proclus’s ability to distinguish himself 
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149 Neugebauer, HAMA, 3:1036. 
150 For example, Proclus’s Hypotyposis lacks any discussion of the terrestrial realm, which is 
included in Ptolemy’s Almagest and a prominent feature of most hayʾa 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 Kitāb al-Manshūrāt,” 323–40; and 
Neugebauer (HAMA, 2:920–91), who includes tables of comparative values for Ptolemy, 
Proclus, and Thābit ibn Qurra (2:920–22). 
151 Proclus discusses the use and construction of Ptolemy’s instrument for determining the 
obliquity of the ecliptic (Almagest, I.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, VII.2 [328]) (see Procli Diadochi Hypotyposis, 235). 
153 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, XIII.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 hayʾa tradition of “reforming” Ptolemaic astron-
omy rather than “overthrowing” it.155 

In addition to Proclus’s Hypotyposis, mention should be made of several other 
works sometimes listed as “introductions” to the Almagest but which are actually 
commentaries. One is by Pappus (fl. 320); 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;156 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 Shukūk [Doubts] literature, in which difficulties or objections 
were raised against ancient authorities. (The term shukūk [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-Biṭrūjī,” in Transfor-
mation and Tradition in the Sciences: Essays in Honor of I. Bernard Cohen, ed. Everett 
Mendelsohn (Cambridge: Cambridge University Press, 1984), 133–35; “Configuring the 
Universe,” 290–1, 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-Nadīm 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 Schrifttums, 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-Nadīm as: “A commentary on Ptolemy’s book about finding the 
plane,” and it was translated into Arabic by Thābit ibn Qurra (642). See also Neugebauer, 
HAMA, 2:965–69. 
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Olympiodorus.157 All three of these works contain some overlap, and deal with con-
tent concerned with explanations of mathematical computations.158 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-Kindī, who was well known for 
his attempts to make difficult Greek subject matter more comprehensible for a 
broader audience.159 According to Franz Rosenthal, Theon’s commentary on the 
Almagest was a major source for al-Kindī’s Kitāb fī al-ṣināʿa al-ʿuẓmā, a work deal-
ing with the first eight chapters of Book I of the Almagest, and from which 
“Ptolemy’s original ideas are often given precedence, but on the whole, Theon’s 
text is followed faithfully.”160 

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 Arabic161 or into Latin (in toto or in parts). We do know, 

––––––––––––––––– 
157 Joseph Mogenet considers Eutocius as being the anonymous author of a work he entitles, 
“L’introduction à l’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: Birkhäuser, 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 n1; 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 (Almagest, I.3; see Toomer, Ptolemy’s Almagest, 39–40, 40n25).  

159 See Franz Rosenthal, “Al-Kindī and Ptolemy,” Studi Orientalistici in Onore di Giorgio 
Levi Della Vida, Pubblicazioni dell’Istituto per l’Oriente, 52 (Rome, 1956), 2:440, 444. I 
return to al-Kindī’s Almagest commentary later as well as one by Abū Jaʿfar al-Khāzin, 
whose Tafsīr al-Majisṭī also dealt with isoperimetric problems. 

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

161 Ibn al-Nadīm 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;162 and so one would presume his 
astronomical knowledge (with a Ptolemaic bent) would have influenced future gen-
erations of scholars.163 

In ninth-century Western Europe there is “no knowledge of works by 
Hipparchus, Ptolemy, or Theon of Alexandria”;164 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.165 Originally, Roman astronomy relied on “odds and 
ends” of ancient Greek astronomy for pedagogical purposes; but this virtually made 

––––––––––––––––– 
162 It 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 Almagests, Proclus’s 
Hypotyposis, Theon of Alexandria’s commentary on the Almagest, 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.”166 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:167 

Pliny the Elder’s (first century CE) detailed encyclopedic Historia naturalis, 
specifically Book II (on celestial phenomena) and Book VI (on terrestrial 
matters);168 Macrobius’s Commentarii in somnium Scipionis (fifth century), a broad 
cosmological overview connecting the celestial and terrestrial realms;169 and Mar
tianus Capella’s De nuptiis Philologiae et Mercurii (fifth century), Book VIII, 
which provided some elementary astronomical concepts and data.170 

––––––––––––––––– 
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 (Wrocław: 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 
(II.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 trivium (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.171 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.172 Accompanying this is a general lack of technical ac-
curacy and mathematical explanations,173 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,174 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.”175 

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.176 This would have 

––––––––––––––––– 
Heavens, 12–14, 20–21, 244–59, 303; Gerd Graßhoff, “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” (As-
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, I.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.”177 Thus, it is highly unlikely 
that Islamic astronomers would have relied on Roman sources for astronomical 
knowledge.178  

I.3.3     Islamic Forebears 

Many Islamic scholars writing on theoretical astronomy supported Ptolemy’s view, 
as stated in the Almagest preface, that two of Aristotle’s three divisions of 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.”179 By the ninth century, 
Ptolemy’s Almagest had been translated no less than five times,180 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 Almagest and handed 
Islamic astronomers the roadmap to a complete cosmographical system.181 

––––––––––––––––– 
177 Rosenthal, The Classical Heritage in Islam, 14. 
178 Neither Ibn al-Nadīm’s Fihrist nor Sezgin’s GAS, 6 include Roman authors in their listings 
of works translated into Arabic. 

179 See Almagest I.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 Maʾmūn (one by al-Ḥasan ibn Quraysh and another by al-Ḥajjāj ibn Maṭar) and a 
later translation by Isḥāq ibn Ḥunayn for Abū al-Ṣaqar ibn Bulbul, which was revised by 
Thābit ibn Qurra. Ibn al-Nadīm reports attempts at translating the Almagest into Arabic even 
earlier in the eighth century due to the interest of Yaḥyā ibn Khālid, the Barmakid vizier to 
the Caliph Hārūn al-Rashīd. Ibn al-Nadīm also adds al-Nayrīzī to the list of translators, stating 
this version was corrected by Thābit (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 Almagest 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 Thābit 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.182 

Needless to say, elementary Islamic astronomical textbooks on hayʾa were the 
beneficiaries of this directive. 

I.3.3a The Moderns183 

It is not uncommon to find references in hayʾa works referring to the opinions of the 
“Moderns” (see, for example, Mulakhkhaṣ, I.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 hayʾa, 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 ʿ Abbāsid caliphs like al-Maʾmūn (r. 813–33).184 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, I.1 [Preface]; VII.1 and 3; XIII.11 [Epilogue] (Toomer, Ptolemy’s 
Almagest, 37, 37n11, 321, 329, 647 respectively). A. I. Sabra reiterates the point that, 
“Islamic astronomers must have derived much hope and encouragement from the fact that 
their observational activities were taking place at a time sufficiently remote from Ptolemy’s 
to allow for obtaining significant results, the intervening period being significantly longer 
than the one that had separated Ptolemy’s own observations from, say, those of Hipparchus” 
(“Configuring the Universe,” 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 versi on of this article, see also Geert Jan van 
Gelder, “Muḥdat̲h̲ūn,” in EI2 (2004), 12:637–40. 
184 Maʾmūn sponsored two sets of observations (one in Baghdad in 828, by astronomers who 
included Yaḥyā ibn Abī Manṣūr, 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, Jaghmīnī would have inherited a rather 
extensive corpus of hayʾa 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 Jaghmīnī 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 Mulakhkhaṣ fits into the hayʾa genre. 

It has been suggested that during the earliest stages of this formative period of 
science, the ʿAbbāsid astronomer Yaʿqūb ibn Ṭāriq (fl. late eighth-century Bagh
dad) composed one of the first hayʾa works, based on the title being Tarkīb al-aflāk 
(On the Arrangement of the Orbs), and also that the work deals with planetary sizes 
and distances,185 a common topic associated with most (though not all) hayʾa works 
(for example, it is omitted in the Mulakhkhaṣ). 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 planetary distances. But as al
Bīrūnī aptly commented, the Hindu approach is markedly different than Ptolemy’s 
“computation of the distances of the planets in the Kitâb-almanshûrât, and in which 
he has been followed both by the ancient and the modern astronomers.”186 Indeed, 
once Ptolemy’s Almagest and Planetary Hypotheses were translated into Arabic in 
the ninth century, it is not an exaggeration to state that they become the formative 
works for the hayʾa tradition. So it is not surprising that Bīrūnī, writing two 
centuries later, would view Yaʿqūb ibn Ṭāriq’s cosmology as unfamiliar and “based 
on a principle which is unknown to me in the present stage of my knowledge.”187 

––––––––––––––––– 
833] near Damascus) with the intent of verifying Ptolemy’s parameters in the Almagest and 
Handy Tables. One important improvement was determining new values for the obliquity of 
the ecliptic. See Lennart Berggren, “Maʾmūn,” and Benno van Dalen, “Yaḥyā ibn Abī 
Manṣūr,” 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 Ibn al-Nadīm, Fihrist, Dodge 2:653; Sayyid 2/1:237. In addition, Maʾmūn 
sent a group of scientists to the Plain of Sinjār 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 Ḥabash al-Ḥāsib,” Centaurus 28, no. 2 [1985]:108–28), 
who presents a portion of Ḥabash’s Arabic text with English translation, which is a record of 
the scientific projects carried out by the Caliph al-Maʾmūn. 
185 See Kim Plofker, “Yaʿqūb ibn Ṭāriq,” in BEA, 2:1250–51; and David Pingree, “The Frag
ments of the Works of Yaʿqūb ibn Ṭāriq,” Journal of Near Eastern Studies 27, no. 2 (Apr., 
1968): 98, 105–20. Pingree includes Bīrūnī’s extracts from Tarkīb al-aflāk found in 
Alberuni’s India (trans. Edward C. Sachau, 2 vols. [London: Trübner & Co., 1910], 2:67–68, 
80) in addition to Bīrūnī’s own comments. See also Ibn al-Nadīm, Fihrist, Dodge 2:659; 
Sayyid 2/1:245; Jamāl al-Dīn Abū al-Ḥasan ʿAlī ibn Yūsuf al-Qifṭī (d. 1248), Taʾrīkh al
ḥukamāʾ, ed. J. Lippert (Leipzig: Dieterich’sche Verlagsbuchhandlung, 1903), 373; and 
Sezgin, GAS, 6:124–27. 
186 Alberuni’s India, 2:69. 
187 See Alberuni’s India, 2:70. Bīrūnī provides a brief synopsis of Hindu planetary theory and 
points out that it differs from the Ptolemaic system (69). 
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Bīrūnī was certainly no Hellenophile;188 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 hayʾa 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 Māshāʾallāh (fl. 
Baghdad, 762–ca. 815), one of the early ʿAbbāsid astrologers associated with the 
courts of al-Manṣūr and al-Maʾmūn; according to Taro Mimura, it is probably a 
tenth-century composition.189 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),190 includes introductory chapters on hayʾa 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.191 

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 Muḥammad ibn Kathīr al-Farghānī, 
a scholar affiliated with the ninth-century Baghdad ʿAbbāsid court. His thirty-
chapter compendium on the science of the stars (Jawāmiʿ ʿilm al-nujūm),192 com
posed between 833 (after Maʾmūn’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.) Māshāʾallāh’s Liber de orbe: Its Date 
and Authorship,” The British Journal for the History of Science 48 (2015): 321–52. 
190 Ibn al-Nadīm lists the work as a “book known as The Twenty-Seven” (Fihrist, Dodge 
2:650–51; Sayyid 2/1:242). So does al-Qifṭī, Taʾrīkh al-ḥukamāʾ, 327 and Rosenfeld and 
İhsanoğlu, 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, “Māshāʾ allāh,” in DSB [1974], 9:162 [no. 25 in Pingree’s list of 28]); 
Julio Samsó, “Mās̲ h̲ āʾ Allāh,” in EI2 (1991), 6:710–12; and Sezgin, GAS, 6:129 (no. 2). 
191 See David Pingree, “MāshāʾAllāh: 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 Farghānī’s Jawāmiʿ is not really a summary, but more a compilation of selected parts of 
Ptolemy’s Almagest; see Ibn al-Nadīm, Fihrist, Dodge 2:660; Sayyid 2/1:247. Many titles 
have been attributed to this work: Ḥājjī Khalīfa just gives Kitāb al-Fuṣūl al-thalāthīn (The 
Book of 30 chapters) in his Kashf al-ẓunūn (4:438–39); but al-Qifṭī refers to it as Madkhal 
ilā ʿilm hayʾat al-aflāk wa-ḥarakāt al-nujūm (Introduction to the Science of the Structure 
(hayʾa) of the Orbs and the Movements of the Stars) (Taʾrīkh al-ḥukamāʾ, 78), although 
Farghānī refers to his work as ʿilm al-nujūm, not ʿilm al-hayʾa, and he restricts the use of the 
word hayʾa 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 Almagest 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” Maʾmūn values 
(which Farghānī specifically references).193 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.194 It also lacks any illustrations. 
Aside from providing the names of the Islamic months (Ch. 1), Farghānī avoids 
matters directly applicable to religion and natural philosophy, thus making it more 
in line with what we have described as the “hayʾah tradition.”195 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).196 Nevertheless, given the time and place, one 
must credit Farghānī with providing a description of the “hayʾa” of the orbs for 
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12, Jawāmiʿ, 45–49 [e.g., Paris, BnF, ar. MS 2504, ff. 127b–128b]). For more on Farghānī,  
the astronomer-astrologer-engineer, plus an overview of the content of the Jawāmiʿ, see A.  
I. Sabra, “Al-Farghānī,” in DSB (1972), 4:541–45 and Bahrom Abdukhalimov, “Aḥmad al
Farghānī 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 (Aḥmad ibn Muḥammad ibn Kathīr al-Farghānī [Alfraganus] (about 850 CE), 
Jawāmiʿ ʿilm al-nujūm wa-uṣūl al-ḥarakāt al-samāwīya, ed. Jacob Golius [Frankfurt am 
Main, 1986]) [hereafter cited as Jawāmiʿ]; Sezgin, GAS, 6:149–51; and Gregg DeYoung, 
“Farghānī,” in BEA, 1:357. 
193 Farghānī sometimes provides both the old (Ptolemaic) and the new (Maʾmūnī) parameters, 
exemplified by his statement that a number of scholars give the Maʾmūn value of 23;35 for 
the ecliptic obliquity as an update to Ptolemy’s 23;51 (see Ch. 5, Jawāmiʿ, 18; Paris, BnF, 
ar. MS 2504, f. 121a). Sometimes Farghānī gives only Maʾmūn’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, Jawāmiʿ, 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, Jawāmiʿ, 49–50; Paris, BnF, MS 
ar. 2504, f. 128b), versus replacing it with the updated 1°/66 value. For more specifics on 
Farghānī’s parameters, and comparisons with other sources, see the Commentary below, in
cluding the charts. 
194 One would have thought Farghānī, 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). 
196 Langermann suggests that Ibn al-Haytham may have had Farghānī’s Jawāmiʿ 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 Farghānī’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 Almagest rather than the Planetary 
Hypotheses. 

It is not at all clear who Farghānī’s target audience was (e.g., court officials or 
the general public); however, the Jawāmiʿ inspired a few Arabic commentaries— 
one by al-Qabīṣī (d. 967),197 another by Ibn Sīnā’s companion and literary secretary 
al-Jūzjānī (eleventh century),198 and possibly a third by al-Bīrūnī199—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 Jawāmiʿ, certainly in com
parison with other later hayʾa 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.200 

Another scholar active in promoting the exact sciences in ninth-century Bagh
dad was the Ṣābian Thābit ibn Qurra (221–88/836–901), who flourished during the 
reigns of several post-Maʾmūn ʿAbbāsid caliphs.201 Renowned for his extensive 
number of translations and revisions of Greek works (which included the Almagest 
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197 Al-Qabīṣī also wrote a work on sizes and distances. See Sezgin, GAS, 6:209 (nos. 1 and  
2); and Rosenfeld and İhsanoğlu, MAMS2, 85 (no. 205), A3, A4.  
198 See F. Jamil Ragep, “The Khilāṣ kayfiyyat tarkīb al-aflāk of al-Jūzjānī: 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 Farghānī’s chapters (Tahdhīb fuṣūl al-Farghānī ) in 
D. J. Boilot, “L’oeuvre d’al-Beruni, Essai bibliographique,” Mélanges de l’Institut Domini-
cain d’Études Orientales 2 (1955): 181 (no. 14); Sezgin, GAS, 6:274 (no. 13); and Rosenfeld 
and İhsanoğlu, MAMS2, 152 (no. 348), A26. 
200 The influence of al-Farghānī [Alfraganus] on medieval European astronomy is indicated 
by the number of Latin translations and printed editions of the Jawāmiʿ 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 Farghānī 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 ʿAbbāsid caliphs that spanned Thābit’s lifetime is rather impressive and 
include: al-Muʿtaṣim (r. 833–42); his son al-Wāthiq (842–47); his brother al-Mutawakkil 
(847–61) and his son al-Muntaṣir (861–62); al-Mustaʿīn (862–62); al-Muʿtazz (866–69) and 
al-Muʿtamid (870–92) [sons of al-Mutawakkil]; and al-Muʿtaḍid (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.202 It has been suggested that Thābit may have been familiar with, 
even influenced by, the work of his predecessor Farghānī.203 However, Régis 
Morelon asserts that Farghānī’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).204 In fact there are some significant differences between 
the two regarding focus, scope, and content, at least as indicated by Thābit’s two 
short extant works on Ptolemaic astronomy, his Tashīl al-Majisṭī and Fī dhikr al
aflāk….205 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 
Thābit’s introductions deal exclusively with the celestial realm, whereas Farghānī’s 
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202 Régis Morelon attributes to Thābit between thirty to forty astronomical works, with at 
least seven of these related to Ptolemaic astronomy; see Thābit ibn Qurra: Œuvres d’astron
omie (Paris: Les Belles Lettres, 1987), XI–XXIII, XXV–XXVI. See also al-Qifṭī, Taʾrīkh al
ḥukamāʾ, 115–22 at 117; Ibn Abī Uṣaybiʿa,ʿUyūn al-anbāʾ, Beirut ed., 295–300 at 298; and 
Ibn al-Nadīm, Fihrist (Dodge 2:647–48; Sayyid 2/1:227–28); Sezgin, GAS, 6:163–70; and 
Morelon, “Ṯābit 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 
Thābit could have been influenced by Farghānī, based on connections within some minor 
works by Thābit. 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, 117–18, 120). 
204 See Morelon, Thābit ibn Qurra, XLIV–XLV. Thābit gives 23;33 for the ecliptic obliquity 
(Tashīl al-Majisṭī [Morelon, Thābit ibn Qurra, Arabic: 8, line 7]), and Farghānī gives 23;35 
compared with Ptolemy’s value of 23;51,20 (Almagest, I.12). Each may have been relying 
on different Maʾmūn observations for their modifications; however, to somewhat muddy the 
waters, A. I. Sabra points out that Farghānī 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 (“Farghānī,” 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 Thābit as introductions and presents an analysis and 
critical Arabic editions with French translations of both Tashīl al-Majisṭī ( سطيلمجايلهست ) 

(“L’Almageste simplifié”) [Istanbul, Ayasofya MS 4832, ff. 52a–53b] and Fī dhikr al-aflāk 
wa-khalaqihā [correct to ḥalaqihā] wa-ʿadad ḥarakātihā wa-miqdār masīrihā 
( هاسيرم مقدارو كاتهارح عددو [!] هاخلقو فلاكٔالا ذكر في )  (“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 (Thābit ibn Qurra, XIV, 
XIX, XX, XXIV–XXV, XXXVII–XLIII). Also see Carmody for a brief overview of the con
tent of the Latin translation of Thābit’s Tashīl al-Majisṭī [=De Hiis que indigent antequam 
legatur Almagesti] (The Astronomical Works of Thabit b. Qurra, 21, 117–18). 
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Jawāmiʿ was far more ambitious in the range of subject matter he covered. So given 
Thābit’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 Farghānī [Chs. 3 and 4]), and the discussion of the inhabited world 
(contained in Farghānī [Ch. 8]).206 Interestingly, the word hayʾa never enters 
Thābit’s picture; it at least makes a cameo appearance in Farghānī [Ch. 23]). 
Thābit’s presentation of material is pedagogically far better organized and 
structured, certainly when compared to Farghānī’s tendency to conflate topics and 
his piecemeal approach,207 but then again Thābit confined his subject to the 
arrangement of the celestial orbs (tarkīb al-aflāk), 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 refinement208); 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 Jaghmīnī gives 0;59,8,17), but as mentioned above, this was a period when 
the Caliph Maʾmūn was sponsoring astronomical observations that produced more 
precise parameters. In any event, both are certainly keen on incorporating Maʾmūn’s 
new results into their works; however, here we find some differences (minor and 
more significant ones) between the two scholars. Whereas Farghānī maintains the 
Ptolemaic value for precession, Thābit acknowledges modifications have been 
made, though he provides no specific parameters;209 and Farghānī presents 
Maʾmūn’s updated values for the Earth’s diameter and circumference, and Thābit 
omits these. On the other hand, Thābit presents the values for the planetary dis
tances, and furthermore he uses the values contained in the Planetary Hypotheses 
(but without citing his source),210 whereas Farghānī calculates parameters for deter
mining the nearest distances of the planets from the Earth based on the Almagest. 
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206 Generally speaking, absent from Thābit are topics associated with hayʾat al-arḍ, such as 
the seven climes (discussed in Ptolemy’s Almagest and Geography [both works that Thābit 
translated] and also in Farghānī’s Jawāmiʿ). On the other hand, Thābit 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, Thābit’s organization of definitions in the Tashīl al-Majisṭī is strikingly similar to 
Jaghmīnī’s, whose definitions are found in his separate chapters on circles and on arcs (cf. 
Mulakhkhaṣ, I.3 and I.4); the similarity is such that it is worth considering the former as a 
model for Jaghmīnī, especially since most other hayʾa works did not have separate chapters 
on circles and arcs. 
208 For example, both Farghānī and Thābit 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, Thābit ibn Qurra, Tashīl al-Majisṭī (Arabic: 16, lines 10–11). 
210 See Morelon, Thābit ibn Qurra, Tashīl al-Majisṭī (Arabic: 14, line 5–15, line 3). Since 
Thābit 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-Kindī (fl. ninth century),211 who 
demonstrates a clear “unreadiness to discard all the vestiges” of the ancient heritage 
even in light of new developments.212 It is well known that al-Kindī 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.”213 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 (Kitāb fī al-ṣināʿa al-ʿuẓmā) 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.214 One would assume this subject would have had 
a limited appeal for inclusion in an elementary astronomical textbook, even al
Kindī’s simplified rendition of it. However, al-Kindī’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-Kindī of the measurement of the 
meridian under al-Maʾmūn”…“which is inconceivable that he should not have 
known about it.”215 Rosenthal suggests (halfheartedly) that al-Kindī’s rivalry with 
the Banū Mūsā, who were active in establishing the new measurements during this 
period, may have been a contributing factor in al-Kindī’s decision. 
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within his De Hiis are from the Planetary Hypotheses, since he claims that “there is no evi
dence that Thâbit knew this work” (The Astronomical Works of Thabit b. Qurra, 19; cf. 130,  
137). Neugebauer makes the point that Thābit ibn Qurra “fully confirms the numbers from  
the Planetary Hypotheses” (HAMA, 2:920 and n23).  
211 Al-Kindī also flourished during the reigns of several caliphs who included al-Maʾmūn, al
Muʿtaṣim, and al-Mutawakkil. A seminal article is Rosenthal’s “Al-Kindī and Ptolemy”; and 
for more on his writings on astronomy and mathematics, see also Ibn al-Nadīm, Fihrist 
(Dodge 2:618–20; Sayyid 2/1:187–89); Sezgin, GAS, 6:151–55 at 153 (no. 1). 
212 Rosenthal, “Al-Kindī and Ptolemy,” 455. 
213 Rosenthal, “Al-Kindī and Ptolemy,” 440, 444–45, 455. See also A. I. Sabra, “Some Re
marks on Al-kindi as a Founder of Arabic Science and Philosophy,” in Dr. Mohammad 
Abdulhadi Abu Ridah Festschrift, ed. Abdullah O. Al-Omar (Kuwait: Kuwait University Press, 
1993), 601–7. 
214 For more on Theon’s Commentary of the Almagest, see above I.3.2c: The Ptolemaic 
Aftermath. For specifics regarding the content of al-Kindī’s Kitāb fī al-ṣināʿa al-ʿuẓmā, 
which includes evidence that his source was Theon’s Commentary, see Rosenthal, “Al-Kindī 
and Ptolemy,” 436–53, esp. 446. 
215 Rosenthal, “Al-Kindī and Ptolemy,” 454. 
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An account of the Palmyra-Raqqa scientific expedition in Syria is reported by 
the Banū Mūsā in a treatise entitled Ḥarakat al-aflāk (Motion of the Orbs).216 And 
the exact same passage (in fact the entire extant fragment) is contained in another 
more extensive anonymous treatise attributed to Qusṭā ibn Lūqā, 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 hayʾa work.217 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 hayʾa (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.218 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 Ḥarakat al-aflāk (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 Banū Mūsā, see Sezgin, GAS, 6:147 (no. 
3); and Rosenfeld and İhsanoğlu, MAMS2, 35–36 (no. 74), A3. The passage is contained in 
an extant fragment of Damascus, Ẓāhiriyya 4489, f. 12a–b; and the treatise begins “qāla Banū 
Mūsā” (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 Hayʾat al-aflāk 
by Qusṭā ibn Lūqā, 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 hayʾa work to 
Qusṭā; 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 Qusṭā and his works, see Ibn al-Nadīm, Fihrist (Dodge 2:694– 
95; Sayyid 2/1:292–94); Elaheh Kheirandish, “Qusṭā ibn Lūqā al-Baʿlabakkī,” in BEA, 
2:948–9; al-Qifṭī, Taʾrīkh al-ḥukamāʾ, 262–63; and Rosenfeld and İhsanoğlu, 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 Almagest; however, many diagrams in astronomical 
works, even hay a works, use “mathematical” simplifications rather than the full, spherical ʾ 
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 approximations219), including the latest values gleaned from the scientific 
expeditions.  

Al-Kindī’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.”220 As Rosenthal noted, the novelty of a 
subject may need assimilation time during its pioneering stages,221 but al-Battānī 
(d. 317/929) provides us with a prominent counter-example. In the preface to his 
great astronomical Zīj, Battānī explicitly informs us that his work is also in accord
ance with Ptolemy’s imperative for scientific advancement;222 but in contrast to al
Kindī, 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).223 The focus of 
Battānī’s al-Zīj al-Ṣābiʾ,224 as its title indicates, is concerned predominantly with 
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219 E.g., the values given for the climes are rounded Ptolemaic ones (see Oxford, Bodleian  
Library, Seld. 11, f. 44b and Damascus, Ẓāhiriyya 4489, f. 11b).  
220 Rosenthal, “Al-Kindī and Ptolemy,” 445, 447. 
221 Rosenthal, “Al-Kindī and Ptolemy,” 455. 
222 Carlo A. Nallino, Al-Battānī Sive Albatenii Opus Astronomicum, 3 vols. (Milan, 1899– 
1907), 3:7 [hereafter cited as Zīj]. As noted by Willy Hartner: “Al-Battānī 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-Battānī,” in DSB [1970], 1:508). 
223 Much has been written on Abū ʿAbd Allāh Muḥammad ibn Sinān ibn Jābir al-Battānī al
Ḥarrānī al-Ṣābiʾ (known as Albatenius in the Latin West). In addition to Hartner, “Al
Battānī,” brief summations of his new parameters are contained within Carlo A. Nallino, 
“Battānī,” in EI2 (1960), 1:1104–5; Julio Samsó, “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 Samsó, “Al-Battānī,” in Encyclopaedia of 
the History of Science, Technology, and Medicine in Non-Western Cultures, 91. F. J. Ragep 
summarizes trepidation in Islam before Battānī, and Battānī’s criticism and alternatives, in 
“Al-Battānī, 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 Samsó (Barcelona, 1996), 283–90. Additional sources include: 
Ḥājjī Khalīfa, Kashf al-ẓunūn, 2: col. 970 [Flügel, Lexicon, 3:564 (no. 6946)]; Ibn al-Nadīm, 
Fihrist (Dodge 2:661–62; Sayyid 2/1:249); Qifṭī, Taʾrīkh al-ḥukamāʾ, 280; E. S. Kennedy, 
“A Survey of Islamic Astronomical Tables,” 132–33, 154–56 (Battānī [no. 55] plus other 
zījes influenced by al-Battānī); Sezgin, GAS, 6:182–87; and Benno van Dalen, “Battānī,” in 
BEA, 1:101–3. Also see Mulakhkhaṣ, Commentary, II.3[9] and charts that contain his 
parameters. 
224 The title al-Zīj al-Ṣābiʾ or “The Ṣābian zīj” is a reference to Battānī’s Ṣābian ancestral 
roots, and probable links with Ḥarrān in southern Anatolia. This also suggests connections 
with Battānī’s older contemporary, the Ṣābian Thābit ibn Qurra, despite Carmody’s statement
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practical rather than theoretical aspects of astronomy. However, Battānī, like 
Farghānī, includes a general description of the nested orbs, and also deals with many 
overlapping topics that make it relevant for hayʾa works, though the word itself is 
rarely used (and then to signify a general structure or configuration of the universe, 
not a scientific discipline).225 However, Battānī’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.226 This is evident from the fact that Battānī often oversimplifies his 
descriptions of the celestial realm (something he shares with Farghānī 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).227 In short, Battānī’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 Zīj became one of the main reference 
sources for generations of Islamic astronomers, including those scholars working 
on hayʾa textbooks. Battānī is the only “authority” outside of Ptolemy that Jaghmīnī 
specifically cites in the Mulakhkhaṣ (II.3[9]), an indication that Battānī’s influence 
was pervasive some three centuries after he flourished. 

I.3.3b     The Post-Moderns 

Although Jaghmīnī only specifically cites Ptolemy and his Almagest and Battānī, 
he clearly relied on a variety of other unnamed authorities and reference sources.228 
Given that he flourished some three centuries after the so-called “Moderns,” and in 
Khwārizm (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 Battānī’s Zīj shows “no influence of [Thābit’s] work or methods” (stated without expla-
nation) (The Astronomical Works of Thabit b. Qurra, 18–19).  

225 Langermann, however, wants to situate al-Battānī, along with Farghānī, within the “hayʾa 
literature”; he views Battānī’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 hayʾa 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 Battānī as the one counter-example who left the question uncertain 
(“Sun, Moon, and Stars [Muhammadan],” 99, col. 2, n4). 

226 Battānī’s extremely lengthy explanations (throughout the Zīj) 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 Battānī’s insufficient 
and inaccurate explanations, and he points out some of Battānī’s “particularly bewildering 
features” contained in his Zīj (“Al-Battānī,” 509). See also Samsó, “Battani, Al-,” 79. 

228 For example, Jaghmīnī alludes to Ptolemy’s Geography (Mulakhkhaṣ, II.1[2]). 
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example, we mentioned that Jaghmīnī omits astrological topics in the Mulakhkhaṣ; 
however, this weeding out of astrology from hayʾa works only began in earnest in 
the eleventh century, as we see with Ibn Sīnā’s categorization. It was after all a 
subject sanctioned by Ptolemy (who also includes astrological terms and concepts 
in his Almagest229). Another example is from tenth-century Basra, where the Ikhwān 
al-Ṣafāʾ 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 Almagest is cited only once [Ch. 26] and in the context of its application 
for salvation.230 

The introduction of various aspects of theoretical astronomy for application to 
astrology was not unique. For example, the Kitāb al-Tafhīm, the astrological primer 
of al-Bīrūnī (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.231 Bīrūnī’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 
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229 For example, see Ptolemy, Almagest, Book VIII.4 (Toomer, 407–8, nn185, 187, 190).  
230 The exact date of the 52 epistles of the Ikhwān al-Ṣafāʾ(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 Qurʾān and ḥadīths to Pythagoras and Aristotle; and some of their  
possible sources include: Ptolemy’s Tetrabiblos, Farghānī’s Jawāmiʿ, Abū Maʿshar’s Intro
duction to Astrology, Battānī’s Zīj, and Qabīṣī’s Introduction to Astrology. For most of the  
information on the Ikhwān 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, “Ikhwān al-Ṣafāʾ,” in EI2 (1971),  
3:1071–76; Rosenfeld and İhsanoğlu, MAMS2, 90–91 (no. 226), E1, A1; Sezgin, GAS,  
6:234–39; and Živa Vesel, “Ikhwān al-Ṣafāʾ,” commissioned for BEA:  
http://islamsci.mcgill.ca/RASI/BEA/Ikhwan_al-Safa%27_BEA.htm.  
231 Bīrūnī is explicit in stating that the purpose of the Kitāb al‐Tafhīm 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” (Tafhīm, 1). 

http://islamsci.mcgill.ca/RASI/BEA/Ikhwan_al-Safa%27_BEA.htm
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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.232 

That Bīrūnī was a fellow Khwārizmian of Jaghmīnī, 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.233 It is undeniable that many prominent scholars hailed 
from this area, one renowned example being Bīrūnī’s contemporary Abū ʿAlī Ibn 
Sīnā.234 However, there were many others (some recognizable by their nisbas), such 
as Muḥammad ibn Mūsā al-Khwārizmī (d. ca. 830), Abū Jaʿfar al-Khāzin al
Khurāsānī (d. ca. 971), Abū al-Wafāʾ al-Būzjānī (d. 997 or 998), and Abū Saʿīd 
al-Sijzī (d. ca. 1020). Bīrūnī mentions the observational improvements he found in 
al-Khāzin’s Tafsīr al-Majisṭī, another commentary concerned with isoperimetric 
problems of the Almagest, Book One.235 He also exchanged astronomical data and 
measurements with Būzjānī (a Baghdad transplant from Khurāsān), who also com
posed a work entitled al-Majisṭī;236 and befriended the prolific mathemati

––––––––––––––––– 
232 See Edward S. Kennedy, “Al-Bīrūnī,” in DSB (1970), 2:152, 155–57. 
233 İhsan Fazlıoğlu refers to the regions of Transoxiana, Khurāsān, and Iran as “philosophical 
and scientific granaries of Islamic civilization” for Ottoman lands [italics in the original] 
(“The Samarqand 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 Sīnā’s astronomical works, see F. Jamil Ragep 
and Sally P. Ragep, “The Astronomical and Cosmological Works of Ibn Sīnā: Some Prelim
inary Remarks,” in Sciences, techniques et instruments dans le monde iranien (Xe–XIXe 
siècle), études réunies et présentées par N. Pourjavady et Ž. Vesel (Tehran, 2004), 3–15. 
235 See Bīrūnī, Al-Qānūn al-Masʿūdī, 3 vols. (Hyderabad, 1954–56), 2:653 [hereafter cited 
as Qānūn]. Recall that the subject of isoperimetrics (contained in the fragment attributed to 
Abū Jaʿfar al-Khāzin [Paris, BnF, MS ar. 4821, ff. 47–68]) was the focus of Theon of 
Alexandria’s Ptolemaic commentary on the Almagest, Book I, and other scholars (see above 
I.3.2c: The Ptolemaic Aftermath). In the Qānūn, Bīrūnī reports al-Khāzin’s improved 
observations, along with those of the ninth-century Maʾmūn astronomers Khālid al
Marwarrūdhī, ʿAlī ibn ʿĪsā, and Sind ibn ʿAlī; but apparently he was critical of al-Khāzin in 
other works (Yvonne Dold-Samplonius, “Al-Khāzin,” in DSB [1973], 7:334–35). See also 
Emilia Calvo, “Khāzin,” 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: Abū Jaʿfar al-Khāzin: Isoperimetrics and Isepiphanics; Rosenfeld and İhsanoğlu, 
MAMS2, 82 (no. 194), A3; and Sezgin, GAS, 6:190 (no. 1). For more on the other scholars, 
see Marvin Bolt, “Marwarrūdhī,” (2:740) and Bolt, “ʿAlī ibn ʿĪsā al-Asṭurlābī,” (1:34), both 
in BEA; Rosenfeld and İhsanoğlu, MAMS2, 26 (no. 42: Marwarrūdhī), 28 (no. 47: ʿAlī al
Asṭurlābī), 28–29 (no. 48: Sanad ibn ʿAlī); and Sezgin, GAS, 6:159, 143–44, and 138 [re
spectively]). 
236 According to Behnaz Hashemipour, Būzjānī’s al-Majisṭī presents new observational data 
and trigonometric applications for astronomy, but he was not known for introducing any 
“theoretical novelties” (“Būzjānī,” in BEA, 1:188–89). See also the Arabic edition by ʿAlī 
Mūsā, Majisṭī Abī al-Wafāʾ al-Būzjānī (Beirut: Markaz Dirāsāt al-Waḥda al-ʿArabiyya, 
2010). 
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cian/astronomer al-Sijzī, who flourished in Khurāsān for some period and composed 
a work enticingly entitled Kitāb al-aflāk.237 Bīrūnī’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 zījes, 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. Bīrūnī 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-Maqāla fī hayʾat al-ʿālam 
(Treatise on the Configuration of the World), 238 a hayʾa 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.239 Ibn al-Haytham assessed (I believe correctly) that no previous work on 
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237 This work is listed with this title in both Rosenfeld and İhsanoğlu (MAMS2, 113 [no. 296], 
A2) and Sezgin, GAS, 6:225 [no. 1]). But this title is not mentioned in Glen van Brummelen, 
“Sijzī,” in BEA, 2:1059 nor in Yvonne Dold‐Samplonius, “Al-Sijzī,” in Encyclopaedia of the 
History of Science, Technology, and Medicine in Non-Western Culture, 159–60. The witness 
I checked (Tehran, Majlis-i Shūrā 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-Sijzī 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 Ibn 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 Jaghmīnī’s interest in the physical reality of 
the orbs (albeit misplaced to the fourteenth-century [124n89]), and lumped Jaghmīnī together 
with Ibn al-Haytham in asserting, “The dependency of early Renaissance astronomers on 
ALHAZEN and AL-JAGHMĪNĪ 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.240 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-Shukūk ʿalā Baṭlamyūs (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.241 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 al-Shukūk.242 

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, Ibn 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 für Geschichte der Arabisch-Islamischen Wissenschaften 12 (1998): 1–50; and 
Sabra, “One Ibn al-Haytham or Two? Conclusion,” Zeitschrift für 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-Ḥasan 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. I. 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.243 

However, Ibn al-Haytham should be duly recognized as a “pioneering 
inspiration rather than a prototype to be emulated.”244 Naṣīr al-Dīn al-Ṭūsī devotes 
an entire chapter to the configuration of the epicycle orbs of the planets according 
to Abū ʿAlī ibn al-Haytham in a Persian appendix to his Risālah-yi Muʿīniyya 
(written in 1235);245 and ʿAbd al-Jabbār al-Kharaqī (477–553/1084–1158)246 

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.247 In turn, 
Kharaqī’s compositions on theoretical astronomy, especially his Muntahā al-idrāk 
fī taqāsīm al-aflāk, in which he explicitly stated that ʿilm al-hayʾa follows theology 
in standing and nobility in showing God’s wisdom, and his shorter, more popular 
al-Tabṣira fī ʿilm al-hayʾa (both written in Arabic and composed ca. 526-27/1132
33),248 would play critical roles in the development of hayʾa.249 In fact, the Tabṣira 
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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).  
244 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 ʿAbd al-Jabbār al-Kharaqī has often been confused with an older contemporary, a Shams 
al-Dīn Abū Bakr Kharaqī (both sharing the same nisba); however, we can confidently date 
our Kharaqī (i.e., the one who authored hayʾa works) based on information from contempo
rary primary sources. See Hanif Ghalandari, “A Survey of the Works of ‘Hayʾa’ in the 
Islamic Period with a Critical Edition, Translation and Commentary of the Treatise Muntahā 
al-Idrāk fī Taqāsīm al-Aflāk written by Bahāʾ al-Dīn al-Kharaqī (d. 553 AH/1158 AD),” 
Ph.D. diss., Tehran, Oct. 2012, 4–5 [in Persian with an Arabic edition]. See also Cemil 
Akpınar, “Harakī,” in İslam Ansiklopedisi (Istanbul: TDV, 1997), 16:94–96 [Turkish]. For a 
German translation of the introductions to both the Muntahā and Tabṣira, see Eilhard 
Wiedemann and Karl Kohl, “Einleitung zu Werken von al-Charaqi,” Sitzungsberichte der 
Physikalisch-Medizinischen Sozietät zu Erlangen 58 and 59 (1926–27): 203–18; repr. in E. 
Wiedemann, Aufsätze zur arabischen Wissenschafts-geschichte (Hildesheim: Georg Olms, 
1970), 2:628–43. 
247  Kharaqī cites both Ibn al-Haytham and Abū Jaʿfar al-Khāzin in the Muntahā (e.g., Berlin, 
Staatsbibliothek, Landberg MS 33, f. 2a), but he omits al-Khāzin in the Tabṣira (e.g., Istan
bul, Ayasofya MS 2581, f. 2b). See also Ghalandari, “A Survey of the Works of ‘Hayʾa’ in 
the Islamic Period,” 149–50. 
248 Ghalandari, “A Survey of the Works of ‘Hayʾa’ in the Islamic Period,” Abstract and 7. 
249 Some indications are: Muʾayyid al-Dīn al-ʿUrḍī’s thirteenth-century Tabṣira commentary 
and quotes from Kharaqī’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); Ṭūsī referencing Kharaqī simply as “the author [sāḥib] of the Muntahā al-idrāk” 

Eudoxus,” 797 [Persian], 805 [Eng. trans.]); Quṭb al-Dīn al-Shīrāzī including three of his 
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was an unnamed source used extensively by Jaghmīnī throughout the 
Mulakhkhaṣ.250 Kharaqī’s works would codify the basic structure of subsequent 
hayʾa works: an introduction and (most importantly) the two-part division of 
regions into the arrangement (tarkīb) of the celestial bodies and their motions and 
the configuration (hayʾa) of the Earth. Other hayʾa 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 Muntahā, tended to be downplayed 
in later works.251 The credit for this new delineation of astronomy associated with 
hayʾa 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 Kharaqī’s two Arabic treatises.252 However, Kharaqī also wrote 
another hayʾa work, in Persian, entitled al-ʿUmda dedicated to the Khwārizm Shāh 
Atsiz (r. 521–51/1127–56); and it is among the list of “unattributed” hayʾa works 
mentioned by Shīrāzī in his explicit to the Nihāya.253 Kharaqī’s Persian treatise, as 
do its two Arabic counterparts, contains the signature two-part division of the 
cosmos.  

Although I have yet to examine Kharaqī’s Persian hayʾa 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 hayʾa books in the explicit to his Nihāya (Ragep, “Shīrāzī’s  
Nihāyat al-Idrāk: Introduction and Conclusion,” 51 [Arabic], 55 [Eng. trans.]); and Shīrāzī’s  
student ʿUbaydī (d. 751/1350) playfully incorporating the use of tabṣira into his commentary  
title to Ṭūsī’s Tadhkira (Bayān al-Tadhkira wa-tibyān al-tabṣira) (Ragep, Tadhkira, 1:61).  
See also Petra G. Schmidl, “ʿUrḍī,” in BEA, 2:1161–62.  
250 See the Commentary for references to Kharaqī, and especially the examples provided in 
which Jaghmīnī paraphrases sections from Kharaqī’s Tabṣira (II.1[10]: his description of lat
itudes from 63 to 66 degrees; and II.3[5]: regarding the astrolabe/gnomon exercise). Rather 
than charging Jaghmīnī with plagiarism, one should keep in mind that Kharaqī’s works were 
probably common knowledge, and so Jaghmīnī may have felt no compunction to paraphrase 
him. 
251 As mentioned earlier, both Kharaqī and Jaghmīnī do not include sizes and distances in the 
Tabṣira and Mulakhkhaṣ (respectively), most likely considering it inappropriate subject mat
ter for a hayʾa basīṭa work; however, Kharaqī’s Muntahā contains a chapter on the subject 
[Maqāla II, bāb 17, in 2 parts (faṣlān)]. Some later hayʾa works would devote an entire sec
tion to sizes and distances (e.g., Ṭūsī’s Tadhkira). Regarding subjects related to chronology 
(such as years, months, hours), Jaghmīnī in the Mulakhkhaṣ 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” (Mulakhkhaṣ, II.3). In comparison, Ṭūsī informs 
us that subjects related to chronology have no place in a hayʾa work, and he buries these topics 
in a section of a chapter in Book III (see Ragep, Tadhkira, 1:36, 36n12, 300–3 (III.10[3], 
lines 10–12)). 
252 See Ragep, Tadhkira, 1:36. 
253 See Ragep, “Shīrāzī’s Nihāyat al-Idrāk: Introduction and Conclusion,” 51 [Arabic], 55 
[Eng. trans.]. Only recently have we become aware that the identity of Shīrāzī’s unnamed 
author of al-ʿUmda li-ūlī al-albāb was Kharaqī, 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.”254 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 Bīrūnī’s Arabic version of his Kitāb al-Tafhīm 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 Bīrūnī 
himself (who I might add was trilingual in Persian, Arabic, and [his mother tongue] 
Khwārizmian), again based on unfounded speculation.255 

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.”256 However, even a preliminary 
comparison of Kharaqī’s three works indicates striking similarities between them, 
and especially between the Arabic Muntahā and the PersianʿUmda.257 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 l’arabe est concis, net élégant là où le persan 
paraphrase plus ou moins et donne l’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 Bīrūnī’s objection to composing scientific works in Persian (as ex
pressed in his work on Pharmacology [Kitāb al-Ṣaydala]). Lazard is not alone in referring to 
this latter work and citing Bīrūnī’s statement that Persian was a language “fit only for the 
recital of bedtime stories and legends of kings” (E. S. Kennedy, “Al-Bīrūnī,” 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 Bīrūnī 
alone prepared both versions of the Tafhīm (154). See G. Lazard, La langue des plus anciens 
monuments de la prose persane (Paris: C. Klincksieck, 1963), 58–62 (no 10: Al-Tafhīm). 
256 Saliba, “Persian Scientists in the Islamic World,” 127. A major counterexample is the 
Ṭūsī-couple, which was first presented in Persian in Ṭūsī’s appendix to his Risālah-yi 
Muʿīniyya; see F. Jamil Ragep, “The Origins of the Ṭūsī-Couple Revisited,” forthcoming. 
257 For example, for the Tabṣira, Kharaqī has removed the entire section on chronology that 
is included in both the Muntahā and the ʿ Umda; the following compares the divisions of these 
three works: Muntahā: Part I: 20 chs; Part II: 17 chs; Part III: 11 chs; ʿUmda: Part I: 25 chs; 
Part II: 15 chs; Part III: 12 chs; Tabṣira: 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 hayʾa work dating from this period, one that (as far as I 
know) has no Arabic counterpart. The Gayhān Shinākht (Knowledge of the Cos
mos) was composed ca. 498/1104 by Kharaqī’s contemporary Qaṭṭān al-Marwazī 
(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.258 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 Kharaqī’s structure (with an alternative pos
sibility being another unknown source that influenced both).259 In any event, the 
mere existence of two Persian hayʾa 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.”260 

The wide range of subject matter covered in Qaṭṭān al‐Marwazī’s Gayhān 
Shinākht on theoretical astronomical issues is impressive, and so it would be rea
sonable to assume Jaghmīnī would have known of this work, especially given the 
place and date of composition.261 Nevertheless, Jaghmīnī’s parameters are clearly 
gleaned from the “authorities” of Ptolemy and Battānī; and Kharaqī’s Tabṣira (more 
than the Muntahā) is another main source of structure and material for him, given 

––––––––––––––––– 
brief skim of the ʿUmda, I noted that the Muntahā andʿUmda cite Abū ʿAlī ibn al-Haytham 
and Abū Jaʿfar al-Khāzin, whereas the latter is omitted in the Tabṣira. 
258 See Behnaz Hashemipour, “Qaṭṭān al-Marwazī,” in BEA, 2:943–44 and “Gayhānshenākht: 
A Cosmological Treatise,” in Sciences, techniques et instruments dans le monde iranien (Xe– 
XIXe siècle), 77–84 [in Persian]; Storey, Persian Literature, 1:45–46 (no. 82: ʿAin al-Zamān 
Abū ʿAlī al-Ḥasan b. ʿAlī b. M. al-Qaṭṭān al-Marwazī); and Ghalandari, “A Survey of the 
Works of ‘Hayʾa’ 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-Ḥasan ibn 
ʿAlī Qaṭṭān, Gayhān Shinākht, Chāp-i 1 (Tehran, 2012). 
259 It is certainly possible that contemporary scholars residing in the same locale may not be 
aware of each other; however, the Khwārizm Shāh Atsiz provides a common link since 
Qaṭṭān al‐Marwazī is known to have corresponded with Rashīd al‐Dīn Waṭwāṭ, who was the 
Shāh’s chief secretary (see Hashemipour, “Qaṭṭān al-Marwazī”; and Natalia Chalisova, 
“Waṭwāṭ, Rašid-al-Din,” in Encyclopædia 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 Ramaḍān 586 H (=Tuesday, 29 
Oct. 1190), which indicates it was in circulation during the time Jaghmīnī was composing 
the Mulakhkhaṣ. Also, the facsimile is not the only witness. The published Gayhān Shinākht 
lists several other witnesses (67–69), and I was able to check no. 2 on the list (Tehran, Majlis
i Shūrā MS 202), which contains the exact same colophon; however, in this case, one was 
probably copied from the other. 

http://www.iranicaonline.org/articles/watwat-rasid-al-din
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that the Mulakhkhaṣ shares its signature two-part division of the celestial and ter
restrial regions, and, more significantly, Jaghmīnī directly lifts several parts from 
the Tabṣira and incorporates them into the Mulakhkhaṣ.262 

This would certainly make Badr al-Dīn al-Qalānisī’s request for yet another el
ementary astronomical textbook quite puzzling without a closer examination of the 
differences between the Tabṣira and the Mulakhkhaṣ in both subject matter263 and 
organization.264 However, for our purposes here, even a simple comparison of the 
number of chapters contained in both works shows us immediately how the 
Mulakhkhaṣ is by far a less complex work than Kharaqī’s introductory alternative: 

Jaghmīnī’s 
Mulakhkhaṣ 

Kharaqī’s Tabṣira 

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

Part One (hayʾat al-samāʾ) 5 chapters 22 chapters (5 chapters have 
extensive subdivisions) 

Part Two (hayʾat al-arḍ ) 3 chapters 14 chapters 

––––––––––––––––– 
262 Extant copies of Kharaqī’s Tabṣira far outnumber those of his Muntahā. In fact, I am 
currently unaware of any commentaries on the Muntahā. The Tabṣira 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-Turkmānī (fl. Cairo), was the 
father of Kamāl al-Dīn al-Turkmānī, who authored a Mulakhkhaṣ commentary (see Appendix 
II, no. 5). See Fazlıoğlu, “Kamāl al-Dīn al-Turkmānī,” in BEA, 1:609. See also Langermann, 
“Kharaqī,” in BEA, 1:627; Ghalandari, “A Survey of the Works of ‘Hayʾa’ in the Islamic 
Period,” 8; and İzgi, Riyazî 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 Jaghmīnī references the two holidays of Nayrūz and 
Mihrjān (see II.2[2]), and this may be an indication of Persian influence; (2) Jaghmīnī cites 
al-Shāfiʿī and Abū Ḥanīfa (see II.3[2]); and, most significantly, (3) Jaghmīnī has considera
bly condensed the Tabṣira’s introductory sections, essentially eliminating Kharaqī’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, Jaghmīnī has 
drastically abbreviated Kharaqī’s section (contained in Chapter One of the Tabṣira) that deals 
with bodies from the perspective of natural philosophy. The explanation that Jaghmīnī pro
vides in the introduction to the Mulakhkhaṣ (Intr.[1]) regarding the simple and composite 
bodies barely hints at its connection with Aristotelian natural philosophy. 
264 An example of this is that Jaghmīnī gives an explanation of all the orbs in one chapter 
(I.1) and all the motions of the orbs in another separate one (I.2), whereas Kharaqī, similar 
to Ṭūsī in his Tadhkira, combines the descriptions and motions for a planet together (usually 
in a separate, self-contained chapter). 
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Clearly, Kharaqī’s popular “abridged” version of the Muntahā 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, Jaghmīnī’s Mulakhkhaṣ enters the picture, both literally and figuratively. 
So what now follows is an overview summarizing what Jaghmīnī 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 Mulakhkhaṣ fits into the transformations that 
began to occur within the discipline of hayʾa that transformed the way it was being 
taught, with one very important result being the emergence of a new kind of hayʾa 
textbook that was conducive for a more general audience. 

§ I.4 Jaghmīnī’s Mulakhkhaṣ:  
A Beginners Text, but Not for the Untutored  

Jaghmīnī’s plain or simplified (basīṭa) epitome of hayʾa is in fact anything but 
simple-minded.265 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, Jaghmīnī 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 Almagest for a twelfth-century Khwārizmian audi
ence, the fruits of the work of Battānī and the Maʾmūn 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 (zījes) or the anwāʾ literature.266 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, Jaghmīnī 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.267 

–––––––––––––––––  
265 Cf. David A. King, who viewed the ubiquitous Mulakhkhaṣ 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 anwāʾ 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, “Anwāʾ,” in EI2 [1960], 1:523–24). 
267 As far as I know, no hayʾa work devoted an independent section to the constellations; 
more common is to direct the reader elsewhere. For example Ṭūsī states that that the 
“knowledge of the fixed stars and that which concerns them [is] a separate discipline” 
(Ragep, Tadhkira, II.4[9–12], 1:37, 128–29). Interestingly, Rudloff and Hochheim duly point 
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In fact, Jaghmīnī 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 
II.3[5], since Jaghmīnī 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 I.5[37] for exercises); and the student should be familiar 
with astronomical dating, in particular the Alexandrian calendar (Dhū al-Qarnayn) 
as in I.5[26]. 

Jaghmīnī’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 
Jaghmīnī inherited contained complex explanations (Proclus’s Hypotyposis), long-
winded discussions (Kharaqī’s Muntahā), oversimplifications (Farghānī’s 
Jawāmiʿ), additional literary references (Geminus’s Introduction to the 
Phenomena), and/or incorrect statements and depictions (recall that Battānī incor
rectly depicted the Mercury model in his Zīj). Indeed, the success of the Mulakhkhaṣ 
was Jaghmīnī’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 Mulakhkhaṣ 
contains several diagrams, which, as we have seen, are not often found in earlier 
introductions such as Farghānī’s Jawāmiʿ. 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 hayʾa works, such as those of 
Kharaqī or Ṭūsī, or as later commentaries on the Mulakhkhaṣ. We should also note 
that this is not a “passive” treatise but one replete with pedagogical exercises. 

But pedagogy here has its limits. Jaghmīnī 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 Ikhwān al-Ṣafāʾ. In fact, it bears mentioning 
that the Mulakhkhaṣ only touches on religious needs when it relates to determining 
the direction of Mecca and determining the prayer times, with distinctions noted 
between the Ḥanafī and Shāfiʿī 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 (hayʾat al-samāʾ) with the ever-changing sublunar one of 
man (hayʾat al-arḍ). (Recall Ibn al-Haytham kept terrestrial topics to a minimum in 
his On the Configuration of the World.) The study of hayʾa then could provide a 

–––––––––––––––––  
out that the Mulakhkhaṣ lacks a star catalogue; however, they assume it was because  
Jaghmīnī would have found the catalogue of Ṣūfī to be sufficient (“Die Astronomie,” 214–  
15). They are referring to ʿAbd al-Raḥmān al-Ṣūfī, the tenth-century author of the lavishly- 
illustrated Book of Constellations (Kitāb ṣuwar al-kawākib), who describes 48 Ptolemaic  
constellations based on the Almagest (see Paul Kunitzsch, “Ṣūfī,” 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.268 The assertion made by Quṭb al-Dīn al
Shīrāzī in his Nihāya introduction that the discipline of ʿilm al-hayʾa was “the most 
noble of the sciences” (with his support being a citation from the Qurʾān 269), indi
cates that within Islamic society there was an ever-growing segment of the 
population that had begun to view the study of hayʾa as a way to glorify the Creator. 
Kharaqī explicitly tells us in his introduction to his Muntahā that the study of ʿilm 
al-hayʾa 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 
Tabṣira, but felt there was no need to explicitly state it there, nor did Jaghmīnī in 
his Mulakhkhaṣ.270 The Mulakhkhaṣ 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.271 

–––––––––––––––––  
268 In 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 Quṭb al-Dīn al-Shīrāzī cites Quʾrān III.191 to link the heaven and the Earth in the “Intro
duction” to his Nihāya: “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, “Shīrāzī’s Nihāyat al-Idrāk: Introduction and Conclusion,” 49 [Arabic], 54  
[Eng. trans.]).  
270 It is, though, pointed out in some commentaries; for example, Qāḍīzāde states that the  
discipline of hayʾa is one by which one learns about the Creator, namely, from substances  
and accidents (Sharḥ al-Mulakhkhaṣ, Istanbul, Ayasofya MS 2662, f. 2b). See also,  
F. J. Ragep, “Freeing Astronomy,” 51, 64. 
271 I develop the case that at least part of the readership of Jaghmīnī’s Mulakhkhaṣ were 
students studying in madrasas in Sally P. Ragep, “Maḥmūd ibn Muḥammad ibn ʿUmar al
Jaghmīnī’s al-Mulakhkhaṣ fī al-hayʾa al-basīṭa: 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 hayʾa that transformed the way it was taught. One very important result is the 
emergence of a new kind of hayʾa 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 Schüler und Meister, ed. Andreas Speer 
and Thomas Jeschke, Miscellanea Mediaevalia 39 (Berlin: De Gruyter, 2016), 557–68. 



Editorial Procedures  

§ II.1 Editorial Procedures 

II.1a Establishing the Text 

Although there are a large number of extant manuscript witnesses of the 
Mulakhkhaṣ, 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, II.1[4] (“the sec
ond clime”), could have only occurred after the publication of the Tadhkira by Naṣīr 
al-Dīn al-Ṭūsī in 659/1261, i.e., well after Jaghmīnī’s lifetime.1 Next, I identified a 
dedication and poem to Badr al-Dīn al-Qalānisī 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 

–––––––––––––––––  
1 See also Ragep, “On Dating Jaghmīnī and His Mulakhkhaṣ,” 462–64.  
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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 Yūsuf ibn 
Mubārak al-Alānī (ca. 735/1334) [Istanbul, Topkapı Sarayı Müzesi, Ahmet III MS 
3308] had the original values for the climes, while ʿAbd al-Wājid (d. 838/1435) 
[Istanbul, Süleymaniye Library, Laleli MS 2127] clearly struggled (as I did) with 
the range of numbers and gave both the original and the post-Ṭūsī parameters for 
the climes. Other commentators gave the post-Ṭūsī values. 

II.1b Establishing the Figures 

The figures in the manuscripts displayed different degrees of meticulousness; but 
generally speaking, MS L had the best diagrams. There was also a range of labeling 
the figures: some copyists being quite detailed, others sparse. Specific figures are 
occasionally missing; these are noted in the Figure Apparatus. My procedure was 
to follow the basic structure of the figures (which was usually similar in all 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. 

II.1c Variants and Orthography 

Since I used only five manuscripts to establish the text, I describe each along with 
its incipit, preface, and colo phon in § II.2, and I note all variants in the text appa
ratus with the exception of minor orthographic differences. As noted below in § II.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 thalāth). 
When giving variants, I have written these as they occur in the text, providing or 
leaving out the dots, vowels, and hamzas as given.   

II.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 (3) ج as a (8) ح or by forgetting to add a stroke to (20) ك causing it to 

be read as a (30) ل—I relied on the context to confirm a value, either in the main 

text or as a variant. In general, values given by Ptolemy and Battānī 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 Jaghmīnī’s 
Ptolemaic ones to those found in Naṣīr al-Dīn al-Ṭūsī’s Tadhkira). Alānī’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 Jaghmīnī gives for the 
position of the planetary apogees; misreading a single letter (300) ش instead of ث 
(500) can make a 200-year difference, but fortunately both context and Alānī’s com-
mentary provide us with the correct Alexandrian date of 1517, which also gives 
added confirmation of Jaghmīnī’s dates (see I.5[26], and I.2.3b: Dating the 
Mulakhkhaṣ). 

§ 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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 ب .1
[=B] 

Berlin, Staatsbibliothek, MS or. oct. 1511, pp. 6–64. The codex 
contains several treatises, with a total of 667 pages, all in the same 
hand. On p. 667, a date of 1275/1858 is given. A more expansive 
colophon is on p. 623, where we learn that the copyist is a certain 
ʿAbd al-Karīm Bulghārī ( يعبد الكريم بلغار  ) who finished copying 

that particular work on Wednesday, 24 Jumādā I 1275 H [28-29 
Dec. 1858 CE] in Tashkent (al-Tāshkand) in the Kallah Khānah 
quarter.  

MS B is contaminated with commentary comments; but despite 
the late date, it includes Jaghmīnī’s dedicatory poem. Its use of unit 
fractions is discussed above. 

