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To my parents



What a knowledge is the hay a of love!
For which the eighth orb is like the seventh earth.

Hafiz
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ABSTRACT

Works belonging to a specific astronomical genre of the pre-modern Islamic world called
hay a often include a section called iay ‘at al-ard. This section discusses the physical and
geographical characteristics of the Earth as a physical, spherical body located at the center of the
world in a stationary state, along with a discussion of the astronomical phenomena associated
with this body. Even though it originally emerged and evolved within the context of the zaya
tradition of theoretical astronomy, hay ‘at al-ard sections contain various physical and
geographical discussions. This thesis is aimed at defining hay ‘at al-ard as a distinct genre of
scientific geography and at showing how the development of this genre is central to any study of
the evolution of not only the Aay a tradition, but also the geographical and cosmographical
traditions of the pre-modern Islamic world. Part | of the thesis contains four introductory
chapters discussing different aspects of the hay ‘at al-ard genre. Chapter 1 presents a review of
the current literature and state of research. Chapter 2 provides a brief history of the formative
period of the hay ‘a and geography traditions in the 2"-4"/7"_10" centuries in order to shed
light on exchanges between these traditions. As a concrete case study, the zay at al-ard section
of Qutb al-Din Shirazi’s (d. 1311) Nihayat al-idrak fi dirayat al-aflak has been edited and
translated into English. Hence, chapter 3 presents a study of Shirazi’s life and his say ‘a works.
Finally, in chapter 4, the contents of zay at al-ard are discussed and analyzed with a focus on the
Nihaya, the evolution of hay ‘at al-ard, its sources, and its influence on similar Latin traditions
and genres. The critical edition of the hay ‘at al-ard section, that is, Book 111 of the Nihaya,
constitutes Part Il of the thesis, after an introduction describing the manuscripts and editorial

procedures. Part 11 of the thesis presents an English translation of Book 11l of the Nihaya.



RESUME

Les ceuvres appartenant a un genre astronomique spécifique du monde islamique prémoderne
appelé comprennent souvent une section appelée hay ‘at al-ard. Cette section traite des
caractéristiques physiques et géographiques de la Terre en tant que corps physique sphérique
situé au centre du monde a I’état stationnaire, ainsi que des phénomeénes astronomiques associés
a ce corps. Bien qu’elle ait émergé et évolué a I’origine dans le contexte de la tradition zay a de
I’astronomie théorique, les sections hay at al-ard contiennent diverses discussions physiques et
géographiques. Cette thése vise a définir le genre de 1’hay ‘at al-ard comme genre distinct de la
géographie scientifique et a montrer comment le développement de ce genre est au cceur de toute
¢tude de I’évolution de la tradition, non seulement, de la tradition de 1’4ay ‘a, mais aussi des
traditions géographiques et cosmographiques du monde islamique prémoderne. La partie | de la
these contient quatre chapitres d’introduction traitant de différents aspects du genre de I’hay ‘at
al-ard. Le chapitre 1 présente une revue de la littérature actuelle et de I’état de la recherche. Le
chapitre 2 présente un bref historique de la période de formation des traditions du Zay ‘a et de la
géographie aux 1I°-IV¥/V1I°-X® siecles afin de mettre en lumiére les échanges entre ces
traditions. Comme étude de cas concret, la section hay at al-ard de Qutb al-Din Shirazi (mort en
présente une étude de la vie de Shirazi et de ses ceuvres de zay ‘a. Enfin, au chapitre 4, le contenu
de I’hay at al-ard est discuté en mettant I’accent sur le Nikaya, et I’évolution de 1’hay ‘at al-ard,
ses sources et son influence sur des genres latins similaires sont analyses. L’édition critique de la
section hay ‘at al-ard, c¢’est-a-dire le livre 11l du Nihaya, constitue la partie 11 de la these, apres
une introduction décrivant les manuscrits et la procédure éditoriale. La partie 111 de la thése
présente une traduction anglaise du livre 1l du Nihaya.
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Part |

Hay at al-ard: a Distinct Genre



1.1 Introduction

Various traditions of theorizing about the shape of the Earth and its relation to the cosmos can
be traced from classical Greek to the medieval Islamic era in different disciplines such as
physics, astronomy, cartography, and meteorology. Generally speaking, ancient and medieval
geographical traditions cover a number of fields that can be classified along two major lines:
scientific and descriptive. Hay 'at al-ard (configuration of the Earth) emerged and evolved as a
scientific geographical genre within a specific tradition of theoretical astronomy of the pre-
modern Islamic world, called iay’a. Hay 'a works aimed at presenting the main results of
Ptolemy’s Almagest, without the proofs and within a cosmographical framework, and
reconciling them with Aristotelian physics in keeping with Ptolemy’s Planetary Hypothesis
wherein he treats orbs as physical bodies, not merely circles. Hay 'a works often included a
major section called hay ‘at al-ard that provided a general description of the spherical surface of
the Earth, the placement of land and water on the Earth, the characteristics of different
localities, and geodesy. Such works also included discussions of astronomical phenomena,
methods, and data that vary with the change of localities and horizons due to the sphericity of
the surface of the Earth. To be more specific, hay ‘at al-ard treats those astronomical
discussions that operate within the horizontal coordinate system, that is, the altitude-azimuth or
declination-ascension coordinates, as opposed to planetary theories that operate within the
zodiacal coordinate system and were dealt with in another main section on the configuration of
the heavens (hay'at al-sama’). In sum, the hay ‘at al-ard sections within hay ‘a works share
specific geographical, geodesic and astronomical contents, the specific composition and

arrangement of which may vary from one work to another. Despite the differences exhibited by



different hay ‘at al-ard sections of say ‘a works, they can still be considered a coherent genre.
The objective of this study is to define hay at al-ard as a distinct genre of scientific geography
and to show how it was formed and evolved within the related astronomical and geographical
traditions of the pre-modern Islamic world.

The first and most important step toward studying hay ‘at al-ard as a genre is to make its
exemplars readily accessible to researchers. As such, we chose Nihayat al-idrak fi dirayat al-
aflak (the utmost attainment in comprehending the orbs) of Qutb al-Din Shirazi (d. 710/1311)
as a concrete case study. The Nihaya, initially written in 680/1281 and revised several times
until 684/1285, is the first and most voluminous among Shirazi’s four major say 'a works, in
which he drew extensively on his predecessors. A critical edition and English translation of
Book 111 of the Nihaya, being one of the most comprehensive and longest textual exemplars of
the hay’at al-ard genre, are presented in Parts 11 and 111 of this thesis and represent a
contribution to studies on astronomical and geographical traditions of the pre-modern Islamic
world. Extensive codicological and paleographical analysis of some of the oldest manuscripts
of the Nihaya revealed that it existed in multiple versions. Through a scrupulous study of its
early manuscript witnesses and by identifying the original composition and the revisions of the
Nihaya in conjunction with Shirazi’s other hay ‘a works, the different versions of the Nikaya
were identified and established in the introduction of Part II. Shirazi wrote and revised the
Nihaya and two of his other hay 'a works during his residence in Anatolia. Even though Shirazi
has attracted quite a bit of attention from modern historians, the Anatolian episode of his life
has not been examined in recent scholarship. Thus, in chapter 2 of Part I, using some important
but neglected sources, such as autobiographical material in Shirazi’s own works, Persian
chronicles, regional histories and manuscript witnesses, this thesis sheds light on this aspect of
Shiraz1’s life and his intellectual activities in Anatolia. In addition, I provide there a general
description of the Nihaya.

In the opening chapter of Book 111 of the Nikaya, in the course of the description of the
inhabited part of the land and important bodies of water, Shirazi mentioned more than 200
geographical names, which is without precedent in previous hay ‘a works. This fact, together
with Shirazi’s precise revisions of the parts containing these names, indicate that he had access
to geographical sources as well. There are many different genres of geography in the pre-

modern Islamic world, but Shirazi and his Islamic predecessors only refer to one specific genre



called al-masalik wa-al-mamalik (routes and kingdoms). Interestingly, the formation of this
genre occurred around the same time as the formation of zay 'a as a genre. Thus, chapter 3 of
Part | presents a careful examination of the formation and a brief history of these two genres.

The contents of Book 11 of the Nikaya in particular, and generally those of the hay ‘at al-
ard section of similar zay ‘a works, cover a wide range of material from the fields of geography,
astronomy and geodesy. What unites all these topics under the heading of zay at al-ard is that
they all relate to the sphericity of the surface of the Earth and the natural, astronomical and
practical consequences accruing to this sphericity. The wide range of these topics, however,
makes the study of all of them impossible in one single research project. Given that the
astronomical and geodesic contents of hay ‘at al-ard have been more discussed in the secondary
literature, this project focuses on the geographical content of zay ‘at al-ard and highlights parts
dealing with some of the most important and sometimes controversial issues of scientific
geography.

Thus, using a historical and textual approach, in chapter 4 of Part I of this thesis, we drew
parallels and contrasts between the specific contents of Book 111 of the Nihaya and those of
some of its predecessors. This required researching material related to these contents from a
variety of geographical, scientific and philosophical primary sources, a particularly consuming
task given the scarcity of secondary literature on the subject. In the following section, | survey
the most important secondary literature under four main themes, namely ‘ilm al-zay ‘a and the
hay a tradition; Shirazi’s life and works; geography in pre-modern Islamic world; and cross

cultural influences and transmissions.

1.1.1 ‘llm al-hay a and the hay a tradition

Cosmography in the sense of a general physical-mathematical description of the universe,
encompassing both the study of the heavens and of the Earth, was called ‘ilm al-ay a in the
pre-modern Islamic world. The Egyptian encyclopedist Ibn al-Akfani (d. 749/1348) defines ‘ilm
al-hay ‘a as “the science from which one learns the situations of the lower and upper simple
bodies, their forms, their positions, their magnitudes, the distances between them, the motions

of the orbs and the planets and their amounts. Its subject is the aforementioned bodies from the



point of view of their quantities, positions, and inherent motions.”* That being so, we find most
haya works containing two main parts, one dealing with the configuration of the heavens
(hay'at al-sama’) and the other with the configuration of the Earth (kay ‘at al-ard). These works
were mainly based on a theoretical and philosophical foundation derived principally from
Aristotle’s (384-322 BC) cosmology and physics and from Ptolemy’s (ca. 90-168 CE)
astronomy. 2

The subject matter of Aristotelian physics, namely terrestrial and celestial bodies
undergoing change and/or motion, makes it distinct from mathematics, whose subject matter is
entities that do not undergo change.? Celestial bodies were studied by the natural philosopher as
well as by the mathematician—the astronomer, to be more specific—but while the former
studied their shapes and motions with regard to their substance, the latter considered mostly
their motion and applied his mathematical knowledge to it, regardless of their substance.*
However, despite the distinction frequently drawn between ‘mathematics’ (al-ta ‘alim) and

‘natural philosophy’ (al-tabi iyyat) in the pre-modern Islamic world, it is known that they often

L F.J. Ragep, “Astronomy,” in Encyclopaedia of Islam, THREE, ed. Gudrun Kramer et al. (Brill, 2013),
Consulted online on 22 October 2018 <http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-
3912 ei3_COM_22652>. Ibn al-Akfant’s definition is most probably taken from Nasir al-Din Tusi’s (d. 672/1274)
al-Tadhkira fi ‘ilm al-hay a (see F.J. Ragep, Nasir al-Din al-Tisi’s Memoir on Astronomy (al-Tadhkira fi ‘ilm al-
hay’a) (New York: Springer-Verlag, 1993), 1:90-91). Here we do not deal with different definitions of ‘ilm al-
hay’a and its relation with other branches of astronomical knowledge. This was discussed in the works of medieval
bibliographers, encyclopedists as well as by scholars who discussed the classification of the sciences. These writers
provide somewhat different ways of understanding the different branches of astronomical knowledge.
Nevertheless, ‘ilm al-hay’a was a recognized genre of cosmographical writing, based on certain common
characteristics that are discussed by F.J. Ragep under the entry “Astronomy” in the third edition of Encyclopaedia
of Islam, and the introduction to his edition of Nasir al-Din Tus1’s al-Tadhkira fi ‘ilm al-hay’a. See: F.J. Ragep, al-
Tadhkira, 1:29-36.

2 F.J. Ragep, “Astronomy.”

® Edward Grant, A History of Natural Philosophy: From the Ancient World to the Nineteenth Century
(Cambridge; New York: Cambridge University Press, 2007), 41-42.

* Paul Lettinck, Aristotle’s “Physics” and Its Reception in the Arabic World: With an Edition of the
Unpublished Parts of Ibn Bajja’s Commentary on the Physics (Leiden; New York; Kdln: E. J. Brill, 1994), 123.



overlapped significantly®—a fact that can be seen if we consider the 4ay a tradition to be a
critical synthesis of Aristotelian physics and Ptolemaic mathematical astronomy. In other
words, the fact that #ay 'a scholars applied mathematical principles to natural bodies makes ilm
al-hay’a an intermediary discipline between mathematics and physics. Hay 'a scholars admit the
physicality of natural bodies, celestial or terrestrial, take motion into account, and consider
planes, lines, and points as limits of physical bodies, as opposed to pure mathematical entities.
Ibn Stna (d. 428/1037) in the Tabi iyyat section of the Shifa’ explicitly says that “it is as if this
ilm [al-hay a] is a combination of physics (fabi ) and mathematics (ta limi).”® This approach
is apparent in Ibn al-Haytham’s (d. c. 431/1040) al-Magala fi hay ‘at al- ‘alam (treatise on the
configuration of the world) and also in his al-Shukiik ‘alé Batlamiyiis (doubts on Ptolemy),
which contains his criticisms of Ptolemy’s Almagest, Planetary Hypotheses, and Optics.’

In his Muntah@ al-idrak fi tagasim al-aflak (the utmost attainment on the structure of the
orbs), Baha’ al-Din al-Kharaqi (d. 553/1158), who was familiar with the works of Ibn Stna and
Ibn al-Haytham, followed the same reconciling approach. The Muntahéa has been edited and
commented upon by Hanif Ghalandari in his 2012 PhD dissertation.® Ghalandari in the
introduction to his edition provides us with a discussion of various classifications and
definitions of astronomical knowledge extracted from the works of different scholars of the pre-
modern Islamic world, with a focus on the difference between ‘ilm al-nujiam and ‘ilm al-hay ‘a,
arguing that the former is more general than the latter. Ghalandari believes that most zay ‘a
authors after Kharaqf relied heavily on him in writing their hay ‘at al-ard sections.® Ghalandari

then summarizes the content of the chapters of this section of the Muntaha that deal with a

> A. I. Sabra, “Science and Philosophy in Medieval Islamic Theology: The Evidence of the Fourteenth
Century,” Zeitschrift fur Geschichte der Arabisch-Islamischen Wissenschaften (1994): 4.

® Ibn Sina, al-Shifa’, Tabi iyyat, al-Sama’ al-tabi 7, ed. Sa‘id Zayid (Cairo: 1983), 42:

A oy b o g 4Kl Ui

" See Y. Tzvi Langermann, Ibn Al-Haytham's on the Configuration of the World (London: Routledge, 2017);
Y. Tzvi Langermann, “Arabic Cosmology,” Early Science and Medicine 2 (1997): 185-213; F.J. Ragep,
“Astronomy.”

® Hanif Ghalandari, “A survey of the works of “hay’a” in the Islamic period with a critical edition, translation
and commentary of the treatise Muntahd al-idrak fi tagasim al-aflak, written by Baha’ al-Din al-Kharaqt (d.
553AH/1158AD),” PhD dissertation (Tehran: Institute for humanities and cultural studies, 2012).

® Ghalandari, “Muntahd,” 1: 94.



general description of the land on the surface of the Earth and the characteristics of the equator
and oblique horizons.™ In this study, I have used Ghalandari’s work and especially his critical
edition of the Muntah4 to discuss the form and contents of hay 'at al-ard as a genre.

A very important work influenced by Kharaqi’s Muntaha is al-Tadhkira fi ‘ilm al-hay’a
(written in 659/1261; revised in 672/1274) by Nasir al-Din Tust (d. 672/1274). Relying on his
mastery of Avicennan philosophy and his grasp of the mathematical sciences, Tusi shows a
remarkable effort toward the reconciliation of Aristotelian physics and Ptolemaic astronomy in
the Tadhkira. A precise edition and English translation of the Tadhkira was published by F.J.
Ragep in 1993. Given that Shirazi’s Nikaya can be regarded as part of the commentary tradition
of the Tadhkira, Ragep’s work plays a central role in this research. The structure of Book IIT of
the Nihaya is very similar to that of the Tadhkira. Furthermore, most of the text of Book 111 of
the Tadhkira has been incorporated by Shirazi into Book III of the Nihdaya. Thus, Ragep’s
edition and translation of the Tadhkira was constantly in use throughout different stages of this
study. In the introduction to his edition, Ragep presents an extensive discussion of zay a as a
distinct genre of astronomy in the pre-modern Islamic world. The second volume of Ragep’s
work, which contains a modern commentary on the Tadhkira, is more focused on planetary
models in general. Moreover, Ragep’s commentary on Book 11, dealing with hay ‘at al-ard,
covers mostly the astronomical content of this book. Still, this part of Ragep’s commentary can
be considered as the earliest and most fundamental secondary literature on hay ‘at al-ard.

Tast has another hay 'a work, entitled al-Risala al-mu ‘niyya, which pre-dates the
Tadhkira. Tas1 wrote the Mu ‘niyya in Persian in 632/1235 and, after nearly 10 years, wrote a
supplement to the Mu Tniyya in 643/1245. Tst later revised both the Mu Tniyya and its
supplement and, as part of this revision, removed the dedication and references to his former
Isma ‘111 patron from these works. The Mu iniyya has a complex textual history that makes
producing a critical edition rather challenging. Hassan Amini, as part of his master’s thesis in
2008, prepared a reasonably good edition of the Mu Tniyya based on four manuscripts. Amini

and F.J. Ragep are currently working on a more precise critical edition based on all witnesses

19 Ghalandari, “Muntahd,” 1: 94-100.



representing different versions of the Mu ‘iniyya. For the purpose of this research on the iay ‘at
al-ard, we have used Amini’s thesis.™

In the Nihaya, Shirazi continued TasT’s reconciliation project. Besides proposing
innovative solutions to different problems of planetary models in Book Il of the Nikaya, Shirazi
also tried to enrich his Book Il on hay ‘at al-ard. Toward this latter purpose, Shirazi used both
the Mu Tniyya and the Tadhkira along with some other iay 'a works, which he considered to be
reliable. Fortunately, one of these works, Jaghmini’s al-Mulakhkhas f7 al-hay a al-basita
(written in 602—603/1205-1206), which Shirazi took to be authoritative, has been edited and
translated into English. The Mulakhkhas, according to its editor Sally P. Ragep, “was an
extremely popular astronomical text-book that played a critical role in the teaching,
dissemination, and institutional instruction of Islamic theoretical astronomy.”? Jaghmini’s
“straightforward basic definitions” must have been appealing to Shirazi, who quoted some of
them verbatim in the Nikaya 111.3. Shirazi also in some of the chapters of Book Il of the
Nihaya, such as chapter 9 on dawn and dusk and chapter 12 on shadows, has quoted extensively
from Mu’ayyid al-Din al-‘Urdi’s (d. 664/1266) Kitab al-hay’a. This important work has been
edited and published by George Saliba.*®

Another contribution to the field of 4ay 'a is Ahmad S. Dallal’s critical edition, English
translation and technical commentary of an astronomical text by Sadr al-Shari‘a al-Thant (d.
747/1347), a scholar who worked and taught in the city of Bukhara. This text, entitled Kitab
ta 'dil hay 'at al-aflak (the adjustment of the configuration of the celestial spheres), is the third
section of a three-part encyclopedic survey on logic, theology, and astronomy entitled 7« ‘dil al-

‘uliim (the adjustment of the sciences). According to Dallal, the work is extant “in the

traditional form of a commentary, where the author gives his own text and the comments on the

! Hassan Amini, “al-Risala al-Mu ‘iniyya of Kh"adja Nasir al-Din al-Tiist: A Critical Edition and Study,”
Master’s thesis (Institute for the History of Sciences, University of Tehran: 2008).

2 sally P. Ragep, Jaghmini’s Mulakhkhas: An Islamic Introduction to Ptolemaic Astronomy, (Switzerland:
Springer, 2016), 1.

3 George Saliba, The Astronomical Work of Mu’ayyad al-Din al- ‘Urdi, A Thirteenth Century Reform of
Ptolemaic Astronomy: Kitab al-hay ah, (Beirut: Markaz Dirasat al-Wahda al-Arabiyya, 1990).
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same.”** Dallal, however, has only edited the original text without Sadr’s commentary. In the
astronomical part that belongs to the zay ‘a genre, Sadr extensively refers to Tasi’s Tadhkira
and Shirazi’s third hay 'a work, al-Tukfa al-shahiyya (written in 684/1285).

1.1.2. Shirazi and the Nihaya
The Nihaya and parts of its text and contents have been the subjects of several studies. Eilhard
Wiedemann has discussed passages of the Nihdya in several of his works.”® E.S. Kennedy has
studied Shirazi’s Moon and Mercury models in the Nikaya and his other hay’a work, al-Tukfat
al-shahiyya.*® The introduction and conclusion of the Nikaya was published by F.J. Ragep in
2013.1" In the same year, Amir Mohammad Gamini and Hossein Masoumi Hamedani discussed
Shirazi’s account of the Ptolemaic equant point and published the relevant text from the
Nihdya.*® In a more recent article, Gamini has discussed some of Shirazi’s planetary models in
his different works including the Nihaya.*

Shirazi himself, moreover, is quite famous in modern scholarship. Kaveh Niazi in his

book, entitled Qutb al-Din Shirazi and the Configuration of the Heavens, and in his article,

Y Ahmad S. Dallal, An Islamic Response to Greek Astronomy: Kitab ta dil hay at al-aflak of Sadr al-Shari a,
(Leiden: Brill, 1995), 3.

> See for example E. Wiedemann, “Zu den optischen Kenntnissen von Kutb al-Din al-Schiraz
Geschichte der Naturwissenschaften und der Technik, iii (1912), 187-193; and E. Wiedemann, “Uber die Gestalt,
Lage und Bewegung der Erde, sowie philosophisch-astronomische Betrachtungen von Kutb al-Din al-Schirazi,”
Archiv fur die Geschichte der Naturwissenschaften und der Technik, iii (1912), 395-422.

1° E.S. Kennedy, “Late Medieval Planetary Theory,” Isis 57, no. 3 (1966): 365-378.
http://www.jstor.org.proxy3.library.mcgill.ca/stable/228366.

'F.J. Ragep, “Shirazi’s Nihayat al-idrak: Introduction and Conclusion,” Tarikh-e Elm 11 (2013): 52.

N

1,” Archiv flr die

'8 Amir Mohammad Gamini, and Hossein Masoumi Hamedani, “al-Shirazi and the Empirical Origin of
Ptolemy’s Equant in His Model of the Superior Planets,” Arabic Sciences and Philosophy 23, no. 1 (2013): 47-67.
d0i:10.1017/S0957423912000070.

9 Amir Mohammad Gamini, “Qutb al-Din al-Shirazi and the Development of Non-Ptolemaic Planetary
Modeling in the 13th Century,” Arabic Sciences and Philosophy 27, no 2 (2017), 165-203.
doi:10.1017/S0957423917000017.



“Qutb al-Din Shirazi as Depicted in Early Historical Sources,”?° has critically analyzed modern
and pre-modern biographies of Shirazi, noting discrepancies and contradictory information
from different narratives based mostly on Shirazi’s own autobiographical material. With regard
to modern sources, Niazi completely neglected Reza Pourjavady and Sabine Schmidtke’s series
of studies on Shirazi, which contains illuminating information about Shirazi’s life.?! In his
book, Niazi has compared Shirazi’s discussions of some problems relating to certain planetary
models in the Nihaya to his Persian hay 'a work, Ikhtiyarat-i muzaffari, and provided an English
translation of relevant fragments from both works.

In the present research, access to the aforementioned latest secondary studies on the life
of Shirazi facilitated our job to some extent and helped guide us in choosing the primary
sources. It should be noted that modern scholarship does not have much to offer with regard to
Shirazi’s life in Anatolia; thus, in this project, we had to rely mostly on primary sources in

order to shed some light on this episode of his life during which the Nihaya was written.

1.1.3. Al-Masalik wa-al-mamalik and the geographical tradition

The story of geography in the pre-modern Muslim world is rather complex, as ancient
influences are not confined to Greeks sources. Persian and Roman influences, in particular, are
traceable in the descriptive geographical tradition and cartography, respectively. However, the
geographical tradition of the pre-modern Islamic world is distinguished from its predecessors
by a certain set of attitudes, methods, techniques and questions. This geographical tradition
should be seen in the context of related scientific traditions, especially astronomy, with
improvements in observation methods and instruments and in mathematical techniques that

made possible conceptual developments in the configuration of the surface of the Earth. The

2 Kaveh Niazi, Qutb al-Din Shirazi and the Configuration of the Heavens: A Comparison of Texts and Models
(Dordrecht: Springer, 2013); “Qutb al-Din Shirazi as Depicted in Early Historical Sources,” Tarikh-e Elm 11
(2013) 23-39.

! Reza Pourjavady, and Sabine Schmidtke, “Qutb al-Din al-Shirazi (d. 710/1311) as a Teacher: an Analysis of
His Ijazat (Studies on Qutb al-Din al-Shirazi I11),” Journal Asiatique 297.1 (2009): 15-55; “The Qutb al-Din al-
Shirazi (d. 710/1311) Codex (MS Mar‘ashi 12868) [Studies on Qutb al-Din al-Shirazi, 1I],” Studia Iranica 36
(2007): 279-301; “Qutb al-Din al-Shirazi’s (634/1236-710/1311) Durrat al-zaj and its sources (Studies on Qutb
al-Din al-Shirazi, I),” Journal Asiatique 292.1-2 (2004): 311-330.
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vast territory of Islamic lands and remote voyages of travelers enriched and pushed the
boundaries of the geographical tradition of the pre-modern Islamic world.

The geographical tradition of the pre-modern Islamic world includes many genres and
forms. To mention a few genres, one can refer to travelogues,? books on wonders,?
geographical encyclopedias and dictionaries,** and al-masalik wa-al-mamalik. Significant
geographical data and information can be found in astronomical works, chronicles and literary
works too. The entry on “Djughrafiya” in the Encyclopaedia of Islam Second Edition covers all
different areas of geography in the pre-modern Islamic world. According to this entry,
Kharaqi’s Muntahd al-idrak belongs to a “tradition of describing the world as a whole as
practised by the geographers of the classical period,” however “[t]he pattern of description and
arrangement was also different from the earlier works” and “[t]here was a tendency towards
rapprochement between astronomical and descriptive geography in these works, and Greek
influence was still prominent in some works.”?> Nevertheless, the authors do not offer further
detail that would have helped us with recognizing any specific genre within this tradition.

Barthold’s introduction to Minorsky’s edition of Hudiid al- ‘alam,® the oldest Persian
descriptive geographical work whose author is unknown, contains valuable information about
different types of geographical knowledge. This introduction is an essential read for any
researcher in the field of history of geography in the pre-modern Islamic world, especially due
to Barthold’s good grasp of geographical and historical literature of this period that enabled him
to put forth a comparative discussion of selected material from the most important geographical

works.

2 Asan example, see Ibn Batata, Kitab rihlat Ibn Batiita: al-musamma Tuhfat al-nuzzar fi ghara’ib al-amsar
wa- ‘aja’ib al-asfar (Cairo: Matba‘a Wadi al-Nil, 1287/1867).

2 See for example Ferdinand Wiistenfeld, Zakarija Ben Muhammed Ben Mahmud El-Cazwini's Kosmographie
(Gottingen: Verlag Der Dieterichschen Buchhandlung, 1848).

?* Geographical dictionaries include Yaqit al-Hamawi, Mu jam al-buldan (Beirut: Dar Sidir, 1995).

% §. Magbul Ahmad, “Djughrafiya,” Encyclopaedia of Islam, Second Edition, vol. 2, edited by B. Lewis et al.
(Leiden: Brill, 1965), 584.

28 \/ladimir Minorsky, Hudiid al- ‘alam: ‘the Regions of the World,” a Persian Geography, 372 A.H.-982 A.D,
preface by V.V. Barthold, ed. Clifford Edmund Bosworth (London: Luzac, 1970).
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Recent scholarship has also offered various analytic models for identifying and
classifying different geographical works, such as the conceptualization of ‘Iraqi vs. Balkhi
Schools or scientific vs. descriptive approaches. Although these models were quite useful as
simple classification tools at the time of their formulation by modern scholars, they failed to
provide epistemological frameworks for distinguishing genres. To clarify this further, let us
have a look at the ‘Iraqi/Balkhi model, which is related to the formative period studied in the
present thesis.

Proponents of the ‘Iraqt vs. Balkht dichotomy assume that the ‘Iraqt School represents the
formative stage of geographical knowledge in the pre-modern Islamic world under the apparent
influence of the works made available during the translation movement. The Balkhi School, on
the other hand, represents an appropriation stage in which the geographical tradition of the pre-
modern Islamic world attained an intellectual maturity. The most manifest problem of this
model is the obfuscation of different geographical genres by classifying them in the same
category.?” This model also presents discrepancies regarding the chronological order of the
early works, due to the lack of biographical information about the authors. This issue is evident
in the very name of this model: the Balkht School was named after the well-known scholar Abii
Zayd Ahmad b. Sahl al-Balkhi (d. 322/934) whose fame as a geographer depends exclusively
on a sole work, the authorship of which was already disputed half a century after his own death.
The first mention of such a work by Balkhi appears in the Aksan al-taqasim fi ma ‘rifat al-
agalim of al-Mugaddasi (or al-Maqdisi, d. after 381/991), the famous geographer of the second
half of the 4™/10™ century. Mugaddast tells us that he saw three different copies of the same
work: one attributed to Balkhi, one without an authorial attribution—although the author was
believed to be Ibn al-Marzban al-Karkhi—and one with the author’s name given as Ibrahim b.

Muhammad al-Farisi,® known as al-Istakhri (d. ca. 350/961-962) in the modern literature.

" An example of this problem is the classification of the works of Ibn Khurdadhbih, the author of the earliest
extant masalik work, and Abt al-Hasan ‘Al b. al-Husayn al-Mas ‘0di (d. 345/956), the celebrated historian who
“regarded geography as a part of history,” as representatives of the same (i.e., ‘Iraqi) school (see Ahmad,
“Djughrafiya,” 579, 581). This is misleading since Ibn Khurdadhbih’s work is a proper geographical text whereas
Mas di, as a historian, incorporates geographical information to supplement his historical work.

%8 See Muhammad b. Ahmad al-Muqaddasi, Kitab Ahsan al-tagdsim fi ma ‘rifat al-agalim, ed. M. J. de Goeje

(1906; repr. Beirut: Dar &dir, n.d.), 5:
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Mugqaddast then adds that the last identification is the soundest, because he had met a group of
people who witnessed Istakhri’s composition of the work, of whom he specifically mentions
two names.?

These are some of the issues raised by the frameworks offered by 19"- and 20™-century
scholarship in this field. Examining all of these frameworks and analyzing their advantages and
disadvantages would constitute a research project in its own right. However, one can claim that
an issue common to all of them is that they are built upon a blurry vision of the formative
period.

In the field of scientific geography, the available secondary literature is more rigorous.
Abii al-Rayhan al-Biriini (d. after 440/1048) is probably one of the few scholars who composed
monographs in the field of mathematical geography. His monograph is entitled Takdid nihayat
al-amakin li-tashih masafat al-masakin (the determination of the coordinates of the localities
for the correction of the distances of the regions); according to its modern commentator, E.S.
Kennedy, it “is a self-contained treatise on medieval geodesy with numerous items of interest to

historians of astronomy, mathematics and technology.”*°
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2 See MugaddasT, Aisan al-taqasim, 5:
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For French translation, see: Muhammad b. Ahmad al-Muqaddasi, Ahsan al-tagdasim fi ma ‘rifat al-aqalim (La
Meilleure Répartition Pour La Connaissance Des Provinces), trans. André Miquel (Damas: Institut Frangais De
Damas, 1963), 14-15.

For modern discussions of the Balkhi-lstakhrT authorship dispute/confusion, see Barthold’s preface to the
Hudiid al- ‘alam in: Minorsky, Hudiid, 19; Gerald R. Tibbetts, “The Balkhi School of Geographers,” in: The
History of Cartography, Volume 2, Book 1: Cartography in the Traditional Islamic and South Asian Societies, eds.
J. B. Harley and David Woodward, 109-110 (Chicago: University of Chicago Press, 1992); and for arguments
against Balkhi’s authorship, see Ibrahim b. Muhammad al-Istakhri, al-Masalik wa-al-mamalik, ed. Muhammad
Jabir ‘Abd al-‘Al al-Hini (Cairo: The United Arab Republic, Ministry of Culture and National Guidance, General
Culture Administration, 1961), 8-9.

0 ES. Kennedy, 4 Commentary upon Biriini’s Kitab tahdid al-amakin: an 11th Century Treatise on
Mathematical Geography (Beirut: American University of Beirut, 1973) xv; see also David King, “A world-map in
the tradition of al-Birini (ca. 1040) and al-Khazini (ca. 1120) Presented by Siraj al-Din al-Sajawandi (1210),” in:
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Raymond Mercier, in his contribution to The History of Cartography vol. 2, book 1,
examines in detail Birani’s determination of the longitude of Ghazna (modern Ghazni,
Afghanistan).*! In this chapter, Mercier also tries to reappraise the Sinjar geodetic expedition
for the measurement of the length of a degree during the Ma’'miin caliphate but Mercier’s use of
the primary sources in this case is problematic.®* Mercier finally concludes that the result of this
measurement “is an accurate result, indeed probably too accurate to have been determined by
the methods claimed” by Ibn Yinus and others.®® This conclusion seems hasty, especially when
one notes that according to Mercier himself “[w]e have no information about the methods used
to fix the latitude, and no details about the instruments or the observations.”**

Ahmad Dallal’s “al-Birtini on Climates” presents an English translation and commentary
of a chapter in Birtni’s al-Qaniin al-Mas ‘udr. This chapter is a brief description of the inhabited
world, followed by tables of the seven climes’ dimensions.* In “A world-map in the tradition
of Birtini (ca. 1040) and al-Khazini (ca. 1120),” David King analyzes different aspects of a map
from a work on folk astronomy that was prepared using either Birtini’s lost world map or its
values for coordinates of localities preserved by Khazini in his al-Zij al-Sanjari.

Because of Birtin1’s geographical achievements, it is important to trace his influence upon
the mathematical geography literature of pre-modern Islamic world, especially in hay a works.
As for whether his achievements were influential or not, we should be wary of drawing hasty
conclusions, as King unfortunately did in this article, saying “[t]he ultimate demise of Islamic
science is well reflected in the fact that the highly sophisticated geographical achievements of

Biriin1 bore virtually no fruit until they were rediscovered and published by orientalists in the

Meélanges offerts a Hossam Elkhadem par ses amis et ses éléves, edited by F. Daelemans et al. (Brussels: Archives
et bibliotheques de Belgique, 2007) 131-160. Reprinted in: David King, Islamic astronomy and geography
(Burlington: Ashgate, 2012) 134: “Tahdid...is the most important single work on the subject from the entire
Middle Ages.”

%! Raymond P. Mercier, “Geodesy,” in: The History of Cartography, Volume 2, Book 1: Cartography in the
Traditional Islamic and South Asian Societies, eds. J.B. Harley and David Woodward (Chicago: University of
Chicago Press, 1992), 175-188.

% Mercier, “Geodesy,” 178-181.

3 Mercier, “Geodesy,” 181.

3 Mercier, “Geodesy,” 181.

% Ahmad Dallal, “al-Biruni on Climates,” Archives Internationales d’histoire des Sciences 34 (1984).
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20" century.” % In another article titled “Mathematical Geography in 15th-Century Egypt: An
Episode in the Decline of Islamic Science,” King tries to show how “uncritical handling of a
superfluity of uncontrolled data” (i.e., geographical coordinates) by two leading Egyptian
scholars can be regarded as their contribution “to the decline of Islamic science,” without
providing convincing evidence.*’

The History of Cartography, vol. 2, book 1, contains some interesting chapters discussing
mostly cartographic aspects of geography in the pre-modern Islamic world. The three chapters
by Gerald R. Tibbets, Chapter 3 on The Beginnings of a Cartographic Tradition,*® Chapter 5 on
The Balkhi School of Geographers® and Chapter 6 on Later Cartographic Developments,* are
worthy of mention. Tibbetts concludes his three chapters by explicitly saying that there is no
reflection of the medieval Muslim geographers’ cartographic and geodetic achievements in the
surviving maps from the medieval Islamic period. Although Tibbetts’ research is solid and he is
probably right about specific maps found in later al-masalik works,** his generalizations are
suspect. For example, he states that “[t]he tables of Ptolemy and their Arabic adaptations were
never really applied overall to Islamic maps, except perhaps in the large sectional maps of al-
1drisi, which themselves never became the common property of the whole Islamic world,”** and
“[t]he ultimate outcome of all these tables of longitude and latitude was virtually nothing
cartographic”43; but as with King’s generalizations, Tibbetts does not adduce any strong

evidence.

% King, “World-map,” 156.

¥ David King, “Mathematical Geography in 15th-Century Egypt: An Episode In The Decline Of Islamic
Science,” in David King, Islamic astronomy and geography, XII: 20

*8 Harley and Woodward, Cartography, vol. 2, book 1, 90—107.

* Harley and Woodward, Cartography, vol. 2, book 1, 108-136.

“ Harley and Woodward, Cartography, vol. 2, book 1, 137-155.

“! See Tibbetts, “The Balkhi School,” 128.

“2 Gerald R. Tibbetts, “Later Cartographic Developments,” in: The History of Cartography, Volume 2, Book 1:
Cartography in the Traditional Islamic and South Asian Societies, eds. J. B. Harley and David Woodward
(Chicago: University of Chicago Press, 1992), 154.

¥ Gerald R. Tibbetts, “The Beginnings of a Cartographic Tradition,” in: The History of Cartography, Volume
2, Book 1: Cartography in the Traditional Islamic and South Asian Societies, eds. J. B. Harley and David
Woodward (Chicago: University of Chicago Press, 1992), 106.
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Evidence and arguments against such approaches can be found in the works of the late
Fuat Sezgin, especially in his invaluable book The Contribution of the Arabic-Islamic
Geographers to the Formation of the World Map.** Sezgin, made especially notable
contributions to the history of geography and cartography in the pre-modern Islamic world. In
volumes 10-12 of his Geschichte des Arabischen Schrifttums,*® Sezgin attempted to re-examine
the history of mathematical geography and cartography. In these volumes, Sezgin presents a
considerable amount of data that had been neglected by historians of geography and

cartography.

1.1.4 Cross cultural influences and transmissions
Although a significant amount of research has been done on the different genres of
geographical knowledge in the pre-modern Islamic world, little attention has been paid to
comparative studies that are critical for tracing the transmissions and exchanges of geographical
ideas and practices between different cultures. Fortunately, there are a few scholarly works on
cross cultural transmissions of geographical knowledge that are worth mentioning here.
Chapters 15 to 17 of book 1, vol. 2 of The History of Cartography on South Asian
cartography and cosmography by Joseph E. Schwartzberg provide us with material about the
Indo-Islamic exchange of geographical knowledge. On Sino-Islamic geographical exchanges,

Mapping the Chinese and Islamic Worlds, Cross-Cultural Exchange in Pre-modern Asia by

* Fuat Sezgin, The contribution of the Arabic-Islamic Geographers to the Formation of the World Map
(Frankfurt am Main: Institut fir Geschichte der Arabisch-Islamischen Wissenschaften an der Johann Wolfgang
Goethe-Universitat, 1987).

** Fuat Sezgin, Geschichte des Arabischen Schrifttums, Band X—X1, Mathematische Geographie und
Kartographie im Islam und Ihr Fortleben im Abendland—Historische Darstellung, Teil 1-2 (Frankfurt am Main:
Institut fir Geschichte der Arabisch-Islamischen Wissenschaften an der Johann Wolfgang Goethe-Universitat,
2000); Geschichte des Arabischen Schrifttums, Band X11, Mathematische Geographie und Kartographie im Islam
und ihr Fortleben im Abendland—Kartenband (Frankfurt am Main: Institut fiir Geschichte der Arabisch-
Islamischen Wissenschaften an der Johann Wolfgang Goethe-Universitét, 2000). See also Fuat Sezgin,
Mathematical Geography and Cartography in Islam and their Continuation in the Occident, Volume | Historical
Presentation Part I being an English Version of volume X of Geschichte des Arabischen Schrifttums, translated
from the German by Guy Moore and Geoff Sammon (Frankfurt am Main: Institut fir Geschichte der Arabisch-

Islamischen Wissenschaften an der Johann Wolfgang Goethe-Universitat, 2005).
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Hyunhee Park is probably the only work of its kind that fully and equally deals with both sides
of the exchange. It would have been fitting, if she knew Persian, for her to consult Persian
primary sources directly.

There is more technical scholarship from proceedings of conferences on the same topic,
such as The Journey of Maps and Images on the Silk Road, by Philippe Forét and Andreas
Kaplony. This important collection brings together a number of studies of exchange of iconic
and geographical ideas under the theme of the Silk Road. The third part of this collection starts
with Kaplony’s comparison of “al-Kashghari’s map to his text” and deals with “the
transmission of Arabic-Islamic maps”.*® Following this, in “The Book of Curiosities: a medieval
Islamic view of the East,” Yossef Rapoport addresses the image of the East in the Book of
Curiosities, a treatise*” acquired by the Bodleian Library in 2002.% In the fourth section of the
book, Paul Kunitzsch deals with the “Celestial maps and illustrations in Arabic-Islamic

49
astronomy”’.

Finally, in an interesting contribution entitled “Revisiting Catalan Portolan
Charts: do they contain elements of Asian provenance?” Sonja Brentjes shows shared visual
forms between Arabic, Byzantine, and Catalan maps which “points to a shared ancestry.”*® She
writes that “it is nevertheless almost impossible to pinpoint this ancestry with certainty due to
the present lack of relevant sources.”"

Brentjes’ contribution is especially important because modern scholarship on the history

of European geography tends to totally ignore any exchange between the pre-modern Islamic

% Andreas Kaplony, “Comparing al-Kashghari’s Map to His Text: on the Visual Language, Purpose, and
Transmission of Arabic-Islamic Maps,” in The Journey of Maps and Images on the Silk Road, edited by Philippe
Forét, and Andreas Kaplony (Brill, 2008), 137.

" published as a facsimile along with the edited text and English translation in 2013: Y. Rapoport and E.
Savage-Smith, An Eleventh-Century Egyptian Guide to the Universe: The Book of Curiosities, Edited with an
Annotated Translation (Leiden: Brill, 2013).

“8 Yossef Rapoport, “The Book of Curiosities: A Medieval Islamic View of the East,” in Forét and Kaplony,
Journey of Maps, 155-171.

*® Paul Kunitzsch, “Celestial Maps and Illustrations in Arabic-Islamic Astronomy,” in Forét and Kaplony,
Journey of Maps, 175-180.

%% Sonja Brentjes, “Revisiting Catalan Portolan Charts: Do They Contain Elements of Asian Provenance,” in
Forét and Kaplony, Journey of Maps, 188.

*! Brentjes, “Revisiting,” 188—189
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world and Europe. One of the examples of this Eurocentric attitude among modern historians of
European geography is Randles’ article “Classical Models of World Geography and Their

Transformation Following the Discovery of America.”*?

Randles’ main argument in this article
is the importance of Ptolemy’s Geography on the subject of geography in the Renaissance. His
statement that “Ptolemy’s principal contribution was to mathematicize the subject, something
which the Middle Ages had been unable to do,” is enough to show his ignorance of the history
of science.”® According to F.J. Ragep, the fact that Ptolemy’s “proofs of the basic cosmological
features (the sphericity of the Earth and universe, the Earth’s centrality, and so forth) generally

% was acknowledged by medieval Muslim

rel[ied] upon mathematics and observations
astronomers.

Sidestepping the whole tradition of Ptolemaic astronomy and geography in the pre-
modern Islamic world, Randles writes that “a pale reflection of the definition [of the relation
between the earth and the seas] given in Ptolemy’s Geography was transmitted to the Middle
Ages by the Arabic astronomer Alfraganus (al-Farghani).”*> However, it seems that Randles is
aware of a ‘missing link’ between Greek antiquity and Medieval European scholars when he
says “[t]he sources of Grosseteste’s idea that ‘the water withdraw into the cavities of the earth’
can be traced to ... John Philoponus and Olympiodorus, but one cannot conclude that he had
read them himself directly.”56

Shalev sounds completely right when he challenges the revolutionary effect of the
rediscovery of Ptolemy’s Geography on European geography and cartography at the beginning

of the fifteenth century. He believes that “[t]his traditional, oft repeated account, while

%2 William Graham Lister Randles, “Classical Models of World Geography and Their Transformation
Following the Discovery of America,” in The Classical Tradition and the Americas, Vol. I: European Images of
the Americas and the Classical Tradition, ed. W. Haase, and M. Reinhold (Berlin; New York: Walter De Gruyter,
1994), 9.

%3 Randles, “Classical Models,” 35.

> F.J. Ragep, al-Tadhkira, 40.

*® Randles “Classical Models,” 18.

% Randles “Classical Models,” 26.
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providing a basic narrative outline, suffers from too narrow a focus on geography and
cartography as isolated and autonomous disciplines.”57

So, as is clear, the Islamic-European episode of geographical exchange is mostly
unexplored. One of these grounds on which one can build the foundations for the study of this
exchange is the direct or indirect influence or transmission of iay ‘at al-ard in different Latin
cosmographical traditions. This may be especially fruitful given that in 17™-century Europe,
authors of a specific genre called “Theories of the Earth” initiated a tradition of the study and
visual representation of the Earth as a whole. Kerry Magruder’s article entitled “Global Visions
and the Establishment of Theories of the Earth” discusses “how the emergence of visual
representations contributed to the establishment of a new print tradition of multicontextual
discourse and critical debate.”® According to Magruder, “Kepler’s theorizing about the Earth
was oriented in the context of astro-meteorology, a science of sublunar nature at the intersection
between mathematical cosmology and the Earth, consistent with a Neoplatonic natural
philosophy. His incidental use of global depictions reflected his strong preference for
mathematical diagrams and his distrust of other kinds of images.”*® On the other hand, in
Principles of Philosophy, Descartes “raised the stature of theorizing about the Earth to a

position of prominence in natural philosophy,”®

to the extent that “[a]fter setting out to explain
all of cosmology in Part 3, Descartes significantly concluded the work by giving the Earth its
own separate section (the longest of the work) in Part 4, entitled simply ‘De Terrd’ or ‘on the
Earth’,” in which “Descartes bestowed a high status upon Theories of the Earth by claiming that
a natural philosophy fails if it can explain the cosmos, but not the Earth which is more

accessible to us.”®

%" Zur Shalev, “Main Themes in the Study of Ptolemy’s Geography in the Renaissance,” in Shalev and Burnett,
Ptolemy, 1.

% Kerry V. Magruder, “Global Visions and the Establishment of Theories of the Earth,” Centaurus 48, no. 4
(2006): 234.

% Magruder, “Global Visions,” 252

% Magruder, “Global Visions,” 243-244

81 Magruder, “Global Visions,” 244
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The Nihaya, due to its being “a kind of historical summing up of the zay a (theoretical

5962

astronomy) literature up to Shirazi’s time””“ seems to be an excellent choice for looking for

possible intercultural exchanges.

82 F.J. Ragep, “Shirazi’s Nihayat al-idrak,” 42.
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1.2 Qutb al-Din al-Shirazi and the Nihaya

Quitb al-Din al-Shirazi, the great polymath of the 7-8"/13-14" centuries has attracted quite a bit
of attention from both pre-modern and modern biographers, bio-bibliographers, historians and
other scholars. He was a prolific author and his works cover a wide range of topics from Arabic
grammar to astronomy, medicine and philosophy to Qur’an and 4adith studies. However, many
of his works are commentaries or translations of other scholars’ works, whence comes his title
al-sharih (the commentator). Shirazi was also a prolific copyist, as evident in the significant
number of his authenticated autograph anthologies that are extant in many manuscript
collections around the world.

In this introduction, I will try to go beyond the common narrative of Qutb al-Din al-
Shirazi’s biography to uncover another perspective on his life and works, with a focus on the
trajectory of his travels, through the use of some important but neglected sources, such as
autobiographical material that can be found in his own works, Persian chronicles, regional
histories and manuscript witnesses. Arabic sources in general, and Mamluk ones in particular,
have been exhausted by historians. On the other hand, Ilkhanid sources and chronicles from
Seljug Anatolia have often been neglected, even though they include brief but valuable
contemporaneous material that can provide important information from a different perspective.
The following narrative will be more focused on the episodes of his life related to his
astronomical career and the composition of his first astronomical work, namely Nihayat al-
idrak fi dirayat al-aflak. Thus, this should not be considered a full account of his biography;

nevertheless, I hope it will be of use for anyone with a general interest in the life of Shirazi.
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1.2.1 Shirazi’s biography revisited

In his extant autographs, Shirazi usually introduces himself as “the neediest of God’s creation,
Mahmiid b. Mas‘@d b. al-Muslih al-Shirazi, may God make his end be good.”®® His kunya has
been mentioned in the biographical sources as Abii al-Thana’.** Later Mamluk sources mention
his Shafi 7 affiliation and give him honorary titles such as the philosopher (al-faylasiif),
theologian (al-mutakallim), guide (al-imam), commentator (al-sharih), polymath (al- ‘allama),
and experienced in many fields (dhi al-funiin).> However, contemporaneous historians, such as
Ibn al-Fuwati (d. 723/1323) or Kh"aja Rashid al-Din Fadl Allah Hamadani®® (d. 718/ 1318),
sufficed to call him “our master (mawlana), Qutb al-Din [al-]Shirazi” with titles such as
philosopher (al-hakim), geometer (al-muhandis) and scholar (danishmand).”’

The introduction to Shirazi’s commentary on Ibn Sina’s Canon of Medicine, entitled al-
Tuhkfa al-sa ‘diyya, contains important autobiographical information, wherein we learn that he
was born to a well-known family of physicians originally form Kazerun (Kazirtn, a city near
Shiraz). Shirazi’s father, the “high-minded imam,” Diya’ al-Din Mas Gd b. Muslih Kazirtni (d.

651/1254), was acknowledged unanimously by his colleagues as the Hippocrates and Galen of

® The original Arabic reads as:
Gl A 2 gl mlall o sae o 352 ) A 35 2o

% < Abd al-Razzaq b. Ahmad bn al-Fuwati, Majma ‘ al-adab fi mu jam al-algab, ed. Muhammad al-Kazim, 6
vols. (Tehran: Vizarat-i Farhang va Irshad-i Islami, 1995), 3:440; Shams al-Din Dhahabi, Dhayl Tarikh al-Islam,
ed. Mazin b. Salim Ba Wazir (Riyadh: Dar al-Mughn li-al-Nashr wa-al-Tawzi‘, 1998), 112, 115; Muhammad b.
Rafi* Sallami, Tarikh ‘ulama’ Baghdad al-musamma Muntakhab al-mukhtar, ed. ‘Abbas ‘Azzawi (Beirut: Dar al-
‘Arabiyya li-al-Mawsi ‘at, 2000), 176; Khalil b. Aybak al-Safadi, 4 ‘yan al- ‘asr wa-a ‘wan al-nasr, facs. ed. Fuat
Sezgin and Mazin ‘Amawi, 3 vols. (Frankfurt: Institut fiir Geschichte der Arabisch-Islamischen Wissenschaften,
1990), 3:268; Khalil b. Aybak al-Safadi, Kitab al-wafi bi-al-wafayat, ed. Ahmad Arna’at and Turki Mustafa, 29
vols. (Beirut: Dar lhya’ al-Turath al-*Arabi, 2000), 25:201.

6 Safadi, 4 ‘yan, 3:268; Safadi, al-Wafi, 25:201; Ahmad b. ‘Ali Ibn Hajar al-‘Asqalani, al-Durar al-kamina fi
a ‘van al-mi’a al-thamina, ed. Muhammad Sayyid Jad al-Haqq, 5vols. (Cairo: Dar al-Kutub al-Hditha, 1966),
5:108; Jalal al-Din Suyutt, Bughyat al-wu ‘at fi tabaqat al-lughawiyyin wa-'"I-nuhat, ed. Muhammad Abi al-Fadl
Ibrahim, 2 vols. (Cairo: Matba‘at ‘Ts4 al-Babi al-Halabi, 1964), 2:282.

% A well-known statesman and the greatest historian of the Ilkhanid period.

% |bn al-Fuwati, Majma , 3: 440; Rashid al-Din Fadl Allah Hamadani, Jami* al-tavarikh, ed. Bahman Karimi,
2 vols. (Tehran: Shirkat-i Nisbi-yi Haj Muhammad Husayn Igbal va Shuraka, 1959), 2:788, 822.
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his time® and was also an ascetic and sifi. Diya’ al-Din traveled extensively and was a
companion of Fakhr al-Din al-Razi (d. 606/1210). After abandoning Razi’s company, Diya’ al-
Din joined Najm al-Din Kubra (d. 610 or 618/1213-14 or 1221-22), the founder of the
Kubrawiyya order. He was then invested, by Najm al-Din, with the safi habit (khirga) and
studied with him.®® Diya’ al-Din returned to Shiraz where he resided for the rest of his life.”
His return to Shiraz must have been before 630/1232—33, since we know he started his career as
physician and professor of medicine in the Muzaffar hospital in Shiraz around 630.” In his
Kashf al-asrar al-imaniyya wa-hatk al-asrar al-hutamiyya, Diya’ al-Din raised objections
against Shaykh Shihab al-Din Suhraward?’s (d. 632/1234)" positions in Rashf al-nasa ik al-
imaniyya fi kashf al-fada 'ih al-yinaniyya.” Diya’ al-Din passed away in Dhi al-Hijja 651/1254
in Shiraz and was buried in his own zawiya (sifi corner) when Qutb al-Din was 14 years old.”
This means Qutb al-Din was born in Shiraz in 637/1239-40."

% Qutb al-Din Shirazi, al-Tukfa al-sa ‘diyya, MS Ayasofya 3649, f. 3a.

% We do not know much about Diya’ al-Din’s other teachers or his study of other subjects; however, there is
evidence that Diya’ al-Din studied Aay’a with Jaghmini; see S. Ragep, Jaghmint, 19, fn. 75.

" Tsa b. Junayd Shirazi, Hazar mazar (Shiraz: Kitabfuriishi-yi Ahmadi, 1941), 41.

™ Hasan b. Hasan Fasa'i, Fars-nama-yi Nasiri, (Tehran: Intisharat-i Kitabkhana-yi Nisa'1, 1312-1314/1894—
1896), 250.

"2 Shaykh Shihab al-Din Aba Hafs ‘Umar Suhrawardi (d. 632/1234) was a Persian Sufi and nephew of Abii al-
Najib Suhrawardi (d. 563/1168), who was the spiritual ancestor of the Suhrawardiyya order. Shihab al-Din
Suhrawardi is the author of the ‘Awarif al-ma ‘arif, a well-known work in Tasawwuf.

7 Junayd b. Mahmiid Shirazi, Shadd al-izar fi hagt al-awzar ‘an zawwar al-mazar, ed. Muhammad Qazvini and
‘Abbas Igbal (Tehran: Navid, 1987), 60—70; Junayd Shirazi, Hazar mazar, 41.

™ Junayd Shirazi, Hazar mazar, 41-42; Fasa’i, Fars-nama, 250. The date Dhii al-Hijja 651/1254 is clearly
mentioned in Hazar mazar by ‘Isa b. Junayd Shirazi, which is a Persian translation and revision of his father’s
Arabic work, Shadd al-izar. In the printed edition of Shadd al-izar, the death date of Qutb al-Din’s father is “Dhr
al-Hijja hijja [sic. probably sana] khams wa-khamsin wa-sittami'a” (Junayd Shirazi, Shadd al-izar, 70), i.e., 655
H. This date does not accord with other dated events of Shirazi’s life at all and would make Shirazi much younger
than his depiction in pre-modern biographical dictionaries would suggest. Since this edition of Shadd al-izar is a
very scholarly one, there is little chance of this being a typographical error. | consulted a manuscript witness of
Shadd al-izar (MS 17618 National Library and Archives of I.R. of Iran, f. 17b) and found the date there as “Dhr al-

Hijja sana 655.” In another printed edition of Hazar mazar by Nurani Visal, which, by the editor’s own admission,

is based on a very erroneous manuscript, the date has been mentioned as “mah-i Dhi al-Hijja dar sal-i shishsad va
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Qutb al-Din began his study of medicine with his father from a very young age and
quickly learned by heart all the well-known epitomes dealing with medicine. He also learned
common remedies and how to perform manual operations, specifically the “operation for
cataracts” (qad/, couching of cataracts) in which, according to Shirazi himself, his “family was

the most well-versed.””® After his father’s death, Qutb al-Din was appointed as a physician and

panjah va panjum az hijrat [i.e., 655 AH]” (see ‘Isa b. Junayd Shirazi, Tadhkira-yi hazar mazar, tarjima-yi Shadd
al-izar (mazarat-i Shiraz), ed. Nurani Visal (Shiraz: Intisharat-i Kitabkhana-yi Ahmadi, 1985), 111). Thereafter, I
checked a random manuscript witness of Hazar mazar (MS 2437 National Library and Archives of I.R. of Iran, f.
50a) and found the date to be the same as the one in the older edition I use, namely “mdah-i Dhi al-Hijja dar sal-i
shishsad va panjah va yikum az hijrat [i.e., 651 AH]. There is an implication in Fasa'1’s entry about Shirazi’s
father in Fars-namay-i Nasirt, 250, that can further confirm our date. He says:
3 g el bl ap ll b W e 01 3 ST slid e lly 3558 e o prne e lleles ol ol las (516 7 e 38 s
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“The Second Christ, the excavator of the Canon of the concepts, the high-minded Imam, Diya’ al-Din
Mas ‘d, the physician, son of Muslih Kaziraini, [is] the celebrated father of the master of everything, our lord,
Qutb al-Din Mahmid, the polymath from Shiraz. King of the sages and leader of the learned people, Kamal
al-Din Abt al-Khayr, the physician from Kazirtin, brother of Diya’ al-Din Mas‘id, is also one of the greatest
scholars and sages of Kazirtin. They were teaching science and medicine and treating patients in the
MuzaffarT hospital of Shiraz, one after the other in about 630/1232-1233 and 650/1252—1253.”