Incipit and Preface: pp. 6–7  
 

يقول  له محمدٍ والٓهرسو علىاِفضالِه والصّلوة كِفاءِٓ بسم اللـه الرحمن الرحيم الحمد للـه 
الشـيخُ الامام الهمام الفاضل الكامل المتبحّر شرف الّدين محمود ىن محمدّ ىن عمُر 

وخالصة الاصحاب انّ مولاى  اعزّة الاحباب الجغَمىنىّ رحمه الله انه نقُل الى
الامامَ الاجلَّ البارعَ المنعم بدْرَ الملّة والّدين عزيز الملوك والسلاطين شفاءٓ 

با محمدّ ىن بهْرامَ القلانسىُّ اشار الىَّ انْ اجمع فى علمْ الهيئة كتا الارواح خاتمة الحكما
ىىن الاحتصار والبيان وىجمعُ اىجار اللفّْظ الى بسط المعانى فعددْتُ ذلك  ىقَرُبُ 

ا من اشارةٍ يا لهَ۞  اشارته العاليةِ وقلُتُ  (!)من نعمه المتوالية وبادرْتُ الى امثال
بدْرِدْىن  ۞رفعت رُتى واعلتَ محلىّ صدرتْ لى من الكر المروحّى  صدَرتْ لى

ليس مثلى بمثل ذاك باهل  ۞الهُدى الامامُ الاَجلِّ قد رانىٓ اهلاً لامْرٍ حطيرْ 
دِىْ  لامْرِه اىَّ بذْل قد دعانى لذاك لطفا  (!)امثالاً  ۞غير اَنىّ بذلتُ فى ذاك جُهْ

رةً منىّ  فالفت هذا الكتاب فى هيئة العالم تدكلا اڡىقاراً لى بضاعة مثلى ۞وبرّا 
يا فيه التلّحيْصَ مع الىيان وايحازَ الالفاظ الى بسط المعانى  بعَْدى لكلّ عالمٍ مُتحََرِّ
صَ فى الهيئة ليكون اِسمُه دالاًّ على معناهُ  على حَسب الامكان وسميته الملخِّ

 لى مقدّمة ومقالتىنىشـتمل ع (!)وظاهرهُ مُحبراً عن معنا فحواه وجعلتَه

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 Muḥammad and his family. The magnanimous, 
worthy, perfect, erudite Shaykh Imām Sharaf al-Dīn Maḥmūd ibn 
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Muḥammad ibn ʿUmar al-Jaghmīnī, 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 Imām Badr al-Milla wa-l-Dīn, cherished by kings and sul
tans, the healer of spirits, the seal of the sages, Muḥammad ibn 
Bahrām al-Qalānisī, proposed that I compile a book on [the subject 
of] ʿilm al-hayʾa, 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 
Imām, 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 hayʾat al-ʿālam 
[Configuration of the World] as a memento from me for every 
scholar after me seeking an epitome on [hayʾa] 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 

ٮٓ الماو حعالمر ىه ل  وا اٮبالصو اعلم اللـهو
And God is most knowing of truth, and to Him are the refuge and 
the final return. 

2.  ف
[=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 nastaʿlīq script. 
Formerly owned by Muḥammad 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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Rabīʿ 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  
 

لى ىىىه محمد ىں الحمد للـه كِفاء افضاله والصلوة عوبه ىسـىع بسم اللـه الرحمن الرحىم 
قال الامام البارع الاجل العلامه اسـتاد الورى شرف الافاصل عد  محمدوالٓه 

ٓ الاماثل ملك الفضلا حاتم الحكم ؟) الجعمينى ( الفقىهـىء محمود ىں محمد ىں عمر ا
الخوارزمى رحمه له اِىه نڡل الىّ اعزّه الاحباب وحالصه الاصحاب اں مولاى 
الامام الاجل البارع المنعم بدر المله والدىں فخر الاسلام والمسلمين عرىر الملوك 

ٓ والسلاطيں سف ه الحكما ٓ ء الارواح خا اشار  ء محمد بں بهرام القلانسىّ رحمه اللـها
ار اللفالىّ اں احمع فى ع مع ا ط لم الهيئة كىاىا يقٌرِنُ ىىں الاختصار والبيان و

الى بسط المعانى فعَدَدتُ ذلك من نعمة المتوالية وبادَرتُ الى امتثال اشارته العاليه 
   وقلت

  ۞رفعَتْ رتبتى واعلتَْ محلّ  ۞يا لها من اشارة صدرت لى 
  ۞الهدى الامام الاجلّ  بدردِىن ۞صدرت لى من الكر المرجّى 

   ۞ليس مثلى لمثل ذاك باهل  ۞قد رانى اهلا لامرٍ خطير 
  ۞امتىالا لامره اىّ بذل  ۞ع انىّ بذلت فى ذاك حهدى 

  ۞لا اڡىقارا الى بضاعة مثلى  ۞قد دَعانى لذاك لطفا وَبرّا 
في » مع(« والفّتُ هذا الكتابَ على حسب الامكان قاصدا للتلخيص فيه مں

البيان وسميته الملخّص فى الهيئة ليكون اسمه مُخبراً عن ») ح«الهامش مع رمز 
لا على مقدمة ومقالتىں  معناه وطاهره دالا على فحواه وجعلته مشـ

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 Muḥammad 



Editorial Procedures 75 

 
 

 Sigla Description of Manuscript 
 

and his family. The proficient, highly esteemed, most learned 
Imām, teacher of mankind, most noble of the worthies, he without 
peer, king of the eminent ones, seal of the sages, Maḥmūd ibn 
Muḥammad ibn ʿUmar (al-Faqīhī: [may have been crossed out]) 
al-Jaghmīnī al-Khwārizmī, 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 Imām Badr al-
Milla wa-l-Dīn, the pride of Islam and Muslims, cherished by 
kings and sultans, the healer of spirits, the seal of the sages, 
Muḥammad ibn Bahrām al-Qalānisī, may God have mercy upon 
him, proposed that I compile a book on [the subject of] ʿilm al-
hayʾa, being both an abridgement and an exposition, and combin-
ing 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 inspires hope; | the highly 
esteemed Imām, 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 [hayʾa] 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 
 

 ٢وم الاعتماد والتكلاں اىڡٯ الفراع مں كىاىىه ى واللـه الموڡٯ والمسـىعاں وعلىه
 هحرىه ٧٨٦شهر المىارك رىىع الاول سـىه  ٢٩

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 29th of the blessed month of Rabīʿ I in the year 786 hijra [prob-
ably, Sunday-Monday, 22-23 May 1384 CE]. 
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  ك  .3

[=K] 
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 Élias Géjou 
on October 30, 1905. (See A Supplementary Hand-List of the 
Muḥammadan Manuscripts, in the Libraries of the University and 
Colleges of Cambridge [Cambridge, 1922], 205). E. H. Palmer 
gives the date incorrectly as 1582-83 (A Descriptive Catalogue of 
the Arabic, Persian and Turkish Manuscripts in the Library of 
Trinity College, Cambridge [Cambridge: Deighton Bell and Co., 
1870], 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 Muṣṭafā ibn Ḥasan al-Farḍī 
in the year 1180 [1766-67]. 

Incipit and Preface: f. 1b  
 

حِيمِْ الحمد   حمَْنِ الرَّ  لي رسولهغير مقروء) افضاله والصلاة ع» كفاء(«بِسمِ ا الرَّ
قال(؟) الشـيخ الامام الاجل البارع العلامه اسـتاد الوري شرف قال محمد والِٓه 

الاماثل ملك الفضلا خاتمة الحكماءِ محمود بن محمد بن عمر الحعميني الخوارزمي 
تغمدهُ اللـه تعالي برحمته ان اعزة الاحباب وخالصة الاصحاب بدر الملة والدين 

رواح شـياخ وشفا الافخر الاسلام والمسلمين عريز الملوك والسلاطين راحة الا
محمد بن بهرام القلانسيِ احمد اللـه عواقبه اشار ان اجمع في علم الهيية كتابا يقرن 
بين الاختصار والبيان وىجمع ايجاز اللفظ الي ىسط المعاني فعددت ذلك من 

والفت هذا الكتاب علي حسب  نعمه المتواليه وبادرت الي امتثال اشارته العاليه
غير مقروء)  »في(«الملخص  وسميتُهللتلخيص فيه مع البيان الامكان قاصداً  

الهيئة اسمه مخبرا عن معناه وظاهره دالا علي فحواه وجعلته يشـتمل علي مقدمة 
 ومقالتين

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 Muḥammad and his family. The highly esteemed, 
proficient, most learned Shaykh Imām, teacher of mankind, most 
noble of peers, king of the eminences, seal of the sages, Maḥmūd 
ibn Muḥammad ibn ʿUmar al-Jaghmīnī al-Khwārizmī, 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-l-Dīn, 
the pride of Islam and Muslims, cherished by kings and sultans, 
comforter of Shaykhs, the healer of spirits, Muḥammad ibn 
Bahrām al-Qalānisī, may God find his outcomes praiseworthy, 
proposed that I compile a book on [the subject of] ʿilm al-hayʾa, 
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 [hayʾa] 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 
 
واللـه الموفق للصواب والحمد للـه وحده وصلى اللـه علي سـيّدنا محمد واله وصحبه 

 ىه وكرمه عاقبتها احسن اللـه ٧٦٤وسلم في تار سـنه 
And God is the One who bestows truth, praise be to God alone. 
May God bless our master Muḥammad 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. 

 

  ل .4

[=L] 
 
 

Istanbul, Süleymaniye 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 Mulakhkhaṣ to date. The 
title page and f. 94a both contain an endowment stamp: Sulṭān 
Salīm Khān [i.e., Selīm III] ibn Sulṭān Muṣṭafā Khān 1217 [1802-
3]. (See Günay Kut and Nimet Bayraktar, Yazma Eserlerde Vakıf 
Mühürleri Waqif [Ankara, 1984], 41 [no. 15].) 

Incipit and Preface: f. 61b  
 

حيم الحمدُ للـهِ كِفآ اِفضاله الله الرَّحمن بسم  ىقول محمد والٓه نىيه على والصلوة الرَّ
 الفتُ  اللـه انى رحمه عمر الجغمينى محمدِ ىن ىن محمودُ  رحمته الى عبد اللـه الڡق

 مع الىلخيصَ  فىه مُتحرياً عالم  لكل ىعدِى تدكرهً منىّ  العالم هيئه فى الكىابَ  هذا
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ياںب َ ال ُه سٮح على المعانى ىسَط الى الالڡاط ائجازو  الملخّص تيسمو الامكان
ئهيه في ُ مُخْبراً رههاظو ناهمع على دالا اسمه لىكون ال تملشـ اهفحو عن َ ي ُه  تحعلو
لتيں مقدمة على  مقاو

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 Muḥammad and his family. The servant of God (ʿAbd 
Allāh) in need of His compassion, Maḥmūd ibn Muḥammad ibn 
ʿUmar al-Jaghmīnī, may God have mercy upon him, states: I com
posed this book on hayʾat al-ʿālam [Configuration of the World] 
as a memento from me for every scholar after me seeking an epit
ome on [hayʾa] 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 

خمد ورهش فى ىابلكا تم ىابلك ا تم ىقفىو ال ىههحر )هامش »٦٤٤(« وىاللـه ال  في
With God is success. The book was completed, the book was com
pleted [sic] in the months of 644 hijra [1246-47 CE]. 

5.  س
[=S] 

Paris, Bibliothèque 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 Dhū 
al-qaʿda 787 [Thursday evening/Friday morning, 21-22 Dec. 
1385 CE]. 

Incipit and Preface: ff. 48b–49a 

الصلو افضاله ابلصوبا الهم رٮ ٔ كفا للـه هّ الحمدُ يب ن على  وةُ
و الافاضِل على محمدٍ ُ شرف ريالو ُ تادسـا العلاّمةُ الاجلُ ُ رعاب ال ُ  الامام الق اله

الحكما خاتمُ الفضلأ لُك َ م ل ِ اثالام ُࠨ الجغَْ عد ـىِ ِ لفقيها َ عمر ىن محمد ىن ُ ودمحم ّ ءِ ِ  ينىم

 حيمالر حمنالر اللـه بسم



Editorial Procedures 79 

 
 

 Sigla Description of Manuscript 
 

الخوارِزمِىّ رحمه اللـه اِنه نقََلَ اليّ اعزّةُ الاحباب وخالصةُ الاصحاب اَن مولانا 
الامامُ الاجلُ البارعُ المنعمُ بدَْرُ الملّةِ والّدين فخرُ الاسلام والمسلمين عزىز الملوكِ 
رَ اوالسلاطين شفاءُ الارواح خاتمةُ الحكماء محمدُ ىن بهَرام القلانِسىّ رحمه اللـه اَش

الىّ ان اجمعَ فى علم الهيئةَِ كتابا يقرن ىىن الاختصار والبيان وىجَمع اىجاز اللفط 
الى بسط المعان فعددتُ ذلك من نِعَمِه المتواليه وبادرت الى امتثال اشارتِه العاليةِ 

  ۞وڡلتُ شعرا  ۞
  رفعَتْ رُتبتى واَعلتَْ مَحلّ  ۞يا لهَا من اِشارةٍ صَدرت لي 

  بدرِدين الهدى الامامُ الاجلّ  ۞الكر المرَجّى صدَرَتْ لى من 
ليس مثلى لمثل ذاك  ۞) السطرتحت » عط(«قد رانىٓ اَهلا لامرٍ خطير 

  بَاهْلِ 
  امتثالاً لامرِه ايَّ بذَْلِ  ۞غير اَنى بذلتُ فى ذاك جهدى 

  لا افتقاراً الى بضاعة مِثلى ۞قد دعانى لذاك لطُْفاً وبِرّاً 
َّفْتُ هذا الكتا بَ على حَسب الاِمكان قاصداً للتلخيص فيه مع البيان وسميتُه وَال

عن ») ح«مع رمز  السطر تحت» دالا(«الملخصَ فى الهيئةِ ليكون اسمه مخبرا 
  معناه وظاهرُه دالاَّ على فحواه وجعلتُه تشـتمل على مقدمة ومقالتين

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 Muḥammad and his 
family. The proficient, highly esteemed, most learned Imām, 
teacher of mankind, most noble of the worthies, he without peer, 
king of the eminent ones, seal of the sages, Maḥmūd ibn 
Muḥammad ibn ʿUmar al-Faqīhī al-Jaghmīnī al-Khwārizmī, 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 Imām Badr al-Milla wa-l-Dīn, the 
pride of Islam and Muslims, cherished by kings and sultans, the 
healer of spirits, the seal of the sages, Muḥammad ibn Bahrām al-
Qalānisī, may God have mercy upon him, proposed that I compile 
a book on [the subject of] ʿ ilm al-hayʾa, 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 Imām, 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 [hayʾa] 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. 82b 
 
ع واللـه الموفق والمسـتعاں وعليه التكلاں اىڡٯ الڡراع عن كىاىىه لىله الحمعه التاس

اىىں وسـىعماىه الحمد للـه وحده وصلى  عسر من سهر دى الڡعده مں سـىه سـىع و
  اللـه على سـىدىا محمد واله وسلم

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 Dhū al-qaʿda of the year 787 [Thursday evening-
Friday morning, 21-22 December 1385 CE]. Praise be to God 
alone, and may God bless our master Muḥammad and his family 
and grant them salvation. 

وڡرع عں ڡراىه  اول سهر رىىع الاحر مں سـنه ثماں  [ملاحظة بيد اخٓر] 
 وثمانين وسـبعما<ىه> على السـىح علاى الدىن الموڡٮ بحلب فسح اللـه في مدته

[A note in another hand]: The reading of this under the Shaykh 
ʿAlāʾ al-Dīn the Timekeeper was completed at the beginning of the 
month of Rabīʿ II of the year 788 [early May 1386 CE] in Aleppo, 
may God extend its duration. 
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§ II.3     Explanation of Signs and Conventions Used in the 
Arabic Critical Edition and Apparatus 

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

1. The orthography and rules for hamza follow modern conventions. 
2. The dotting of ي follows the rules used by printers in Syria and Lebanon. 

3. Tanwīn is generally added (but not on feminine tāʾ endings). 
4. Shaddas have been supplied (except for sun letters and nisbas). 
5. Short vowels have been provided sparingly as aids to the reader and/or to avoid 

ambiguity. 
 

Critical Apparatus 
 

[ Separates reading in edition from any variant 

: Separates variant and manuscript sigla 

+  Added in 

–  Missing from  

= Indicates another variant 

(…) Editor’s comments 

 Berlin, Staatsbibliothek, MS or. oct. 1511, pp. 6–64 (B) ب

 Paris, Bibliothèque nationale de France, MS arabe 2330, ff. 48b–82b (S) س

 Philadelphia, University of Pennsylvania, LJS MS 388, ff. 2b–19b (F) ف

 Cambridge UK, Cambridge University Library, MS Or. 593, ff. 1b–38b (K) ك

 Istanbul, Süleymaniye Library, Laleli MS 2141, ff. 61b–81a (L) ل

بياض  با (blank) 

السطر فيتحت  تا  (under the line in) 

مشطوب في  شا  (crossed out in) 

 (.smudged, unreadable, etc) مطموس، غير مقروء، إلخ طا

 (above the line in) فوق السطر في فا

 (in the margin in) في الهامش في ها
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[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 Muḥammad and his family. The proficient, highly esteemed, 
most learned Imām, teacher of mankind, most noble of the worthies, he without 
peer, king of the eminent ones, seal of the sages, Maḥmūd ibn Muḥammad ibn 
ʿUmar al-Faqīhī al-Jaghmīnī al-Khwārizmī, 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 Imām Badr al-Milla wa-l-Dīn, the 
pride of Islam and Muslims, cherished by kings and sultans, the healer of spirits, the 
seal of the sages, Muḥammad ibn Bahrām al-Qalānisī, may God have mercy upon 
him, proposed that I compile a book on [the subject of] ʿilm al-hayʾa, 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 
who inspires hope; 

the highly esteemed Imām, 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.  

 
[2] I composed this book according to [my] ability, aiming for an epitome on 

[hayʾa] 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.1 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,

                                                            
1 Up to this point, there is considerable variation among the manuscripts. For the different 
versions, see §II.2: Description of the Manuscripts. For the edition and translation, I have 
mainly followed MSS F and S.  
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  ٢بسم الله الرحمٰن الرحيم١
  

. قال الإمام البارع الأجلّ ٥محمدّ والٓه ٤نبيهّ علىإفضاله والصلوة  ٣فاء] الحمد  كِ ١[
العلاّمة أسـتاذ الورى شرف الأفاضل عديم الأماثل ملك الفضلاء خاتم الحكماء محمود بن 

أعزّة الأحباب وخالصة  ٧: إنهّ نقََلَ إليّ ٦محمدّ بن عمر الفقيهـي الجغميني الخوارزمي رحمه الله
 ٩والدين فخر الإسلام والمسلمين الإمام الأجلّ البارع المنعم بدر الملّة  ٨الأصحاب أنّ مولانا

 ١٠عزيز الملوك والسلاطين شفاء الأرواح خاتمة الحكماء محمدّ بن بهرام القلانسي رحمه الله
بين الاختصار والبيان ويجمع إيجاز اللفظ  ١١أشار إليّ أن أجمع في علم الهيئة كتابًا يقرن

إشارته العالية  ١٣إلى امتثال فعَدَدتُ ذلك من نعمة المتوالية وبادرت ١٢إلى بسط المعاني
  :١٤وقلت شعراً 

  

  ١٥محلّ  رتبتي وأعلتْ  رفعتْ   /  يا لها من إشارة صدرت لي  
  بدرِ دين الهدى الإمام الأجلّ   /  ١٨من الكريم المرجّي  ١٧صدرت لي١٦  
  ذاك باهٔل ٢٠ليس مثلي لمثل  /  ١٩قد رانيٓ أهلاً لأمر خطير  
  لأمره أيّ بذل ٢١امتثالاً   /  غير أنيّ بذلت في ذاك جهدي  
  بضاعة مثلي ٢٢لا افتقاراً إلى  /  قد دعاني لذاك لطفاً وبرّاً   

  

البيان  ٢٣للتلخيص فيه معالكتاب على حسب الإمكان قاصداً  ] وألفّتُ هذا٢[
عن معناه وظاهره دالاًّ على فحواه وجعلته  ٢٤وسمّيته الملخّص في الهيئة ليكون اسمه مخبراً 

 الإجمال. على الأجسام أقسام بيان٢٨في٢٧ المقدّمة. ٢٦ومقالتينْ على مقدّمة  ٢٥يشـتمل
ٓ أبواب:  الأفلاك وما يتعلقّ بها وهي خمسة بيان في ٢٩الأولى المقالة هيئات  في ٣٠ ا

القسي؛  بيان في ٣٤دالدوائر؛  في بيان ٣٣الأفلاك؛ حـ حركات ٣٢في بيان ٣١ٮالأفلاك؛ 
 ٣٧بيان هيئات في الثانية المقالة٣٦بذلك.  يتصّل وما حركاتها في للكواكب يعرض فيما ٣٥ه

ٓ ٣٨ أبواب:وهي ثلاثة  بها يتعلقّ وما الأرض  وعرضه وطوله ٤٠الأرض من المعمور في ٣٩ ا
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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 
aethereal 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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 في ٤٢ عرض؛ حـ لها التي والمواضع الاسـتواء خطّ خواصّ  في ٤١ٮالأقاليم؛  إلى وقسمته
   .٤٣منفردة أشـياء

  

  المقدّمة
  الإجمال على الأجسام أقسام بيان في

  

الطبائع؛  مختلفة أجسام إلى تنقسم لا التي وهي بسائط ] الأجسام قسمان:١[
 والحيوان. والنبات كالمعدنيات ٤٥ ٤٤الطبائع مختلفة مأجسا إلى تنقسم التي وهي ومركّبات
 الأفلاك وأجرام أثيرية وهي والنار والهواء والماء٤٦ الأرض وهي عناصر قسمان: فالبسائط

 كريّ  العلم هذا غير في بينّ  ما على فهو ٤٨وطبعه ليِّ خُ  إذا ٤٧جسم بسـيط وكلّ  فيها. بما
 لقبولها الأرض أنّ  إلاّ  الأشكال. كريةّ الأثيرية بجملتها والأجرام فالعناصر الشكل.

 نم ٥١نشاهد عنها كما خارجة ٥٠لأسـباب تضاريس سطحها في وقعت ٤٩التشكيلات
ّ  كونها في ٥٥تقدح لا التضاريس ٥٤هذه ونحوهما. لكنّ ٥٣ ٥٢الوهاد والتلال  ٥٦الشكل ةكري
جملتها.  ٦٢شكلفي  ذلك ٦١يقدح لم ٦٠شعير٥٩ ٥٨حباّتُ  بها أُلزقِت ٥٧لو بجملتها كالبيضة

ّ  إلاّ  ٦٣كريّ  الماء وكذا  من ارتفع ما ٦٤سطحه عن خرج لأنهّ الاسـتدارة بتامّ  ليس هأن
 فيه ما تضاريس بحسب ٦٦أيضاً  مضرّس ٦٥المقعّر سطحه أنّ  إلاّ  كريّ  الهواء الأرض. وكذا

  .٦٧ الأصحّ  قعيراً بالرأيوت يباً تحد الاسـتدارة صحيحة الشكل كريةّ والأرض. والنار الماء من
 في ٦٩والأرض. ببعض بعضها ٦٨يحيط الكرات وهذه الأشكال كريةّ كلهّا والأفلاك ]٢[

 ثمّ  ٧٣عطارد فلك القمر ثمّ  فلك النار ثمّ  ثمّ  الهواء ثمّ  ٧٢بها٧١محيط  ٧٠الماء فهو ثمّ  الوسط
 فلك ثمّ  زحل فلك المشتري ثمّ  فلك ثمّ  المرّيخ فلك ثمّ  الشمس فلك ثمّ  الزهرة فلك

 الأجسام بجميع المحيط وهو الفلك ٧٥الأعظم الفلك٧٤ ويسمّى الأفلاك فلك الثوابت ثمّ 
الذي يليه في  وكلّ محيط يماسّ المحاط به .٧٧ملاء ٧٦ولا لا خلاء شيء ورائه ليس

 ٨١يطُْلق عليها فيها وما والأفلاك العناصر من ٨٠هذه الأجرام ٧٩وبجملة .٧٨المذكورالترتيب 
  :٨٢وصورتها هذهالعالم.  اسم
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Illustration of the Orbs 

 
[Figure 1] 
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  صورة الأفلاك

 
  ]١[شكل 
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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 

[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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 الأولى المقالة٨٣
ّ  وما الأفلاك بيان في   ٨٤بها قيتعل

 

  الأولى ٨٥من المقالة لالأوّ  الباب
الأفلاك ٨٦هيئات في

  

 العالم. وكلّ  مركز مركزهما متوازيان سطحان به يحيط٨٧ كريّ  جرم الشمس فلك ]١[
 شامل للأرض٩٠مجسّم  فلك . وكلّ ٨٩هو مركزها ٨٨فمركز سطحيهْا السطحينْ  متوازية كرة
 ٩٢الجهات جميع من واحد بينهما البعد أنّ  ٩١بالمتوازيينْ هنا وأعني السطحينْ. متوازي فهو
  .الثخن متشابهة هي أغلظ بل وجزء أرقّ  ٩٤جزء يكون للكرة ٩٣يختلف حتىّ  لا

 فلك، جوفه في لا المتوازيينْ  سطحيْه بين فيما أيْ ٩٥ ،الفلك ثخن هذا داخل ] وفي٢[
 عن خارج ٩٧مركزهما متوازيان سطحان به يحيط للأرض شامل كريّ  ٩٦جرم هو ثانٍ 

 بينهما مشتركة نقطة على سطحيْ الأوّل لمحدّب مماسّ  سطحيْه محدّب العالم، مركز
 بينهما مشتركة نقطة على الأوّل سطحيْ  لمقعّر مماسّ  سطحيْه ومقعّر الأوج ٩٨ىتسمّ 

 مائلاً  الأوّل لا في جوفه ثخن داخل في الثاني هذا يكون أيْ ١٠١ ١٠٠الحضيض ٩٩وتسمّى
 من ونقطة الأوّل محدّب إلى محدّبه ١٠٤من نقطة ١٠٣تصل ١٠٢بحيث منه جانب إلى

   .الأوّل مقعّر إلى١٠٦ ١٠٥مقعّره
 ١١٠بل السطوح ١٠٩متوازيتيْ  غير كرتينْ  الأوّل به ١٠٨يصير ١٠٧] فبالضرورة٣[

 ممّا ١١٤الحاوية ورقةّ .١١٣فيه ١١٢محوية والأخرى وية له،حا ١١١الثخن، إحداهما مختلفتيْ 
 كلّ  ١١٦. وتسمّى١١٥بالخلاف وغلظها المحوية ورقةّ الحضيض. يلي ممّا وغلظها الأوج؛ يلي

 ١١٩يسمّى والأول المركز الخارج ١١٨يسمّى الثاني الفلك . وهذامتمماًّ  منهما ١١٧واحدة
 في وسـتعرفها١٢٢ الممثلّ بالفلك أيضاً  المسمّاةالدائرة  ١٢١محيطه على لأنَّ  الممثلّ الفلك١٢٠
  الدوائر. باب
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[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: ḥāmil] on account of their 
carrying [ḥaml] the centers of the epicycles, because they, I mean the centers, are 
like parts of them [i.e., the deferents].

 
[Figure 2]  

  

Illustration of the Sun’s Orb
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 فيه مغرق المركز الخارج الفلك جرم في ١٢٣صْمَت مركوزكريّ مُ  جرم والشمس ]٤[
  سطحيْه. سطحها ١٢٤ويماسّ  الفلك ثخن قطرها يساوي بحيث
 لا فرق ،الشمس كفلك بِعينها فهـي ،والزهرة العلويةّ الكواكب أفلاك وأمّا ]٥[
 ةمغرق مركوزة هي بل١٢٦ للأرض شاملة صغاراً غير أفلاكاً  لها أنّ  إلاّ  وبينه البتةّ ١٢٥بينها
 سطحيْ  منها واحد كلّ  سطح ١٢٩يماسّ  بحيث ١٢٨المراكز ١٢٧الخارجة أفلاكها أجرام في

 ١٣١وتسمّى هذه الأفلاك الصغار المركز. الخارج فلكها في الشمس بمنزلة جرم ،١٣٠حامله
  .أفلاك التداوير

 التدوير مغرق فلك جرم١٣٤ في ١٣٣مصمت مركوز كريّ  جرم ١٣٢فيها والكوكب] ٦[
 الخارجة والأفلاك بينهما. مشتركة نقطة على التدوير سطح سطحه يماسّ  فيه بحيث
 كٔاجزاء المراكز أعني لأنهّا ١٣٥التداوير مراكز لحملها حوامل تسمّى الشمس، لغير المراكز،

.١٣٦منها
  صورة فلك الشمس

  
  ]٢[شكل 
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Illustration of the Orbs of the Upper Planets and Venus 

 
[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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 والزهرة العلوية الكواكب صورة أفلاك

  
 ]٣[شكل 

  

 شاملة للأرض على ثلاثة أفلاك ١٣٨مشـتمل فكلاهما والقمر عطارد فلكا وأمّا١٣٧] ٧[
 العالم، مركز مركزه الممثلّ هو فلك على مشـتمل عطارد فلك أنّ  إلاّ  تدوير فلك وعلى
 داخل في ،المدير ويسمّى خرللآ  الحاوي وهو أحدهما، ،١٣٩المركز خارجيْ  فلكينْ  وعلى
بحيث ١٤١كسائر الأفلاك الخارجة المراكز في ممثلاّتها  ١٤٠أيْ  ،الرسم على الممثلّ، ثخن

 ١٤٥ومقعّره الأوج، ١٤٤وهي بينهما، مشتركة نقطة على ١٤٣الممثلّ محدّب ١٤٢محدّبه يماسّ 
 ١٤٩المحوي وهو ١٤٨المركز الخارجي من والثاني الحضيض. وهي ،١٤٧نقطة على١٤٦مقعّره 
 . وفلك١٥٢المدير على الرسم ١٥١جرمثخن  داخل في ١٥٠لمركز التدويرالحامل  وهو

. ١٥٤على ما ذكرنا في سائر التداوير التدوير في ١٥٣والكوكب الحامل جرم في التدوير
 .مديره من كالجزء ممثلّه، والثاني من كالجزء أوجان، أحدهما لعطارد يكون أنْ  ويلزم
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[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 jawzaharī and the parecliptic. The second, called the inclined, is in the cavity 
of the jawzaharī, 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. 

Illustration of Mercury’s Orb 

 
[Figure 4] 
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١٥٦ ١٥٥  ا. ٔحد حامل فلكو العالم، كزمرهماكزمر،ْفلكين على تملشـم القمر فلكو ]٨[
 في ١٥٨المائل ١٥٧ىّسميثانيلوا.لّثلمموايِهرزَوَْالجىّسميثانيلبا يطلمحا هووْلينؤّالا
 الحامل فييرتدولوا .الرسم علىئللماا ثخن في الحاملو .نهثخ فيلايِهرزَوَْالج وفج
 .١٥٩ذكرنا ما نحو علىيرتدولا في القمرو

.فلاكٔالا ئاتيه من ذكرنا ماةّييفكرّتصوي ائروالد ٠١٦هذه منو ]٩[

  رداطع فلك رةصو

 ]٤ شكل[
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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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  فلك القمر صورة

  
  ]٥[شكل 

  

 البروج فلك ١٦٣ويسمّى الثامن الفلك وهو ١٦٢فلك الثوابت وأمّا١٦١] ١٠[
 كرة ١٦٧العالم. وهو مركز ١٦٦مركزه كريّ  ١٦٥الدوائر فجرم باب في هذا ١٦٤معنى وسـتعرف

 يماسّ  ١٧٠ومحدّبهما ،زحل كرة ١٦٩محدّب  يماسّ  ١٦٨سطحيْه رالأصحّ؛ مقعّ  الرأي على واحدة
   فيه. مغرقة مركوزة باجمٔعها الثابتة الأعظم. والكواكب الفلك مقعّر
 العالم. مقعّر مركز ١٧٢مركزه كريّ  جرم الأفلاك فلك ويسمّى ١٧١الأعظم الفلك] و١١[

 شيء١٧٥ورائه  ليس إذ شيئاً  يماسّ  لا ١٧٤الثوابت ومحدّبهما فلك محدّب ١٧٣يماسّ  سطحيْه
  .١٧٦ملاء ولا خلاء لا
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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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 من المقالة الأولى ١٧٧الثاني بابال 
  الأفلاك حركات في

  

حركة من المشرق إلى المغرب وحركة  :على كثرتها قسمان ١٧٨] حركات الأفلاك١[
  من المشرق إلى المغرب فمنها: ١٨١الحركة التي هي ١٨٠ا. فامّٔ ١٧٩من المغرب إلى المشرق

 ١٨٢] حركة الفلك الأعظم حول مركز العالم وهي الحركة السريعة التي بها تتمّ ٢[
لزمها حركة سائر الأفلاك وما فيها إذ هي في ضمن تو  .١٨٣دَوْرته في قريب من يوم وليلة

وبها طلوع الشمس وسائر  .الأعظم لزوم حركة المظروف لحركة الظرف١٨٤الفلك 
 ١٨٦لأنهّا أوّل ما والحركة الأولى الكلّ  حركةهذه الحركة  ١٨٥وتسمّى .الكواكب وغروبها

 ١٨٨قطبييتحرّك الكلّ؛ ويسمّى قطباها ١٨٧يعُرف من حركات الأجرام السماوية وبها 
  ؛معدّل النهار ١٩٠ومنطقتها١٨٩ العالم
إذ  حركة الأوج ١٩٢عطارد حول مركزه الخارج. وتسمّى ١٩١] ومنها حركة مدير٣[

وهي على قطبين ومنطقة غير معدّل النهار ١٩٥. ١٩٤كما سلف ١٩٣فيه الأوج الثاني لعطارد
 كل يوم بليلته  ١٩٨في ١٩٧وهي  .١٩٦وقطبيها وسـتعرفهماوقطبي العالم وغير منطقة البروج 

  ؛٢٠٢وسـتعرفه ٢٠١مثل وسط الشمس ٢٠٠وهو ١٩٩كط ح ن ۰
على منطقة البروج وقطبيها في  ٢٠٣] ومنها حركة جوزهر القمر حول مركز العالم٤[

  ؛ الرأس والذنبحركة وهي  ٢٠٤لز ي ج ۰ بليلتهاليوم 
المائل للقمر حول مركز العالم على منطقة وقطبين غير الفلك ٢٠٥] ومنها حركة ٥[

 حركةوهي  ٢٠٧مج ز ط يا وغير أقطابهما في اليوم بليلته ٢٠٦معدّل النهار ومنطقة البروج
  .أوج القمر

وهي : حركة فلك الثوابت ٢٠٩من المغرب إلى المشرق فمنها ٢٠٨] وأمّا الحركة التي٦[
 في ٢١١جزءاً واحداً على رأي أكثر المتاخّٔرين  ٢١٠حركة بطيئة حول مركز العالم، تقطع
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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 explana tion of this in the chapter on circles. It 
is also called the motion of the center. 
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 ةمنطق ٢١٤، على٢١٣وسـتعرفهما قمرية ٢١٢ست وسـتين سـنة شمسـية أو ثمان وسـتين
 ٢١٧العالم يسمّيانوعلى قطبين غير قطبي  ٢١٦منطقة البروجو فلك البروج٢١٥تسمّى أيضاً 

الكلام في  ٢٢١هذا٢٢٠ منطقتها معدّل النهار وسيتمّ  ٢١٩أن تقاطع. ويلزم قطبي البروج٢١٨
  ؛٢٢٢باب الدوائر

] ومنها حركات الأفلاك الممثلة حول مركز العالم مثل حركة فلك الثوابت وعلى ٧[
والجوزهرات سوى أحد بها؛ وهي حركات الأوجات  ٢٢٣تتحرّكا منطقتها وقطبيها كٔانهّ 

أوجي عطارد أي الذي هو في المدير وسوى أوج القمر وممثله وجوزهره؛ 
لمنطقة  ٢٢٦مسامتة ٢٢٥للشمس على منطقة ٢٢٤] ومنها حركة الفلك الخارج المركز٨[

وهي في اليوم  ٢٣٠ ٢٢٩البروج ٢٢٨غير قطبيها ومحور مواز لمحور فلك ٢٢٧البروج وقطبين

  ؛ ٢٣١ك ح نط ٠ بليلته
 ٢٣٥الحاملة حول مراكزها الخارجة على مناطق٢٣٤ ٢٣٣الأفلاك ٢٣٢] ومنها حركات٩[

  :. وهي في كل يوم بليلته٢٣٦وأقطاب غير منطقتي الفلك الأعظم وفلك البروج وأقطابهما

   ٢٣٧ هل ٠ ب ٠ لزحل 

  ٢٣٩ نط يو د ٠ ٢٣٨للمشتري 

   ٢٤١ لا كو م ٠ ٢٤٠يخللمرّ  

  ٢٤٤ نط ح ك ٠ ٢٤٣للزهرة٢٤٢ 

  ٢٤٦ م وا نح ي ٢٤٥لعطارد 

  .٢٤٩ كبنج كد كب ٢٤٨  ٢٤٧للقمر 
أيضاً  وهي  ٢٥٢، تسمّى٢٥١هذه  ٢٥٠وتسمّى
وضوح بيان هذا في  ٢٥٤دي إذا أضيفت إلى فلك البروج. وسنز  ٢٥٣بعينها

.    ٢٥٦أيضاً  ٢٥٥باب الدوائر؛ وتسمّى

،ضالعر حركة 

حركة المركز

كبالكو الحركة وسط
حركة الطول
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[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.2 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 
[zījes], 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 Jaghmīnī makes a distinction between the term mutaḥayyira [vacillating planets], which 
designates the five retrograding planets, i.e., Saturn, Jupiter, Mars, Mercury and Venus, and 
the more general term al-sayyāra, which designates all seven planets, including the Sun and 
Moon. For a fuller discussion, see Commentary I.2[10]. 
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التداوير على مراكزها فهـي خارجة عمّا ذكرنا من  ٢٥٨حركات أفلاك ٢٥٧] أمّا١٠[
في الجهة لحركات أسافلها لكونها ٢٦٠ ٢٥٩قسمي الحركات لأنّ حركات أعاليها لا محالة مخالفة

من المغرب إلى المشرق فحركة ٢٦١غير شاملة للأرض، أعني إن كانت حركة الأعلى
الخمسة المتحيرّة، وإن كانت حركة  ٢٦٣اويروذلك لتد ٢٦٢الأسفل من المشرق إلى المغرب

القمر. لكن  ٢٦٥من المشرق إلى المغرب فحركة الأسفل بالخلاف وذلك لتدوير ٢٦٤الأعلى
المثبت في  ٢٦٩مسير التداوير بالنسـبة إلى البروج، وهو ٢٦٨من ٢٦٧المعتبر ٢٦٦المذكور

ة أو سواء كان حركة الأعلى كما في المتحيرّ ٢٧٠الزيجات، هو ما كان على توالي البروج 
  :حركة الأسفل كما في القمر. وحركات التداوير في كل يوم بليلته

   ٢٧٣ نز ز مد ٠  ٢٧٢لزحل٢٧١  

  ٢٧٥ جند ط  ٠  ٢٧٤للمشتري  

  ٢٧٧ كز ما م ٠  ٢٧٦يخللمرّ   

   ٢٧٩ لو نط كط ٠  ٢٧٨للزهرة  

  ٢٨١ و كد زج   ٢٨٠لعطارد  

  .٢٨٢ نويج ج نج   للقمر  
  

  .٢٨٦والله اعلم ٢٨٥للكوكب الخاصّة ٢٨٤والحركة ٢٨٣حركة الاختلافوهذه الحركة تسمّى 
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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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ولىٔالاالمقالةمنثالثلابابلا
ائروالدفي

امّٕواالعالم،كزمرمحالةلاهاكزمروالعالم٢٨٧فّنصتالتيوهي،يمةعظامّإرةئالدا ]١[
٢٨٨٢٨٩٢٩٠ فهنصتلاالتيوهييمةعظغير  .يرةغصلاَّسمتلوّ
٢٩١٢٩٢٣٢٩ لّمعديتسمّاّنمٕوا .فتهارعقدوتقيمسـلمافلكالىّسمتو،نهارلالّمعد ]٢[

 .توياسـايأاحينولايعجمفيالنهارويلللا٢٩٤تدلعاتتهامساذاإشمسلانّلأالنهار
٢٩٥ٔ التيرةئالداعنيأ،اءتوسـالاّخطىسمترضالاجهوعلىهاسطحفيالتيرةئالداو ّ

٢٩٦٢٩٧٢٩٨٢٩٩٣٠٠ . للعالمًقاطعاالنهارلّمعدناهمّتوندعرضٔالاسطحعلىتحدث
٣٠١٣٠٢، وردبسمتترمةهوموصغاروهيةيميولااتالمدارىسمتهاليةازالموائروالدو ّّ

 .يهعل٣٠٣رضفتنقطةكلّمنعظمٔالاالفلك
٣٠٤٣٠٥ .فتهارعقدووج،برالنطقةمووجالبرفلكىّسمتو،وجالبررةئاد ]٣[

٣٠٦٧٣٠ٔ ٔ لّةثلممافلاكالاوحطسعلىتحدثالتيائروالدعنياها،سطحفيالتيائروالدو
٣٠٨ً هذهلىإبةسـنلوبا . لّةثلممافلاكٔبالايضاأىّسمتللعالمقاطعةوجالبررةئادناهمّتوندع

٣١٠٣١١٣١٢ر٣٠٩ اًّخطناهمّتوذاإنّالأ،شمسلوااكبوالككاتحرولطيةّكـمّتقدرةئالدا
٣١٣ً٣١٤ نأفّقاتنٕفا،اكبوالككزابمراّماروجالبرفلكسطحلىإالعالمكزمرمنرجيخ
وج،برالفلكمنكبالكونمكاهوقعهوفموج،برالنطقةمفيّالخطذلكرفطقعو

٣١٥٦٣١ رةئادناهمّتووج،برالنطقةمعنًجاخارقعونوا .رضعكبللكويكونلائذنيحو ٕ
٣١٧٣١٨٣١٩٣٢٠ يكونفوج،برالنطقةلممقاطعةّالخطذلكرفطووجالبربقطبيةمار ّ

وج،برالفلكمنكبالكومكانوجالبرنطقةمبينورةئالداتلكبينتقاطعلانقطة
 .رتينوالمذكتيننقطلاهاتينحدىإكبالكوفمكان٣٢١ئذنيحرضعكبللكويكونو
٣٢٢ّ٣٢٣٣٢٤ كةبحرالمعنىهوهذاووج،برالفلكعلىنقطةلاكتتحركبالكوكتحرمافكل ّّ
 .ولطلافيكبالكو
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[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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موهومة ترسمّ  . وهي صغارمدارات العرض ٣٢٦الموازية لها تسمّى٣٢٥ ] والدوائر٤[
  كلّ نقطة تفرض عليه.  ٣٢٧منبدور الفلك الثامن 

]٥ ّ تقاطع دائرة البروج معدّل النهار  ٣٢٨ا كان قطبا البروج غير قطبي العالم لزم أن] ولم
منها فلك البروج على التوالي إلى  ٣٢٩عند نقطتين متقابلتين. إحداهما وهي التي ياخٔذ

كون غاية ت. و بنقطة الاعتدال الخريفيّ والأخرى  ،بنقطة الاعتدال الربيعيّ الشمال تسمّى 
عند نقطتين إحداهما ممّا يلي  ،، أعني بعُد دائرة البروج عن معدّل النهار٣٣٠بعُدها عنه

، والأخرى ممّا يلي الجنوب وتسمّى الانقلاب الصيفيّ  ٣٣٢نقطة٣٣١الشمال وتسمّى 
تصير بها أرباعاً.  ٣٣٥بذلك لدائرة البروج أربع نقط ٣٣٤عينّ تُ . ف الانقلاب الشـتويّ  ٣٣٣نقطة
فصول السـنة. ثمّ  ٣٣٨كلّ ربع منها هي مدّة فصل من أربعة ٣٣٧قطع الشمس  ٣٣٦ومدّة
 ٣٤١واحد منهما نقطتين بعُد كل واحدة ٣٤٠على ربعين متلاصقين منها على كلّ  ٣٣٩نتوهمّ 

ست  ٣٤٤ثمّ نتوهمّ ٣٤٣ .ليهاإ أقرب طرفي الربع  ٣٤٢منهما عن الأخرى مثل بعُد الأخرى عن
إحداهما ٣٤٧: ٣٤٦باجمٔعها على نقطتين متقابلتين هما قطبا البروج ٣٤٥دوائر عظام تتقاطع

بالدائرة الانقلابين وهذه تسمّى  ٣٥١وبنقطتي ٣٥٠البروج٣٤٩بقطبي العالم وبقطبي  ٣٤٨تمرّ 
 ٣٥٤بنقطتي ٣٥٣تمرّ  والأخرى .الاعتدالين ٣٥٢، وقطباها نقطتاالمارّة بالأقطاب الاربعة

الأربع المتوهمّة  ٣٥٧. والأربع الباقية تمرّ بالنقط٣٥٦الانقلابين ٣٥٥الاعتدالين وقطباها نقطتا
 ٣٦١مقابلة للمفروضة هي على ٣٦٠أخر ٣٥٩وبارٔبع نقط ،المفروضين ٣٥٨على الربعين

فلك الثامن بهذه الدوائر الست للمفروضين. فينقسم ال ٣٦٣الربعين الباقيين المقابلين٣٦٢
من  ٣٦٥والقوس التي بين كلّ دائرتين منها .برُْجاً  ٣٦٤اثنى عشر قسماً، كلّ قسم منها يسمّى

بفلك البروج. وبالسطوح  ٣٦٧سمّىت يضاً برجاً، ولهذا أ  ٣٦٦منطقة البروج تسمّى
باثني عشر  ٣٧٠يضاً أ عظم لأفلاك الممثلّة والفلك الأ ا ٣٦٩لهذه الدوائر تنقسم ٣٦٨الموهومة

 برُجاً. 
 ،بين ما يرُى من الفلك وبين ما لا يرُى ٣٧١عظيمة تفصل دائرةدائرة الأفق ] ٦[
تاليها يعُرف الطلوع والغروب. وقطباها إ وبالنسـبة ٣٧٢  وتنصّف الرأس والقدم ٣٧٣سمَْ
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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 [rukhāmāt]. 

[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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٣٧٤تيننقطب   نقطةرىخٔللاو تدالعالا مطلعوشرقلما قطةنحداهمالإقُالي :النهار لّمعد
 ّخطوربغلماو شرقلماّخطينهماباصلوالّللخط قاليو .تدالعالا ربغموربغلما

٣٧٨ُ ٧٣٧ ٣٧٥٣٧٦  .اتطرْنقَلماهال يقالهال يةازالمو ائروالدو . تدالعالا
٣٨١ ٣٨٠ ٣٧٩  .القدموسٔرالاسمتيو العالم بقطبيّتمر يمةعظ رةئادنهارلا صفنرةئاد ]٧[
ٕدعىبٔنصو .ربغلم  ٣٨٤حداهمااُتتيننقطفقالا رةئاد ٣٨٣فّتاو شرقلما ٣٨٢تانقط باهاقطو

 هذاو .نهارلا صفنّخطينهماباصلوالّللخط يقالوشماللا طةنقرىخٔالاو وبنلجا طةنق
.خاماترالوحطسفيجانرتخسُـيربغلماوشرقلماّخطوّالخط
ّتمر يمةعظ رةئاد ٣٨٨هي ٣٨٧ةّيتسملارةئالداًيضاأ ٣٨٦ىّسمتو ٣٨٥تفاعالار رةئاد ]٨[

الفلك سطح لىإ العالم كزمر من رجالخا ٣٨٩ّالخط رفطبو القدمو سٔرالاسمتيب
ٔ٣٩٣ ٣٩٢ ٣٩٠ ٔ قائمة واياز على فقالا رةئاد تقطعو .شمسلا وأكبالكوكزبمر ١٣٩اًّمارعلىالا

٣٩٧ ٣٩٥ ٣٩٤ثا غير تيننقط كبالكو٣٩٦تقالناسبح فقٔالا رةئاد علىتينتقلنم بل تين،تب ب
٤٠٠ ٣٩٨ فقٔالا رةئادمن وسقلوا .سمتلا قطةن منهما ٣٩٩احدةوكلّىّسمت .شمسلا وأ

حدىإ بينو ينهماب ماو،متسلا وسقىسمتربغلماو شرقلما نقطتي حدىإ بينو ينهماب ّ
رةابقنط ٤٠٣ سمل ٤٠٢ ئد علىترةئالدا هذهو .متسلا تمامىّ يشمالوا وبنلجا ٤٠١نقطتي

.تينمر ٤٠٤تهيلبل وميلا في النهار نصف ّ
٤٠٦ ٤٠٥ نقطتيبو القدمو سٔرالاسمتيبّتمر يمةعظ رةئادوتمُسُلا لوّأ رةئاد ]٩[

 على النهار نصف ٤٠٨رةئادتقاطعو شماللوا وبنلجا تانقط باهاقطو٤٠٧ربغلماو شرقلما
عليها بقتنطا ذاإ تفاعالار رةئادنّلأ بذلك يتسمّاّنمٕوا ،القدموسأرلا ٤٠٩سمت نقطتي
سمت هذا الذي بلدلا ذلك مدار ىّسميهاسّيما الذي المدارو .سمت وسق هاليسل كانت

.هلهأ سٔرا
عُدببها رفعُوي . ٤١٢النهار لّمعد بقطبي ةّمار يمةعظ رةئاد ٤١١ ٤١٠يَللما رةئاد ]١٠[

٤١٣ ّ لؤالا يللماعنيأالنهار لّمعد عن وجالبر فلك يلمو النهار لّمعد عن كبالكو
 .فهتعرسـو
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[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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دائرة عظيمة تمرّ بقطبي البروج وبطرف الخطّ الخارج من  ٤١٤دائرة العرض] ١١[
 ٤١٩ويعُرف بها .٤١٨عظمالفلك الأ ٤١٧ ٤١٦إلى سطح ٤١٥مركز العالم المارّ بمركز الكوكب

 لفلك البروج عن معدّل النهار. والميل الثاني ٤٢٠عرض الكوكب
إمّا  ٤٢٣وهي ٤٢٢في أفلاك السـيّارة المتوهمّة المرتسمة بدور النقط ٤٢١الدوائر] ١٢[

 ٤٢٨فالمرتسمة .٤٢٧لا على البسائط ٤٢٦وإمّا مرتسمة ٤٢٥الاٴ كر ٤٢٤مرتسمة على بسائط
هي المرتسمة من حركة مركز الشمس على محيط فلكها الخارج المركز،  ٤٢٩على البسائط

ومن حركات  ٤٣١مراكز التداوير على محيطات الأفلاك الحاملة ٤٣٠والمرتسمة من حركات
 ٤٣٣. وكلّ دائرة منها تسمّى باسم الفلك٤٣٢فلاك التداويرأ مراكز الكواكب على محيطات 

الخارج ٤٣٤كة مركز الشمس تسمّى بالفلك الذي ترتسم على محيطه، فالمرتسمة من حر 
 ٤٣٧، والمرتسمة من٤٣٦مراكز التداوير بالأفلاك الحاملة ٤٣٥والمرتسمة من حركات ،المركز

الفلك ٤٤٢ومنطقة  ٤٤١الحاملة٤٤٠الأفلاك  ٤٣٩التداوير. وهذه ٤٣٨مراكز الكواكب بافٔلاك
في سطوح الأفلاك الممثلّة وفلك البروج ٤٤٣المائل إذا فرُضت قاطعة للعالم حدثت 

 ٤٤٥ولكونلميلها عن فلك البروج.  الأفلاك المائلةدوائر تسمّى ٤٤٤والفلك الأعظم 
العالم،  ٤٤٧قطبي البروج وقطبي فيها على اقطاب غير ٤٤٦حركات الأفلاك التي ارتسمت
 مجاز الكوكب وهي ٤٤٩الممثلاّت على نقطتين، إحداهما ٤٤٨وهذه الأفلاك المائلة، تقاطع

 .بالذنب والاُخرى بالرأس، ٤٥١دائرة البروج إلى الشمال تسمّى ٤٥٠على
لعطارد  ٤٥٣هي المرتسمة من مركز الحامل ٤٥٢والمرتسمة لا على البسائط] ١٣[

القمر. وتسمّى  ٤٥٦حامل ٤٥٥عطارد وبتحريك المائل ٤٥٤والقمر بتحريك المدير حامل
يدور على  ٤٦٠مركز الحامل إذ ٤٥٩الحامل لمركز ٤٥٨الحامل ٤٥٧هذه المرتسمة الفلك

  .٤٦١محيطها
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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.3 

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, I.4[5], Fig. C1. 
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  من المقالة الأولى رابعالباب ال
  القسيّ  في

  

عن تسعين  ٤٦٣من محيط الدائرة. فإن نقصت تلك القطعة٤٦٢قطعة  القوس] ١[
جزءاً ففضل التسعين عليها  ٤٦٧ ۰٣٦ المحيط ٤٦٦التي يتمّ بها ٤٦٥جزءاً بالأجزاء٤٦٤

 .٤٧٠ما سلف من قوس السمت وتمامها٤٦٩القوس. ومثاله  ٤٦٨تمام تلك يسمّى
العمارة  ٤٧٢قوس من معدّل النهار فيما بين دائرة نصف النهار باخٓر ٤٧١طول البلد] ٢[

 طول العمارة من المغرب وسـتعرفه وبين دائرة نصف النهار في ذلك البلد.  ٤٧٣أعني مبدأ 
. ٤٧٦معها من معدّل النهار ٤٧٥ما يطلع ٤٧٤كلّ قوس من فلك البروج هي مطالع] ٣[

 ٤٧٨بين دائرتين من دوائر الميل ٤٧٧ويكون المطالع في خطّ الاسـتواء لا محالة محصورة
يضاً دائرة من دوائر الميل، أعني يكون ما بين دائرتي أ  ٤٧٩لأنّ أفقه مارّ بقطبي العالم فهو

 الميل من معدّل النهار مطالع لما بينهما من فلك البروج.
بين رأس  ٤٧٣من معدّل النهار ٤٨٢قوس ٤٨١من فلك البروج الجزء ٤٨٠مطالع] ٤[

  الجزء.٤٨٦ذلك  ٤٨٥مع ٤٨٤الحمل والجزء الذي يطلع منه
الفضل بين مطالعه بخطّ  ٤٨٨لجزء من فلك البروج هو ٤٨٧تعديل النهار] ٥[

 ٤٨٩الاسـتواء وبين مطالعه بالبلد. ولِنُمثلّ لذلك مثالاً: إذا كان رأس الجوزاء ممّا يلي
خطّ الاسـتواء، وفرضنا دائرة من دوائر الميل تمرّ به  ٤٩١أفق غير٤٩٠المشرق في 

رأس الجوزاء وسـتعرف  ٤٩٤حدث مُثلثّ. أحد أضلاعه ميل٤٩٣وتقاطع معدّل النهار، ٤٩٢
قوسان بين دائرة الميل وبين نقطة الاعتدال الربيعي، ٤٩٦خران . والضلعان الآ ٤٩٥الميل

مطالع والأخرى من معدّل النهار وهي  السواء ٤٩٧بدرجإحداهما من فلك البروج ويسمّى 
 ٤٩٩هذا المثلثّ إلى مثلثّين ٤٩٨سـتواء. وأفق البلد يقسّمبافٔق خطّ الا قوس البروج

، وسـتعرفها، وقوس البروج المذكورة سعة المشرقبه  ٥٠٠فوق الأرض وتحيط إحداهما
 الاخٓرنقطة الاعتدال الربيعي وبين الأفق. والمثلثّ  ٥٠٢معدّل النهار بين ٥٠١وقوس من
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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 [taqwīm] 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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٥٠٣ّٔ تحٔ ما النهار لمعد منوسوقزاءوالجسرا يلمو شرقلما سعة به يطو رضالا تحت
التي وسقلا هذهو . ٥٠٥النهارلّمعد بينو يللما رةئادبين تقاطعلا نقطة ٤٥٠بينو فقٔالا بين

٥٠٨ ٥٠٧ ٥٠٦ ّ كانت اولم .بلدلا ذلك فيزاءوالج سٔرالالنهار تعديل النهار لّمعدمن هي
ّٓٔ٥٠٩  تكوننا جبو بلدان،لا وضعر تلافخبا ثثللماهذا ثللم هاقطع تلفتخ فاقالا

 .وضالعر تلافخبا ٠٥١تلفتخ المطالع
٣٥١ ٢٥١ ٥١١   بينوالحمل لوّأ بين ما وجالبر فلك من وسقهووشمسلا سطو ]٦[

٥١٦ ٥١٥ ٥١٤ ّ لىإ ـينتهيو شمسلاكزبمريمرو كزالمر رجالخا هافلك كزمر من رجيخّخط سٔرا
ً٥١٧   فهطر بينالتي وسقلاف العالم كزمر منجاخارّالخط ذلك رضف ذإفا .وجالبر رةئاد

 هو رينوالمذك ينّالخط طرفي بين ماو .مسشلا قويمتهي وجبرلافلك من الحمل لوّأ بينو
٥١٩ّ ٥١٨  هاتروُتالتي يةاوالز عنيأ شمس،لاكزمر ندعتقاطعا ذاإينالخط يةاوزو .هايلعدت
 .٥٢٠عديلتلا يةاوزهي تعديللا وسق

٥٢٢ ٥٢١ ّالخطرفطو الحمل لوّأ بين ما وجالبر فلك منوسق كبكوال سطو ]٧[
ندع يكون ذلكو وج،برال فلك لىإ ـينتهلما يرتدولا كزبمرّالمار العالم كزمر من رجالخا
قعمو كان رضع له حصلو زهاوجا ذإفا .نريهزولجانقطتي حدىإ يرتدولا كزمر تةمسام ْ 

ً٥٢٤ ٥٢٣  رةئادّتوهميف .وبنلجا لىإ امّٕوا شماللا لىإ امّإ وجالبر فلكعنجاخارّالخط
٥٢٧ ٥٢٦ ٥٢٥ ّ من هي التيوسقلاف وج؛برال لفلكمقاطعة وجالبر قطبيو قعهوم على ةمار

٥٢٩ بين٥٢٨ ّ وجبرلارةئادو رةئالدا تلكتقاطعلا نقطة بينو الحمل لوأ بين ما وجالبر فلك
وجبرلافلك لىإ ـينتهلما العالم كزمر من رجالخاّالخط ناضفر نٕفا .كبالكو٥٣٠ سطو هي
 كبالكو رضع عدم مع ٥٣١فهطر بينو الحمل لوّأ بين التي وسقلاف كب،والك كزبمراًّمار

٣٥٣ ٥٣٢ ّّ وجالبر بقطبي ةالمار رةئالداو وجالبر فلكمن تقاطعلانقطة بينو الحمل لوأ بين وأ
 .عديلتلا هو وجالبر فلك من ويمتقلوا سطالو٥٣٤ بين ماو .كبكوالقويمتهي فهبطرو

انّالخط بقنطي يثح يضلحضاوأ وجٔالافي شمسلا كانت ذاإ :المعنى هذالو ]٨[
 —كزالمر رجالخاهافلك كزمر من ثانيلوا العالم كزمر من ٥٣٥حدهماأ — جانرالخا
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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 

 
[Figure 6] 
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في ذرى تداويرها أو في أسافلها حيث  ٥٣٨الكواكب ٥٣٧بمركزها؛ أو كانت ٥٣٦المارّان
أحدهما بمركز التدوير والثاني بمركز  المارّ  — الخطّان الخارجان من مركز العالم ٥٣٩ينطبق
  لم يكن هناك تعديل.٥٤٠  — الكوكب

وقد قسموا الأفلاك الخارجة المراكز والتداوير كلّ واحد منها أربعة أقسام ] ٩[
، سمّوها ٥٤٣علويّان متساويان ٥٤٢واثنان٥٤١ سفليّان متساوياناثنان منها  مختلفة،
. واختلفوا في مبادئ هذه الأقسام: فمنهم من اعتبر الأبعاد فقسم الخارج المركز ٥٤٤نطاقات

بالبعدين  ٥٤٥بخطّين، يخرج أحدهما من مركز العالم إلى الأوج والحضيض، والاخٓر يمرّ 
حيث يسـتوي  ٥٤٧لى محيط الفلك الخارج المركز، وهما نقطتان متقابلتان ع٥٤٦الأوسطين

من مركز العالم والاخٓر من مركز الخارج المركز المنتهيان  ٥٤٩، أحدهما٥٤٨الخطّان الخارجان
إلى أيتهّما كانت. ويمرّ هذا الخطّ عند منتصف ما بين المركزين. وقسم التدوير بخطّين، 

إلى ذروته،  ٥٥٢تدوير ومركزهال ٥٥١أحدهما من مركز الحامل مارّاً بحضيض ٥٥٠يخرج 
  .٥٥٤التدوير والحامل بنقطتي التقاطع بين ٥٥٣والاخٓر يمرّ 

  
  صورة النطاقات باعتبار الأبعاد

  
 ]٦[شكل 
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[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.