The last sentence, and the phrase “one after the other” in particular, implies that Shirazi’s uncle, Kamal al-Din,
taught medicine in the Muzaffar hospital and worked there right after Shirazi’s father in about 650/1252-1253
when he was no longer alive.

™ Qur earliest biographers give different birth dates: lbn al-Fuwati mentions 630/1232—1233, Dhahabi
634/1236 and Sallami Safar 634/1236 (Ibn al-Fuwati, Majma , 3: 441; Dhahabi, Dhayl, 112; Sallami, Muntakhab,
182). Other sources all repeated 634/1236, apparently after Dhahabi or Sallami. Since 634 in Arabic is written @’\

Slawy sy AN 637 delaawy o, e there is a possibility that a very early orthographic confusion might have happened
due to graphic similarities of @‘\ and = in ta ‘lig script. As we will see below, the year 637/1239 fits better in the

chronology of Shirazi’s life. Muntakhab al-Mukhtar by Tbn Rafi® Sallami (d. 774/1372) contains the longest, yet
least authentic biography of Qutb al-Din Shirazi. To the best of my knowledge, it is the only biographical source in
which the month of Shirazi’s birth date is mentioned. It is also the only source that contains superficial anecdotes
about the rivalry and hostility between Shirazi and Rashid al-Din Fadl Allah Hamadani (ca. 645-718/ca. 1247—
1318), the famous statesman and historian of the Ilkhanid period.

"® Shirazi, al-Tukfa al-sa ‘diyya, f. 3a; Fasa'1, Fars-nama, 140.
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ophthalmologist at the MuzaffarT Hospital. At this time, Qutb al-Din’s uncle Kamal al-Din Abt
al-Khayr b. Muslih Kazirtni (d. 659/1260-1261)," also a physician and sufi, assumed his
brother’s teaching position there.” Qutb al-Din continued his medical studies with Sharaf al-
Din Zaki Bashkani (d. 677/1278-1279),” Shams al-Din Muhammad Kishi (d. 694/1294—
1295),% and his uncle, Kamal al-Din, all of whom were expert teachers of Ibn Sina’s Canon of
Medicine.®!

After 10 years at the Muzaffari Hospital, in 661/1262—1263 Shirazi abandoned his job

and traveled to Khurasan to find a master in medicine.®? He ended up in Juwayn where he met

" Ahmad b. Abt al-Khayr Zarkab, Shiraz-nama, ed. Muhammad Javad Jiddi and Ihsanullah Shukrullahi,
(Tehran: Mu’assasa-yi Ta’Iif, Tarjima va Nashr-i Athar-i Hunari-yi “Matn,” 2011), 247.

L Fasa’1, Fars-nama, 250.

7 Junayd Shirazi, Hazar mazar, 13; Zarkiib Shirazi, Shiraz-nama, 242.

8 Mudarrist, Sarguzasht, 198-199.

8 Shirazi, al-Tukfa al-Sa diyya, . 3a-b

8 Shirazi, al-Tukfa al-Sa ‘diyya, f. 2b. Shirazi here gives the chronological order of his travels, after he explains
that in order to learn more about medicine and the Canon of 1bn Sina, one cannot rely only on studying its
commentaries, but must also practice with skilled physicians:

Bl ol # AT s 3 0 3l ey 25 15 ¢ il o 2B e i) K0 0T et S el o S e S5 3 S Y.
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“For learning this book, understanding of theoretical principles is not enough, and one, though himself a
physician, should become skilled and experienced in methods of medical treatment and temperamental balance.
Then, | traveled to Khurasan, and from there to ‘Iraq al-‘ajam [Persia], then to ‘Iraq al-‘Arab [Iraq], Baghdad
and its neighborhoods, and from there to bilad al-Ram [Anatolia].”

Before mentioning his travels, Shirazi refers to his seeking assistance from Nasir al-Din TasT regarding his
issues with Ibn Sina’s Canon of Medicine. In modern literature, this reference has been taken as an implication of
Shirazi’s travel to Maragha in 658/1260 prior to his aforementioned series of travels. But this seems problematic
for several reasons: 1) Shirazi is clear about the order of his travels; 2) being in Maragha in 658/1260 does not
conform either with the death date of Shiraz1’s father nor with Shirazi’s autobiographical details about his age at
that time, which lead us to assume that 661/1263 is the earliest possible date for his departure from Shiraz; 3) this
being so, there is no evidence of Tis’s presence at Maragha in 661/1263. We know TiisT was in Maragha between
657/1257 and 659/1261, but, apparently, he traveled to Khurasan to seek financial resources for the observatory
that was being built in Maragha. Based on these reasons, Shirazi’s seeking assistance from TiisT could have been
either direct or indirect. Since Shirazi refers to his seeking assistance as part of the description of his self-study of

the commentaries of the Canon, he might be referring to the self-study of a work by Ttist on the Canon, or more
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Najm al-Din ‘Ali Dabiran al-Katibi (d. 675/1277) and stayed for two years to study philosophy
and kalam with him. Shirazi became Katibi’s mu 7d in his lectures in a madrasa in Juwayn
founded by Shams al-Din Juwayni (executed in 4 Sha‘ban 683/17-18 Oct. 1284), who was
Sahib-i Divan (approximately equivalent to a finance minister) to the Ilkhanid rulers Hulegu (r.
654-663/1256-1265), Abaqga (r. 663-681/1265-1282), and Ahmad Teguder (r. 681-683/1282—
1284). Juwayni was also a close friend of TtsT and the future patron of Shirazi.® From a very

884

important manuscript offered at Christie’s auction in London on 26 April 2018 containing a

copy of the Tadhkira followed by a copy of Tiisi’s certificate for Shirazi, we learn that Shirazi
studied the Tadhkira with Tas1 in 661/1263. Since we have assumed that in 661/1263 Shirazi
left Shiraz for Khurasan, we can claim that Shirazi’s first encounter with TiisT was in Khurasan

in the same year. He must have resided in Khurasan for two years because, in a conversation

probably a correspondence with him in this regard, especially since Shirazi says: “He [i.e., Ttisi] resolved some of
the obscurities:”
ot 2 a5 35 s b e el B3t Egd ) AT il 332l Do) S| Kol 5 2y ASLV A oy ) e Slis Egr
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According to Lane Lexicon, tawajjaha has a connotation of indirect encounter with someone or something:

5. 425 He tended, repaired, or betook himself, to, or towards, him, or it, either in a direct course, or
indirectly.

Apparently, TasT wrote a super-commentary (ta liga) on Ibn Sina’s Canon and a treatise containing his
response to Qutb al-Din Shirazi’s question, along with several treatises in response to Katibi’s objections to the
Canon (see Mudarrisi, Sarguzasht, 144-145).

This is our preferred hypothesis as it conforms better to other data we have about Shirazi. The other hypothesis,
favored by most modern and medieval scholars, is that Shirazi is here simply referring to a trip to Maragha, which
was then followed by his other travels.

8 Muhagqqiq, “Qutb,” 172; Mudarris Radavi, Ahval va athar, 137-38. See also Anonymous, “Sudir,” 5:

el Jb Ll oo L}‘“JJ Foedl e 7‘“‘J e aad 1 2, oo Sl el ey k) 1B g}‘“}u ol sles C-'“M «}ff”“ﬁ idu! By
Lo 3 JBy Ji 3K f\‘g}‘@yﬁu\(k‘J:@ig}‘UE““B“}}“\JOL“\?N%**‘55jb?.—"‘g}‘zfjww34‘\”-’-5}“{\3%5\9‘5@&}&‘5\3;&’%;;“
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# This MS contains several works of TiisT and his recensions of mutawassizaz (‘middle works,” which were
required to be studied between Euclid’s Elements and Ptolemy’s Almagest). Fortunately, a microfilm of this
manuscript is extant in the Central Library of the University of Tehran (microfilm no. 2885). The entire codex

seems to be copied from Shirazi’s autograph copy.

26



with the Shafi 7 fagih Diya’ al-Din al-TusT (d. 706/1306)* in Qazvin, Shirazi refers to his two-
year study of rational sciences in Khurasan and described them as his best years of studying
during which he attained “what gave him a new life.”® Shirazi’s expression is especially
important if we see it in the context of the history of Shiraz. The Salghurid ruler of Shiraz
during Qutb al-Din’s time there, Atabak Muzaffar al-Din Qutlugh Khan Aba Bakr b. Sa‘d (r.
623-659/1226-1261), the founder of the Muzaffari Hospital, was such a zealot that no one
dared to study logic and philosophy during his era.®” According to Vassaf al-Hadara, a
contemporaneous chronicler from Shiraz, “he believed in ascetics and safis but was scared of
the sagacious people, so he harassed a group of them who were teaching philosophy and
expelled them from Shiraz.”®

In Qazvin, which seems to have been his next destination after Khurasan, Shirazi felt the

need to study jurisprudence, so he started studying with Shaykh ‘Ala’ al-Din Tawasi.®® Shirazi

might have traveled to Maragha from Qazvin in 663/1264% since, from the colophons of a very

® Ibn Qadi Shuhbah, Abi Bakr b. Ahmad, Tabagqat al-fugaha’ al-Shafi ‘iyya, ed. al-Hafiz “Abd al-*Alim Khan,
2 vols. (Beirut: Dar al-Nashr, 1987), 1:113.

8 Anonymous, “Sudiir,” 5. See fn. 83 above.

8 < Abd al-Muhammad Ayati, Takrir-i Tarikh-i Vassaf, (Tehran: Bunyad-i Farhang-i Iran, 1967), 91.

8 Ayati, Tahrir, 93. Modern biographers, probably due to Sallami’s problematic account (Muntakhab, 178),
considered this Khurasan trip chronologically after Shirazi’s Maragha era and confused it with Shirazi’s second
Khurasan trip from Maragha during which he accompanied Tasi (see Mudarris Radavi, Akval va athar, 138).

8 Dhahabi, Dhayl, 113; Anonymous, “Sudar,” 5.

% Cf. Ibn al-Fuwati, Majma ‘, 3:440 where he says Shirazi came to Maragha to the presence of our master Nasir

al-Din in 658/1260 (&lawy sy ok & ) o bieasy BY 50 32> 1) &) 0 p3). This date contradicts our first-hand

information about Shirazi’s life from his autobiographical account and from local sources. Furthermore, we cannot
prioritize 1bn al-Fuwati’s report only on the ground the he was a contemporary. It is true that Ibn al-Fuwatt was the
Maragha observatory librarian and that he wrote his biographical encyclopedia, Majma * al-adab, based on his own
observations (for his life and scholarly activity, see Ryo Mizukami, “Nigahi bi zindagi va fa‘‘aliyat-hayi ‘ilmi-yi
Ibn-i Fuwati,” Ayina-yi Pajithish 157 (April-May 2016): 20-43). However, 1bn al-Fuwati’s biography of Shirazi
has the implication that he did not witness Shirazi’s arrival in Maragha himself. This can be supported by the
following facts: 1) Even though Ibn al-Fuwati was present at Maragha from 657/1259 when Tust was preparing the
foundation of the observatory, he might have started his work as the librarian of the observatory sometime around
662/1263-1264, after which he was travelling back and forth between Maragha and Tabriz (see Mizukami, “Ibn-i
Fuwati,” table in 21-22, 24); 2) In Majma ‘ al-adab, 1bn al-Fuwati uses the phrase “came to us in Maragha” ( Lk ..
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important autograph codex, MS Ahmet 111 3455,°* we know he was copying different works of
Nasir al-Din TasT and other scholars on various topics, including astronomy, between 663/1264
and 664/1266 in Maragha. So, it is clear that he continued studying astronomy in Maragha with
Tast and probably others. We are not sure if Shirazi had the chance to study with Mu’ayyid al-
Din al-‘Urdi who died in Maragha in 664/1266, almost a year after Shirazi’s arrival. However,
Shiraz1’s astronomical works show that he was certainly familiar with the work of “Urdi.

In 665/1267 Tusi travelled to Khurasan with an entourage of his pupils, including
Shirazi.* From the colophon of Shirazi’s autograph copy of TaisT’s Zubdat al-aay'a in MS
Ahmet 111 3455, we learn that Tasi wrote the Zubda during this trip while visiting the

Khudayshah tomb®® in Jazin, Southern Khurasan.** It is apparently at the end of this almost

ic\,») in the biographies of the individuals whose arrival at Maragha he has witnessed himself (see for example Ibn

al-Fuwati, Majma , 2:459, 542; 3:78, 402, 533; 4:32, 65, 97, 100, 118, 259; 5:108, 248, 258, 367, 552, 563, and
many other places), which he does not use for Shirazi; 3) Ibn al-Fuwatt also gives erroneous information about
Shirazi’s most known astronomical work i.e., Nihayat al-idrak (1bn al-Fuwati, Majma ‘, 4:564).

So, it is very reasonable to assume that because Ibn al-Fuwatt had, since he started his job as the librarian of the
observatory, always seen Shirazi accompanying TsI, it occurred to him that Shirazi came to Maragha in 658/1260.
However, later during Shirazi’s residence in Tabriz (689-710/1290-1311), Ibn al-Fuwati, who attended scholarly
assemblies in Shirazi’s zawiya in Charandab (see for example, Ibn al-Fuwati, Majma ‘, 3: 470; 4:138-139, 499), got
to know Shirazi to the extent that he began his biography with the statement: “If I want to start describing his
manners | would need a volume for just this; he possesses prophetic virtue, divine knowledge, noble soul,
magnanimity, and generosity.”

*! Topkap1 Saray1 (Istanbul, Turkey). My colleague, Sajjad Nikfahm-Khubravan, and | are preparing a technical
description of this codex.

92 Mudarrisi, Sarguzasht, 84, 91; Mudarris Radavi, Ahval va athar, 138; Jorati, Science and Society, 194; see
also Ibn al-Fuwati, Majma ‘, 4:96-97, no. 3425 for a mention of Tas1’s Khurasan trip in 666/1268, and 4:259, no.
3802 that shows he was back in Maragha by 668/1270.

% It is a tomb in the village of Jazin, near the historical city Tin (modern Ferdows) in Southern Khurasan Iran.

% MS Ahmet 111 3455, f. 68b:
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“This book has been completed shortly before the morning in the last tenth of the Rabi* al-Akhir of the year

666 in Khudayshah of Jazin. The neediest servant of God, Mahmud b. Mas‘td b. al-Muslih, the physician, al-
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two-year trip that the 30-year-old Shirazi had been invested with the “habit of aspiration”
(khirqgat al-irada) by Muhyt al-Din Ahmad b. ‘Ali b. Abi al-Ma‘ali al-Jajarmi of the
Kubrawiyya order.*

From the introduction to al-Tu/kfat al-sa ‘diyya, we know that Shirazi at some point left
‘Iraq al-‘ajam (Persia) for ‘Iraq al-‘Arab (Iraq), visited Baghdad and its neighboring regions,
and from there traveled to bilad al-Ram (Anatolia). Shirazi must have parted with TasT before
the latter’s final revisions of the Tadhkira in 672/1273 in Baghdad because, in his super-
commentary on the Tadhkira, Shirazi refers to revisions in the Tadhkira made by Tiist after
Shirazi had left his company.96

Shirazi apparently arrived in Konya, Anatolia in his early thirties, according to Rim1’s (d.
5 Jumada al-Thant 672/ 17-18 December 1273) hagiographer, Shams al-Din Aflaki (d.
761/1360) who relates an account of Shirazi’s discipleship to Rimi on the authority of Shirazi
himself in his Managib al- ‘arifin.*’ Konya at the time was a great learning center with scholars
and safi figures like Sadr al-Din Qtinawi (d. 16 Muharram 673/22-23 July 1274) and RGmi who
attracted hundreds of students there. We know that Qunaw1’s Jami ‘ al-ahadith lectures were
very famous and even high-ranked officials of the Seljuq state of Anatolia like Mu‘In al-Din
Parvana (executed in 1 Rabi‘ al-awwal 676/2—3 August 1277) had attended them.*® An

Shirazi—may God amend his deeds—has copied it from a manuscript written from and also collated with the
original [manuscript] of the author, whose patronage may continue.”

% pourjavady and Schmidtke, “Ijazat,” 30-31, 45

% See Shirazi, Fa ‘alta fa-la talum, f. 27a; F.J. Ragep, al-Tadhkira, 1:72-73, 78. The version of the Tadhkira
upon which Shirazi has based his longest hay 'a work, entitled Nihayat al-idrak fi dirayat al-aflak, does not contain
Tist’s latest revisions.

% Shams al-Din Ahmad Aflaki, Managqib al- ‘arifin, ed. Tahsin Yazici, 2 vols. (Ankara: Tirk Tarih Kurumu
Basimevi, 1959), 1:423:
03 S S 535 Sl ol e ey (3l el b Yo il pllal gyl e s 5 SRl 5 ol by ol RS
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According to Lane Lexicon, 774 means “the beginning, commencement, or first period or state of a thing, or an

affair, and also of youth”; and _l.x and i.-: [and &,\.=] means “the age before 4, or the state between thirty and

forty.”
% Aflaki, Mandgqib, 1:165.

29



autograph note by Shirazi on the title page of a manuscript of the second volume of Ibn Athir’s

Kitab jami al-siil fi ahadith al-rasal®™

indicates he had been reading the entire book to Sadr
al-Din QuinawT in the latter’s house in Konya in 673/1274, which Quinaw1 acknowledged
orally.’® Shirazi could only manage to finish the correction of this copy of Ibn Athir’s Jami ‘ al-
usz/ five years later in 678/1279, due to the difficult circumstances following the death of
Qiinawi in 673/1274.2%*

Shirazi entered Anatolia at a very turbulent time. The rulers of Anatolia, which was under
the Mongol Protectorate at the time, were originally subordinate lines of the Seljug family who
managed to maintain themselves in Anatolia after the overthrow of the Great Seljug Empire.
However, at this time Seljuq sultans were only puppet rulers since all the power within the
Seljug state was held by a semi-independent ruling class whose members were directly
appointed by the Mongols. This ruling class took shape within the Seljuq state after the Kdse
Dagh battle in 641/1243, which opened up Anatolia to the Mongols. Among this ruling class,
Mu‘1n al-Din Sulayman Parvana (personal assistant of the sultan), who was directly appointed
by the Mongols, eventually became the de facto ruler of the Seljuq state in Anatolia and began
“to resent increasing Mongol encroachment on Saldjik territory and the Mongols’ systematic
exploitation of its economic resources,” to the extent that in 672/1273-1274 he requested the

removal of the Ilkhan Abaqa’s brother and representative of the time in Anatolia, Aj ﬁy.loz

% MS no. 300 Feyzullah, Millet Library, Istanbul, Turkey.

1% Hellmut Ritter, “Autographs in Turkish Libraries,” Oriens 6, no. 1 (1953): 84, plate XIII. Given that Qinaw1
passed away at the beginning of 673/1274 (see below), this implies that Quiinawi probably acknowledged Shirazi’s
qira’a of Jami ‘ al-usil to him while the former was housebound due to the shock of Rimi’s death. According to
Agsarayi (d. between 723/1323 and 733/1333), a contemporary chronicler of Anatolia, after Rim1’s death in
672/1273 [5 Jumada al-Thani 672/ 17-18 December 1273], Qtinawi performed his funeral prayer, fell sick
immediately after and had to be carried back to his zawiya. Eight months later [16 Muharram 673/22-23 July
1274] he too passed away (see Mahmiud b. Muhammad Agsarayi, Musamarat al-akhbar wa musayarat al-akhyar,
ed. Osman Turan (Ankara: Tirk Tarih Kurumu Basimevi, 1944), 119.

19 Ritter, plate X111,

192 Carole Hillenbrand, “Mu‘n al-Din Sulayman Parwana,” in: Encyclopaedia of Islam, Second Edition, ed. P.
Bearman et. al. Consulted online on 28 November 2017 <http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-
3912 _islam_SIM_5442> First published online: 2012.
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This year, 672/1273-1274, is a critical year in the history of Seljug Anatolia. From the
beginning of this year, “tremendous afflictions occurred to the grandees of religion and the
masters of truth and faith, who were all companions and friends of Parvana, and they passed
away one after another such that when the calamity of the Sham (Syria, in Persian it also means
night) attack happened [see below], nothing was left from their clear morning,” according to
Aqsarayi (d. between 723/1323 and 733/1333), a contemporary chronicler of Anatolia.’® Under
the section on the “death of grandees” in 672/1273-1274, Agsarayi continues with the stories of
the death of Riimi, Sadr al-Din Qiinaw1 and Nasir al-Din TisI. According to Agsarayi, this year
was also disastrous with respect to the death of judges in Anatolia. He mentions particularly
Siraj al-Din ‘Urmaws, judge of Konya, and ‘Izz al-Din ‘Urmaw1, judge of Sivas, among those
who passed away in 672/1273-1274. 1t is probably due to the vacuum created as a result of the
demise of the Shaykh al-Islam QtnawT and several judges that Parvana appointed Shirazi as the

judge of Malatya and Sivas.'*

It might have been at this time that Shirazi took up residence in
Sivas.

In 674/1276, certain Anatolian amirs, along with Parvana’s son, went to Syria and
provoked the Mamluk sultan to invade Anatolia and rid it of the Mongol yoke. In 675/1277,
Baybars (r. 658-675/1260—1277) invaded Anatolia and defeated the Mongol army at Albistan
(10 Dhii al-Qa‘da 675/16-17 April 1277).2% After the battle, the Mamluk sultan entered
Kayseri and summoned the Parvana who had retreated to his stronghold at Tokat. Parvana
refused to consent to his request. After a week or so, Baybars withdrew to Syria. In Safar
676/July 1277 llkhan Abaga departed Tabriz for Anatolia and visited the battlefield at Albistan.
He then burst into anger, punished Anatolian nobles, and ordered the sack of several cities,

including Sivas where Shirazi lived. Shams al-Din Juwayn1 intervened and when half of Sivas

was being sacked, Juwayni told Abaqa that “a just king never punishes the masses for the

103 Aqsarayi, Musamara, 119:
o) asdly 5l 53 0l bl 5 e i iz 5 25T k5 ke ) 5 00 5 ol ) el Bl Ul Bl 5 e 5 ] i sl )
g o8l (5 plaal Glao e 5w ol Sad 75 Bk g Sl 23 K K A
194 Dhahabi, Dhayl, 114.
195 Rashid al-Din, Jami ‘ al-tavarikh, 2:768.
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nobles’ offense.” Abaqa accepted Juwayni’s intercession. He left Anatolia for Alataq
destroying Parvana’s strongholds in Tokat and in 676/1277 put a Mongol prince in charge of
protecting Anatolian territory with a large army. After Abaga’s return, Parvana, who was under
suspicion of having been in league with the Mamluks and clearly very frightened, surrendered
himself in Alatag. He was finally convicted of collusion with the Mamluks and executed in 1
Rabi® al-Awwal 676/2-3 August 1277. The demise of the Parvana marked the end of semi-
independent Seljuq rule in Anatolia and brought it under the direct rule of the llkhans. In 17
Rabi" al-Thani of the same year/18—19 September 1277, Shams al-Din Juwayni went to
Anatolia to reconstruct the sacked cities and establish an llkhanid tax system.**’

Shirazi refers to this stormy period in the introduction of his first astronomical work,
namely Nihayat al-idrak fi dirayat al-aflak, the first version of which was completed in mid-
Sha‘ban 680/late November 1281 in Sivas. He describes this time as “an extended period,
during which the pain of hardship had injured [my] soul and the difficult circumstances of
distress had afflicted it, there being no pathway from the blessing of security to my heart nor a
leader or guide taking me to that [security], | sought help once again by contacting his
honor...”'% By “his honor,” he means that of Shams al-Din Juwayni who was his patron at the
time. Regarding the “security” he sought, Shirazi was most likely referring to protection from
the aftermath of the tumultuous events leading to the execution of his patron Mu‘in al-Din
Parvana.

Shortly after preparing the first draft of the Nikaya, Shirazi started revising it. Meanwhile,

he also finished another astronomical work entitled the Ikhtiyarat-i muzaffart (Muzaffari

105 Alataq, Alatagh (tua\ﬂ) or Alatagh, written in Modern Turkish as Aladag, is a Turkish place name that means

“variegated mountain.” Here, it refers to the Ilkhans’ summer camp in the north of Lake Van, probably at the
foothills of Tendiirek Dagi (Mount Tendiirek) in Modern Turkey.

197 Rashid al-Din, Jami ‘ al-tavarikh, 2:768-769. There is an inscription in the Cifte Minareli madrasa in Sivas
saying that it was built/restored in 670/1270-1271 by the order of “al-Sahib al-a ‘zam malik muliik al-wuzara’ fi al-
‘alam Shams al-dunya wa-al-Din Muhammad b. Mukammad b. Mukammad Sahib al-Diwan” (see, Etienne
Combe, Jean Sauvaget, and Gaston Wiet, Répertoire chronologique d'épigraphie Arabe, vol. 12 (Le Caire:
L’Institut Frangais d’archéologie orientale, 1943), 163). This can be taken as an indication of Shams al-Din
JuwaynT’s intellectual and fiscal interest in Anatolia, in general, and Sivas, in particular.

1% Ragep, “Shirazi’s Nikdyat,” 53.
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selections) in Persian on 9 Dhi al-Hijja 680/22—-23 March 1282 in Sivas, almost three months
after the appearance of the first version of the Nihaya.*® However, we know that he continued
revising the Nihaya after the completion of the Ikhtiyarat since the latter was referred to in the
revisions of the Nihaya. He dedicated the Ikhtiyarat to Muzaffar al-Din Yavlak Arslan (r. 1280—
1292), the local ruler of a small emirate in Kastamonu.

On 20 Dha al-Hijja 680/1-2 April 1282, llkhan Abaga died and on 26 Muharram 681/6—7
May 1282, Ahmad Tegtider was selected as the next Ilkhan. Ahmad Teguder launched a series
of political measures right after his ascension to the throne in 13 Rabi' al-Awwal 681/21-22
June 1282. The most important of these was his decision to make peace with the Mamluk
sultan, Sayf al-Din Qalawiin (r. 1279-1290), and he subsequently sent a diplomatic mission to
him.*'® Shams al-Din Juwayni suggested that Shirazi be the main envoy for this mission.
Shirazi was probably called to Alataq in Rabi‘ al-Thant 681/July 1282 and might have
arrived there by the beginning of Jumada al-Ula/August of the same year. He left Alatag on 19
Jumada al-Ula 681/25-26 August 1282 for Egypt with Atabak Baha’ al-Din."? They were
decreed to deliver a letter to the Mamluk sultan, Sayf-al-Din Qalawiin (r. 1279-1290), signed
by the Ilkhan in mid Jumada al-Ula 681/late August 1282 in Alatag,"* containing the news of

his conversion to Islam. In the letter, Shirazi was referred to as “the most-learned judge (agda

199 Niazi, “Qutb al-Din,” 33, fn. 1; 34.

10 Shirazi, al-Tukfa al-Sa ‘diyya, f. 4b; Muhy al-Din Ibn ‘Abd al-Zahir, Tashrif al-ayyam wa-I- ‘usir fi sirat
al-Malik al-Mansir, ed. Murad Kamil and Muhammad ‘Al Najjar, 2 vols. (Cairo: al-Jumhiiriyya al-‘Arabiyya al-
Muttahida, Wizarat al-Thaqafa wa-al-Irshad al-Qawmi, al-Idara al-‘Amma li-al-Thaqafa, 1961) 1:5; Agsarayi,
Musamara, 136; Rashid al-Din, Jami ‘ al-tavarikh, 2:788; Ayati, Tahrir, 70.

11 Erom Rashid al-Din, Jami ‘ al-tavarikh, 2:788, we know that Ahmad Tegiider dispatched an army to
Anatolia in 4 Rabi‘ al-Thani 681/12-13 July 1282 to safeguard its territory, especially from sporadic Mamluk
encroachments. Shirazi might have received the royal decree for his nomination as Ahmad Tegtider’s envoy to
Malik Manstir Qalawiin from the officials of this army.

12 pashid al-Din, Jami ‘ al-tavarikh, 2:788. See Aqsarayi, Musamara, 136, who mentions Baha’ al-Din
Ridkurdi. This person is very likely the Baha’ al-Din Verkurdi mentioned in: Anonymous, Tarikh-i Al-i Saljiq dar
Anatiili, ed. Nadira Jalali (Tehran: Daftar-i Nashr-i Mirath-i Maktiib, Ayina-yi Mirath, 1999), 109-110.

13 1bn ‘Abd al-Zahir, Tashrif, 10. Cf. Ayati, Tahrir, 70, who has the signature date as the end of Jumada al-
Ul4, which cannot be true because according to the contemporary chronicler, Rashid al-Din (Jami ‘ al-tavarikh,

2:78R), Shirazi left Alataq on 19 Jumada al-Ul4 681/25-26 August 1282.
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al-qudar)”~" and one of the authorities (min thigat) of the llkhanid state. He had probably

returned to Anatolia from this mission by the beginning of 682/April 1283.1*°
In the period between 682/1283 and 689/1290, Shirazi very likely stayed in Anatolia,
mostly Sivas, and was occupied with writing different works. In 682/1283 Shirazi started the

116 the main sources needed

composition of his commentary on Ibn Sina’s Canon of Medicine,
for which were acquired during his mission to Egypt.**” He finished the first part in 694/1294—
1295 in Tabriz and dedicated it to Sahib-i Divan of the time, Sa‘d al-Din Savaji (d. 10 Shawwal
711/19-20 February 1312).

In 4 Sha‘ban 683/17—-18 October 1284 Shirazi’s major patron Sahib-i Divan Shams al-Din
Juwayni was killed, after the murder of Ahmad Teguder by his brother and the next Ilkhan,
Arghtin (r. 683-690/1284-1291).

In Jumada al-Ula 684/July—August 1285 in Sivas, Shirazi finished his third astronomical
work al-Tukfa al-shahiyya (the imperial gift) in Arabic and dedicated it to the Seljuq official
Amir Shah b. T3j al-Din Mu‘tazz b. Tahir, whose appointment as “lieutenant of the sultan”
(na’ib al-salfana) was confirmed by the llkhanid state in the same year.**® Along with Amir

Shah, Fakhr al-Din Qazvini was confirmed as the vizier of the Anatolian province. Unlike Amir

Shah, who was very popular, Fakhr al-Din was regarded by his people as “a greedy tax-

14 According to Dihkhuda, aqda al-qudar was considered a high position among the judges but not as high as
“the chief judge (gadr al-qudat);” see ‘Ali-Akbar Dihkhuda, Lughat-nama, under the entry aqdé al-qudat.

15 According to Ibn ‘Abd al-Zahir (Tashrif, 6), on their way to Egypt, the delegates arrived in Aleppo on 21
Jumada al-Thani 681/26-27 September 1282. They then went to Damascus and from there to Egypt. After
accomplishing their mission, on their way back to Alataq, they arrived in Aleppo on 6 Shawwal 681/7—8 January
1283 (Ibn ‘Abd al-Zahir, Tashrif, 16). Within one month, they might have arrived in Alataq with Malik Mansar’s
reply to the llkhanid ruler Ahmad Teguder.

116 Shirazi, al-Tukfa al-sa ‘diyya, f. 4b

W Shirazi, al-Tukfa al-sa diyya, . 4a

U8 Aqsarayi, Musamara, 148. See also Gary Leiser, “al-Aqsarayi, Karim al-Din,” in Encyclopaedia of Islam,
THREE, edited by: Kate Fleet, Gudrun Kramer, Denis Matringe, John Nawas, Everett Rowson (Consulted online
on 05 November 2018 <http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-3912_ei3_COM_26349>).
According to Leiser, Mujir al-Din Amir Shah was appointed by Abaqga to administer the finances, including the
igza ‘s, of the Ilkhanid treasury and had been appointed as na 'ib al-saltana by the Seljuq sultan Mas‘ad II (r. 682—

696/1283-1296).
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collector.”™*® They did not get along well, so Anatolia was divided between them in 688/1289
and Amir Shah controlled the Western part of the territory, namely Danishmandiyya province,
the area from Sivas and Tokat to Kastamonu and along the Sinop and Samsun coastlines.*?
This was the case until the vizierate of Sa‘d al-Dawla Yahudi (executed in 3 Rabi" al-Awwal
690/6—7 March 1291) in 690/1291. Sa‘d al-Dawla appointed a new vizier and lieutenant for
Anatolia, and summoned Amir Shah and Qazvini to Alatag the same year. They were
humiliated by new Ilkhanid officials and sent to Alataq under arrest along with their entourage.
According to Agsarayi, who had been at Amir Shah’s service since his appointment as the na'ib
al-salrana and was thus directly involved in this event, they finally arrived in Alataq in the
spring of 690/1291, sometime between Jumada al-Ula and Thani/May and June."?* Although
AgsarayT never mentions any names of those who accompanied Amir Shah, and considers it

enough to say: “his entourage including the ruler and the subject, and master and servant,”??

119 Apparently, the office of the lieutenancy was below the vizierate in the administrative ranking of the Seljugs
of Anatolia, as Aqsarayl (Musamara, 149) says:
K 5 Jo ol Cals 5 Ol a4 W gt g pas sl el Sl Sy el e pis By S F e o s G wmbo i S
S bra b ol ol oSa b Gy Cud s o) o5 4 3l 5 e dasly 4 S 3 sp 5 3 sl Gl £ A CE 3 G
@il Oglis |l b o))
“Even though Sahib Qazvini by his vizierate title had priority over Mujir al-Din Amir Shah’s lieutenancy, but
like a hollow zero that is prior to a digit, with regard to the real commandership and lieutenancy, Mujir al-Din
Amir Shah possessed the power over all affairs, and since people were generally inclined to his highness, the glory
of his dignity compared to Qazvin’s was a horse of a another color.”
120 Agsarayi, Musamara, 153.
121 Agsarayi, Musamara, 161 (for the full story, see 156-167).
122 Agsarayl, Musamara, 160, 162, 198. He does not even clearly say that he himself was among them,
although it is certain from pages 162—163 where he says “to sum up, Mujir al-Din, together with his entourage
including the ruler and the subject, and master and servant, we [all] hold out [against this ordeal] like a strand of
hair [coming out of the] dough.”
[T g 2 5 S 0z 32 5 3k 5 52 5 5 5l by o a1 ) glal 5 3b el ) 3]
For another witness of Agsaray1 being among the entourage in this ordeal, see Aqsarayi, Musamara, 198:
Gl ) lE 50 5l ol dlar Lo g 55k el ) el 5lali el il 3B T Ol 5 sty O sl o858 s ) sl b 1y S Cilgen
AF st st S Vo T o 515 gaal g

See also Leiser, “al-Agsarayi, Karim al-Din.”
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Rashid al-Din’s account of the events around the same time implies Shirazi was among them.
We will mention here Rashid al-Din’s account of Shirazi’s intercession for Amir Shah since it
offers an important depiction of Shirazi’s position in the Ilkhanid state:
“... The royal army/Urdu tended toward Alatag and arrived there on 13
Sha‘ban 689[/22-23 August 1290], and from there toward Van. Then the
Sultan [Arghiin] returned, and in that residence [i.e., Alataq] Mawlana Qutb al-
Din was received by the sultan and presented a map of the Mediterranean Sea
with its gulfs and coastline, which includes many of the Western and Northern
provinces. The king extremely enjoyed his conversation with him, since he was
describing the provinces of Anatolia. Meanwhile ‘Ammiiriyya,*? which is in
Anatolia, caught the king’s eye [who was looking at the map] and he ordered
Qutb al-Din to talk about it. He gave a very nice speech comprising the praise
of the King and the description of ‘Ammiiriyya, which was desirable to the
king who was about to leave for hunting. The king told Mawlana ‘let us have a
conversation when [ am back, since you speak so nicely.” He ordered Sa‘d al-
Dawla to call the three of them, namely Amir Shah, Fakhr al-Din Mustawft and
the son of Haji Layli, as they were caught and brought from Anatolia.
Mawlana Qutb al-Din blamed Sa‘d al-Dawla for [arresting] Amir Shah, and
Sa‘d al-Dawla ran after the king and saved him [i.e., Amir Shah].”***
Amir Shah survived this ordeal and held the position of lieutenancy until his death in 7 Rajab

701/9-10 March 1302, while the other two were killed.

123 Ancient Amorium; its ruins are located under and around the modern village of Hisarkdy, Turkey.
124 Rashid al-Din, Jami * al-tavarikh, 2:822-823:
B 5o [BBYI] Jie o 32 5 3508 Canmrle llabis 5 ly ol gl 3 5 sy e T[PAR las] Pojs 33 5 260 3EY 300 4 argno als L
b olasly 5 xsley (o J2 4 (et 5 g Sy bt e Sl Ji 8T ol 5 lageds 5 ot 51y g 5 sy S 4 3l el b
ol b 5350 Sl B e 5l ol 5 S8l gy oS08 08 alinl L (TS 53 5 3la g 0y DYy 7 AT i e w5155
ol 8 S o Bl Sk oy T W et g S e w381 3lge plie | o) 5 55 ol Ul o 8 oLl 6l 5 e Jae S
Wgo 5 odiap 03,51 485 oy ol o s — U sl 5 Gs el 5 bl G — 312 L 2 b K85 ol dpllans 45 G55 2o

€als oY 1y ) 5 adles olinly e gl 5§ Caslas dlgdllanc b oLl C8m 4 i Clas

36



Apparently Shirazi never returned to Anatolia and spent the rest of his life in Tabriz
where he taught and wrote several other important works. Among them we will only mention
his last astronomical work, namely Fa ‘alta fa-la talum (lit. “you’ve done it so don’t blame
[me],” completed sometime after 700/1300 in Tabriz), a super-commentary on Tasi’s Tadhkira
and in fact a harshly worded attack on the commentator of the Tadhkira who, according to
Shirazi, plagiarized his Tukfa.

Shirazi’s life in Tabriz, compared to Anatolia, was rather peaceful and stable. Most of this
last episode of his life passed under the Ilkhanate of Ghazan (r. 694—713/1295-1304) who,
following many of the Ilkhanid military elite, converted to Islam and attempted to establish his
rule largely on religious grounds and independent from the Great Qa’an in China. Under
Ghazan and his influential vizier, Kh"aja Rashid al-Din Fadl Allah Hamadan, 125 Tabriz
experienced a secure and prosperous era. Shirazi apparently spent most of his time as a great
prestigious scholar, teaching and writing. His zawiya in Charandab was a center for scholarly
gatherings. His most known students in Tabriz were Nizam al-Din al-Nisaburi (d. 1329-1330)
and Kamal al-Din al-Farisi (d. 1319).

Shirazi died on 16 Ramadan 710/7-8 February 1311 in Tabriz and was buried in
Charandab.

1.2.2 The Nihdaya

The Nihayat al-idrak fi dirayat al-aflak (the utmost attainment in comprehending the orbs) is
Shiraz1’s first and most voluminous work on hay ‘a. This work is apparently Shirazi’s first
major scholarly product after the stormy years of 672-676/1273-1277, when he finally found
the opportunity to get back to #ay 'a which was, according to him, “the most noble of the
sciences,” and compose a treatise on zay ‘a for himself and for his colleagues, a task which he

had resolved to do probably since his time with Tast.'?

125 During Ghazan’s reign in 697/1298, Rashid al-Din was appointed associate vizier to Sa‘d al-Din SawajT.

126 J. Ragep, “Shirazi’s Nihayat al-idrak,” 52.
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The style and process of composition of the Nikaya is interesting. Shirazi informs us in
the introduction that he decided on its composition style based on two requests by his close
friend:*’

1) to give brief references to the observations and the quality of the derivation of motions

and other things from them, as needed; and

2) to follow the wording of the Tadhkira and to incorporate it in the course of the

exposition, if it is clear, and expound upon it, if it is obscure.'?®

Attempting to fulfill these two requests, Shirazi began the composition of the Nikaya
from the text of his master’s Tadhkira, “nothing before which has surpassed it and nothing after
which has overtaken it.”*?° Shirazi also probably made use of his notes from the time he had
studied the Tadhkira with Tast. It is for this reason that we find him incorporating the original
text of the Tadhkira in the style of a mixed commentary (shark maz;ji), in which the main text
and the commentary are at times mixed in such a way that the main text is not discernable from
the commentary at first glance, especially since Shirazi did not highlight TGsT’s text using
another color, as he did in his self-declared mixed commentary of Ibn Stna’s Canon of
Medicine, or with overlining, or using some other scribal technique. In fact, based on the textual
analysis and word count of Book 111 of the Nihaya and of the Tadhkira, we know that the first
version of Book 11 of the Nihaya contains almost 75% of Book 111 of the Tadhkira, but this text
transmitted from the Tadhkira accounts for only 18% of the entirety of Book Il of the Nihaya.
This means that the remaining 82% of the material is either from Shiraz1 himself or from his
other sources. Shirazi refers to his other 4aya sources in the introduction and in the final
passage of the Nihaya; these sources include Tas1’s other hay 'a works, that is: al-Risala al-

Mu ‘iniyya (written in 632/1235) and Zubdat al-Aay ‘a (written in 666/1268); Jaghmini’s al-
Mulakhkhas fi al-hay a al-basita; Kharaqi’s Muntaha al-idrak, Tabsira fi al-hay a, and ‘Umda-
yi kh"a@razmshaht; Juzjant’s Tarkib al-aflak; a certain Ghayat al-afkar, which is probably Athir
al-Din Abhar’s Ghayat al-idrak fi dirayat al-aflak; and al-Lubab and al-Muhassal, which we

127 Shirazi introduces him as “the dear brother, the most excellent of the age and unique of the time, Ashraf al-
Din, noblest of peers, Muhammad ibn ‘Umar al-Badakhshani;” see F.J. Ragep, “Shirazi’s Nihayat al-idrak,” 49,
54,

128 F J. Ragep, “Shirazi’s Nikayat al-idrak,” 52.

129 J. Ragep, “Shirazi’s Nihayat al-idrak,” 52.
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could not identify so far. According to Shirazi, these works, together with the Tadhkira, are the
reliable compositions in the field of zay 'a (al-kutub al-mu tabara al-musannafa fi hadha al-
bab).**°

In Book 111 of the Nihaya, Shirazi cites the following Greek works, or their recensions,
directly or indirectly: Aristotle’s Meteorologica; Ptolemy’s Almagest (al-Majis¢z) and
Geographia (Jughrafiya); Theodosius’ On Habitations (al-Masakin); and Menelaus’ Sphaerica
(Kuriyyat/al-Ashkal al-kuriyya)

In this book, Shirazi also cites Imam Shafi‘1, Abn Hanifa, Sharaf al-Din Mas ‘0id1 (the
author of Jahan-i danish on hay’a in Persian), Birini (probably from al-Tafhim), Jayhani and
other masalik writers very likely through Kharaqi, Kiishyar, Khayyam (Zij), Ibn Sina (from the
Canon of Medicine and the Shifa’) and Fakhr al-Din al-Razi (very likely from Shark mushkilat

30 the explicit, Shirazi says: “One may know this by examining the authentic books composed in this

discipline, some of which have been referred to in the introduction of the book such as: al-Risala al-
mughniyya, al-Zubda, al-Lubab, Ghayat al-afkar, al- ‘Umda li-ili al-albab; and such as al-Mulakhkhas, Tarkib
al-aflak, al-Tadhkira, al-Muhagsal, Muntaha al-idrak, and al-Tabsira.”

YA sty SN 4, U, sugly Baaal) s S8 s 3 loan ) skl ol i 3 il sl oS00 s oo s 54 Gl

cbpaddly B)W ey Jabl; 553, NN 575 paBILS,,
In the introduction, Shirazi mentions the titles of his major Aay ’a sources in a nice word play as the
characteristics of the Nihaya:
“I resolved at one time to compose for myself and for all colleagues a treatise in ‘ilm al-kaya... a treatise
independent of others, comprising the essence of the detailed publications and the gist of the written compilations
dealing with the arrangement of the orbs and containing an epitome of what has been reached, and the outcome
that has been attained by the utmost discernment so that it would be enlightening for the beginner and a
memento for the consummate; indeed, a support for the most discerning, and a final destination for those with
cognition.”
& al) Slegedl QU 11 Ol sy Jo 2 bk o Lamo Ay ded) o 3 ol 5ldy i) 5o o e Lle ol o B 88 Bl
SN A &y Jla¥l JY suk el 3535, snll 5m3 oS ot Y g snie bl e ey ] ooy L palle Jo B2, S36Y S5
English translation of these two passages is from F.J. Ragep, “Shirazi’s Nihayat al-idrak,” 52-53 and 55, with
modifications. It should be noted that for Ttsi’s Mu Tniyya, Shirazi uses the revised title Mughniyya, which was
chosen by TasT during the course of de-Isma Tlifying revisions of the Mu Tniyya. The original title was chosen in
honor of Mu ‘n al-Din, son of the Isma‘1li ruler of Quhistan. For further information about TisT’s de-Isma ‘Tlifying
revisions of the Mu ‘iniyya, see Sajjad Nikfahm-Khubravan and Hassan Amini, “An Amendment to the Past: TasT’s

Revision of the Mu Tniyya,” to appear.
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kitab al-Qaniin). Shirazi also quoted extensively from Mu’ayyid al-Din al-"Urd1’s Kitab al-
haya in some of the chapters of Book 111 of the Nikaya, such as chapter 9 on dawn and dusk™*!
and chapter 12 on shadows."® Shirazi’s discussion of shadows indicates that he was probably
also familiar with Ibn Haytham’s Kitab al-manazir and Birini’s Kitab al-azldl.133

With regard to his citation method, Shirazi is very clear when he wants to criticize one of
his predecessors. For example, in one section wherein Shirazi criticizes Kharaqi, he quotes a
full passage from Kharaqi’s Muntaha and after the quotation he adds: “this is his wording in the
Muntahd al-idrak” (hadha lafzuhii fi Muntahd al-idrak) or in another case, Shirazi starts the
quotation with “according to that which has been mentioned by Kharaqi” (li-ma dhakarahii al-
Kharagrt) and then explicitly indicates where the quotation ends. However, there are exceptions;
in general, Shirazi never mentions Ttsi’s name when quoting form his works, and whenever
Shirazt wants to criticize TisT, he uses phrases such as: “the statement of whoever asserts such
and such is not correct” (/a yasihhu gawlu man gala...). Our analysis of Book Il also shows
that Shirazi never cites Jaghmini even though he quotes directly from the Mulakhkhas, nor does

he cite Kharaqi when he does not want to criticize him. In these and other similar cases, Shirazi

usually tends to quote verbatim, very likely for two reasons that he himself mentioned in the

B cft. saliba, Kitab al-hay’a, 322-3317.

132 cf. Saliba, Kitab al-hay a, 54-55, 59-60.

133 Regarding Shirazi’s familiarity with Ibn al-Haytham’s al-Mandzir, we can refer briefly to some cases in the
opening paragraph of the Nihaya 111.12, entitled “on shadows and their circumstances,” in which Shirazi seems to
be following Ibn al-Haytham: 1) Shirazi considers light to be “a quality, the vision of which is not dependent on
the vision of another thing,” as opposed to Aristotle who takes light to be “the actualized state of the transparent”
through which one can see colors (see Richard Sorabji, “Aristotle on Demarcating the Five Senses,” The
Philosophical Review 80, no. 1 (1971), 61, fn. 23); 2) Shirazi divides light into primary and secondary, the primary
being the light attaining from a self-luminous object and the secondary being the light attaining from an object
illuminated by another; 3) Shirazi offers a physical definition of shadow as “the secondary light that bears strength
and weakness, and its two extremely far limits are light and darkness,” as opposed to the geometrical Euclidean
definition of shadow. | was made aware of these influences of Ibn Haytham on Shirazi by Hossein Masoumi
Hamedani in our private correspondence. Future research on this chapter of the Niiaya 111.12 will shed more light

on Shirazi’s familiarity with or use of Ibn al-Haytham’s al-Mandazir.
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introduction to his commentary on Suhrawardi’s Hikmat al-isirdgq: in order to preserve the text
of his predecessors and in order to save time.*3*
The main divisions of the Nihaya and the chapter headings contained within these
divisions are almost exactly like those of the Tadhkira and, as we have already mentioned, the
Nihaya actually appears like a mixed commentary on the Tadhkira. However, it should be noted
that Shirazi never mentioned in his introduction to the Nikaya that he intended to write a
commentary on Tadhkira. Rather, Shirazi regards himself as an “appraiser (nazir),” not a
commentator. In a passage at the end of chapter 10, Book Il of the Nihaya, Shirazi, who is very
proud of his solutions to the problems of the motions of the orbs, says:
“Praise be to God who did not disappoint the hopes of the author of the
Tadhkira when he said ‘May God give success to the appraiser of this book in
thinking up complete solutions to all these problems or to eliminate the
remaining flaws in what we have mentioned...,” and [praise be to God who]
answered his prayer with regard to me, particularly so that | found solutions to
some of those problems, which are more complete than [the solutions]
mentioned by our predecessors and contemporaries; and | also eliminated some
of the flaws from what [TaisT] has mentioned.”*®

This passage exemplifies Shirazi’s critical tone throughout the Nihaya.

There are multiple versions of the Nikaya, and we know that Shirazi kept adding material
and revising it over a span of two years.* Parts of these revisions were being done while

Shirazi was writing his next say ‘a work, the Ikhtiyarat. Even though the Nihaya and Ikhtiyarat

134 Najafquli Habibi, Hikmat al-Ishrag-i Suhrawardri, ba sharh-i Qugb al-Din Shirazi, jild-i awwal: mantiq,

(Tehran: Bunyad-i Hikmat-i Islami-yi Sadra, 2013), 11:
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We will discuss this in detail in our introduction to the edition of Book 111 of the Nihaya (2.1 Editorial

Procedures).
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are similar in many ways, there is a very interesting difference between them in their hay at al-
ard section. In the first chapter of the Nihaya, a general description of the sphericity of the
Earth is followed by a description of the seas, which is almost the same as the very standard
description of the seas found in other zay ‘a works. In the Ikhtiyarat, however, Shirazi does not
seem satisfied anymore with the standard description of the seas. Furthermore, in the Zkhtiyarat,
Shirazi is now preparing his work for a patron who, as a military commander, has a vested
interest in topography and cartography.**” So, he decided to scrutinize the descriptions of the
seas usually given in hay ‘a and early masalik works and found that coming up with a decent
description of the seas is “simple, yet impossible (sahl-i mumtani ).”**® He went even further,
saying that the description of the configuration of the orbs, which is more a function of the
mind, is easier than the description of the seas and their relations to the land, which is only
possible through observation.**® Shirazi then adds that, since he was in a rush to finish the
Ikhtiyarat, he will only be able to provide a precise description of the Mediterranean Sea based
on a Greek graticule map of this sea, and that he will later write a monograph on this subject for
his patron. Shirazi’s description is based on his careful reading of the map, and since he gives
the vertical and horizontal dimensions of the graticule, and reads cell by cell, one can easily
reproduce the map. Our following reproduction of the map shows that this map is different from
those produced in the Ptolemaic tradition of cartography, especially with regard to the outline
of the African coastline of the sea. This coastline in maps of the Ptolemaic tradition has a

southward concavity, whereas in this map there is a northward convexity, similar to the
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Mediterranean portolan charts of the same period.'*® However, establishing any relation
between this map and the tradition of the Mediterranean portolan charts, which can be an
indication of an active geographical exchange between Anatolia and Europe in the 13" century,

requires further cartographic analysis of this map.
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Fig. 1
The map that Shirazi showed to Ilkhan Arghtin in 689/1290 in Alataq (see the end of the
previous section of this chapter) must be the abovementioned Greek graticule map or its
reproduction by Shirazi.

Shirazi’s critical examination of the geographical material of the previous say 'a and
masalik works is evident in his revisions of chapter 1 of Book Il of the Nikaya. He went over
all the geographical names and information and tried to correct them as much as possible. One
of the most interesting examples that shows Shirazi’s obsession with these geographical

revisions is the correction of the name of “the North Sea” as “bahr Alaman” (Mare

10 According to Encyclopadia Britannica (https://www.britannica.com/technology/portolan-chart), “Portolan
chart, also called harbour-finding chart, compass chart, or rhumb chart, navigational chart of the European Middle
Ages (1300-1500). The earliest dated navigational chart extant was produced at Genoa by Petrus Vesconte in 1311
and is said to mark the beginning of professional cartography. The portolan charts were characterized by rhumb
lines, lines that radiate from the centre in the direction of wind or compass points and that were used by pilots to

lay courses from one harbour to another.”
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Germanicus) instead of “bair al-Sham wa-al-Saqgaliba,” to avoid confusion with the
Mediterranean Sea, which is usually referred to as bakr al-Sham wa-.... It should be noted that
German people were called “Alaman” in sources of the pre-modern Islamic world, but I have
never come across any other references to “bakr Alaman” in the sources that | have seen so far.
Despite its length, the Nihaya was widely copied, studied and annotated by scholars, and
it was very influential on later commentaries of the Tadhkira. In part Il a history of the
Nihaya’s text and an analysis of some of its earliest manuscripts will be presented before the

critical edition of the text of its Book IlI.
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1.3 The Formation of the genres of hay at al-ard and masalik

As we mentioned earlier in the introduction, kay ‘at al-ard emerged and evolved as a scientific
geographical genre within the &ay ‘a tradition. Hay 'a works, aimed at presenting the main
results of Ptolemy’s Almagest, without the proofs and within a cosmographical framework,
often included a major division called hay ‘at al-ard that provided a general description of the
spherical surface of the Earth, the placement of land and water on the Earth, the characteristics
of different localities, and geodesy. This division also included discussions of astronomical
phenomena, methods, and data that vary with the change of localities and horizons due to the
sphericity of the surface of the Earth. However, hay at al-ard only treats those astronomical
discussions that operate within the horizontal coordinate system, that is, the altitude-azimuth or
declination-ascension coordinates, as opposed to planetary theories that operate within the
zodiacal coordinate system and were dealt with in another main section on the configuration of
the heavens (hay ‘at al-sama’). In sum, hay at al-ard sections share specific geographical,
geodesic and astronomical contents, the composition and arrangement of which may vary from
one work to another. Despite the differences exhibited by different zay ‘at al-ard sections of
hay’a works, they can still be unified under a coherent genre. To start our description of this
genre, we start with its formative period.

Since hay 'a works were based on the Almagest, some of the material in hay at al-ard had
roots in the Almagest. Furthermore, in at least four later #ay a works, there is a reference in the

hay’at al-ard section to an early geographical genre of the pre-modern Islamic world, called al-
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masalik wa-al-mamalik (roads and kingdoms),*** which began to take shape at around the same
time as the kay'a genre (see table 1 below). Therefore, in this chapter we briefly depict the
formative period of the hay at al-ard and masalik genres in parallel to provide a better
historical context for our study.

Book | of the Almagest, starts with “the general preliminary discussion” of the following
physical principles: that “the heaven is spherical in shape, and moves as a sphere; the earth too
is sensibly spherical in shape, when taken as a whole; in position it lies in the middle of the
heavens very much like its center; in size and distance it has the ratio of a point to the sphere of
the fixed stars; it has no motion from place to place;” and finally that there are two different
primary motions in the heavens.™*? According to Ptolemy, as a result of the Earth’s sphericity,
“the sun, moon and other stars do not rise and set simultaneously for everyone on earth.”**?
This leads to natural phenomena such as proportional longitudinal time differences, different
lengths of daylight and night, varying climate, and different celestial maps, etc., for different
localities on the Earth. In the Almagest, after this very general description of the configuration
of the heavens and Earth together in Book I, Ptolemy starts Book 11 with the more detailed
discussion of the configuration of the Earth, and leaves the heavens to later books; this is
contrary to later 4ay 'a works, in which the part on the configuration of the heavens usually
precedes the hay 'at al-ard part.

Ptolemy’s influence is visible in Jawami * ‘ilm al-nujiim wa-Usil al-harakat al-samawiyya
(written between 833 and 857)** by Ahmad b. Muhammad b. Kathir al-Farghani (d. after
247/861) and Kitab al-zij al-Sabi’ by Muhammad b. Sinan b. Jabir al-Battant (d. 317/929), in
which the detailed discussion of the heavens comes after the Earth. The Jawami ‘ and al-Zij al-
Sabi’ are two earliest extant adaptations of the Almagest in the pre-modern Islamic era, but in
two different directions that eventually led to the formation of two astronomical traditions,
namely that of zijes and hay 'a works. A summary of the abovementioned preliminary physical

discussion of the Almagest regarding the shape of the heavens and the Earth and their position

Y For al-Masalik as a genre, see: Tibbetts, “The Beginnings,” 91.

142 Almagest, 38, 45.
%3 Almagest, 40.
44 5. Ragep, Jaghmint, 47-48.
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with respect to each other, together with their observational proofs, appears in the Jawami **°

and is called “wasf hay at al-sama’ wa-al-ard” (the general description of the configuration of

146

the heavens and the Earth).”™ This preliminary discussion is absent from Battani’s Zij, which is

more focused on the computational/practical side of the Almagest. Battant’s Zij, however,

contains many overlapping topics with later Aay'a works,**’

and was referred to or used by

hay a scholars throughout the pre-modern Islamic era. Even though, Battani’s objective seems
quite different from Farghani’s, it should be noted that the boundaries between the hay ‘a and zij
traditions were loose in their formative period.

The earliest extant masalik work is that of Ibn Khurdadhbih (d. ca. 300/913), written in
232/846-847.18 1bn Khurdadhbih, the son of ‘Abdallah b. Khurdadhbih, the governor of
Tabaristan during the reign of caliph al-Ma’miin (r. 198-218/813-833), was himself an Abbasid
official who held positions such as the director of the postal and intelligence services during the
caliphate of al-Mu ‘tamid (r. 256-279/870-892). Ibn Khurdadhbih probably had at his disposal
documents related to the topography of the Sassanid Empire and its routes, which might
account for his frequent use of the farsakh, the Arabized word for parsang, an ancient Iranian
unit of distance.

There is a reference to Ptolemy in the work of Ibn Khurdadhbih, which appears in the
introduction. Since this reference is about the number of cities at the time of Ptolemy, it might
be somehow related to Ptolemy’s Geography. Even though there is apparently no such estimate
in the original text of Ptolemy’s Geography, this reference implies that Ibn Khurdadhbih was
aware of Ptolemy’s Geography, or that Ibn Khurdadhbih’s composition of al-Masalik might
have come shortly after one of the early Arabic translations of Ptolemy’s Geography. However,
one should note that Ibn Khurdadhbih’s al-Masalik is completely independent of Ptolemy’s
Geography and its Arabic translation/adaptations with regard to content and structure.**

> These topics have been covered in chapters 2-5. These four chapters contain all the physical material of the
Book | of the Almagest (Alm. | 3-8). Jawami ‘ has 30 chapters. It begins with a chapter on different calendars.