Illustration of Sectors with Respect to Variable Movement 

 
[Figure 7] 
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اختلاف المسير. فقسم الخارج المركز بخطّين، يخرج ٥٥٦ومنهم من اعتبر ٥٥٥] ١٠[
كون زاوية ت ٥٥٩بحيث ٥٥٨يمرّ  ٥٥٧أحدهما من مركز العالم إلى الأوج والحضيض، والاخٓر

عنه من أجزاء  ٥٦١الأوج على بعد تسعين جزءاً  ٥٦٠التعديل أعظم، وذلك من جانب
 ٥٦٤ويمرّ  ٥٦٣أحدهما من مركز الحامل٥٦٢وقسم التدوير بخطّين، يخرج  فلك البروج.

التماسّ  ٥٦٥بالذروة والحضيض من التدوير، والاخٓر يقوم عليه وينتهـي طرفاه إلى نقطتي
يضاً غاية أ . وهناك ٥٦٦بين محيط التدوير وبين خطّين يخرجان إليه من مركز الحامل

 ٥٦٨من جهة التدوير.  فالنطاق الأوّل هو ما يصل إليه الكوكب بعد مجاوزته٥٦٧التعديل 
.  فما دام الكوكب ٥٦٩التدوير والثاني والثالث والرابع على توالي حركته الأوج أو ذروة

أو ٥٧٠ الأعلى إلى الأسفل أي كان في النطاق الأوّل والثاني من الخارج المركز يتحرّك من
فهو هابط؛ وما دام يتحرّك من الحضيض إلى الأوج أي كان في ٥٧٢ ٥٧١التدوير
  . ٥٧٤الاخٓرين فهو صاعد ٥٧٣النطاقين

  

 المسيرصورة النطاقات باعتبار اختلاف 
  

  
 ]٧[شكل 
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[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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قوس من دائرة نصف النهار ما بين معدّل النهار  ٥٧٦هو ٥٧٥عرض البلد] ١١[
 ٥٧٨والقطب من دائرة نصف النهار وهو٥٧٧وسمت الرأس وهي مساوية لما بين الأفق 

  البلد. ، أعني أقرب قطبي العالم إلى ذلك٥٧٩ارتفاع القطب
الميل قوس من دائرة الميل بين معدّل النهار ودائرة البروج، وهو  ٥٨٠الميل] ١٢[

قوس من دائرة  الثاني ٥٨٢الميلإذا أطلق يراد به الميل الأوّل. و ٥٨١الميلو الأوّل.
، ويقال لها ٥٨٥غاية الميل. ٥٨٤بينهما، أعني بين معدّل النهار ودائرة البروج ٥٨٣العرض

بالأقطاب الأربعة وهي  ٥٨٨بينهما من دائرة المارّة ٥٨٧قوس ،الميل الأعظمو ٥٨٦الميل الكليّ
وهي نهاية ميل دائرة البروج عن معدّل ٥٩٠ .وّل والثانيالميل الأ  ٥٨٩تدخل تحت حدّ 

  . ٥٩٢لهكج  النهار ومقدارها٥٩١
قوس من دائرة العرض ما بين دائرة البروج وبين رأس  ٥٩٣عرض الكوكب] ١٣[

المنتهـي إلى فلك البروج. فإن  ٥٩٥الخارج من مركز العالم المارّ بمركز الكوكب٥٩٤الخطّ 
رأس الخطّ المذكور فهو ٥٩٩بين معدّل النهار وبين  ٥٩٨دائرة الميل ٥٩٧القوس من ٥٩٦كانت

  بعد الكوكب عن معدّل النهار.
قوس من دائرة الارتفاع ما بين رأس الخطّ المذكور انٓفاً  ٦٠٠الكوكبارتفاع ] ١٤[

هي  ٦٠٢دائرة نصف النهار، فتلك القوس ٦٠١وبين الأفق. فإن انطبقت دائرة الارتفاع على
  الكوكب. غاية ارتفاع

الخطّين المارّين ٦٠٤قوس من دائرة الارتفاع ما بين موقعي  ٦٠٣اختلاف المنظر] ١٥[
 ٦٠٥نتهيين إلى فلك البروج، الخارج أحدهما من مركز العالم والاخٓربمركز الكوكب الم 

تحت فلك  ٦٠٩ويوجد هذا فيما ٦٠٨سطح الأرض ٦٠٧من منظر الأبصار، أعني٦٠٦
الشمس وهو قليل في فلك الشمس، ولا يوجد فيما وراءه إذ ليس للأرض إلى ما وراءه 

  .٦١٠نسـبة محسوسة
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[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.4  
[18] The ascendant azimuth is an arc along the horizon between the zodiacal 

orb and an altitude circle. 
[19] The qibla 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 arcs5 is similar to its [corresponding 
arc] along the equinoctial. 

 
 

                                                            
4 This was discussed in I.3: On the Circles (see zenith and azimuth). 
5 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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الأفق ما بين مدار الكوكب ومطلع  ٦١٢قوس من دائرة ٦١١سعة المشرق] ١٦[
كلّ كوكب  ٦١٣الاعتدال. ولماّ كانت المدارات موازية لمعدّل النهار كانت سعة مشرق 

  والمغرب تزيد بزيادة عرض البلد.  ٦١٤كسعة مغربه. وسعة المشرق
  . ٦١٦سلفا ٦١٥وتمامه قد السمت] ١٧[
الأفق ما بين فلك البروج ودائرة  ٦١٩قوس من ٦١٨من الطالع ٦١٧السمت] ١٨[

  الارتفاع.
 ٦٢٢نهار البلد ٦٢١قوس من الأفق ما بين دائرة نصف ٦٢٠للبلد سمت القبلة] ١٩[

  .٦٢٥أهل مكّة ٦٢٤أهله ورؤوس ٦٢٣والدائرة المارّة بسمت رؤوس
قوس من دائرة مدار الشمس فوق الأرض ما بين نقطتي  ٦٢٦قوس النهار] ٢٠[

. قوس الليل. والقوس التي بينهما تحت الأرض من هذه الدائرة هي ٦٢٨ومشرقها٦٢٧مغربها 
ومغربه فوق  ٦٣٠قوس من دائرة مداره بين نقطتي مشرقه ٦٢٩قوس نهار الكوكب

  .قوس ليله ٦٣٤تحت الأرض ٦٣٣بينهما منها ٦٣٢. والقوس التي٦٣١الأرض
جزئها وأفق قوس من دائرة مدار الشمس ما بين ٦٣٦ ٦٣٥الدائر من الفلك] ٢١[

 ٦٣٩وأفق المشرق بالليل من دائرة مدار نظير ٦٣٨وما بين نظير جزئها ٦٣٧المشرق بالنهار
  جزئها.
  من هذه القسيّ الستّ شبيهتها من معدّل النهار. ٦٤٠ومقدار كلّ واحدة] ٢٢[
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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.6 

[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.7 This anomaly will obviously be in 
the amount of the radius of the epicycle. The radii of the epicycles at their mean 
distances are:
  

                                                            
6 The equation is defined and discussed in I.4: On the Arcs. See also Commentary, I.5[2], 
Fig. C2. 
7 See I.4. 
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ولىٔالا المقالة من امسالخ بابلا٦٤١
كاتهارحفي كباوللك رضعي فيما

 :ولطلافي تلافخالا اكبوللك رضعياممّ ]١[
٦٤٢  هاكزمر رةئاد يطمح على وردتكانتاّلمانهّأ هوو احد،و تلافخا شمسلل ]٢[

من ٦٤٧ٔ ٦٤٦ ٦٤٥ ٤٦٤ ٦٤٣ كثرا وجالبر فلك نصفي حدأ فيكان العالم، كزمرعن رجاخ
منّقلأ وجالبر فلك منخٓرالا ٦٤٨نصفلا وفي جها،وأ يهف الذي نصفلا هوو ها،نصف

٩٦٤٦٥٠ ّ  لاإ وجالبر فلك من نصف كل تقطع لاكانتو،يضلحضا نصف هوو ها،نصف
هاقطع مانز وجالبر نصفي حدأهاقطع مانز ٦٥١يخالف نأزمل تها،ردائ من يهفما هابقطع

٦٥٥ ٦٥٤ ٢٦٥٦٥٣، وجٔالا نصف ذلكو وج،برال نصفي حدأفيكتهارحترىف . ثانيلانصفلا
نصف هاقطع مانز من ولطأهيّاإ ٦٥٦هاقطع مانز لكون يضلحضا نصف في منهأبطاأ

٦٥٨ ٦٥٧  تاجيحُ فلذلك تلفتخلا ها،سطو وهي كز،المر رجالخا هافلك فيكتهارحو .يضلحضا
٤٦٦ِّ ٦٦٣نهٔ ٦٦٠٦٦١٦٦٢ ٦٥٩ٔ  هاضعموقتحقيلم واهاسطو على نقصانهوا تعديللا زيادة لىإ

 .وجالبر فلك من
٦٦٧ ٦٦٦ ٦٦٥  حدهاأ . ولطلا فيتلافاتخالا من ةّعد هافل ،اكبوالك سائر امّأو ]٣[

٦٧٠ ٩٦٦ٔ ٦٦٨ هوو .يرتدولا يطمح على كتهارح جهة منهال يقع مالوّالالافتخالاىّسُميو
ّالمار العالم كزمرمن جانرالخا انّالخط كان يضه،حضوأيرتدولاوةذر على كانتذاإانهّأ
يكن فلمخٓرالا على حدهماأ بقنطا ٦٧١كبالكو كزبمرخٓرالاو يرتدولا كزبمر حدهماأ

٦٧٥ز ٦٧٤ ٦٧٣ ٢٦٧  وأوةالذر ايلتذاإ امّٔوا .سلف كمايمهتقووكبالكو سطو بين تلافخا
٦٧٧بين ٦٧٦ تلافخا فحصل وجالبر فلك من رينوالمذك ينّالخط قعمو تلفخا يضلحضا

٦٧٩ ٦٧٨ في تعديللا غايةتكون يثحتلافخالا هذا غايةو.تقويملوا سطالو
بقدر محالة لا تلافخالا هذا يكونو.نطاقاتلا فصل في تهفعر قدو ،٦٨٠يرتداولا

:ىسطالوبعادهاا في ٦٨٣يرتداولا قطارا ٦٨٢نصافاو .يرتدوا قطر ٦٨١نصف ٔٔٔل
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 for Saturn: 6;30 

 for Jupiter: 11;30 

 for Mars: 39;30 

 for Venus: 45;0 

 for Mercury: 25;0 

 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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   ٦٨٤ لو  لزحل 

  ٦٨٥ ليا  للمشتري 

   ٦٨٧ ل لط للمرّيخ٦٨٦ 

  ٦٨٨ ۰مه  للزهرة 

  ٦٩٠ ۰ كه لعطارد٦٨٩ 

  .٦٩١ كو  للقمر 
 

مركز  ٦٩٦، وهو ما يقع لها بسبب قرب٦٩٥للكواكب ٦٩٤ثانٍ ٦٩٣ ٦٩٢اختلاف] ٤[
نصف  ٦٩٩خارج المركز. فيرى ٦٩٨كون الحاملبسبب  الأرض، وبعده عنها٦٩٧التدوير من 

 وحال بعده بالخلاف.٧٠١؛ ٧٠٠قطر التدوير حال قربه أعظم، واختلافه أعظم
وهو أنّ مراكز التداوير إذا كانت على الأوج أو الحضيض،  ٧٠٢ثالث اختلاف] ٥[

والتدوير لا  ٧٠٦العالم والحامل ٧٠٥المارّ بمراكز ٧٠٤على الخطّ ٧٠٣فاقٔطارها المنطبقة حينئذ
على صوب مركز  ٧٠٩ولا تبقى ٧٠٨زايلت الأوج أو الحضيض ٧٠٧تبقى منطبقة عليه إذا

نقطة أخرى من ذلك الخطّ تسمّى في  ٧١٢على صوب ٧١١بل مركز العالم، ٧١٠الحامل ولا
مركز الفلك المعدّل للمسير،  ٧١٤مركز الخطّ المدير أو ٧١٣وفي المتحيرّة نقطة المحاذاةالقمر 
  .٧١٥ف معنى هذا في هذا الفصلوسـتعر 
أمّا في العلوية والزهرة، فعلى صوب نقطة ممّا يلي الأوج بعُدها عن مركز ] ٦[
أعني أنّ مركز الحامل فيما ٧١٩العالم، ٧١٨عن مركز  ٧١٧بُعد مركز الحامل ـك  ٧١٦الحامل
  وبين مركز العالم.  ٧٢٠بينها

 ٧٢٢في منتصف ما بين مركز العالم وبين ٧٢١وأمّا في عطارد، فعلى صوب نقطة] ٧[
  .٧٢٤الفصلبيانًا في هذا  ٧٢٣مركز المدير. واُزيدُكَ لهذا
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[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 
2;29,30; for the Moon 10;19, 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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وأمّا في القمر، فعلى صوب نقطة ممّا يلي البعد الأقرب بعدها عن مركز العالم ممّا ] ٨[
الأوج. فإذا  ٧٢٦مركز العالم ممّا يلي ٧٢٥كبعد مركز الحامل عنه، أعني عنيلي الحضيض 

بدوران المائل دارت هذه النقطة  ٧٣٠ومركزه حول مركز العالم ٧٢٩الحامل٧٢٨ ٧٢٧دار
ومركز الحامل على محيط دائرة واحدة متقاطرين، أي يكونان على طرفي قطر من 

  أقطارها.
للتداوير على صوبها  ٧٣٤الأقطار المذكورة ٧٣٣تكون ٧٣٢المذكورة ٧٣١فهذه النقط] ٩[

خطوط إلى مراكز  ٧٣٥مسامتةً لها دائمة كيف ما دارت، أعني لو أخرج من هذه النقط
 ٧٣٨على القطر المذكور للتدوير، لا ينفكّ عنه٧٣٧ ٧٣٦التداوير يكون كلّ خطّ منها منطبقاً 

، والدائرة المتوهمّة التي ترتسم المدير الخطّدار. وهذا الخطّ في المتحيرّة يسمّى  ٧٣٩كيف ما
 ٧٤٣إذ يعتدل الفلك المعدّل للمسير ٧٤٢التدوير تسمّى٧٤١هذا الخطّ مع مركز  ٧٤٠بدوران

قطع من محيطها قسـيّاً متساوية في أزمنة متساوية. ي ٧٤٤مسير المتحيرّة بالنسـبة إليها، أي
، وموقع الخطّ الخارج من ٤٦٧الذروة الوسطى ٧٤٥وموقع هذا الخطّ من أعلى التدوير هو

 .٧٥٠المرئيّة ٧٤٩الذروة ٧٤٨مركز العالم المارّ بمركز التدوير هو٧٤٧
 

 :والمراكز بعضها عن بعض ٧٥٢هذه النقط ٧٥١وأبعاد ]١٠[
  

 ٧٥٤كط لب  للشمس :عن مركز العالم ٧٥٣أمّا بعد مركز الخارج المركز] ١١[
  الجهة الأخرى. ٧٥٨مثل بعد نقطة المحاذاة عنه عن ٧٥٧وهو ،٧٥٦ي يط ٧٥٥للقمر
عطارد مثل نصف بعد مركز المعدّل للمسير عنه ٧٦١ ٧٦٠ما خلا ٧٥٩للمتحيرّة] ١٢[
 عن مركز العالم:  ٧٦٣، أعني بعد مركز المعدّل للمسير٧٦٢وذلك
  

  

   ٧٦٥ و ن  لزحل٧٦٤  
   ٧٦٧ ه ل  ٧٦٦للمشتري  
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 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 3;10, 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: 0;45 

 for the Moon: 5;0.  
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  ٧٦٩ يب  ٧٦٨للمرّيخ  

  .٧٧١ ب ه  ٧٧٠للزهرة  
 

المعدّل للمسير على منتصف ما بين مركز مديره  ٧٧٢، فمركز فلكهوأمّا عطارد] ١٣[
مثل نصف بعد مركز مديره  ٧٧٤عن مركز مديره ٧٧٣وبين مركز العالم. وبعد مركز حامله

على ٧٧٨يلي البعد الأقرب  ٧٧٧انطبق الخطّ المدير ممّا ٧٧٦إذا ٧٧٥عن مركز العالم. حتىّ 
للمسير. وإذا انطبق  ٧٧٩الخطّ المارّ بالمراكز، وقعت نقطة مركز الحامل على مركز المعدّل

على الخطّ المارّ بها: أوّلها مركز العالم ثمّ مركز  عليه ممّا يلي البعد الأبعد انتظمت المراكز
 بعد منها ٧٨٠د ما بينها متساوية كلّ المعدّل للمسير ثمّ مركز المدير ثمّ مركز الحامل. والأبعا

  .٧٨٢ط ل فيكون ما بين مركزي العالم والحامل ،٧٨١يج 
 

 في العرض: ٧٨٣وممّا يعرض للكواكب الاختلاف] ١٤[
  

  البروج. ٧٨٥لا عرض لها لأنهّا لازمة في حركتها لسطح فلك ٧٨٤الشمس] ١٥[
 ٧٨٦تميل عن فلك البروج إلى الشمال والجنوب لميل الفلك وسائر الكواكب] ١٦[

  وغايته:  المركز٧٨٩ ٧٨٨عرض الخارج ٧٨٧المائل عنه، ويسمّى
  

  ٧٩٠ ب ل  لزحل  

  ٧٩١ ا ل  للمشتري  

  ٧٩٢ ۰ا   للمرّيخ  

  ٧٩٣ ي ۰  للزهرة  

   ٧٩٥ مه ۰  لعطارد٧٩٤  

  . ٧٩٦ ۰ ٥  للقمر  
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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: 1;2 

 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 [wirāb], the slant [inḥirāf], 
and the twist [iltiwāʾ]. 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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٧٩٨ٔ ٧٧٩ احدو سطح في يرتدولوا الحاملو المائلفلاكهأنّلا هذا غير رضعللقمر يسلو
 .فتهارع ٨٠٠قدو ائروالد فلاكٔالا بهذه ٧٩٩نعنيو

ئللمااالفلك عن يضهحضو يرتدولا وةذر يلم هووخٓرا تلافخاةّتحيرللمو ]١٧[
٨٠٤ ٨٠٣ ٢٨٠ ٨٠١ :تهيغاويردوتلارضعىسميو ّ 
  ٨٠٥ لب ۰حلزل

  ٨٠٦ لح۰ تريشللم

 ّ ٨٠٧ يو ويخللمر
  ٨٠٨بارةهزلل

  . ٨٠٩مه ارداطعل

 طينسؤالا بعدينلباّالمار القطر يلم هووخٓرا تلافخاةّخاص يينسفلللو ]١٨[
ل ٨١٠ ّ تهيغاواءتوالاو افالانحرو رابوال رضعىسميو ئللمااالفلك عن يرتدولا لفلك

 .٨١١لبمنهما احدوكلّ في
لا القمرو يةالعلو اكبوالك في ثابتف وج،برال فلك عن المائل الفلك يلمامّأ ]١٩[

غيرو٨١٢  نقطتي حدىإيرتدولاكزمر بلغ ماّكل بل د؛عطارو رةهزلا في ثابت.ّتغيري
٥٨١ ٨١٤ ٨١٣ ْ المائل، نصفٔتدابازهاوجا ذإفا.وجالبر فلك على المائل بقنطا نريهزولجا

لىإ رداطعلو شماللا لىإ رةهزلليللما في ير،وتدلا كزمر ٨١٦يهعل الذي نصفه عنيأ
لىإ كزالمر ـينتهيّحتى يللما دادزي اليزلاثمّ .بالخلاف ٨١٧خٓرالا نصفهو ب،نولجا
علىًيضاأ المائل بقنطيّحتى نقصانلا في يللماخٔذياثمّ تيننقطلا بين ما تصفنم

٨٢٢ ٨٢١ ٨٢٠ ٨١٩ ٨١٨فلك لىإعادت زهاوجاذإفا .رىخٔالا نقطةلاكزالمر وغلب ندع وجالبر
٨٢٥ ٨٢٤ ٔ وجالبر فلك عناًيلشما رةهزللًبداا يرتدولا كزمريكون نأزمليو ولىٔالا ٨٢٣الحالة ّ

. ٨٢٦نهعاًيبنوج رداطعلو ّ
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[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, either 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 diameters8 are equal to one 
another, and the four quarters of their rotation are equal to one another. 
 
 

                                                            
8 I.e., one passing through the apex and perigee, and one through the two mean distances. 
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وأمّا ميل قطر التدوير، أعني القطر المارّ بذروته وحضيضه، فغير ثابت أيضاً؛ ] ٢٠[
في العلويةّ عند كون المركز، أعني مركز التدوير،  ٨٢٧بل يصير منطبقاً على فلك البروج

في إحدى نقطتي الرأس والذنب. ثمّ إذا جاوز المركز الرأس، أخذت الذروة في الميل إلى 
غايته عند بلوغ المركز منتصف ما بين ٨٣٠ ٨٢٩، ولا يزال يزداد حتىّ يبلغ٨٢٨الجنوب

عند  ٨٣٣على فلك البروج ٨٣٢إلى أن ينطبق ثانياً  ٨٣١في الانتقاص النقطتين. ثمّ ياخٔذ
وازدياده  ٨٣٧إلى الشمال٨٣٦أخذت الذروة في الميل  ٨٣٥الذنب. فإذا جاوزه ٨٣٤بلوغ المركز

على الرسم ويلزم أن يكون ميل الذروة أبداً إلى فلك البروج وميل  ٨٣٨ومُنتهاه وانتقاصه
 الحضيض عنه. 

عند بلوغ مركز التدوير  ٨٤١المائل ٨٤٠ينطبق على فلك ٨٣٩وفي السفليين] ٢١[
منتصف ما بين النقطتين، أعني نقطتي الرأس والذنب وذلك عند غاية ميل الفلك المائل 

ذروة  ٨٤٣بتدئت فعند الأوج ٨٤٢عن فلك البروج إمّا عند الأوج وإمّا عند الحضيض. 
وعند الحضيض ٨٤٦الجنوب،  ٨٤٥إلى ٨٤٤التدوير في الميل للزهرة إلى الشمال ولعطارد

 ٨٥١والانطباق ٨٥٠وانتقاصه ٨٤٩عند النقطتين وازدياده ٨٤٨غايته ٨٤٧بالخلاف فيهما. ويبلغ
 على الرسم المذكور.

عند بلوغ مركز التدوير إحدى نقطتي الرأس  ٨٥٣، فابتداؤه٨٥٢وأمّا الانحراف] ٢٢[
ما بينهما. فإن كان المنتصف هو الأوج، كان الطرف ٨٥٤والذنب، وغايته عند منتصف 

في الزهرة إلى الشمال  ٨٥٦الشرقي من القطر المارّ بالبعدين الأوسطين في غاية ميله٨٥٥
في عطارد إلى و ٨٥٩إلى الجنوب ٨٥٨عطارد إلى الجنوب والغربي في الزهرة ٨٥٧وفي

 كان المنتصف هو الحضيض فعلى الخلاف فيهما.  ٨٦٠الشمال. وإن
 ٨٦٣الدور للفلك الحامل ولقطري ٨٦٢مدّة ٨٦١وقد ظهر من هذا كلهّ أنّ ] ٢٣[

  متساوية. ٨٦٤التدوير المذكورين متساوية، وأزمان أرباع دوراتها
   



138 Translation I.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 Dhū al-Qarnayn [the two-horned, i.e., the era of Alexander the Great]:9 

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.  

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

 (500). Rudloff and Hochheim omitted (300) ث for ش misdate the year as 1317 due to reading 

the year altogether in their German translation (“Die Astronomie des Maḥmûd ibn 
Muḥammed ibn ‘Omar al-Ǵagmînî,” 253). See Commentary to I.5[26] for more detail. 
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  الأوجات والجوزهرات: ٨٦٥ولنذكر ههنا] ٢٤[
  

بحركة فلك الثوابت: فاؤج زحل  المتحرّكةالأوجات والجوزهرات  ٨٦٦أمّا] ٢٥[
نقطتي جوزهريه، أعني عن غاية ميل المائل عن فلك ٨٦٧متاخّٔر عن منتصف ما بين 

البروج على التوالي بخمسين جزءاً، وأوج المشتري متقدّم على المنتصف لا على التوالي 
بلوغه إلى  ٨٧٠كب إليه يتقدّم علىومعنى التقدّم أنّ بلوغ الكو٨٦٩، ٨٦٨بعشرين جزءاً 

  الباقية في المنتصف. ٨٧١المنتصف، وعلى هذا معنى التاخّٔر. وأوج الكواكب
  لذي القرنين: ٨٧٦غثيز سـنة ٨٧٥الأوجات فهـي لأوّل ٨٧٤موضع ٨٧٣أمّا٨٧٢] ٢٦[

   ٨٧٧ لجكز ي   للشمس في الجوزاء 
  ٨٨٠ كج لجط   القوس في٨٧٩ ٨٧٨لزحل  
  ٨٨١ كج لجيط   للمشتري في السنبلة 
  ٨٨٢ مونج يا  للمرّيخ في الأسد 
   ٨٨٣ لجكز ي  للزهرة في الجوزاء 
  .٨٨٤ كج لج كو لعطارد في الميزان 

 
  :٨٨٥وأمّا مواضع الجوزهرات لذلك التاريخ فرأس الجوزهريْ ] ٢٧[

 

   ٨٨٦ كج لجيط   لزحل في السرطان  
  ٨٨٨ كج لجط   في السرطان ٨٨٧للمشتري 
  ٨٨٩ مونج يا   للمرّيخ في الثور 
  ٨٩١ لجكز ي   ٨٩٠للزهرة في الحوُت 
  .٨٩٢ كج لجكو   لعطارد في الجدَْي 

   



 

140 Translation I.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.10 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 I.2: On the Motions of the Orbs. 
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على مواضعها لكلّ سـنة ما يتحرّك فلك الثوابت في السـنة، وقد  ٨٩٣ثمّ يزُاد ]٢٨[
  عرفت ذلك. 

 

  والإقامة: والاسـتقامة ٨٩٤وممّا يعرض للمتحيرّة الرجوع] ٢٩[
  

حركة مركزه  ٨٩٧كانت ٨٩٦إذا كان في أعلى تدويره،  ٨٩٥وذلك أنّ الكوكب ]٣٠[
مُسـتقيماً سريع الحركة. فإذا  ٨٩٩توالي البروج، فيرُى٨٩٨موافقة لحركة مركز التدوير على 

من حركة  ٩٠٢تعرف ٩٠١إلى خلاف التوالي، لما ٩٠٠قرب من أسفل التدوير، جعل يميل
التدوير على مركزه. لكنهّ ما دام حركة مركزه إلى الخلاف أقلّ من حركة مركز التدوير 

، يرُى مقيماً. فإذا زادت حركة ٩٠٣إلى التوالي، يرُى مسـتقيماً لكن بطء السير. فإذا تساويا
تقيم بعد الرجعة ثانياً ويس ـ ٩٠٦يقيم٩٠٥ثمّ ٩٠٤مركزه على حركة مركز التدوير، يرُى راجعاً. 

في فلكه من غير اختلاف يقع له بالنسـبة إلى  ٩٠٨المعنى بعينه. مع أنهّ يتمُّ دورته ٩٠٧لهذا
المقام  ٩١٠، وإقامته بعد الرجعة تسمّىالمقام الأوّل ٩٠٩فلكه. وإقامته قبل الرجعة تسمّى

 . الثاني
 وحركة مركز القمر على محيط فلك التدوير أقلّ من حركة مركز التدوير على] ٣١[

 محيط الحامل، فلهذا لا يرُى القمر البتةّ راجعاً بل قد يرُى بطء السير.
  

  :وممّا يعرض لها بالقياس إلى الشمس] ٣٢[
  

كبعد مراكز  ٩١٣أبداً ٩١٢مراكزها عن ذُرى تداويرها  ٩١١أمّا في العلوية، فإنّ بعد] ٣٣[
 ٩١٦أبداً وهي في ذُرى التداوير. فكما تبعد ٩١٥الشمس، فتقارن الشمس٩١٤عن  تداويرها

 ٩٢٠عن ذروة ٩١٩بعدها مركز الكوكب ٩١٨بمقدار ٩١٧الشمس عن مركز التدوير يبعد
، كان الكوكب قد نزل إلى ٩٢٢حتىّ إذا قابلت الشمس مركز التدوير ٩٢١التدوير

ذروة التدوير  ٩٢٦في ٩٢٥وهي أبداً  ٩٢٤كون احتراقاتهات. ف ٩٢٣حضيض التدوير
في الحضيض. ويقال إنّ المرّيخ إذا قارن الشمس، كان  ٩٢٨ومقابلاتها للشمس وهي٩٢٧

تدويره  ٩٢٩البعد بينه وبين الشمس أعظم من البعد بينه وبين الشمس إذا قابلها لأنّ قطر
 الشمس.  ٩٣٠أعظم من قطر ممثل
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[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.11 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 [muḥāq], 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, Süleymaniye Library, Laleli MS 2141, f. 74a adds in the margin: “I.e., since their 
two epicycle centers are always aligned with the Sun’s center.” 
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الشمس،  ٩٣٣بمركز ٩٣٢تدويرهما أبداً يتسامتان ٩٣١وأمّا السفليّان، فمركزا] ٣٤[
عنها إلاّ بمقدار نصف قطر التدوير، أعني بمقدار الاختلاف الأوّل،  ٩٣٥فلا يبعدان٩٣٤

في نصف الاسـتقامة، وذلك عند ذروة التدوير وفي  ٩٣٦كما عرفت. ويلزم أن يقارناها
وسط  مثل وسطهما يكون ٩٣٨ولذلك .٩٣٧الحضيض عند وذلك الرجوع، نصف

  الشمس.٩٣٩
 

  :بالقياس إلى الشمس وممّا يعرض للقمر] ٣٥[
  ٩٤٢والخسوف٩٤١، والزيادة، والكمال، والنقصان، وكسفه الشمس، ٩٤٠المحُاق 

  

يسـتضيء بضياء الشمس  ٩٤٣وذلك أنّ جرم القمر في نفسه كمَِد مُظلم، إنماّ] ٣٦[
الاخٓر  ٩٤٧، والنصف٩٤٦ئاً ي للشمس أبداً مسـتض  ٩٤٥. فيكون نصفه المواجه٩٤٤كالمراةٓ

مواجهاً لنا  ٩٤٨مظلماً. فعند الاجتماع يكون القمر بيننا وبين الشمس، فيكون نصفه المظلم
قريباً من  ٩٥١بعَُد عن الشمس مقداراً  ٩٥٠. فإذاالمحاقه وهو ئشيئاً من ضو  ٩٤٩فلا نرى

أقلّ أو أكثر على اختلاف أوضاع المساكن، مال نصفه المضيُء ٩٥٢اثني عشر جزءاً أو 
ميل  ٩٥٥. ثمّ كلماّ ازداد بعده عن الشمس، ازدادالهلالمنه وهو  ٩٥٤طرفاً  ٩٥٣إلينا فنرى

، صرنا بينهما، وصار ما يواجه الشمس ٩٥٦المضيء إلينا. فازداد ضياؤه حتىّ إذا قابلها
. فإذا انحرف عن المقابلة مال إلينا شيء من نصفه المظلم؛ ثمّ ياخٔذ الكمالنا وهو يواجه 

إذا كان القمر عند ٩٥٨والضياء في النقصان حتىّ ينمحق. ولذلك ٩٥٧الظلام في الزيادة 
أو بقربهما، حال بين  ٩٥٩الاجتماع على طريقة الشمس، وذلك عند الرأس أو الذنب

. وهذا السواد الذي الشمس ٩٦١كسوفعناّ، وهو ٩٦٠الشمس وبيننا فيستر ضوءَها 
جرم القمر؛ ولهذا يبتدئ سواد الشمس من جهة المغرب  ٩٦٢يظهر في الشمس هو لون

من جهة ٩٦٥ ٩٦٤يبتدئ الانجلاء أيضاً  ٩٦٣لأنّ القمر يلحقها من المغرب. ثمّ إذا أخذ يمرّ بها
لى طريقة الشمس عند المعنى. وإذا كان القمر كذلك ع ٩٦٦لما ذكرنا من المغرب

ضوء  ٩٦٨. فلم يصل إليه٩٦٧الاسـتقبال، حال بينهما الأرض ووقع ظلهّا على القمر
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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.12  

[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;11,26,41.13 
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). 
13 13;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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وابتداء خسوف  ٩٧٠ .خسوف القمرعلى ظلامه الأصلي، وهو  ٩٦٩الشمس، فيبقى
ظلّ الأرض من جهة المغرب؛ فيصل  ٩٧٢وانجلائه من جهة المشرق لأنهّ يلحقه ٩٧١القمر

يكون مُرور طرفه  ٩٧٣طرفه الشرقي اوّلاً إلى الظلّ فياخٔذ في السواد اوّلاً. وكذلك
  الانجلاء. ٩٧٤الشرقي بالظلّ أوّلاً؛ فيبتدئ منه

. وذلك للقمر توسّط الشمس بين أوجه ومركز تدويره أبداً  ٩٧٦وممّا يعرض٩٧٥] ٣٧[
إذا قارن في أوجه مركز الشمس عند نقطة من فلك البروج،  ٩٧٨مركز تدويره ٩٧٧أنّ 

 المائل ٩٨٢الأوج يوماً وليله بحركة ٩٨١، ثمّ تحرّك عنه٩٨٠مثلاً رأس الحمل ٩٧٩ولتكن
حركته إلى  ٩٨٨صيرتف  ،٩٨٧ي لزج  ۰ ٩٨٦الجوزهر ٩٨٥وبحركة ٩٨٤مجط ز  يا٩٨٣

وتحرك ٩٩١عنه الشمس قريباً من الدرجة،  ٩٩٠. وتحرّك٩٨٩يا يب يح ك التواليخلاف 

. وكلتا حركتي الشمس والمركز إلى ٩٩٢كبنج كد كب  مركز التدوير بحركة الحامل
يردّ الحامل إلى خلاف التوالي مقدار حركته، وهو  ٩٩٣التوالي؛ لكنّ المائل

، وهو ٩٩٨بالتقريب ٩٩٧ي له بيج  إلى التوالي ٩٩٦للمركز ٩٩٥فيبقى ،٩٩٤ك يح يب يا
منه وزيد على حركة المائل، ٩٩٩وسط القمر في اليوم بليلته. فإذا نقُص وسط الشمس 

الشمس، وبعد الزيادة بعُد أوج القمر  ١٠٠٠كان الحاصل بعد النقصان بعُد المركز عن

الشمس متوسطة بينهما،  ١٠٠٣نبالتقريب. فتكو ١٠٠٢يب يا كو ما١٠٠١عنها، وكلاهما 
لأنهّ إذا ضوعف البعد بين المركز والشمس،  البعد المضاعفولذلك يقال لحركة المركز 

 ١٠٠٥للشمس ١٠٠٤كان مثل البعد بين المركز والأوج. ويلزم أن يكون المركز عند تربيعه
المركز  ١٠٠٨في الأوج، فيكون ١٠٠٧وعند الاسـتقبال والاجتماع ١٠٠٦في الحضيض

  دفعتين. ١٠١٠الأوج والحضيض في كلّ دورة ١٠٠٩يبلغ
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[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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لأنّ حركة مركز تدويره بحركة  لمركز تدوير عطارد١٠١١ومثل هذا يعرض ] ٣٨[
المدير بمثل حركته يردّ الحامل،  ١٠١٣ضعف حركة أوجه بحركة المدير. لكنّ ١٠١٢الحامل 

— فيبقى فضل حركة المركز إلى التوالي مثل حركة المدير إلى غير التوالي. فإذا تقارنا
، ثمّ الممثليّّ  ١٠١٤في الميزان عند الأوج الاخٓر  — أعني المركز والأوج الذي في المدير 

يحصل للمركز إلى  ليإلى غير التوا ١٠١٧فائّ بعد يحصل عنه للأوج١٠١٦عنه،  ١٠١٥تحرّكا
مرتين مرّة في الميزان ومرّة في الحمل؛  ١٠١٨نهّما يقترنان في الدورةأ التوالي. حتىّ 

 .١٠٢٢السرطان ١٠٢١عند بلوغ أحدهما الجدَْي والاخٓر١٠٢٠مرّتين  ١٠١٩ويتقاطران
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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  

[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;25.14 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;0.15 

14 Jaghmīnī is referring to Ptolemy’s Geography, which Ptolemy wrote after his Almagest. 
For more details, see the Commentary to II.1[2].  
15 These are the Eternal Islands (al-khālidāt), sometimes called the Fortunate Islands  
(suʿadāʾ). They are also referred to as the Isles of the Blest, and usually thought to be the  
Canary Islands.  
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 يةنثالا المقالة
 بهاقّتعلي ماو ١٠٢٣رضٔالا يانبفي

اببوأثةثلا٠٢٤١وهي

 ؤّ ل الابابلا
١٠٢٥  قاليمٔالالىإتهسمقو طولهوضهعرو رضٔالا من ورمعلمافي

 في ٠٢٧١حداهاإ :ائرودثثلا عليها ٢٦١٠رضفنو سلف، كما شكللاةّريكرضٔالا ]١[
 ١٠٣٠فقأ سطح في يةنثالوا ؛١٠٢٩رفعت كما ١٠٢٨اءتوسـالاّخط وهي النهار لّمعد سطح

١٠٣٢ة ١٠٣١  ّبخط رةماعلاتصفنم في النهار نصف رةئاد سطح فيثلثالوا اء؛وتسـالا
١٠٣٤ ١٠٣٣  فّنصتيةنثالوا.شماليو وبينج نصفين،برضٔالاتقطع ولىٔفالا .اءتوسـالا

١٠٣٨ ١٠٣٧لٔٔ ١٠٣٦ رىي ما علىيينشمالا بعينالر حدا منها روالمعمو .ًرباعاايصيرف ١٠٣٥نصفيها ُ
سائرو.ةبرلخاعضاولما من هانحوو بحار،لوا وج،المرو ى،الصحارو بال،لجا من يهف

ب ١٠٤٠ ١٠٣٩ .وشرقي غربي نصفين، ١٠٤١ورمعلماتقطع ثةلثالارةئالداو.ابخر رباعٔالا
١٠٤٣ ١٠٤٢ .رضٔالاةبُقىسمتثةلثالوا ولىٔالابين تقاطعلا نقطةو ّّ

 وسيبطلمنّألاّإ اء،وتسـالاّخط من ؤهادتبوا جةدر ١٠٤٤ سوورمعلما رضعو ]٢[
١٠٤٦بعد ١٠٤٥ لىإ رةماع اءتوسـالاّخط راءو جدوهّنأ زعم سطيلمجافّنص ما بعد

 ١١٠٥ولوط . ١٠٥٠ كه فب ١٠٤٩هذا عمهز على رةماعلا رضع يكونف . ٨١٠٤ كه يو١٠٤٧

١٠٥٤خذهٔب ٠٥٢١  ساحل منٔيا همبعضنّالاّإ ب؛المغر من هتداؤ وا ،١٠٥٣ ٠ قفورمعلما
١٠٥٨بل ١٠٥٧ ١٠٥٦يطلمحا بحرلا عن عدهابحر،ا هذا فياغلةو ائرزج منهمبعضو ٥٥١٠ ُ

 . ١٠٦٠ ٠ي ١٠٥٩ساحله
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[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, I mean the longest 
daylight of the year, is 12;45 [hours] and the latitude is 12;30 [degrees]. By 
consensus, [the clime’s] midpoint is where [maximum] daylight is 13;0 [hours] and 
the latitude is 16;27 [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 13;30 [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 14;0 [hours] and the latitude is 30;22 [degrees]. 

[6] The beginning of the fourth is where [maximum] daylight is 14;15 [hours] 
and the latitude is 33;18 [degrees]; and its midpoint is where [maximum] daylight 
is 14;30 [hours] and the latitude is 36;0 [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 
15;0 [hours] and the latitude is 40;56 [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 16;0 [hours] and the latitude is 48;32 [degrees].  
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على موازاة ١٠٦٥سـبع قطاع مسـتطيلة  ١٠٦٤المعمور ١٠٦٣هذا ١٠٦٢قسم١٠٦١ ثم] ٣[
 ١٠٦٩ يبوالنهار هناك أبداً  ،١٠٦٨منه الأول الإقليم ١٠٦٧. وابتدأ ١٠٦٦خطّ الاسـتواء

 الأطول من السـنة ١٠٧٠أعني النهار ،ساعة، كما سـتعرف؛ وعند بعضهم من حيث النهار
 ،١٠٧٣ ٠يج  حيث النهار . ووسطه بالاتفاق١٠٧٢ يب ل والعرض ١٠٧١ يب مه

  .١٠٧٥ يو كز١٠٧٤ والعرض
 اخٓر الإقليم الأوّل، حيث النهار ، وهو لا محالةالثاني ١٠٧٦الإقليموابتدأ  ]٤[
والعرض  ١٠٧٩ ليج  ووسطه حيث النهار ؛١٠٧٨ ك يد والعرض ١٠٧٧ يه يج
  .١٠٨٠نا كج
؛ ووسطه حيث ١٠٨٢ كز يب والعرض ١٠٨١مه يجالنهار حيث  الثالثوابتدأ ] ٥[

  . ١٠٨٤ ل كب والعرض ١٠٨٣ ٠يد  النهار

؛ ووسطه حيث ١٠٨٧ يحلج  والعرض ١٠٨٦ يد يه حيث النهار الرابع ١٠٨٥وابتدأ ] ٦[

  . ١٠٨٩ ٠لو  والعرض ١٠٨٨  يد ل النهار

؛ ووسطه ١٠٩٢ لح له والعرض ١٠٩١ يد مه حيث النهار الخامس ١٠٩٠وابتدأ ] ٧[

  .١٠٩٥  م نو١٠٩٤والعرض  ١٠٩٣ ٠يه  حيث النهار

؛ ووسطه ١٠٩٨ نامج  والعرض ١٠٩٧ يه يه حيث النهار السادس ١٠٩٦وابتدأ ] ٨[

  .١١٠٠ مه ا والعرض ١٠٩٩ يه ل حيث النهار

؛ ووسطه ١١٠٣ مو نا والعرض ١١٠٢ يه مه حيث النهار السابع ١١٠١وابتدأ ] ٩[

  .١١٠٦ مح لب والعرض١١٠٥  ١١٠٤ ٠يو  حيث النهار
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[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 16; in 
latitude 64 is a habitation whose residents are an unknown Slavic people17; 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 Jaghmīnī is probably referring to the Thule Island, usually thought to be the Shetland 
Islands.  
17 The unknown Slavic people (the Ṣaqāliba) could be a reference to Ptolemy’s “unknown  
Scythian peoples” at 64;30 degrees (Almagest, II.6[30], Toomer, Ptolemy’s Almagest, 89).  
See Commentary to II.1[10] for more details.  
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٠٧١١  رضعلايثح لىإ همبعض ندعوهم،بعض ندع رةماعلاخٓرا رهخٓوا ]١٠[
 بين ماوسطهولىإلوّالا قليمٕالاتداءبارضع صارماّنٕوا . ١١١١ٔ ١١٠١ ١٠٩١ ١١٠٨ كه ن

١١١٢ق ّ من ونّيعد لا المعنى هذالو.فيهما رةماعلاتفرلكثرأ رهخٓا لىإ سابعلا سطو
ً ١١١٥خط ١٤١١ ١١١٣ٔ   ما همبعضّيعد لايضاأ هذالو،رةماعلا من اءتوسـالاّراءو ماقاليمالا

ٕ ١١١٩ كه ن ما ١١١٨ولا ١١١٧ ١١٦١ٕ لىا رضعينب ل يبرضعلىا اءتوسـالاّخط بين
١١٢١ سج رضعفينّأواعمزما على اتعمار رضعلا هذا راءو ١١٢٠نّٕفا .رةماعلاخٓرا

١١٢٤ سدّلّ ١١٢٣ئ ٢٢١١رةي رضع وفي د،البر ةشداماتالحمنونسكهاهلا رةمعمو زج
١١٢٧ سو ١١٢٦  اتعماررضعلىٕوافون،عُريلابةلالصقا من ومق٢٥١١هاهلأ رةماع

١١٣٠ ١١٢٩ ١١٢٨  .وشوحلابيهةشنهاّسكا

 انيثلابابلا
١١٣٣ ١١٣١١١٣٢  رضع هالالتي اضعوالمواءتوسـالاّخطّاصخو في

هله،ا وسؤر سامتئّخطأ ُٔالنهار لمعدنّاهّاصخو فمن ،اءتوسـالاّمّا ]١[
١١٣٥ ١١٣٤ الفلك فقأىّسميو فقه،أنّٔوا تدالين؛عالا نقطتي هاغبلو ندع شمسلاكذاو

 على ١١٣٧اتالمدار يعجمو النهار ١١٣٦لّمعد فّنصي ،بةتصنلما رةكلافقٔوا تقيمسـلما
١١٣٨١١٣٩ ّ من العصاميررجيخ كما عنيأ ،اًيبدولا الفلك ورد ناكهيكونو .قائمة واياز

ّ يطلع هوو لاإ الفلك١١٤١ في نقطة ١١٤٠ولا كبكو يكون ولا .قائمة واياز على الماء سطح
١١٤٣ ١١٤٢  رةهاظلاّالقسيتكونو.فقٔالا على يكونان مانهّٕفا العالم قطبيلاّإ ،ربغيو

ً ١١٤٦ ١١٤٥كالتي ١١٤٤ يين،وساتمبداأ يلللوا النهار يكونفلذلك .رضٔالا تحتاتللمدار
عن شمسلا يلم كثرأ يكونو . ١١٤٧يلهكل كبكوّمّ  كل نهار يكونو ،ساعة يب نهما كل

٤٨١١ وجبرلافلك يلم غاية بقدر ذلكو احدو بقدر بونلجوا شماللافيسٔرالا سمت
 .النهارلّمعد عن
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[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 Nayrūz and 
Mihrjān. 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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عرضها  ١١٤٩بلغي إلى الشمال عن خطّ الاسـتواء التي لم وأمّا المواضع المائلة  ]٢[
معدّل النهار  ، تنصّفالمائلة ١١٥٠الافٓاقوتسمّى  ،فمن خواصّها أنّ افٓاقها :تسعين جزءاً 
 .قائمة، فيكون دور الفلك فيها حمائلياً ١١٥٢، لكن لا على زوايا ١١٥١وحده بنصفين

الظاهرة  ١١٥٧القسيّ ف؛ ١١٥٦مختلفتين ١١٥٥كلهّا بقطعتين ١١٥٤المدارات ١١٥٣وتقطع
 .بالخلاف ١١٥٩الشمالية أعظم من التي تحت الأرض، وللجنوبية ١١٥٨للمدارات
، إلاّ عند بلوغ الشمس نقطتي ١١٦٢لا يسـتوي الليل والنهار فيها١١٦١ ١١٦٠ولذلك

ويكون النهار أطول من الليل عند كون  .الاعتدالين، وذلك في يوم النيروز والمِهرْجان
 ١١٦٣وكلماّ كان عرض .الجنوبية أقصر الشمس في البروج الشمالية، وعند كونها في البروج

وذلك لأنّ سمت الرأس مائل  ؛التفاوت بين الليل والنهار أكثر١١٦٤كان مقدار  ،البلد أكثر
ميله، يرتفع القطب الشمالي  ١١٦٥في هذه المواضع لا محالة عن معدّل النهار. وبقدر

. ١١٦٧التي تليهالتي في ناحيته، وينحطّ القطب الجنوبي والمدارات  ١١٦٦والمدارات
فازداد  ،النهار١١٧٠ازداد ميل سمت الرأس عن معدّل ١١٦٩ازداد العرض،  ١١٦٨فكلماّ

الظاهرة على ١١٧٢فضل قسـيهّا  ١١٧١ارتفاع القطب الشمالي والمدارات التي تليه؛ فازداد
التي عنده،  ١١٧٤انحطاط القطب الجنوبي والمدارات ١١٧٣التي تحت الأرض. فازداد

بعُده عن القطب  ١١٧٦الظاهرة. وكلّ مدار ١١٧٥التي تحت الأرض علىوفضل قسـيهّا 
دائرتهُ إلى  ١١٧٩فهو بجميع ما فيه وجميع ما تحويه١١٧٨، ١١٧٧الشمالي مثل ارتفاع القطب

أبديّ الظهور، ونظيره من ناحية الجنوب،  ١١٨١من الكواكب ١١٨٠القطب الشمالي
  الخفاء. ١١٨٣ما فيه، أبديّ  ١١٨٢بجميع
 ١١٨٧يخصّ  ،أقسام ١١٨٦عرضها تسعين جزءاً  ١١٨٥يبلغ ١١٨٤وهذه المواضع التي لم] ٣[

 المواضع التي عرضها أقلّ من الميل الأعظم ١١٨٩منها: ١١٨٨كلّ قسم منها خواصّ 
رؤوس أهلها في السـنة  ١١٩١لفلك البروج عن معدّل النهار. فالشمس تسامت ١١٩٠الذي

مرتين، وذلك عند بلوغها نقطتين عن جنبتي نقطة الانقلاب الصيفي ميلهما عن معدّل 
  البلد.النهار مثل عرض 
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[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;25.18 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 Cancer19 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.e., over 66;25. So the zodiacal pole20 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 Jaghmīnī’s value for the total obliquity, i.e., 23;35 (see his 
discussion on the declination in I.4). 
19 “Cancer” here should be understood as Cancer 0˚. 
20 As noted by ʿAbd al-Wājid, what is meant here is the zodiacal pole on the meridian at its 
highest altitude (Istanbul, Süleymaniye Library, Laleli MS 2127, f. 112b). 
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. فالشمس مثل الميل الأعظم ١١٩٤عرضها١١٩٣ المواضع التي ١١٩٢] ومنها٤[
ب بلوغها نقطة الانقلا ١١٩٨، وذلك عند١١٩٧في السـنة١١٩٦رؤوسهم مرّة  ١١٩٥تسامت

 ،ظلينّ ١٢٠٠خطّ الاسـتواء إلى هذا العرض ذوات ١١٩٩الصيفي. والمواضع التي هي من
إلى  ١٢٠٢يكون في نصف النهار تارة، وسـتعرفه، المسـتوي فيها ١٢٠١أعني أنّ الظل

العرض إلى عرض تسعين ذوات ظلّ ١٢٠٣الجنوب وأخرى إلى الشمال. والتي من هذا 
  فقط.واحد، أعني يكون الظلّ إلى الشمال 

 ١٢٠٥فإنّ الشمس لا تسامت .التي عرضها أكثر من الميل الأعظم ١٢٠٤] ومنها٥[
  رؤوس أهلها.

قطب البروج  . فإنّ ١٢٠٧  كه سو وذلك ،التي عرضها مثل تمام الميل ١٢٠٦] ومنها٦[
 ١٢٠٩تنطبق ١٢٠٨إذا بلغ دائرة نصف النهار بحركة الكلّ، وقع على سمت الرأس وحينئذ

دائرة البروج على الأفق؛ فيكون الحمل على نقطة المشرق، والجدي على نقطة الجنوب، 
عن سمت  ١٢١٠والميزان على نقطة المغرب، والسرطان على نقطة الشمال. فإذا زال

 ١٢١٣الشرقي على١٢١٢ة من البروج دفعةً، وهي التي في النصف سـتّ ١٢١١الرأس، طلعت 
ومدار ١٢١٥. ١٢١٤الأفق، وهي من الجدي إلى السرطان؛ وغربت السـتةّ الأخرى دفعةً 

لم تغرب حتىّ تجاوزه. فيكون  ،السرطان هناك لا يغرب لما سلف، فإذا بلغته الشمس
يعرض  ١٢١٩ما ١٢١٨إذ بقدر ساعة وكذلك الليل الأطول، ١٢١٧ كد١٢١٦النهار الأطول 

وعظم القسيّ الظاهرة يعرض ١٢٢٢؛ ١٢٢١الشمالية من الظهور الأبدي ١٢٢٠للمدارات
  الخفاء الأبدي وعظم القسيّ التي تحت الأرض. ١٢٢٣لنظائرها

فيميل  .١٢٢٦  سو كه ، أعني علىالميل ١٢٢٥التي عرضها زائد على تمام ١٢٢٤] ومنها٧[

 ؛١٢٢٧ كه سو قطب البروج عن سمت الرأس إلى الجنوب بقدر زيادة العرض على
من تمام  أ كثر من فلك البروج الأجزاء التي ميلها عن معدّل النهار ١٢٢٨ويلزم أن لا تغرب

  البلد.عرض 
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[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.21 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.e., 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.22 

[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 I.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. 
ʿAbd al-Wājid, Laleli MS 2127, f. 115a).  
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قطب البروج على دائرة نصف النهار  ١٢٢٩] وممّا يسُهلّ تصوّر ذلك أن نفرض٨[
؛ وبقدر ميله ينحطّ رأس ١٢٣٠فيكون مائلاً إلى الجنوب عن سمت الرأس ممّا يلي الجنوب

السرطان في الشمال. ويكون  ١٢٣٣رأس١٢٣٢ ١٢٣١الجدي عن الأفق في الجنوب، ويرتفع
 ١٢٣٤معدّل النهار ممّا يلي الجنوب فوق الأفق، وارتفاعه بقدر ما ينقص العرض عن

أعني كلهّ ويعرف بتمام القوس. فالأجزاء من فلك  ،جزءاً، وهو تمام العرض ١٢٣٥تسعين
 ١٢٣٨لا محالة ١٢٣٧ميلها عن معدّل النهار أقلّ من تمام العرض فإنها تكون ١٢٣٦البروج التي

تمام العرض  ١٢٤٠فوق الأفق ممّا يلي الجنوب؛ والتي ميلها تساوي١٢٣٩مع معدّل النهار 
 ١٢٤٢أكثر من تمام العرض فإنهّا تنحطّ ١٢٤١اسّ الأفق ولا تنحطّ عنه؛ والتي ميلهافإنهّا تم
قوساً من  ١٢٤٦لا محالة ١٢٤٥أبديةّ الخفاء. والأبديةّ الخفاء تكون ١٢٤٤لا محالة فتكون١٢٤٣

فلك البروج منتصفها نقطة الانقلاب الشـتويّ. ومدّة قطع الشمس لتلك القوس بمسيرها 
طول الليل الأطول لذلك البلد؛ ونظيرة تلك القوس من البروج الشمالية  ١٢٤٧الخاصّ 

طول النهار  ١٢٤٩ومدّة قطع الشمس لتلك النظيرة١٢٤٨أبديةّ الظهور، كما عرفت، 
قريباً من سـتةّ  ١٢٥١هذه البلاد ما يبلغ طول نهاره فمن. ١٢٥٠الأطول لذلك البلد

  .١٢٥٣أشهر وكذلك طول الليل١٢٥٢
 ١٢٥٤لبعض ما يطلع من فلك البروج هناك أن يطلع منكوساً ويغرب] ويعرض ٩[

الجدي إلى السرطان؛ فيطلع  ١٢٥٥مسـتويًا. وذلك في نصف فلك البروج الذي من
ولبعضه أن  .١٢٥٨هذا القياس١٢٥٧الثور، والثور قبل الحمل، وعلى  ١٢٥٦الجوزاء قبل

من فلك البروج؛  ٦٠١٢وذلك في النصف الاخٓر١٢٥٩يطلع مسـتويًا ويغرب منكوساً، 
  .، وعلى هذا القياس١٢٦١فيغرب القوس قبل العقرب، والعقرب قبل الميزان

] وممّا يسهلّ تصوّر ذلك أنّا إذا فرضنا قطب البروج على دائرة نصف ١٠[
فيكون نصف الفلك من الحمل إلى الميزان  ،ممّا يلي الجنوب عن سمت الرأس ١٢٦٢النهار

الشمال، والنصف الاخٓر غائباً ممّا يلي الجنوب. ورأس  ١٢٦٣على التوالي ظاهراً ممّا يلي
قد طلع  ١٢٦٥على نقطة المشرق، ورأس الميزان على نقطة المغرب. فيكون إذن١٢٦٤الحمل 

قطب البروج عن  ٧١٢٦فإذا مال. ، وغرب الميزان قبل السنبلة١٢٦٦الحمل قبل الحوت
  مُتصّلاً ما كان  ١٢٧٠في الطلوع١٢٦٩نصف النهار إلى المغرب والحمل طالع، أخذ  ١٢٦٨دائرة

   



160 Translation II.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.23 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,24 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.25 

[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 ʿAbd al-Wājid, “vice versa” here means “that facing what rises in regular 
order will set in regular order” (Laleli MS 2127, ff. 118b–119a). 
24 For further clarification, see Commentary, II.2[11]. 
25 In other words, what rises in regular order sets in reverse order. 
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طلوع  ١٢٧٢، على غير التوالي حتىّ يتمّ ١٢٧١بالحمل ممّا يلي الجنوب، وهو اخٓر الحوت
أعني أنّ الميزان كان غاربًا  :ثمّ ياخٔذ الدلو في الطلوع كذلك. والغروب كذلك .١٢٧٣الحوت

، أخذ في الغروب ١٢٧٦غرب وانحطّ ١٢٧٥المغرب للغروب. فإذا ١٢٧٤ورأسه في نقطة
وعلى ١٢٨١، ١٢٨٠وهو اخٓر السنبلة على غير التوالي ١٢٧٩به لمتصّ  ١٢٧٨ما هو ١٢٧٧معه

  هذا القياس.
كان من  ،رأس السرطان على دائرة نصف النهار ممّا يلي الجنوب ] وإذا فرضنا١١[

. فيكون قد طلع ١٢٨٢الميزان إلى الحمل ممّا يلي الشمال تحت الأفق، والنصف الاخٓر ظاهر
دائرة نصف  ١٢٨٣السنبلة قبل الميزان على الاسـتواء. ثمّ إذا مال رأس السرطان عن

كان الغارب يقابل  . ولماّالاسـتواء كما ذكرناعلى ١٢٨٤النهار، أخذ الميزان في الطلوع 
كان  ولماّ .منكوساً، وبالضدّ  ١٢٨٧ما يطلع منكوساً يغرب مقابله ١٢٨٦، كان١٢٨٥الطالع

الثاني في الاسـتواء ويوافق  ١٢٨٩نصفي الفلك يخالف الطلوع في ١٢٨٨حدأ الطلوع في 
منكوساً  ١٢٩٢يطلعغروبه، فما  ١٢٩١نصف يخالف١٢٩٠الغروب، لزم أن يكون طلوع كلّ 

  . وبالضدّ ١٢٩٣يغرب مسـتويًا، 
، فيوافق قطب العالم سمت الرأس فيها. وأمّا المواضع التي عرضها تسعون جزءاً ] ١٢[

الفلك رحويّ مواز للأفق.  ١٢٩٥على دائرة الأفق، ودور ١٢٩٤ومعدّل النهار منطبق
نهاراً، وذلك إذا كانت الشمس في ١٢٩٧سـتةّ أشهر  ،السـنة هناك يوماً وليلةً  ١٢٩٦وتكون

 ١٢٩٩ليلة، وذلك إذا كانت الشمس في البروج١٢٩٨البروج الشمالية، وسـتّة أشهر 
نصفه الشمالي  ١٣٠٠الجنوبية. وهناك لا يكون لشيء من الفلك طلوع ولا غروب؛ بل

  أبداً ونصفه الجنوبي تحت الأرض أبداً.  ١٣٠١ظاهر
ية بالوصف لأنّ فيها العمارة. ولأنّ جميع ما يعرض صنا المواضع الشمال ] وإنماّ خصّ ١٣[

بسبب ميلها عن خطّ الاسـتواء إلى الشمال، يعرض مثل ذلك  ١٣٠٢لها ممّا وصفناه
  .الجنوب ١٣٠٤بسبب ميلها إلى ١٣٠٣للمواضع الجنوبية

  .١٣٠٥ذلك] فتعريف هذا يكفي في معرفة ١٤[
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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.e., [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,26 the reverse will hold since the [northern] zodiacal pole27 [*] 
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].28 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 [ẓuhr] 
prayer. The start-time for the afternoon [ʿaṣr] prayer is, according to al-Shāfiʿī—
may God have mercy upon him—when that limit is increased by the equivalent of 
the gnomon [length], and according to Abū Ḥanīfa—may God be pleased with 
him—it is when it has increased by twice the gnomon [length]. 