Y8 Farghant, Jawami ‘, 15

Y"'s. Ragep, Jaghmini, 55.

148 Michael Jan de Goeje, Kitab al-masalik wa'l-maméalik (Liber viarum et regnorum) (Leiden: Brill, 1889;
reprinted in Bagdad: Maktabat al-Muthanng, 1960z), xx.

149 See Barthold’s preface to the Hudiid al- ‘alam in: Minorsky, Hudiid, 14.
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Ptolemy’s Geography was translated at least two times into Arabic, once for/by Ya‘qib b.
Ishaq al-Kindi (d. 260/874), and once by Thabit b. Qurra al-Harran1 (d. 288/901) during the

translation movement.**°

Two extant adaptations of Ptolemy’s Geography are Sirat al-ard by
Muhammad b. Miisa al-Kh"arazmi (fl. first decade of 3"/9™ century);"*! and Kitab ‘aja’ib al-
agalim al-sab‘a ila nihavat al-‘imara attributed to a certain Suhrab (2"-3"/9"-10™"
centuries).™

Two manuscript witnesses of Ibn Khurdadhbih’s al-Masalik are extant. In one of these
witnesses we find an additional introduction before the main body of the text, which De Goeje
included in his edition of Ibn Khurdadhbih’s al-Masalik. This introduction appears right before
the actual beginning of Ibn Khurdadhbih’s al-Masalik in De Goeje’s edition, and is stylistically
very different from the rest of the text. In this introduction, the author says that, in fulfilment of
the desire of his patron (whose name is not mentioned nor is any indication of his position
given) to have a map of the Earth based on the ancient maps, he translated the work of Ptolemy,
which he found to be the most clear and authentic, then drew a map based on the work of

Ptolemy, and wrote a book, which opens with the praising of God."*® The writing style and

150 Fuat Sezgin, The contribution of the Arabic-Islamic Geographers to the Formation of the World Map
(Frankfurt am Main: Institut fir Geschichte der Arabisch-Islamischen Wissenschaften an der Johann Wolfgang
Goethe-Universitét, 1987), 16.

51 Edited by Hans von Mzik, Das Kitab sirat al-ard des Abii Ga ‘far Muhammad ibn Miisa al-Huwarizmt
(Leipzig: Otto Harrassowitz, 1926).

1930).

153 De Goeje, al-Masalik, 3:

ndl
There is also a very striking similarity in the way the dedicatee is being addressed between the abovementioned
introduction (de Goeje, al-Masalik, 3):
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and the introduction of Kitab al-Kindi fi al-ibanat ‘an al- ‘illa al-fa ‘ila al-qarina li-al-kawn wa-al-fasad (Ya“'qub b.
Ishaq al-Kindi, al-Rasa il al-falsafiyya, ed. ‘Abd al-Qadir Muhammad ‘Alf (Beirut: Dar al-Kutub al-‘Tlmiyya,
2017), 70-71):
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sab ‘a ila nihayat al- imara by Suhrab, which is the only extant Arabic adaptation of Ptolemy’s
Geography that contains one of his map projection methods.** Besides this additional
introduction, the two extant manuscripts of Ibn Khurdadhbih’s al-Masalik are considerably
different with regard to the arrangement and content. To account for these differences de Goeje
proposed that Ibn Khurdadhbih originally composed his geography in two stages: first in
232/846 and then circa 272/885.%%° But, later scholars such a Minorsky regarded this theory as
an oversimplification of the “the complex nature of the variants between the surviving
manuscripts.”**® This oversimplification had another consequence; in fact, modern
consideration of Ibn Khurdadhbih as one of the translators of Ptolemy’s Geography is a
confusion prompted by De Goeje’s publication of the additional introduction with the text of
Ibn Khurdadhbih’s al-Masalik.

Ibn Khurdadhbih’s introduction indicates only a limited knowledge of the notion of a
spherical Earth in the middle of the heavens. He mentions neither Ptolemaic nor Ma’miinid
values for the obliquity and the length of one degree of the circumference of the Earth, but only
imprecise common values of 24 degrees for obliquity and 25 farsakhs (=75 mils) for one
degree.™’

Ibn Khurdadhbih was a younger contemporary of Kh"arazmi, Farghani, Kind1 and Thabit,

and probably an older contemporary of Nayrizi. All these scholars were pursuing their
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54 See Mzik, ‘Aga’ib, 5, where Suhrab right after bismillah start with praising of God:
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%% De Goeje, al-Masalik, xx.

%8 Travis Zadeh, “Ibn Khurdadhbih,” in: Encyclopaedia of Islam, THREE, ed. Kate Fleet, Gudrun Kramer,
Denis Matringe, John Nawas, Everett Rowson. Consulted online on 24 October 2018
<http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-3912_ei3_COM_30869>. For a recent codicological
analysis of these two manuscripts, see Travis Zadeh, “Of Mummies, Poets, and Water Nymphs: Tracing the
Codicological Limits of Ibn Khurradadhbih’s Geography,” in School of ‘Abbasid Studies, ed. by Monique
Bernards (Warminster: Gibb Memorial Trust, 2013), 20ff.

7 Farsakh, Arabized form of parsang or farsang, is an ancient Persian unit for measuring length. Each farsang

is 3 mils (Arabian miles).
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scholarship in a very important era of the Abbasid caliphate, that is to say an era characterized
by the dominance of a military elite and the isolation of the caliph, as a direct result of the shift
of the caliphal center from Baghdad to Samarra that eventually led to the militarization of
Samarra and the assassination of al-Mutawakkil (r. 232—247/847—861), who tried to overturn
the situation, by his Turkish officials in 247/861.

After al-Mutawakkil’s death came a decade-long crisis, often referred to as “the anarchy
of Samarra’.” This crisis marked an end to “the sense of the unity of the Islamic world,” which
could still be felt to a considerable extent in the atmosphere of the caliphate and in the figure of
the caliph until 247/861. After this crisis, any recovery was only partial and short-lived, and
internal power struggles became the theme of the new era of the Abbasid caliphate. These
constant power struggles increasingly disrupted ties between the periphery and centre to the
point that, within several years, the provinces were left largely defenseless before ambitious
military commanders to be captured forcibly or through peaceful alliance with local elites.*®®
Constant decline of caliphal power eventually resulted in a new configuration of politics in the
Islamic world: three caliphates at the same time, that is to say, the Abbasid caliphate itself in
the east, and those of the Fatimids (from 909 CE) and the Spanish Umayyads (from 929 CE).

This episode in the history of the Abbasid caliphate gave rise to a major development in
the field of geography as a result of the expansion of the bureaucratic system, which was
responsible for the fiscal administration and intelligence services of a declining caliphate. In
such circumstances, there was a constant need for reconquering lost territories to resume power
and meet the financial needs of the army and the administration. This was also a very active era
of military campaigns and diplomatic missions, either for forging alliances or resolving disputes
between the caliphate and emerging states or between two given dynastic states. It is at this
time that we see a fair number of the geographical works being produced by chancellors or for
chancellery purposes. These works can be mostly categorized under the genres of masalik or
travelogue.

In particular, the crisis of the 860s had two major consequences: first, the emergence of
new dynastic states such as the Samanids, Saffarids, and Tulunids on the periphery, and second,

158 Michael Bonner, “The Waning of Empire, 861-945,” in The New Cambridge History of Islam, ed. Chase F.

Robinson, 1:305-59 (Cambridge: Cambridge University Press, 2010), 305-309, 314-315.
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the military elite’s gradual loss of control over the caliphal administration, which served to
reinforce the chancellors’ (kuttab) visibility and influence. It was in this context that the
Abbasids began to rebuild their caliphate with the help of their soldiers and administrators,
among whom the technocrats and bureaucrats had the upper hand.**® By this time, the Abbasid
bureaucracy had become highly technical and complex with its numerous diwans (bureaus).
Chancellors elevated to higher ranks within the power hierarchy of these diwans were
accomplished in a wide range of fields from the Arabic language, poetry, history and
calligraphy, to arithmetic, accounting and surveying. For the sake of fiscal administration and
intelligence services, some of these chancellors were also familiar with the fiscal districts and
regional topography.*®°

The powerful Samanid chancellor Abtu ‘Abd Allah al-Jayhant (d. 313/925) was one of the
first to write a voluminous masalik work, which is not extant in its original form. Excerpts of
this work are quoted by Biraini (d. ca. 440/1048) in his al-Athar al-bagiya ‘an al-quriin al-
khaliya (The Vestiges of the Past).'®! Birani also mentions Jayhani’s name in his Tahdid
nihayat al-amakin li-tashth masafat al-masakin (determination of the coordinates of localities
for correcting distances of the regions) where he explains his purpose for writing the text as a
“combination of Ptolemy’s method in his Geography and the method of Jayhani and others in
the masalik works in order to bring together the scattered [data], clarify the obscurities and

99162 -

accomplish the science of [geography], indicating Jayhani’s importance in the masalik

tradition. Ahmad b. Fadlan, who wrote a famous travelogue of his mission to the king of the

159 Bonner, “The Wanning of Empire,” 323, 332.

1%0 Bonner, “The Wanning of Empire,” 333.

181 Abai Rayhan Birini, al-Athar al-bagiya ‘an al-quriin al-khaliya (the Vestiges of the Past), the Chronology of
Ancient Nations, ed. Parviz Azkaei (Tehran: Mirath-i Maktab, 2001), 283, 328-329, 336, 352, and 393. Referring
to Jayhani, Birtni uses “dhakara al-Jayhani” or “haké al-Jayhani fi Kitab al-masalik wa-al-mamalik.”

162 Abii Rayhan Birani, Kitdb tahdid nihayat al-amakin li-tashih masafat al-masakin, ed. P. G Bulgakov (Cairo:
Matab‘a Lajnat al-Ta’Iif wa-al-Tarjima wa-al-Nashr, 1964), 38; for an English translation, see Abli Rayhan Birini,
The Determination of the Coordinates of Positions for the Correction of Distances between Cities: A Translation
from the Arabic of Kitab tahdid nihdyat al-amakin li-tashih masafat al-masakin, trans. Jamil Ali (Beirut: American
University of Beirut, 1967), 14.
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Bulghars as the envoy of the caliph al-Mugtadir (r. 295-320/908-932), met Jayhani, who
introduced him to the Samanid amir.*®®

From the same period, we also have Mukhtasar kitab al-buldan written by Ibn Faqth (fl.
289/902), Kitab al-kharaj wa-san ‘at al-kitaba (written between 316/928 and 320/932) '** by
Qudama b. Ja‘far al-Katib (d. 337/948),'* and al-4 ag al-nafisa (written in 310/923) by Ibn
Rusta (fl. 300/912). These three works are significant for their inclusion of material such as a
physical description of the spherical Earth and a standard brief description of the seas, probably
adapted or adopted from the physical/astronomical works of the previous generation of
scholars. We do not see similar material in the works of the following generation of masalik
authors, such as Istakhri (fl. ca. 340/951) and Ibn Hawgqal (d. after 367/978), and rarely do we
see them again in the later works concerned with the same material.

We will discuss these overlapping features of masalik and hay 'a works in the following
chapter.With this brief historical overview of the formative period of the study of geography
and the &ay ‘a tradition, we now turn to an analysis of the contents of hay ‘at al-ard with a focus

on Shiraz1’s text, having introduced the critical works and figures.

183 Ahmad Ibn Fadlan, Risalat Ibn Fadlan fi wasf al-rihla ild bilad al-Turuk wa-al-Khazar wa-al-Riis wa-al-
Saqaliba Sana 309/921, edited by Sami al-Dahhan (Damascus: al-Matba‘a al-Hashimiyya, 1959), 76—66:
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184 Only the second half of the Kitab al-kharaj (5" to 8" manzila) has survived and is published by De Goeje,
al-Masalik, 184-266. Paul L. Heck, Construction of Knowledge in Islamic Civilization: Qudama b. Ja far and His
Kitab al-kharaj wa-sina ‘at al-kitaba (Leiden: Brill, 2002) is a study of this work.

1% Abii al-Faraj Qudama b. Ja‘far al-Katib al Baghdadi was “philologist, historian, and one of the first scholars
to introduce the systematic study of the figures of speech in Arabic literature.” His death date is uncertain. Sources
mention his death “during the reign of al-Mugqtadir” (i.e. not later than 320/932), or in 328/939-940, or 337/948.
See: S.A. Bonebakker, “Kudama,” in: Encyclopaedia of Islam, Second Edition, ed. P. Bearman, Th. Bianquis, C.E.
Bosworth, E. van Donzel, W.P. Heinrichs. Consulted online on 22 October 2018
<http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-3912_islam_SIM_4478>
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1.4 Contents of hay at al-ard, with a focus on Book 111 of the Nihaya

The Nihaya consists of four books: Book I, an introduction containing the required
mathematical and physical principles, axioms and prepositions; Book 11, on the configuration of
the heavens, i.e. planetary models; Book 111, on the configuration of the Earth; and Book 1V, on
the relative sizes and distances of the Earth and heavenly bodies. The exact title of Book Il is:
“On the configuration of the Earth and its division into inhabited and uninhabited and the
[consequences] accruing to it due to the changing positions of the celestial bodies and related
matters.” This Book contains 13 chapters:

1. A general summary of the configuration and circumstances of the Earth

2. Characteristics of the equator

3. Characteristics in general of locations having latitude, which are called the oblique

horizons, and on ortive and occasive amplitude, and on the equation of daylight

o

. Characteristics of locations whose latitude does not exceed the complement of the

obliquity

ol

. Characteristics of locations whose latitude exceeds the complement of the obliquity
but does not reach one-quarter revolution

Characteristics of locations whose latitude is exactly one-quarter revolution
Co-ascensions of the zodiacal signs

Lengths of the nychthemerons

© o N o

Dawn and dusk
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10. Understanding the units of the day, namely hours, and what is composed of days,
namely months and years, and what pertains to them, namely intercalation and the
calendar

11. Degrees of transit of the stars on the meridian and on their [degrees of] rising and
setting

12. Understanding shadows and their circumstances

13. Finding the meridian line, which is also called the noon line, and on the gibla direction

From the title of Book Il of the Nihaya and its contents, one can discern two types of
material in this book: 1) a description of the surface of the Earth or “the configuration of the
Earth and its division into inhabited and uninhabited,” as referenced in the title of Book III; and
2) different aspects of the astronomical phenomena associated with the shape and position of
the Earth in the heavens, or in Shirazi’s words: “the [consequences] accruing to [the
configuration of the Earth] due to the changing positions of the celestial bodies and related
matters,” as addressed in the title of this Book. The contents related to the first type, which are
usually discussed at the beginning of the hay ‘at al-ard section, are more of a geographical
nature, whereas the contents related to the second type deal mostly with the astronomical and
geodesic aspects of the spherical shape of the Earth. The following table presents a comparison
of the structure and contents of the hay ‘at al-ard section of the Nihaya with those of a selection

of works belonging to the broader &ay a tradition.
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Table 1:

Ptolemy, | Farghani lbn al- Qattan-i Marvzi Kharaqi  |Mas‘udi, Jahan- Jaghmini, TuisT, Tusi, Tadhkira| Shirazi, Nihaya (Arabic,
Alamgest|  (3"/9™ Haytham’s | (5-6"/11-12" (6M12" i danish Mulakhkhas Mu ‘niyya (Arabic, written in 680/1281),
century), Hay at al- centuries), century), |(Persian, written| (Arabic, written in|  (Persian, written in  |Tkhtiyarat (Persian, written
Jawami* | ‘Glam (Arabic)| Gayhan-shinakht| Muntahd | in549/1154) | 602-603/1205- | writtenin | 659/1261) in 680/1282), Tuhfa
(Arabic) (Persian) (Arabic) 1206) 632/1235) (Arabic, written in
684/1285)
Structure 13 books | 30 chapters | 15 chapters 3 chapters 3 books 2 books Intro.+ 2 books 4 books 4 books 4 books
\Hay ‘at al-ard material/section Books |- [Chps. 3-4,6- Chps. 2-8 Chps. 2 Book Il Book Il Book 11 Book 111 Book 111 Book 111
] 11, 23
Discussion of the sphericity of 1.4-7 Chps. 3-4 Chp. 2 Chps. 1,2 1.3-4,11.1 1.4-5, 11.1 Intro. 1.1; 1.1 1.1; 1.1 I.1; 1.1
the Earth, its being the center of
the Universe and at rest
1. A general summary of the|1.4-7, 11.1|Chps. 3-4, 6, Chps. 3,4 Chp. 2 11.1-4 11.1-2 1.1 1.1 1.1 1.1
configuration and N/A 8-9 No No Yes No No Yes Yes Yes
> [circumstances of the N/A
g Earth/reference to the
g masalik works
2. Characteristics of the 11.6-7 Chp. 6 Chps. 3,4 Chp.2,3 11.5 11.3 11.2[1] 1.2 1.2 1.2
lequator
3. Characteristics of the 11.6-7 Chps. 6-7 |Chp.4,5,6,7 Chp.1,3 11.6-8, 11 11.4-6, 8 11.2[2-7, 12], 111.3-5, 7 111.3-6 111.3-6
oblique horizons; ortive and 1.4[16]
occasive amplitude; and the
lequation of daylight
4. Co-ascensions of the 1.9 Chp. 10 Chp. 8 Chp. 1 11.9-10 1.7 11.2[8-11], 1.4[21] 111.6 1.7 1.7
g zodiacal signs; the
£ fascendant; and the
< revolution of the daylight
5 Nychthemerons; hours, 1.1,9; | Chp. 1,11 N/A Chp. 3 111.4-5, 6 11.14 11.3[6-11], 1.4[20] 111.9, 10 111.8, 10 111.8, 10
months, years, intercalation, | V.2
and the calendar
6. Dawn and dusk N/A N/A N/A Chp. 3 11.16 11.13 N/A 111.9 1.9 111.9
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10. Sizes and distances

7. Degrees of transit and VIIlL4 Chp. 23 N/A Chp. 3 11.12 11.9 11.3[1] 111.8 111.11 11.11
rising and setting of stars
8. Shadows and their 11.5 N/A N/A Chp. 3 11.14 11.10 11.3[2] 111.11 N/A 111.12
circumstances
9. Finding the meridian line, | N/A N/A N/A Chp. 2 11.13, 15 11.11-12 11.3[3-5], 1.4[19] 111.12 111.12 11.13
& fand the gibla direction
E V.15-16, | Chps. 21-22 N/A Earth only: chp. 2 1.17 1.23 N/A Book IV Book IV Book IV
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As it is clear in the table above, starting from Gayhan-shinakht of Qattan Marvzi, we can
identify separate major divisions in hay ‘a works, at least one of which is devoted to Aay ‘at al-
ard. Contrary to the Almagest and Jawami ‘, Gayhan-shinakht and later hay ‘a works start with
the configuration of the heavens, followed by a section on hay ‘at al-ard. If we divide the
material of the hay at al-ard section into three more general categories of geographical,
astronomical and geodesic, from the table above we can see that in almost all works the iay ‘at
al-ard section opens with geographical material.

The geographical part of the hay ‘at al-ard section is, in general and especially for the
Nihaya, a bit more complicated compared to the astronomical and geodesic parts since it
usually includes a range of different topics from a variety of sources. In the Nihaya, this part
makes up approximately one-third of Book 111 and is longer than the entire Book 111 of the
Tadhkira. Since Shirazi places significant emphasis on this geographical material in the hay ‘at
al-ard section of the Nihaya, and because this geographical part has attracted less attention in
the secondary literature compared to the astronomical and geodesic parts, in this study we
focused on the contents and sources of the geographical part of the Nihaya 1l1. Thus, in the
following sections of this chapter we compared different zay ‘a works, highlighted similarities
and traced the contents back to their original sources with respect to five major geographical
topics: 1) conception of the shape of the Earth, 2) land-water relation, 3) description of the seas,
4) seven climes and 5) temperate zone. In the final section of this chapter we present a rather
interesting case of similarity between some of the analyzed hay ‘at al-ard contents and their
parallels in a specific Latin tradition of cosmographical textbooks.

Analyzing the content of hay ‘at al-ard helps provide us with a better picture of zay at al-
ard as a distinct genre and its evolution. In this study, hay ‘at al-ard as a genre is not understood
as a rigid mould into which the works must fit but, rather, as something of a pattern that is
based on similarities—whether of subject matter, purpose, form, contents, etc.—shared by a
group of texts. In other words, based on these shared similarities one can develop patterns and
relationships that identify different texts as being similar. We take these patterns and
relationships to constitute the genre. With this conception, genre is understood not as, for
example, a form into which the content is fashioned, but rather as the relationship between
similar forms and contents. Such a dynamic concept of genre is especially apt for evolving

literary traditions, such as zay ‘a, in which particular features of texts undergo change according
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to a variety of factors such as the purpose and process of writing or the needs of the target

audience.

1.4.1 Conception of the shape of the Earth

Shirazi opens Book III of the Nihdya with the following paragraph: “It was shown in the first
part of Book 1l that the apparent surface of the Earth is spherical and parallel to the concavity of
the [celestial] orb, and together with the apparent surface of the water are analogous to the
surface of a sphere.” The importance of this phrase lies in the way the shape of the Earth is
described. We see that Shirazi confines his description of the sphericity of the Earth to its
apparent surface. In ancient and medieval times, there were two general ways of describing the
shape of the Earth: 1) describing the Earth as a solid sphere, like in the Almagest, Farghant’s
Jawami ‘, Qattan’s Gayhan-shinakht, Kharaqi’s Muntaha and Tas1’s Mu niyya; or 2) describing
only its surface as spherical, as in Battani’s Zij, Tusi’s Tadhkira, and the Nihaya. The first
approach, in which the Earth was regarded as a solid sphere, sometimes led to an inconsistency
with the Aristotelian concentric order of the elements in physics.*®® According to the
Avistotelian theory of the elements, the Earth would be completely surrounded by water, which,
in fact, does not occur in reality. As Aristotle himself states in On Generation and Corruption,
these elements can change into one another in the world of generation and corruption and that is
why we find fire and water within the Earth.*®’ It is likely that this issue was also addressed in
the Aristotlian Meteorologica tradition by the late antique commentators. In one of the earliest
Arabic versions of Aristotle’s Meteorologica, which was prepared by Ibn Bitriq for Caliph al-
Ma’'miin, we find that “fire, air, water and earth generate, corrupt and change to each other...

proof of which is the existence of land and water together on the surface of the Earth.”®

188 Eor a history of this confusion in Latin works, see Randles, “Classical Models,” 810, 22—35.

187 See Ibn Rushd, Kitab al-athar al- ‘ilwiyya, ed. Suhayr Fadlallah Abii Wafiya and Su‘ad ‘Al ‘Abd al-Razzaq
(Cairo: al-Majlis al-A‘1a li-al-Thaqafa, 1994), 15-16:
5ol 48 oy LYY A8 o an 3 am derg 8T ol 80 OUST3 Lal iy il e 3 )01 ] [ ;w/gh{g@j O[PS
Cernsllly elodly N ot Lo BN DLl gy ioall iy 46 o) Y1 Aol
See also Casimir Petraitis, The Arabic Version of Aristotle’s Meteorology: A Critical Edition with an
Introduction and Greek-Arabic Glossaries (Beirut: Dar al-Mashriq, 1967), 14-15.
188 petraitis, Aristotle’s Meteorology, 14-15:
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Explicit reference to the fact that land and water together form the sphere of the Earth or
the spherical surface of the Earth can be found in different descriptions of the shape of the Earth
following both approaches. Ptolemy in the Almagest (1.4) says “that the earth, too, taken as a
whole, is sensibly spherical,”*®® however, he does not explicitly mention water. Farghani seems
to be trying to clarify Ptolemy’s statement by saying “that the Earth in all its parts, land and sea,
is sensibly spherical.”*"® Ptolemy in his Geography (1.2) comes up with another description of
the shape of the Earth: “...it has already been determined that the continuous surface of land
and water is spherical.”"* Shirazi seems to have a preference for this description, as he is
among a few hay 'a scholars who decided to only talk about the surface of the Earth, probably to
detour the physical issue of the concentric order of the elements and discussions related to it,
like the natural locus of every element. One does not need physics to prove the sphericity of the
surface of the Earth since it can be proved mathematically, as Ptolemy mentioned. Before
Shirazi, his master, TasT, in the Tadhkira also decided to take the same detour. TasT uses the
adjective mustadira to describe the sphericity of the Earth. In Arabic mustadir and kuriyy both
mean spherical but there is a critical difference between the two terms. Mustadir, which can
also mean circular or generally curved, usually is an attribute of lines, planes or motions. Thus
when mustadir is used to describe a body, it means that the body has a spherical or curved
surface, whereas kuriyy applies to the whole body. Therefore, Tts1’s choice of mustadira
indicates that he only refers to the sphericity of the surface of the Earth. Battani seems to be the
first who used mustadira to describe the sphericity of the Earth.*’? Kharagqi in his Muntaha
describes the Earth as a sphere formed from the elements earth and water and thus has to
address the Aristotelian concentric order of the elements and all related discussions from the

Meteorologica tradition.'”®

gy Jo 2 @ sl sl Sl sells e plagdly . pan 3] lgiam Jiointy s 5 (555 2,3y ollly sdly W1 5
169 Almagest, 40.
170 Farghani, Jawami ‘, 11:

@i S Jlo Jo oy ) oo B2l et (2,01 51 ol Caand SIS
71 3. L. Berggren, and Alexander Jones, Ptolemy’s Geography: An Annotated Translation of the Theoretical
Chapters (Princeton: Princeton University Press, 2000), 60.

172 Battani, Zij, 25.
17 Ghalandari, “Muntaha,” 2: 157-158.
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Another issue arising from the Aristotelian theory of the elements is the relative volume
of the four elements. This issue manifests itself in the relative area of land and water on the

surface of the Earth, a topic we examine closely in the next section.

1.4.2 Land-water relation
The land-water relation on the surface of the Earth was one of the most important problems of
ancient and medieval natural philosophy, astronomy and geography. It was generally accepted
that one-fourth of the surface of the Earth is land and the rest is covered by water. This one-
fourth was called “the populated quarter” or “al-rub * al-maskiin” in Arabic. Hay a authors were
well aware of the extension of the inhabited part of the Earth beyond the customary boundaries
of al-rub * al-maskiin, not only on account of Ptolemy’s Geography, but also because of the
vastness of the Islamic world and active commercial and diplomatic contacts between the
Islamic world and neighboring nations whose lands were clearly beyond these boundaries. Still,
the term “al-rub  al-maskiuin” remained in use in theoretical discussions, not used in a literal
sense. For them the question of the existence of habitation in the other parts of the Earth
regardless of the climatic situation also remained open.
Shirazi describes the customary boundaries of the populated quarter in the Nihaya 111.1[2]

as follows:

“... the Earth is divided by the equator... into two halves, northern and

southern... And [the Earth is divided] by another great circle on its surface that

passes through the two poles of the first [great circle, i.e., the equator], into two

halves, upper and lower. Therefore the Earth will be divided by them into

fourths. One of the two northern [fourths] is the populated quarter, and

circumstances of the others are unknown...”

Shirazi then tries to explain why, in theory, the populated quarter has been considered to

be one fourth of the surface of the Earth, in the Nihaya 111.1[3]:

“The inhabited world has been determined to be a quarter because

observations of celestial phenomena, such as lunar eclipses, have been

found [to occur] for those living in the farthest eastern [regions] 12 hours

ahead [of their occurrence] for those in the farthest western regions, not

more than that... Indeed Ptolemy determined firstly that [this] quarter is in
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the north because he satisfied himself that the shadows of the gnomons at
noon for the equinoxes all over the populated world are toward north, and not
any of them are toward south. This was his opinion when he wrote the
Almagest, since at that time he did not know the amount of the width of the
inhabited world. Later, he became aware of the inhabited areas beyond the
equator to the south up to the [latitude of] 16 degrees and a quarter and a sixth
[of a degree]. Thus, in his book entitled Geographia he said that the initial
latitude of the inhabited world from the south is where the altitude of the
southern pole is 16 degrees and a quarter and a sixth [of a degree], these being
populated regions at the farthest reaches of Zanj region, Abyssinia [al-
Habasha], and some other [areas] that have been reported to be southerly.”

In Nihaya 111.1[4], Shirazi quotes a passage from his teacher’s Tadhkira regarding the fact
that the sea surrounds most sides of the populated quarter of the Earth. According to TasT, it is
well-established that this sea surrounds “the western side, the north, and most of the south,
especially the eastern part of the populated quarter,” but as for the southwest side of the
populated quarter, there are reports of travelers in the direction of the sources of Egypt’s Nile
who have reached localities whose southern latitude exceeds 16° and saw mountains from
which arise the headwaters of the Nile at a distance to their south but they did not reach any
body of water. TtsT then adds “likewise we do not have definitive knowledge about the sea in
the northeast [of the populated quarter].”

Shirazi presents his opinion about the inhabited part of the Earth being one fourth of its
surface as follows in Nihaya 111.1[2]:

“... [it is] not [true] that [the other three-fourths] are either submerged in the
sea and not populated or their circumstances are unknown since the
division [into either submerged in the sea or unknown] is false. Nor [is it true]
that they are submerged in water, as it is said. [Nor is it true], proceeding from
[these premises], that the totality of the elements are inevitably balanced in
their volumes and [that], if the water does not encompass the three other
quarters [of the Earth], then it would be much less than the whole earth, since
what we see from them in their exposition of these premises is an error, let

alone a proof. Therefore, it is possible that in the other quarters there are many
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inhabited lands we are not aware of, since there are drowning seas and
towering mountains between us and them.”

In the passage above, Shirazi refers to a doctrine about the proportional volumes of the
elements. This doctrine might have been formed within the late antique tradition of Aristotelian
Meterologica. In the Islamic period, one can find a reflection of this doctrine in the Tabi iyyat
of the Shifa’. According to Ibn Sina, there was this “prevalent idea that there must be several
times more water than earth in the universe; if an element were to change completely into
another, this must result in a quantity equal to the actual quantity of that other element; when
water changes into earth its volume decreases, therefore there must be less earth than water.”*"
Ibn Sina considers the fact that the other quarters of the earth are water as the only proof.'’”> On
the other hand, in the Latin tradition we find a similar doctrine, attributed to Aristotle, that the

volumes of the elements were inversely proportional to their densities, which led to the

174 paul Lettinck, Aristotle’s Meteorology and Its Reception in the Arab World: With an Edition and
Translation of Ibn Suwar’s Treatise on Meteorological Phenomena and Ibn Bajja’s Commentary on the
Meteorology (Leiden: Brill, 1999) 196. This idea is probably from Aristotle’s On Generation and Corruption, 11.6
(333a17-333a35) where Aristotle argues against Empedocles’ theory that “the elements of body are more than one,
so that they are not transformed into one another.” Aristotle starts his counterargument by trying to explain in what
sense it is open to Empedocles and those who agree with him to maintain that the elements are comparable:

“If it is meant that they are comparable in their amount, all the comparables must possess an identical
something whereby they are measured. If, e.g., one pint of Water yields ten of Air, both are measured by the same
unit; and therefore both were from the first an identical something. On the other hand, suppose they are not
comparable in their amount in the sense that so much of the one yields so much of the other, but comparable in
power of action (a pint of Water, e.g., having a power of cooling equal to that of ten pints of Air); even so, they are
comparable in their amount, though not qua amount but qua having power. Instead of comparing their powers by
the measure of their amount, they might be compared as terms in an analogy: e.g., ‘as X is hot, so y is white.” But
‘as’, though it means equality in quantity, means similarity in quality. Thus it is manifestly absurd that the bodies,
though they are not transformable, are comparable not by analogy, but by a measure of their powers; i.e. that so
much Fire is comparable with many times that amount of Air, as being equally or similarly hot. For the same thing,
if it be greater in amount, will, since it belongs to the same kind, have its ratio correspondingly increased.”
(Jonathan Barnes, The Complete Works of Aristotle: The Revised Oxford Translation, vol.1 (Princeton: Princeton
University Press, 1984), 554. Accessed January 14, 2019.
http://library.nlx.com/goto.cfm?loc=&infobase=pmari.nfo&depth=2.)

175 | ettinck, Aristotle’s Meteorology, 196.
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conclusion that the volume of the element water must be several times more than that of the
element earth.}’® It is not clear at which point the Islamic and Latin tradition coincide, but
significant differences between the two traditions contradicts the possibility of a direct
Avicennan influence. It is probable, however, that both traditions can be traced back to late
antique commentators of Aristotle.

We saw above that Shirazi, considering the belief that three-fourths of the surface of the
Earth is submerged in water to be uncertain, argues that there cannot be any logical relation
between this and the theory of proportional volumes of the elements. Shirazi’s first criticism is
against Tasi who says in the Tadhkira that the other three-fourths “are either submerged in the
sea and not populated or else their circumstances are unknown.” According to Shirazi, this
categorization is false. He does not mention any reason for this but perhaps his reason was that
one of the two categories, i.e., the unknown circumstances, is more general than the other, i.e.,
being submerged in the sea, and the two categories stand to each other in the relationship of
absolute generality and peculiarity. He goes on to say that if we suppose that one-fourth is land
and three other fourths are submerged in water, as has been said by his other predecessors, we
cannot proceed from that to the theory of the inversely proportional volumes of four elements.
Shiraz1’s argument proceeds as follows:

Premises:

(1) The Earth is divided by the equator and another great circle on its surface that passes
through the two poles of the equator into fourths.

(2) One of the two northern fourths is the populated quarter

(3) The other three fourths are submerged in the sea

Conclusion:

The volumes of the four elements are [inversely] proportional [to their densities].

This conclusion means that the volume of water must be several times more than the
earth, or as Shirazi quotes from the sources: “If the water does not encompass three fourths [of
the surface of the Earth], then its volume would be much less than the whole [volume of the
element] earth.” Shirazi’s objection here is that “the circumstances of the other [three-fourths]

are unknown” and “it is possible that in other [three] fourths there are many inhabited lands we

176 Randles, “Classical Models,” 9-10.
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are not aware of.” Therefore, premises 2 and 3 are false and one cannot use them as a proof for
the theory of the volume of the elements.

It should be noted that later in the Nikaya I11.1[6a] Shirazi tries to prove that the southern
hemisphere is mostly covered by water. In this paragraph Shirazi presents his reason for the
northern region to be uncovered from water as opposed to the southern region. As we discussed
in the previous sections, there was this physical principle that the Earth should be completely
surrounded by water. Even though Shirazi here does not want to drag the discussion into the
physics, and only wants to explain why it is the northern region that is uncovered and not the
southern region, it will be helpful if we start with the discussion of the temperate zone in the
Tabi ‘iyyat section of the Shifa’,*"" to which Shirazi makes a presumed reference. Ibn Sina starts
his discussion by saying that according to a physical principle the earth should be completely
surrounded by water but this does not occur in reality and the existence of the dry land does not
conform to this, and does not conform to what is natural for the earth and water, but conform to
what is natural according to the order of the universe (nizam al-kull)."® He then talks about the
theory of the transformation of the elements into one another as one of the principals of the
order of the universe. He also briefly refers to heavenly causes as one of the major causes of the
accumulation of water on certain parts of the Earth. He finally says that as a result of all this
land and water exist together inevitably on the Earth. Ibn Sina relates this to the Divine wisdom
(hikam ilahiyya), which provides the land animals who are alive by the air with a natural place
to live on.}”® After this, Ibn Sina says that astronomers found out that almost one quarter of the
surface of the Earth is land, and this quarter is in the northern hemisphere. According to Ibn

Sina, there is no clear proof that the other quarters are submerged in water, except one that most

"7 Chapter 6 (entitled fi ahwal al-maskiina wa-amzijat al-bilad, which means “on the circumstances of the
populated land and the temperament of the localities”) of the first Book (entitled fi ma yuhdathii min dhalika bi-
nahiyat al-ard, which means “on what occurs on the Earth as a result of [the meteorological phenomenal]) of the
fifth section (on the mines and meteorology) of the Tab1 iyyat.

"8 1bn Sina, Shifa’, Tabi ‘iyyat, al-ma ‘adin wa-al-athar al- ‘ilwiyya, 24:
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Y9 Ybn Sina, Shifa’, Tabi ‘iyyat, al-ma ‘adin wa-al-athar al- ‘ilwiyya, 24-25.
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180 Ibn Sina then

likely is entailed by the necessity of the Earth being surrounded by water.
briefly refers to another proof that is related to the fact that the southern hemisphere is hotter,
due to the nearness of the Sun to it, and rejects it. In order to understand Ibn Sina’s
counterargument, let us have look at Shirazi’s account of this proof:

“The southern [region] is hotter, due to the nearness of the Sun to it, and its

farness from the northern [region], since the Sun’s perigee is in the southern

zodiacal signs, and its apogee is in the northern ones; its being near [makes] its

rays more intense than its being far, and the heat associated with the more

intense ray is stronger and sharper than the one associated with the less

intense.”*®
Even though Shirazi agrees with Ibn Sina on this proof being incorrect, he does not accept his
counterargument. Shirazi, first, quotes Ibn Stna’s counterargument in TwsT’s words from the
Tadhkira:

“The difference between the smallest size of the Sun from its being at the

apogee and its largest size from being at the perigee is imperceptible to the

senses; thus it is far-fetched that its effect would reach an extent whereby one

of two similarly positioned locations with respect to the heavens, i.e., the

southern and northern hemispheres of the Earth, would be populated, while the

other would not be ]populated.”182
According to Shirazi, “this reasoning, even though convincing with respect to habitation being
exclusively in the northern hemisphere rather than the southern one, is not convincing with
respect to being exclusively in one of the two northern quarters rather than the other.” He then

brings his points up, saying:

180 Ibn Sina, Shifa’, Tabi ‘iyyat, al-ma ‘adin wa-al-athar al- ‘ilwiyya, 25:
Blest 230 ol Y ST e st o113 2, el 58 gy ot Bl ey e Tl ol 5000 s 53 5 b3 T e 215 o i {0
Lo Ao sie ao s ollly e 5T e 1) e Jloi) J St e (80 K0 o 4 Y
181 Nihaya 111.1[6a]
182 Nihdya 111.1[6a]; see also Ibn Sina, Shifa’, Tabi ‘iyyat, al-ma ‘adin wa-al-athar al- ‘ilwiyya, 26:

coxs oS o JE Y 3l 5 U i o iy S0l S et 7 5 8 i gl e 2 S s
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“... [W]e do not accept either the equivalence of the situation of Earth’s

southern and northern hemispheres with respect to the heavens... or the

characterization of one of the two northern quarters as inhabited but not the

other inasmuch as the other could possibly be populated but reports of them

have not reached us, as discussed before. [We also do] not [accept] that the

effect of the difference between the smallest size of the [Sun’s] body and its

largest, if it were perceptible to the senses, could reach the required extent, as

the context indicates; this is because the influencing factor [al-mu ‘aththir] is

the actual size as the matter of truth [nafs al-amr], not according to the senses.”

After his critiques, Shirazi concludes the discussion by stating “that the reason for the

lack of habitation in the southern region is its being hotter,” according to his own reasoning at
the beginning of the paragraph Nikaya 111.1[6a], and that is as follows:

“Be aware that the reason for the northern region to be uncovered, after divine

providence and heavenly causes, such as star conjunctions and similar

astrological matters, is the attraction of most of the water to the southern region

due to its being hotter than the northern region, together with heat’s nature to

absorb moisture, as can be seen in the lamp, and the fact that the more intense

[the heat], the more absorbent it gets.”
We do not know what Shirazi’s source for this reasoning is. Therefore, while for Shirazi the
possibility of the existence of land and habitation in the other northern quarter remains open,

the southern hemisphere seems to be covered mostly by water and thus inhabitable.

1.4.3 Description of the seas

In several hay 'a works from Qattan Marvzi’s Gayhan-shinakht to Shirazi’s Nihaya, we
encounter a very standard account of the seas. This description contains details about the five
major seas as given in ancient and medieval accounts: 1) the Indian Ocean and its three gulfs
(Gulf of Barbary, the Red Sea, the Persian Gulf and the Gulf of India); 2) the Atlantic Ocean; 3)
Mediterranean Sea; 4) the Black Sea; and 5) the Caspian Sea. Some, including Shirazi, also
mention the Baltic Sea. The details about these well-known seas include their dimensions,
regions surrounded by these seas or regions surrounding them, important rivers that discharge

into them, and important islands in them. However, regarding the arrangement of the contents,
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one can recognize two slightly different accounts. The first account finds its earliest Arabic
exemplar in BattanT’s Zij (written after 306/918).*®® This account has no parallel in the extant
Greek sources. Farghani’s Jawami *, as the oldest instance of the /ay ‘a tradition in the Islamic
period, does not include any description of the seas. The oldest source with an account similar
to that of Battani is a Syriac work on Christian theology and cosmology entitled Hexaemeron
(the six days of Creation) by Jacob of Edessa (d. 708 CE), the distinguished Christian scholar
and bishop of Edessa during the early days of Islam. This work was written in the very last
years of his life and completed after his death by his friend George, Bishop of the Arabs (d. 724
or 726 CE). The Hexaemeron contains a significant amount of scientific material, with the third
chapter of the geography section presenting a description of the seas that is different from the
Greek sources known to us, including the works of Ptolemy, although the names of the seas are
Syriac transcription of the Greek names.*®*

Jacob of Edessa’s account of the seas is very similar to Battani’s account, especially with
regard to the dimensions of the well-known seas, expressed in mile units.*®*> Among the
geographical works that were produced for chancellery purposes around the time Battani was
active, al-4 ‘laq al-nafisa (written in 310/922) of 1bn Rusta and Kitab al-kharaj (written
between 316/928 and 320/932) of Qudama b. Ja'far contain the same account of the seas as
Battani’s."® It is in Ibn Rusta’s account that we find the earliest rearrangement of the contents
of the first account that resulted in the formation of what we may identify as the second
account. Table 2 below shows how these two accounts are different. Ibn Rusta’s general
account of the seas is followed by a report of the sea state'®” for the Persian Gulf and the Indian
Ocean, most of which can also be found in Abii Ma‘shar’s (d. 272/886) al-Madkhal al-kabir

183 This z7j is based on Battani’s observational activities between 264/877 and 306/918. For more information
see S. Ragep, Jaghmini, 54. For the description of the seas, see: Battant, Zij, 26-27.

184 For the Latin translation of the Syriac text, see: Arthur Hjelt, Etudes sur I'Hexaméron de Jacques d’Edesse,
notamment sur ses notions géographique contenues dans le 3“™ traité (Helsingfors: Frenckell, 1892), LXIII-
LXVII.

185 It is not clear what kind of mile was meant by Jacob of Edessa or his sources.

188 For Ibn Rusta’s account, see Michael Jan De Goeje, Ibn Rusta’s Kitab al-a‘laq al-nafisa and Kitab al-buldan
by al-Ya ‘qubi (Leiden: Brill, 2014), 83-86; and for Qudama’s account, see De Goeje, al-Masalik, 230-231.

187 «Sea state” refers a general description of the condition of a certain sea and its turbulances during different

seasons of the year.
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with reference to ‘ulama’ al-bahriyyin.*®® Ibn al-Faqih’s Mukhtasar kitab al-buldan (written in
289-290/902-903) has a very brief account of the seas which is quite different from the account
of Battan1/Qudama (account 1) or that of Ibn Rusta (account 2).

Among hay 'a works, Kharaqi’s Muntah& contains account 1 with additional geographical

details®

while the Persian account in Qattan Marvzi’s Gayhan-shinakht and Tust’s Mu ‘iniyya
is closer to account 2 with all dimensions expressed in farsang units.*® Sharaf al-Din

Mas ‘Gdi—who used Qattan’a Gayhan-shinakht and Kharaqi’s Muntaha in the composition of
his Arabic work on hay ‘a, i.e., al-Kifaya fi ‘ilm al-hay’a, and in its Persian translation, Jahan-i
Danish—seems to be inspired by Gayhan-shinakht in his choice of the arrangement of the
contents and unit of dimensions for the account of the seas; however, he added many details
from Kharaqt and other sources like Biriini. In both works, Mas ‘id1 expresses all dimensions in
farsakh and farsang units in the Arabic and Persian texts respectively.'*! Similarly, Shirazi has
a preference for account 2 and adds details from Kharaqi, Mas ‘Gdi and other sources. In table 2
we present a comparison of the accounts of the seas in different 4ay ‘a works with that of Jacob
of Edessa’s Hexaemeron, the accounts of Battani/Qudama and of Ibn Rusta.

Among other early geographical works of the Islamic period, Kh*"arazm1’s account of the
seas in his Surat al-Ard is not similar to either of the two accounts discussed above, but the
book has separate chapters for each one of the five important seas.

Shirazi ends his accounts of the seas by saying: “These were the examples of the situation
of the seas based on the account given by Jayhani, and other experts on the locations of the seas
and their extensions. But there are many details, most of them mentioned in the books on roads
and kingdoms [al-masalik wa-al-mamalik], so whoever wants a thorough examination should

refer to those books.”

18 De Goeje, al-4 laq, 86-88; Abii Ma shar, al-Madkhal al-Kabir, ed. Charles Burnett and Keiji Yamamoto
(pre-print version) 246-250.

189 Ghalandari, “Muntahd,” 2: 321-325. Kharaqi’s Tabsira does not contain any account of the seas.

190 < Ayn al-Zaman Hasan ibn ‘Al Qattan-i Marvzi, Gayhan Shinakht (Qum: Kitabkhana-yi Buzurg-i Hadrat-i
Ayatullah Mar‘ashi-yi Najafi, 2000), 188—193; Amini, “al-Risdla al-Mu ‘iniyya,” 138-142.

191 Sharaf al-Din Mas ‘Gdi, Jahan-i Danish, ed. Djalil Akhavan Zandjani (Tehran: Mirath-i Maktiib, 2003), 133—
136; Sharaf al-Din Mas‘adi, al-Kifaya fi ‘ilm al-hay a, MS Hafid Efendi 154, ff. 138a—138b.
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Kharaqt has the same reference with the exact same phrase, “Jayhani and other experts on
the locations of the seas and their extensions,” at the beginning of his account of the seas.*
Since Jayhan1’s work did not come down to us, we are not sure if Shirazi really consulted it or
if he just copied the citation from Kharaqi. The answer to this question requires more research
on the early geographical texts of the pre-modern Islamic world. It is interesting to note,
however, that the account of the seas of Biriini, who certainly had access to Jayhani’s work, in
his al-Tafhim is not similar to the standard accounts in #ay’a works and does not contain the
dimensions of the seas. Yaqut Hamawi (d. 626/1229), the author of the great geographical
dictionary, Mu jam al-buldan, calls Birtini’s account the best account he could find and quotes
it directly. In general, we can claim that, aside from the early works of Ibn Rusta and Qudama,
we could not find the standard account of the seas as it appears in zay ‘a works in other
geographical writings of the Islamic period. In this sense, we might say that this account can be
considered a unique characteristic of the hay ‘at al-ard genre. At the same time, it should be
noted that Shirazi himself found this account to be out of date and, thus, excluded it from his

later hay 'a works, namely Tkhtiyarat and al-Tukfa.

192 Ghalandari, “Muntahd,” 2: 321.
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Table 2:

Battant’s Qattan’s Mas‘adr’s
Jacob of Edessa’s Zij/Qudama, Ibn Rusta, Gayhan- Kharaqt’s Jahan-i Tast’s The Nihaya
Hexaemeron Kitab al-kharaj al-A4 laq shinakht Muntaha danish Mu Tniyya
Account
(arranged by the 3,4,51,2 1,2,3,4,5 1,3,2,4,5 1,3,25,6 1,2,3,4,5 1,2,3,6,5 1,3,6,5 1,3,2,6,4,5
number of the (Account 1) (Account 2) (Account 1) (Account 2)
seas)'”
Mentions 5 great No No Yes No Yes No No Yes
seas?
1 8000%2700 miles 8000x2700 mils 8000x2700 2660x900 8000x2700 2360%? 2660x900 2660x900
(1900 of it below mils farsangs (330 mils farsangs (360 | farsangs (330 | farsangs (330
the equator) (1900 of it of it above (1700 of it of it above the | of it above the or 360 of it
below the the equator) below the equator) equator) above the
equator) equator) equator)
g 2 N/A N/A N/A N/A N/A N/A N/A N/A
;E_J 3 5000%~400 miles 5000600 to 800 5000x600to | 1600x3to (?) | 5000x600to | 1300x3to 260 | 1600x3 to 260 1600x3 to
._% mils 800 mils farsangs 800 mils farsangs farsangs 260 farsangs
§ 4 ~1300x%300 miles 1600%300 mils 1300%300 N/A 1300%300 mils N/A N/A 4033x?
@ mils farsangs
5 Circumference=~1800 800%600 mils 1800x600 260x200 800%600 mils 260%200 260%200 260%200
miles, width=~600 miles mils farsangs farsangs farsangs farsangs
6 N/A N/A N/A N/A N/A N/A N/A 100x33
farsangs

193 1) the Indian Ocean and its three gulfs (Gulf of Barbary, the Red Sea, the Persian Gulf and the Gulf of India); 2) the Atlantic Ocean; 3) Mediterranean Sea;
4) the Black Sea; 5) the Caspian Sea; and 6) the Baltic Sea.
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Gulfs/dimensions Indian Ocean Gulf of Barbary Barbary Barbary Barbary Barbary Barbary Barbary
of Sea 1 (8000x>2700 miles), Red | (500x100 mils); (500x100 (160x35 (500x100 (160x35 (160x35 (160x35
Sea (1400%200 to 400 Red Sea mils); Red farsangs); mils); Red farsangs); Red | farsangs); Red farsangs);
miles); Persian Gulf (1400%200t0 700 | (1400x200to | Red (460x60 | (1400x200 to (460%60 to (460x60to | Red (460x60
(1400x700 miles) mils); Persian Gulf 700 mils); to 200 700 mils); 200 farsangs); | 200 farsangs); to 200
(1400%150 to 500 Persian farsangs); Persian Persian Persian farsangs);
mils); Gulf of India | (1400%150 to Persian (1400x150 to (460x180 (460x180 Persian
(1500 mils) 500 mils); (460x180 500 mils); farsangs); farsangs); (460x54 to
India (1500 farsangs); India (1500 India (500 India (500 180
mils) India (500 mils) farsangs) farsangs) farsangs);
farsangs) India (500
farsangs)
Islands of Sea 2 the Islands of the the Islands of the the Islands of | the Islands of | the Islands of the Islands of N/A the Islands of
Eternals (sex insulae in Eternals; Ghadira the Eternals; the Eternals the Eternals; the Eternals the Eternals;
numero insularum island; the Islands Ghadira Ghadira Ghadira
Beatorum, quae of Britannia island; the island; the island; the
appellantur), I'adeipav Islands of Islands of Islands of
(Gédeiran) Britannia Britannia Britannia
Reference to al- N/A No N/A No Yes No Yes Yes

masalik wa-al-

mamalik books
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1.4.4 Seven climes
Ptolemy and his Greek predecessors were well aware of the fact that all localities with the same
latitude have the same length of daylight. Based on this fact, the notion of “clime” (lit.

inclination)'**

was introduced during the Hellenistic period, which defined a set of parallels
(usually seven) on the surface of the Earth whose values of longest daylight form an arithmetic
progression.*®® In the course of its evolution, this notion was gradually adapted to mean a set of

196 As we will see later, in

parallels with a definite sequence of values of the longest daylight.
hay'a works this notion gained a special geographical connotation, which represents a final
phase in its evolution. In these works, this notion of clime did not have any computational
significance; in other words, although the astronomical/geodesic data associated with climes is

97 they were not meant to be used in practical calculations. Instead,

included in zijes,
geographical coordinates were used to solve practical problems. In order to understand the
abovementioned shift in the notion of clime, we need to have a closer look at the usage of the
term by Ptolemy and the authors of zay 'a works.

According to Neugebauer, the Geek notion of “clime” originates from a Hellenistic
generalization of Babylonian arithmetical methods for the determination of the length of
daylight. Babylonian astronomers knew that the length of daylight is a function of the rising
times of consecutive zodiacal arcs. Then, around the second or third century B.C., that is, the
time of early Alexandrian science, the Greeks became aware of the significance of the fact that
the longest daylight varies with latitude and thus coined the term clime to represent a parallel on
the surface of the Earth with the same value of the longest day for all the localities that lie on
that parallel.*®®
The system of seven parallels with their value of the longest days ranging from 13 hours

to 16 hours is commonly known as the “seven climes.” The seven climes were conventionally

94 A iua (also &yiciua, Latin clima). In an astronomical context, according to Neugebauer (HAMA, 725), “it

means the inclination of the earth’s axis with respect to the plane of the local horizon, directly observable by the
&lapuo mélov, the ‘elevation of the pole.””

" HAMA, 333-334, 725.

P HAMA, 334, 727.

Y7 For an example of such data see Dallal, “al-Biruni,” 14-17.

198 HAMA, 334, 727-728.
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associated with the following geographical locations which testify to the Hellenistic-

Alexandrian origin of the pattern: *%°

Clime/parallel | longest daylight | passing through
(hours;
minutes)
I 13 Meroe
] 13;30 Syene
Il 14 Lower Egypt
v 14,30 Rhodes
\/ 15 Hellespont
VI 15;30 Mid-Pontus
VIl 16 Borysthenes
Table 3

The number and the interval between the parallels seem, from the outset, to have been

associated with Babylonian arithmetical methods.?%

Ptolemy, in Alm. 11.6 on general characteristics of the northern quarter of the Earth,***
increases the number of these parallels to 33, ranging from the equator where the longest
daylight is 12 hours to the latitude where the longest daylight is 24 hours. He starts with 25
parallels with a time interval of a quarter of an hour, continues with four parallels with an
interval of half an hour, and finally finishes with four parallels with an interval of one hour. For
each parallel, Ptolemy mentions one geographical name. Also, in a table in the Alm. 11.8, the

rising times are given for 11 parallels with half-hour time intervals.??

9 HAMA, 725.

20 50me scholars tried to establish an astrological relation between the canonical number seven and the seven
planets, but there seems to be no compelling textual evidence for it (HAMA, 727).

201 Almagest, 82-89.

22 HAMA, 725. Ptolemy not only increases the number of parallels, but he also decreases them to five in his

Phaseis (HAMA, 335, 726).
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Despite this increase in the number of parallels to 33, the notion of “seven
parallels/climes” is still present in the Almagest. In a set of seven large tables in Alm. 11.13, the
angle between the zodiacal and the meridian is calculated for each one of the traditional seven
climes, beginning with Meroe where the longest daylight is 13 hours (latitude = 16; 27) and
proceeding with intervals of half an hour up to 16 hours (Borysthenes, latitude = 48;32). Later
in Alm. V.11, Ptolemy refers to this table and the computation method he used and then adds:
“To provide a means of readily surveying these, instead of a table, we drew a diagram
consisting of 8 concentric circles, conceived as lying in the plane of the horizon, to contain the
[various] distances and nomenclature for the 7 climata.” This is the only place in the Almagest
where Ptolemy explicitly mentions the “seven climes.”?%

The geographical material in the Almagest is limited to general characteristics of the 33
parallels discussed in Alm. I1.6, in which he only mentions one geographical name of a
representative locality within each parallel. Gerald Toomer, the editor of the Almagest, sees the
information provided in this chapter in line with “the traditional topics of Hellenistic
geography” and “irrelevant to the rest of the Almagest.”?** Ptolemy himself does not seem to
have the same opinion and at the end of Alm. I1.13. on “geographical coordinates,” he confesses
that for the calculation of the celestial phenomena, it is necessary to at least determine the
coordinates of important cities; however, he continues, “the discussion of this subject belongs
to a separate, geographical treatise... in which we shall use the accounts of those who have
elaborated this field to the extent which is possible.”?* Here, Ptolemy is referring to his later
work, the Geography.?® He then adds that, for the time being, he takes the locations of the
cities for granted and whenever he needs to calculate the time difference between two localities,
he will use the data of standard places and the longitudinal/latitudinal difference between the

207

given place and the standard place.”" From Ptolemy’s explanation, it is clear that if he had the

203 Almagest, 315; for the diagram, see Almagest, 320, fig. 6.7. Ptolemy uses “seven climes” in tables for
oblique ascensions, and tables for parallaxes in the Handy Tables, as well (HAMA, 335, 726).

2% Almagest, 82, fn. 20.

25 Almagest, 122, 130.

2 Original Greek title is “Temypagikn VoHynoic,” meaning “guide to drawing a world map. See Berggren and
Jones, Geography, 3-4; Sezgin, The contribution, 6.

27 Almagest, 130.
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authentic geographical data of the important cities at the time of the composition of the
Almagest, he would have included them. This is also the sense we get from the authors of zijes
and hay 'a works who tried to rectify this problem in Ptolemy. Relying on extensive
geographical information that became available to them as a result of the vast territories of the
Islamic world and the translation and appropriation of the geographical works from different
languages, they incorporated considerable amount of geographical material into their works, as
we will see later.

Ptolemy’s Geography is, for the most part, a catalogue of important cities and their
coordinates and a map-making guide. Ptolemy has sorted out his geographical catalogue based
on regional divisions. For his map-making guide, he gives a list of 23 latitudinal parallels to be
used along with the meridian lines as the map grid.’®® There is no particular mention of the
seven climes in the Geography.

Kh"arazm1’s (fl. first decade of 3"/9™ century) Sirat al-ard starts immediately with the
lists of names and geographical coordinates of principal cities of the seven iglims. It should be
noted that in this context, climes were not just parallels, but latitudinal divisions between two
parallels, with a middle parallel. Thus, each clime contains 3 parallels, two that demarcate the
beginning and end of this division, and one that demarcates its middle. In other words, each
clime now has a width, within which it contains geographical locations that experience more or
less similar astronomical/meteorological phenomena.

We see this usage of the notion of clime in Suhrab’s (2"-3"%/9"-10" centuries) al-Agalim
al-sab ‘a as well, which, has a rather thorough introduction, adapted from the introduction of
Ptolemy’s Geography.?® Besides furnishing all kinds of corrections on the coordinates and

measurements of the climes—as a direct result of Ma miinid scientific activities—there is yet

208 Berggren and Jones, Geography, 84-85. This list contains the 14 parallels with quarter an hour difference in
the length of their longest day, from the parallel with the longest day of 12 % hours to the one with 15 % hours, to
be followed by the ones with half an hour difference, from the one with the longest day of 18 hours to the one with
20 hours. He then adds to more parallels south of the equator with half an hour difference. These parallels cover
latitude —16;25° up to +63°.