                                                            
26 I.e., 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 
II.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, II.3[2]. 
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 ثالثلابابلا
  ١٣٠٦دةنفرمياءشـأ في

  كبالكو وعلط جةدر.شرقلما يلي مما فقٔالا على وجالبر فلك من زءج الطالع ]١[
١٣٠٩١٠١٣ ١٣٠٨تطلع ١٣٠٧ ّ كبالكوممر جةدر . كبالكو وعلط معوجالبر فلك من جةدر هي

١٣١٢ ١٣١١  كان نٕفا .بها كبالكوورمر مع النهار نصف رةئادبرّتم وجالبر فلك من جةدر
و ١٣١٣ من مكانه عنيأ ته،جفدر له، رضع لا كانأالانقلابين نقطتي حدىإ على كبالكو

.فلا الانقلاب، نقطة غير على رضع ذا كان نوا ؛٣١٤١هممر جةدر هي وج،برال فلك ّٕ
نصف رةئاد لىإ صلو وسقلاخٓرا لىإ طانسرلا لوّأ بين فيما كان ذاإ كبالكونّلأ ذلكو

في كاننوا .٣١٥١رضعلاوبينج كان نإ هابلقوض،العر شمالي كان نإ تهجدر بعد النهار ٕ
ًياقشر ونيك ]*[ ١٣١٦وجالبر قطبنّلأ الخلاف فعلى وج،برال فلك منخٓرالا نصفلا

١٣١٩ ١٣١٨ ١٣١٧على   جةبدروبه ةّالمار رةئالداتكونف النهار؛ نصفلؤّالا نصفلا كون ندع
ً١٣٢١ ٢٠١٣ ً لىثم إَّلاوّأ رضعلاشماليلا كبالكولىإـينتهتو ربغلمالىإمائلة كبالكو ّ

٢٣١٣ ١٣٢٢  بعدهايهلإيصلف النهار، نصف عن تهجدر من بعدأ كبالكو يكونف .تهجدر
ىسمي ١٣٢٤هممر جةدرو كبالكو جةدر بين ماو .نهيبع هذالرضعلانوبيج كان نإ هابلقو ّّ
.نهيبع هذا فالحكم تقيم،سـلما الفلك في امّأ .عهطلو جةدرهذا على سِوق . ّمرالم لافتخا
.فقٔالا تبريعف المائلة،فلاكٔالا فيامّوا ٣٢٦١ ١٣٢٥ٔ

فق،ٔالا سطح اةازمو ١٣٢٩على وبصنلما ياسقْلمِا من٨١٣٢ ١٣٢٧امّإوذخٔماّالظل ]٢[
١٣٣١ّ ١٣٣٠  علىًداعمو القائم ياسلمقا من امّٕوا تصب؛نلموا ،سالمعكوول،والاّالظلىّسميو
ٔ١٣٣٥ ١٣٣٤ ١٣٣٣ ،١٣٣٢ ّّ ةمر ياسلمقا سميق قدو .ويتسـلمواانيثلاّالظلىسميوفقالا سطح

ً١٣٣٧ ١٣٣٦  نصفوةّتسـ وأسامقأبعةسـبةّمروصابع،أ سامهقأ ىّسمتو سماق شرع باثني
١٣٣٨ ّالظل ـىنتهاذإوا .اءجزأسامهقأىّسمتوًسماقينّتسـبةّمرو،ًقداماأسامهقأىّسمتو

ادزذاإ العصر قتولؤواهر؛لظا قتولوأهوف شمسلا تفاعار غاية ١٣٣٩ندع تهينها ّّ
١٣٤١ ١٣٤٠،   يفةنح ابي ندعوالله حمهر شافعيلا ندع هذاو ياسلمقاثلبم تلك تهيغا على

١٣٤٣ ٣٤٢١  .ياسلمقا ثليبم(!)يهعل ادزذاإنهعالله رضي
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[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. 

Illustration of the Indian Circle 

 
[Figure 8] 
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بحيث لو  ١٣٤٥: تسُوَّى أرضوخطّ الاعتدال نصف النهار ١٣٤٤في معرفة خطّ] ٣[
 سال من جميع الجهات بالسويةّ.  ثمّ يدُار فيها دائرة بائّ بعُد كان، ١٣٤٦صُبَّ فيها ماء

 مقياسعلى مركزها  ١٣٥٠وينُصب  .١٣٤٩الهندية١٣٤٨ّ الدائرة الدائرةهذه  ١٣٤٧وتسمّى
 ١٣٥٤ويعُرف ذلك إمّا١٣٥٣ ،١٣٥٢رُبع قطرها نصباً على زاوية قائمة ١٣٥١طوله مخروطي

ث ما بين رأس المقياس والمحيط بمقدار واحد من ثلا ١٣٥٦يقُدّر ١٣٥٥بالشاقول وإمّا بانٔ
من المحيط. ويرُصد رأس الظلّ عند وصوله إلى محيطها ممّا يلي المغرب قبل  ١٣٥٧نقط

ف ١٣٥٨الزوال وبعده مما يلي المشرق. ويعُلمّ  القوس  ١٣٥٩على كلتي نقطتي الوصول وتنُصَّ
يمرّ بالمركز إلى أيّ بعُد  ١٣٦٤خطّاً  ١٣٦٣منتصفها ١٣٦٢من١٣٦١ ١٣٦٠جرِ التي بينهما؛ وتخُ 

بنصفين. فتُخرِج من منتصفي  ١٣٦٦وقد قطع الدائرة خطّ نصف النهار. فهو ١٣٦٥شئت
خطّ خطّ نصف النهار عند المركز على زوايا قائمة، وهو  ١٣٦٨يقطع ١٣٦٧النصفين خطّاً 

  .١٣٦٩المشرق والمغرب
  

  ١٣٧٠صورة الدائرة الهندية
 

   
  ]٨[شكل 
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[4] On determining the qibla bearing: we mean here by the qibla bearing, a 
point on the horizon [such] that when a person faces it he will also be facing the 
Kaʿba. 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 qibla 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 qibla 
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”;29 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 qibla. 

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. Bīrūnī, Tafhīm, no. 325 (194). 
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 ١٣٧٤بسمت القبلة ههنا ١٣٧٣ونعنيسمت القبلة  ١٣٧٢في معرفة١٣٧١] ٤[ 
كان طول  ١٣٧٧يضاً. إذاأ في الأفق إذا واجهها الانسان كان مواجهاً للكعبة  ١٣٧٦نقطة١٣٧٥

مكّة وعرضها أقل من طول بلدنا وعرضه عددنا من الدائرة الهنديةّ من نقطة الجنوب 
ما بين النهايتين  ١٣٧٨بقدر فضل ما بين الطولين إلى المغرب ومن نقطة الشمال مثله ونصل

نقطة المغرب إلى الجنوب بقدر ما بين العرضين  ١٣٨١من١٣٨٠ ١٣٧٩بخطّ مسـتقيم. ونعدّ 
بين النهايتين بخطّ مسـتقيم. فيتقاطع الخطّان  ١٣٨٣المشرق مثله، ونصل نقطة ١٣٨٢ومن

إلى المحيط.  ١٣٨٥وننفذه ١٣٨٤فنخُرِج من مركز الدائرة خطّاً إلى نقطة تقاطعهما لامحالة.
والقوس التي بين طرفه ونقطة الجنوب  ١٣٨٧]*[ على صوب القبلة ١٣٨٦فذلك الخطّ هو

مقدار ما ينبغي أن ينحرف المصليّ عن نقطة  ١٣٩٠وهي القبلة ١٣٨٩سمت ١٣٨٨قوسهي 
  .١٣٩٢أو عرضها أو كليهما أكثر ١٣٩١الجنوب. وقِسْ على ذلك كون طول مكّة

النهار.  ١٣٩٥نصف١٣٩٤طول مكةّ، فالقبلة على  ١٣٩٣كان طول البلد يساوي وإن] ٥[
رة من في الدو  ١٣٩٨فاعْرفِ الأجزاء التي تسامت١٣٩٧عرضه عرض مكّة  ١٣٩٦ساوى وإن

من  ١٤٠١  كب لطمن الجوزاء و ١٤٠٠ ز كا رؤوس أهل مكةّ، وهي ١٣٩٩فلك البروج
إحداهما على خطّ وسط السماء في  ١٤٠٤وضَعْها أعني١٤٠٣. ١٤٠٢السرطان

 ١٤٠٦المعمول لعرض البلد. وأعْلمِ على موضع المرُيِّ علامةً، ثمّ أدِر ١٤٠٥الأسطرلاب
العنكبوت بقدر ما بين الطولين إلى المغرب إن كان البلد شرقياًّ، وبالخلاف إن كان 

بلوغ ١٤١٠من مُقنطْرات الارتفاع، رَصَدْتَ  ١٤٠٩انتهت الأجزاء ١٤٠٨. فحيث١٤٠٧غربيّاً 
المسامت  ١٤١١الشمس إلى ذلك الارتفاع، ونصََبْتَ مقياساً؛ فظلّه في ذلك الوقت هو

  .١٤١٢للقبلة
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Illustration of the Qibla bearing 

 
[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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  صورة المسامت للقبلة

  
]٩[شكل 

  

الشمس إذا وقع ضوؤها  :١٤١٤والشهر والساعات والسـنة ١٤١٣في النهار والليل] ٦[
مقابلة جهة  في ١٤١٧ظلهّا ١٤١٦اسـتضاء وجهها المواجه للشمس، ووقع١٤١٥ على الأرض
فوق الأرض فهو النهار إذ ليس يخصّ النهار ضوء  ١٤١٩كانت الشمس ١٤١٨الشمس. فإذا

فوقها وهو الليل. ووقوع  ١٤٢٠سوى ضوء الشمس؛ وإذا كانت تحت الأرض وقع ظلهّا
الشمس أعظم جرماً من الأرض.  ١٤٢٣يكون على شكل مخروط إذ١٤٢٢ ١٤٢١ظلهّا
الظلّ مائلاً  ١٤٢٦رض قريبةً من الأفق كان مخروطتحت الأ ١٤٢٥كانت الشمس  ١٤٢٤فإذا

فيظهر في الأفق  ١٤٢٨الهواء المسـتضئ بضياء الشمس قريباً  ١٤٢٧عن سمت الرأس وكان
الحمرة،  ١٤٣١أغلب ويظهر ١٤٣٠الشمس أقرب، كانت الأنوار١٤٢٩النور، وكلماّ كانت 

  كحال الشفق والفجر.
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[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 0;59,8,20, during [the motion of] that point. This is recorded in the 
zījes [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 [sharʿ] 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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هو زمان ما بين مفارقة الشمس دائرة نصف النهار إلى عودها إليها  واليوم بليلته] ٧[
من  ١٤٣٤إلى مثله. وابتداؤه يمكن ١٤٣٣وعند العامّة من غروب الشمس ؛١٤٣٢بحركة الكلّ 
 ١٤٣٧الفلك؛ لكنّ الحسُّاب والمنُجّمين ١٤٣٦الشمس كلّ نقطة تفُرض في ١٤٣٥مفارقة كون

ف النهار لأنّ اختلافات المطالع بحسب الأفاق ابتدائه من دائرة نص١٤٣٨اصطلحوا على 
 ١٤٤٣بحسب دائرة نصف النهار ١٤٤٢واحدٌ  ١٤٤١واختلافها١٤٤٠كثيرة،  ١٤٣٩في المساكن

اليوم  مقام أفق خطّ الاسـتواء. وزمان ١٤٤٤لأنّ دائرة نصف النهار في جميع المساكن تقوم
البروج ولماّ كانت  ١٤٤٦لكبمطالع ما سارت الشمس من ف ١٤٤٥بليلته يزيد على دور الكلّ 

من فلك البروج قسـيّاً مختلفةً فمطالعها مختلفة. وأيضاً لو كانت  ١٤٤٧الشمس تقطع
قسـيّاً متساويةً، فليست مطالع القسيّ المتساوية  ١٤٤٩بالتقدير تقطع ١٤٤٨الشمس

متساويةً. فمن هذه الوجوه تختلف الأيّام بلياليها فقسموا اليوم بليلته إلى حقيقيّ 
مع ١٤٥١. فالحقيقيّ هو زمان عودة نقطة من معدّل النهار إلى نقطة مفروضة ١٤٥٠ووسط

هو  ١٤٥٣والوسط ضة؛ما سارت الشمس بتلك النقطة المفرو ١٤٥٢زمان مُرور مطالع
من معدّل  ١٤٥٤زمان عودة نقطة من معدّل النهار إلى نقطة مفروضة مع زمان مرور قوس

 ١٤٥٩بتلك النقطة ١٤٥٨ نط ح ك ۰ لوسط الشمس وهو ١٤٥٧مساوية ١٤٥٦النهار١٤٥٥
تعديل الأيّام يسُمّى  ١٤٦١والفضل بين الحقيقي والوسط الزيجاتوهو الموضوع في ١٤٦٠
  .بلياليها
، وفي الشرع من طلوع الفجر ١٤٦٢من طلوع الشمس إلى غروبهاوزمان النهار ] ٨[

زمان الليل، وفي الشرع  ١٤٦٤إلى طلوع الشمس ١٤٦٣ومن غروبها إلى غروب الشمس؛
إلى ساعات معتدلة وزمانيّة.  ١٤٦٦ثمّ إنهّم قسموا اليوم والليلة١٤٦٥ إلى طلوع الفجر.

 خمسبقدر ما يدور الكلّ  ١٤٦٩، هيالمسـتويةالمعتدلة، وتسمّى  ١٤٦٨فالساعات١٤٦٧
من الفلك  ١٤٧١. فإذا قُسمت قوس النهار أو قوس الليل أو قوس الدائر١٤٧٠عشرة درجة

 على خمسة عشر، كان ما يخرج عدد الساعات المعتدلة لذلك اليوم أو الليلة أو ما مضى
 جزء ١٤٧٦فهـي المعُْوَجّة ١٤٧٥، وتسمّىالزمانية ١٤٧٤الساعة. و١٤٧٣أو الليلة ١٤٧٢من اليوم



172 Translation II.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 365¼ 
days; according to Ptolemy, 365¼ days less 1/300 part of a day; and according to 
Battānī 365¼ 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 (hilāl). 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,30 
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+1⁄5+1⁄6 days. This year is less than 
the solar year by approximately 10 days and 20½ hours. 

                                                            
30 13;10,35,2 [Moon’s mean] minus 0;59,8,20 [Sun’s mean] equals 12;11,26,42 (see I.5). 
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من النهار أو الليل أبداً، فإذا كان النهار أطول من الليل كانت  عشر جزء اثنيمن 
أقصر كانت ساعاته أقصر. وإذا  ١٤٧٨الليل، وإن كان١٤٧٧ساعاته أطول من ساعات 

عشر، كان ما يخرج هو ما يدور الفلك  أو قوس الليل على اثنيالنهار ١٤٧٩قُسمت قوس
. فقد تبينّ ١٤٨٢الأزمانالزمانية وتسمّى  ١٤٨١أجزاء الساعة ١٤٨٠في كلّ ساعة زمانية، وهي

أنّ الساعات المعتدلة هي التي يختلف عددها على قدر طول النهار وقصره، ولا يختلف 
  عددها. ١٤٨٤ولا يختلف ١٤٨٣تختلف أزمانهاأزمانها؛ والساعات الزمانية هي التي 

نقطة تفُرض من فلك البروج إلى  ١٤٨٦يةّأ مفارقة الشمس  ١٤٨٥هي زمان السـنة] ٩[
عودها إليها بحركتها الخاصّة التي لها من المغرب إلى المشرق. وقد جعلوا ابتداء هذه 

هذه السـنة. فقال  ١٤٨٨حُلول الشمس رأس الحمل، واختلفوا في مدّة ١٤٨٧السـنة من حين
 اً جزء لاّ إ  ١٤٩١يوماً وربع ١٤٩٠ شسه بطلميوسيوماً وربع يوم؛ وعند  ١٤٨٩ شسه بعضهم
أجزاء  ١٤٩٤ثلاثةلاّ وربع إ ١٤٩٣يوماً  ١٤٩٢شسه  البتاّنيثمائة جزء من يوم؛ وعند من ثلا

 ١٤٩٦من يوم. والمراد باليوم هنا ١٤٩٥ثمائة وسـتين جزءواربعاً وعشرين دقيقةً من ثلا
القمرية، ١٤٩٩السـنة الشمسـيّة؛ وأمّا السـنة  ١٤٩٨اليوم بليلته. وهذه هي ١٤٩٧هي
  اثنا عشر شهراً. ١٥٠٠فهـي
له من الشمس إلى ١٥٠٣يفُرض  ١٥٠٢أيّ وضع ١٥٠١زمان مفارقة القمر والشهر] ١٠[

المساكن. ١٥٠٤عوده إليه. وأظهر الأوضاع هو الهلال لكنّ رؤية الهلال تختلف باختلاف 
إليها إلاّ في الاُمور الشرعية. وجُعل ابتداء الشهر من اجتماع الشمس  ١٥٠٥فلم يلتفت

قَوا : بانٔ أل١٥٠٩من النيرّين١٥٠٨بالمسير الوسط  ١٥٠٧ما بين الاجتماعين ١٥٠٦والقمر وزمانه
 ١٥١١ شس دور الفلك، وهو ١٥١٠وسط الشمس من وسط القمر وقسموا على ما بقي

من الأيّام، وهو مقدار الشهر. ثمّ ضربوا ذلك في  ١٥١٣ كط لا ن ح ١٥١٢، فخرججزء
. وهذه ١٥١٥يوم وسُدسه سخمُ يوماً و  ١٥١٤ شند اثنى عشر؛ فحصلت أيّام السـنة القمريةّ:
بعشرة أيّام وعشرين ساعة ونصف ساعة ١٥١٦السـنة ناقصة عن السـنة الشمسـيّة 

  بالتقريب. 
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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  

                                                            
31 For the different colophons, see §II.2: Description of the Manuscripts. 
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، والخاطر المتوزّع، والفكر ١٥١٩الطَبِع ١٥١٨ما سمح به الطبْع ١٥١٧هذا] ١١[
. وقد بذلتُ الوُسْعَ في ١٥٢١المشوّش باشٔغال لا يعدّ عديدها، وهمُوم لا ينُادى وليدُها١٥٢٠

 ١٥٢٤واختصارها أداءً لشرائط ١٥٢٣المعاني وإظهارها مع إيجاز الألفاظ ١٥٢٢كَشْف
 ١٥٢٦الذي عن الإملال والزَحمَْة.  ولعلّ هذا المقدار ١٥٢٥الامتثال والخدمة مع التحرّز

أن  ١٥٢٨لِتحصيل ما أردتُ، وافٍ بما جرت الإشارة إليه. فالأولى ١٥٢٧أوردتُ كافٍ 
  الكتاب.أقتصر عليه فليكن هذا خاتمة 
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TEXT APPARATUS 
 

  الديباجة
  
  ب: ل.٦١ب: ك؛ ١ب: ف؛ ٢ب: س؛ ٤٨: ب؛ ٦ص ١
 : ف.ىن+رٮ الهم بالصواب: س = +وبه ىسـىع  ]الرحيم ٢
  .= كفأ: س ب :فاءِٓ كِ  = ف كِفاء] ٣
  نبيهّ] س، ف = رسوله: ب.  ٤
  مشطوبة) = +محمد: شاف.» على«وعلى اله: س( = ، فب والٓه] ٥
يقول الشـيخُ الامام الهمام الفاضل الكامل المتبحّر شرف  رحمه الله] ... قال الإمام ٦

قال الامامُ البارعُ الاجلُ العلاّمةُ  = : بغمىنىّ رحمه هللالّدين محمود ىن محمدّ ىن عمُر الجَ 
 ُ الاماثِل مَلُك الفضلأ خاتمُ الحكماءِ محمودُ ىن محمد ىن  اسـتادُ الوري شرفُ الافاضِل عد

قال الامام البارع الاجل العلامه  = : سعمرَ الفقيهِـىِ الجغَْمينىِّ الخوارِزمِىّ رحمه اللـه
اسـتاد الورى شرف الافاصل عد الاماثل ملك الفضلا حاتم الحكماءٓ محمود ىں محمد ىں 

  . رحمه له: ف(؟) الجعمينى الخوارزمى الفقىهـىعمر 
  ب.نقََلَ إليّ] س، ف = نقُل الى:  ٧
  مولاى: ب، ف. مولانا] س = ٨
  ب.–=  ، فس فخر الإسلام والمسلمين] ٩

  ب.– رحمه الله] س، ف = ١٠
  يقرن] س، ف = ىقَرُبُ: ب. ١١
  المعان: س.المعاني] ب، ف =  ١٢
   امتثال] س، ف = امثال: ب. ١٣
  ف.–ب، –س =  شعراً] ١٤
  : ب.محلىّ ] س، ف = محلّ  ١٥
  آ: س. ٤٩ ١٦
  لي] فاس. ١٧
  .: بالمروحىّ  س، ف = ]المرجّي  ١٨
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: تاس. ]خطير ١٩   +عط
  ] س، ف = بمثل: ب.لمثل ٢٠
  : ب.امثالاً ] س، ف = امتثالاً  ٢١
   ] س، ف = لى: ب.إلى ٢٢
  : ف. مں=  »)ح«(مع رمز هافس، ] مع ٢٣
  »).ح«= دالا: تاس(مع رمز  ، فمخبراً] س ٢٤
لا= يشـتمل] تشـتمل: س  ٢٥   ف. :مشـ
حِيمِْ بِسمِ ا ] على مقدّمة ومقالتينْ  ... الله بسم ٢٦ نِ الرَّ حمَْ الحمد  كفاء(غير مقروء) الرَّ

قال(؟) الشـيخ الامام الاجل البارع العلامه قال محمد والِٓه  رسوله عليافضاله والصلاة 
اسـتاد الوري شرف الاماثل ملك الفضلا خاتمة الحكماءِ محمود بن محمد بن عمر الحعميني 

ر الملة والدين تعالي برحمته ان اعزة الاحباب وخالصة الاصحاب بد اللـهالخوارزمي تغمدهُ 
فخر الاسلام والمسلمين عريز الملوك والسلاطين راحة الاشـياخ وشفا الارواح محمد بن 

عواقبه اشار ان اجمع في علم الهيية كتابا يقرن بين الاختصار  اللـهاحمد بهرام القلانسيِ 
 ليوالبيان وىجمع ايجاز اللفظ الي ىسط المعاني فعددت ذلك من نعمه المتواليه وبادرت ا

والفت هذا الكتاب علي حسب الامكان قاصداً  للتلخيص فيه مع  امتثال اشارته العاليه
الملخص في(غير مقروء) الهيئة اسمه مخبرا عن معناه وظاهره دالا علي  وسميتُهالبيان 

فآ كِ  للـهِ حيم الحمدُ الرَّ  حمنالرَّ الله  بسم=  كفحواه وجعلته يشـتمل علي مقدمة ومقالتين: 
 عمر محمدِ ىن نى محمودُ  رحمته الى الڡق اللـهعبد  ىقول محمد والٓه نىيه على والصلوة اِفضاله

 عالم لكل ىعدِى تدكرهً منىّ  العالم هيئه فى الكىابَ  هذا الفتُ  انى الله رحمه الجغمينى
 الامكان حسٮ على المعانى ىسَط الى الالڡاط وائجازَ  البياں مع الىلخيصَ  فىه مُتحرياً 
 وحعلتُه عن فحواهُ  مُخْبراً  وظاهره معناه على دالا اسمه لىكون الهيئه في الملخّص وسميتُه
على مقدّمة ومقالتينْ] فالفت  ... هذا الكتاب وألفّتُ  || .: لومقالتيں مقدمة على يشَـتمل

يا فيه التلّحيْصَ العالم تدكرةً منىّ بعَْدى لكلّ عالمٍ مُتحََ : ب] ٧صهذا الكتاب فى هيئة [ رِّ
صَ فى  الىيان وايحازَ الالفاظ الىمع  بسط المعانى على حَسب الامكان وسميته الملخِّ
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ىشـتمل على  (!)الهيئة ليكون اِسمُه دالاًّ على معناهُ وظاهرهُ مُحبراً عن معنا فحواه وجعلتَه
  .بمقدّمة ومقالتىن: 

  آ: ك.٢ ٢٧
  المقدّمة ففي: ب.اما  ]في المقدّمة ٢٨
  الأولى] طاك. المقالة ٢٩
٣٠  ٓ   . : س = البَابُ الاول: ك١= الاوّل: ب = ف، ل  ]ا
  . : س = البَابُ الثاني: ك٢= والثانى: ب = ف، ل  ]ٮ ٣١
  ل.–بيان]  ٣٢
  . البَابُ الثالث: ك س = :٣والثالث: ب =  =ف، ل  حـ] ٣٣
  . ع: كى= البَابُ الرا س :٤= والرابع: ب = ف، ل ] د ٣٤
  . البَابُ الخامس: ك س =: ٥ = والخامس: ب =ف، ل  ]ه ٣٥
  آ: ف. ٣ ٣٦
  ل.–هيئات]  ٣٧
  ب: س. ٤٩ ٣٨
٣٩  ٓ   . = البَابُ الاول: ك س :١= = الاوّل: بف، ل  ]ا
  ك. –الأرض] من  ٤٠
  . الباب الثاني: ك س =: ٢ = والثانى: ب =ف، ل ] ٮ ٤١
  . الباب الثالث: ك س =: ٣= والثالث: ب = ف، ل حـ]  ٤٢
  : س.منفردة] منفرد ٤٣

 

  الإجمال على الأجسام أقسام بيان في المقدّمة
 

  ك.–، ب–الطبائع]  أجسام مختلفة إلى تنقسم التي ومركّبات وهي ٤٤
  ب: ك.٢ ٤٥
  : ب.٨ص ٤٦
  .»)صح«(مع رمز بسـيط] تاس ٤٧
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  وطبعه] وطبعيته: ك. ٤٨
  ] الشكلات: ب.التشكيلات ٤٩
  ف.–لأسـباب]  ٥٠
  نشاهد] نشاهدها: ب، ل. ٥١
الجبال والوهاد: ب، ل = +والجبال:  من الوهاد والتلال] س، ف، ك = من ٥٢

  . »)خ«(مع رمز هاس
  آ: ل.٦٢ ٥٣
  هذه] هذا: ف.  ٥٤
  يقدح: س، ف.لا  قدح: ب =ىلا تقدح] ك، ل =  لا ٥٥
  الشكل] الاسكال: ف. ٥٦
  اذا: ب.لو]  ٥٧
  حباّتُ: ف. بها اُزلِقت ]حباّتُ  بها أُلزقِت ٥٨
  آ: س.٥٠ ٥٩
  شعير] شعيرة: ك. ٦٠
  لو: شاف.  كونهايقدح] +فى  ٦١
   شكل] هال. ٦٢
  كريّ] +الشكل: ب. ٦٣
  .»)صح«(مع رمز سطحه] هاف عن ٦٤
  ب. المقعّر: المقـ ]المقعّر ٦٥
  ك. –س، –أيضاً]  ٦٦
   .»)صح«(مع رمز الأصحّ] هاف ٦٧
  ط: ف. ىيحيط] س، ك، ل = تحيط: ب =  ٦٨
  والأرض] ب، ك، ل = فالارض: س، ف.  ٦٩
  . فهو] وهو: ف ٧٠
  . آ: ك٣ ٧١
  س.– بها] محيط فهو ٧٢
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  فلك عطارد] فلك العطارد: ب. ٧٣
  : ب.٩ص ٧٤
  الأعظم: ف. فلك الأعظم] الفلك ٧٥
  مرتان قوق السطر في مخطوطة ل).» لا«ولا] ( لا خلاء ٧٦
  وراء خلائه وملاء: ب.ليس ولا ملاء]  لا خلاء شيء ورائهليس  ٧٧
  ل.–وكلّ محيط يماسّ المحاط به الذي يليه في الترتيب المذكور]  ٧٨
» وعلى«وبجملة] س، ف = وجملة: ب، ك، ل(هناك إشارة إلى الهامش حيث نجد  ٧٩

   .في مخطوطة ل)» صح«مع رمز 
  ب، ك، ل = الأجسام: س، ف.  ]الأجرام ٨٠
  ل.–ف، –عليها] ب، فاس، ك =  ٨١
وصورتها هذه] س، ف = وهذه صورة: ب = وهذه وصورتها: ك = صورة كرة  ٨٢

  العَالم: ل.
  

  الأفلاك هيئات في لالأوّ  الباب ، الأولى المقالة
 

  ب: ل.٦٢ ؛ب: ك٣ ٨٣
  سة ابواب: ك، هال.خم بها] +وهي  يتعلقّ وما ٨٤
  المقالة] فاك. ٨٥
  هيئات: ك. هيئات] في بيان في ٨٦
  : ب.١٠ص ٨٧
  فمركز سطحيهْا] س، ف = فمركزهما: ب، ك، ل. ٨٨
  هو مركزها] +الكرة: تال. ٨٩
  آ: ل. ٦٣ ٩٠
  ] ههنا: ب، ك = هاهنا: ل.هنا ٩١
يث: ب.  ٩٢   الجهات] +
  حتىّ] +لا: س. ٩٣
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  جزء] جزاً: ك. ٩٤
  آ: س.٥١ ٩٥
  جرم] جرمى: ب. ٩٦
  مركزهما] +هما: شاف. ٩٧
  س. ى] +تلك النقطة:تسمّ  ٩٨
 وتسمّى] وىسمى: ف، ك = ويسمي: ك. ٩٩

 مشتركه ىڡطة على الاول لمقعر يماس سطحىه الحضيض] شاف = +الاوح ومقعر ١٠٠
  »).صح«الحصىضَ: هاف(مع رمز  وىسمى ىىىهما
آ: ك.٤ ١٠١
  بحيث] ب، ك، ل = حيث: س، ف. ١٠٢
  تصل] يصَِلُ: ل. ١٠٣
 ب.–] من ١٠٤
  .مقعّره] هاف من ١٠٥
  آ: ف.٤ ١٠٦
  فبالضرورة] فىالضروة: ل. ١٠٧
: ل. يصير] ١٠٨   تصير: ب = ىصَ
  متوازيتيْ] موازيتي: س. ١٠٩
 بل] هال = +محا: شاك. السطوح متوازيتيْ  غير ١١٠
  إحداهما] احدهما: س، ف. ١١١
  محوية] محبوىه: ك. ١١٢
  فيه] له: ب. ١١٣
  الحاوية] الحاوى: ب، ل. ١١٤
  بالخلاف] بخلافها: ب. ١١٥
  ل. وتسمّى] ب، س = ىسمى: ف = ويسمى: ك = ىسمّى: ١١٦
  ك.–واحدة] واحد: ب =  ١١٧
  يسمّى] ك، ل = ىسمّى: ب = تسمى: س = ىسمى: ف.  ١١٨
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  يسمّى] ك = ىسمّى: ب، ل = تسمى: س = ىسمى: ف. ١١٩
  : ب.١١ص ١٢٠
  محيطه] محيطها: ب. ١٢١
  ب: س.٥١ ١٢٢
  مركوز] مركوزة: ب. ١٢٣
اسّ: ف، ل. ويماسّ] ب، ك = وتماس: ١٢٤   س = 
  بينها] بينهما: ب. ١٢٥
  ب: ك.٤ ١٢٦
  الخارجة] الخارجية: س. ١٢٧
  المراكز] المركز: ك. ١٢٨
اس: ب، ف، ل = تماسّ: سيماسّ  ١٢٩ فوق » ح«سطحه: شاس(مع رمز + = ] ك = 

  السطر).
  حامله] حاملة: ب. ١٣٠
  ل.–ك، –ب، –س، ف =  هذه الأفلاك الصغار] ١٣١
  ك.–فيها]  ١٣٢
  مصمت: س، ف.  مركوز = مصمت مركوز] ب، ك، ل ١٣٣
  ب: ل.٦٣ ١٣٤
  التداوير] التدوير: ك. ١٣٥
  : س، ف.فلك الشمسوهذه صورة منها] + ١٣٦
  ب: ف.٤ ؛آ: س٥٢ ١٣٧
  مشـتمل] مشـتملان: ك. ١٣٨
   المركز] المراكز: ك. ١٣٩
  ب.–أيْ]  ١٤٠
  : ب.١٢ص ١٤١
  ل = محدّبها: س، ف = +المـ : شاك. محدّبه] ب، ك،  ١٤٢
  الممثلّ] فاب. ١٤٣
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  وهي] س = وهو: ب. ١٤٤
  .س، فب،  :ومقعّرها = ك، ل ]ومقعّره ١٤٥
  آ: ك. ٥ ١٤٦
  نقطة] +كذلك: ك. ١٤٧
  المركز: ف، ك. ارجالخ المركز] ب، س، ل = ارجيالخ ١٤٨
  المحوي] والمحوي: ك. وهو ١٤٩
  ل.–ك، –لمركز التدوير]  ١٥٠
  ف.–جرم] هاس،  ١٥١
اس محدّٮ الحامل محدّب المدير + على الرسم] كذلك: ب، ك، ل = ١٥٢ يث  اى 

  الحضيض: ب. ىقطه وهى على بينهما وهى الاوج ومقعره مقعره مشتركةٍ  على نقطةٍ 
  والكوكب] ب، ف، ك، ل = الكواكب: س. ١٥٣
  على ما ذكرنا في سائر التداوير] س، ف = على الرسم: ب، ك، ل. ١٥٤
  ب: س.٥٢ ١٥٥
  مركزهما] مركزها: ك. ١٥٦
  مشطوب) = ويسمى: ل.» و«الـيسمّى] ف، ك = ىسمّى: ب = وتسمى: س( ١٥٧
  المائل] المائل وهو: هاف. ١٥٨
  : ب، ك، ل.نحو ما ذكرنا] س، ف = على الرسم على ١٥٩
  شاك. هذه] +الدور: ١٦٠
  آ: ل.٦٦؛ : ب١٤ص ١٦١
  س، ف = الكواكب الثابتة: ب، ك، ل. ]الثوابت ١٦٢
  وتسمى: س. ك = وىسمّى: ب، ف، ل = ]ويسمّى ١٦٣
  »).صح«هاس(مع رمز  ]معنى ١٦٤
  س، ك = وهو جرم: ب = جرم: ف، ل. ]فجرم ١٦٥
  »).صح«هاب(مع رمز  ]مركزه ١٦٦
  س = وهو جرم: ب = هو: ف، ك، ل. ]وهو ١٦٧
  سطحه: ك. ]سطحيْه ١٦٨
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  آ: س.٥٣ ١٦٩
  س، ف.، ومحدّبهما] ك، ل = ومحدّبها: ب ١٧٠
  واما الفلك الاعظم: ك. ]الأعظم والفلك ١٧١
  ف = +مركزة: شاف. ]مركزه ١٧٢
  مماس: ب. ]يماسّ  ١٧٣
  ومحدّبهما] ف، ك، ل = ومحدّىه: ب = ومحدّبها: س.  ١٧٤
  آ: ك.٦ ١٧٥
 الله اعلم: ك.و+ ]ملاء ١٧٦

  

  الأفلاك حركات في الثاني الباب ، الأولى المقالة
 

  الباب الثاني] قال الباب الثاني: ب. ١٧٧
  ب.–حركات الأفلاك]  ١٧٨
  المشرق] +الى: شاس. ١٧٩
  ما: ك.اا] و فامّٔ  ١٨٠
   .»)صح« (مع رمزس = التى: هاس–التي هي]  ١٨١
  س، ك، ل. تتمّ] ف = ىتمّ: ب = يتم: ١٨٢
  وليلة] وليَْلته: ك. ١٨٣
  ب: ف.٥ ١٨٤
  وىسُمّى: ب = وىسمى: ف = ويسمى: س، ك، ل. وتسمّى] ١٨٥
  .»)صح«(مع رمز أوّل ما] هال ١٨٦
  ب: س.٥٣ ١٨٧
  قطبي] قطب: ك. ١٨٨
  :ب.١٥ص ١٨٩
   ومنطقتها] ومِنْطَقُها: ب. ١٩٠
  .»)صح«رمز (مع فاسمدير]  ١٩١
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  ويسمى: س. وتسمّى] ف، ك = وىسمّى: ب = ١٩٢
  ف.–لعطارد]  ١٩٣
  سلف] +وهي: ك. ١٩٤
  ب: ك.٦ ١٩٥
  وسـتعرفهما] ب، ل = وسـتعرفها: ف، ك. ١٩٦
   وهي] وحركة: ب. ١٩٧
  ك.–في]  ١٩٨
  ىالثهً: ب.  ٢٠ثوان  ٨دقىقةً  ٥٩ف، ك، ل =  ]نط ح ك ۰ ١٩٩
   وهو] وهي: ب. ٢٠٠
 ]مثل وسط الشمس وهونط ح ك  ۰ كل يوم بليلته في وهي وسـتعرفهما ٢٠١

  .»)صح«(مع رمز هاس
  وسـتعرفه] وسـتعرفها: ب. ٢٠٢
  العالم] +وهي: ف. ٢٠٣
  ثالثه: ب. ٣٧ثوان  ١٠دقاىق  ٣س، ف، ك، ل =  ]ي لزج  ۰ ٢٠٤
: ل.ب٦٦ ٢٠٥
  البروج] وغير منطقة البروج: ف = البروج: ك.ومنطقة  ٢٠٦
؛ »ط« تحت »دقايق«؛ »يا« فوق »درجة« يوجد(ل ،س، ف ]مجيا ط ز  ٢٠٧

ثالثه: ب  ٤٣ثوان  ٧دڡاىٯ  ٩درجة  ١١ = )»مج« فوق »ىالىه«؛ »ز« تحت »ںىوا«

  ك.: مح ح ط يا =
  التي] +هي: ب، ك، ل. ٢٠٨
  فمنها] منها: ف. ٢٠٩
  ل = يقطع: س، ك.تقطع] ف = ىقطع: ب،  ٢١٠
  واحداً] هال. ٢١١
  وسـتين] +سـنة: س. ٢١٢
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  وسـتعرفهما] وسـتعرفها: س. ٢١٣
  ك.–على]  ٢١٤
  آ: س.٥٤ ٢١٥
  .»)صح«(مع رمز ومنطقة البروج] فاس ٢١٦
  يسمّيان] وىسُمّيان: ب. ٢١٧
  آ: ك.٧ ٢١٨
  ىقاطع: ب، ل = يقاطع: س، ك. ف = تقاطع] ٢١٩
  : ب.١٦ص ٢٢٠
  باب: شاك.ف = +في –هذا]  ٢٢١
  الدوائر] +ان شا الله تعالي: ك. ٢٢٢
  س.  يتحرك: = ىتحرك: ب، ف = لك، تتحرّك]  ٢٢٣
  ).»صح«مع رمز المركز] فال( ٢٢٤
  شطوب في ل.م منطقة] +البروج وقطبيها:  ٢٢٥
  مسامتة] متشابهة: س. ٢٢٦
  .»)ق«والـ» و«وقطبين] +على: فاب(بين الـ ٢٢٧
  ف.–فلك]  ٢٢٨
  ).»صح«(مع رمز مسامته لمنطقة ... البروج] هال ٢٢٩
   .فوق السطر)» خ«رمز البروج] +وقطىيها: شاس(مع  ٢٣٠
 =ثالثه: ب  ٢٠ثوان  ٨دڡىقه  ٥٩س، ف، ل =  ]نط ح ك ٠ ٢٣١

  . ك :  ك ح نط ح
  حركات] حركة: ك. ٢٣٢
  .»)صح«(مع رمز ف = هال–الأفلاك]  ٢٣٣
  آ: ف.٦ ٢٣٤
  مناطق] منطق: ك. ٢٣٥
  وأقطابهما] وأقطابها: ك. ٢٣٦
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؟) له: »ە«من تحت  »۰«(ه ب ۰قيقتان: ب = د = ك] س، ف، له ٠ب  ٠ ٢٣٧
  ل.

   ، ك.ب، س :وللمشتري  =للمشتري] ف، ل ٢٣٨
 :مهمل) »ي«الـيو( نط (؟)مد ه دقاىٯ: ب = ٥] ف، س، ل = د نط يو ٠ ٢٣٩
  ك.
  ب، س، ك.  :يخ] ف، ل = وللمريخللمرّ  ٢٤٠
  دقىقةً: ب. ٣١س، ف، ك، ل =  ]لا كو م ٠ ٢٤١
  ب: ك.٧ ٢٤٢
  للزهرة] ف، س، ل = وللزهرة: ب، ك. ٢٤٣
 ثواں ٨ دقىقه  من تحت)» ٢«(مع رمز ٥٩ =   ] س، ف، ك، لنط ح ك ٠ ٢٤٤
  ثالثه: ب. ٢٠
  لعطارد] ف، س، ل = للعطارد: ب، ك. ٢٤٥
 ، وهو»ذلك«تحت » ٢«(مع رمز وضعف ذلك =  س، ف، ك، ل  ]ا نح يو م ٢٤٦

  .: بالسابق المرافق للزهرة)» ٢«إشارة إلى الـ
  للقمر] ف، ل = وللقمر: ب، س، ك.  ٢٤٧
ب: س.٥٤ ٢٤٨
س =  :كد كج نج كب=  دقيقه: ب ٢٣درجة  ٢٤] ك، ل = كب نجكد كب  ٢٤٩
  في الهامش) كب: ف. « نح»و  »كب«(+كد
  وتسّمى] ك = وىسمّى: ب، ل = ويسمى: س، ف. ٢٥٠
  ك. :الكوكب] الكواكب ٢٥١
  تسمّى] ب = ويسمّى: س = ىسمى: ف، ل = نسمي: ك. ٢٥٢
ا: ف = ىعىنها: ل. ٢٥٣   بعينها] ب، ك = تعينها: س = ىعى
ىد وسيرد: سوسنزيد] ل = وسيزيد: ب =  ٢٥٤ ينزيد: ك. := وس    ف = سـَ
  تسمّى] ىسمّى: ب، ف = ويسمى: س، ل = يسمي: ك. ٢٥٥
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  ).»صح«مع رمز (= هال ب–أيضاً]  ٢٥٦
  س، ف = وأما: ب، ك، ل. أمّا] ٢٥٧
  ).»صح«مع رمز أفلاك] هاس( ٢٥٨
  +في: ب.مخالفة]  ٢٥٩
  : ب.١٧ص ٢٦٠
  آ: ل.٦٧ ٢٦١
  المغرب] +فحركة الاسفل: شاس. ٢٦٢
  = التداوير: ك. س لتداوير] ب، ف، ل = كتداوير: ٢٦٣
  ك.–حركة الأعلى]  ٢٦٤
  لتدوير] ب، ف، ل = كتدوير: س = التداوىر: ك. ٢٦٥
  المذكور] المسير: ف. ٢٦٦
  ب.– المعتبر] ٢٦٧
  من] منه: ك. ٢٦٨
  وهو] وهي: ب. ٢٦٩
  آ: ك.٨ ٢٧٠
  آ: س. ٥٥ ٢٧١
  +الىخس: شاك. لزحل] ٢٧٢
  دقىقهً: ب. ٥٧س، ف، ك، ل =  ]نز ز مد ٠ ٢٧٣
  للمشتري] وللمشتري: ب. ٢٧٤
   دقىقهً: ب. ٥٤س، ف، ك، ل =  ]جند ط  ٠ ٢٧٥
  للمرّيخ] وللمريخ: ب. ٢٧٦
  دقىقهً: ب. ٢٨ س، ف، ك، ل = ]كز ما م ٠ ٢٧٧
  للزهرة] وللزهرة: ب. ٢٧٨
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في » يط«إلى » نط«والـ» لز«إلى » لو«س، ف، ل(يتغير الـ] لو نط كط ٠ ٢٧٩

  : ك. مد لو نط كط = دقىقهً: ب ٣٧ =الثلاث نسخ) 
  لعطارد] ولعطارد: ب. ٢٨٠
» و«دڡاىٯ: ب = ج و كد كب: س(+ ٦اجزاء  ٣] ف، ك، ل = و كد زج  ٢٨١
  ).»كب«و »كد«و »و«من تحت  »ز«و» كد«و

  : ك. حح ح نو دقاىٯ: ب = ٤درحة  ١٣س، ف، ل =  ]نويج ج نج  ٢٨٢
  الاخلاف: س. الاختلاف] ٢٨٣
  حركة: ب. والحركة] ٢٨٤
  للكواكب: ب، ك. للكوكب] س، ف = ٢٨٥
  ك.–ب، –والله اعلم]  ٢٨٦
  

  الدوائر في الثالث الباب ، الأولى المقالة
  

  : ف.تنصّف] ينصف ٢٨٧
   ب.–لا]  ٢٨٨
  تنصّفه] ينصّفه: ف. ٢٨٩
] س، ف = وتسمى: ب، ك = وىسمى: ل. ٢٩٠   ولتسمَّ
  معدّل النهار] اما الدواير العظام فمنها معدل النهار: ك. ٢٩١
  وتسمّى] ب، ف، س = ويسمي: ك = وىسمى: ل. ٢٩٢
  الفلك المسـتقيم] فلك المسـتقيم: ك. ٢٩٣
  اعتدل] اعتدال: ب. ٢٩٤
  : ب.١٨ص ٢٩٥
  ب: ك.٨ ٢٩٦
  فوق). »رض«الا:ب(+ الأرض] ٢٩٧
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 .ف :ب٦ ٢٩٨
 .ك :نايهتو ]ناهمّتو ٢٩٩
 ).هامشلا في »للعالم«(+ب :لعالم ]للعالم ٣٠٠
  .ك :يهازتولما ]يةازالمو ٣٠١
  .»)صح« مزر مع(هال:ياميو مدار سمىي اىضا المعدل ىل] +ةّيميولا ٣٠٢
 .ف :رضفى = ك س، :رضفي = ل ب، ]رضفت ٣٠٣
 .ك :وجالبر رةياد منهاو ]وجالبر رةئاد ٣٠٤
 .شاك :هذة] +ىّسمتو ٣٠٥
 .س :ب٥٥ ٣٠٦
.ب :ائروّفالد ]ائروالدو ٣٠٧
.ف :سمىى=س :سمىي = لك، ب، ]ىّسمت ٣٠٨
.ك :ايروالد ]رةئالدا ٣٠٩
.س :يقدر ]رّتقد ٣١٠
  .ف – ]ولط ٣١١

  .ك – ]شمسل ٣١٢ وا
 .ل :ب٦٧ ٣١٣
 .ب :كبالكو كزبمر ]اكبوالك اكزربم ٣١٤
  .ك :حو = ف : حو ]ئذنيحو ٣١٥
  .فاس  : له ]كبللكو ٣١٦
 .ك :وجالبر فلك ]وجالبر ٣١٧
.ك :رفطتو ]رفطو ٣١٨
 .ب :قاطعة ]مقاطعة ٣١٩
.كٓ:ا٩ ٣٢٠
 .ك ف، : ح رضع = ب :رضع ئذىىح = ل س، ]ئذنيح رضع ٣٢١
 .ب :١٩ص ٣٢٢
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  النقطة] تلك النقطه: ب. ٣٢٣
  وهذا هو] س، ف = وهو: ب، ك، ل. ٣٢٤
  آ: س.٥٦ ٣٢٥
=  والدوائر الموازية لها تسمّى] وتسمي الدواير الموازية لها : ك. تسمّى] ب، ك، ل ٣٢٦

  يسمى: س = ىسمى: ف.
  .»)صح«(مع رمز هال ]من ٣٢٧
   هاب. أن] طاب = ٣٢٨
  .س، ف تاخٔذ: =ياخٔذ] ب، ك، ل  ٣٢٩
   ل.–ك، –ف، –عنه] ب، س =  ٣٣٠
  ب: ك.٩ ٣٣١
  .نقطة] بنقطة: ب ٣٣٢
  نقطة] بنقطة: ب. ٣٣٣
  . ب، ك، ل :فيتعين = ف ،س ]عينّ فتُ  ٣٣٤
   نقط] نقطة: ب. ٣٣٥
  .»)صح«(مع رمز ومدّة] وقد: شاف = مده: تاف ٣٣٦
  آ : ف.٧ ٣٣٧
  ربعة] اربع: ب.أ  ٣٣٨
  نتوهمّ] ب، ك، ل = يتوهمّ: س، ف. ٣٣٩
  كلّ] فاف. ٣٤٠
  واحدة] س، ف، ك = واحدٍ: ب، ل. ٣٤١
   ] من: ب.عن ٣٤٢
  ب: س.٥٦ ٣٤٣
  ثمّ نتوهمّ] ك، ل = فيتوهم: ب = ثمّ يتوهم: س، ف. ٣٤٤
  = يتقاطع: ب = ىىڡاطع: ف. تتقاطع] س، ك، ل ٣٤٥
  البروج] +احديهما: ل. ٣٤٦
  آ: ل.٦٨ ٣٤٧
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  تمرّ] ثم: ك. ٣٤٨
  : ب.٢٠ص ٣٤٩
  العالم وبقطبي البروج] البروج وقطبى العالم: ب. ٣٥٠
: ب. ٣٥١   وبنقطتي] وىقط
: ب. ٣٥٢  نقطتا] ىقط
  تمرّ] ثم: ك. ٣٥٣
  بنقطتي] ىىڡصـ ىىقطه: ب. ٣٥٤
: ب. ٣٥٥   نقطتا] ىقط
  ف.–والأخرى تمرّ بنقطتي الاعتدالين وقطباها نقطتا الانقلابين]  ٣٥٦
   بالنقط] س، ل = بالىقطه: ب، ف = لنقط: ك. ٣٥٧
  الربعين] ىربعين: ك. ٣٥٨
  نقط] نقطهٍ: ب. ٣٥٩
  أخر] اُخرى: ب. ٣٦٠
  هي على] وهي: ف. ٣٦١
  آ: ك.١٠ ٣٦٢
  المقابلين] ف، ك، ل = المتقابلين: ب، س = +للمڡـ: ب ٣٦٣
كلّ قسم منها يسمّى] ك، ل = كل قسم منها تسمّى: س، ف = تسمّى كل قسم:   ٣٦٤
 ب. 
  منها] منهما: ب. ٣٦٥
  تسمّى] ب، ل = يسمّى: س، ف، ك. ٣٦٦
   ىسمى: ف، ك، ل.= س  :يسمّىب =  ]تسمّى ٣٦٧
  ب. الموهومة] المتوهمّة: ٣٦٨
  تنقسم] س، ك = ىنقسم: ب، ف = ينقسم: ل. ٣٦٩
  ب.–يضاً] أ  ٣٧٠
  تفصل] +ما: ك. ٣٧١
  آ: س.٥٧ ٣٧٢
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تا] سمتى: ب. ٣٧٣   سمَْ
  هما] لاحدهما: س.الإحد ٣٧٤
  ب.–وخطّ الاعتدال]  ٣٧٥
   .»)صح«(مع رمز ] فاسلها ٣٧٦
  يقال لها] تسمّى: ب. ٣٧٧
  المقَُنطْرات] مقنطرات: ك.  ٣٧٨
  هاك.النهار]  ٣٧٩
  آ: ك.١١ ؛: ب٢١ص ٣٨٠
  وسمتي] وبسـتي: ك. ٣٨١
  نقطةَ: ب.] نقطتا ٣٨٢
  تتصف: س.] وتنصّف ٣٨٣
  احدهما: س، ف.] حداهماإ  ٣٨٤
  داىرة الارتفاع: س. ومنها دائرة الارتفاع] ٣٨٥
  وتسمّى] ب، ك = ويسمى: س = وىسمى: ف، ل.  ٣٨٦
  يضاً الدائرة السمتيّة] الدائرة السمتيه ايضا: ك.أ  ٣٨٧
  ل.–ك، –هي] س = وهي: ب، ف =  ٣٨٨
  .»)صح«(مع رمز الخطّ] فاس ٣٨٩
  ب: ف.٧ب: س؛ ٥٧ ٣٩٠
   مارّاً] +بكوك: شاس. ٣٩١
  بمركز] بمراكز: ف. ٣٩٢
  الكوكب] الكواكب: ك. ٣٩٣
  منقلتىن: ك.منتقلتين] س، ف، ل = متقالتين: ب =  ٣٩٤
  ف. مشطوب؟)، » على«الـ(حسب] ك، ل = بحسب: ب = على حسب: س ٣٩٥
  ب: ل.٦٨ ٣٩٦
  الكواكب: ل. ]الكوكب ٣٩٧
  ىسمى: ب، ف = يسمى: س، ل.  تسمّى] ك = ٣٩٨
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  واحدة] واحد: س. ٣٩٩
  ] التى من: ب.من ٤٠٠
  نقطتي] +البروج: ك. ٤٠١
 آ: ك.١١ ٤٠٢
   ىسمى: ف، ل. س = :تسمّىب، ك =  ]ىيسمّ  ٤٠٣
  بليلته] س، ك، ل = بلىليه: ب = ىلىلىه: ف. ٤٠٤
داىرة اول  ومنها مُوت] ف، ك، ل = دائرة اول السموة وهى: ب =دائرة أوّل السُ  ٤٠٥

  السموت: س .
  وبنقطتي] وىنقطه: ب. ٤٠٦
  : ب.٢٢ص ٤٠٧
  .»)صح«(مع رمز هاسدائرة]  ٤٠٨
  سمت] سمتي: ك. ٤٠٩
  دائرة الميَل] +وهي: ب. ٤١٠
  آ: س.٥٨ ٤١١
  معدّل النهار] العالم: ب. ٤١٢
  عن معدّل النهار] عنه: ب.  ٤١٣
   دائرة العرض] +وهى: ب. ٤١٤
  ل. –الكوكب] ب، ك = الكواكب: س، ف =  ٤١٥
   سطح] +الفلك: ك. ٤١٦
   ب: ك.١١ ٤١٧
  ل.–=  »)صح«(مع رمز عظم] هاسالخارج ... إلى سطح الفلك الأ طّ وبطرف الخ ٤١٨
   ويعُرف بها] وبها يعرف: ب. ٤١٩
  .»)صح«(مع رمز الكوكب] هاك ٤٢٠
  ): ل.السطر تحت »و«الّدواير: ب = الدائرة: ك = الدواىر(مع ومنها الدوائر]  ٤٢١
بدور  ب =–ك، ل =  ،»)صح«(مع رمز ] هاسبدور النقط في أفلاك السـيّارة ٤٢٢

   .»)صح«(مع رمز النڡطه فى افلاك السـياره: هاف
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  وهي] هى: ل. ٤٢٣

  : س.السطر تحت »سطح«+ بسائط] ٤٢٤
ركه مركز الكوكب او ومنها الدوائر المتوهمّة ... الاٴ كر]  ٤٢٥ الّدواير المتوهمّةُ المرتسمةُ 

  فلك التدوير وهى اما مرتسمةٌ على سطح الاُ كر: ب. 
  ك.–الاٴ كر وامّا مرتسمة] على بسائط  ٤٢٦
  البسائط] السطح: ب.  ٤٢٧
   فالمرتسمة] والمرتسمه: ل. ٤٢٨
 البسائط] السطح: ب.  ٤٢٩
  حركات] حركة: ف. ٤٣٠
   الحاملة] الحاصله: ك. ٤٣١
على محيطات الأفلاك الحاملة ومن حركات مراكز الكواكب على محيطات أفلاك  ٤٣٢

  ب.–التداوير] 
  .»)صح«رمز (مع الفلك] هاس ٤٣٣
  : ب.٢٣ص ٤٣٤
  حركات] ب، س = حركة: ف، ك، ل. ٤٣٥
   الحاملة] الحاصله: ك. ٤٣٦
  من] +حركات: ب. ٤٣٧
  بافٔلاك] بالافلاك: ف. ٤٣٨
  فوق السطر بخط غير الناسخ).  مكتوب» هذه«مشطوب و» هى«هذه] وهى (و  ٤٣٩
 آ: ف.١٠ ٤٤٠
   الحاملة] الحاصله: ك. ٤٤١
  ب: س.٥٨ ٤٤٢
  آ: ك.١٢ ٤٤٣
  آ: ل.٦٩ ٤٤٤
   .ولكون: هاف+ولكون]  ٤٤٥
   ارتسمت] اوارىسمت: ف. ٤٤٦
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   .»)صح«(مع رمز ] هالالبروج وقطبي ٤٤٧
  بقاطع: ك. قاطع: ف =] س، ل = ىقَطعُ الّدوائر المسمّاة بالافلاك: ب = ىتقاطع ٤٤٨
  ك.–] إحداهما ٤٤٩
  ] عن: ب.على ٤٥٠
  ىسمّى: ف، ل.= يسمّى: ب ] س، ك = تسمّى ٤٥١
  ] السطوح: ب.البسائط ٤٥٢
  الحاصل: ك. ]الحامل ٤٥٣
  حاصل: ك. ]حامل ٤٥٤
  .»)صح«(مع رمز ] هافالمائل ٤٥٥
  الحامل: ف = حاصل: ك.  ]حامل ٤٥٦
  بالفلك: ب، ف. ] س، ك، ل = الفلك ٤٥٧
  الحاصل: ك.  ]الحامل ٤٥٨
   .غير مقروء) = لمركز الحاصل: ك »الحامل«] ب، ف، ل = هاس (لمركز الحامل ٤٥٩
  ك.–] مركز الحامل اذ ٤٦٠
ركة الخطّ الخارج من ىقطهٍ ] +محيطها ٤٦١ ومنها الفلك المعدّل للمسير وهى دايرةٌ ترتسم 

ا دايماً كيف ما دارتْ وسيزيد وضوح هذا فى باب  ىكون قطر التدوير على صو
  الدوائر[!]: ب.

  
  القسيّ  في الرابع الباب ، الأولى المقالة

  
  .: ب٢٤ص ٤٦٢
  .ب ] القوس:القطعة ٤٦٣
  ب: ك.١٢ ٤٦٤
  .ب، ل :جزاءٓ] س، ف، ك = من الابالأجزاء ٤٦٥
ا= ب : بها ىتمّ يتمّ بها] س =  ٤٦٦   ك = بها: ل.–ف = : ى 
  .ثلثمائة وسـتين: ب، +هالس، ف، ك، ل =  ]۰٣٦ ٤٦٧
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  ك.–] تلك ٤٦٨
  آ: س.٥٩ ٤٦٩
  .»)صح«(مع رمز هاس+ومنها: ]وتمامها ٤٧٠
  .»)صح«مع رمز س(تحت السطر  ب،: +وهي ]البلد ٤٧١
  اخٓر وىاحى: ف. ] باخٓر ٤٧٢
  ك.] بهذا: مبدأ  ٤٧٣
  مشطوب). »و«الـ] وهي: س(هي ٤٧٤
  ك، ل. :تطلع = ىطلع: ف =س يطلع]  ٤٧٥
] س، ف، ك، مطالع كلّ قوس من فلك البروج هي ما يطلع معها من معدّل النهار ٤٧٦

البروج فلا بد وان يطلع  المطالع اذا طلع قوسٌ من دايٓرة (ومنها: هاس)منهال = 
معهُ(معها: هاس) قوسٌ من معدّل النهار وهذا القوس(+الذى هو: هاس) من معدّل 

  .»)خ«(مع رمز النهار يقال له مطالع تلك القوس التى هى من فلك البروج: ب، هاس
  .»)خ«مع رمز (: تاس] +مقصورةمحصورة ٤٧٧
  .»)خ«مع رمز (الميول: تاس] +الميل ٤٧٨
  ] ب، س، ف = هي: ك = فهـى: ل.فهو ٤٧٩
  مطالع] ومنهْا مطالع: ب = ومطالع: س، ف. ٤٨٠
  .»)صح«(مع رمز ف، هال–س، –من فلك البروج]  ٤٨١
  قوس] وهى قوس: ب. ٤٨٢
.] +ما: بالنهار ٤٨٣
  .»)صح«مع رمز هال(، »)صح«مع رمز ك = هاف(– س،–منه] ب =  ٤٨٤
   »).خ«: تاس(مع رمز من+] مع ٤٨٥
  آ: ك.١٣ ٤٨٦
  ومنها تعديل النهار: ب.] تعديل النهار ٤٨٧
  وهي: ب، +تاس.] هو ٤٨٨
  ] يل: ك.يلي ٤٨٩
  .: ب٢٥ص ٤٩٠
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 .ف– س،–]غير ٤٩١
 .ف :ب١٠ ٤٩٢
 .س :ب٥٩ ٤٩٣
 .ك :ثلم ]يلم ٤٩٤
 .شاك :زاالجوو] +يللما ٤٩٥
 .ل :ب٦٩ ٤٩٦
 .ك :بفلك ]رجدب ٤٩٧
.ل :مسِّقُي = ف :سمقُي = س :مُسِّقُي = ك :سميق = ب :سمقَْي ]مسّيق ٤٩٨
.س : ثَّثللما = هاس ] ثّينثلم ٤٩٩
 .ك :يطيحو = لف، س، :وࠧيط = ب ]يطتحو ٥٠٠
 .ك–]من ٥٠١
 .»)صح« مزر مع(هاس ]بين ٥٠٢
 .ك :وسق ]وسوق ٥٠٣
 .س–]بين ٥٠٤
  = لك، ف، ]النهار لّمعد بينو يللما رةئاد بين تقاطعلا نقطة بينو فقٔالا بين ما ٥٠٥
  .»)صح« مزر مع(هاس = ب–

  .ف–]من ٥٠٦
  .»)صح« مزر مع(هاف ]النهار ٥٠٧
  .ل ك، :زاالجو اسر نهار = طاف = س ب، ]زاءوالج سٔرالالنهار ٥٠٨
  .ك :يكون = لف، ب، :ىكون = س ]تكون ٥٠٩
  .ك :تلفهىخ = ف :ࠧىلف = س :تلفخى = ب :ࠧتلف = ل ]تلفتخ ٥١٠
  مزر معهامشلا في »منهاو«(س ب،:شمسلا سطو منهاو ]شمسلا سطو ٥١١

  .»)صح«
  .ل– ك،– ف،–]هوو ٥١٢
.سٓ:ا٦٠ ٥١٣
 .ك :اسلرو ولابين ماو ]ّخط سٔرا بينو الحمل لوّأ بين ما ٥١٤



Text Apparatus I.4 [6-8] 199 

 

 

) »صح«رمز مع فوق السطر  »رو«طوب وشم  »الي«(المركز الي: س] يمرّ و المركز  ٥١٥
  = المركز الى: ف.

ركز«: س(بمركز ]بمركز يمرّ و  ٥١٦ ر    مركز: ف.=  »)ح صح«رمز  معالسطر تحت  »و
  : ب.٢٦ص ٥١٧
  آ: ك.١٤ ٥١٨
  »).صح«(مع رمز ] هالتقاطعا ٥١٩
  .»)صح«مع رمز +ومنها: ب، هاس( ]التعديل ٥٢٠
  هو قوس: ب. ]قوس ٥٢١
  س، ك، ل = وبين طرف: ب، ف. ]وطرف ٥٢٢
  .»)ح«(مع رمز تاس ] +من:عن ٥٢٣
  فنتوهمّ: ل. ]فيتوهمّ  ٥٢٤
  آ: ف.١٣ ٥٢٥
  .: بقاطعة] مقاطعة ٥٢٦
  ف.والقوس: ] فالقوس ٥٢٧
  ب: س.٦٠ ٥٢٨
  آ: ل. ٧٠ ٥٢٩
  ب: ك.١٤ ٥٣٠
  طرفي: ب. ]طرفه ٥٣١
  ىقطتى: ب. ]نقطة ٥٣٢
  .»)ح«(مع رمز تاس :ىىں+س، ف = بين: ب، ك، ل =  ]من ٥٣٣
  : ب.٢٧ص ٥٣٤
  احديهما: ب. ]أحدهما ٥٣٥
  : شاب.ب = +المارّو ]المارّان ٥٣٦
  .ك–] أو كانت ٥٣٧
  ] الكوكب: ف.الكواكب ٥٣٨
  مطىق: ف.] ينطبق ٥٣٩
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  آ: ك.١٥ ٥٤٠
  آ: س.٦١ ٥٤١
  ك.–] واثنان ٥٤٢
  ] متساىان: ل.متساويان ٥٤٣
  نطاقان: ك. ]نطاقات ٥٤٤
ر: ك، ل. تمر: ف = يمرّ] ٥٤٥   ب، س = 

  ] الاولين: ف.الأوسطين ٥٤٦
  .»)صح«(مع رمز تاس] المركز ٥٤٧
  الخارج: ف.] الخارجان ٥٤٨
  حدهما: س.ها] اأحدهما ٥٤٩
  : ب.٢٨ص ٥٥٠
  ب: ك.١٥ ٥٥١
  ] +التقاطع: شاك.ومركزه ٥٥٢
ر: ف، ل.: ب، س ك = تمر ]يمرّ  ٥٥٣  =  
  ] +وهذه صورتهُُ: ب = +بهذه الصورة: ك.والحامل ٥٥٤
  ب: ل.٧٠؛ ب: س٦١ ٥٥٥
  ب: ف.١٣ ٥٥٦
  +هو: س. ]والاخٓر ٥٥٧
ر: ف، ك، ل. تمر:يمرّ]  ٥٥٨   ب، س = 
  .ب به حىث: ]بحيث ٥٥٩
  .ب :جانبى ]جانب ٥٦٠
  . »)ح«مع رمز +درجة: هاس( ]جزءاً  ٥٦١
  آ: ك.١٦ ٥٦٢
  الحاصل: ك. ]الحامل ٥٦٣
ر: ف، ل. تمر:يمرّ] ك =  ٥٦٤    ب، س = 
  .ب :نقطه ]نقطتي ٥٦٥
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  الحاصل: ك. ]الحامل ٥٦٦
  : ب.٢٩ص ٥٦٧
  .ب :مجاوزيه ]مجاوزته ٥٦٨
  ] +بهذه الصوره: ك.على توالي حركته ٥٦٩
  آ: س.٦٢ ٥٧٠
  : ف، ل.التدوير= و  او التداوير: ب] س، ك = أو التدوير ٥٧١
  ب: ك.١٦ ٥٧٢
  النطاقتين: ك. ]النطاقين ٥٧٣
النطاق الاول والرابع هابط فى الاخرين وهذه  ] +قد ىجُعل صاعداً فىفهو صاعد ٥٧٤

  صورتهُُ: ب.
  .ب)بياض في ( ]عرض البلد ٥٧٥
  .في س)» هى«هو] (مصحّح من  ٥٧٦
  : ب.٣٠ص ٥٧٧
  .»)ح«(مع رمز +ودلك: تاس ] وذلك: ب =وهو ٥٧٨
  ] +من دايرة نصف النهار: ك.القطب ٥٧٩
  ).في ب ] (بياضالميل ٥٨٠
  ك.–] والميل ٥٨١
  الميل: ل. ]والميل ٥٨٢
  ب.–] من دائرة العرض ٥٨٣
  : ب.+من دائرة العرض ]البروج ٥٨٤
  ب.–] غاية الميل ٥٨٥
  : س، ف.ب، ك، ل = الكل ]الكليّ ٥٨٦
  .»)صح«(مع رمز ] هالقوس ٥٨٧
  الدايرة الماره: ك. ]دائرة المارّة ٥٨٨
  ل.– ]حدّ  ٥٨٩
  آ: ك.١٧ ٥٩٠
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  آ: ف.١١ ٥٩١
  (بياض في ب). ]لهكج  ٥٩٢
  ] (بياض في ب).عرض الكوكب ٥٩٣
  ب: س.٦٢ ٥٩٤
  ] الكواكب: ف.الكوكب ٥٩٥
  كان: ك.  ]كانت ٥٩٦
  +من: ك. ]من ٥٩٧
  ك.– ]الميل ٥٩٨
  آ: ل. ٧١ ٥٩٩
  ] (بياض في ب).ارتفاع الكوكب ٦٠٠
  ] هي: ب = +على: هاب.على ٦٠١
] وبين الأفق فإن انطبقت دائرة الارتفاع على دائرة نصف النهار فتلك القوس ٦٠٢
  .»)صح«(مع رمز هاف
  ] (بياض في ب).اختلاف المنظر ٦٠٣
  : ب.٣١ص ٦٠٤
  ] +من: ك.والاخٓر ٦٠٥
  ب: ك.١٧ ٦٠٦
ط: ف.أعني ٦٠٧ + [  
  . »)صح«(مع رمز ] هافسطح الأرض ٦٠٨
  ك.–] هذا فيما ٦٠٩
  ب.] محصوصة: محسوسة ٦١٠
  ] (بياض في ب).سعة المشرق ٦١١
  طاس. ]قوس من دائرة ٦١٢
  آ: س.٦٣ ٦١٣
  .»)صح«(مع رمز ] هاكالمشرق ٦١٤
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  ] هاب. قد ٦١٥
  ] +والله اعلم: ك.سلفا ٦١٦
  ] (بياض في ب).السمت ٦١٧
 ك. المطالع: ب، س، الطالع] ف، ل = ٦١٨

  س.–] من ٦١٩
  ] (بياض في ب).سمت القبلة للبلد ٦٢٠
   س.+النهار: شا] نصف ٦٢١
  ب.–] البلد ٦٢٢
  ] راوس: ك.رؤوس ٦٢٣
  راوس: ك. وروس: ف(الروس مشطوب) =] الروس ورؤس ٦٢٤
  ] +شرفها الله: ك.مكّة ٦٢٥
  ).في ب ] (بياضقوس النهار ٦٢٦
  آ: ك.١٨ ٦٢٧
  ومغربها: ب.مشرقها ] مغربها ومشرقها ٦٢٨
  ] (بياض في ب).قوس نهار الكوكب ٦٢٩
  مشرقى: ب.] مشرقه ٦٣٠
  .ك–] فوق الأرض ٦٣١
  .ل–ف، –، ك = »)صح«(مع رمز هاس ] ب،التي ٦٣٢
  = شاس.ك –ب، –ف، ل =  ]منها ٦٣٣
  ] +هي: ك.الأرض ٦٣٤
 »ه«= الدايره من الفلك: س(الـ= (بياض في ب)  ] ف، لالدائر من الفلك ٦٣٥

   ، ك.»)ح«تحت السطر مع رمز » الداير«مشطوب و
  : ب.٣٢ص ٦٣٦
  ب) واڡق المشرق بالنهار: شاف.١١(ما ىىن نطير حراها واڡق] +بالنهار ٦٣٧
  +من معدل النهر: شال. ]جزئها ٦٣٨
  .: سنطيره = »)صح«(مع رمز هال ]نظير ٦٣٩
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  واحدة] ل = واحد: ب، س، ف، ك. ٦٤٠
  

  فيما يعرض للكواكب في حركاتها الخامس الباب ، الأولى المقالة
  

  .ب: س٦٣ ٦٤١
  .ب: ل٧١ ٦٤٢
  .»)صح«(مع رمز هاس ]عن .»)صح«(مع رمز مركزها خارج عن] فال ٦٤٣
  مشطوب).» ها«(الـ] مركزها: كمركز ٦٤٤
  ] كانت: ب.كان  ٦٤٥
  .ب: ك١٨ ٦٤٦
  مشطوب).» و«(الـواكثر: س ]أكثر ٦٤٧
  .»)صح«(مع رمز ] هالالنصف ٦٤٨
 :ب، س = +الذى فيه :النصف الحضيض =ف، ك، ل  ]نصف الحضيض ٦٤٩

  .»)صح«(مع رمز هاس
  ).»صح«مع رمز في الهامش  »لماّ«] س، ف = ولماّ كانت: ب، ك، ل(وكانت ٦٥٠
تلف: ب.يخالف ٦٥١  [  
  ] الاخٓر: ب.الثاني ٦٥٢
  ف، ك، ل. :مشطوبتان) = فنرَُى: ب = فيرى »تـ«نقطتان تحت الـ] س(فترى ٦٥٣
  حركاتها: ب.] حركتها ٦٥٤
   ] الاوجى: ب.الأوج ٦٥٥
  ب.– ]قطعها ٦٥٦
  وحرتها: ب.] وحركتها ٦٥٧
تاج: ب، س، ف، ل = تحتاج: ك.] يحُتاج ٦٥٨ ُ  
  ] و: ل.أو ٦٥٩
  .: ب٣٣ص ٦٦٠
  .آ: س٦٤ ٦٦١
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 .»)ح« مزر مع(تاس :سطالو] +هاسطو ٦٦٢
 .ف–=»)صح« مزر مع(هال ك، ،»)ح« مزر مع(تاس ب، ]نهموأ ٦٦٣
.ل :ىحقٯل = ف :ىحڡقىل = س :تحققىل = ب :تحققتل = ك ] ّتحققيلِ ٦٦٤
  .ف :ىلافحالا  ] تلافاتخالا ٦٦٥
 .ك–]ولط لا ٦٦٦
 .ب :احدهما ]حدهاأ ٦٦٧
  .ك :تلافخالا  ] + تلافخالا ٦٦٨
ك١٩ ٦٦٩   .ٓ:ا
  لها ٦٧٠
٦٧١ 

 .ك–]
كبالكو

 كبالكو ٦٧٢
[  
[  

  .س :اكبوالك
  .س :اكبوالك

 .ب :تقويملوا  ] يمهتقوو ٦٧٣
.ك :فاذا = ب :اذا اّفام = لف، س، ]ذاإ امّٔوا ٦٧٤
 .س :رةالدو ]وةالذر ٦٧٥
 .ك،)»خـ« وقف »لا«الـ(س :تلافخالا = لف، ب، ]تلافخا ٦٧٦
 .ب :بين] +بين ٦٧٧
 .»)صح« مزر مع(هاف ]تلافخالا ٦٧٨
 .ل ف، :ىكون = ك س، :يكون = ب ]تكون ٦٧٩
.ب :يرتدولا ]يرتداولا ٦٨٠
 .ف–]نصف ٦٨١
 س :انصفافو ]نصافأو ٦٨٢
.ب :يرتدولا ]يرتداولا ٦٨٣
٦٨٤ ٍ  .ب :١\٢و اءاجز ٦ = لك، ف، س، ]لو حللز
 .ب–= لك، ف، س، ]ل يا تريشللم ٦٨٥
 .س :ب٦٤ ٦٨٦
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   .: ف، ك ل ط ل ب =–] س، ل = لط ل للمرّيخ ٦٨٧
  ك. :م ه  ب = :١\٦جزءً و  ٤٣ للزهرة] س، ف، ل = و ۰مه  للزهرة ٦٨٨
  .آ: ف١٢ ٦٨٩
: كب ل ب = :جزءٍ  ١\٢جزءاً و  ٢٢ لعطارد] س، ف، ل = و ۰كه  لعطارد ٦٩٠
  ك.
كل ذلك  من: ب = +١\٤اجزاءٍٓ  ٥ للقمر] س، ف، ك، ل = و و ك للقمر ٦٩١

 الى: ب بالاجزاءٓ التى ىكون بها نصف قطر حامل الكوكب او مايل القمر سـتين جزءاً 
   ).»جزءاً «إلى  »كل«من  فوق السطر (يوجد خطّ أفقي

  الاختلاف: ب.] اختلاف ٦٩٢
  .ب: ك١٩ ٦٩٣
: ثانٍ  ٦٩٤   ب.] الثا
  ب.–] للكواكب ٦٩٥
  ] قريب: ك.قرب ٦٩٦
  .: ب٣٤ص ٦٩٧
  ] الحاصل: ك.الحامل ٦٩٨
   ، ف، ك، ل = ويرُى: ب.»)يـ«فوق  »تـ«(يوجد س] فيرى ٦٩٩
  .»)صح«(مع رمز ] هالواختلافه أعظم ٧٠٠
  .آ: ل٧٢ ٧٠١
  الاختلاف الثالث: ب.] اختلاف ثالث ٧٠٢
  : ف = علي: ك. ح ] ب، س، ل =حينئذ ٧٠٣
  »).صح«(مع رمز : هاسالخطّ] +المسـتقيم ٧٠٤
  ] بمركز: ب.بمراكز ٧٠٥
  ] والحاصل: ك.والحامل ٧٠٦
  ] اذ: ب.إذا ٧٠٧



Text Apparatus I.5 [5-9] 207 

 

 

  ] س، ف = والحضيض: ب، ك، ل.أو الحضيض ٧٠٨
  ] +مىطىڡه عليه: شاف.ولا تبقى ٧٠٩
  .»)صح«رمز (مع : هاسعلىولا] + ٧١٠
   ] +هو: ب.بل ٧١١
  ك.–] بل على صوب مركز الحامل ولا مركز العالم ٧١٢
  ] +؟: ب.المتحيرّة ٧١٣
  ] و: ك.أو ٧١٤
  ك. هذا لفضل:س =  هذا لفصل:] ب، ف = هذا الفصل ٧١٥
  ] الحاصل: ك.الحامل ٧١٦
  الحاصل: ك.] الحامل ٧١٧
  .آ: ك٢٠ ٧١٨
  .آ: س٦٥ ٧١٩
  : س = طاف.بينهمابينها] ب، ك، ل =  ٧٢٠
  ] +مما يلى الاوج بعدها: شاف.نقطة ٧٢١
  ل.–ك، –ب، –] س، ف = بين ٧٢٢
  ، ك، ل = بهذا: ف.»)صح«(مع رمز سها] ب، لهذا ٧٢٣
  الفضل: ك. ]الفصل ٧٢٤
  ك.–] عن ٧٢٥
  ] +الحضيض كبعد: شاف.ممّا يلي ٧٢٦
  ] ڡادار: ف.فإذا درا ٧٢٧
  .: ب٣٥ص ٧٢٨
  ] الحمل: ب.الحامل ٧٢٩
   ] +على دايرة واحدة: ب.العالم ٧٣٠
  النقطة: ب، ك.] س، ف، ل = النقط ٧٣١
  س.المذكوة: ] المذكورة ٧٣٢
  )، ف. »يـ«مشطوب فوق الـ» تـ«يوجد: س(= يكون تكون] ل = ىكون: ب، ك ٧٣٣
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  »).صح«(مع رمز ] هالالمذكورة ٧٣٤
  : ب، س.، ل = النقطة(؟)ك النقط] ف، ٧٣٥
  .ك] +علي: منطبقاً  ٧٣٦
  .ب: ك٢٠ ٧٣٧
  ] عنها: ك.عنه ٧٣٨
دارت اعنى لو احرح من هذه الىقط خطوط الى مراكز التداوير ىكون ] +كيف ما  ٧٣٩

  ب) منها منطبقا على القطر المدكور للتدوىر لا ىىفك عنه كىف: ف.١٢كل خطّ (
  بدروان: ب.] بدوران ٧٤٠
  .ب: س٦٥ ٧٤١
» و«والـ» يـ«فوق الـ» تـ«(يوجد = وتسمى: س ىسمّى: ب، ف، ل=  تسمّى] ك ٧٤٢

  . مشطوب)
») = ح« رمزتحت السطر مع  »يعتدل« يوجد: س(ب، ك = تعدل ]يعتدل ٧٤٣

  .ل ىعىدل: ف = ىعتدل:
  اى: شاف.] +أي ٧٤٤
  مشطوب). »و«] وهو: س(الـهو ٧٤٥
  مشطوب). »و«(الـالوسطي: س] و الوسطى ٧٤٦
  .ب: ل٧٢ ٧٤٧
  ] س، ك، ل = يسمّى: ب = وهو: ف.هو ٧٤٨
  : شاك.(؟)] +المرتعبةالذروة ٧٤٩
  ] +وليذكر: ب.المرئيّة ٧٥٠
  .ابعاد: ب، ك] س، ف، ل = وأبعاد ٧٥١
   ] لنقطه: ب.النقط ٧٥٢
  ب.–] المركز ٧٥٣
  ثانيةً: ب. ٣٠دقىقه  ٢٩زان  ، ف، ك، ل =س ]ب كط ل ٧٥٤
  ] وللقمر: ب.للقمر ٧٥٥
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 : س =»)ح«(مع رمز ى ىط دقىقه: ب = ١٩اجزاءٍ  ١٠=  ل] ك، ي يط ٧٥٦
  .: ف۰ىط   ى

  ] وهو هو: ل.وهو ٧٥٧

  = من: ب، ك، ل. ، ف] سعن ٧٥٨

  وللمتحيرّة: ب، ك.] س، ف، ل = للمتحيرّة ٧٥٩
  ).»خـ «الـتحت » ح« يوجد] هاس(خلا ٧٦٠
  .: ب٣٦ص ٧٦١
  ] شاس = +وذلك: س.وذلك ٧٦٢
: شاف.] +للمسير ٧٦٣   عنه وذلك اعنى ىعد مركر المعدل للمس
  .آ: ك٢١ ٧٦٤
  دقيقه: ب. ٥٠اجزاءٍ  ٦=  ، ك، ل] س، فو ن ٧٦٥
  : ب.للمشترى] و للمشتري ٧٦٦
  : ب.١\٢و اجزاءٍ  ٥=  ، لس، ف، ك ]ه ل ٧٦٧
  : ب.للمريخ] و للمرّيخ ٧٦٨
  : س. ٠ حىت  جزءاً: ب = ١٢=  ف، ك، ل] يب ٧٦٩
  للزهرة: ب.و للزهرة]  ٧٧٠
  س. دقايق: ب = ىاه: ٥جزءانٓ و=  لف، ك،  ]ب ه ٧٧١
  ] فلكها: ب.فلكه ٧٧٢
  ] خاملة: ب.حامله ٧٧٣
  ك.– ]وبين مركز العالم وبعد مركز حامله عن مركز مديره ٧٧٤
  .»)صح«(مع رمز ] تاسحتىّ  ٧٧٥
  . »)صح«(مع رمز ] هافإذا ٧٧٦
  ] ما: ب.ممّا ٧٧٧
 .آ: س٦٦ ٧٧٨
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  ] لمعدل: ب.المعدّل ٧٧٩
  مشطوب): س.» و«(الـ] وكلكلّ  ٧٨٠
  .ب)بياض في س، ف، ك، ل = ( ]يج  ٧٨١
  = +الله اعلم: ك. ب)بياض في = ( ، ك، لس، ف ]ط ل ٧٨٢
  ل. ،زائد)» ات«الـس( : ب،الاختلافاتالاختلاف] ف، ك =  ٧٨٣
  لشمس: ب.] فاالشمس ٧٨٤
  ] دايرة: ب. فلك ٧٨٥
   ] +المىل: شاك.الفلك ٧٨٦
  س.  وتسمى:وىسمى: ب، ف = =  ويسمى] ك، ل ٧٨٧
  ] الفلك الخارج: ك.الخارج ٧٨٨
  .ب: ك٢١ ٧٨٩
فوق » ٮ« : ك = و ل: س(يوجد ل (؟)د ب) =بياض في ف = ( ]ب ل ٧٩٠
  ، ل.بخط ولون اخٓر)» و«الـ

  .ب)بياض في س، ف، ك، ل = ( ]ا ل ٧٩١
  : ك. ب ي = ب)بياض في ) = (»ه«متغيرّ إلى » ٠«] س، ف، ل( الـ۰ا  ٧٩٢
  ك. : د ي  = »)صح«(مع رمز هاس ي: ٠=  ب)بياض في ( = ف، ل  ]ي ۰ ٧٩٣
  .: ب٣٧ص ٧٩٤
  : ك. مه= و  ب)بياض في س، ف، ل = ( ]مه ۰ ٧٩٥
  ب).بياض في = (، ف، ك، ل »)٥«تحت الـ» صح«مع رمز ] س(۰ ٥ ٧٩٦
  .آ: ف٨ ٧٩٧
  ك.– ]أفلاكه ٧٩٨
: ف.] س، ك، ل = ونعني ٧٩٩   وتعنى: ب = وىع
  .»)صح«(مع رمز ] هاف، فالقد ٨٠٠
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  ك.– وتسمى: س ==  وىسمّى: ب، ل] ف = ويسمّى ٨٠١
  ك.–] ب، س، ل = عروض: ف = عرض ٨٠٢
  .ب: س٦٦ ٨٠٣
  ك.–] وحضيضه عن الفلك المائل ويسمّى عرض التدوير ٨٠٤
على » ٠«(يوجد: س = و لٮ : ك د ل ب) =بياض في (= ] ف، ل لب ۰ ٨٠٥
  .بخط ولون غير الناسخ)» و«الـ

  : ك. ب ل ب) =بياض في (=  ] س، ف، للح ۰ ٨٠٦
  : ك. ب ل س، ف = (بياض في ب) == و نو:  : لىو  و ]و يو ٨٠٧
  : ك.ل  ؟)(د ب) =بياض في (=  ] س، ف، لا ب ٨٠٨
  : ك.يه  اب) = بياض في (=  ] س، ف، لا مه ٨٠٩
  . : سوىسُمى: ب، ف، ل = وتسمى= ك  ]ويسمّى ٨١٠
  ب).بياض في (س، ف، ك، ل = ] ب ل ٨١١
  .ل آ:٧٣ ٨١٢
  في الهامش).» وزها«جا: ف(] جاوزها ٨١٣
  .آ: ك٢٢ ٨١٤
  .تدا: لى ك = ا ،ابتدا: ف =، سابتداء: ب] ابتدأ  ٨١٥
  ] على: ب.عليه ٨١٦
  الاخٓرى: ب.] الاخٓر ٨١٧
  ] +الفا: شاك.فلك ٨١٨
  .: ب٣٨ص ٨١٩
  +فإذا: ك. ]فإذا ٨٢٠
  س. عادة:عادت]  ٨٢١
   ل.–ك، –ب، –= ، ف »)صح«مع رمز (س] إلى ٨٢٢
  الحالت: ك. ] الحالة ٨٢٣
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  ] ب، س، ف = فيلزم: ك، ل.ويلزم ٨٢٤
  .آ: س٦٧ ٨٢٥
   ب.–] عنه ٨٢٦
  +والمايل: ب. ]فلك البروج ٨٢٧
  +عن المايل: ب. ]الجنوب ٨٢٨
  ل.ىبلغ: س، ف = ىىلغ: ) = »يـ«فوق  »نـ«] ب، ك(مع يبلغ ٨٢٩
  .ب: ك٢٢ ٨٣٠
   ] الاىىقاض: ب.الانتقاص ٨٣١
  ] ثاثياً: ك.ثانياً  ٨٣٢
   ] المفلك الممثل: ك.فلك البروج ٨٣٣
  . = مركز: ف ب–= ] س، ك، ل المركز ٨٣٤
 ] حاورٮ: ف.جاوزه ٨٣٥
  .ب: ف٨ ٨٣٦
  +عن المايل: ب. ]الشمال ٨٣٧
  واىتقاضه: ب.] وانتقاصه ٨٣٨
  السفلين: ب، ك. ] س، ف، ل =السفليين ٨٣٩
  الفلك: ل. ]فلك ٨٤٠
  »).صح«مع رمز  في الهامش »المائل«] البروج: شال(+المائل ٨٤١
  .ب: س٦٧ ٨٤٢
  .= بيتدى: س = ىىىدى: ف، ل ب، ك يبتدئ ]بتدئت  ٨٤٣
  لعطارد: ب.] ولعطارد ٨٤٤
   ك.–] إلى ٨٤٥
  .: ب٣٩ص ٨٤٦
  وتبلغ: ب = وىىلع: ف، ل.: س = وىبلغ] ك = ويبلغ ٨٤٧
  غايتها: ب. ] غايته ٨٤٨
  وازياده: ب، ك.] س، ف، ل = وازدياده ٨٤٩
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  وانىقاضه: ب.] وانتقاصه ٨٥٠
  ك.–] والانطباق ٨٥١
  ] +والالتواء: ب.وأمّا الانحراف ٨٥٢
  : س، ف.فابتداؤه] فابتداه ٨٥٣
  .آ: ك٢٣ ٨٥٤
  .ب: ل٧٣ ٨٥٥
   ] الميل: ب.ميله ٨٥٦
  ] في: ك.وفي ٨٥٧
  »).صح«مع رمز ] هال(إلى الشمال وفي عطارد إلى الجنوب والغربي في الزهرة ٨٥٨
   ب.–] إلى الجنوب ٨٥٩
  ] واذا: ب.وإن ٨٦٠
  ك.–] أنّ  ٨٦١
  مشطوب). »دا«] مداره: ف(الـمدّة ٨٦٢
  ولقطر: ك.] ولقطري ٨٦٣
  ] بلوغ دووراتها: ك.أرباع دوراتها ٨٦٤
ولنذكرها هي: مشطوب) =  »منها«ك(ولنذكر منها ههنا: ] ب، س = ولنذكر ههنا ٨٦٥

  ف = ولنذكرها هنا: ل.
  ] واما: ك = +واما: هاك.أمّا ٨٦٦
  .آ: س٦٨ ٨٦٧
ى مىڡدم عن المىىصف لا على ] +جزءاً  ٨٦٨   الىوالى بعشرىن جزا: ف.واوج المش
  .ب: ك٢٣ ٨٦٩
  ل.–ك، –ب، –] س، ف = على ٨٧٠
  ] الكوكب: ب.الكواكب ٨٧١
  .: ب٤٠ص ٨٧٢
  ] واما: ك.أمّا ٨٧٣
  ب، ك، ل. := مواضع ] س، فموضع ٨٧٤



214 Text Apparatus I.5 [26-28] 

 

 

  ] س، ف، ل = فهـي في اوّل: ب = فهـي الاول: ك.فهـي لأوّل ٨٧٥
تحت  »ر«، »ى« ،»غ«تحت السطر)، ف(؟) (+»(!) ١٣١٧«(+ س ]غثيز ٨٧٦

  : ك، ل. ب) = غشيزبياض في (السطر) = 
  ب).بياض في (س، ف، ك، ل =  ]لجكز ي  ٨٧٧
  .] +فى: فلزحل ٨٧٨
  .آ: ف٩ ٨٧٩
  ب).بياض في (س، ف، ك، ل = ] كج لجط  ٨٨٠
  ب).بياض في (س، ف، ك، ل = ] كج لجيط  ٨٨١
  ب).بياض في (س، ف، ك، ل = ] مونج يا  ٨٨٢
  ب).بياض في (س، ف، ك، ل = ] لجكز ي  ٨٨٣
 كر كح  =ب)بياض في () ، ك، ل = كو لـ »و«فوق »ر«ف(] كج لجكو  ٨٨٤
  : س.  لح

  س، ف، ك، ل = الجوزهرّ: ب.] الجوزهريْ  ٨٨٥
  .: ك يط لح لحب) = بياض في (س، ف، ل =  ]كج لجيط  ٨٨٦
(مع رمز : هاس= +فيه ايضا ف، ك، ل = في المشترى: بس، ] للمشتري ٨٨٧

  .»)صح«
  .: كط لح لح  ب) =بياض في (س، ف، ل = ] كج لجط  ٨٨٨
  ب).بياض في (س، ف، ك، ل = ] مونج يا  ٨٨٩
  الحوة: ب.] الحوُت ٨٩٠
  ب).بياض في (س، ف، ك، ل =  ]لجكز ي  ٨٩١
  : ف. ب) = لر لح لحبياض في (س، ك، ل =  ]كج لجكو  ٨٩٢
  يزد: ك.] يزُاد ٨٩٣
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  مشطوب في س).» و«(الـ الرجوع] و الرجوع ٨٩٤
  الكواكب: ف. ]الكوكب ٨٩٥
  .ب: س٦٨ ٨٩٦
  ك.–] وذلك أنّ الكوكب إذا كان في أعلى تدويره كانت ٨٩٧
٢٤ ٨٩٨ ٓ   ] ك.ا
  فترى: ب.] فيرُى ٨٩٩
  اخذ بميل: ك. ]جعل يميل ٩٠٠
  ] كما: ب.لما ٩٠١
وهو مشطوب) = يعرف: ب، ك = ىعرڡ: » تـ « تحت »يـ«س(يوجد ]تعرف ٩٠٢
  = عرفت: ل.  ف
   : س.تساوتا ]تساويا ٩٠٣
  .: ب٤١ص ٩٠٤
  .آ: ل٧٤ ٩٠٥
  تقيم: ك. ]يقيم ٩٠٦
  لهذ: ب. ]لهذا ٩٠٧
  ] س، ف = دوره: ب، ل = ذروته: ك.دورته ٩٠٨
  : س، ل.= يسمى ب، ف= ىسمّى: تسمّى] ك  ٩٠٩
  .ىسمّى: ب، ف، لوهو مشطوب) = » تـ « تحت »يـ«يوجد] ك، س(تسمّى ٩١٠
  ] فابعد: ك.فإنّ بعد ٩١١
  .ب: ك٢٤ ٩١٢
  ابد: ف، ك.] أبداً  ٩١٣
  .آ: س٦٩ ٩١٤
  ف.–س، –) = »صح«مع رمز الشمس] ب، ك، هال ( ٩١٥
  : ل.ىىعد: ف = يبعدىبعد: ب = بيعد: س =  ك = ]تبعد ٩١٦
  .ببعد: ك] ل = بيعد: س = ىىعد: ب، ف = يبعد ٩١٧
  بمقدارها: ب.] بمقدار ٩١٨
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  .مشطوب؟) »ا«: س(الـالكواكب ]الكوكب ٩١٩
  ذرة: ك. ]ذروة ٩٢٠
  .مشطوب) »ا«: س(الـالتداوير ]التدوير ٩٢١
  ك.–] حتىّ إذا قابلت الشمس مركز التدوير ٩٢٢
تحت «مں» مشطوب ويوجد  »الـ«(الـ: سالتدوىرالحضيض ] حضيض التدوير ٩٢٣

  ، ف.»)صح«مع رمز » التدوىر«
  .اختراقاتها: ك] احتراقاتها ٩٢٤
  ك.–ب، –] وهي ٩٢٥
   .)»صح«مع رمز ] فال(في ٩٢٦
  .ف: ب٩ ٩٢٧
  ك.–] وهي ٩٢٨
  ).»صح«مع رمز هاس( فلك:] +قطر ٩٢٩
  مميل: ك.] ممثل ٩٣٠
  ] ب، س، ل = فمركز: ف، ك.فمركزا ٩٣١
  ] س، ف = مسامتان: ب، ك، ل.يتسامتان ٩٣٢
  ] س، ف = لمركز: ب، ك، ل.بمركز ٩٣٣
  .: ب٤٢ص ٩٣٤
  ] بيعدان: س.يبعدان ٩٣٥
  يقارنها: ك.] يقارناها ٩٣٦
مع رمز ] +اى ولكون مركزى تدوىريهما ابدا مسامتان لمركز الشمس: هال(الحضيض ٩٣٧

  ).»صح«
  ف.–] عند ذروة التدوير وفي نصف الرجوع وذلك عند الحضيض ولذلك ٩٣٨
  .آ: ك٢٥ ٩٣٩
  ] المخاف: ك.المحُاق ٩٤٠
  .ب: س٦٩ ٩٤١
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تحت  ؟)»(الشمس«: س(يوجد والكسوف والخسوف ]وكسفه الشمس والخسوف ٩٤٢
   ) .»الكسوف«

  وانما: ك.] إنماّ ٩٤٣
   ب.–] كالمراةٓ  ٩٤٤
  : س.المواجهة المواجه] ٩٤٥
  ] مضىئا: ب.ئاً ي مسـتض  ٩٤٦
  والنص: ك.] والنصف ٩٤٧
  ] +هو هو جها: شاك.المظلم ٩٤٨
  مشطوب).» فلا ىر«تري: ك(+] نرى ٩٤٩
  .: س، فواذا ]فإذا ٩٥٠
  ] +ما: ب.مقداراً  ٩٥١
  .ب: ل٧٤ ٩٥٢
  فنرا: ك.] فنرى ٩٥٣
  طرقا: ك.] طرفاً  ٩٥٤
  ] ازد: ك.ازداد ٩٥٥
  قابلنا: ك.] قابلها ٩٥٦
  .ب: ك٢٥ ٩٥٧
  .: ب٤٣ص ٩٥٨
  . : س، ف، كب، ل = والذنب ]و الذنبأ  ٩٥٩
  .آ: س٧٠ ٩٦٠
  ] كسف: ف.كسوف ٩٦١
  ] ولون: ب.هو لون ٩٦٢
  ب = ها: ك. –] بها ٩٦٣
  ).»صح«مع رمز ] هاس(أيضاً  ٩٦٤
  .آ: ف١٤ ٩٦٥
  لذلك: ب، ل.] لما ذكرنا من ٩٦٦
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  +وابتداء خسوف القمر: شاس. ]على القمر ٩٦٧
اليها: ك.] إليه ٩٦٨
  .] فىقى: ف، لفيبقى ٩٦٩
ٓ ٧٠ب، ٦٩مخطوط س:  (يوجد صورتان لخسوف القمر في ٩٧٠   ).ا
  .خسوف القمر: ل وىىىدى ك =–ب، –] س، ف= وابتداء خسوف القمر ٩٧١
  يلحق: ب، ك، ل.] س، ف = يلحقه ٩٧٢
  ] لذلك: ب.وكذلك ٩٧٣
  ك.–] منه ٩٧٤
  .آ: ك٢٦ ٩٧٥
  ] يعرف: ك.يعرض ٩٧٦
  ] لان: ك.أنّ  ٩٧٧
  ] التدوير: ف.تدويره ٩٧٨
وليكن: ف = وهو مشطوب)، ك = » تـ «تحت »يـ« س(يوجد ] ب،ولتكن ٩٧٩

  .ولىكن: ل
  .راس الحمل مثلا: ك ]مثلاً رأس الحمل ٩٨٠
  ] فاك.عنه ٩٨١
  ] تحرك: ك.بحركة ٩٨٢
  .ب: س٧٠ ٩٨٣
  ب).بياض في (س، ف، ك، ل =  ]مجط ز  يا ٩٨٤
  ] وتحرك: ك.وبحركة ٩٨٥
  : س.جوزهر ]وزهرالج ٩٨٦
  ب).بياض في (س، ف، ك، ل = ] ي لزج  ۰ ٩٨٧
   )، ك = فىصير: ف، ل.»يـ«فوق» تـ « يوجدب، س( :فيصيرصير] تف  ٩٨٨
  ب).بياض في (س، ف، ك، ل = ] يا يب يح ك ٩٨٩
  ] وتحركت: ف.وتحرّك ٩٩٠
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  .: ب٤٤ص ٩٩١
  .ك : كد كح نح لب = ب)بياض في (، ف، ل = س] كبنج كد كب  ٩٩٢
  المسايل: ب.] المائل ٩٩٣
  ب).بياض في (س، ف، ك، ل =  ]ك يح يب يا ٩٩٤
  س.: فبيقى ]فيبقى ٩٩٥
  ] المركز: ك.للمركز ٩٩٦
  ب).بياض في (س، ف، ك، ل =  ]ي له بيج  ٩٩٧
  .»)صح«تحت السطر مع رمز » بالىقريٮ«(يوجد ] بالقرب: شاسبالتقريب ٩٩٨
  .آ: ل٧٥ ٩٩٩

  ] من: ف.عن ١٠٠٠
  .ب: ك٢٦ ١٠٠١
  ب) = يت ىا كو ما : س.بياض في (= ك، ل ف،  ]يب يا كو ما ١٠٠٢
  .: ففيكون ]فتكون ١٠٠٣
  س. تربيعة: ]تربيعه ١٠٠٤
  س، ك، ل = الشمس: ب، ف. ]للشمس ١٠٠٥
  : س، ف.حضيضهالحضيض]  ١٠٠٦
الاجتماع والاحىما: ف =  الاسـتقبال] ب، س، ل = الاسـتقبال والاجتماع ١٠٠٧

  .والاسـتقبال: ك
] +الاوج: شاك.فيكون ١٠٠٨
  بيلغ: س.] يبلغ ١٠٠٩
  ب.] ذروة: دورة ١٠١٠
  .آ: س٧١ ١٠١١
  .ب: ف١٤ ١٠١٢
  مشطوب).» و«س(الـ لكنّ:] و لكنّ  ١٠١٣
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  مشطوب).» و«س(الـ الاخر:] والاخٓر ١٠١٤
  تحرك: ك.] تحرّكا ١٠١٥
  .: ب٤٥ص ١٠١٦
  الاوج: ب، ك. ] س، ف، ل =للأوج ١٠١٧
  ] الذروة: ب. الدورة ١٠١٨
  وتقاطران: ب. ]ويتقاطران ١٠١٩
  .آ: ك٢٧ ١٠٢٠
  ل.–] والاخٓر ١٠٢١
  ] +والله اعلم: ك، ل.السرطان ١٠٢٢

  

  في المعمور من الأرض وعرضه وطوله وقسمته إلى الأقاليم لالأوّ  الباب ، ثانيةال  المقالة
  

  ] في هيئة الارض: ب.في بيان الأرض ١٠٢٣
  وهي على: س، ف.] ك، فال = وفيها: ب = وهي ١٠٢٤
  ب.–] وقسمته إلى الأقاليم ١٠٢٥
  ب، ك، ل = ىڡرص: ف. ] س = يفرض:ونفرض ١٠٢٦
  : ب، ف، ك، ل.احديها: س = احدهاإحداها]  ١٠٢٧
  ] فال.الاسـتواء ١٠٢٨
  : س، ف، ل.يعرف ب، ك = ]تعرف ١٠٢٩
  ] الافق: ب.أفق ١٠٣٠
  .ب: س٧١ ١٠٣١
  : س.والثالث] والثالثة ١٠٣٢
  ىقطع: ف، ل.: ب، س = يقطع  =ك ]تقطع ١٠٣٣
  ىىصف: ف = +الارض بنصفين: شاك. : س =ينصفتنصّف] ب، ل =  ١٠٣٤
  .نصفيهما: كب، س = : نصفيها] ف، ل = نصفها ١٠٣٥
   فتصير: ك = فىصير: ل. : س =فنصير =فيصير] ب، ف  ١٠٣٦



Text Apparatus II.1 [1-2] 221 

 

 

  .: س، فالشماليين] ب، ك، ل = الشمالين ١٠٣٧
  ترى: ب.] يرى ١٠٣٨
  ك.ب: ٢٧ ١٠٣٩
  س.  :يقطع ل = ىقطع: ب، ف، تقطع] ك = ١٠٤٠
  المعمورة: ف.] المعمور ١٠٤١
  .ب: ل٧٥ ١٠٤٢
  ك.–=  ] ب، س، ل = من: فبين ١٠٤٣
  ب.–)، ف، ك، ل = السطر تحت زائد» ٦٦٠«ويوجد] س(سو ١٠٤٤
  ] على: ك.إلى ١٠٤٥
  ] هاب.عمارة إلى بعد ١٠٤٦
  ب. :٤٦ص ١٠٤٧
  ك.–ب = : دقيقهً  ٢٥درجةً و ١٦] س، ف، ل = يو كه ١٠٤٨
  ب.–] هذا ١٠٤٩
  : ك. يو كه ب =: دقيقةً (!) ٨٥درجة و ٨٢س، ف، ل =  ]فب كه ١٠٥٠
  فطول: ب.] وطول ١٠٥١
  : س = المعموره: ف.العمارة ب، ل، ك = ]المعمور ١٠٥٢
  ب).بياض في ( =، ف، ك، ل ] س٠ قف ١٠٥٣
  ياخٔذ: ب.] ياخٔذه ١٠٥٤
  ك.–] المحيط ١٠٥٥
  : س.ياخذ+ ]وبعضهم ١٠٥٦
، »)صح«رمز تحت السطر مع  »واغلة«داخله: س(يوجد ، ك، ل = ] بواغلة ١٠٥٧
   .»)نخ«رمز تحت السطر مع  »واغله«(يوجد ف

  ] من: ب.عن ١٠٥٨
    ب = ساحلها: ك. ساحلة:] ساحله ١٠٥٩
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  ب).بياض في = (ك، ل  ، ف،] س٠ ي ١٠٦٠
  آ: ف.١٥ ١٠٦١
  ] تقسم: ك.قسم ١٠٦٢
  .»)صح«رمز مع ] هاف(هذا ١٠٦٣
  المعموره: ف. ]المعمور ١٠٦٤
  آ: س.٧٢ ١٠٦٥
  ] +وىسمّى بها الاقاليم: ب = وتسمي وتسمي الاقاليم: ك.خطّ الاسـتواء ١٠٦٦
  فابتدأ: ب، ك.] وابتدأ  ١٠٦٧
  ] من خط الاسـتواءٓ: ب.منه .»)صح«رمز مع (] هالوابتداء الإقليم الأول منه ١٠٦٨
  : ب.١٢] س، ف، ك، ل = يب ١٠٦٩
  ل.–] أعني النهار ١٠٧٠
  .، ك: ب = +ساعة: تاس٤٥ساعةً و  ١٢س، ف، ك، ل =  ]يب مه ١٠٧١
  ب) = +درجه: تاس.بياض في ] س، ف، ك، ل = (يب ل ١٠٧٢
  ب).بياض في ] س، ف، ك، ل = (٠يج  ١٠٧٣
  آ: ك.٢٨ ١٠٧٤
  : ك.لز يوب) = بياض في ] س، ف، ل = (يو كز ١٠٧٥
  ل.–ب، –] س، ف، ك = الإقليم ١٠٧٦
  ب).بياض في س، ف، ك، ل = ( ]يه يج ١٠٧٧
 »كر«و »ك« متغيرّ إلى »كىد«: س (الـ ٠ب) = كىد بياض في ] ل = (ك يد ١٠٧٨

  : ك.  يد كد: ف =  ٠كد  تحت السطر) =
  ب).بياض في ] س، ف، ك، ل = (ليج  ١٠٧٩
  : هاس. »كد م«ب) = +بياض في ] س، ف، ك، ل = (نا كج ١٠٨٠
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  ب).بياض في س، ف، ك، ل = ( ]مه يج ١٠٨١
)، ف، »كر« متغيرّ إلى »كط«الـس( : كط يب = ب)بياض في ( ]كز يب ١٠٨٢

  ك، ل = كز: هال. 
  ب).بياض في ] س، ف، ك، ل = (٠يد  ١٠٨٣
  ب).بياض في ] س، ف، ك، ل = (ل كب ١٠٨٤
  ] +الاقليم: ك.وابتدأ  ١٠٨٥
  ] س، ف، ك، ل.يد يه ١٠٨٦
  : ك. لح لح ] س، ف، ل =يحلج  ١٠٨٧
  ] س، ف، ك، ل.يد ل ١٠٨٨
 يد ل ووسطه حيث النهار  يحلج  والعرض يد يه وابتدأ الرابع حيث النهار ١٠٨٩

  : ك. كب لو] س، ف، ل = ٠لو  ب.–] ٠لو  والعرض
  ] +الاقليم: ك.وابتدأ  ١٠٩٠
  تحت السطر).» مه«(يوجد : س ٠ ب) = يدبياض في = (ف، ك، ل  ]يد مه ١٠٩١
  ب).بياض في = (س، ف، ك، ل  ]لح له ١٠٩٢
  ب).بياض في = ( ، ك، لس، ف] ٠يه  ١٠٩٣
  :ب.٤٧ص ١٠٩٤
 = ف : ما نو ب) =بياض في ) = (»م « متغيرّ إلى »ما« س(يوجد ]م نو ١٠٩٥

  ). »ما يه«الهامش وتحته  في» م« : ل(يوجد مد نو : ك = نه  ما
  ] +الاقليم: ك.وابتدأ  ١٠٩٦
  ب).بياض في = (س، ف، ك، ل ] يه يه ١٠٩٧
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تحت  زائدان(يوجد نقطتان ، ف، ك، لتحت السطر) زائد »ىه«] س(نامج  ١٠٩٨

في الهامش بخط غير الناسخ)  »يه«بخط غير الناسخ وتحت السطر  أيضاً » كب«و» نا«الـ
  ب). بياض في = (

  : ك.يه لب   ب) =بياض في = (س، ف، ل ] يه ل ١٠٩٩
(يوجد خطّ أفقي فوق  : ك(؟)ىامد  ب) =بياض في = (س، ف، ل ] مه ا ١١٠٠

  .)»ىا«
  ] +الاقليم: ك.وابتدأ  ١١٠١
  ب).بياض في = (س، ف، ك، ل  ]يه مه ١١٠٢
  : ك. مو نب ب) =بياض في = (س، ف، ل ] مو نا ١١٠٣
  ك.–ب، –=  س، ف، ل] ٠يو  ١١٠٤
  ب: س. ٧٢ ١١٠٥
= س، ف، ل ] مح لب ك.– ]مح لبوالعرض  ٠يو ووسطه حيث النهار  ١١٠٦

  ب).بياض في (
  ب: ك.٢٨ ١١٠٧
  : ك. له ن ب) =بياض في = (س، ف، ل ] كه  ن ١١٠٨
  ] +ما بين: ب، ك.عرض ١١٠٩
  .»)صح«رمز مع ] هاس(ابتداء ١١١٠
  وسط: ك. ]وسطه ١١١١
  ] لتعرف: ك.لتفرّق ١١١٢
  ] س، ف، ل = الاقليم: ب = الاقليم الاول: ك.الأقاليم ١١١٣
  ] تاس(مطموس في النصّ).وراء ١١١٤
  ] وسط: ك.خطّ ١١١٥
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مع ] هاس(العمارة ولهذا أيضاً لا يعدّ بعضهم ما بين خطّ الاسـتواء إلى عرض من ١١١٦
  إلي: س.ف = +–] عرض .»)صح«رمز 
  ب).بياض في = (س، ف، ك، ل ] يب ل ١١١٧
  ] والي: ك.ولا ١١١٨
  ب).بياض في = (س، ف، ك، ل ] كه  ن ١١١٩
  ] +ما: ب.فإنّ  ١١٢٠
   ب) = ..ح: ك.بياض في = (س، ف، ل ] سج ١١٢١
  ] +تسمّى تولى: ب.جزيرة ١١٢٢
  ] +في: ك.يسكنون ١١٢٣
  ب) = شد: س.بياض في ] ف، ك، ل = (سد ١١٢٤
  آ: ل.٧٦ ١١٢٥
  الصقاليه: ك. ]الصقالبة ١١٢٦
  ب.–= س، ف، ك، ل ] سو ١١٢٧
  .»)صح«رمز مع ] هال(سكاّنها ١١٢٨
  ] ف، ك، ل = شىبة: ب = شبية: س.شبيهة ١١٢٩
س، ف، ل = الوخوش ومن هذه الدائرة تصوّر الاقاليم: ب = ] الوحوش ١١٣٠

  بالوحوش: ك.
  

  لها عرض والمواضع التي خواصّ خطّ الاسـتواء في ثانيال  الباب ، ثانيةال  المقالة
  

  ب: ف.١٥ ١١٣١
  ] +لا عرض: شاس.التي ١١٣٢
  ب.–خواصّ خطّ الاسـتواء والمواضع التي لها عرض]  الثاني في الباب ١١٣٣
  وكذا] وكذى: ف، ك. ١١٣٤
  آ: ك.٢٩ ١١٣٥
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  مشطوب). »الـ«معدّل] المعدل: ف(الـ ١١٣٦
  المدارات] المدرات: ف. ١١٣٧
  آ: س.٧٣ ١١٣٨
  ويكون] فيكون: ب. ١١٣٩
  ولا] +ىكون: ب. ١١٤٠
  : ب.٤٩ص ١١٤١
  ويغرب] +هو: ف. ١١٤٢
  وتكون] وىكون: ب، ف = ويكون: س، ك، ل. ١١٤٣
  للمدارات] للمدرات: ف = +التي فوق الارض متساويه للقسي: ك. ١١٤٤
  كالتي] التي: ك.  ١١٤٥
  فلذلك] ولذلك: ب. ١١٤٦
  كليله] كليلته: ب  ١١٤٧
  مشطوب). »الـ«فلك] الفلك: ب(الـ ١١٤٨
  = تبلغ ب، ك = ىىلع: ف = ىىلغ: ل. يبلغ] س ١١٤٩
  = الافلاك: ل.  »)صح«رمز مع الافٓاق] هال( ١١٥٠
  ل.– ك،–بنصفين]  ١١٥١
  ب: ك.٢٩ ١١٥٢
  وتقطع] ل = ىقطع: ب، ف، ك = ويقطع: س. ١١٥٣
  المدارات] المدرات: ف. ١١٥٤
  = بنقطتين: ك. مشطوب)» قطىينب «قطىين بقطعتين: ب (الـب  بقطعتين] ١١٥٥
   .»)صح«رمز مع مختلفتين] هال( ١١٥٦
  فالقسيّ] س = والقسيّ: ب، ك، ل = القسى: ف. ١١٥٧
  للمدارات] للمدرات: ف. ١١٥٨
  وللجنوبية] والجنوبية: ل. ١١٥٩
  +لا: س. ولذلك] ١١٦٠
  .ب: س٧٣ ١١٦١
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  يسـتوي الليل والنهار فيها] يسـتوي فيها الليل والنهار: ك. ١١٦٢
  عرض] العرض اى عرض: ب. ١١٦٣

  : ب.٥٠ص ١١٦٤
  ، ك.مشطوب) »يـ«: س(الـ= ويقدر : بوىقدر وبقدر] ف، ل =  ١١٦٥
  المدارات] المدرات: ف. ١١٦٦
  تليه] ك، ل = يليه: ب = ىليه: س، ف. ١١٦٧
فكلماّ] وكلما:  ب،  ١١٦٨
  ف.آ: ١٦ ١١٦٩
  ب: ل.٧٦ ١١٧٠
  فازداد] وازداد: ب. ١١٧١
  آ: ك.٣٠ ١١٧٢
  فازداد] س، ف = وازداد: ب، ك، ل. ١١٧٣
  والمدارات] والمدرات: ف. ١١٧٤
  على] +الارص: شاس. ١١٧٥
  ل = مقدار: شاس، ف. ، ك،»)صح«رمز مع مدار] ب، تاس( ١١٧٦
تحت » الافق عن سطح دايرة«و» صح«رمز مع ] +او اقلّ: ك ، هال(القطب ١١٧٧

  ).السطر
  آ: س.٧٤ ١١٧٨
ويه: ب، س = بحويه: ك = يحويه: ل.تح ١١٧٩   ويه] 
  فهو بجميع ما فيه وجميع ما تحويه دائرته إلى القطب الشمالي] مثل ارتفاع القطب ١١٨٠

  .ف–
  الكواكب] الكوكب: ب. ١١٨١
  بجميع] ب، ل = ىجميع: س = ىجمىع: ف = لجميع: ك. ١١٨٢
  ابدا: ك.أبديّ]  ١١٨٣
  ب.–لم]  ١١٨٤
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  يبلغ] هاب، ك = تبلغ: س = ىىلع: ف، ل. ١١٨٥
  جزءاً] ب، ف، ل = جزء: س، ك. ١١٨٦

  يخصّ] +بعضها: شاس. ٧١١٨
  خواصّ] س، ف، ل = بخواصّ: ب = خواض: ك. ١١٨٨
  ب.–منها]  ١١٨٩
  شاس. الذي] +لا: ١١٩٠
   س، ف. :تسامت] ب، ك، ل = يسامت ١١٩١
  ب).بياض في منها] (و  ١١٩٢
  : ب.٥١ص ١١٩٣
  فاب. ]عرضها ١١٩٤
  .تسامت] ب، ك، ل = يسامت: س، ف ١١٩٥
  ب: ك.٣٠ ١١٩٦
  في السـنه مرة: ك. مرّة في السـنة] ١١٩٧
  ك.–عند]  ١١٩٨
  ك.–من]  ١١٩٩
  .ذوات] ذات: ب ١٢٠٠
  الظل] ظل: ك.  ١٢٠١
  .تارة] مارّة: ب ١٢٠٢
  ب: س.٧٤ ١٢٠٣
  ب).بياض في منها] (و  ١٢٠٤
  )، ك، ل = يسامت: ف. »تسُامت««إلى  »يسامت«تسامت] ب، س(قد تغيرّ  ١٢٠٥
  ب).بياض في منها] (و  ١٢٠٦
  ب).بياض في ( ]سو كه ١٢٠٧
  : ف، ك.ح وحينئذ] ب، س، ل = و ١٢٠٨
  تنطبق] ىنطبق: ب، ل = ينطبق: س، ف، ك.  ١٢٠٩
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  زال] زالت: ك. ١٢١٠
  ب: ف.١٦ ١٢١١
٣١ ١٢١٢ ٓ   : ك.ا
  على] س، ف، ل = من: ب، ك.  ١٢١٣
  +ومدار: ل. دفعةً] ١٢١٤
  آ: ل.٧٧ ١٢١٥
  : ب.٥٢ص ١٢١٦
  : ك. كه ب) =بياض في س، ف، ل = ( ]كد ١٢١٧
  إذ بقدر] ب، س = اد ىڡدر: ف = اذا تقدر: ك = اذ ىقدر: ل. ١٢١٨
  ب).بياض في ما] ( ١٢١٩
  للمدارات] للمدرات: ف. ١٢٢٠
  الأبدي] الابد: ك. ١٢٢١
  آ: س.٧٥ ١٢٢٢
  زائد ومشطوب)، ف، ل = لتطايرها: ك. »الاىد«لنظائرها] ب، س( ١٢٢٣
  ب).بياض في منها] (و  ١٢٢٤
  ف.–ام] تم ١٢٢٥
  : ك.  له سوب) = بياض في ] س، ف، ل = (كه سو ١٢٢٦
  ب).بياض في ( ]كه سو ١٢٢٧
  ) = ىغرب: ب، ل = يغرب: ف، ك. »تغرب«إلى  »يغرب«تغرب] س(قد تغيرّ  ١٢٢٨
  نفرض] ل = ىفرض: ب، س = يفرض: ف، ك. ١٢٢٩
  ب = شال.–مما يلي الجنوب] س، ف، ك =  ١٢٣٠
  ويرتفع] وىڡع: ف. ١٢٣١
  ب: ك.٣١ ١٢٣٢
  رأس] +الجدى: شاك. ١٢٣٣
  عن] ب، ك، ل = على: س، ف. ١٢٣٤
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  التسعين: س، ف. تسعين] ب، ك، ل = ١٢٣٥
  .»)صح«رمز مع التي] هال( ١٢٣٦
  تكون] ك = ىكون: ب، ف، ل= يكون: س.  ١٢٣٧
  لا محالة] +معد: شاك. ١٢٣٨
  ب: س.٧٥ ١٢٣٩
  تساوي] ب، ل = يساوي: س، ف، ك. ١٢٤٠
  .تابتساوي تمام العرض فإنهّا تماسّ الأفق ولا تنحطّ عنه والتي ميلها]  ١٢٤١
  تنحطّ] ك، ل = ىنحط: ب، ف = ينحط: س.  ١٢٤٢
  : ب.٥٣ص ١٢٤٣
  فتكون] ل = فىكون: ب = فيكون: س، ف، ك. ١٢٤٤
  تكون] ل = ىكون: ب، ف = يكون: س، ك. ١٢٤٥
  تكون لا محالة] لا محاله يكون: ك. ١٢٤٦
يرها الحناص: ب = لمسيرها الخاص: س. ١٢٤٧   بمسيرها الخاصّ] هاب، ف، ك، ل = 
  آ: ف.١٧ ١٢٤٨
  النظيرة] النطره: ك. ١٢٤٩
  لذلك البلد] ك = كذلك: ب، س، ف = لذلك: ل. ١٢٥٠
  طول: ل.+الا نهاره] ١٢٥١
  آ: ك.٣٢ ١٢٥٢
  الليل] ليله: ك. ١٢٥٣
تحت  »يـ«ويغرب] ك = وىغرب: ب، ل = وتغرٮ: ف = وتغرب: س(يوجد  ١٢٥٤
  ).»تـ«الـ

  ف).بياض في من] ( ١٢٥٥
  قبل] +السرطان: شاك.   ١٢٥٦
  ب: ل.٧٧ ١٢٥٧
  ف).بياض في القياس] ( ١٢٥٨
  آ: س.٧٦ ١٢٥٩
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  الاخٓر] الاخير: ك. ١٢٦٠
  .»)صح«رمز مع والعقرب قبل الميزان] هال( ١٢٦١
  ف.–النهار]  ١٢٦٢
  .»)صح«لي(؟): هاس(مع رمز= ى يلي] يلاى: س ١٢٦٣
  : ب.٥٤صر ١٢٦٤
  إذن] اذا: ك. ١٢٦٥
  الحوت] الخوت: ب. ١٢٦٦
  مال] مالت: س. ١٢٦٧
  دائرة] داير: س. ١٢٦٨
  ب: ك.٣٢ ١٢٦٩
  في الطلوع] بالطلوع: ك. ١٢٧٠
  الحوت] الخوت: ب. ١٢٧١
  ل.يتمّ] ب، س، ف = تتم: ك = ىتم:  ١٢٧٢
  الحوت] الخوت: ب. ١٢٧٣
  نقطة] +الحمل: ب. ١٢٧٤
  فإذا] وإذا: ب. ١٢٧٥
  وانحطّ] فانحطّ: ب = +في الغروٮ: شال. ١٢٧٦
  أخذ في الغروب معه] اخذ معه فى الغروٮ: ل. ١٢٧٧
  . كان: كهو]  ١٢٧٨
   متصّل به] ف، ل = متصل: ب، س = متصلا به: ك. ١٢٧٩
  .»)صح«التوالي] هاس(مع رمز ١٢٨٠
  ب: س.٧٦ ١٢٨١
  ظاهر] ظاهرا: ك. ١٢٨٢
  عن] على: ب. ١٢٨٣
  ب: ف.١٧ ١٢٨٤
  الطالع] الطلوع: ف. ١٢٨٥
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  كان] كا: ب.  ١٢٨٦
  مقابله] مقابلة: ب. ١٢٨٧
  أحد] +هى: ك. ١٢٨٨
  = +في: ك. »)صح«في] +النصف: هاس(مع رمز ١٢٨٩
  : ب.٥٥ص ١٢٩٠
  يخالف] خالف: ك. ١٢٩١
  يطلع] بطلوع: ف. ١٢٩٢
  آ: ك.٣٣ ١٢٩٣
   .منطبق] ىنطبق: ب ١٢٩٤
  ودور] ودرور: س.  ١٢٩٥
   فىكون: ب = ويكون: س = وىكون: ف، ك، ل. وتكون] ١٢٩٦
  آ: س.٧٧ ١٢٩٧
  آ: ل.٧٨ ١٢٩٨
  ف.–الشمالية وسـتةّ أشهر ليلة وذلك إذا كانت الشمس في البروج]  ١٢٩٩
   يكون: ب.+ ]بل ١٣٠٠
  ظاهراً: ب، ك. = ظاهر] س، ف، ل ١٣٠١
  وصفناه] وصفىا: ب. ١٣٠٢
  للمواضع الجنوبية] للحنوىىه: ل. ١٣٠٣
  إلى] +الى: ف. ١٣٠٤
  ذلك] +والله المسـتعان: ك. ١٣٠٥

  
  

  منفردة أشـياء في ثالثال  الباب ، ثانيةال  المقالة
  

ب) = الباب الثالث بياض في ( ] س، ف، ل =في أشـياء منفردة الباب الثالث ١٣٠٦
  في اشـيا منفرده: ك.من المقاله الثانيه 

  ف.–] البروج ١٣٠٧
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  ىطلع: ف. : س =ب، ك، ل = يطلع ]تطلع ١٣٠٨
  الكواكب: ف.] الكوكب ١٣٠٩
  ] ثم: ك.ممرّ  ١٣١٠
  ب: ك.٣٣ ١٣١١
  : ب.٥٦ص ١٣١٢
  ب: س.٧٧ ١٣١٣
  ممرّة: ب.] ممرّه ١٣١٤
  .الشكل: س ») =صح«رمز مع العرض] هاس( ١٣١٥
يكون  ]*[«آ أي من ١٨ب و١٧(الظاهر أنّ ورقة ناقصة من مخطوطة ف بين  ١٣١٦

  .»)]*[ على صوب القبلة فذلك الخطّ هو«إلى  »شرقياً عند كون النصف الأوّل
  ] +دايرة: ب.على ١٣١٧
  فيكون: ك.= فىكون: ب، ل  ] س =فتكون ١٣١٨
  ] +اى القطب الشمالى: تال.به ١٣١٩
  : ب = المايله: ك.مايلا] س، ل = مائلةً  ١٣٢٠
  وىىتهـى: س = وىتنهـي: ك. : ب =ل = وينتهـى ]وتنتهـي ١٣٢١
  فتصل: ل. ] س، ك = فىصل: ب =فيصل ١٣٢٢
  : س، ك. إليها = ، ل»)صح«رمز مع (تاس إليه] ب، ١٣٢٣
  ممرّة: ب. ] س، ك، ل =ممرّه ١٣٢٤
  آ: س.٧٨ ١٣٢٥
  : ب، ك.س، ل = الأفاق ]الأفلاك ١٣٢٦
  ك.–] ب، س، ل = إمّا ١٣٢٧
  آ: ك.٣٤ ١٣٢٨
  .] +مو: شابعلى ١٣٢٩
  . : سوىسمى: ب، ل = وتسمى ك = ]ويسمّى ١٣٣٠
  : ب.٥٧ص ١٣٣١
  وىسمّى: شال.] +الأفق ١٣٣٢
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  ب: ل.٧٨ ١٣٣٣
  ك، ل = وىسمّى: ب = وتسمى: س. ]ويسمي ١٣٣٤
  ] +والمنبسط: ك.الثاني ١٣٣٥
  ب.سـبعة:  ] س، ك، ل =بسـبعة ١٣٣٦
  ب.– ك، ل = ] س،أقسام ١٣٣٧
  ] +الىالىاما اقسامه: شاس.أقسامه ١٣٣٨
  .»)صح«رمز مع ] هاس(عند ١٣٣٩
  بمثل تلك: ب. ] س، ك، ل = تلك بمثل ١٣٤٠
عند : ب = وهذا عند الشافعي رحمه الله] ك = وهذا عند الشافعى رضى الله عنه ١٣٤١

الشافعى رحمه: = عند  هاس: »)صح«رمز مع (رحمه الله ىعالى »)صح«رمز مع (الشافعى
  .»)صح«رمز مع (هال
= : ب رحمه الله عليه رضي الله عنه] س، ك = وعند ابى حنيفه وعند ابي حنيفة ١٣٤٢

  رحمه الله: ل. وعند ا حىىفه
  عليها: ب. ] س، ك، ل =عليه ١٣٤٣
  ب).بياض في ( ]في معرفة خطّ ١٣٤٤
تسُوَّى أرض] يسُوّى ارض: ب = يسَُوِّى وجه الارض: س = بسوي الارض: ك  ١٣٤٥

  = ىسَُوَّى ارضٌ: ل.
  ] مال: ك.ماء ١٣٤٦
  وىسمى: ب، ل. : س = وتسمّى] ك = ويسمّى ١٣٤٧
  ب: س.٧٨ ١٣٤٨
  هنديه: ك.] الهنديةّ ١٣٤٩
  وتنصب: ب.] وينُصب ١٣٥٠
 مشطوب» في« : س، ل(يوجدفي طول، ك = »)ح«رمز مع ] ب، فاس(طوله ١٣٥١
  .)»طوله«متغيرّ إلى  »طول«والـ

  +ويعرف: ك. ]قائمة ١٣٥٢
  ب: ك.٣٤ ١٣٥٣
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 .ك– ]إمّا ١٣٥٤
 .ل–= ، ك »)صح«رمز مع ] ب، هاس(بانٔ ١٣٥٥
  ىقدر: ب = بقد: ك = بمقدار: ل.] س = يقُدّر ١٣٥٦
  ] نقطه: ب.نقط ١٣٥٧
: ك. وىعلم: ب،] س = ويعُلمّ  ١٣٥٨   ل = وتعلمُِ
ف] ك  ١٣٥٩ فُ: ل. : سوىنصف: ب = وينُصّف= وتنُصَّ   = وىنُصََّ
  ] ل = ويخراج: ب = ىخرح: س = بحرج: ك.وتخُرِج ١٣٦٠
  : ب.٥٨ص ١٣٦١
  ] عن: ب.من ١٣٦٢
  س. :منتصفهما ]منتصفها ١٣٦٣
  .: بخط ، ك، ل =»)خطٌ«إلى متغيرّ  »خطا«مشطوب و» ا«(الـس ]خطّاً  ١٣٦٤
  يشب: ب. ]شئت ١٣٦٥
  .: سالدايرَ ] الدائرة ١٣٦٦
  ] س، ك، ل = خط: ب.خطّاً  ١٣٦٧
  ] +على: ب.يقطع ١٣٦٨
  ] +والله اعلم وهده صوره الدايره: ك.والمغرب ١٣٦٩
  آ: ل.٧٩ ١٣٧٠
٣٥ ١٣٧١ ٓ   : ك.ا
  ب.– ]في معرفة ١٣٧٢
: ب = ويعني: ك.] س، ل = ونعني ١٣٧٣   وىع
  .هاهنا: ل، ك = »)صح«رمز مع (س] ب، هاههنا ١٣٧٤
  آ: س.٧٩ ١٣٧٥
  هى نقطة هى نقطة: س. ]نقطة ١٣٧٦
  وإذا: ك، ل. ] ب، س =إذا ١٣٧٧
  وىصل: ب = وتصل: ك.] س، ل = ونصل ١٣٧٨
  = يعدّ: ب = وتعد: ك = ونعَُدّه: س. ] لونعدّ  ١٣٧٩
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  : ب.٥٩ص ١٣٨٠
  ب.] هامن ١٣٨١
  ] +ىطه: شاك.ومن ١٣٨٢
  وتصل: ك. : س = ب = ونصل ماوفصل: ونصل] ل =  ١٣٨٣
   ىڡاطعها: ب.] تقاطعهما ١٣٨٤
   وتنفذه ك.: س= ب، ل = وتنُفَِدُ  ]وننفذه ١٣٨٥
  ك. –] هو طه(؟): س = هو ١٣٨٦
ٓ أي من ١٨ب و١٧ف (الظاهر أنّ ورقة ناقصة من مخطوطة ف بين آ: ١٨ ١٣٨٧ ا

على صوب  فذلك الخطّ هو«إلى  »عند كون النصف الأوّليكون شرقياً  ]*[«
  .»)]*[  القبلة
  ] +الانحراف: ب.قوس ١٣٨٨
  +سمت: ك. ]سمت ١٣٨٩
  وهو: ك.] وهي ١٣٩٠
  ] +فالقىله: شال.مكّة ١٣٩١
وعرضها(+بياض) طول  طول مكة من جزاير الخالدات(+بياض)] +أكثر ١٣٩٢

  ب.وعرضها(+بياض):  خوارزم(+بياض)
  تساوي: ك = ىساوى: ل. ب، س، ف = ]يساوي ١٣٩٣
 ب: س.٧٩ ١٣٩٤
  ك.–] نصف ١٣٩٥
  تساوي: ك. ]ساوى ١٣٩٦
  : ك.ب٣٥ ١٣٩٧

  يسامت: ف. = ىسامت: ب ] س، ك، ل =تسامت ١٣٩٨
ىسامت في الدورة:  من فلك البروج التى ]التي تسامت في الدورة من فلك البروج ١٣٩٩
  ب.