299 For an English translation of this introduction, see E.S. Kennedy, “Suhrab and the World-map of Ma ' miin,”
in From Ancient Omens to Statistical Mechanics, Essays on the Exact Sciences Presented to Asger Aaboe, ed. J.L.
Berggren and B.R. Goldstein (Copenhagen: University Library, 1987).
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another difference between Ptolemy’s Geography and these two particular Arabic adaptations:
the replacement of Ptolemy’s regional catalogue by a seven-climes based catalogue. This
indicates that the notion of seven climes as a geographical concept was very present in the
milieu of the translation movement, probably due to a local influence, or a mixed influence, of
active Persian, Indian or Syriac traditions. The seven climes in this geographical sense found its
way to hay’a works and became a distinctive element of this genre. The computational aspect
of seven climes did not become extinct however and survived as a distinctive feature of the zij
genre. Kitab al-kharaj by Qudama b. Ja‘far (d. 337/948) contains the notion of seven climes, as
used by Greeks, that is, seven parallels.

Interestingly, haya writers did not use Ptolemy’s 33 parallels for the description of
celestial phenomena for different terrestrial regions. Instead they used another kind of division
that bundles parallels together with similar celestial phenomena. For this purpose, they
considered three major categories, i.e., 1) the equator (sphaera recta), 2) the pole, and 3) the
regions between the equator and pole or oblique horizons (sphaera obliqua). Based on the
latitude, oblique horizons are divided into five categories: 1) whether the latitude/elevation of
the pole is less than the obliquity, or 2) equal to it, or 3) greater than it, and less than its
complement, or 4) equal to its complement, or 5) greater than the complement of the obliquity
and less than 90°.%%°

Now the question is whether one can find the notion of parallels or climes in hay 'a works
or not? The answer is yes. This notion is often present in zay ‘a works in a merely geographical
context in a chapter (usually the first chapter) that deals with the description of the inhabited
part of the Earth. The first appearance of the seven climes in the hay a tradition is in Farghant’s

Jawami ‘*** Farghani in chapter 8 of the Jawami ‘, which is about the calculation of the area of

210 gee, for example Farghani, Jawami , 24-29.

211 Jacob of Edessa in Hexaemeron apparently describes seven standard parallels in its Book IV dealing
generally with astronomy where he discusses sunrise and sunset times and length of days and nights for different
places but not in its Book 111, which deals with terrestrial realm. For the contents of Book 111, see P. Martin,
“L’Hexaméron de Jacques d’Edesse,” Journal Asiatique Vllle sér. t. X1 (1888), 421, geographical excerpts of its
original Syriac text, 426-443, and a French translation and analysis, 444-457; for the contents of Book IV, 457—
459, and for the seven-climes related material 459-462. Since Book IV has not been published, we cannot compare

its content with Farghani’s Jawami ‘ to see if he uses the notion of the clime as parallels or latitudinal divisions.
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the surface of the Earth and the division of its inhabited part into seven climes, describes seven
standard climes not as parallel lines, but as parallel bands with a certain width. The middle lines
of these climes correspond with the seven parallels of the Greek. For each clime, Farghant
provides the reader with the length of the longest daylight and the elevation of the pole (i.e., the
latitude) for the initial and final limit and the middle line of that clime. Then, he mentions the
width of the clime in mil units.”*? Since the final limit of each one of the climes I-V1 is the same
as the initial limit of the next clime, later #ay ‘a authors just mentioned the initial limit and
middle line for each clime. Farghani, in the following chapter on the names of well-known
countries and cities on the Earth and what of them is contained by each clime, mentions the
names of famous countries and cities of each clime.?"® Later /ay a authors combined the
material of these two chapters and mentioned the names of important localities of each clime
right after its technical description.

7 Climes
Hay a tradition \ /\

7 Climes
Greek tradition

Equator

Fig. 2

Shirazi’s definition of “the clime” is very precise:

?12 Farghani, Jawami ‘, 32—34

3 Farghani, Jawami ‘, 35-39
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“The practitioners of this science have divided most of the prosperous part
of the populated quarter into seven divisions lengthwise so that each clime is
beneath a day-circle, the conditions of the places in it then being similar...
and named each division a clime, which is a part of the [surface of the] Earth
containing some localities, bounded by two parallel half-circles... that are
[also] parallel to the equator.”214
Shirazi then indicates a resemblance between the shape of a clime and a half tambourine,

and continues by saying that the length of climes decreases by their distance from the equator:

“Thus each clime extends from east to west in longitude in the shape of a

half tambourine, one of its two sides more contracted than the other since

climes are different in length. So the one at the equator is longer than the one

next to it and the length of a singular clime is longer in its southern side than in

its northern side, the shortest being the one next to the timpani-shaped

uninhabited zone.”?*®

In the last sentence above, Shirazi mentions “the timpani-shaped uninhabited zone.” In

order to understand this description, it should be noted that, following the Aristotelian
Meteorologica tradition, the scholars of the Islamic period divided the Earth into five sections:
two habitable temperate sections, two uninhabitable frigid sections and one uninhabitable torrid
section. The habitable sections and the torrid section were described as “the three tambourine-
shaped sections,” (thalathata qutii * duffiyya) and the two frigid sections as “the two timpani-

216

shaped sections” (qif ‘atayn rabliyyatayn) (see figs. 3-5 below).“™ We will discuss this further

in the next chapter.

24 Nihaya N.1[7¢]

> Nihaya N1.1[7¢]

218 1bn Sina, Shifa’, Tabt ‘iyyat, al-ma ‘adin wa-al-athar al- ‘ilwiyya, ed. ‘Abd al-Halim Muntasir, Sa‘1d Zayid,
and ‘Abd Allah Isma 1l (Cairo: 1965) 26-27; Fakhr al-Din Razi, Sharh mushkilat kitab al-Qaniin, ed. Najafquli
Habib1 (Tehran: Kitabkhana-yi Majlis Shiira-yi Islami, 2018), 91.
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North Pole

South Pole

Fig. 3

DEFF—TAMBOURINE.

Fig. 4 (W. M. Thomson, The Land and the Book: or Biblical Illustrations Drawn from the Manners and Customs,
the Scenes and Scenery of the Holy Land, vol. 111 (New York: Harper, 1910), 393. Accessed January 6, 2019.
https://babel.hathitrust.org/cgi/pt?id=uc1.31158001277093;view=1up;seq=52)
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Shirazi then mentions the initial/final limits and middle line of each clime in terms of
latitudes and longest daylight. For each clime, he recounts the names of important localities,
such as regions, provinces, cities, islands, rivers, seas etc. and adds valuable information from
other geographical sources. Although his account of the climes is very similar to Kharaqt’s
account in the Muntahd, Shirazi’s description includes names of localities that cannot be found
collectively in any other source. His reference to the North Sea among the localities of the 7™
clime in the Nihaya 111.1[8¢] is, to best of my knowledge, the only reference to this sea in the
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known geographical sources of the pre-modern Islamic world.?* His stated purpose for
including this amount of geographical details can be found at the end of his account: “This was

a reference to some of the localities of the climes to awaken the eagerness of the learners.”*®

1.4.5 Temperate zone

In the second chapter of Book I11 of the Nikaya, entitled “on the characteristics of the equator,”
Shirazi provides the reader with a detailed history of the question of the temperate zone of the
Earth. In ancient and medieval times, the question of the temperate zone was always regarded
as important in various fields of knowledge like philosophy, medicine, geography,
meteorology, etc. The physicians and philosophers believed that the human body, like any other
body in the world, was composed of the four elements which were associated with the four
qualities of cold, dryness, humidity and heat. The human temperament depends on the balance
between these elements and their qualities. Thus, the necessity of keeping the temperament of
patients balanced was regarded as crucial by the physicians, since any “imbalance” could be
potentially an illness. Ibn Sina, among other philosopher-physicians of the pre-modern Islamic
world, developed his theory of temperament with an emphasis on certain external factors such
as climate.?'® That is why we find the discussion of the temperate zone in Ibn Sina’s Canon of

Medicine in a chapter on the temperaments.

7 This is where he says: “[the 7™ clime] then passes through [the region of] the Bulgarians, Russians and

Slavs, and across the Sea of Germans and Slavs [Bahr Alaman wa-al-Saqaliba], and ends at the Ocean.” We do not
know to what extent Germans were dealt with in different sources of the Islamic period. The fact that in all but one
manuscript of the Nikdya, which was corrected by Shirazi himself, the name of this sea has been recorded as Bahr
al-Sham wa-al-Saqaliba [Sea of Syria and Slavs], suggests that “Alaman” was not a widely-known name in the
Avrabic literature. So far, | could only find one other mention of Alaman in Mu jam al-buldan where Yaqit
describes Rome (al-Rimiyya) and says its king is the King of Germans (malik Alaman; see Yaqut al-Hamawi,
Mu jam al-buldan, vol. 3 (Beirut: Dar Qidir, 1995), 100):
gl e J S 5 2 30y 0l 20

218 Nihaya 11.1[8]]

#19 F. Sanagustin, “Mizadj,” in Encyclopaedia of Islam, Second Edition, ed. P. Bearman, Th. Bianquis, C.E.
Bosworth, E. van Donzel, W.P. Heinrichs. Consulted online on 09 January 2019
<http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-3912_islam_SIM_8829>
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Being a physician with a good grasp of Ibn Stna’s Canon and its commentaries, Shirazi
tries to cover, as much as possible, different discussions related to the temperate zone question
in his complex account in the Nihaya 111.2[2—4]. Since, in his account, Shirazi brings up the
arguments and counter arguments of various scholars such as Ibn Stna, TiisT and Fakhr al-Din
Razi, and criticizes them at times, it is very important for the reader to at least be familiar with
the history of the temperate zone question in different contexts prior to Shirazi’s time. To
provide such a history, we have consulted the Almagest; a text attributed to Thabit b. Qurra in
the pseudo-Aristotelian Problemata tradition; Ibn Sina’s Shifa’ and Canon of Medicine; Raz1’s
commentary on the Canon of Ibn Sina; and Tus1’s Tadhkira.

As we mentioned in the previous part, in the Aristotelian Meteorologica tradition the
Earth was divided into five sections, two of them being inhabitable. The three uninhabitable
sections consist of two frigid zones around the poles and one torrid zone between the tropics.
This view was well-known in the Islamic period. Ibn Sina mentions this division in a specific
chapter of the first Book of the fifth section (on the mines and meteorology) of the Tabi iyyat of
the Shifa’. In this chapter, entitled fi ahwal al-maskiina wa-amzijat al-bilad (on the
circumstances of the inhabited world and the temperament of the localities), Ibn Sina rejects the
Aristotelian division of the Earth into five habitable and inhabitable sections, stating that “there
are inhabited regions whose latitude is less than the obliquity where the Sun is directly
overhead several times; furthermore, not only have regions been discovered near the equator,

but trustworthy people have written down the circumstances of the regions located along the

59220 221

equator, like Sri Lanka.”*" Ibn Sina then argues that the equator is the most temperate zone.
Ibn Sina is not the first scholar to consider the equator temperate. Ptolemy in Alm. 11.6, which is
on the characteristics of different regions of the Earth parallel by parallel, where he discusses

the equator, says:

220 Ibn Sina, Shifa’, Tabt ‘iyyat, al-ma ‘adin wa-al-athar al- ‘ilwiyya, 27:
5 3 oy By 0le By cDn lgd s I sl easly (L) o 81 g To Lnle 56 1005 Lo e 3ol i) ey ccflndl olec U6 Vi

22! 1bn Sina, Shifa’, Tabi ‘iyyat, al-ma ‘adin wa-al-athar al- ‘ilwiyya, 27:

sVl oYy Sl ol ol sl Dot Gy 56 o o s 3% ol

82



“It is said that the regions beneath the equator could be inhabited, since the
climate must be quite temperate. For the sun does not stay long in the
neighbourhood of the zenith, since its motion in declination is swift round
about the equinoctial points, and hence the summer would be temperate;
furthermore, it is not very far from the zenith at the solstices, so the winter
would not be harsh. 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.”

Before analyzing Ibn Sina’s argument about the equator being the most temperate zone,
let us go back to Shirazi’s account. Shirazi starts his account by stating that there is a general
agreement that localities beneath the day-circles of the two solstices (tropics) are the hottest
localities in the summer, ““if terrestrial causes do not work against it by reducing the

temperature.”???

He then points out that “there is disagreement on where the most temperate
locality is.” After mentioning Ibn Sina’s position, Shirazi informs us that according to Fakhr al-
Din Razi the fourth clime is the most temperate zone. Before starting his analysis of these two
arguments, Shirazi brings up an introduction, which had been originally put together by Razi in
his commentary on Ibn Stna’s Canon of Medicine. One interesting point about this introduction
is that it basically consists of the preliminaries used by Ibn Sina in favor of the equator being
the most temperate, and Razi rephrased and rearranged them for his own argument. In the
following tables (4-6) one can follow the rephrasings and rearrangements of Ibn Sina’s
preliminaries by Razi and Shirazi. We could trace back some of these preliminaries to a treatise
entitled Masa’il qaribat al-ma’khadh wa-jawabatuha allafaha Thabit ibn Qurra al-Harrani wa-
Jjama ‘aha min aqawil Aristatalis wa-ghayrihi. As has been mentioned above, this work belongs
to the pseudo-Aristotelian tradition of the Problemata. These works contain various problems
of physics, meteorology, etc. together with their responses. The first problem of Thabit’s work
and its reply contain some of the abovementioned preliminaries.

Table 4 contains different versions of the two propositions which have been used by Ibn

Sina, Razi and Shirazi for their arguments; table 5 the limmi/propter quid proof of these

222 Nihaya 11.2[2a]
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propositions; and table 6 their five inni/quia proofs. “Inni proofs” were meant to prove facts
based upon observations and “/immi proofs” were meant to prove reasoned fact based on

physical or metaphysical principles.”*

223 For a discussion of innillimmi proofs, see F.J. Ragep, al-Tadhkira, 39, 41-42.
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Table 4: Propositions

1. The intensity of heat may be due to the power of the heat-maker and may also be due to the continuity of heating, even if the heating is weak.

Thabit, f. 45b%*

Ibn Sina, Shifa’,
Tabi iyyat, al-ma ‘adin
wa-al-athar al- ‘ilwiyya,
28-29

Ibn Sina, al-Qanin fi al-tibb,
1:122

Razi, Shark mushkilat
kitab al-Qaniin, 91-92

Shirazi, Nihaya
111.2[2a]

The strength of the heat in an
object that is being heated may
be due to the intensity of the
heat production of the heating
object, and may also be due to
the continuity of its heat
production for days and for the
length of its stay in the heat...

It is not only the Sun’s
being overhead that
makes the weather
hot... In fact, it does not
have much of an
influence, but it only
becomes influential by
continuity.

The celestial cause of heating
there is a single cause, which is
the Sun being directly
overhead. Being directly
overhead, in and of itself, does
not have much of an influence,
but it is the continuity of being
directly overhead that is
influential.

The intensity of the heat
produced in a thing may
be due to the power of
the heat-maker and may
also be due to the
continuity of heating,
even if the heating is
weak.

The intensity of heat
may be due to the
power of the heat-
maker and may also be
due to the continuity of
heating, even if the
heating is weak.
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2. The effect of a weak influencing factor will be stronger if the duration of its influence is longer than the duration of influence of a strong factor.

The influence of a
strong [factor] may be
less than the influence
of a weak [factor] if the
latter lingers.

The effect of a weak
influencing factor will
be stronger if the
duration of its
influence is longer than
the duration of
influence of a strong
factor.
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no. 1559, University of Tehran, Yahya Mahdaw1’s collection.
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Table 5: limmiu/propter quid proof

The limmt proof is that the influencing factor produces one effect in the first [interval of] time and another effect is added to it in the second

[interval of] time; there is no doubt that the combination of the two effects

is stronger than one single effect. [In other words,] since the effector

produces an effect in the first [interval of] time, if it continues to the second [interval of] time, the propensity will be more intense and the effect

stronger.

Razi, Sharh mushkilat kitab al-Qanin, 91-92

Shirazi, Nihaya 111.2[2a]

The factor produces an effect in the first [interval of] time; if it
continues to the second [interval of] time, it produces another effect;
and if the factor stays longer, the accumulated effects become greater
and inevitably the effect will be stronger. In other words, the factor
produces one effect in the first [interval of] time and another effect is
added to it in the second [interval of] time; there is no doubt that the
combination of the two effects is stronger than the effect of the factor
alone.

(1) The influencing factor produces one effect in the first [interval of]
time and another effect is added to it in the second [interval of] time;
there is no doubt that the combination of the two effects is stronger than
one single effect. (2) [In other words,] the influencing factor produces
an effect in the first [interval of] time, if it continues to the second
[interval of] time, the propensity will be more intense and the effect
stronger.
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Table 6: innt/quia proofs

1. The Sun’s heat being greater when it is in Leo, in spite of its being afar from zenith, than its heat when it is in the summer solstice, despite its

being close to zenith.

Thabit, Risala ma bal, ff. 45b—
46a

Ibn Sina, Shifa’,
Tabr iyyat, al-ma ‘adin
wa-al-athar al-

Ibn Sina, al-Qanin fi al-tibb,
1:122

Razi, Sharh mushkilat kitab
al-Qaniin, 91-92

Shirazi, Nihaya
111.2[2a]

‘ilwiyya, 28-29
The weather is hotter in Tammuaz | Otherwise the heat | (2) For this, the Sun’s heat when | (1) The heat produced by the | (1) The Sun’s heat
when the Sun has started [its] | would be greater when | it is in the end of Cancer and | Sun when it is in Cancer is | being greater when it is
depression and distancing from our | the Sun is in Cancer | beginning of Leo is less than [its | weaker than its heat production | in Leo, in spite of its

zeniths, and [when] the daylight has 225

been decreasing from its maximum
length, compared to Haziran when
the Sun is in its maximum closeness
to our zeniths and the day is in its
maximum length.

than when it is in Leo,
but this is not so.

heat] when it is in the maximum
declination.

when it is in Leo despite its
closeness to the zenith when it
is in Cancer; this is only
because when it is in Leo the
duration of its heat production
is longer.

being far from us, than
its heat when it is in
the summer solstice,
despite its being close
to us.
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2. The Sun’s heat being greater when it is in Leo and Virgo than w

hen it is in Taurus and Aries.

Otherwise the heat
would be the same when
the Sun is in Gemini and
in Leo and also when it
is in Taurus and in
Virgo,?® but this is not
the case.

(3) That is why the Sun produces
greater heat when it departs from
the head of Cancer to the point
whose declination is less than
[the head of Cancer], than when
the Sun is at the same
declination point and has not
reached the head of Cancer.

(2) The heat is stronger when
the Sun is in Leo and Virgo
than when it is in Gemini and
Taurus, in spite of their having
similar distances from where
the Sun is directly overhead.

(2) The Sun’s heat
being greater when it is
in Leo and Virgo than
when it is in Taurus
and Aries.

22> English translation from Lettinck, Aristotle’s Meteorology, 197.

228 English translation from Lettinck, Aristotle’s Meteorology, 197.
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3. The Sun’s heat being greater two hours after noon than its heat t

wo hours before noon, even though its distance from us is the same in

both states.

After noon, the weather is hotter than
noon.

That is why in the
summer, the after noon
heat is greater than the
heat before  [noon],
while  the relative
[distance of the Sun to
the meridian] is equal.

That is why the heat is greater
after noon prayer than the heat at
noon.

(4) The after noon heat is
greater than the before noon
heat, even though the relative
[distance of the Sun to the
meridian] is equal.

(3) The Sun’s heat
being greater two hours
after noon than its heat
two hours before noon,
even though its distance
from us is the same in
both states.
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4. The heat of a body that has been in a weak fire for a while being greater than its heat when it was in

a strong fire for a moment.

The heat of the iron, for example, is
greater if it is heated in a mild fire
for a good amount of time, than its

being heated in a (?) fire.

This is like a fire falling
into a certain house
suddenly, so it does not
have much of an
influence, it only
becomes influential by
continuity.
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(3) The heat produced in iron
[heated] in a mild fire for a
long time is more intense than
the heat produced in it when
[heated] in a stronger fire for a
short time.

(4) The heat of a body
that has been in a weak
fire for a while being
greater than its heat
when it was in a strong
fire for a moment.
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5. The cold in the early morning being

greater than at midnight, ev

en though the Sun is farther away at

midnight.

... The cold in the early morning,
when the Sun is about to rise, is more
intense than at midnight, when the
sunrise is later.

(5) The cold in the early
morning being more intense
than at midnight, even though
the Sun is farther from the
lower mid-heaven at that time

compared to morning time.

(5) The cold in the
early morning being
greater than at
midnight, even though
the Sun is farther away
at midnight.
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The core of proposition 1 is that the duration of influence of a factor makes its influence
stronger, while the core of proposition 2 is that the influence of a weak factor can be greater
than the influence of a strong factor if the duration of influence of the former is longer. So,
according to Shirazi, the limmi/propter quid proof is in favor of the first proposition while the
inni/quia proofs 1, 4 and 5 in which we see the weak/strong influencing factor dichotomy,
support the second proposition. Shirazi believes that inni/quia proofs 2 and 3 are not in favor of
either these propositions, but it is clear that they support proposition 1, as evidenced by Ibn
Sina’s application of these two proofs in his Shifa” and Canon.

Ibn Stna uses the abovementioned preliminaries to show how the atmosphere is heated by
the Sun and to discuss that the heating of the atmosphere depends not only on the Sun being
directly overhead but also on the duration of Sun’s position. Then, on the grounds that at the
equator the Sun reaches the zenith suddenly and moves away from it quickly—at which point
the Sun’s motion in declination is at its fastest and thus it does not linger there long at the
zenith—and that daylight and night at the equator are equal, Ibn Sina argues that neither the
heat nor the cold becomes very extreme and it is always temperate at the equator.”*’

Ibn Sina’s discussion of the temperate zone in the Kulliyyat section of his Canon is more
brief but very similar to the discussion in the Shifa’:

“The statement of whoever says that the localities beneath the equinoctial are
close to temperateness should be deemed credible. This is because the cause of
celestial heating there, which is the Sun’s being directly overhead, is a singular
cause, and this alignment [of the Sun and zenith] in and of itself cannot
produce much of an influence, and what matters is the duration of the
alignment. That is why the [Sun’s] heat after the ‘asr prayer is greater than its
heat at noon... In the localities along the equator the Sun is directly overhead

for a few days, then moves away from zenith quickly etc.”**®

22" 1bn Sina, Shifa’, Tabi ‘iyyat, al-ma ‘adin wa-al-athar al- ‘ilwiyya, 29:
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228 Ibn Sina, al-Qaniin fi al-tibb, 1:122:
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With regard to Ibn Sina’s reasoning for the equator being the most temperate, Fakhr al-
Din Razi distinguishes two different aspects of temperateness: 1) a uniformity in climatic
condition (tashabuh ahwal); and 2) general temperateness of the weather (i tidal fi al-harr wa-
al-bard).” Razi completely agrees with the first aspect but, as for the second, he says the
equator can be the hottest locality depending on the position of the Sun’s apogee, even though
he admits that in his time the equator is extremely temperate.”®° Still, Raz raises objections
against Ibn STna’s reasoning. Razi discusses this issue in a couple of other works. In his al-
Matalib al- ‘aliya min al- ‘ilm al-ilahi, Razi claims that the third and fourth climes are the most
temperate with regard to temperament, due to their temperate weather.?*

In hay 'a works, Kharaqi simply states that the equator is extremely temperate with a brief
reasoning similar to Ibn STna’s main argument in the Shifa’ that the Sun does not linger there
long at the zenith. Tt briefly discusses both Ibn Sina and Raz1’s views and adds at the end that
“if one means by temperate a uniformity in the conditions, then there is no doubt that it is most
so at the equator, but if one means by it a balancing of the two [extreme] weather conditions,
then there is no doubt that it is more so in the fourth clime.” Shirazi raises objections against

both Ibn Stna and Razi, but at the end he seems satisfied with Tas1’s judgement.

) il Bl yn oy o gn lim ) (gl ) o Sy Jhase W) Q) s el i 715 S N R 5 e U e o ki
A3 ety 3 0L gy el el 3y 3 e sl o Sall s 5 o S Lo Uiy bl dsgle g ) A S Y e duelid) iy
& oBT13) e Gt ST N 3 65 5 Lo S ) ol ol e ) 18] a5 gy SV B (3 atdl 08T13) ate st a1 81T, o )
e S el sl oY o aels & calds Ll el et g b U] el o il iy ol ol oy e dy Jbl o Sl e
iapne e lise sy cpo 3 b 55 et o) & Lot T ST, Sy 530 o S il e 5 g i) i Lol e T
Yy o3 5 e e ol b B s om0 e Loy MU et (2 Tl e g 0 GV e e s o o (1 B n?
€8T 1kl s e aclall 53U 3 5d) oS3 65 el 3 ol d) ol e o b ool gy (sl o) Sy St Las 3 5 S
229 Raz1, Sharh, 93.
2% Razi, Sharh, 95-96.
281 Fakhr al-Din Razi, al-Mayalib al- ‘aliya min al- ‘ilm al-ilahi, ed. Ahmad Hijazi al-Saqqa (Beirut: Dar al-
Kutub al-*Arabi, 1987), 338; see also Fakhr al-Din Razi, Asrar al-tanzil wa-anwar al-ta 'wil, ed. *Abd al-Rahman
‘Umayra and ‘Abd al-Mun‘im Faraj Darwish (Cairo: Dar Rikabi li-al-Nashr wa-al-Tawzi', 2000), 476.
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1.4.6 Parallels in the Latin tradition of the Sphere
A Latin tradition of cosmographical writings appeared in the early 13" century that in some
ways resembled the iay 'a tradition. One of the earliest known exemplar of these writings is the
Sphere of Johannes de Sacrobosco. Lynn Thorndike, who published and studied Sacrobosco’s
Sphere, describes it as “the clearest, most elementary, and most used textbook in astronomy and
cosmography from the thirteenth to the seventeenth cen‘rury.”232

Sacrobosco composed the Sphere while he was teaching at the University of Paris. He
was familiar with Farghant’s Jawami ‘ through its widely read Latin translations by John of
Seville and Gerard of Cremona. Sacrobosco mentioned Farghani’s name five times throughout
the rather short text of the Sphere and referred to him by saying “dicit Alfraganus.”?*®
References to Farghani can be found in Sacrobosco’s discussions of the sphericity of the
heavens, the insignificant size of the Earth compared to the heavens, temperateness of the
summer and winter at the equator, and rising and setting of the zodiacal signs in the localities
whose latitude is equal to the complement of obliquity. However, some of the medieval
commentators on Sacrobosco’s Sphere, like Michael Scot, believed the text to have simply been
drawn from the works of Ptolemy and Farghant, and thus regarded Sacrobosco more as a
“compiler.”?** Saccrobosco, like F arghani and other hay ‘a authors, left out Ptolemy’s proofs of
the Almagest and took only what suited his purpose, which was the composition of an
introductory textbook of cosmography. As the number of manuscripts and commentaries
indicate, the Sphere gradually overtook the Latin translations of the Jawami “ and became quite
prevalent.?®

Compared to the Jawami ‘, the Sphere is even more condensed as Sacrobosco rearranged
the contents of the Jawami ‘ according to his pedagogical purposes.?*® The Sphere is divided
into four chapters: Chapter one is on the definition of the sphere, meaning orb in this context,

number of the orbs and the configuration of the world in general. Chapter two concerns the

282 |ynn Thorndike, The Sphere of Sacrobosco and Its Commentators (Chicago: University of Chicago Press,
1949), 1.

% Thorndike, The Sphere, 81, 84, 104, 108.

% Thorndike, The Sphere, 14-18.

2 Thorndike, The Sphere, 19.

%8 Thorndike, The Sphere, 15.
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important circles conceived on the orbs and the Earth. Chapter three is on the rising and setting
of the signs and the ascensions for different localities, and the division of the habitable quarter
into seven climes. The fourth chapter deals with the configuration of the heavens very briefly.

In order to draw parallels between the Earth-related contents of the Sphere and the
contents of the zay at al-ard genre, we need a closer look at the contents covered in the
previous chapter, that is, the shape of the Earth, land-water relation on the surface of the Earth
and description of the seas, climes and temperate zone. As for the shape of the Earth, in chapter
one of the Sphere Sacrobosco treats the sphericity of the Earth and the surface of sea separately.
His proof of the sphericity of the Earth is very similar to that of Ptolemy, Farghant and 4ay ‘a
scholars. Sacrobosco describes the Earth as “round” and the water as “approximately round”
with a “bulge.”®’ In his commentary on the Sphere written in 1271 CE, Robertus Angelicus
does not have more to say on the shape of the Earth; however, he differentiates “spherical
(spericum)” from “round (rotundum)” by stating that “there is a difference between “spherical”
and “round,” since anything spherical is round and not vice versa; for something may be round
like an egg, yet it is not spherical unless it is completely so.”?*® This might be related to the
difference between mustadir and kuriyy, discussed in the previous chapter, and it seems that the
rotundum (round) is the Latin equivalent of the Arabic mustadir.