  ب).بياض في ( ] س، ف، ك، ل =ز كا ١٤٠٠
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  ب) = كب كط: ك.بياض في ( ] س، ف، ل =كب لطو ١٤٠١
  .وضَعْها: شال] +السرطان ١٤٠٢
  ب: ل.١٤٠٣٧٩
   ] على: ك.أعني ١٤٠٤
  .: س، ف، كالأسطرلاب] ب، ل = الاصطرلاب ١٤٠٥
  ] ادار: ب.أدِر ١٤٠٦
  .ف– = »)صح«رمز مع (، هالك هاس،] ب، إن كان غربيّاً  ١٤٠٧
سب: ف.فحيث ١٤٠٨  [  
  اجزاء: ب.] الأجزاء ١٤٠٩
  : ب.٦٠ص ١٤١٠
  ب.–] هو ١٤١١
  ] +بهذه الصوره: ك.للقبلة ١٤١٢
: س = في في النهار والليلة = النهار والليل: ب] ف = (بياض)+في النهار والليل ١٤١٣

  .) النهار والليل: ل»صح«رمز مع في معرفة(في الهامش معرقة الليل والنهار: ك = 
  والشهور: ك. والشهور والسـنة: ب = والسـنة] س، ف، ل = والشهر والسـنة ١٤١٤
  آ: س.٨٠ ١٤١٥
  وقع: ب.] ووقع ١٤١٦
  ] +الارض: تاس.ظلهّا ١٤١٧
  إذا: ب.] و فإذا ١٤١٨
  ف.–= ك، ل ، »)صح«رمز مع هاس(] ب، الشمس ١٤١٩
  الظل: ب. ]ظلهّا ١٤٢٠
  الظل: ب. ]ظلهّا ١٤٢١
٨٠ ١٤٢٢ ٓ   : ل.ا
   : ب، ف.ك، ل = إذا ]إذ ١٤٢٣
  ] ف، ك، ل = فان: ب.فإذا ١٤٢٤
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  : ب.٦١ص ١٤٢٥
إذ الشمس أعظم جرماً من الأرض فإذا كانت الشمس تحت الأرض قريبةً من  ١٤٢٦

  .»)صح«رمز مع ] هاس(الأفق كان مخروط
  : ك. فكان ]وكان ١٤٢٧
  ] +في الافق: شاك.قريباً  ١٤٢٨
  ف.ب: ١٨ ١٤٢٩
ڡرىىا فيطهر فى الافق النور وكلما كانت الشمس اقرٮ ] ب، س، ل = +الأنوار ١٤٣٠

  كانت الانوار: ف = النور: ك.
  وتظهر: ك. = وىظهر: ب] س، ف، ل = ويظهر ١٤٣١
  وهو الڡلك الاطلس: تاس.] +الكلّ  ١٤٣٢
  +من غروب الشمس: س. =شاس] من غروب الشمس ١٤٣٣
  .ف ،»)صح«رمز مع شطوب م » يمكن«س( يكون:= ك، ل ] ب، يمكن ١٤٣٤
  ك.–ب، –] كون  ١٤٣٥
  ] من: ب، ل.في ١٤٣٦
  ] +هم: ب.والمنُجّمين ١٤٣٧
  : ك.ب٣٦ ١٤٣٨
  .»)صح«رمز مع (+الاماكن: تاس] المساكن ١٤٣٩
  ب: س.٨٠ ١٤٤٠
  واختلافاتها: ب.] واختلافها ١٤٤١
  ب.–] واحدٌ  ١٤٤٢
  ] +واحده: ب.النهار ١٤٤٣
  .: س، فىقوب: ب، ل = يقوم= ك  ]تقوم ١٤٤٤
  ] الفلك: ب.الكلّ  ١٤٤٥
  ] في الفلك: ب.من فلك ١٤٤٦
  ىقطع: ف.: س = يقطع] ك، ل = تقطع ١٤٤٧
  .ب–] تقطع من فلك البروج قسـيّاً مختلفةً فمطالعها مختلفة وأيضاً لو كانت الشمس ١٤٤٨
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  .: سيقطع : ب، ف، ل =ىقطع] ك = تقطع ١٤٤٩
  ووسطي: ك.] ووسط ١٤٥٠
  : ب.٦٢ص ١٤٥١
  .ب– ]مطالع ١٤٥٢
  والوسطي: ك.] والوسط ١٤٥٣
  متساوي: ب.] +قوس ١٤٥٤
  آ: ك.٣٧ ١٤٥٥
  .»)صح«رمز مع (هال ]من معدّل النهار ١٤٥٦
  .ب–] مساوية ١٤٥٧
  ل.–ك، –ف، –ب، –س =  ]نط ح ك ۰وهو  ١٤٥٨
  +وهو: س. ]النقطة ١٤٥٩
  آ: س.٨١ ١٤٦٠
  والوسطي: ك.] والوسط ١٤٦١
  ] +من غروبها: ك.غروبها ١٤٦٢
  ومن غروبها: ف.] +ومن غروبها ١٤٦٣
   طلوعها: ب، ك.] س، ف، ل = طلوع الشمس ١٤٦٤
  آ: ف.١٩ ١٤٦٥
  ] ىليلىه: ب.والليلة ١٤٦٦
  ل.ب: ٨٠ ١٤٦٧
  والساعات: ب.] فالساعات ١٤٦٨
  .: س، فب، ك، ل = هو ]هي ١٤٦٩
  : س، ف، ك.ب، ل = خمسة عشر درجة ]خمس عشرة درجة ١٤٧٠
  الدايرة: ك.] الدائر ١٤٧١
  .الليل: ف] اليوم ١٤٧٢
  : س. والليلة ]و الليلةأ  ١٤٧٣
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  والساعات: ب، ف.] س، ك، ل = والساعة ١٤٧٤
  س = وىسمّى: ف. : ب،ك، ل = ويسمّى ]وتسمّى ١٤٧٥
  وهي: ب.] فهـي ١٤٧٦
  ب: س.٨١ ١٤٧٧
  ] ولو كانت: ب.وإن كان ١٤٧٨
  ب: ك.٣٧: ب؛ ٦٣ص ١٤٧٩
] وهو: ك.وهي ١٤٨٠
  .»)عة«إلىمتغيرّ » عات«الساعات: س(الـ ]الساعة ١٤٨١
   .: ب)، ف، ك، ل =  للزمان»الازمان« إلى متغيرّ  »الزمان«(س ]الأزمان ١٤٨٢
  ك.– ]والساعات الزمانية هي التي تختلف أزمانها ١٤٨٣
  ب.– ]ازمانها والساعات الزمانية هي التي تختلف ازمانها ولا يختلف ١٤٨٤
  ] الزمان: ب = زمان: هاب.زمان ١٤٨٥
  من اية: ك. س = = انه:= اىه: ب، ف ل  ]يةّأ  ١٤٨٦
  س.–] حين ١٤٨٧
  ك.–ب، –] س، ف، ل = مدّة ١٤٨٨
   »).صح«رمز  : تاس(مع٣٦٥ب) = +بياض في ] س، ف، ك، ل = (شسه ١٤٨٩
مشطوب):  »ورىع«ورىع(الـ ٣٦٥ب) = +بياض في ] س، ف، ك، ل = (شسه ١٤٩٠
  .»)صح«رمز  معتاس(
  ] +يوم: شاك.وربع ١٤٩١
  .»)صح«رمز  : تاس(مع٣٦٥ب) = +بياض في ] س، ف، ك، ل = (شسه ١٤٩٢
  آ: س.٨٢ ١٤٩٣
  ] ىوم الاّ ثلثه: ب.ثلاثة لاّ إ  ١٤٩٤
  س. مما:] حز جزء ١٤٩٥
  ف.–)، ك، ل = ههنا: ب = »ح«] هاس(مع رمز هنا ١٤٩٦
  ل.–ك، –ب، –هي] س، ف =  ١٤٩٧
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  ك.–هي]  ١٤٩٨
  آ: ك.٣٨ ١٤٩٩
  فهـي: ف.] +فهـي ١٥٠٠
  ] +في: ك.القمر ١٥٠١
  .: ساى موضع ]أيّ وضع ١٥٠٢
  ب: ف.١٩ ١٥٠٣
  : ب.٦٤ص ١٥٠٤
  ىلىڡ: ف.] يلتفت ١٥٠٥
  .: س، فك، ل = فزمانه: ب = وزمان ]وزمانه ١٥٠٦
  الاجتماع: ف.] الاجتماعين ١٥٠٧
  ب: ل.٨١ ١٥٠٨
  ] +علي ما بقي: شاك.النيرّين ١٥٠٩
  ] +من: ك.بقي ١٥١٠
  : ب، +تاس. ۳ ٦ ٠ ] س، ف، ك، ل = شس ١٥١١
   ] +ذلك في اثني عشر وخمس يوم: ك.فخرج ١٥١٢
  ب، س، ف، ك، ل. ]كط لا ن ح ١٥١٣
:  (؟) ۳ ٦ ٠ ٤ ») =صح«رمز  : تاس(مع٣٥٤= + ، ل] س، ف، كشند ١٥١٤
  ب.

  .مشطوب): س = وسدس: ك» سد«(الـوسدسه] ب، ف، ل = وسد وسُدسه ١٥١٥
  ب: س.٨٢ ١٥١٦
  +هذا: ك. ]هذا ١٥١٧
   ب.–] الطبعبه  ١٥١٨
  ك.–] الطبع ١٥١٩
  ب: ك.٣٨ ١٥٢٠
  ولديها: ك.] وليدُها ١٥٢١
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  ] الكشف: ب.كَشْف  ١٥٢٢
  ] اللفظ: ف. الالفْاظ ١٥٢٣
» اذا«(الـ، ف، ل = اذا الشرايط: س»)صح«مز ر  ] ب، هاس(معأداءً لشرائط ١٥٢٤

. مشطوب)، ك
  : س، ف.التجوز التحرّز] ب، ك، ل = ١٥٢٥
   ] التي: ك.الذي ١٥٢٦
  ب.–كافٍ]   ١٥٢٧
   والاولى: ب.] فالأولى ١٥٢٨
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FIGURE APPARATUS 
 

  الإجمال على الأجسام أقسام بيان فيالمقدّمة 
  

  : صورة الأفلاك١شكل 
ك. فلك الأفلاك] ب، س، ك، – ف،– س،–صورة الأفلاك] ل = كرة العالم: ب = 

ل = فلك الاعظم: ف. كرة النار] ب، س، ف = النار: ك، ل. كرة الهواء] ب، س، 
ب = الما: ك، ل. كرة الأرض] ف = كرة –ف = الهواء: ك، ل. كرة الماء] س، ف = 

ك، –س، –الارض والماءٓ: ب = ارض: س = الارض: ك، ل. مركز العالم] ب، ف = 
 ف،–(موقعان): ب، ل =  قطب فلك البروج  =  عان)] س(موق ل. قطب البروج–
ك = قطب الجنوب؛ قطب الشمال: –ف، –(موقعان)] ب، س =  ك. قطب العالم–

محور فلك «زائد في ب =  »محور البروج«زائد في ب، ك). ( »محور العالم«ل. (
  ).زائد في ب »عالم العناصر«زائد في ك). ( »البروج

   
  

  الأفلاك هيئات في لالأوّ  الباب ، الأولى المقالة
  

  فلك الشمس: صورة ٢شكل 
ب = فلك السمس: س. الأوج] ب، ل = اوح: –صورة فلك الشمس] ف، ك، ل = 

زائد في ب). جرم الشمس] ب، س، ف، ك،  »مركز الشمس«ف. (–س، ك = 
متتمّ محوي] ف = المتمم المحوى:  زائد في موقع اخٓر في ف). »الشمس«(موقعان). ( ل

ب = المتممّ من الممثل: س = مىمم الممثل: ك = المتمم: ل. مقعّر الخارج] مڡعر خارح: ف 
ل. –ك، –س، –ب، –ل. مقعّر الممثلّ] مقعر ممثل: ف = –ك، –س، –ب، –= 

ّ –س، –مركز الخارج] ب، ل =  ل] مركز العالم: ب = ك = مركر حارح: ف. مركز الممث
ك = مركز ممثل: ف = مركز عالم: ل. خارج المركز] ك = الفلك الخارج المركز: –س، –

(أربعة مواقع). محدّب الخارج] محدٮ خارح:  ب، س = حارح مركر: ف = الحامل: ل
ف. الممثلّ] ممىل: ف –ل. الحضيض] ب، س، ك، ل = –ك، –س، –ب، –ف = 

 = ك. محدّب الممثلّ] محدٮ ممثل: ف –س، –  ان) =(موقع = الفلك الممثل: ب، ل
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= المتمم من الفلك الممثل:  ل. متممّ حاوي] ف = المتمم الحاوى: ب–ك، –س، – ب،–
ب ؛  -١س = مىمم ممثل: ك = المتمم: ل. (عدد رسوم أجرام الشمس في كل مخطوطة: 

  ) .ف ؛ ناقص في ك -٢س، ل ؛  -  ٤
  

  الزهرة: صورة أفلاك الكواكب العلوية و ٣شكل 
(الشكل ناقص في ف). صورة أفلاك الكواكب العلويةّ والزهرة] ك، ل = افلاك 
الكواكب العلوية والزهرة: س = صورة الافلاك الكواكب (فاب) العلوية والزهرة: ب. 

زائد في ك، ل). فلك  »ذروة التدوير«الأوج: ل. (ب = اوج زهرة: س = –أوج] ك = 
ك. – (أربعة مواقع) = (في موقع اخٓر)، ل (في موقع)، س = التدوير: ب التدوير] ب

(موقعان). المتممّ] ب، ك، ل = المتمم من  ب = الحامل: ك، ل–الفلك الحامل] س = 
يض] س ك. حض –(ثلاثة مواقع): س =  الممثل: س. جرم الكوكب] ب، ل = الكوكب

ب = حضيض الذروه: ك = الحضيض: ل. المتممّ] ب، ك، ل = المتمم من الممثل: –= 
[موقعان]).  زائد في ب، ل »الفلك الممثل«زائد في ب). ( »مركز التدوير«س. (

زائد  »المديرمركر الخط «زائد في س). ( »خارج المركز«زائد في ب). ( »مركز العالم«(
في ل). (عدد رسوم أجرام التداوير في كل مخطوطة: زائد  »حضيض التدوير«في ك). (

   ).ب، س، ل ؛ ناقص في ك -  ٤
  

  صورة فلك عطارد :٤شكل 
صورة فلك عطارد] ب، ف، ك، ل = فلك عطارد: س. الأوجان] س = الاوج: ب = 

(أربعة مواقع)  زائد في ل). الكوكب] س »ذروة التدوىر«ف = اوجا عطارد: ك، ل. (–
(أربعة مواقع) = فلك  ل. تدوير] ف = التدوىر: ب، ل–ك، –ف، –ب، –= 

 »المتمم«(موقعان)] س، ف =  ك. المتممّ من المدير–(ثلاثة مواقع) =  التدوىر: س
 : ب = متمم المدير(موقعان): ك، ل. المتممّ من الممثلّ(موقعان)] س، ف»المتمم المدىر«و

(موقع واحد فقط) =  م(موقعان): ب = مىمم الممثل: ك(موقع واحد فقط) = المتم
ل = مركز حامل: ف. مركز –ك، –س، –(موقعان). مركز الحامل] ب =  طال

ل –ك، –س، – ل = مركز مدير: ف. مركر العالم] ب =–ك، –س، –المدىر] ب = 
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زائد في ب). حامل] ف = الفلك الحامل:  »مركز معدل المسير«= مركز عالم: ف. (
ل. –ك، –س، –ب، –(موقعان) =  (موقعان). مدير] ف = الحامل: ك، لب، س 

ف = –ب، –ل. الحضيضان] س = –ك، –س، –ممثلّ] ف = الفلك الممثل: ب = 
ل. (عدد رسوم أجرام »: صىضالح «و »حضىص التدوىر«حضيص التدوير: ك = 
   ).ف، ك -١ب، س، ل ؛  - ٤التداوير في كل مخطوطة: 

  

  القمرصورة فلك  :٥شكل 
س، –ف = فلك الڡمر: س. الأوج] ب، ل = –ب، – صورة فلك القمر] ك، ل =

ك. قمر] –س، –(أربعة مواقع) = فلك التدوير: ب =  ك. التدوير] ف، ل–ف، –
(موقعان)] س =  ل. المتممّ من المائل– ك،–ف، –(موقعان) = جرم القمر: ب =  س
المتمم «: ف = [كذا] »المتمم من المدير«و »المتمم من الماىل«(موقعان): ب، ل =  المتمم
ك،  : ك. حامل] ف = الفلك الحامل: ب، س = الحامل:»متمم المايل«و »المايل

  =  ل. مركز العالم] ب، ف–ك، –س، – =  (موقعان). مركز الحامل] ب، ف   ل
(موقعان): ل.  ك = المايل–س، –ل. مائل] ف = الفلك المايل: ب = –ك، –س، –

 »حضىض التدوىر«ف = حضيض التدوير: ك = –= الحضيض] ب، س 
زائد في ك). الفلك الجوزهر ويسمّى الممثلّ] س =  »نقطة المحاذاة«ل. (»: ضىضالح «و

: ف = جوزهر وىسمى »حوزهر«و» فلك الجوزهر والممثل ايضا«الفلك الممثل: ب = 
 »المايلوهذا فلك الحامل الذى هو فى ثحن «الممثل: ك = الجوزهر وىسمى ممثل: ل. (

 -١ل ؛  -٤ب، س ؛  -٢زائد في ف). (عدد رسوم أجرام التداوير في كل مخطوطة: 
  ).ف ؛ ناقص في ك

  

  القسيّ  في رابعال الباب ، الأولى المقالة
  

   صورة النطاقات باعتبار الأبعاد :٦شكل 
 ك. مركز الفلك الحامل–الأوج]  .في ل)ناقصة تسميات ف). (ال (الشكل ناقص في 

س. –(موقعان)]  (في الخارج المركز)] س = مركز الحامل: ب، ك. البعد الأوسط
زائد في » البعد الاقرب«ك. (– ك. الفلك الممثلّ]–(في الخارج المركز)]  الفلك الحامل
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ك. نقطة التقاطع] (يوجد مرة فقط –ب، –ك). فلك التدوير] س=  الخارج المركز في
(في التدوير)]  على اليسار في ك). حضيض التدوير] حضيض: ك. مركز الفلك الحامل

   ).مركز الحامل: ب، ك. (يوجد خطّ نصف قطر زائد في التدوير في ل
  

  : صورة النطاقات باعتبار اختلاف المسير٧شكل 
والبعد «ك. (–ك. الفلك الحامل (في الخارج المركز)] –العالم] (بياض في ف، ل). مركز 

زائد في الخارج المركز  (موقعان) »غاية التعديل«ك). ( زائد في الخارج المركز في» الابعد
في ك). ذروة التدوير]  الخارج المركزك). (يوجد خطّ من مركز الحامل زائد في  في

(موقعان)] ب  ب. نقطة التماسّ – وير]ك. مركز التد–ب، –ذروة: ك. فلك التدوير] 
ك. –س. حضيض التدوير] –(يميناً): ك =  (يساراً)؛ غاية التعديل = نقطه الشمال
   ك.– (في التدوير)] شاس = مركز العالم: س. الفلك الحامل (في التدوير)] مركز الحامل

  
  منفردة أشـياء في الثالث المقالة الثانية، الباب

  

  : صورة الدائرة الهندية٨شكل 
 ناقص(الخطّ الواصل بين العلامتين ). في بناقصة تسميات (الشكل ناقص في ف؛ ال 

. الجنوب] ل = نقطه في ب، س؛ يوجد مقياسان في ك) ناقص(المقياس . في ب)
الجنوب: س = جنوٮ: ك. خطّ نصف النهار] س، ك، ل. المغرب] ك، ل = ىڡطه 

مكتوب » مقياس«س = (– المغرب: س. خطّ الاعتدال] س، ك، ل. المقياس] ل =
ك). المشرق] ك، ل = نقطه: س. الظلّ الشرقي] س، ك، ل. الظلّ الغربي]  مرّتان في

ك، ل. مدخل الظلّ] ل = مخرح الطل:  ] س،لامتينالخطّ الواصل بين العس، ك، ل. 
  ك. الشمال] ك، ل = ىقطه الشمال: س.–ك. مخرج الظلّ] س، ل = –س = 

  

  : صورة المسامت للقبلة٩شكل 
الجنوب] ك، ل = حىوٮ: س، ف. فضل ما بين في ب). ناقصة تسميات (ال 

(موقعان)] ل = (موقع واحد فقط في س، ف، ك). الخطّ الموازي لخطّ نصف  الطولين
ك. الخطّ الموازي لخطّ –ف، –س، –النهار وهو خطّ نصف النهار بمكّة] ل = 
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ك. سمت رأس مكّة] ل = –ف، –س، –الاعتدال وهو خطّ الاعتدال بمكّة] ل = 
فقط في س، (موقعان)] ل = (موقع واحد  ك. فضل ما بين العرضين–ف، –س، –

ك. المغرب] ك، ل = نقطة المغرب: س، ف. المشرق] ك، ل = نقطة المشرق: –ف) = 
 ف. الشمال] ك، ل = شمال: س، ف.–س، –س، ف. خطّ الاعتدال] ك، ل = 

  



Commentary to the Edition and Translation 

Preface 

The Mulakhkhaṣ 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 § II.2: 
Description of the Manuscripts. All five contain Jaghmīnī’s original parameters; in 
general, these values are either Ptolemaic or ones that Jaghmīnī refers to as “Mod-
ern,” usually meaning from the ninth century (I.2[6]). Most of the later copies of 
the Mulakhkhaṣ 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 (II.1) that can be shown to derive from Ṭūsī’s Tadhkira (see commentary on 
the second clime (II.1[4]). This provided a convenient means of differentiating wit-
nesses that are closer to Jaghmīnī’s original version from those that have been 
updated.
 
Version 1: The preface in this version contains both a dedication by Jaghmīnī to 
Badr al-Dīn al-Qalānisī and a poem he composed to commemorate being entrusted 
with such a lofty commission. The poem, which I have metered below, has a khafīf 
rhyme:1 
 

 

––––––––––––––––– 
1 For the khafīf meter, see W. Stoetzer, “Prosody (ʿarūḍ),” 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. 
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250  Commentary (Preface [1]) 

َ   يا ۞ لليْحَ مَ  تْ ـلَ ـأعْ وَ  رُتـْــــبَتي تْعَ فَ  رَ    نمِ   هال
ِٕ
    لي تْرَ  دَ صَ    ةٍ رَ  شاا

-  - u     u  | -  u  - u  |   -    - u  u  -     -   u u  |  -  u   - u   |   -   -  u  u 

 ــالْ  بدَْرِدين مدي هُـ
ِٕ
  يجْجرَ مُ الْ  مِـــــريكَ الْ  نَمِ     لي تْ رَ دَ ـصَ  ۞ لِ لْ جَ الأَْ  مُ  اـالا

-  -  u  u | -   u   -  u | -    -  u u  -   - u u     | - u   -   u   |   -     -  u  u 

 َ ٓ  رَ  دْ قَ  ۞  لِ هْ أَ بِ  كَ  ذاْ  لِ ـثْ مِ لِ   ليثْ مَ  سَـيْ ل  طيرٍخَ  رٍـــمْ لأِ لاًهْ أَ  يــن ا

-  - u  u | -   u  - u |  -  -    u   u  - -  u  u |  - u  -  u  |   -   -  u  u 

مْتِـثالاً
ِٕ
َ  يَ يـْــأ هي  رِ ــمْ لأَِ  ا َ   ني أنْ  غيرَ  ۞ لِ ذْ ب     يدِجُهْ  كَ ذاْ في  تُـلْ ذَب

-  -    u  u |  -  u  - u | - -  u u  -   -    u  u  |  -   u  - u  |  -   -  u u 

ُ  كَاْلِذ  عانيدَ  دْ قَ  ۞  ليثْ مِ   ةِ عَ  ضابِ   لىإ  اراًـقتِ فْ  الا َ وَ  فاًـطْ ل   اًررْ ـب

-  -  u u | - u   - u |  - -  u   u  -  - u  u  |  -  u - u |  - - u   u 

 

 

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 Imām, 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.  

  



251 Commentary (Preface [1-2]) 

Unique to Version 1 is the added nisba al-faqīhī to Jaghmīnī’s name Maḥmūd 
ibn Muḥammad ibn ʿUmar al-Faqīhī al-Jaghmīnī al-Khwārizmī (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 Qurʾān, or a school master. 

This version also contains prayers of mercy for both Jaghmīnī and Qalānisī, 
implying both are deceased; however, these were presumably added later by the 
copyists. In this version, Jaghmīnī informs us that his motivation for composing the 
Mulakhkhaṣ is that “the dearest of friends and the sincerest of companions” 
conveyed to him that master Badr al-Dīn proposed that he compile a book on the 
subject of ʿ ilm al-hayʾa. 

For Version 1, I used the following 3 manuscripts: 

MS or. oct. 1511, pp. 6–64; copied 1275 hijra Staatsbibliothek,  [= B] Berlin, ب • 
[1858 CE]  

 [= F] Philadelphia, University of Pennsylvania, Rare Book & Manuscript Li-ف •
brary, LJS MS 388, ff. 2b–19b; copied 786 hijra [1384 CE] 

 [= S] Paris, Bibliothèque nationale, MS arabe 2330, ff. 48b–82b; copied • س 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 Jaghmīnī’s dedication to Badr 
al-Dīn al-Qalānisī, and not his poem. Here Jaghmīnī states that his motivation for 
composing a work on ʿilm al-hayʾa came directly from Badr al-Dīn 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, I used one manuscript: 

 [= K] Cambridge UK, Cambridge University Library, MS Or. 593, ff. 1b– ك •
38b; copied 764 hijra [1362-63 CE] 

Version 3: This version contains neither the dedication nor the poem. Unique to 
Version 3 is that Jaghmīnī states that he composed this book on hayʾat al-ʿālam 
(Configuration of the World), rather than ʿilm al-hayʾa (the science of hayʾa), as a 
memento for every scholar seeking an epitome on [hayʾa]. The beginning to Version 
3 (with minor variations on it) is the most widespread preface for the Mulakhkhaṣ 
as well as for the commentaries. 

For Version 3, I used one manuscript: 

 [= L] Istanbul, Süleymaniye Library, Laleli MS 2141, ff. 61b–81a; copied 644 ل •
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 

I.1[1]. For every sphere whose two surfaces are parallel, the center of their two 
surfaces is the [sphere’s] center: Clearly by “kura” Jaghmīnī means “falak”. Cf. 
the Tadhkira, I.1[10] and I.1[15], where Ṭūsī 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).  

I.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 I.1[9], whereas MS F places these 
last two illustrations consecutively on the next two pages (ff. 4b–5a), but also after 
I.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]). 

I.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. Jaghmīnī does not count the epicycle orb as the fourth orb. 

Chapter 2 of Part I: On the Motions of the Orbs 

I.2[3]. It is in each nychthemeron [lit., a day with its night]: For comparative 
technical definitions of nychthemeron, see Ṭūsī, Tadhkira, III.8[1], “On the Lengths 
of the Nychthemerons” (Ragep, Tadhkira, 1:286–87); and Bīrūnī, Tafhīm, no. 132 
(51). 

I.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 ʿAbbāsid caliph al-Maʾmūn (r. 813–33) and their immediate successors, in 
distinction to Ptolemy who has a value of 1˚/100 years. In comparison, Farghānī is 
committed to the Ptolemaic value of 1˚/100 years and states a complete revolution 
occurs in 36,000 years (Ch. 13, Jawāmiʿ, 49–50). However, al-Battānī uses 1˚/66 
years in his Zīj (Ch. 52, 3:192–93), which Jaghmīnī follows in his calculations for 
the values of the apogees and nodes (see below Commentary, I.5[26–28]). Kharaqī 
also gives 1˚/66 years in the Muntahā (Ghalandari, “A Survey of the Works of 
‘Hayʾa’ in the Islamic Period,” 180 [56]: Bāb 8, Faṣl 2) as does Ṭūsī in his Tadhkira, 
II.4[4] (Ragep, Tadhkira, 1:122–25). See also F. J. Ragep, “Al-Battānī, Cosmology, 
and the Early History of Trepidation in Islam,” 282, 290. 
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I.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: Ṭūsī (II.7[8]) may have had 
Jaghmīnī 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). 

I.2[9]. It is also called the motion of the center: According to Ṭūsī (II.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 Mulakhkhaṣ Jaghmīnī mentions two authorities: Ptolemy (II.1[2] and II.3[9]) 
and Battānī  (II.3[9]). Regarding Ptolemy, he specifically mentions the Almagest, 
and he alludes to his Geography (II.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 
Battānī proved more challenging than simply relying on Carlo Nallino’s seminal 3
volume edition, translation, and commentary of Battānī’s Kitāb al-Zīj al-ṣābiʾ 
(Opus astronomicum) [= Zīj]; Nallino provides Battānī’s values only to sexagesimal 
minutes whereas Jaghmīnī also give seconds. Consequently, I used the following 
additional sources: E. S. Kennedy’s “A Survey of Islamic Astronomical Tables” 
[=Kennedy]; Battānī’s parameters as reported by other primary sources such as 
Kūshyār ibn Labbān (fl. late-tenth/early-eleventh centuries) in his Jāmiʿ Zīj (Istan
bul, Fatih 3418, f. 44a); and Battānī’s parameters preserved in the fourteenth-
century Persian Zīj-i Ashrafī by Abū ʿAbd Allāh Sanjar (see Fateme Savadi and 
Sajjad Nikfahm-Khubravan, “The Mean Motion of the Planets in Zīj-i Īlkhānī and 
the Criticisms Regarding It,” in Ustād-i Bashar: Essays on the Life, Times, 
Philosophy and Scientific Achievements of Khwājah Naṣīr al-Dīn Ṭūsī, ed. H. M. 
Hamedani and M. J. Anvari (Tehran, 2012), 374 [=S-K]. For Kharaqī, I used 
witness copies of his Tabṣira and Muntahā (noting any discrepancies between the 
two treatises), but Muntahā citations in parentheses (unless specified otherwise) 
refer to the page and bracketed paragraph of Hanif Ghalandari’s Arabic edition of 
the Muntahā (“A Survey of the Works of ‘Hayʾa’ in the Islamic Period”). 

Below is the first of several charts I have compiled that lists parameters con
tained in the Mulakhkhaṣ for various motions, and compares them with other 
sources. Other charts are in I.5[3], I.5[11–13], I.5[16–17], I.5[26–27], II.1[3–10]. 
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[S]: sequence of the signs (west to east)  
[CS]: counter sequence of the signs (east to west)  

Jaghmīnī, 
Mulakhkhaṣ 
[=Mul.] 

Ptolemy, 
Almagest 
[=Alm.] 

Farghānī, 
Jawāmiʿ 
[=J] 

Battānī, 
Zīj 
[=Zīj] 

Ṭūsī, 
Tadhkira 
[=T] 

VARIOUS MOTIONS OF MERCURY AND THE MOON (I.2[3–5]) 
Mercury 
[dirigent] 
[CS] 

0;59,8,20 
Mul.,I.2[3] 

0;59,8,17, 
13,12,31 
Alm., IX.4 
(441) 

Same as 
mean Sun 
J: Ch. 14 
(58) 

0;59,8,20,46 
S-K (374) 

Same as 
mean Sun 
T: II.8[9] 
(1:166–7) 

Moon 
[parecliptic 
with 
jawzahar] 
[CS] 

0;3,10,37 
Mul., I.2[4] 

– 3′ 
J: Ch. 13 
(52) 

0;3,10,37,18,40,26 
(Kennedy, 156) 
or 
0;3,10,37,17,40,26 
S-K (374) 
or approx. 0;3 
Zīj: Ch. 30 (3:76) 

3′ plus a 
fraction 
T: II.7[8] 
(1:150–1) 

Moon 
[inclined 
orb] [CS] 

11;9,7,43 
Mul., I.2[5] 

– 11;9 
J: Ch. 13 
(52) 

11;12 – 0;3 = 11;9 
Zīj: Ch. 30 (3:76) 

11;9 
T: II.7[9] 
(1:152–3) 

MOTION IN A NYCHTHEMERON (I.2[8]) 
Suna 0;59,8,20 

Mul., I.2[8] 
0;59,8,17, 
13,12,31 
Alm., III.2 
(143) 

ca. 59′ 
J: Ch. 13 
(50) 

0;59,8,20,46 
T: 2:493 T: II.7[11] 

(1:152–3) 

0;59 

a Kharaqī’s Muntahā [Bāb 8, Faṣl 2 (180 [57])] has “about 59;8”; Bīrūnī, Qānūn (2:688) 
has 0;59,8,40,7,56,33. 

MOTIONS OF THE DEFERENT ORBS ABOUT THEIR ECCENTRIC CENTERS IN 
A NYCHTHEMERON (I.2[9])
 Jaghmīnī Ptolemy Farghānī Battānī Ṭūsī 

Saturn 0;2,0,35 0; 2,0,33,31,28,51 ca. 2′ 0;2,0,35,55,48,3 2′ 
[S] Mul., I.2[9] Alm., IX.4 (429) J: Ch. 14 Fatih 3418, f. 44a; T:II.9[8] 

(59) or 0;2,0,36,4,43,2,8 (180–1)
(Kennedy, 159) 

Jupiter 
[S] 

0;4,59,16 
Mul., I.2[9] 

0;4,59,14,26,46,31 
Alm., IX.4 (432) 

ca. 5′ 
J: Ch. 14 

0;4,59,16,54,54,57 
Fatih 3418, f. 44a 

5′ 
T: II.9[8] 

(59-60) or 
0;4,59,16, 

(1:180–1) 

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., I.2[9] Alm., IX.4 (435) J: Ch. 14 Fatih 3418, f. 44a; T: II.9[8] 

(60) or 
0;31,26,39,36, 

(1:180–1) 

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., I.2[9] Alm., IX.4 (438) Sun [same as Sun] Sun 

J: Ch. 14 T: II.9[8] 
(59) (1:180–1) 
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MOTIONS OF THE DEFERENT ORBS ABOUT THEIR ECCENTRIC CENTERS IN 
A NYCHTHEMERON (I.2[9])
 Jaghmīnī  Ptolemy Farghānī Battānī Ṭūsī  

Mercury 
[S] 

1;58,16,40 
 
Mul., I.2[9] 

0;59,08,17,13,12,31 
[twice this amount] 
Alm., IX.4 (441) 

Twice 
the Sun  
J: Ch. 14  
(58) 

Twice the Sun  
[see Sun] 
 

Twice the 
Sun  
T:II.8[10] 
(1:168–9) 

Moon 
[S] 

24;22,53,22 
or 
24;23,53,22 
or 24;23 
Mul.,I.2[9]a 

12;11,26,41,20,17,59 
[twice this amount or 
double elongation] 
Alm., IX.4 (187) 

24;23 
J: Ch. 13  
(51) 

24;23 
Zīj: Ch. 30 (3:76) 

24;23  
T:II.7[10] 
(1:152–3) 

a I.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 Ṭūsī (II.7[10]; Ragep, Tadhkira, 1:152–53). 
These MSS then also agree with 24;23 found in Battānī’s Zīj. Only MS S (f. 54b) has 
24;23,53,22, which is the variant written unambiguously (since he wrote it out) in ʿAbd al-
Wājid’s commentary (Laleli 2127, f. 26b). Nevertheless, it is more decisive that Jaghmīnī 
repeats the value 24;22,53,22 in I.5[37], in his discussion of “What occurs to the Moon in 
relation to the Sun.” 

I.2[10]. …this is the case for the epicycles of the five vacillating planets: 
Throughout the Mulakhkhaṣ Jaghmīnī uses the word mutaḥayyira, which I have 
translated as vacillating planets, in order to designate the five retrograding planets, 
namely Saturn, Jupiter, Mars, Mercury, and Venus (see I.2[10], I.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, 
Jaghmīnī uses the word al-sayyāra, but this only once (I.3[12]). Jaghmīnī’s 
distinction between al-mutaḥayyira (for the five planets) and the more general al-
sayyāra (for the seven planets) is most likely due to his following Kharaqī in his 
Muntahā al-idrāk fī taqāsīm al-aflāk: 

 ...ةالمتحيرّ  والکواکب روالقم الشمس أعني ،السـيّارة الکواکب...
The wandering planets [al-kawākib al-sayyāra], i.e., the Sun, Moon, and the vacil-
lating planets [al-kawākib al-mutaḥayyira] (See Ghalandari, “A Survey of the 
Works of ‘Hayʾa’ in the Islamic Period,” 172 [42]; cf. Berlin, Staatsbibliothek, 
Landberg MS 33, f. 8b.)  

Exactly when this distinction between sayyāra and mutaḥayyira came into gen-
eral use is not clear. In the Planetary Hypotheses, planets [πλανώμενοι] is translated 
as mutaḥayyira (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 τὰ ἀπόγεια τῶν ε̅  
πλανωμένων as وأوجات الكواكب الخمسة المتحيرّة [apogees of the five planets], seeming 

to imply that there is a special category for five of the planets. But already in 
Khwārizmī’s tenth-century Mafātīḥ al-ʿulūm (edition by G. van Vloten [Leiden: E. 
J. Brill, 1895], 210, 228) and Bīrūnī’s eleventh-century Qānūn (3:987), a clear dis-
tinction is made between sayyāra for the seven planets and mutaḥayyira for the five 
(Kunitzsch, “al-Nudjūm,” in EI2 [1995], 8:101a). 
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MOTIONS OF THE EPICYCLES IN EACH NYCHTHEMERON (I.2[10]) 
 Jaghmīnī  Ptolemy Farghānī Battānī Ṭūsī  
Saturn 0;57,7,44 

Mul., 
I.2[10] 

0;57,7,43,41,
43,40 
Alm., IX.4 
(429) 

57′ 
J: Ch. 14 
(59) 
 

0;57,7,44,48 
S-K (374) 
 

=’s excess of 
Sun’s mean over 
planet’s mean 
T: II.9[11] 
(1:182–3)  

Jupiter 0;54,9,3 
Mul., 
I.2[10] 

0;54,9,2,46, 
26,0 
Alm., IX.4 
(432) 

54′ 
J: Ch. 14 
(59) 

0;54,9,3,52 
S-K (374) 
 

=’s excess of 
Sun’s mean over 
planet’s mean 
T: II.9[11] 
(1:182–3) 

Mars 0;27,41,40 
Mul., 
I.2[10] 

0;27,41, 
0,19,20,58 
Alm., IX.4 
(435) 

28′ 
J: Ch. 14 
(60) 

0;27,41,40 
S-K (374) 
 

=’s excess of 
Sun’s mean over 
planet’s mean 
T: II.9[11] 
(1:182–3) 

Venus 0;36,59,29  
or 
0;37  
or 
0;37,19,29  
Mul., 
I.2[10]a 

0;36,59, 
25,53,11,28 
Alm., IX.4 
(438) 

37′ 
J: Ch. 14 
(59) 

0;36,59,29, 
27,42,45 
Fatih 3418, f.44a 
or 
0;36,59, 
45,27,42,45 
S-K (374) 
or 
0;36,59,29, 
28,42,45 
(Kennedy, 156) 

0;37  
[S in upper half] 
T: II.9[11] 
(1:182–3) 

Mercury 3;6,24,7 
Mul., 
I.2[10] 

3;6,24,06,59,
35,50 
Alm., IX.4 
(441) 

3;6 
J: Ch. 14 
(58) 

3;6,24,7, 
45,53,33 
Fatih 3418, f.44a 
or 
3;6,[2]4,7, 
45,53,33 
(Kennedy, 156) 

3;6 
T: II.8[13] 
(1:170–1) 

Moon 13;3,53,56 
Mul., 
I.2[10] 

13;3,53,56, 
17,51,59 
Alm., IV.4 
(186) 

13;4 
J: Ch. 14 
(51) 

13;3,53,56, 
17,51,59 
Fatih 3418, f.44a 
or 
13;4 
Zīj: Ch. 30(3:77) 

13;4  
[CS in upper half] 
T: II.7[13] 
(1:154–5)  

a I.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 ʿAbd al-
Wājid’s Sharḥ al-Mulakhkhaṣ gives it unambiguously (but without explanation) (Laleli  
2127, f. 28b). MS B (p. 17) has 0;37 (and this is the value given by several sources such as 
Ṭūsī and Farghānī), but obviously this approximation could apply to either 0;36,59,29 or 
0;37,19,29. On the other hand, an early Mulakhkhaṣ commentary by Alānī (Ahmet III 3308, 
f.25a) has 0;36,59,29; and so does Battānī, whose values Jaghmīnī seems to rely on 
throughout.  
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Chapter 3 of Part I: On the Circles 

I.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 
K and 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. 

I.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 

I.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.” 

I.4[5]. The equation of daylight… Let us take an example for this: Fig. C1 is a 
three-dimensional rendition of Jaghmīnī’s passage. Cf. Ṭūsī: III.3[2] (Ragep, 
Tadhkira, 1:260–61; “On the Co-ascensions of the Ecliptic,” III.7 [1:282–87]; and 
Fig. C28 [1:363]). For comparison, ʿAbd al-Wājid’s commentary provides a two-
dimensional diagram (Laleli 2127, f. 49b). 
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Fig. C1 Illustration of the Equation of Daylight 

I.4[5]. When the head of Gemini is found toward the east for a horizon other 

59a]) may be an indication of what was missing in an earlier version of the 
Mulakhkhaṣ, and then added later, perhaps in a revision by Jaghmīnī himself. It is 
also omitted in ʿ Ubaydī’s commentary (Istanbul, Süleymaniye 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 ʿAbd al-Wājid (Laleli 2127, f. 48b) and several 
copies of Qāḍīzāde’s (UCLA, Caro Minasian 33, p. 246; Tehran, Majlis-i Shūrā 
18045 [not foliated]; Isfahan, Abū al-Barakāt 50 [not foliated]; and Qum, Faydiyya 
01832, p. 107). 

I.4[6]. …the angle of the equation: Cf. Bīrūnī, Tafhīm, nos. 172–174 (89–90); and 
Ragep, Tadhkira, II.6[5] (1:148–49). 

I.4[9]. …that they called sectors: Cf. Bīrūnī, Tafhīm, no. 201 (107–10) and Ṭūsī, 
Tadhkira, II.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 Zīj-i Shāh 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 Jamshīd Ghiyāth al-Dīn al-Kāshī (Princeton, NJ: 
Princeton University Press, 1960), 218–22. 

 by two key texts (MS F [f. 8a] and MS S [f. غير The omission of than the equator: 
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I.4[9]. The epicycle is divided by two lines, one of them extending from the 
deferent center: For the epicycle orb, Ṭūsī states the line is produced from the 
World center rather than from the deferent center (Tadhkira, II.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 ʿAbd al-
Wājid, Laleli 2127, f. 56a; ʿUbāydī, Laleli 2128, f. 38b; Qāḍīzāde, UCLA, Caro 
Minasian 33, p. 270). 

I.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.” 

I.4[12]. …and its amount is 23;35: Jaghmīnī’s value for the obliquity is not the 
Ptolemaic one of 23;51,20 (Almagest, I.12 [Toomer, Ptolemy’s Almagest, 61–63, 
esp. 63n75]). The 23;35 value is the one that derives from the time of Maʾmūn (r. 
813–33). It is found in Farghānī’s Jawāmiʿ ʿilm al-nujūm, Ch. 5 (Jawāmiʿ, 18), who 
also reports Ptolemy’s value 23;51; Battānī’s Zīj, Ch. 4 (3:18); and Ṭūsī’s Tadhkira 
(II.4[1]) as (23+⅓+¼)˚ (Ragep, 1:120–21, 2:394). However, Ṭūsī “updates” the 
value to 23;30 in his Īlkhānī  Zīj, written some four years after the Tadhkira. 
Noteworthy is that ʿAbd al-Wājid uses the value of 23;30 throughout his commen
tary, informing us (within his comments on Jaghmīnī’s 23;35 value) that 23;30 is 
due to “new observations” (Laleli 2127, ff. 58a–58b). Ibn Sīnā found the value of 
the obliquity to be 23;33,30, but seemingly he had few followers (see S. P. Ragep, 
“Ibn Sīnā,” in BEA, 1:570–72; and F. Jamil Ragep and Sally P. Ragep, “The 
Astronomical and Cosmological works of Ibn Sīnā,” 6, 10). 

I.4[15]. Parallax [lit., divergence of sight]: Ṭūsī devotes an entire chapter to this 
subject. See Ragep, Tadhkira, II.12[1–8] (1:222–29, 2:458). 

I.4[16]. The ortive amplitude: See Bīrūnī, Tafhīm, no. 220 (129) for a clear expla
nation of this term along with a diagram. 

I.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 

I.5[2]. The Sun has a single anomaly (Fig. C2): 

Fig. C2 Illustration of the Sun’s Single Anomaly 

I.5[3]. As for the remaining planets, they have numerous anomalies in longi
tude: I translated ikhtilāf (lit., difference) as anomaly. Jaghmīnī 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, 
II.7[1]18–21; Ragep, 1:148–49 and 2:417). 

I.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 II.1d: Parameters. 

THE RADII OF THE EPICYCLES AT THEIR MEAN DISTANCES (I.5[3])a

 Jaghmīnī, 
Mulakhkhaṣ 
[=Mul.] 

Ptolemy, 
Almagest 
[=Alm.] 

Battānī, 
Zīj 
[=Zīj] 

Farghānī, 
Jawāmiʿ 
[=J] 

Ṭūsī, 
Tadhkira 
[=T] 

Kharaqī, 
Muntahā 
[=M] and 
[Tabṣira] 

Saturn 6;30 
Mul.,I.5[3] 

6;30 
Alm., 
XI.6 
(540) 

6;29,50 
Zīj: Ch. 
28 
(3:73) 

6½ 
J: Ch. 16 
(65) 

6½ 
T:II.9[13] 
(1:184–5) 

6;30 
M: Bāb 10, 
Faṣl 2 (207 
[110]) 
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THE RADII OF THE EPICYCLES AT THEIR MEAN DISTANCES (I.5[3])a 
 Jaghmīnī, 

Mulakhkhaṣ
[=Mul.] 

Ptolemy, 
Almagest 
[=Alm.] 

Battānī,   
Zīj 
[=Zīj] 

Farghānī, 
Jawāmiʿ 
[=J] 

Ṭūsī, 
Tadhkira  
[=T] 

Kharaqī, 
Muntahā 
[=M] and 
[Tabṣira] 

Jupiter 11;30 
Mul., I.5[3] 

11;30 
Alm., 
XII.3 
(570)  

11;30,5 
Zīj: Ch. 
28  
(3:73) 

11½  
J: Ch. 16  
(65) 

11½  
T:II.9[13]  
(1:184–5)  

11;30 
M: Bāb 10, 
Faṣl 2 (207 
[110]) 

Mars 39;30 
Mul., I.5[3] 

39;30 
Alm., 
XII.4 
(574)  

39;25,22 
39;55,22  
Zīj: Ch. 
28 
(3:73)b 

391⁄6 
J: Ch. 16  
(65) 

39½ 
T:II.9[13]  
(1:184–5)  

39;30 
M: Bāb 10, 
Faṣl 2 (207 
[110]) 

Venus 45;0  
or 
431⁄6 
[=43;10] 
Mul., I.5[3]c 

43;10 
Alm., X.2 
(472) 
 

44;9,5 
Zīj: Ch. 
28  
(3:73) 

431⁄6 
J: Ch. 16  
(65) 

431⁄6 
T:II.9[13]  
(1:184–5)  
 

43;10 
or 43;30 
M: Bāb 10, 
Faṣl 2 (207 
[110]); 
43;32[Tabṣ.] 

Mercury 25;0 
or  
22;30 
Mul., I.5[3]d 

22;30 
Alm., 
IX.9 
(459–60) 

22;30,30 
Zīj: Ch. 
28  
(3:73) 

22½ 
J: Ch. 16  
(65)  

22½ 
T:II.8[13]  
(1:170–1)  

22;30 
M: Bāb 11, 
Faṣl 2 (218 
[133])  

Moon 6;20  
or  
5;15 
Mul., I.5[3]e  

5;14 
Alm., 
IV.6 
(202)  

5;15 
Zīj: Ch. 
28  
(3:73) 

6⅓ 
J: Ch. 16  
(65) 

5;15 
T:II.7[16] 
(1:156–7)  

ca. 5 
M: Bāb 9, 
Faṣl 3 (197 
[87])  

a For abbreviations and references, see above “On the Sources” in I.2[9]. 
b I.5[3]. The radii of the epicycles at their mean distances are…for Mars: 39;30: J. B. 
Delambre gives the Battānī value as 39;55,22. However, the Arabic text, written alphanu-
merically as كه, is 39;25,22. Cf. Nallino, Al-Battānī Sive Albatenii Opus Astronomicum, Ch. 

28, 3:73 and Delambre, Histoire de l’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]. 
c I.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 Battānī’s parameter. MS B (p. 33) gives Ptolemy’s value of 431⁄6, which 
is also found in Farghānī, Kharaqī, and Ṭūsī. 
d I.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 Battānī’s value of 22;30,30 [Zīj, Ch. 28, 3:73]). 
e I.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. Jaghmīnī has opted for the former, as does Farghānī. 
MSS F, S, K and L have 6;20; only MS B has 5;15. Cf. Ptolemy, Almagest, IV.5; and 
Pedersen, A Survey of the Almagest, 159–202 (Ch. 6: The Theories of the Moon), 424. 



262  Commentary I.5 [5-12] 

I.5[5]. The third anomaly [regarding what occurs to epicycle centers]: For Ṭūsī’s 
explanation of this anomaly regarding the Moon, see Tadhkira, II.7[25] (Ragep, 
1:158–61).  

I.5[9]. the mean apex: For Ṭūsī’s definition of the mean apex, see “On the Orbs 
and Longitudinal Motions of the Remaining Planets,” Tadhkira, II.9[11] (Ragep, 
1:182–83).  

THE DISTANCE OF THE ECCENTRIC CENTER FROM THE WORLD 
CENTER (I.5[11])a 
 Jaghmīnī, 

Mulakhkhaṣ 
[=Mul.] 

Ptolemy, 
Almagest 
[=Alm.] 

Battānī, 
Zīj  
[=Zīj] 
 

Farghānī 
Jawāmiʿ 
[=J] 
 

Ṭūsī, 
Tadhkira 
[=T] 

Kharaqī, 
Muntahā 
[=M] and 
[Tabṣira]  

Sun 2;29,30 
Mul., 
I.5[11] 

2;29,30 
Alm., III.4 
(153–5)  

2;4,45 
Zīj: Ch. 
28  
(3:73; 
2:244) 

2½ 
J: Ch. 16 
(64–5) 

2;5  
[also 
2;30] 
T:II.6[4] 
(1:146–7; 
2:416, n6) 

ca. 2 
M: Bāb 8, 
Faṣl 2  
(183 [62])  

Moonb  10;19 
Mul., 
I.5[11] 

10;19 
Alm., V.4  
(226)  

10;19 
Zīj: Ch. 
30 
(3:82; 
2:223) 

12½ 
[=10;19]  
J: Ch. 16 
(64–5) 

10;19  
T:II.7[18] 
(1:156–9)  

10+⅓ 
M: Bāb 9, 
Faṣl 1 (189 
[71]) 

a For abbreviations and references, see above “On the Sources” in I.2[9]. 
b The two values given for the Moon’s parameters (10;19 and 12;30) derive from different 
radii (See Pedersen, A 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 
(I.5[12]) 

 Jaghmīnī Ptolemy Farghānī Ṭūsī Kharaqī 
Saturn 6;50 

Mul., 
I.5[12] 

6;50 
[3;25x2]  
Alm., XI.5 
(537)  

3+¼+1⁄6 
[x2]  
J: Ch. 16  
(64–5) 

3+¼+1⁄6 
[x2] 
T: II.9 [9] 
(1:180–3)  

6+½+⅓ 
M: Bāb 10, Faṣl 2 
(205 [152]) 

Jupiter 5;30 
Mul., 
I.5[12] 

2;45 [x2] 
Alm., XI.3 
(524)  

2½+¼ [x2] 
J: Ch. 16  
(64–5) 

2¾ [x2] 
T: II.9[9] 
(1:180–3)  

5+½  
M: Bāb 10, Faṣl 2 
(205 [152]) 

Mars 12;0 
Mul., 
I.5[12] 

6;0 [x2] 
Alm., X.7 
(498)  

6;0 [x2] 
J: Ch. 16  
(64–5) 

6;0 [x2] 
T : II.9[9] 
(1:180–3)  

12 
M: Bāb 10, Faṣl 2  
(205 [152])  

Venus 2;5 
Mul., 
I.5[12]a 

1;15 [x2] 
Alm., X.2 
(472–4)  

1;15 [x2] 
J: Ch. 16  
(64–5) 

ca. ½ Sun [x2] 
T: II.9[9] 
(1:180–3) 

2;5 
M: Bāb 10, Faṣl 2  
(205 [152]) 

a Note Jaghmīnī’s value for Venus is not the Ptolemaic one; rather it is the same as Kharaqī’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 (I.5[13]) 
 Jaghmīnī Ptolemy Farghānī Ṭūsī Kharaqī 
Mercury 3;10 

Mul., 
I.5[13] 

3;0 
Alm., IX.9 
(459)  

3;0 
J: Ch. 16  
(64–5) 

Half 6;0 
T: II.8[14] 
(1:170–1) 

3 parts+1⁄6 
M: Bāb 11, Faṣl 2 
(217–18 [133]) 

 
LATITUDE OF THE PLANETS (I.5[16]) 
(=maximum inclination of the inclined orb from the zodiacal orb) 
 Jaghmīnī, 

Mulakhkhaṣ 
Ptolemy, 
Almagest  

Ṭūsī, 
Tadhkira 

Saturn 2;30˚ 
Mul., I.5[16] 

2½˚ 
Alm., XIII.3 (605)  

2½˚ 
II.10[1] (1:188–9) 

Jupiter 1;30˚ 
Mul., I.5[16] 

1½˚ 
Alm., XIII.3 (605)  

1½˚ 
II.10[1] (1:188–9) 

Mars 1;0˚ 
Mul., I.5[16] 

1˚ 
Alm., XIII.3 (604) 

1˚ 
II.10[1] (1:188–9) 

Venus +0;10˚ 
Mul., I.5[16] 

+1⁄6˚ 
Alm., XIII.3 (601) 

+1⁄6˚ 
II.10[1] (1:188–9) 

Mercury –0;45˚ 
Mul., I.5[16] 

–¾˚  
Alm., XIII.3 (601) 

–(½+¼)˚ 
II.10[1] (1:188–9) 

Moon 5;0˚ 
Mul., I.5[16] 

5˚ 
Alm., V.7, 12 (237, 247) 

5˚ 
II.7[4] (1:150–1) 

 
EPICYCLE LATITUDE AT MAXIMUM (I.5[17]) 
(= maximum deviation in either direction of the apex [or epicyclic perigee] from the 
inclined deferent)a 
 Jaghmīnī, 

Mulakhkhaṣ  
Mul.,I.5[17] 

Ptolemy, 
Almagest 
 

Ṭūsī, 
Tadhkira 
T: II.10[4] 
(1:190–3) 

Alānī, 
Sharḥ  
Ahmet III 
3308, f. 51a 

Kharaqī, 
Muntahā 
M: Bāb15, Faṣl 
3 (281 [chart]) 

Saturn 0;32˚ 0;35b 0;35 0;32 0;35  
Jupiter 0;38˚ 0;38b 0;38 0;38 0;38 
Mars 6;16˚ 

or 
6;56c 

6 
Alm., XIII.3 
(603 4)  

61⁄10 
(=6;6) 
 

6;16 6;7 
 

Venus 1;2˚ 
 

1;2 
Alm., XIII.3 
(602)  

1;2 1;2 1;2 

Mercury 1;45˚ 
 

1;45 
Alm., XIII.3 
 (602)  

1;45 
 

1;45 1;45  

a Jaghmīnī’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 Almagest, XIII.5. 
c Value found in MS S (f. 66b) and MS F (f. 8a). 
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I.5[17–18]. F. J. Ragep provides a table listing values for the deviation and slant of 
planet epicycles for Ptolemy and Ṭūsī (Tadhkira, II.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,” 41–71, esp. 63.  

I.5[18]. It is called the latitude of the slope [wirāb], the slant [inḥirāf], and the 
twist [iltiwāʾ]. Its maximum for both [i.e., Mercury and Venus] is 2;30: These 
are Ptolemy’s values for Mercury and Venus (Almagest, XIII.5 [Toomer, Ptolemy’s 
Almagest, 633–34]). Cf., Ṭūsī, Tadhkira, II.10[5] (Ragep, 1:192–95, 2:424–26). 

I.5[26]. As for the position of the apogees, they are for the beginning of the year 

ي ز غث( (  1517 of Dhū al-Qarnayn: The term “Dhū 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 ( ي ز غش(
 (500); for an example of this, see (300) ث instead of ش due to a mistake in reading 

ʿAbd al-Wājid’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 Alānī (Ahmet III 3308, f. 55b) and 
Qāḍīzāde (Ayasofya 2662, f. 42b). The date 1517 is also found in at least two 
fifteenth-century Persian commentaries (Muḥammad b. ʿUmar al-Andiqānī 
[Ayasofya 2592, f. 26a] and Ḥamza b. Ḥājjī Sulaymān [Ayasofya 2593, f. 121a]). 
It is also noted in the articles of Ghalandari (“Chaghmīnī,” The Great Islamic 
Encyclopedia) and Qāsimlū (“Chaghmīnī,” Encyclopaedia of the World of Islam). 
Rudloff and Hochheim omitted the year entirely in their German translation (“Die 
Astronomie des Maḥmûd ibn Muḥammed ibn ‘Omar al-Ǵagmînî,” 253); had they 
included it much of the controversy regarding Jaghmīnī’s dates may have been 
avoided. 

The date 1517 and Jaghmīnī’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 Ṣafar 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, “Taʾrīkh,” 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. Bīrūnī’s listing of eras (Tafhīm, no. 282 [174]). 
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JAGHMĪNĪ’S PARAMETERS FOR THE POSITIONS OF THE APOGEES 
(I.5[26]) AND NODES (I.5[27])
These values are found in all 5 MSS and also the commentaries of Alānī (Ahmet III 3308, 
f. 55b) and Qāḍīzāde (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 Jaghmīnī was internally consistent within the Mulakhkhaṣ.  
 Apogee  

Position 
Head Node  
Position 

Tail Node 
Position 

Midpoint (between 
head & tail) 

Saturn 
[50˚ beyond  
midpoint] 

Sagittarius 
9;23,33 
=249;23,33 
[=199;23;33+50] 

Cancer 
19;23,33 
=109;23,33 

289;23,33 199;23;33 
 

Jupiter 
[20˚ in 
advance of 
midpoint] 

Virgo 19;23,33 
=169;23,33 
[=189;23,33–20] 

Cancer 9;23,33 
=99;23,33 

279;23,33 189;23,33 

Mars 
[= midpoint] 

Leo 11;53,46 
=131;53,46 

Taurus 
11;53,46 
=41;53,46 

221;53,46 131;53,46 

Venus 
[= midpoint] 

Gemini 27;10,33 
=87;10,33 

Pisces 27;10,33 
=357;10,33 

177;10,33 87;10,33 

Mercury 
[= midpoint] 

Libra 26;23,33 
=206;23,33 

Capricorn 
26;23,33 
=296;23,33 

116;23,33 206;23,33 

 
Most likely, Jaghmīnī relied on Battānī’s values for his computations (see chart 

below). My conclusion was facilitated by the fact that both Jaghmīnī and Battānī 
give their values in the era of Dhū al-Qarnayn (in contrast to Bīrūnī 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 Dhū al-Qarnayn for Jaghmīnī; 1191 Dhū al-Qarnayn 
for Battānī. 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 
 Jaghmīnī, 

Mulakhkhaṣ 
I.5[26] 

Battānī, Zīj 
(Ch. 45, 3:172–3;  
Ch. 28, 3:67 [Sun]) 

Value of Jaghmīnī 
minus value of Battānī 

Year 1517 Dhū al-
Qarnayn 

1191 Dhū al-Qarnayn  

Sun  Gemini 27;10,33 
=87;10,33 

[same as Venus]
 

 

Saturn  Sagittarius 9;23,33 
=249;23,33 

244;28 
 
 

249;23,33 
244;28,00 
   4;55,33 

Jupiter  Virgo 19;23,33 
=169;23,33 
 

164; 28 169;23,33 
164;28,00 
  4;55,33 
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POSITION OF THE APOGEES
 Jaghmīnī, 

Mulakhkhaṣ 
I.5[26] 

Battānī, Zīj 
(Ch. 45, 3:172–3; 
Ch. 28, 3:67 [Sun]) 

Value of Jaghmīnī 
minus value of Battānī 

Mars Leo 11;53,46a 

=131;53,46 
126;18 131;53,46 

126;18;00 
  5;35,46 

Misprint 
in 
Battānī? 

126;58 
 [? ( ) 58]نح) not 18 (يح

131;53,46 
126;58;00 

4;55,46 
Venus Gemini 27;10,33 

=87;10,33 
82;14   87;10,33 

82;14,00 
4;56;33 

Misprint 
in 
Battānī? 

82;15 
 [? ( ) 15]يه) not (يد

  87;10,33 
82;15,00 
4;55;33 

Mercury Libra 26; 23,33 
=206;23,33 

201;28 206;23,33 
201;28,00 

4;55,33 
a Note that Jaghmīnī 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 zīj. 
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 Jaghmīnī does not rely on Bīrūnī’s often more accurate 
parameters (which clearly do not correspond with Jaghmīnī’s); they were fellow 
Khwārizmians, and Bīrūnī flourished a century after Battānī. Perhaps Jaghmīnī 
found working in the Alexandrian calendar more congenial and thus followed 
Battānī, but it is far more likely the authority of Battānī’s Zīj still held sway despite 
the intervening centuries and the availability of better parameters. 

I.5[28]. Then for every year, one adds to their positions what the orb of the 
fixed stars moves in the year: Jaghmīnī 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. 

I.5[29]. What occurs to the vacillating planets regarding retrogradation, direct 
motion, and stations: Ṭūsī uses wuqūf not maqām for station (Tadhkira, II.5[8]24 
[Ragep, 1:136–37, 2:414]). Cf., Almagest, IX.2 (Toomer, Ptolemy’s Almagest, 420– 
21). 

I.5[32]. What occurs to [the vacillating planets] in relation to the Sun: Cf. Ṭūsī, 
Tadhkira, II.9[12] and [14] (Ragep, 1:182–85) and IV.6[3] (2:525). For Bīrūnī’s 
definition of a planet in combust, see Tafhīm, no. 153 (64–65). 

I.5[35]. What occurs to the Moon in relation to the Sun: The new Moon 
[muḥāq], waxing, full Moon, waning, its eclipsing of the Sun, and lunar eclipses: 
See Figs. C3, C4, and C5. 
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Fig. C3   Illumination of the Moon in Relation to the Sun

 

 

 

 

 

Fig. C4 Fig. C5 



268 Commentary I.5 [35] – II.1 [3] 

I.5[35]. What occurs to the Moon in relation to the Sun: The new Moon 
[muḥāq]: According to Bīrūnī, this term technically applies to the Moon’s setting 
or disappearance two days prior to appearing new in the west (Tafhīm, no. 154 [64– 
66]). 

I.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 Mulakhkhaṣ 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  

II.1[1]. the cupola of the Earth: Cf. Bīrūnī, Tafhīm, no. 239 (140); and Ṭūsī, 
Tadhkira, III.1[7] (Ragep, 1:250–51). 

II.1[2]. Ptolemy, after writing the Almagest, claimed that he found habitation 
below the equator to a distance of 16;25: Jaghmīnī is here referring to Ptolemy’s 
Geography, which Ptolemy wrote after his Almagest. Regarding habitation beneath 
the equator, Ptolemy states in the Almagest: “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 [II.6]). In compar
ison, in his Geography, Ptolemy gives the southern limit of habitation as 165⁄12˚ 
south of the equator (Berggren and Jones, Ptolemy’s Geography, 85 (Bk 1.23[4], 
[23])). Note that the Mulakhkhaṣ commentators are well aware that Jaghmīnī is re
ferring to Ptolemy’s Geography here (for examples, see Alānī, Ahmet III 3308, f. 
65a; ʿAbd al-Wājid, Laleli 2127, f. 101a; and Qāḍīzāde, Ayasofya 2662, f. 48b). 

II.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: Jaghmīnī is here referring to the Eternal Islands (al-khālidāt), 
also called the Fortunate Islands (suʿadāʾ) [also referred to as the Isles of the Blest, 
and usually thought to be the Canary Islands]. See Tadhkira, III.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 Jaghmīnī’s al-Mulakhkhaṣ contain 
the Ptolemaic values found in the Almagest, II.6 up to Clime VII for the maximum 
daylight of 16 hours (Toomer, Ptolemy’s Almagest, 82–87). Kharaqī’s Tabṣira 
(Maqāla 2, Bāb 2 of hayʾat al-arḍ) and Muntahā (Maqāla 2, Bāb 4) also contain 
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Ptolemaic values, and Kharaqī cites Ptolemy and the Almagest in both his works. 
But there are differences, for which see II.1[8]. 

As discussed in the Introduction (§ I.1), an enormous number of extant 
Mulakhkhaṣ witnesses have been modified with parameters found in Ṭūsī’s 
Tadhkira fī ʿ ilm al-hayʾa, composed over fifty years after the Mulakhkhaṣ. For more 
extensive comparative charts of the values of the maximum daylight and latitudes 
of climes, see F. J. Ragep, “On Dating Jaghmīnī and His Mulakhkhaṣ,” 463–64; and 
Ragep, Tadhkira, Commentary III.1[8] (2:469–71), esp. Table 7 (2:470). In addition 
to Ptolemy, Jaghmīnī, and Ṭūsī, these charts list the parameters found in Bīrūnī, 
Qāḍīzāde’s Sharḥ al-Mulakhkhaṣ, Rudloff and Hochheim’s German Mulakhkhaṣ 
translation, and modern computations.  

Below is a comparative chart of the values of the maximum daylight and lati-
tudes of climes for Ptolemy’s Almagest, Jaghmīnī’s Mulakhkhaṣ, Ṭūsī’s Tadhkira, 
and Kharaqī’s Muntahā and Tabṣira. 

MAXIMUM DAYLIGHT AND LATITUDES OF THE CLIMES (II.1[3–10]) 
  

Maximum 
Daylight 
(Hours) 

Latitudes 
Jaghmīnī, 
Mulakhkhaṣ 
(II.1[3–10])a 

Ptolemy, 
Almagest 
II.6(82–7) 

Ṭūsī, 
Tadhkira III.1[8] 
(1:250–3; 2:469–71) 

Kharaqī, 
Muntahā 
and Tabṣirab 

I 12 
12¾ [12;45] 

0° 
12;30° (II.1[3]) 

 
12;30° 

 
12;40° [12+⅔]  

 
12;30° 

13 [13;0] 16;27° (II.1[3]) 16;27° 16;37,30°  
[16+½+1⁄8] 

16;27°  

II 13¼ [13;15] 20;14° (II.1[4]) 20;14° 20;27° [20+¼+1⁄5] 20;14° 
13½ [13;30] 23;51° 

(II.1[4]) 
23;51° 24;5° [24+(½ of 1⁄6)]  23;51°  

24;40° [24+(½+1⁄6)] 
copyist error  

III 13¾ [13;45] 27;12° (II.1[5]) 27;12° 27;30° [27+½] 27;12° 
29;12° 
copyist error 

14 [14;0] 30;22° (II.1[5]) 30;22° 30;40° [30+⅔] 30;22° 
IV 14¼ [14;15] 33;18° (II.1[6]) 33;18° 33;37,30° [33+½+1⁄8] 33;18° 

14½ [14;30] 36;0° (I.1[6]) 36;0° 36;22° [36+1⁄5+1⁄6] 36;0° 
V 14¾ [14;45] 38;35° 

(II.1[7]) 
38;35° 38;54°  

[39 minus 1⁄10] 
38;35° 

15 [15;0] 40;56° (II.1[7]) 40;56° 41;15° [41+¼] 40;56° 
VI 15¼ [15;15] 43;51° (II.1[8]) 43;1° 43;22,30°  

[43+¼+1⁄8] 
43;1° 

43;15° 43;15° 
15½ [15;30] 45;1° (I.1[8]) 45;1° 45;21° [45+¼+1⁄10] 45;1° 

VII 15¾ [15;45] 46;51° (II.1[9]) 46;51° 47;12° [47+1⁄5] 46;51° 
16 [16;0] 48;32° (II.1[9]) 48;32° 48;52,30° 

[48+½+¼+1⁄8] 
48;32° 

16¼ [16;15] 50;25° 
(II.1[10]) 

50;4° 50;20° – 

a See Text Apparatus for parameter variants found in the manuscripts. 
b Tabṣira: Ayasofya 2581, ff. 121a–124a and Laleli 2141, ff. 45a–46b; Muntahā:  Ghalandari, 
327–34 [308–25]. In both Tabṣira witnesses, the numbers are written in words.  
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II.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. Alānī’s Sharḥ (Ahmet III 3308, f. 66a) also gives this 
Ptolemaic value. But MS K (f. 28a) gives 16;37; this could be due to the obvious

 (20). Another possibility is that the (30) ك into a ل scribal error of not changing the 

copyist is using Qāḍīzāde’s parameter of 16;37 (Ayasofya 2662, f. 49a) or perhaps 
abridging Ṭūsī’s parameter of 16;37,30 [16+½+⅛] degrees (Tadhkira, III.1[8] 
[Ragep, 1:250-51]). Note that Ṭūsī, unlike Jaghmīnī, begins the first clime at 12;45 
[12+½+¼] hours with a latitude of 12;40 (12⅔ degrees). 

II.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 Ṭūsī 
(20;27=20+¼+1⁄5  [Tadhkira, III.1[8] (Ragep, 1:250–51)]) and in Qāḍīzāde, Sharḥ 
Mulakhkhaṣ (Ayasofya 2662, f. 49b). In other words, someone has tried to “update” 
the Ptolemaic 14 minutes to Ṭūsī’s 27. MS B provides no value. MS F (f. 15a) has 

) was most likely 0;24يد ك and MS K (f. 28a) has 24;15. For MSS F and K, 20;14 (

 , leading to the combining ي misread from a copy that was missing the dots on the 

to form 24. For MS K, the 24;15 is most likely a copyist error. Note that ك and د of 

Alānī’s commentary (Ahmet III 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 Kharaqī) was an important factor in selecting manuscripts 
for this edition, since I chose those witnesses that contain the original Ptolemaic 
values. Though Alānī’s commentary also has the Ptolemaic value of 23;51 degrees 
(f. 66b), the vast majority of Mulakhkhaṣ 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 Ṭūsī’s correct value of 24;5 degrees [written 
as 24+(½ of 1⁄6)] was misread as [24+(½ and 1⁄6) or 24⅔], which only involves the

 >. Because the 24;40 value could only have been transmitted after و addition of a < 

the Tadhkira was copied, and it is the predominant value in most copies and 
commentaries of the Mulakhkhaṣ, it was assumed by Bīrjandī (followed by F. J. 
Ragep in his commentary on the Tadhkira) that the Mulakhkhaṣ must postdate the 
Tadhkira. For more details on the significance of this scribal error, see Tadhkira, 
III.1[8] (1:250–51 and 2:471); for J. Ragep’s revision of his original assumption, 
see his “On Dating Jaghmīnī and His Mulakhkhaṣ.” 

II.1[5]. the third [clime]: for 27;12 [degrees latitude]: MS B provides no value; 
). However, in MS S (f. 72a), كط the remaining 4 MSS all have the value 29;12 (i.e, 
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someone has attempted to change 29 to 27 in the main text; and also in MS L (f. 
) in the margin. The value 29 remains a mystery.75كزb), someone has written 27 ( 

For comparison, 27;12 is in Alānī’s commentary (Ahmet III 3308, f. 66b) and in 
both Kharaqī’s Tabṣira and Muntahā; whereas Ṭūsī  (Tadhkira, III.1[8] [Ragep, 
1:250–51]), Qāḍīzāde (Ayasofya 2662, f. 49b), and ʿAbd al-Wājid (Laleli 2127, f. 
102b) all give 27;30. However, al-Andiqānī’s fifteenth-century Persian translation 
of the Mulakhkhaṣ has 29;12 (Ayasofya 2592, f. 21b). 

For 14 hours, and 30;22 degrees latitude: MS B provides no values; the remain
ing 4 MSS all have the Ptolemaic value of 30;22. For comparisons: Alānī’s 
commentary also has 30;22 (f. 66b); however, Ṭūsī gives 30⅔ (Tadhkira, III.1[8] 
[Ragep, 1:250–51]) and this is equivalent to Qāḍīzāde’s 30;40 (f. 49b). ʿAbd al-
Wājid (ff. 102b–103a) gives 30;40 but in addition mentions that some versions have 
30;22. 

II.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) 

), which can be read 33;38 or 33;33; however, 33;38 could beلحلحhas the variant ( 

a rounding up of Ṭūsī’s value of 33;37,30 (see chart and Tadhkira, III.1[8] [Ragep, 
1:250–51]). This assumption is supported by ʿAbd al-Wājid, who in his commen

’s value ofīsṬūand لحلح tary (Laleli 2127, f. 103a) provides both the alphanumeric 

33+½+1⁄8 (=33;37,30). For other comparisons: Qāḍīzāde gives 33;37 (Ayasofya 
2662, f. 49b); and both Kharaqī’s Tabṣira and Alānī give the Ptolemaic value of 
33;18 (Ahmet III 3308, f. 66b). 

For 14;30 hours, MSS F, L, S give the Ptolemaic value of 36;0 degrees latitude 
(also found in Alānī [f. 66b] and Kharaqī’s Tabṣira). However, MS K (f. 28a) has 
36;22, which is found in Qāḍīzāde (f. 49b), and is equivalent to the 36+1⁄5+1⁄6 put 
forth by Ṭūsī  (Tadhkira, III.1[8] [Ragep, 1:252–53]) and also ʿAbd al-Wājid (f. 
103a), who attributes his value to Ṭūsī. 

II.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. Alānī (Ahmet III 3308, f. 66b) 
also gives 38;35; however, both Ṭūsī  (Tadhkira, III.1[8] [Ragep, 1:252–53]) and 
ʿAbd al-Wājid (Laleli 2127, f. 103a) give the value as 39 minus ¹⁄10 which is 
equivalent to Qāḍīzāde’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 

 (41¼) īsṬū [15], since 41;15 is the value given by [55] يه for نه copyist mistaking 

(Ragep, Tadhkira, 1:252–53, III.1[8]), Qāḍīzāde (f. 50a), and ʿAbd al-Wājid (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 Alānī (f. 66b) and Kharaqī’s Tabṣira. 
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II.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 43¼), 43;1 is confirmed by the values for the shadow lengths.” 
However, the Kharaqī witnesses contain both readings: the Tabṣira has 43;1 
(Ayasofya 2581, f. 123a [copied 885/1480, f. 155a]), and the earlier Laleli 2141 (also 
containing the earliest dated Mulakhkhaṣ), f. 46a has 43;15. The parameters are 
written out in both, thus removing any ambiguity connected with witnesses using 
an alphanumerical notation. The Muntahā has 43¼ (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 43¼). 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

 (15) added in the margin. Also in the main text of يه with ن are added beneath the 

MS L, in another hand, someone has written 22 beneath the 51. The value 43;22 is 
found in Qāḍīzāde (Ayasofya 2662, f. 50a) and in Ṭūsī’s Tadhkira (III.1[8] [Ragep, 
1:252–53]), written as 43+¼+1⁄8. ʿAbd al-Wājid gives both 43;22 and forty-three 
parts and a quarter [=43;15] (Laleli 2127, f. 103a). Alānī 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 Mulakhkhaṣ (Andiqānī, 903). Unfortunately, Andiqānī’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 

) often is used to representمدas 44;21 or 44;51, or even 0;21 or 0;51, since his 44 ( 

0. For comparison, Qāḍīzāde (f. 50a) has 45;21 as does Ṭūsī (=45+¼+1⁄10) 
(Tadhkira, III.1[8] [Ragep, 1:252–53]) and ʿAbd al-Wājid (f. 103a). Alānī has 45;1 
(f. 67a), which is also found in Kharaqī’s Tabṣira. 

II.1[9]. the seventh [clime]: MSS F, L, S have the Ptolemaic value of 46;51 degrees 
(also found in Alānī [Ahmet III 3308, f. 67a] and Kharaqī’s Tabṣira); MS B has no 
value; and MS K has 46;52 (clearly marked). In comparison: Ṭūsī’s value is 471⁄5 

(Tadhkira, III.1[8] [Ragep, 1:252–53]), which is also found in ʿ Abd al-Wājid (Laleli 
2127, f. 103b), and is equivalent to Qāḍīzāde’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. Kharaqī’s Tabṣira and Muntahā, and Alānī’s Sharḥ, 
also have these Ptolemaic values (f. 67a). Ṭūsī gives this value as 48+½+¼+1⁄8 

(Tadhkira, III.1[8] [Ragep, 1:252–53]); it is also found in ʿAbd al-Wājid (f. 103a), 
which is equivalent to Qāḍīzāde’s 48;52 (f. 50b). 

II.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, II.6[18] (Toomer, Ptolemy’s Almagest, 87, 87n51). MS B 
has no value, and MSS F, S, L give 50;25 degrees. MS K (f. 28b) has 50;35. Bīrūnī 
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seems to be the origin of 50;25, which is what one finds in his Tafhīm, no. 236 
(138). For other comparisons: Kharaq ī gives no value in his Tabṣira and Muntahā; 
and Ṭūsī gives 50⅓  (Tadhkira, III.1[8] [Ragep, 1:252–53]), equivalent to 50;20 
(found also in Qāḍīzāde [Ayasofya 2662, f. 50b] and Alānī [Ahmet III 3308, f. 
67a]). ʿAbd al-Wājid (Laleli 2127, f. 103b) gives the otherwise unattested 55;20. 

II.1[10]. …they do not count that part of the habitable land below the equator 
as part of the climes: ʿAbd al-Wājid reminds us that this would be that part of the 
habitable land below the equator in Ptolemy’s Geography (Laleli 2127, f. 103b). 

II.1[10]. …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: MSS 
F, K, L, S all give a latitude of 50;25; MS B has no value. ʿAbd al-Wājid gives 
55;25 (=55+¼+1⁄6) (Laleli 2127, f. 104a), which is close but not exactly the same as 
the 55;20 cited previously. 

II.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: 
Jaghmīnī is probably referring to the island Thule, usually thought to be the Shet
land Islands; Almagest, II.6[29] (Toomer, Ptolemy’s Almagest, 89, 89n66) and 
Ptolemy’s Geography, Book I.7 and II.3[32] (Berggren and Jones, 64–65, 180). 
Kharaqī explicitly mentions the island of Thule in the Tabṣira (Laleli 2141, f. 45a). 

II.1[10]. in latitude 64 is a habitation whose residents are an unknown Slavic 
people: The unknown Slavic people (the Ṣaqāliba) could be a reference to Ptol
emy’s “unknown Scythian peoples” at 64;30 degrees (Almagest, II.6[30] [Toomer, 
Ptolemy’s Almagest, 89]). It is not clear whether Jaghmīnī is aware of Ibn Faḍlān’s 
tenth-century account of various peoples in the northern latitudes. For a recent 
study, see James E. Montgomery, “Ibn Faḍlān and the Rūsiyyah,” 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 Kharaqī’s Tabṣira as well as in all the Mulakhkhaṣ commentaries I 
have checked. 

Chapter 2 of Part II: On the Characteristics 
 of the Equator and Locations Having Latitude 

II.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: Jaghmīnī 
here uses the word ʿaṣāmīr (plural of ʿuṣmār), which is defined as a waterwheel 
with a bucket; see F. Steingass, Arabic-English Dictionary (London, 1884), 701. 
Cf. Tadhkira, III.2[1]23 (Ragep, 2:472), for a definition of dūlābiyyan (wheel-like). 

II.2[2]. …when the Sun reaches the two equinox points, this being the days of 
Nayrūz and Mihrjān: For Bīrūnī’s discussion of Nayrūz and Mihrjān, see Tafhīm, 
nos. 302 and 304, respectively (180–82). Jaghmīnī uses an “Arabized” spelling of 
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Nayrūz  <نيروز > , rather than <نوروز >; and I found no variant spellings in my main 

manuscripts or in various commentaries I checked (ʿAbd al-Wājid [Laleli 2127, f. 
106b]; Alānī [Ahmet III 3308, f. 69a]). Jaghmīnī clearly connects the two holidays 
with the equinox points (Nayrūz: the vernal equinox; Mihrjān: the autumnal 
equinox). However, according to Bīrūnī, Mihrjān falls on the 16th day of the month 
Mihr-māh, which does not necessary occur at the autumnal equinox. 

II.2[7]. Among them are [the locations] whose latitude exceeds the complement 
of the obliquity, i.e., over 66;25: Jaghmīnī’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 Jaghmīnī 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). I 
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 ʿAbd al-Wājid’s commentary. ʿAbd al-Wājid specifically provides 
a worked out example of a location of 70 degrees latitude (20 degrees colatitude) in 
Laleli 2127, ff. 112b–114b. 

II.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.: Jaghmīnī first introduces the meaning of 
the complement of the arc in I.4[1]: On the Arcs. However, here he also terms the 
latitude’s complement as its “completion.” Cf. ʿAbd al-Wājid, Laleli 2127, f. 113b. 

II.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 ʿAbd al-
Wājid, “vice versa” here means “that facing what rises in regular order will set in 
regular order” (Laleli 2127, ff. 118b–119a). 

II.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 reverse 

 
II.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. 

II.2[14]. Now then, instruction of the above is sufficient for understanding this 
[topic]: The abrupt tone of this closing statement suggests that Jaghmīnī’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 II.3[1] and 
II.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 qibla bearing, so 
Fig. 8 (the illustration of the Indian circle) is also missing. 

II.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 Jaghmīnī 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, ʿAbd al-Wājid comments that Jaghmīnī 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 ʿAbd al-Wājid, Laleli 2127, f.121a. 

SUMMARY OF STAR TRANSIT 
NORTH latitude SOUTH latitude 

Half 1 of zodiacal orb: 
Cancer 0˚ => Sagittarius 30˚ 

star reaches meridian 
after its degree 

star reaches meridian before 
its degree 

Half 2 of zodiacal orb 
Capricorn 0˚ => Gemini 30˚ 

star reaches meridian 
before its degree 

star reaches meridian after 
its degree 

For discussions of the star’s degree, see Bīrūnī, Tafhīm, no. 243 (147–48) and 
Ṭūsī’s chapter entitled “On the Degrees of Transit of the Stars on the Meridian and 
on Their [Degrees of] Rising and Setting” (Tadhkira, [III.11[1–3]; Ragep, 1:302–5, 
370 [Fig. C35] and 2:495–96). 

II.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 ʿAbd al-Wājid (Laleli 2127, f. 123a–123b). 

II.3[2]. Jaghmīnī refers to 2 kinds of shadows: the “first shadow” is produced by a 
horizontal gnomon erected parallel to the horizon plane and is called maʿkūs [umbra 
versa] because it produces a reversed shadow directed toward the ground. This 
shadow is also called muntaṣib (erect) since it is perpendicular to both the gnomon 
and the horizon plane. Jaghmīnī’s “second shadow” is produced by a vertical gno
mon perpendicular to the horizon plane. It is called mustawī [umbra recta] because 
this planar shadow is level with the horizon plane (see Fig. C6). 
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Fig. C6 

Jaghmīnī informs us here how to determine the start-time for the afternoon [ʿaṣr] 
prayer using gnomon shadows according to both the rulings of al-Shāfiʿī and Abū 
Ḥanīfa. It is noteworthy that the attribution to al-Shāfiʿī 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 
Jaghmīnī did not think there was a need to cite al-Shāfiʿī explicitly, since, as a 
Shāfiʿī presumably teaching in a Shāfiʿī madrasa, Jaghmīnī probably assumed that 
Shāfiʿī’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 Abū Ḥanīfa. 
In any event, someone writing after the first edition of the Mulakhkhaṣ felt the need 
to reference both. 

For Bīrūnī on the various divisions of the gnomon and kinds of shadow, see 
Tafhīm, nos. 227, 228, and 229 (133–34); and E. S. Kennedy, “Al-Bīrūnī on the 
Muslim Times of Prayer,” in The Scholar and the Saint: Studies in Commemoration 
of Abū’l-Rayḥān al-Bīrūnī and Jalāl al-Dīn al-Rūmī (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-Rayḥān Muḥammad b. 
Aḥmad al-Bīrūnī, 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 Imāms 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.  

II.3[3]. On determining the meridian line: On finding the meridian line and de-
fining the Indian circle, cf. Ṭūsī, Tadhkira, III.12[2–3] (Ragep, 1:306–7, 2:496–
97); and on how to determine the Indian circle, see Bīrūnī, Tafhīm, no. 131 (49–52). 
There are some minor discrepancies between Jaghmīnī, Ṭūsī, and Bīrūnī: Both 
Bīrūnī and Ṭūsī prefer to define the gnomon length as half the radius, whereas 
Jaghmīnī uses the equivalent ¼ the diameter (cf. Tafhīm, 49; Tadhkira, 1:306–7); 
and whereas Jaghmīnī gives two methods to determine that the gnomon is 
perpendicular, Bīrūnī uses the plumb-line option only and Ṭūsī is silent on this 
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matter. Al-shāqūl (the plumb-line or plummet) is a suspended string with an 
attached weight that points towards the Earth’s center of gravity. 

II.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 Jaghmīnī 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 Alānī, Ahmet III 3308, 
f. 83; and ʿAbd al-Wājid, Laleli 2127, f. 128a) or only cited the general region; for 
example, Qāḍīzāde just gives Khwārizm (Ayasofya 2662, f. 62b). 

II.3[4–5]. In these passages, Jaghmīnī instructs us how to determine the qibla 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. ʿAbd al-
Wājid, 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. (ʿAbd al-Wājid points out Kūshyār ibn 
Labbān made this error [f. 129a].) Jaghmīnī provides detailed instructions here on 
determining this qibla 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] Jaghmīnī uses the term khaṭṭ wasaṭ 
al-samāʾ here, literally “mid-heaven line” (linea medii coeli) for the meridian; and 
[3] Jaghmīnī 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.  

II.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 qibla: 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. Ṭūsī, who was able to use the idea behind 
Jaghmīnī’s technique for latitudes equal to that of Mecca and generalize to all 
locations (Tadhkira, III.12[3–4]; Ragep, 1:306–9, 2:497). Also see David A. King, 
who points out that Battānī and Jaghmīnī both used methodological procedures that 
were cartographic (World-Maps for Finding the Direction and Distance to Mecca 
[London: Al-Furqān 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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Jaghmīnī’s section on determining the qibla was most likely taken from 
Kharaqī’s Tabṣira, given that Kharaqī has the exact same astrolabe/gnomon exer
cise (Laleli 2141, Bāb 12, ff. 55a–56b). 

II.3[7]. This is recorded in the zījes [astronomical handbooks]: Jaghmīnī 
mentions  zījes twice in the Mulakhkhaṣ, here and in I.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. Samsó for a 
supplement to Kennedy’s survey with additional tables that are not contained within 
zījes (“Astronomical Handbooks and Tables from the Islamic World [750–1900]: 
an Interim Report,” Suhyal 2 [2001]: 9–105). 

II.3[8]. The duration of daytime: For this section, cf. Ṭūsī, Tadhkira, III.10 
(Ragep, 1:298–303, 2:489–95). 

II.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. 

II.3[9]. For some of them said 365¼ days; according to Ptolemy, 365¼ days less 
1/300 part of a day; and according to Battānī 365¼ 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-Battānī, Cosmology, and the Early History of Trepi
dation,” 285; and Tadhkira, 2:493). See also Ptolemy’s Almagest, III.1 (Toomer, 
140); and Battānī’s Zīj, Ch. 27 (3:61–62 and 1:40–41). 

II.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+1⁄5+1⁄6 days. This 
year is less than the solar year by approximately 10 days and 20½ hours:  

This passage, including all Jaghmīnī’s parameters, is found in Kharaqī’s Tabṣira 
(Laleli 2141, Bāb 14 of hayʾat al-arḍ, esp. f. 58b). According to the parameters of 
Jaghmīnī (see Mulakhkhaṣ, I.2[3], I.2[8], I.5[37])—and Kharaqī—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 Jaghmīnī’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+1⁄5+1⁄6 days (or 35411⁄30 days), see Ragep’s commentary on Ṭūsī’s Tadhkira, 
III.10[2] (2:491–92). As for the lunar year being less than the solar year by 
approximately 10 days and 20½ hours: According to Qāḍīzāde, it would have been 
more correct for Jaghmīnī (and presumably Kharaqī) to have stated that the 
difference was approximately 10 days and 21 hours [Ayasofya 2662, f. 69a], which 
is closer to what I calculated. 

II.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:  

»لا ينُادى وليدُها«  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: Jaghmīnī’s Works 

A. Astronomy 

Title Description 
1. يطةسـب ل ا ئةيه ل ا علم في ص  الملخّ

al-Mulakhkhaṣ fī ʿilm al-hayʾa 
al-basīṭa 

An introductory work on the discipline 
of hayʾa basīṭa, dedicated to Badr al-
Dīn al-Qalānisī, composed 602-3/1205-6 
[extant] 

GAL1: 473; GAL suppl. 1:865; Ghalandari, “Chaghmīnī,” no. 1; Kaḥḥāla, 
12:198; Qāsimlū, 12:62 (no. 8); Ziriklī, 7:181. 

2. ٔبعادها وا اكبولكا امجر ٔ ا قدار أ  في سالةر
Risāla fī aqdār ajrām al
kawākib wa-abʿādihā 

A treatise on planetary distances and 
sizes, dedicated to Badr al-Dīn al
Qalānisī [extant] 

King, Survey, 150 (G17, 1.27); King, Catalogue, 2:21 [2] [al-Qalānisī is 
misread as “al-Falāsitī (?)”]. See also Bratislava, Bratislava Library, TG 
15, Ordinal Number 291. 

3. يللتح ل الفر تارسـ اعدوالق يرتحر  ائد أ
Taḥrīr al-qawāʿid li-taḥlīl astār 
al-farāʾid 

A treatise on rules for clarifying vari
ous miscellaneous items in astronomy 
[extant] 

GAL1:625; de Slane, 516, no. 2865.  

B. Astrology 

4.  هاضعفو اكبوالك وىق في تابلكا
al-Kitāb fī quwā al-kawākib wa
ḍaʿfihā 

A work on the strengths and weak
nesses of the planets, dedicated to a 
Shihāb al-Dīn. Based on a date given 
for the planetary apogees, this treatise 
was composed one year earlier than the 
Mulakhkhaṣ, 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 Jaghmīnī, Talkhīṣ kitāb Ūqlīdis, 249. On the 
identification of Shihāb al-Dīn, see supra I.2.3c. See also de Slane, 468, 
no. 2589; Ghalandari, “Chaghmīnī,” no. 4; Kaḥḥāla, 12:198; Qāsimlū, 
12:61 (no. 1); Ziriklī, 7:182. 

 

C. Mathematics 

 Title Description 
  تلخيص كتاب أوقليدس .5

Talkhīṣ kitāb Ūqlīdis 
 

The Epitome of Euclid’s Elements, 
composed at the request of Shihāb al-
Dīn Abū Saʿd ibn ʿImrān al-
Khwārizmī al-Khīwaqī, and completed 
Sunday, 22 Ṣafar 615 H (= Saturday-
Sunday, 19-20 May 1218 CE)  

GAS 5:115 (no. 56); Ghalandari, “Chaghmīnī,” no. 3; Qāsimlū, 12:62 (no. 
7), 63; Talkhīṣ kitāb Ūqlīdis, 15–246 (the dedicatee is given on 16, 
followed by seven verses of poetry). 

 الموجز في الحساب [= الضرب؟] .6
al-Mūjaz fī al-ḥisāb 

A summary on arithmetic that includes 
a discussion of multiplication 

Ghalandari, “Chaghmīnī,” no. 6; Qāsimlū, 12:61 (lists this as two separate 
works: “al-ḍarb” [2] and “ṣuwar al-hisāb” [3]); Talkhīṣ kitāb Ūqlīdis, 
254–55. 

ر الحساب التسع (=رسالة رسالة صوّ  .7
= رسالة في ؟لطيفة في حساب

الحساب؟)
Risālat ṣuwar al-ḥisāb al-tisʿ 
(=Risāla laṭīfa fī ḥisāb?=Risāla 
fī al-ḥisāb?) 

A treatise on nine types of arithmetic 
[extant] 
 

GAL suppl. 1:865; Ghalandari, “Chaghmīnī,” no. 5; Hitti, 324 (no. 1032 = 
Princeton University, Garrett no. 502H); Kaḥḥāla, 12:198; Qāsimlū, 12:61 
(no. 4); Ziriklī, 7:182. See Tehran, Central Library of the University of 
Tehran, MS 6911. King ambiguously mentions a “R. mukhtaṣara fi l-
Ḥisāb, on simple arithmetic” (King, Survey, 150 [G17, 6.3.11]); MAMS2 
follows King, 198 (no. 547), M1. 

شرح طرق الحساب في مسائل الوصايا .8
Sharḥ Ṭuruq al-ḥisāb fī masāʾil 
al-waṣāyā  

A Commentary on using arithmetic in 
questions related to inheritance [ex-
tant] 

GAL suppl. 1:865; Ghalandari; “Chaghmīnī”; Qāsimlū, 12:62 (no. 6); 
Kaḥḥāla, 12:198; Ziriklī, 7:182. 
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Title Description 
9.  المقابلةو لجبرا في مةنظوم

Manẓūma fī al-jabr wa-l
muqābala 

A treatise in rhyme on algebra: a poem 
in 25 verses on problems about alge
braic equations 

Qāsimlū, 12:61–62 (no. 5). 

D. Medicine 

10. نونچ  ه اق
Qānūnča 

The “little Qānūn,” an abridged 
treatise of Ibn Sīnā’s medical text al-
Qānūn fī al-ṭibb [extant] 

GAL2:213; GAL suppl. 1:826, 865; Ghalandari, “Chaghmīnī,” no. 2; 
Qāsimlū, 12:62–63 (no. 9); earliest copy dated 12 Ramaḍān 601 H (= 3 
May 1205 CE) (Ayasofya MS 3735); see supra I.2.3a. 

E. Other 

11. يدةقص A poem (qaṣīda) [extant] 

Talkhīṣ kitāb Ūqlīdis, 247–49; Qāsimlū, 12:63. 

12. ? A small fragment of a mathematical 
work attributed to Jaghmīnī 

Witkam, Inventories, 88: Leiden, Leiden University, Or. 204 (2), f. 30a. 

F. Misattributions 

1. سابلح ا في اميالقو تابلك  ا
al-Kitāb al-Qiwāmī fī al-ḥisāb 

Arithmetical treatise on extracting 
roots and operations with decimal 
fractions 

GAL suppl. 1:865; Ghalandari, “Chaghmīnī”; Qāsimlū (12:63). All three 
raise the possibility that this is a misattribution. Qāsimlū states it may be a 
treatise by Abū Naṣr Samawʾal ibn Yaḥyā al-Maghribī [composed in 
1173] that bears this name. Cf. MAMS2, 185 (no. 487), M3; and Rashed, 
Entre arithmétique, 140–45 (for Samawʾal’s text). 

2. النبي ّ  بطب مةسوالمو سالةرال
al-Risāla al-mawsūma bi-Ṭibb 
al-Nabī 

A treatise on medicine of the Prophet  

There are several lithographs (Tehran, late nineteenth century) that 
attribute the authorship of this work to Jaghmīnī; this was also Elgood’s 

(Tehran) have correctly identified the author as Jaʿfar ibn Muḥammad al
Mustaghfirī (d. 432/1040) (GAL suppl. 1:617). The misattribution may 
have stemmed from al-Mustaghfirī’s work having been copied together 
with Jaghmīnī’s Qānūnča within one or more codices. 

conclusion (43, 186–92). However, the Majlis-i Shūrā and Millī Libraries 
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Appendix II: Works Derivative from the Mulakhkhaṣ 

A. Commentaries, Supercommentaries, and Glosses (Arabic) 

 
Author Title and Description  

1. Muḥammad ibn Mubārak-shāh 
Mīrak al-Bukhārī (d. 741/1341) 

Sharḥ al-Mulakhkhaṣ; 
composed last part of Rabīʿ II, 
727 (March 1327) 

[1] 

MAMS2, 256 (no. 753), A1 and (no. 694), A4; OALT, 1:lxxviii; 
Riyazî ilimler, 1:389, e.1. 

2. Yūsuf ibn Mubārak al-Alānī 
(ca. 735/1334) 

Sharḥ al-Mulakhkhaṣ; 
composed Sunday, 19 
Ramaḍān 735 [13-14 May 
1335] and dedicated to Jānī 
Beg Khān (r. 1341–57) of the 
Golden Horde of the Mongol 
Empire 

[2] 

Riyazî ilimler, 1:389, e.2. 
3. Faḍl Allāh al-ʿUbaydī (d. 751/ 

1350) 
Sharḥ al-Mulakhkhaṣ; 
composed in three days at the 
request of professors and 
students; ʿUbaydī was Quṭb al-
Dīn al-Shīrāzī’s student 

[3] 

Fazlıoğlu, “ʿUbaydī,” BEA, 2:1157; KZ, 2:col. 1819; Flügel, 
6:113; OALT, 1:lxxviii; Riyazî ilimler, 1:389, e.3; Ṭāshkubrīzāde, 
Miftāḥ al-saʿāda, 349. 

4. Saʿd al-Dīn Ḥamza ibn ʿAlī al-
Bayhaqī (early 8th/14th c.) 

Sharḥ al-Mulakhkhaṣ [4] 

MAMS2, 248 (no. 723); Riyazî ilimler, 1:391, e.11. 

5. Kamāl al-Dīn al-Turkmānī: 
Muḥammad ibn Aḥmad al-
Ḥanafī (d. 758/1357) 

Sharḥ al-Mulakhkhaṣ; 
composed in 755/1354 in 
Gülistan/Saray, the capital city 
of the Golden Horde State, and 
offered to Jānī Beg 

[5] 

Fazlıoğlu “Kamāl al-Dīn al-Turkmānī,” BEA, 1:609; KZ, 2:col. 
1819; Flügel, 6:113; OALT, 1:lxxix; MAMS2, 252 (no. 738), A1; 
Riyazî ilimler, 1:389–90, e.4; Ṭāshkubrīzāde, Miftāḥ al-saʿāda, 
349. 

5. 
(a) 

Faṣīḥ al-Dīn Muḥammad ibn 
ʿAbd al-Karīm Niẓāmī al-
Kūhistānī (d. 1530) 

Ḥāshiya on Kamāl al-Dīn al-
Turkmānī’s Sharḥ al-
Mulakhkhaṣ 

[6] 

Flügel, 6:114(?); MAMS2, 309 (no. 914), A6. 
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6. Muḥammad ibn al-Ḥusayn ibn 
al-Rashīd al-Mashhadī al
Khwārizmī (8th/14th c.) 

Sharḥ al-Mulakhkhaṣ; its only 
extant copy bears a date of 
774/1372-73 

[7] 

KZ, 2:col. 1820; Flügel, 6:114; Riyazî ilimler, 1:390, e5. 
7. Anonymous Sharḥ al-Mulakhkhaṣ; parts 

missing 
[8] 

Riyazî ilimler, 1:390, e.7. 
8. Kamāl al-Dīn ʿAbd al-Raḥmān 

ibn Muḥammad ibn Ibrāhīm al
ʿAtāʾiqī (d. 790/1388) 

Sharḥ al-Mulakhkhaṣ; 
composed in 770/1368-69 

[9] 

The only known witness is Isfahan, Maktabat al-Zahrā 144. 
9. Humām al-Ṭabīb: Muḥammad 

ibn Muḥammad ibn Abī Ṭālib 
(d. after 813/1410) 

Sharḥ al-Mulakhkhaṣ [10] 

KZ, 2:col. 1820; Flügel, 6:114; MAMS2, 267 (no. 794), A1; 
Riyazî ilimler, 1:390, e.8. 

10. al-Sayyid al-Sharīf 
al-Jurjānī (d. 816/1413) 

Sharḥ al-Mulakhkhaṣ [11] 

KZ, 2:col. 1819; Flügel, 6:113–14; MAMS2, 266 (no. 788), A2; 
Riyazî ilimler, 1:390–91, e.9; Fazlıoğlu, “The Samarqand 
Mathematical-Astronomical School,” 34–36; Ṭāshkubrīzāde, 
Miftāḥ al-saʿāda, 349. 

10. 
(a) 

Anonymous al-Tawḍīḥ al-Ḥusaynī li-Sharḥ 
Mulakhkhaṣ al-Jaghmīnī; gloss 
on 10. with a dedication to 
Mehmed II (r. 1444–46, 1451– 
81) 

[12] 

The only known witness is Ayasofya 2608. 
10. 
(b) 

Anonymous Gloss on al-Jurjānī’s Sharḥ al
Mulakhkhaṣ; only extant 
witness copied in 880 H. by 
Muṣṭafā ibn ʿAbd Allāh 

[13] 

Riyazî ilimler, 1:390–91, e.9. 
11. ʿAbd al-Wājid (wrongly: 

Wāḥid) ibn Muḥammad ibn 
Muḥammad al-Ḥanafī al
Kutāhī (d. 838/1435) 

Sharḥ al-Mulakhkhaṣ; it was 
presented to Sultan Murād II (r. 
1421–51) 

[14] 

KZ, 2:col. 1820; Flügel, 6:114; MAMS2, 267 (no. 791), A3; 
OALT, 1:24 (no. 2); Ragep, “Astronomy in the Fanārī-Circle”; 
Riyazî ilimler, 1:388, d.2; Topdemir, “ʿAbd al-Wājid”. 
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12. Qāḍīzāde al-Rūmī (d. ca. 835/ 
1440) 

Sharḥ al-Mulakhkhaṣ; 
composed in 814/1412 and 
dedicated to Ulugh Beg 

[15] 

KZ, 2:col. 1819; Flügel, 6:113; MAMS2, 273–74 (no. 808), A1; 
OALT, 1:8–21 (no. 3); Riyazî ilimler, 1:372–73; Fazlıoğlu, “The 
Samarqand Mathematical-Astronomical School”; Ragep, 
“Qāḍīzāde,” BEA, 2:942; Ṭāshkubrīzāde, Miftāḥ al-saʿāda, 349.  

12. 
(a) 

Fatḥ Allāh al-Shīrwānī (d. 891/ 
1486) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. by 
Qāḍīzāde’s student; presented 
to Mehmed II in 878/1473 

[16] 

İhsanoğlu, History, 2:533, 535–36; KZ, 2:col. 1819; Flügel, 
6:114; MAMS2, 292 (no. 868), A2; OALT, 1:43–44 (no. 1); Riyazî 
ilimler, 1:385, ç.1; Fazlıoğlu, “Shirwānī,” BEA, 2:1055–56; 
Fazlıoğlu, “The Samarqand Mathematical-Astronomical School”.  

12. 
(b) 

Sinān Pāshā (d. 890/1486): 
Sinān al-Dīn Yūsuf ibn Khiḍr 
Beg ibn Jalāl al-Dīn ʿĀrif 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. by 
vizier of Mehmed II; dedicated 
to Bāyazīd II 

[17] 

İhsanoğlu, History, 2:534–35; KZ, 2:col. 1819; Flügel, 6:114; 
MAMS2, 290 (no. 858), A2; OALT, 1:47 (no. 1); Riyazî ilimler, 
1:385, ç.3. 

12. 
(c) 

Fakhr al-Dīn al-ʿAjamī 
(9th/15th c.) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. by a 
student of ʿAlī Qushjī 

[18] 

OALT, 1:54; Riyazî ilimler, 1:385, ç.4. 
12. 
(d) 

Niksārī: Muḥyī al-Dīn 
Muḥammad ibn Ibrāhīm ibn 
Ḥasan al-Niksārī al-Rūmī (d. 
901/1495) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. by a 
student of Shīrwānī; dedicated 
to Bāyazīd II 

[19] 

MAMS2, 293 (no. 871), A1; OALT, 1:62; Riyazî ilimler, 1:385, 
ç.5. 

12. 
(e) 

Kubnawī: al-Ḥaqq ibn Abī 
Isḥāq Kubnawī (late 9th/15th c.) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12.; 
Kubnawī worked at the 
Diyarbakir court of Aq 
Qoyunlu Sultan Yaʿqūb 
Bahādur-Khān (r. 1478–90) 

[20] 

MAMS2, 282 (no. 833), A2. 
12. 
(f) 

Dellākoğlu: Ḥusām ibn Shams 
al-Dīn al-Khattābī al-Lāhijānī 
al-Jīlānī (d. 901/1495) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 

[21] 

OALT, 1:20, 63–64. 
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12. 
(g) 

Akhawayn: Muḥyī al-Dīn 
Muḥammad ibn Qāsim (d. 904/ 
1499) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 

[22] 

MAMS2, 303 (no. 893), A4; OALT, 1:20, 65–66 (no. 4); Riyazî 
ilimler, 1:385, ç.6. 

12. 
(h) 

Mīrim Çelebī (d. 931/1525) Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 

[23] 

OALT, 1:100–1 (no. 4). 
12. 
(i) 

ʿAbd al-ʿAlī al-Bīrjandī  
(d. 935/1528) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 

[24] 

İhsanoğlu, History, 2:548; KZ, 2:col. 1820; Flügel, 6:114; 
MAMS2, 315–16 (no. 938), A11; OALT, 1:101–4 (no. 1); Riyazî 
ilimler, 1:381–82, d.1. 

12. 
(i.1) 

ʿAbd al-Raḥmān ibn Ibrāhīm 
al-Suhrānī al-Shāfiʿī (d. 
1066/1656) 

Gloss on 12.(i) entitled 
Taʿlīqātʿalā Ḥāshiya ʿalā 
Sharḥ al-Mulakhkhaṣ 

[25] 

OALT, 1:294; Riyazî ilimler, 1:384, c.1. 
12. 
(i.2) 

Aḥmad al-ʿImādī: Mawlānā 
Aḥmad ibn Sayyid Aḥmad al-
ʿImādī (11th/17th c.) 

Gloss on 12.(i) [26] 

OALT, 1:331 (no. 2); Riyazî ilimler, 1:384, c.2. 
12. 
(i.3) 

See infra, C. Translation (Turkish), no. 1. 

12. 
(j) 

Faṣīḥ al-Dīn Muḥammad ibn 
ʿAbd al-Karīm Niẓāmī al-
Kūhistānī (d. 1530) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 

[27] 

Flügel, 6:114(?); MAMS2, 309 (no. 914), A7. 
12. 
(k) 

Manṣūr al-Dashtakī: Ghiyāth 
al-Dīn Manṣūr ibn Muḥammad 
al-Ḥusaynī al-Dashtakī al-
Shīrāzī (d. 948/1541)  

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 

[28] 

Rūḥullāhī, “Dashtakī,” title no. 7. 
12. 
(l) 

Burhān al-Dīn Ibrāhīm ibn 
Muḥammad ibn Ibrāhīm al-
Ḥalabī (d. 956/1549) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 

[29] 

MAMS2, 321 (no. 959), A1. 
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12. 
(m) 

Saçli Emir (d. 963/1555): 
Shams al-Dīn Muḥammad ibn 
ʿAbd al-Awwal ibn Ḥusayn ibn 
Ḥasan al-Qamarī al-Ḥusaynī 
al-Tabrīzī al-Ḥanafī (d. 963/ 
1555) 

Risāla fī kashf mā dāra ʿalā 
istidārat al-arḍ wa- 
kurawiyyatihā; gloss on the 
Earth’s sphericity (and its 
relation with prayers as 
discussed in 12.); composed in 
940/1533-34 and presented to 
the Ottoman vizier Ibrāhīm 
Pasha 

[30] 

OALT, 1:135–36; Riyazî ilimler, 1:388, d.1. 
12. 
(n) 

Qāḍī Ḥasan al-Makkī: Ḥasan 
ibn Muḥammad al-Faṣīḥī al
Makkī (fl. 1014/1605) 

Ḥāshiya ʿalā Sharḥ al
Mulakhkhaṣ; gloss on 12. 

[31] 

OALT, 1:249. 
12. 
(o) 

Bahāʾ al-Dīn Muḥammad ibn 
Ḥusayn al-ʿĀmilī (d. 1621) 

Ḥāshiya ʿalā Sharḥ al
Mulakhkhaṣ; gloss on 12. 

[32] 

MAMS2, 350 (no. 1058), A16. 
12. 
(p) 

Aḥmad al-ʿImādī: Mawlānā 
Aḥmad ibn Sayyid Aḥmad al
ʿImādī (11th/17th c.) 

Ḥāshiya ʿalā baḥth al-shaʿīrāt 
fī Sharḥ al-Mulakhkhaṣ li-
Qāḍīzāde; gloss on the study 
of the standard measure of 
barleycorns in 12. 

[33] 

OALT, 1:330 (no. 1). 
12. 
(q) 

ʿImād al-Dīn Ḥusayn al-Riyāḍī 
ibn Luṭf Allāh al-Lāhūrī (d. 
1732) 

Ḥāshiya ʿalā Sharḥ al
Mulakhkhaṣ; gloss on 12. 

[34] 

MAMS2, 374 (no. 1179), A2. 
12. 
(r) 

Walī al-Dīn Jār Allāh Yanī 
Shahrī (d. 1154/1738) 

Ḥāshiya ʿalā Sharḥ al
Mulakhkhaṣ; gloss on 12. 

[35] 

OALT, 1:403–4; Riyazî ilimler, 1:385, ç.7. 
12. 
(s) 

Kasīrī-zāde: Muḥammad Amīn 
ibn al-Shaykh Muḥammad al
Uskadārī al-Ḥanafī al-Mudarris 
(d. 1151/1738) 

Gloss on 12. dealing with the 
standard measure of a 
barleycorn, entitled Taqrīrāt 
wāfiya wa-taḥrīrāt kāfiya li
ḥall al-masʾala al-mashhūra 
bi-l-masʾala al-shaʿīriyya fī 
sharḥ risālat al-Jaghmīnī li-l
shāriḥ al-mashhūr bi-Qāḍīzāde 
al-Rūmī 

[36] 

OALT, 1:405–6. 
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12. 
(t) 

Ḥasan al-Jabartī: Badr al-Dīn 
Ḥasan ibn Burhān al-Dīn 
Ibrāhīm al-Jabartī (d. 1188/ 
1774) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 
reported by Ḥasan al-Jabartī’s 
son ʿAbd al-Raḥmān al-Jabartī; 
extant? 

[37] 

İhsanoğlu, History, 2:586–87; MAMS2, 410 (no. 1367); OALT, 
2:479 (no. 19); Riyazî ilimler, 1:386, ç.8. 

12. 
(u) 

Fakhrī-zāde al-Mawṣilī (d. 
1188/1774) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 

[38] 

MAMS2, 411 (no. 1369); OALT, 2:482. 
12. 
(v) 

Anonymous Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 

[39] 

OALT, 2:744–45. 
12. 
(w) 

Anonymous Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ; gloss on 12. 

[40] 

OALT, 2:745. 
12. 
(x) 

See infra, B. Translations, Commentaries, Supercommentaries, and 
Glosses (Persian), no. 4.  

13. Kāfiyājī: Muḥyī al-Dīn Abū 
ʿAbd Allāh Muḥammad ibn 
Sulaymān al-Bargamawī (d. 
879/1474) 

Sharḥ al-Mulakhkhaṣ [41] 

MAMS2, 291 (no. 863), A2; OALT, 1:27 (no. 2); Riyazî ilimler, 
1:388, d.3. 

14. Qarā Sinān: Sinān al-Dīn 
Yūsuf ibn ʿAbd al-Malik ibn 
Bakhshāyish (d. ca. 885/1480-
81) 

Sharḥ al-Mulakhkhaṣ; 
dedicated to Bāyazīd II 

[42] 

İhsanoğlu, History, 2:535–36; KZ, 2: col. 1819; Flügel, 6:114; 
OALT, 1:40–41 (no. 1); Riyazî ilimler, 1: 385, ç.2. 

15. Mollā-zāde al-Rūmī (d. ca. 
900/1495) 

Sharḥ al-Mulakhkhaṣ  [43] 

İhsanoğlu, History, 2:545–46; OALT, 1:58–59. 
16. ʿAbd al-Salām al-Muhtadī al-

Muḥammadī (d. after 918/ 
1512-13) = Hoja Īliyā al-
Yahūdī  

Ḥāshiya (to the base text or a 
commentary?); ʿAbd al-Salām/ 
Īliyā migrated to the Ottoman 
Empire from Andalusia and 
lived during reigns of Sultans 
Bāyazīd II and Selīm I 

[44] 

İhsanoğlu, History, 2:546; OALT, 1:71. 
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17. Anonymous (late 8th/14th c.) Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ, a gloss on a 
Mulakhkhaṣ commentary 
(which one?); copied by ʿAlī 
ibn Fatḥ Allāh al-Maʿdānī al-
Isfahānī (=al-Ṣābirī) with the 
seal of Mehmed II 

[45] 

Riyazî ilimler, 1:390, e.6. 
18. Faṣīḥ al-Dīn ʿAbd al-Karīm al-

Niẓāmī al-Nīsābūrī (d. ca. 
850/1446) 

Ḥāshiya ʿalā Sharḥ al-
Mulakhkhaṣ, a gloss on a 
Mulakhkhaṣ commentary 
(which one?); oldest copy 
dated 9th century H 

[46] 

Riyazî ilimler, 1:391, e.10. 
19. Faṣīḥ al-Dīn Muḥammad ibn 

ʿAbd al-Karīm Niẓāmī al-
Kūhistānī (d. 936-37/1530) 

Sharḥ al-Mulakhkhaṣ; Faṣīḥ 
al-Dīn was a student of Qushjī  

[47] 

MAMS2, 309 (no. 914), A2. 
20. Anonymous Ḥāshiya ʿalā sharḥ al-

Mulakhkhaṣ (which one?) 
[48] 

OALT, 1:745. 
 

B. Translations, Commentaries, Supercommentaries, and Glosses (Persian) 
 

 
Author Title and Description  

1. Muḥammad ibn ʿUmar al-
Andiqānī (8th/14th c.) 

Persian translation of the 
Mulakhkhaṣ; Ayasofya MS 
2592 has a copy date of 796 H 

[49] 

Andiqānī; Riyazî ilimler, 1:388, e1.1.  
2. Ḥusayn ibn al-Ḥusayn al-

Khwārizmī al-Kubrawī (d. 839/ 
1435-36) 

Persian commentary on the 
Mulakhkhaṣ dedicated to 
Ulugh Beg 

[50] 

MAMS2, 272 (no. 805), A2; PL, 50 (no. 88a), 73 (no. 106[2]). 
3. Ḥamza ibn Ḥājj ibn Sulaymān 

(9th/15th c.) 
Persian translation by the order 
of Mehmed II 

[51] 

OALT, 1:21, 56–57; Riyazî ilimler, 1:388, e1.2. 
4. Anonymous  Ḥāshiya ʿalā baḥth al-taḍārīs 

(on the Earth’s undulations as 
found in Qāḍīzāde’s Sharḥ); 
presented to Sultan Bāyazīd II 
(r. 886–918/1481–1513) 

[52] 

Riyazî ilimler, 1:387–88, d2.4. 
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5. Maḥmūd ibn Muḥammad ibn 
Muḥammad al-Qāḍī al
Wālishtānī al-Harawī (15th c.) 

A Persian revision of the 
Mulakhkhaṣ compiled for 
Ghiyāth al-Dīn Aḥmad; 
Harawī worked at the court of 
Shāhrukh ibn Tīmūr 

[53] 

Andiqānī, 873; MAMS2, 282 (no. 832), A1. 
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Glossary  

II.3[2] = first appearance and/or definition of term occurs in Book II, Chapter 3, 
paragraph 2 of edition and translation; جمع = ج (plural); مصدر = مص (verbal noun) 

 
 

 ٓ  ا
permanent [visibility] (II.2[2])  ّأبدَِي 
aether (Intr.[1]) الأثِير 
end (of Pisces, etc.) (الحوُت) اخِٓر 

(II.2[10]) 

end of the inhabitable العِمارَة اخِٓر  
land (II.1[10]) 

beyond (in longitude) مُتأََخَّر 
the Moderns (I.2[6])  ُ نور خِّ أَ تَ الم  

earth (element) (Intr.[1]);  أرْض 
land (II.3[3]) 

the Earth الأرْض 
Leo (I.5[26]) الأسَد 
astrolabe (II.3[5])  ْطُرْلابأس  

horizon ُافٓاق) (ج أُفق  

horizon of the ُتَقِيم أُفق الفَلَك المسُـْ  

right orb (II.2[1]) 

horizon of the ُالمنُْتَصِبَة رَةالكُ  أُفق  

erect sphere (II.2[1]) 

oblique horizons (II.2[2])  ٓلَة المائِ  فاقالا  

clime (II.1) يمإقْلِ  (ج) أقالِيم  

residents (I.3[9])  ْأَهالٍ (ج) ل أه  

apogee (I.1[2]) أوْج 
solar apogee الشَمْس أوْج  

lunar apogee (I.2[7])  أوْج القَمَر 
first (of Aries) ( ل  (الحمََلأوَّ  

  
 ب

ocean; sea   (ج) اربحِ بحَْر  

(II.I[1 and 2]) 

to reappear  َ بتْدَِئُ ي   

(after being eclipsed) (I.5[36]) 

full Moon (Pref.[1]) البَدْر 
zodiacal sign (I.3[5])  برُج (ج) برُُوج 

 
S.P. Ragep, Jaghmīnī’s Mulakhkhaṣ, Sources and Studies in the History 
of Mathematics and Physical Sciences, DOI 10.1007/978-3-319-31993-3

293© Sally P. Ragep 2016



وج 294 ماعجْتِ اِ  Glossary مِنطَقَة البرُُ   

  

the zodiacal equator وج  مِنطَقَة البرُُ
(I.2[3]) 

cold (II.1[10])  َدرْ ب  

simple (bodies)  ِيطبسَـ  َ طسائِ (ج) ب  

(Intr.[1]) 

sight; vision  ََبصر  ْ صار(ج) أب  

(I.4[15]) 

slower motion السير بطُءْ؛ حركة بطيئة  

(I.2[6]); slow (in speed) (I.5[30] 

and [31]) 

to move away  َ دُ عُ بْ ي  

distance بعْاد(ج) أ  بعُْد  

farthest distance (I.5[13]) الأبعَْد البُعْد  

double elongation فالمضَُعَّ  البُعْد  
(I.5[37]) 

nearest distance (II.5[8])  الأقْرَبالبُعْد  
mean distance (I.4[9]) الأوْسَط لبُعْدا  
to remain (after subtraction) يبَْقى 
locality بلََد (ج) بِلاد 
to attain; reach  ُُيبَْلغ 

  
 ت

hill (Intr.[1])  َّلالتِ (ج)  تل  

complement of the azimuth سَمْتال  تماَم  

(I.3[8]) 

colatitude (II.2[7]); تماَم العَرْض 
latitude’s completion (II.2[8]) 

complement of the arc سقَوْ ال تماَم  

(I.4[1]) 

complement of obliquity تماَم الميَْل 
(II.2[6])  

complementary body  ِّمالمتَُم  

(I.1[3]); complement 

  
 ث

the fixed stars (I.1[10])  ِتالثوَاب  

thickness  َنثِخ  

triangle (I.4[5]) مُثلَّث 
second  ٍثانِيَة (ج) ثوَان 

Taurus لثوَْرا  
 

 ج
mountain (II.1[1])  ِبالجَبَل (ج) ج  

Capricornus الجدَْي 
body  ِرْم (ج) أجْرامج  

aethereal bodies َّةأثِ  أجْرام يرِي  

(Intr.[1]) 

the simple bodies البسَـيطَة الأجْرام  
the celestial bodies َّةالسَ  الأجْرام ماوِي  

(I.2[2]) 

part (I.1[1]); جُزْء (ج) أجْزاء 

unit (II.3[2]) 

solid; body  ِامس(ج) أجْ  سْمج  

spherical body (I.1[1])  ِيّ كُرِ  سْمج  
to reappear  ِلاَء(مص) اِ  ينَْجَلي نجِْ  

(after being eclipsed) (I.5[36]) 

to be in conjunction  َْعُ مِ تَ يج  

conjunction  ِماعجْتِ ا
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side   ِبب (ج) جَوانِ جان  

south جَنوُب 

south point (I.3[7]) الجنَُوب نقُْطَة  

crossing point (I.3[12]) مَجاز 
Gemini الجوَْزاء 
lunar nodes;  الجوَْزَهَر /   رالجوَْزَهْ 

jawzahar (I.2[7]) 

cavity (I.1[2]) جَوْف (ج) أجْواف 

 
 ح

definition (I.4[12]) حَدّ (ج) حُدُود 

convex (I.1[2]) ب  مُحَدَّ
alignment point (I.5[5]) المحُاذاة نقُْطَة  

to depart from  ُعَن ينَْحَرِف  

slant (I.5[18])  ِرافنحِْ الا  

to combust  َِتر اقُ حْترِ قُ (مص) اِ يحَْ  

(I.5[33]) 

motion حَرَكَة (ج) حَرَكات 

motion of the apogee الأوْج حَرَكَة  
(I.2[3])  

the prime motion (I.2[2]) الأُوْلىَ  الحرََكَة  

proper motion (I.2[10]) الحرََكَة الخاصّة 
motion of anomaly  لافخْتِ الاِ  حَرَكَة  

(I.2[10]) 

motion of the center المرَْكَز حَرَكَة  

(I.2[9]) 

motion of longitude طُولال حَرَكَة  

(I.2[9]) 

motion of latitude (I.2[9]) العَرْض حَرَكَة   

motion of the Universe الكلُّ  حَرَكَة  

(I.2[2])  

mean motion الوُسْطَى الحرََكَة/الوَسَط حَرَكَة  

(I.2[9]) 

the daily motion ةيَّ اليَوْمِ  الحرََكَة  

perceptible (I.4[15]) مَحْسوس 
mathematician;  ِب (ج) حُسّابحاس  

calculator (II.3[7]) 

to be bounded (I.4[3])  َصورحْ م  

to reach; to obtain; to result  ُيحَْصُل 

(from an arithmetical operation) 

perigee (I.1[2]);  ِيضحَض  

epicyclic perigee (I.4[9]) 

to be depressed; to descend  َ طُّ حَ نْ ي  

depression (II.2[2])  ِطاطنحِْ ا  

true (II.3[7])  ِيّ يقِ حَق  

rule (II.3[1]) حُكمْ (ج) أحْكام 

sage (Pref.[1]) حَكيم (ج) حُكَماء 

red; redness رَة  حمُْ

Aries الحمََل 
deferent (orb) (I.1[6])  (فلََك) ِلحام  

deferent (orb) ) (لِمَرْكَز الحامِل لحامِ فلََك  

of the deferent center (I.3[13]) 

slanted (II.2[2])  ِليِ حَمائ  

bath house (II.1[10])  حمَّامات (ج)حمَّام  

Pisces الحوُت 
axis (I.2[8])  ِحْوَرم  

to bound; enclose  ُِيطُيح  

circumference; enclosing  ِيطمُح



296 َ الم َِِ ة حاورّم لافتخْا َيِ

ة حاودالتِعِْالاّخط َيِ
يّوِحْمَ يمقِتَسْـمُّطخَ

Glossary

equinox line (II.3[3]) enclosing (I.1[3]) 

straight line (II.3[4]) enclosed (I.1[3]) 

حَ )ج(انوَيحَارَالنهِّطخَ اناتويفصْن َ
ُ َِّ ةيرحَتَلما

لا ط وّخط  ماءسَسََ

ِ بةرخَِ فاءتخْاِ  / فاءخَ
  خ

َ َالخّديبأ جُرُيخْفاءَ

ائزَ اتالخالِدِ  رج
ِْ لافخلبِا

جُرِيخُْ

فيجُرَخَتَسُْـيفُلِتَيخَْ
كَرَالم جِارالخفُلِتَيخَْ لا زْ
وطرخْمَ لافاتتِخْاِ)ج( لافتِخْا ُ

لِّالظوطرُخْمَ
يوطرخْم َُ
يفرخَ

تِخاِ َخَُّو ل ألافْ الق فوس رمُ َ
سَ ْ دعْبلا لافتِخاٍِ ؛ثان لافتِخْاِ ّالخاص يرِ لمابرَقْٔالاُ
ّاصوخَ  )ج(ةّخاص

ِِِ ِثثال لافتخْا ْ
ةّالخاص )ةكَرََالح(

 لافتخاِةّخاص
َلمِِْ طىسُْالوةّالخاص سير ا لافتخا

وططُولُالط لافتِخاِ خُ )ج(ّطخَْ
يردُِالمّطخَ

ضرالع لافتِخْ اِ اءوتِسـِالاّطخََْ ْ
ََ  برِغْالمو قشرِْلماّطخَ

meridian lineanimal (Intr.[1]) 

(I.3[7]; II.3[3]) 

mid-heaven line  

(II.3[5]) 

vacillating planets (I.2[10]) 

invisibility (II.2[2]) wasteland (II.1[1]) 

of permanent invisibility to emerge; to be extended; 

to result (II.2[2]) 

to produce or extend Eternal Islands (II.1[2])

(a line, etc.) in reverse

to differ; to varyto be etched on (I.3[7]) 

to be invariable eccentric (orb) (I.1[3]) 

difference;cone (II.3[6]) 

variation (Intr.[2]); divergence shadow cone (II.3[6])

(I.4[15]); anomaly (I.5[17]); conic (II.3[3])

change (II.3[10])autumn, fall

first anomaly (I.5[3])lunar eclipse (I.5[35]) 

secondproper movement (II.2[8])

anomaly (I.5[4]); anomaly of the characteristic 

nearest distance proper (motion) (I.2[10])

third anomaly (I.5[5]) 

variable movement

proper anomaly (I.5[18]) 

mean proper

anomaly (I.4[10]; Fig. 7) 

longitudinal anomaly line 

(I.5[1])  dirigent line (I.5[9])

latitudinal anomaly(Earth’s) equator (I.3[2])

(I.5[14])  east-west line

َِِ رمالم لافتخْا َّ(I.3[6]; II.3[3]) transit difference (II.3[1])



المنَْظَر لافخْتِ اِ    Glossary  ِالوُسْطى رْوَةالذ  297 

  

parallax  ِرالمنَاظِ  (ج) المنَْظَر لافخْتِ ا  

(I.4[15]); divergence of sight 

without variation  َلافاخْتِ  يرْ غ  

vacuum (Intr.[2]) خَلاء 

  
 د

equal degrees (I.4[5]) سَوَاء دَرَج  

degree دَرَجَة (ج) دَرَجات 
degree  الكَوكَب طُلوُع دَرَجَة  

of rising of the star (II.3[1]) 

degree  الكَوكَب مَمَرّ  دَرَجَة  

of transit of the star (II.3[1]) 

in one stroke (II.2[6])  َفْعَةً د  

minute (II.3[9])   ِقيقَة (ج) دَقائِ دَق  

Aquarius  ْالَدلو 
to revolve (I.3[13]);  ُيدَُور 

to rotate (II.3[8]) 

rotation (I.3[2]); turning (II.2[1]) دَوْر 
rotation (I.5[8])  َانورد  

rotation (I.2[2]) دَوْرَة 
circle  ِررَة (ج) دَوائِ دائ  

horizon circle (I.3[6])  ِالأُفقُ رَةدائ  

circle of the initial  ِالسُمُوت رَة أوّلدائ  

azimuth (prime vertical) (I.3[9]) 

zodiacal circle (I.3[3])  ِوج رَةدائ البرُُ  

altitude circle (I.3[8])  ِفاعرْتِ الاِ  رَةدائ  

azimuth circle (I.3[8])  ِتِيَّةمْ السَ  رَةدائ  

small circle  ِ(صُغْرَى) يرَةصَغِ  رَةدائ  

(I.3[1]) 

the equinoctial circle   ِل النهَار رَةدائ مُعَدِّ  

(I.3[2]) 

latitude circle (I.3[11])  ِالعَرْض رَةدائ  

great circle  ِعِظام (ج) (عُظْمَى) يمةَعَظِ  رَةدائ  

(I.3[1]) 

solstitial colure  ِالأرْبعََة رَة المارّة بالأقْطابالدائ  

(I.3[5]) 

declination  ِرَ دائ َ ر الميُُولدَوائِ يْل (ج) ة الم  

circle (I.3[10]) 

meridian circle (I.3[7])  ِارف النهَ صْ ة نِ رَ دائ  

Indian circle (II.3[3])  َِّةنْدِ الهِ رَةالدائ ي  

imaginary circle (I.3[12])  ِةهمََّ المتَُوَ رَة الدائ  

circuit مَدار (ج) مَدارات 
solar circuit (I.4[20]) الشَمْس مَدار  

parallel عَرْضال راتمَدا (ج) عَرْضيِّ  مَدار  

of latitude (I.3[4]) 

day-circuit ةيّ يوَْمِ  مَدارات يّ (ج)يوَْمِ  مَدار  

(I.3[2]) 

epicycle  ِيراتتدَْوِ /يرير (ج) تدَاوِ تدَْو  

(I.1[5]) 

dirigent (I.1[7])  ِيرمُد  

round (Intr.[1])  ِتِ ا دارَةسـْ  

wheel-like (II.2[1])  ِّدُولابي 
 

 ذ
apex (of epicycle)  ِذُرىً (ج)  ذُرْوَة/رْوَةذ  

(I.4[8]) 

apparent apex (I.5[9])  ِرْوَةالذ  َ رْئيِّةالم  

mean apex (I.5[9])  ِالوُسْطى رْوَةالذ
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tail (a node) (I.2[4]) َذَنب 
 

 ر
apex; head (a node) رأس (ج) رُؤوس 

(I.2[4]); tip (of a line) (I.4[6]); 

overhead (II.2[1]) 

head (of Gemini, etc.) (الجوَْزاء) رأس 

apparent  ِّمَرْئي 
almuri (Capricorn ) ّمُورِى)مُرْئٍ/ المرُِي  

marker on astrolabe rete) 

quarter mark (I.3[5]); رُبعْ (ج) أرْباع 

one-fourth (II.3[3]) 

spring (the season)  ِيعرَب   

quadrature (I.5[37])  ِيعترَْب   

arrangement (Intr.[2])  ِيبترَْت  

retrogradation (I.5[29]) رُجُوع 

retrograding (I.5[30]) راجِع 

spinning (II.2[12])  ِيّ رَحَو  

sundial (I.3[7]) رُخامَة (ج) رُخامات 

to turn back; return   َرُدُّ (إلى)ي  

(I.5[37]) 

to trace;  ُُيرَْتسَِمُ يرَْسم / ُ / يرَُسمِّ  

to be traced 

to observe  ُيرَْصُد 
to be elevated  ُيرَْتفَِع 
altitude (I.4[11])   ِفاعرْتِ ا  

thinness ّرِقة 

composite (Intr.[1]) مُرَكَّب 
composite (bodies) (Intr.[1]) مُرَكَّبات 

center  ِزمَرْكَز (ج) مَراك  

eccentricity (lit., what is المرَْكَزَينْ بينَْ  ما  

between the two centers) (I.4[9]) 

eccentric center ارِجالخ مَرْكَز  

solar center الشَمْس مَرْكَز  

equant center (I.5[5]) ل المسَِير  مَرْكَز مُعَدِّ
center of the World العالمَ مَرْكَز  

lunar center القَمَر مَرْكَز  

embedded (I.1[4]) مَرْكُوز 
 

 ز
Saturn زُحَل 

unit of time (II.3[8]) زَمَن (ج) أزْمان 

period (of time)  ِنةَزَمان (ج) أزْم  

duration of daytime  (الليل) النهارزَمان  

(nighttime) (II.3[8]) 

Venus الزُهَرَة 
angle  ِ(ج) زَوايا يةَزاو  

angle of anomaly  ِلافخْتِ الاِ  يةَزاو  

(I.5[2]; commentary Fig. C1) 

angle of the equation  ِزاو َ تَعْدِيلة ال ي  

(I.4[6]) 

right angle   ِةمَ قائِ  زَوايا (ج) ةمَ قائِ  يةَزاو  

(I.3[8]) 

astronomical handbook;  ِزِيجْات (ج) يجْز  

zīj (I.2[10]) 

to increase; to add  (مص) ُيادَةزِ يزَيِد  

waxing Moon (I.5[35]) يادَةزِ ال  

exceeds  ِدزائ
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to depart  ُيزَُولُ / يزُايِل 
 

 س
coast (II.1[2]) احِل (ج) سَواحِلس  

Cancer طان  السرََ
rapid (I.2[2]); swift (I.5[30])  َِيعسر  

surface (Intr.[1]) سَطْح (ج) سُطُوح 

lower  / أسافِل (ج) سُفْليِّ أسْفَل  

the two lower planets (I.5[18])  ِيّانالسُفْل  

residents (II.1[10])  ُكاّنس  

inhabited zone or region اكِنمَس  

(I.5[36]) 

azimuth (I.3[8]) سمَْت (ج) سمُُوت 

complement of azimuth  سَمْتال تماَم  

(I.3[8]) 

zenith (I.3[6]) رؤوس سمَت؛ الرأس سمَْت  

qibla azimuth (I.4[19]); بْلَة القِ  سمَْت  

qibla bearing (II.3[4]) 

nadir (I.3[6]) دَمقَ ال سمَْت  

arc of azimuth (I.3[8])  َْسَمْتال  سقو  

azimuth point (I.3[8])  سَمْتال نقُْطَة  

the ascendant azimuth  طالِعمن السمَْت  

(I.4[18]) 

circle of the initial  ِالسُمُوت رَة أوّلدائ  

azimuth (prime vertical) (I.3[9]) 

alignment (I.2[8]) َمُسامَتة 
the celestial (bodies) َّة  الأجْرام السَماوِي

(I.2[2]) 

year (II.3[9])  ِنةَ (ج) سـ نونسـَ  

solar year (I.2[6])  ِسـ نةَ شمَْ ةيَّ سـَ  

lunar year (I.2[6]) َنة َّ قمََرِ  سـَ ةي  

Virgo  السُنبُْلَة 
blackness (I.5[36])  َوادس  

hour (II.3[6]) ساعةَ (ج) ساعات 

seasonal (temporal) hours  ةيَّ زَمانِ  ساعات  

(II.3[8]) 

equal hours (II.3[8]) تَوِيةَ ساعات مُسـْ  

regularized hours (II.3[8]) لَة دِ تَ عْ مُ  ساعات  

unequal (distorted) hours  جَة ساعات مُعَوَّ  

(II.3[8]) 

to equal; be equal to  ِييسُاو  

to level (land) (II.3[3])  ُ يوِّ سَ ي  

are equal to one another I.5[23]  ُم َ َ ساوِ ت ةي  

regular (order) (II.2[9])   ٍتَو  مُسـْ
speed (I.5[30])  ْسَير 

movement (I.4[10]); مَسِير 
course (I.2[10]) 

proper movement (II.2[8])  َ الخاصّ  سيرالم  

mean motion (II.3[10]) وَسَط مَسير  

(wandering) planets (I.3[12])  يّارَةال سـَ  

 
 ش

is similar to  ِـبِ  يهشَب  

uniform (I.1[1])  ُةتشَابهََ م  

winter  ِتاءشـ  

the law (II.3[8])  عشرَْ ال  

east  َْقشر  

east-west line(I.3[6]) ّبوالمغَْرِ  قالمشرَِْ  خَط
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east point (I.3[6]) قالمشرَِْ  نقُْطَة  

common point كَةمُ  نقُْطَة شْترََ  

Jupiter  َِيالمشُْتر  

barleycorn (Intr.[1])  ِيرشَع  

dusk (II.3[6]) شَفَق 

plumb-line (II.3[3]) شاقول 

figure; form; shape شَكلْ (ج) أشْكال 

(geological) formations  تشَْكيلات 
(Intr.[1]) 

Sun الشَمْس 
north شَمال 

north point (I.3[7]) الشَمال نقُْطَة  

month (II.3[10]) شَهْر (ج) شُهور 

proposal (Pref.[1]) إشارَة 
 

 ص
digit (II.3[2]) ع(ج) أصابِ  إصْبَع  

desert (II.1[1] راء (ج) صحَارى  صحَْ

ascending (I.4[10])  ِدصاع  

the Slavs (II.1[10])  َةبَ قالِ الص  

worshipper (II.3[4])  ِّمُصَلي 
illustration صُورَة (ج) صُوَر 

to conceive (I.1[9])  ُر  يتَصَوَّ
summer صَيْف 

 
 ض

vice versa (I.2[11])  ّبِالضد 

multiplied by (from an  ََفي بَ ضر  

arithmetical operation) (II.3[10]) 

irregular (Intr.[1])  ُسضرََّ م  

undulations (Intr.[1])  ِيستضَار  

side  ِلعْ (ج) أضْلاعض  

light (I.5[36]) ضَوء 

light (I.5[36])  ضِياء 

luminous [part] (I.5[36])  ِءمُضي  

to become illuminated (I.5[36])  َ تَ ي ئُ ضِ سـْ  

 
 ط

natural state (Intr.[1]) طَبْع 

a nature (Intr.[1])  ِ(ج) طَبائعِ يعَةطَب  

to coincide (with)  ُ(على)  ينَْطَبِق  

coincidence (I.5[21])  ِباقنطِْ ا  

coincident;  (على) مُنْطَبِقَة  

coinciding (with)  
endpoint; edge طَرَف (ج) أطْراف 

path (of the Sun)  َالشَمْسة (ريقَ ط(  

(I.5[36]) 

to rise; to ascend يطَْلعُُ (مص) طُلوُع 
ascendant (II.3[1]) الطالِع 
rising place (I.4[16]) َمَطْلع 
co-ascension (I.4[3])  ِعمَطال  

co-ascension of  ِوجقوَْس ال عمَطال برُُ  

the zodiacal arc (I.4[5]) 

co-ascension of a  ِزءالجُ  عمَطال  

[discrete] part (I.4[3]) 

length (II.2[8]); longitude (I.3[3]) طُول 

longitude of a locality  َلَد طُول الب  

(I.4[2])
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 ظ
shadow (I.5[36]) ظِلّ (ج) أظْلال 

المعَْكُوس؛ الظِلّ المنُْتصَِبالظِلّ الأوّل؛ الظِلّ    

first shadow; reversed shadow [umbra 

versa]; erect shadow (II.3[2]) 

second shadow تَوِي  الظِلّ الثاني؛ الظِلّ المسُـْ
(II.3[2]); planar shadow [umbra 

recta] (II.2[4]) 

shadow cone (II.3[6])  ّمَخْرُوط الظِل 
dark (I.5[36])  ِمُظْلم 
to appear; to be visible  َُيظَْهر 
noon [ẓuhr] prayer (II.3[2]) ظُهْر 

visibility ظُهُور 

permanent visibility أبدَِيّ الظُهُور 
(II.2[2]) 

visible (ج) ظواهر ظاهِر  

 
 ع

 

number  َعدادد (ج) أَ دَ ع  

equation (I.4[6]) تعَْدِيل 
equation of daylight (I.4[5]) نهَارال تعَْدِيل  

equation of the time  تعَْدِيل الأيّام بِليَالِيها 
[nychthemeron] (II.3[7]) 

angle of the equation  ِزاو َ تَعْدِيلة ال ي  

(I.4[6]) 

arc of the equation (I.4[6])  تَعْدِيلقوَْس ال  

equant ل المسَِير /(مَرْكَز فلََك) مُعَدِّ  

(center or orb) (I.5[5]) 

equinoctial (I.2[2]) ل النهَار  مُعَدِّ
the equinoctial circle  ِل النهَار رَةدائ مُعَدِّ  

(I.3[2]) 

to balance (I.3[2]);  َ عْتَدِلُ ي  

to equalize (I.5[9]) 

equinox الاِعْتِدال 
equinox (line) )ّالاِعْتِدالخط (  

(I.3[6]; II.3[3]) 

equinox (point) (I.3[5]) (نقُْطَة) الاِعْتِدال 
autumnal equinox  ّالاِعْتِدال الخرَيِفِي 

(I.3[5]) 

vernal equinox (I.3[5])  ّالاِعْتِدال الرَبِيعِي 
regularized (II.3[8]) مُعْتَدِل 
mineral مَعْدِنِيَّات مَعْدِن (ج) مَعادِن /  

(Intr.[1]) 

latitude عَرْض 

local latitude (I.4[11])  عَرْض البَلَد 

colatitude (II.2[7]) العَرْض تماَم  

latitude circle (I.3[11]) دائِرَة العَرْض 
parallel عَرْضال راتمَدا (ج) عَرْضيِّ  مَدار  

of latitude (I.3[4]) 

characteristics عَرَض (ج) أعْراض 

afternoon [ʿaṣr] prayer (II.3[2])  ْعَصر 

waterwheel  (ج) عصاميرعُصْمور  

with buckets (II.2[1]) 

Mercury عُطارِد 

Scorpius العَقْرَب 
reversed (shadow) (II.3[2]) المعَْكُوس 
science; discipline عِلمْ (ج) علُوُم
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َ ةئيَْهلالمْعِ ف
مَالعالdawn (II.3[6])رجَ ْ ف

ʿilm al-hayʾa (Pref.[1]) 

the World (Intr.[2]) 

ضُرفْ َ ُعَُي to be assumed ي لمُِّ
َّةيوَِلَالع )بِاكوَالك(given or designatedوضرفْمَ
ةَقَفارمُ
لُصِفْ ودعمَُto separate (I.3[6])َي
عِ ) عِصُف)ج( لصَْ اتمارج(ةَمار chapter; seasonول ف ُ
لضَْف

ِ  (ََفلك عَكَلَف / لاكْفأ )ج ورمْ المorbَّاتي ُ
لَكَالف

ِ فلََك
(II.1[title and [1]) the celestial orb (I.3[6])

ناصر تيّاصرُِنْعُ / عَ )ج(صرُنْعُ the zodiacal orb (I.2[6])وجالبرُُ
َ تِابوَثلالَكف

(Intr.[2]) وتبكَنَْلعا 
مَّسجَمُلََكف
سلطالاََ َْٔلك ةدَوعatlas orbَ ف ْ
 equant orb (I.5[5])يرسمَْللِلدِّعَمُلََكف

َ مظعْٔالالََكف
لىعَْٔالالَكالف

the greatest orb (Intr.[2]) غ  
وبرُغ )مص(بُرُ ُ غَْ the highest orb (I.3[8])َي

ْفٔالالََكف
لك

برَْغorb of orbs (Intr.[2])لاك
َُلماََالف غُْنthe right orb (I.3[2])يمقِتَسْـ برِالم ةطَقْ
تفَاوت ُdifferenceُْرَغ  قم

َِ  لظ غ
ةَغاي ق

ِِ اع رتا ٔالا ةبُق فةَغايcupola of the Earth (II.1[1])ضرَّْ ْ
دِْلاةَغايqiblaبْلَةقِ يلعتَ

لَة ليَْلماةَغايَقابمُلُِقُابي  )مص(

opposite; facing (one another)

to face; 

ُت لالَةَقابَتم َّيرغَََي

to mark (II.3[3]) 

the upper planets 

(I.1[5]) departure (II.3[7])

perpendicular (II.3[2])

habitable land; 

habitation (II.1[2]) excess; difference

inhabited (quarters)

element 

(Intr.[1]) orb of the fixed stars

the rete [lit., spider] 

(of astrolabe) (II.3[5]) solid orb (I.1[1]) 

return

to set

west

west point (I.3[6]) 

embedded (I.1[4])

thickness (I.1[1]) 

maximum (I.3[5])

maximum altitude (I.4[14]) 

maximum equation (I.4[10]) 

maximum declination 

(I.4[12]) to be in opposition to 

does not change

amount (I.5[19])دارقْأ )ج(ردَْق
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amount; measure  ِير مَقادِ  (ج) قْدارم  

to determine; to measure  ِّرُ يقَُد  

foot (II.3[2])  َٔقْدامقدََم (ج) ا  

introduction (Pref.[2])  ِّمَةمُقَد  

to be in advance of  ُم  يتََقَدَّ
to approach  ُيقَْرُب 
closeness; nearness  قُرْب 
approximately   بيلتَقْرِ بِا  

to be in conjunction with  ِنُ يقُار  

conjunction َمُقارَنة 
to divide  ُمُ يقَْسِم / يقَُسِّ  

division; part  ِسامقْ م (ج) أَ سْ ق  

pole (I.2[2]) أقْطاب(ج)  قُطْب  

diameter (I.1[4]) قُطْر (ج) أقْطار 
radius  قْطارف أ (ج) أنصْانِصْف قُطْر  

(I.5[3]) 

to be in opposition; in alignment  َ رُ قاطَ تَ ي  

to cut off or describe (e.g. an arc);  ُيقَْطَع 
to intersect; to traverse 

segment  ِطَعطْعَة (ج) قِ ق  

to intersect  ِةعَ قاطَ مُ (مص)  عُ يقُاط  

to intersect one another  ُيتََقاطَع 
intersection point  َتقَاطُعة نقُْط  

concave (Intr.[1]) مُقَعَّر 
solstice (point)  ِلابنقِْ (نقُْطَة) الا  

winter solstice  ِتْوِ ب ال لانقِْ (نقُْطَة) الا يةّشـَ  

(point) (I.3[5]) 

summer solstice  ِيةّالصَيْفِ ب نقْلاِ (نقُْطَة) الا  

(point) (I.3[5]) 

the Moon القَمَر 
almucantar (I.3[6])  َات(ج) مُقَنطَْر ة مُقَنْطَر  

altitude almucantar  َفاعرْتِ ة الاِ مُقَنْطَر  

(II.3[5]) 

arc (I.4[1])  ِّسيِّ قِ /  قوَْس (ج) قُسي  

Sagittarius القَوْس 
arc of the azimuth (I.3[8])  َْسَمْتال  سقو  

arc of qibla bearing  َْبْلَة القِ ت سمَْ س قو  

(II.3[4]) 

arc of the equation  تَعْدِيلقوَْس ال  

(I.4[6]) 

arc of night (I.4[20])  َْليَْلس ال قو  

arc of daylight (I.4[20])  َْنهَارس القو  

part  مَقالَة 
(main division of Mulakhkhaṣ) 

to be perpendicular;  ُعلى يقَُوم  

to stand erect (I.4[10]) 

people (II.1[10])  َوْمق  

true  ِالكَواكِب يمتقَْوِ ؛ الشَمْس يمتقَْوِ : يمتقَْو  

position: true position of the Sun 

(I.4[6]); true position of the planets 

(I.4[7]) 

to be stationary;  ُ  (مص)  يمُ قِ ي
ِٕ
ةقامَ ا  

station (I.5[29]) 

being stationary  ُقيمم  

first station;  ُ ُ الم قام الثانيقام الأوّل؛ الم  

second station (I.5[30]) 

to undergo  ِتَق ةقامَ تِ سـْ اِ (مص)  يمُ يسَـْ  

direct motion (I.5[30])
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having direct motion; تَقِيم  مُسـْ
being straight 

the right (erect) orb تَقِيم  الفَلَك المسُـْ
(I.3[2]) 

gnomon (II.3[2]) مِقْياس 
 

 ك
sphere كُرَة (ج) كُرات 
enclosing sphere  ُِيطَةالكُرَة المح  

(Intr.[2]) 

erect sphere (II.2[1])  ُرَة المنُْتَصِبَةالك  

spherical (Intr.[1])  ِيّ كُر  

solar eclipse (I.5[35]) الشَمْس كُسُوف  

Kaʿba (II.3[4])  َةبَ عْ ك  

the Universe (I.2[2])  ُّالكل 
quantity  ِّ ِّ يَّ كمَ يّاتة (ج) كمَ  

opaque (I.5[36]) كمَِد 

full Moon (I.5[35]) لكَمالا  
star; planet (I.1[6])  ِبكَوْكَب (ج) كَواك  

vacillating planets بكَواكِ ال  ُ َ حَ تَ الم ةيرِّ  

(I.2[10]) 

wandering planets يّارَةال  بكَواكِ ال سـَ  

position; place مَكان 
manner (I.1[9])  ِةيَّ كَيْف  

 
 ل

twist (for latitude) (I.5[18])  ِواءلتِْ الا  

night; nighttime  ٍليَْل (ج) ليَال 
arc of night (I.4[20]) قوَْس الليَْل 

 م
comparable;  ِثلْ (ج) أمْثالم  

is equivalent to; is equal to; 

the same as; similar to 

parecliptic (orb) (I.1[3]) )الفَلَك) الممَُثَّل  

Almagest (II.1[2])  َِسْطِيالمج  

new Moon (I.5[35]) المحُاق 
to pass through; to transit  ُّيمَُر 
transit; traverse  ُرُورم  

transiting  ّمَمَر 
pasture (II.1[1]) مَرْج (ج) مُروج 
Mars  ِيخرِّ الم  

to be contiguous with;  ُّيماُس 
to be tangent to; to touch 

tangent  ُماسّ م  

tangency  َ ماسّ ت  

Mihrjān (II.2[2]) مِهْرجان 
water (Intr.[1])  ِياهماء (ج) م  

to incline  ُيمَِيل 
inclination; declination مَيْل (ج) مُيُول 
first declination مَيْل أوّل 

(I.3[10]; I.4[12]) 

second declination  ْنٍ ل ثامَي  

(I.3[10]; I.4[12]) 

total obliquity  َْلالميَْ  غايةَ/  يّ كلُِّ ل الالمي  

or complete declination; maximum 

declination (I.4[12]) 

declination  ِرَ دائ َ ر الميُُوليْل (ج) دَوائِ ة الم  

circle (I.3[10])
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declination/inclined orbsِ لةالمائلاكْفٔالا

(I.3[12]) 

  ن
plantsاتيّتِبَان / َن )ج(باتن (Intr.[1])  باتاتَ
ََُُِّّ  astrologer (II.3[7]) ونمجنم )ج( ِ مجنم
 ratioبسَنِ )ج(ةبَسْـنِ

radiusطارقا صافنا ) رطْق فصِْ ْْٔٔج(ُن
 noonارنهَال فصْنِ

 meridian ارَالنه فصْنِ)ةرَِدائ / ّطخَ(

(line or circle) (I.3[7]) 

to bisectفُصَِّنُي

;midpoint (I.4[9])فصَتَْنمُ

midway (I.5[7]); middle (II.1[1]) 

 planetary sectorطاقاتنِ )ج( قطانِ

(I.4[9]) 

equator قِناطمَ )ج(ةقَطَْنمِ

 zodiacal equator (I.2[3])وجُُالبرةقَطَْنمِ

 perspective (I.4[15])رظَْنمَ

 parallax (I.4[15])رظَنَْلما لافتِخْاِ

to subtractنمِصُقُنَْي from

subtractionصانقُْن

waning Moon انصقنُلا (I.5[35]) ْ
pointطقَُن )ج(ةطَقُْن

 to shift (I.3[8])لُقَِتْنَي

 وس كم reversed (order) (II.2[9])ُْنَ
 daylight; daytime (II.2[1])رنهُْأ )ج(ارنهَ

duration of daylightارَالنه مانز َ
(II.3[8]) 

arc of daylight (I.4[20])ارَالنه سوَْق

ةنه limit (I.4[12])َايِ
;to terminate (I.4[6])إلى ـيتهَِْنَي / ـيتهَِْنَي

to reach (I.4[10]) 

fire (Intr.[1]) نار

light (II.3[6] ونٔ )ج( روُن ار ا ْ
 the two luminaries (II.3[10])انيرَِّنلا

z [II.2[2]) ūNayrوزيرَْن

  ه
descending (I.4[10])طِهاب

 crescent Moon (I.5[36])لالهِ

 air (Intr.[1])اءوهَ

  configuration; shapeاتَئيْهَ)ج( ةَئيْهَ

  و
 to subtend (I.4[6])رُِوُتي

 face (of a celestial body)هجْوَ

 direction اتجِه)ج( ةجَِه

 ;to face (I.5[36])ةََاجهومُ )مص(هُِاجوُي

to be facing (II.3[4]) 

وش و )ج(شحْوَ wild animal (II.1[10]) حُ

ِslope (I.5[18]) (of latitude) رابالو 
beyondراءوَ

Libra يزِ ان الم
parallel (I.2[8])ٍازومُ

parallel to اةازومُ على (II.1[3]) 

to be parallel toٍازوَتمُ one another

(I.1[1]) 
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middle; mean [motion]وَسَط (ج) أوْساط 

midpoint [climes] (II.1[3]) 

mid-heaven (II.3[5])  سَماءوَسَط ال  

solar (Sun’s) mean (I.4[6])وَسَط الشَمْس 

Moon’s mean motion  َقَمَرط الوَس  

(I.5[37]) 

planet’s mean (I.4[7])  َكَوْكَبط الوَس  

ortive amplitude (I.4[5])  ِْقسَعَة مَشر  

occasive amplitude (I.4[16])  َبمَغْرِ ة سَع  

to describe; description  يصَِفُ؛ وَصْف 
to reach  ُلىإ يصَِل  

to be connected  ِـمُتَّصَل بِ ؛  ـبِ  لُ يتََّص  

with; to be contiguous with 

position وَضْع (ج) أوْضاع 

location; place; position عع (ج) مَواضِ مَوْضِ   

corresponding to (I.5[30])  ِةقَ مُواف  

time (ج) أوْقات وَقْت  

sequence   ٍتوال 
in the sequence of ليِ على توَا  

in the  ليِ توَا لافخِ ليِ / إلى على توَالا  

counter-sequence of 

valley (Intr.[1])  هادوِ  (ج)وَهْدَة  

imagined مَوْهوم 
to imagine   َُّيتََوَهم 
imaginary َهمَّ مُتو  

 ي
day يوم 
nychthemeron (I.2[3])  ْهليَْلتَِ بِ م اليَو  

daily  ِيّ يوَْم  
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6;50 [parts] 
6;56˚ 
7;21˚
9;23,33˚
9;30 [parts] 
10;0˚
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I.2[6]  
I.2[6]  

 I.2[9]  
 I.2[4]; I.5[37]  
 I.2[9]  

II.3[8]  
 I.5[16]  

 I.2[10]  
 I.2[9]  

 I.5[17]  
 I.2[10]  

 Comm. I.2[10]  
 Comm. I.2[10]  

 I.5[17]  
 I.5[16]  

 I.2[10]  
 I.2[10]  

I.2[3, 8, 9]; II.3[7]  
 I.5[16]  

 I.5[17]  
 I.5[16]  
 I.5[17]  

 I.2[9]  
I.5[12]  
I.5[11]  

 I.5[16, 18]  
 I.2[10]  

I.5[13]  
 I.5[16]  

Comm. I.5[3]  
I.5[12]  

 I.5[17]  
I.5[3]  
I.5[3]  

I.5[12]  
Comm. I.5[17]  

 II.3[5]  
 I.5[26, 27]  

I.5[13]  
 II.1[2]  

10;19 [parts] I.5[11] 
10 days+20½ hours II.3[10] 
11;09,07,43˚ I.2[5]; I.5[37] 
11;12,18,20˚ I.5[37] 
11;30 [parts] I.5[3] 
11;53,46˚ I.5[26, 27] 
12˚ I.5[36] 
12 hours II.1[3]; II.2[1] 
12 months II.3[9] 
12;0 [parts] I.5[12] 
12;11,26,41˚ I.5[37] 
12;30˚ II.1[3, 10] 
12;30 [parts] Comm. I.5[11] 
12;45 [hours] II.1[3] 
13;0 hours II.1[3] 
13;03,53,56˚ I.2[10] 
13;10,35,02˚ I.5[37] 
13;15 hours II.1[4] 
13;30 hours II.1[4] 
13;45 hours II.1[5] 
14;0 hours II.1[5] 
14;15 hours II.1[6] 
14;30 hours II.1[6] 
14;45 hours II.1[7] 
15;0 hours II.1[7] 
15˚ II.3[8] 
15;15 hours II.1[8] 
15;30 hours II.1[8] 
15;45 hours II.1[9] 
16;0 hours II.1[9] 
16;25˚ II.1[2] 
16;27˚ II.1[3] 
19;23,33˚ I.5[26, 27] 
20˚ I.5[25] 
20;14˚ II.1[4] 
22;30 [parts] Comm. I.5[3] 
22;39˚ II.3[5] 
23;35˚ I.4[12] 
23;51˚ II.1[4] 
24 hours II.2[6] 
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24;05˚ Comm. II.1[3, 4] 
24;22,53,22˚ 

I.2[9]; I.5[37]; Comm. I.2[9] 
24;23˚ Comm. I.2[9] 
24;23,53,22˚ Comm. I.2[9] 
24;40° Comm. II.1[3, 4] 
25;0 [parts] I.5[3] 
26;23,33˚ I.5[26, 27] 
27;10,33˚ I.5[26, 27] 
27;12˚ II.1[5] 
29;12˚  Comm. II.1[5] 
29;31,50,8 days II.3[10] 
30;22˚ II.1[5] 
33;18˚ II.1[6] 
36;0˚ II.1[6] 
38;35˚ II.1[7] 
39;30 [parts] I.5[3] 
40;56˚ II.1[7] 
43;01˚ Comm. II.1[3] 
431⁄6 [=43;10] [parts] Comm. I.5[3] 
43;15˚ Comm. II.1[3, 8] 
43;51˚ II.1[8] 
45;0 [parts] I.5[3] 

S.P. Ragep 

45;01˚ II.1[8] 
46;51˚ II.1[9] 
48;32˚ II.1[9] 
50˚ I.5[25] 
50;25˚ II.1[10] 
63˚ II.1[10] 
64˚ II.1[10] 
66˚ II.1[2, 10] 
66;25˚ II.2[6, 7] 
66;25˚ => 90˚ [latitude ] II.2[9] 
82;25˚ II.1[2] 
< 90˚ [latitude] II.2[2] 
90˚ II.2[8, 12] 
90 parts I.4[1] 
180;0˚ II.1[2] 
354+1⁄5+1⁄6 days II.3[10] 
360˚ II.3[10] 
360 parts  I.4[1] 
365¼ days – 3p24′/360p of a day II.3[9] 
365¼ days – 1/300p of a day II.3[9] 
365¼ days II.3[9] 
1317 [Dhū al-Qarnayn] Comm. I.5[26] 
1517 [Dhū al-Qarnayn] I.5[26] 



Subject Index 

The Arabic particle al- has been ignored for alphabetizing entries. References of 
the form I.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 
ʿAbbās Wasīm Efendi, 291  
ʿAbd al-Karīm Bulghārī, 72  
ʿAbd al-Raḥmān ibn Ibrāhīm  

al-Suhrānī al-Shāfiʿī, 287  
ʿAbd al-Salām al-Muhtadī 

al-Muḥammadī. See Hoja Īliyā 
al-Yahūdī. 

ʿAbd al-Wājid, 4, 70, 156n20, 158n22,  
160n23, 255–59, 264, 268, 271–  
75, 277, 285  

Abū Ḥanīfa, 11, 64n263, 162 (II.3[2]), 
276  

Abū Maʿshar, 30n117, 56n230  
Abū al-Ṣaqar ibn Bulbul, 44n180  
Academy in Athens, 38, 41n162  
aether/aethereal, 27, 86 (Intr.[1])  
al-Afghānī, Sayyid Jamāl al-Dīn, 2n4  
afternoon (ʿasr) prayer, 162 (II.3[2]),  

276  
Aḥmad al-ʿImādī, 287, 288  
air, 86, 168, 305  
Aiton, E. J., 58n239  
Akhawayn, 287  
ʿAlāʾ al-Dīn (Aleppo timekeeper), 80  
ʿAlāʾ al-Dīn Atsiz, Khwārizm Shāh (r.  

521–51/1127–57), 61, 63n259 
ʿAlāʾ al-Dīn Muḥammad, Khwārizm 

Shāh (r. 596–617/1200–20), 
22–24 

ʿAlāʾ al-Dīn Tekish, Khwārizm Shāh 
(r. 567–96/1172–1200), 23n92, 
24  

al-ʿālam. See World.  
al-Alānī, Yūsuf ibn Mubārak, 4, 70,  

71, 156, 263–65, 268, 270–74,  
277, 284  

Aleppo, 80  

Alexandrian (Dhū al-Qarnayn) 
calendar. See calendar. 

Alexandrian School, 39, 41n162 
Alfraganus. See al-Farghānī. 
ʿAlī ibn Fatḥ Allāh al-Maʿdānī 

al-Isfahānī. See al-Ṣābirī.  
ʿAlī ibn ʿĪsā al-Asṭurlābī, 57n235  
alignment, 102 (I.2[8]), 116, 130, 142,  

162, 275  
alignment point (prosneusis), 128  

(I.5[5]), 130, 262  
Almagest. See Ptolemy.  
almucantar, 110 (I.3[6]), 303  
almucantar of altitude, 166 (II.3[5]),  

277  
almuri (Capricorn marker on astrolabe  

rete), 166 (II.3[5])  
altitude, 122, 154, 156n20, 158, 162,  

166, 274, 277  
altitude circle. See circle.  
al-ʿĀmilī, Bahāʾ al-Dīn, 288  
Ammonius, 39, 41n162  
amplitude. See occasive; ortive.  
ancients, the, 28n110, 39n155, 45,  

45n183, 46  
Andalusia, 39n155, 289. See also  

Spanish Aristotelians.  
al-Andiqānī, Muḥammad ibn ʿUmar,  

264, 271–72, 290, 291  
angle   

(of) anomaly, 126 (I.5[2]), 260  
(Fig. C2)  

 (of) divergence. See parallax.  
(of) the equation, 116 (I.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 (II.1[10]) 
anomaly (ikhtilāf) 
 angle of. See angle. 

first, 126–29 (I.5[3]), 142 
latitudinal, 132–37 (I.5[14–23])

 longitudinal, 126–33 (I.5[1–13]), 
260 

motion of, 104
 proper, 134 

second, 128 (I.5[4]) 
third, 128–31 (I.5[5–9]), 262 

 See also under individual planets. 
apex (dhirwa) 

apparent, 130 (I.5[9]) 
epicycle, 118 (I.4[8]), 120, 126, 

134, 136, 140, 142, 263  
mean, 130 (I.5[9]), 262  

apogee, 20, 90 (I.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 

(I.5[26]), 264–66, 281 
solar. See Sun, solar apogee. 
See also under individual planets. 

Apollonius, Conics, 39 
Aq Qoyunlu Yaʿqūb (r. 883– 

96/1478–90), 286 
Aqdār ajrām al-kawākib wa-abʿādiha, 

Risāla fī. See 
al-Jaghmīnī. 

Aquarius, 160 
arc, 51n207, 108, 130, 114–25 (I.4), 

164, 170, 257–59 
(of the) azimuth, 110 (I.3[8]) 
co-ascension of, 114 (I.4[3]) 
complement of, 114 (I.4[1]), 158, 

274 
(of) daylight/night, 124 (I.4[20]), 

259 
(of the) equation, 116 (I.4[6])

 (of) qibla bearing, 166 (II.3[4]) 
turning of the orb, 124 (I.4[21]), 259 

Aries, 114, 116, 144, 146, 156, 158, 
160, 172 

Aristarchus, 35n136 
Aristotle, 44, 56n230 

cosmology, 29n110, 30n116, 
39n155 

natural philosophy, 28, 30, 30n116, 
64n263 

ascendant, definition of, 162 (II.3[1]) 
Asclepius, 41n162 
ʿasr. See afternoon prayer. 
Astarābādī, Mullā Muḥammad Jaʿfar 

Sharīʿatmadār, 291 
astrolabe, 38n151, 48n194, 50n204, 

61n250, 66, 166 (II.3[5]), 
277–78 

astrologer, 30, 33, 47–48, 56n231, 170, 
278 

astrologia / ἀστρολογία, 32 
astrological primer. See Bīrūnī, 

Tafhīm. 
astrology, 29–31, 33, 37, 56–57, 

58n237, 59, 63, 65, 258, 281 
astronomia, 26, 27, 56. See also 

Ikhwān al-Ṣafāʾ. 
astronomical handbook. See zīj. 
aṭlas orb. See Orb of Orbs.  
Atsiz, Khwārizm Shāh. See ʿAlāʾ 

al-Dīn Atsiz. 
Autolycus, 35n136 
autumnal equinox. See equinox; 

Mihrjān. 
Avicenna. See Ibn Sīnā. 
al-Azhar, 2n4 
azimuth 

arc of azimuth, 110 (I.3[8]), 114, 124  
 ascendant azimuth, 124 (I.4[18])  

circle. See circle.  
circle of initial azimuth (prime  

vertical). See circle. 
complement of the azimuth, 110 

(I.3[8]), 114, 124  
point, 110 (I.3[8]) 

 qibla, 124 (I.4[19])  
Azov, Sea of, 272 
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B 
Babylonians, 33–34, 278 
Badr al-Dīn al-Qalānisī. See 

al-Qalānisī. 
Baghdad, 45–46n184, 46, 47, 49, 57 
Banū Mūsā, 52 
Ḥarakat al-aflāk, 53 

Banū Qalānisī, 18 
Barker, P., 29n111 
barleycorn, 86, 288 
Basra, 56, 58 
bath house, 152 
al-Battānī, 20, 54nn223–24, 55, 63, 

65–66, 71, 253, 277 
Zīj, 35n137, 54–55, 56n230, 66, 

172 (II.3[9]), 252–56, 259–62, 
265–66, 278 

Bāyazīd II (r. 886–918/1481–1512), 
13n50, 286, 289, 290  

Berggren, J. L., 32–34 
Bessarion, Cardinal, library of, 41n163 
al-Bīrjandī, 3n10, 270, 287, 291 
al-Bīrūnī, Abū Rayḥān, 19, 49, 56–58, 

62, 265–66, 269 
(and) Indian astronomy, 46–47 
al-Qānūn al-Masʿūdī, 57n235, 

254–55 
al-Tafhīm, 4–5, 5n15, 56, 62, 

166n29, 252, 258, 259, 264, 
266, 268, 272–77 

bodies  
 celestial/heavenly, 28–29 (I.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, 26–29, 

33, 61, 66, 84 (Pref.[2]) 
Bowen, A., 33–34, 42n168 
Brentjes, S., 6n20 
Brethren of Purity. See Ikhwān 

al-Ṣafāʾ. 

Brockelmann, C., 11, 13–14, 14n53, 
18n70 

Bukhara, 24 
Burhān al-Dīn Ibrāhīm ibn 

Muḥammad ibn Ibrāhīm 
al-Ḥalabī, 287 

al-Būzjānī, Abū al-Wafāʾ, al-Majisṭī, 
57 

C 
Cairo 2n4, 6n20, 16, 58, 64n262. See 

also Khedieval Library. 
calendar  
 Alexandrian/Dhū 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., 47n190, 50n203, 

50n205, 51–52n210, 
54–55n224 

Chingiz Khān, 24n95 
circle, 51n207, 90, 96, 98, 102, 106–13 

(I.3), 114, 126, 130, 134, 148 
altitude, 110 (I.3[8]), 122, 124 

 azimuth, 110 (I.3[8]) 
day-circle, 106 (I.3[2]), 152, 154, 

156  
declination, 110 (I.3[10]), 114, 116, 

122 
equinoctial, 106 (I.3[2]), 122, 259 
great, 106 (I.3[1]) 
horizon, 51n206, 108 (I.3[6]), 110, 

124, 160 
imaginary, 28–29n110, 60, 112 

(I.3[12]), 116, 130, 257 
Indian, 164 (II.3[3]; Fig. 8), 166, 

275–77 
(of the) initial azimuth (prime 

vertical), 110 (I.3[9]) 
latitude, 112 (I.3[11]), 122, 259 
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meridian, 110 (I.3[7]), 122, 124, 
156, 158, 160, 162, 170 

small, 106 (I.3[1]) 
solstitial colure, 108 (I.3[5]), 122 
zodiacal, 106 (I.3[3]), 116, 122, 

156, 257, 259 
circle of scholars, 2n4, 30, 63, 65 
circuit, 124, 156 

day-circuit, 106 (I.3[2]), 152, 154, 
156  

(of) locality, 110  
 solar, 124 (I.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 
(II.1), 249, 268–73 

latitudes of/maximum daylight of, 
150–53 (II.1[3–10]), 269 
(chart), 270–73 

See also Jaghmīnī, Mulakhkhaṣ, 
establishment of text. 

co-ascension, 114 (I.4[3]), 170, 257 
(of a) [discrete] part, 114 (I.4[4]) 
(of the) zodiacal arc, 114 (I.4[5]) 

coast, 148, 268  
colatitude. See under latitude.  
cold, severity of, 152, 273  
combust way, 140 (I.5[33]) 

 Bīrūnī, 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 (II.3[6]) 
configuration, science of. See hayʾa. 
conic gnomon, 164 (II.3[3]) 
conjunction, 140, 142, 144, 146, 172, 

267 (Fig. C3) 

constellations, 5, 65, 65n267  
convex surface, 86 (I.1[2]), 90, 94, 98  
cosmography. See hayʾa.  
cosmos. See World.  
the Creator, 67. See also God.  
cupola of the Earth, 148 (II.1[1]), 268  

D 
daily universal motion, 100 (I.2[2])  
Dallal, A., 6n20  
Damascius, 41n162  
Damascus, viii, 6n20, 17–18,  

45–46n184 
dawn, 168 (II.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 (II.2[1]), 
154, 158, 160, 170–73 (II.3[8]), 
278 

equation of, 116 (I.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 (I.3[10]), 122 
(of) inclined orbs, 112 (I.3[12]) 
maximum, 122 (I.4[12]). See also 

obliquity. 
second declination, 110 (I.3[11]), 

122, 259 
deferent. See orb. 
degrees, equal, 114 (I.4[5]) 
degree of rising/setting/transit of the 

star, 162 (II.3[1]) 
Dellākoğlu, 286 
depression, 154 (II.2[2]) 
descending, 42n169, 120, 140 
deviation (mayl). See latitude. 
Dhū al-Qarnayn. See calendar. 
digit (as division), 162 (II.3[2]) 
direct motion, 140 (I.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 (I.4[9]), 
126–29, 134, 136, 260–61 

nearest distance, 51, 130, 132  
(of) star from equinoctial, 110, 122 

double elongation. See Moon.   
Duhem, P., 29n111  
dusk, 168 (II.3[6])  

E 
Earth (body), vii, 4, 28n105, 30n116, 

34–35, 36n143, 39n155, 
42nn169–70, 43, 48n193, 49, 
51–52, 61, 67n269, 84, 86,  
90–95, 104–7, 114–17, 122–25, 
128, 142–45, 168, 277, 290 

centrality of, 35n139, 39n155, 51, 
86

 configuration of. See hayʾa, hayʾat 
al-arḍ. 

cupola of, 148, 268 
determining diameter of, 48n193, 

51–52  
inhabited regions of, 37, 148–53 

(II.1]), 160, 170, 172, 268–73 
 measurement of, 48n193 

relation to Moon and Sun, 142–45 
(I.5[35]), 266, 267 (Figs. C3, 
C4, C5) 

sphericity of, 34, 51–52, 86, 148, 
288 

undulations, 86 (Intr.[1]), 290 
uninhabited regions, 148, 152 

 See also inhabited region/zone. 
earth (element), 86 (Intr.[1])  
east point. See point.  
east-west line. See line.  
Eastwood, B., 41–43nn167–71, 174  
eccentric. See orb.  
eccentricity, 118, 128, 130–33, 262–63  
eclipse, 42n168  

lunar/solar, 142–45, 144, 266–67 
(Figs. C4, C5), 291 

(and) Ptolemy, 35, 53 
(to) reappear after being eclipsed, 

142–45 (I.5[36])
 See also shadow. 
elementary/introductory textbooks, 

vii–viii, 2, 4–5, 6, 16n63, 19, 
25–26, 26n102, 32–33, 34, 36, 
42, 45–47, 50–52, 64–65 

elements, 86 (Intr.[1]), 27, 28n105 
Elements. See Euclid; al-Jaghmīnī, 

Talkhīṣ kitāb Ūqlīdis. 
embedded, 34, 39, 92, 98 
enclosing orb, 86 (Intr.[2]), 90, 94, 96 
epicycle. See orb. 
equal degrees, 114 (I.4[5]) 
equant, 55, 128, 130, 132, 257,  

262–63. See also orb. 
equation (taʿdīl), 116 (I.4[6]), 118
 angle of. See angle.
 arc of. See arc. 

maximum, 120 (I.4[10]), 126 
equation of daylight, 114 (I.4[5]), 116, 

257–58, Fig. C1 
equation of time, 170 (II.3[7]) 
equator, 100, 102, 112, 114 

beginning of climes, 150 (II.1[3]), 
268–70, 273 

characteristics of, 86, 152–61 (II.2), 
273–74 

Earth’s, 37, 106 (I.3[2]), 114, 148, 
170, 258, 268 

equinoctial, 100 (I.2[2]), 106 
(I.3[2]) 

zodiacal, 100, 102 ([I.2[6]), 106, 108 
equinoctial. See circle; equator. 
equinox line. See line. 
equinox points (autumnal/vernal), 

64n263, 108–11, 114, 152, 154, 
158n22, 273–74 

Eratosthenes, 34 
Eternal Islands, 148 (II.1[2]), 148n15, 

268 
Euclid, 34–35n136 

Elements, 21, 282 
Eutocius, 39, 40n157 
Evans, J., 32, 33n126, 33n132 
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F 
Fakhr al-Dīn al-ʿAjamī, 286 
Fakhr al-Dīn al-Rāzī. See al-Rāzī. 
Fakhrī-zāde al-Mawṣilī, 289 
falak. See orb. 
al-Fārābī, Abū Naṣr, 27n103 
al-Farghānī, Muḥammad ibn Kathīr 

[Alfraganus]
 Jawāmiʿ ʿilm al-nujūm (Elements 

of Astronomy), 47–51, 56n230, 
254–56, 259–63 

(compared with) Battānī, 55, 
254–56, 259–62 

(compared with) Jaghmīnī, 66, 
252, 254–56, 259–63 

(compared with) Thābit ibn 
Qurra, 50–51 

commentaries on Jawāmiʿ, 49 
Latin trans. of Jawāmiʿ, 49n200 

farthest distance. See distance. 
Faṣīḥ al-Dīn ʿAbd al-Karīm 

al-Niẓāmī al-Nīsābūrī, 290 
Faṣīḥ al-Dīn Muḥammad al-Kūhistānī, 

284, 287, 290 
Fazlioğlu, İ., 57n233 
fire (element), 86 (Intr.[1]) 
fixed stars, 35, 59n240, 65–66n267, 

98, 255 
motion of, 38n152, 100–3 (I.2[6–7]), 

138, 140, 253, 266 
orb of, 86, 98 (I.1[10]) 

foot (as division), 162 
Fortunate Islands. See Eternal Islands. 

G 
Gemini, 114, 116, 138, 158, 162n26, 

166, 258, 265–66, 274–75, 277 
Geminus, Introduction to the 

Phenomena (Isagoge), 32–33, 66 
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Plate 2. f. 64a: Illustration 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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