In the Sphere, the question of the emergence of land out of water is discussed within the
section on the four elements, which precedes the discussion of the shape of the Earth.
Sacrobosco opens his discussion of the four elements saying:

The machine of the universe is divided into two, the ethereal and the
elementary region. The elementary region, existing subject to continual
alteration, is divided into four. For there is earth, placed, as it were, as the
center in the middle of all, about which is water, about water air, about air fire,
which is pure and not turbid there and reaches to the sphere of the moon, as
Aristotle says in his book of Meteorology. For so God, the glorious and
sublime, disposed. And these are called the “four elements” which are in turn

by themselves altered, corrupted and regenerated. The elements are also simple

%7 Thorndike, The Sphere, 121.
%8 Thorndike, The Sphere, 145, 201.
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bodies which cannot be subdivided into parts of diverse forms and from whose
commixture are produced various species of generated things. Three of them,
in turn, surround the earth on all sides spherically, except in so far as the dry
land stays the sea’s tide to protect the life of animate beings.?*°
In the same context, after talking about the four elements and their natural locus and order,

Robertus Angelicus says in the second chapter of his commentary on the Sphere:
Third, note that all the elements surround the earth in all directions spherically
except water, for which exception three reasons may be suggested. One, divine
will to save animal life. Another, the dryness of earth absorbing parts of the
water, as is stated in On Generation and Corruption,®*® unless earth were
mixed with water, it would crumble to dust. Third is the influence of the stars
so that some conjunction above a part of the earth made it dry, a sign of which
is that places which were once full of water are now dried out.?**

Michael Scot, in his commentary on the Sphere, explains the contradiction between the
Avristotelian concentric order of the elements and the emergence of land out of water by
adducing another reason: the priority of the perfection of the universe (perfectionem universi),
or the order of the universe (nizam al-kull) as Ibn Sina puts it, over the concentric order of the
elements.?*? According to both Ibn Sina and Scot, if this were not the case then “warm blooded
living creatures and plants would have no dry land on which they could survive.”?# Campanus
de Novara (1205-1269 CE) in his Tractatus de Sphaera, which belongs to the same Latin

tradition, after a short account of Aristotelian concentric order of the elements, explains the

% Thorndike, The Sphere, 119.

40 11,8 (335a1-2): «...Earth has no power of cohesion without the moist. On the contrary, the moist is what
holds it together; for it would fall to pieces if the moist were eliminated from it completely.”

! Thorndike, The Sphere, 205.

2 Randles, “Classical Models,” 24. See also Thorndike, The Sphere, 267; Ibn Sina, Shifa’, Tabi iyyat, al-
ma ‘adin wa-al-athar al- ‘ilwiyya, 24.

23 Randles, “Classical Models,” 24. See also Ibn Sina, Shifa’, Tabi iyyat, al-ma ‘adin wa-al-athar al- ‘ilwiyya,
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emergence of land as the result of “a higher final cause providing living creatures with dry land
to live on”?** Like Ibn Sina, Campanus relates this cause to Divine Providence.?*

With regard to the land-water relation, at the beginning of the description of the seven
climes, Sacrobosco defines the “habitable region/region,” which is equivalent to the populated
quarter (al-rub * al-maskiin) of hay 'a works:

Let a circle be imagined on the earth’s surface directly under the equinoctial.
And suppose another circle on the earth’s surface passing from east to west
through the poles. These two circles will intersect in two places at right
spherical angles and divide the whole earth into four parts, one of which is our
habitable region, namely, that which is intercepted between the semicircle
drawn from east to west along the equator and the semicircle carried from east
to west through the Arctic pole.?*°

Sacrobosco’s account of the division of the populated quarter into seven climes is very
similar to that of Farghani, although he does not cite him. The similarity between the two
accounts is mostly regarding the numerical values, such as the length of the longest day and
latitude for each clime. Even for the width of each clime, Sacrobosco used Farghani’s values
while disregarding the fact that these were calculated based on the Ma’miini value of the length
of one terrestrial degree, which was abandoned by Sacrobosco in favor of the Greek value in an
earlier section entitled ‘measuring the Earth’s circumference.’’ Sacrobosco explains the
division of the populated quarter into seven climes, with a reference to the Aristotelian five
zones as follows:

Nor is that quarter entirely habitable, since parts of it near the equator are
uninhabitable because of too great heat, and parts near the pole because of too
great cold. Suppose, then, a line parallel to the equator dividing the parts
uninhabitable on account of heat from those habitable parts toward the north.
And suppose another line equidistant at all points from the Arctic pole dividing

the parts which are uninhabitable for cold from the habitable parts toward the

24 Randles, “Classical Models,” 29.

% Randles, “Classical Models,” 29; Ibn Sina, Shifa’, Tabi ‘iyyat, al-ma ‘adin wa-al-athar al- ‘ilwiyya, 25.
8 Thorndike, The Sphere, 138-139.

%7 Thorndike, The Sphere, 16-17, 122-123.
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equator. Between these two extreme lines suppose six lines parallel to the

equator, which, with the two former, divide the whole habitable quarter into

seven parts which are called the “seven climes.”**

As for the geographical details of climes, Sacrobosco does not follow Farghani in providing

a list of localities for each clime, only mentioning the name of one locality per clime.
Sacrobosco’s statement about the uninhabitability of the localities beyond the seventh clime,
“there may be a number of islands and some human habitation north of the limit of the seventh
clime, whatever there is, since living conditions are bad, is not reckoned under a clime,”249
sounds very strange given that he was a native of Britain, which is located beyond the seventh
clime.?®® Robertus Anglicus’ comment on this statement implies that Sacrobosco quoted the
statement from the ancient sources:

And the last clime ends, as is said in the text and as Alfraganus states, where

the altitude is 50 degrees, and this is hardly across the English Channel, so that

almost all England is outside a clime. And the reason for this is not because it

is unfit to live in, as some will have it, but it is because it was not inhabited at

the time of the division into climes.?**

It should be noted that, in his commentary, Robertus Angelicus felt the need to clarify the
notion of clime in order to highlight its astronomical significance for the reader. As such, he
first defines clime to be “as much space of earth as that within which a clock made to tell the
hours varies sensibly.”252 Then, in order to help the reader “imagine the climes,” he says:

Be it known, then, that if anyone was at the equator and had a quadrant or
astrolabe and observed the pole, the pole would be at the bottom of his vision.
And if the same person moves north in a straight line as far as where the pole is
raised above the horizon by 12 % degrees and a quarter of one, then he will be
at the beginning of the first clime, and this can be observed by the aforesaid

quadrant or astrolabe. And if afterward the same person proceeds farther until

8 Thorndike, The Sphere, 139.
9 Thorndike, The Sphere, 140.
2% Thorndike, The Sphere, 2.

! Thorndike, The Sphere, 236.
%2 Thorndike, The Sphere, 236.
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he sees the altitude of the pole at 27 %2 degrees and a quarter of one part, and so
on continuously proceeding northward, he can know at what place on earth the
climes begin.”*

In this explanation by Angelicus one can recognize a certain bent toward the original
Greek meaning of clime. The Latin tradition of Sphere failed to appropriate the geographical
aspect of clime, probably because there was not at their disposal clime-oriented geographical
information about the regions of interest to them and, most notably, because their home lands
were beyond the boundaries of the standard seven climes, as was the case with Angelicus.

Sacrobosco deals with the temperate zone problem in two different sections of his work. In
one case, at the end of chapter two on the important circles conceived on the orbs and the Earth,
he gives an account of the Aristotelian division of the surface of the Earth into five habitable
and inhabitable sections with regard to the relative position of each section with respect to the
Sun.?* Then, in the middle of chapter three, after describing the yearly relative motion of the
Sun with respect to the equator and changes of the seasons at the equator, Sacrobosco concludes
that even though the Sun seems to be almost at the equinox for the dwellers at the equator,

“they will have in the course of a year four solstices,**

two high and two low,” and thus “have
two summers when the sun is in either of the equinoctial points or nearly so, and likewise two
winters when the sun is in the first points of Cancer and Capricorn or thereabouts.”?*® Then,
referring to Farghani, Sacrobosco adds “this is why Alfraganus says that for them summer and

. . 257 .
winter are of one and the same complexion.””’ Sacrobosco’s “of one and the same complexion
25855

-9 (13

(unius et eiusdem complexionis)“~"” is an equivalent of Farghani’s “temperate in the sense of a
uniformity in the conditions (mu ‘tadil fi al-mizaj).”*° Because of the importance of this

paragraph in terms of the narration, we quote it here in full:

3 Thorndike, The Sphere, 236.
%4 Thorndike, The Sphere, 129.
% 1t should be noted that by solstice,” Robertus Angelicus here means generally the beginning of
summer/winter, and not specifically the first points of Cancer and Capricorn.

2% Thorndike, The Sphere, 134-135.

T Thorndike, The Sphere, 135.

28 For the Latin, see Thorndike, The Sphere, 104, line 22.

259 Farghani, Jawami ‘, 21:
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Moreover, it is to be noted that in the case of those whose zenith is in the
equinoctial the sun twice a year passes directly overhead, namely, when in the
beginning of Aries and in the beginning of Libra; and then there are two high
solstices for them when the sun passes directly overhead. Again there are two
low solstices for them when the sun is in the first points of Cancer and
Capricorn, and they are called “low” because then the sun is farthest removed
from their zenith. From what has been said it is clear that, while they always
have equinox, they will have in the course of a year four solstices, two high
and two low. It also is evident that they have two summers when the sun is in
either of the equinoctial points or nearly so, and likewise two winters when the
sun is in the first points of Cancer and Capricorn or thereabouts. And this is
why Alfraganus says that for them summer and winter are of one and the same
complexion, since those two seasons which are winter and summer for us are

for them two winters. ..?*°

The manner in which Robertus Angelicus raised the question of the habitability of the

equator reveals his familiarity with the history and literature of this heated debate among the
scholars of the Islamic world:

But now, in connection with what has been said in this part, two questions may

be raised. The first is whether the equatorial region is habitable. The second is

whether that part of the earth which is under us is habitable or not. Concerning

the first, one might reason thus, first on the authority of Avicenna, who says in

the Canon that it is most temperate and that men there are of most temperate

constitution, so it is very habitable... The same is held in canons of astronomy

and in many authentic works, where it is said that the latitude of a city called

Arim?®! is nil because it is located on the equator.?®®

ol @ odamne in pleadly Canall K8 o1y 2 oyl Sl b B U St e etd) o S
%0 Thorndike, The Sphere, 134-135.

%1 Originally spelled as Arin or Ujjayn (‘;,j <) In Arabic and Persian, was the cupola or midpoint of the Earth,

located on the intersection between the equator and the great circle that divides the populated quarter into eastern

and western halves.
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Robertus Angelicus then provides the reader with a nice summary of Ibn Sina’s arguments,

very likely from his Canon of Medicine:
The same conclusion is reached by natural reason, since that place is
equidistant from either pole, wherefore the heat of the sun in that place is
tempered because of its equidistance from the cold which exists at both poles.
If, therefore, a place is habitable by withdrawing from the middle toward one
pole such as the north, then much better, as it seems, will be habitation in the
middle place which is at the equator, since anything temperate is a mean
between extremes. Also in that place the nights are ever equal to the days, and
such equality is the cause of temperateness; for the chill of night tempers the
heat of day, so it seems that there is a habitable place. It likewise seems to be
necessarily proved that there is a habitable place, because the cause of heat is
twofold, namely, approach of the sun to the zenith and delay of the sun at the
zenith or thereabouts. And the first cause is accidental compared to the second,
since nearness is not a cause of heat except slightly compared to duration of the
same, just as it is clear that the sun is nearer the zenith at noon than after noon
and yet heat is far greater in the afternoon than at noon. Similarly, the sun is
nearer the zenith in the beginning of Cancer than in the beginning of Leo by 4
degrees; and yet the heat is greater when the sun is in the beginning of Leo than
when it is in the beginning of Cancer, and the whole reason for this is clearly
because delay of the sun more disposes to heat than does nearness. It is then the
case that when the sun is in Cancer and in Gemini it approaches the zenith of
those who live under the Tropic of Cancer, and it stays there ten times longer
than when the sun is in the beginning of Aries or Libra at the equator with
respect to those who live at the equator. And this is evident because, when the
sun is at the equator, it, as it were, suddenly crosses the equator and declines
from it because of the obliquity of the zodiac; but when it is in Cancer or in
Gemini it stays near the Tropic of Cancer for practically two months.

Therefore, there will be a far stronger cause of heat at the Tropic of Cancer

%2 Thorndike, The Sphere, 237.
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than at the equator. But it is clear that at the Tropic of Cancer there is habitable

space and even beyond, as all astronomers hold, since that place is in the

second clime. Hence much more is there habitable place at the equator.?®®
Robertus then mentions counterarguments against Ibn Sina, first on the authority of poets, such
as Ovid and Virgil, arguing that no report has come from anyone who lives or used to live at
the equator, and so it must be that there is no habitation there; and then on the authority of
“Alfraganus, Ptolemy, and other astronomers... who all begin the first clime this side of the
equator, which is an indication that the equatorial region is not habitable.”?*

Robertus then clarifies his position with regard to the question of the habitability of the
equator, saying: “To that question I respond and say that the equatorial region is habitable and
not merely habitable but fine to live in, and | say with Avicenna that there men are of a most
temperate constitution.”?®®> He then supports his statement by summarizing seven reasons:

1) the equal distance from either pole;

2) the equality of day and night all year long;

3) the shortness of summer and winter;

4) the brevity of the delay of the sun in the zenith of those living at the equator;

5) the elevation of many vapors from the southern sea and from the rivers there, which
have the effect of tempering the heat;

6) the abundant reflection of rays and their concourse at the equator, since generation is
caused by the approach of the sun and other planets to us and corruption by their withdrawal
and since the equator is the place where there is the greatest approach of the sun and of other
planets, it would seem evident that the equator should be the place most adapted to life;

7) the quality of the vegetation.?®®
Reasons 2—4 are clearly from Ibn Sina and reason 5 is probably from the Shifa’ where Ibn Sina

argues that the sea can cool down the land next to it if the Sun rays are not intense.?’

283 Thorndike, The Sphere, 237-238.
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Robertus’ counterarguments against those who disagree with the temperateness of the equator
are also important and worth quotation:
[1] To the opposing arguments I reply and say that one proceeds from false
premises when one says that no report has reached us from those living at the
equator, since the city of Arim, which is in India, is said to be situated on the
equator, as is a large part of India.
[2] To that which is objected on the authority of Alfraganus and Ptolemy, who
suppose the first clime to begin this side of the equator, I say that... the
philosophers of that time... divided only land which was publicly and
notoriously habitable and to which access and return was open.
[3] To another argument be it said that it may be that land is found
uninhabitable because it is too far from the sun, as at either pole; yet it does not
follow that any is uninhabitable from closeness to the sun, since, while cold is
deadening, heat is vivifying and the principal cause of life. So nature can better
endure excess of heat than excess of cold; nor does it follow that at the equator
there is excessive heat but temperate, as is clear from the aforesaid.
[4] To another argument be it said that reflection of rays falling perpendicularly
on the surface of a mirror and of rays falling perpendicularly on the earth’s
surface is not the same thing. For, since a mirror is a smooth and polished
body, all rays falling perpendicularly on its surface, if it is a plane surface, are
reflected back whence they came and do not come together at any one point
with one perpendicular, wherefore fire is never generated by the reflection of
rays in such a mirror. But if the surface of the mirror is convex, much less will
the rays come together at a point. If, however, the mirror is concave, what is
said is true; but then it is irrelevant, since the earth at the equator is not
concave, so the argument is worthless.?®®
What is most important about Robertus Angelicus’ discussions above is the
strikingly similar delineation of the debate with Shiraz1’s treatment of the issue in the

Nihaya, which actually post-dates Robertus Angelicus’ commentary on the Sphere. We

%8 Thorndike, The Sphere, 240-241.
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must leave it to future research on the sources available to Robertus Angelicus to shed

light on the reasons behind this similarity.

1.4.7 Conclusion

We started this chapter with the contents of the hay ‘at al-ard section of the Nihaya and
presented, in table 1, a comparative analysis of the structure of the hay ‘at al-ard sections of
hay'a works. A brief overview of our general definition of hay’'a and hay at al-ard, together
with the contents of the aforementioned table, indicate that the following statements can be
made regarding the hay at al-ard sections:

1) The subject matter is the spherical surface of a physical body called Earth, which is at
rest at the center of the universe with its axis inclined with respect to the zodiacal axis.

2) There is a specific set of geographical contents that provide a general description of the
spherical surface of the Earth and characteristics of different localities on it, with references to
some physical problems arising from the shape of the Earth and its relation to the cosmos.

3) This geographical part usually precedes an astronomical part, and sometimes a
geodesic part, dealing with the phenomena, methods, and data that vary with the change of
localities and horizons, and thus operate within the horizontal coordinate system, that is, the
altitude-azimuth or declination-ascension coordinates.

Our analysis of some of the geographical contents of the iay ‘at al-ard section of the
Nihaya and comparison with similar material of other iay ‘a works indicates the complexity of
this part with regard to its formative sources and variety of topics, compared to the astronomical
and geodesic parts of this section. The constituents of this geographical part were put together
from a variety of sources produced over several centuries. For this analysis, we selected and
highlighted two different kinds of material from the geographical part of the hay at al-ard
section: 1) descriptive material, which includes the seven climes and a description of the seas,
and 2) physical and mathematical material, including the shape of the Earth, land-water
relation, and the temperate zone problem. In each case, we discussed the initial sources that
formed the grounding of the genre and then found similarities between a selection of available
texts to show the evolution of the genre. We also indicated that the composition and

arrangement of material in hay ‘at al-ard sections varies from one work to another.
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With regard to the descriptive material and its sources, we saw that the standard account
of the seven climes first appeared in Farghani’s Jawami  and the standard account of the
description of the seas in Battani’s zij. These two accounts were then transmitted to the masalik
works and appeared together there. Starting from Gayhan-shinakht in the 5-6"/11-12"
centuries, we see these two accounts presented together in zay 'a works. This means that,
despite the reference to masalik works in later hay 'a works, these materials were probably first
transmitted from astronomical works to masalik works. However, these two accounts of the
climes and seas might have appeared ‘together’ in the masalik works for the first time. Besides
this, we could not trace any major influence of other geographical genres of the pre-modern
Islamic era on hay at al-ard.

With regard to the physical material, we saw the influence of the Aristotelian theory of
the elements on the treatment of some geographical problems of hay ’at al-ard, that is: 1)
conception of the shape of the Earth and 2) land-water relation. These two problems relate to
the general description of the surface of the Earth. We also noted that the degree of engagement
with the physical aspect of these issues varies among hay ‘a authors. In the rather complex
problem of the temperate zone, the influence of the Aristotelian Meteorologica tradition, the
pseudo-Aristotelian Problemata tradition, Ibn Sina’s natural philosophy and medicine, and
Fakhr al-Din Razi’s ideas were highlighted. The logical reasoning in the treatment of the
problem of the temperate zone was an important feature of this physical-geographical part of
the hay at al-ard sections of later hay 'a works. The presence of all or a combination of some of
these descriptive and physical contents in a work constitutes a unique set of material that
indicates their influence on the given work.

All the hay 'a works that we analyzed treated at least one of the descriptive geographical
aspects, either the seven climes or the description of the seas. They also included at least one of
the physical contents, namely the shape of the Earth, followed by some of the astronomical
contents related to the observer’s position on the Earth. We consider this combination as the
hay at al-ard genre if the material is presented within an astronomical context, in a coherent
order. It is in virtue of the common sources and the similarity of subject matter, general
structure and content that ay ‘at al-ard constitutes a distinct genre of geography. Of course,
there may be modifications resulting from developments in astronomy and physics, varying

physical approaches of different authors, and rearrangements of the material according to the

104



need of target audience; however, this can be accounted for within the general contours of the
genre. Analyzing the sources of this genre, and its contextualization within the Aay 'a tradition,
has given us an understanding of how some of the constituents of this genre were put together
over centuries. Our goal in the different chapters of this introduction was to uncover a pattern
based on the similarities shared by the say at al-ard sections of hay 'a works, so that these
sections could be identified as being similar. Such a dynamic concept of hay at al-ard as a
genre especially suits its evolving nature, due to which particular features of texts undergo
change according to a variety of factors such as the purpose and process of writing or the needs
of the target audience. It also allows for finding parallels in related traditions, regardless of

differences such as culture, language, etc.
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Part |1

Critical Edition of Book 11 of Nihayat al-idrak fi dirayat al-aflak



2.1 Editorial Procedures

2.1.1 A history of the text

We already mentioned that Shirazi revised the Nihaya several times and that parts of
these revisions were done during the course of the composition of the Ikhtiyarat, which was
finished three months after the appearance of the first version of the Nihdaya in mid Sha‘ban
680/late November 1281. However, we know that revisions of the Nikaya continued after the
completion of the lkhtiyarat on 9 Dha al-Hijja 680/22—23 March 1282, since the latter was
referred to in revised versions of the Nihaya. Since we know that Shirazi left Tabriz on 19
Jumada al-Ula 681/25-26 August 1282 for Egypt as a member of a diplomatic mission from the
llkhan Ahmad Tegiider to the Mamliik Sultan of the time," his preliminary revisions of the
Nihaya might have been done before his involvement in the mission, i.e., between mid Sha ‘ban
680/late November 1281, the date of composition of the first version of the Nihaya, and Rabi" al-
Thani 681/ July 1282, considering the time Shirazi needed to arrive in Tabriz before his
departure for Cairo on 19 Jumada al-Ul4 681/25-26 August. From one of the manuscripts of the
Nihaya we know that Shirazi was back in Sivas by the beginning of 683/March—April 1284 at

which point he launched a new series of revisions that lasted for at least 10 months (see below).

! This mission was part of a series of measures taken by Ahmad Tegiider right after his ascension to the throne in
13 Rabi al-Awwal 681/21-22 June 1282. He dispatched an army to Anatolia in 4 Rabi‘ al-Thani 681/12-13 July
1282 to safeguard its territory, especially from sporadic Mamlik encroachments. He then decided to make peace

with the Mamliik Sultan, and dispatched his envoys to him.

107



Investigation of the earliest available manuscripts of the Nihaya, revealed that Shirazi
was reading and discussing it with various scholars or his students in order to revise and improve
the text. Shirazi was so committed to revising the Nihdaya that he himself took care of it in
several copies. To be clear, in most of the early manuscript witnesses of the Nihaya, the
corrections and revisions were completely or partially done by Shirazi himself and in his hand, or
under his supervision. Moreover, various collation and study notes on our early witnesses can be
considered as additional evidence for his personal commitment to these revisions. This led to the
production of very precise manuscript witnesses that facilitate the production of a critical edition
of the Nihaya’s Book III, which is provided below.

A thorough examination of the revisions of Book I11 has shown that the revising process
was being done stage by stage. Fortunately, this phased process of revisions resulted in different
manuscript witnesses of the Nihaya each of which can be considered as representatives of
various revision phases. Unfortunately, none of the extant manuscripts represents the first
version of the Nihaya. Therefore, in order to understand what the very first version of the Nihaya
looked like, we tried to produce a hypothetical first version of the Book 111 by isolating and
removing all revisions. Having this hypothetical version, and using codicological analysis, we
tried to understand the revision process and distinguish its phases. As can be seen below, we
could distinguish four series of revisions. It should be noted that our findings are just based on
our analysis of Book Il of the Nikaya and our historical analysis cannot be complete without a

thorough examination of the rest of the text.
2.1.2 Manuscripts of the Nihaya

Despite its length, the Nihaya was being copied continuously from the appearance of its first
version until the end of 14™/20™ century. So far, we could find the record of 49 witnesses of the
Nihaya in manuscript catalogues, of which we have access to the images of 21 manuscripts (see
appendix 1). From catalogue listings and our own investigation, we know that at least eleven

manuscripts were copied during Shiraz1’s life time. These manuscript witnesses are:
1. Berlin, Staatsbibliothek, MS Petermann | 674
2. Istanbul, Topkap1 Sarayi, MS Ahmed 111 3336
3. Istanbul, Koprill, MS Fazil Ahmed Pasa 957
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4. Tehran, University of Tehran, MS 7070

5. Istanbul, Stuleymaniye, MS Laleli 2145

6. Leiden, MS Or. 203

7. Istanbul, Kopriilii, MS Fazil Ahmed Pasa 956

8. Tabriz, Husayn Nakhjavani Library, MS 56

9. Istanbul, Millet, MS Feyzullah Efendi 1349

10. Patna, Khuda Bakhsh Oriental Public Library, MS 2452
11.  Patna, Khuda Bakhsh Oriental Public Library, MS 2453

We have images of the eight out of eleven (nos. 1, 3-8 and 10), one of which is a partial
autograph and six have various kinds of notes, revisions in the margins and within the body,
and/or corrections in Shirazi’s hand. However, the problem is that five of the earliest manuscripts
do not have a copy date. But since the revisions were done in stages, we could at least put the
undated manuscripts in a reasonable chronological order using codicological evidence.

One crucial criterion for distinguishing different phases of the revisions is related to the
mentioning of the Ikhtiyarat (written in 9 Dhu al-Hijja 680/22—23 March 1282) in some versions
of the Nihaya. In Book 1, Chapter 8 of the Nihaya, where he discusses why the moon’s
alignment point is not applicable to other planets, Shirazi refers the reader to the Ikhtiyarat.*
Thus, the completion of the Ikhtiyarat occurred only after the completion of the first version of
the Nihaya and while the latter was being revised. The existence of this reference to the
Ikhtiyarat in the manuscript witnesses of the Nihaya, whether within the body of the text or in

the margin, is a key criterion for putting the undated manuscripts of the Nihaya in order.

The reference has been inserted after “l-,,” in the following sentence of chapter 8, Book

2 | would like to gratefully thank Sajjad Nikfahm-Khubravan for drawing my attention to this very important

note.
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The addition starts with the following phrase:

In some manuscripts it is followed with the reference to the Zkhtiyarat.
45)‘391\ o)ﬂ\ )Ua;\ N5 Jbﬁ /Lb‘\ LSJB’- o)jj.aj\,d A\Sa.a.: J? \AJ{JA 4§)> mLM,G aj;{&y AJL.W\M u;ua;\ d".‘{“‘j»
Sl ohlas vt 3 Vi aliy 03y Ko el T dlaid) Sl ey il S

cade PV )l o] 4] il

Our oldest manuscript, MS Petermann | 674, Staatsbibliothek, Berlin (hereafter MS B),
was copied by two copyists: an anonymous copyist (hereafter copyist x) and Shirazi himself.
Chapter 8 of Book II of this manuscripts is entirely in Shirazi’s hand and on folio 84b, where in
later manuscripts of the Nihaya the aforementioned reference to the Ikhtiyarat has been added in
the margin or exists within the text, there is a marginal note in Shirazi’s hand that only contains
the first phrase (“in waqa ‘a lana iltifat ilayhi fi al-mustagbal in sha’a Allah”), and not the
additional phrase (starting with “wa-sababuhii al-haqiqi...””) where the Ikhtiyarat is mentioned.
This most likely indicates that this marginal note, which lacks the reference to the Ikhtiyarat,
must have been added to MS B before the composition of the Zkhtiyarat. Therefore we can
reasonably claim that the parts of MS B that are in Shirazi’s hand were copied between mid
Sha‘ban 680/late November1281, the date of composition of the first version of the Nihaya, and
9 Dhi al-Hijja 680/late March 1282, the date of composition of the lkhtiyarat.

The next oldest MS Koéprilu-957 (hereafter MS K), copied in 681, has the
abovementioned reference to the Ikhtiyarat in the margin on folio 72a in Shirazi’s hand. An
undated but early manuscript, namely MS Tehran 7070 (MS T hereafter), has the two parts of the
reference in its copyist’s hand (f. 79b), although they were apparently added in different times.

We can reasonably place MS Laleli-2145 (hereafter MS L) after MS Kand MS T, as it
has the first part within its text but the part with the reference to the Ikhtiyarat in the margin (f.
79b). By 682-683/1282-1283, both parts were incorporated into the text of MS Leiden Or. 203
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(f. 67b), copied in 682/1282; MS Koprulu-956 (MS R hereafter) (f. 58a-b), copied in 683; MS
Khuda Bakhsh-2452 (f. 81a-b)®; and MS Tabriz-56 (f. 89a).

Now that we have reviewed the manuscript evidence in order to ascertain the different
phases of the Nihaya’s revisions, we are able to choose MSs B, K, L and R for establishing the
edition of the Book I11. We excluded MS T and MS Leiden Or. 203 because they are incomplete.
Despite its importance, MS Khuda Bakhsh-2452, which was, according to the library catalogue,
studied and annotated by the renowned scholars Jalal al-Din Dawani (d. 1502 CE) and Ghiyath
al-Din Manstr Dashtaki (d. 1541 CE), had to be excluded too because our digital copy was
incomplete and unreadable in parts. MS Tabriz-56 was only consulted to check if the final
revisions found their way to later copies or not. Certain technical characteristics of MSs B, K, L
and R, description of which will follow, convinced us that they should suffice for establishing a
precise edition of the Book Il1. Obviously, an edition of the entire Nihaya, taking into account

the complications of the Book Il in particular, will definitely need more manuscript witnesses.

The comparison of MSs B, K, L and R with our hypothetical first version of Book Il1 of
the Nihaya showed that chapters 10, 11 and 13 were never revised. We could also distinguish,
with a high degree of certainty, two phases of revisions: a preliminary phase in 680/1281-1282
(before the Egypt mission) and a final phase in 683/1284-1285 (after the Egypt mission). We
found that chapter 12 was revised only after Shirazi’s mission to Egypt. Furthermore, within the
preliminary and final phases, we could mark the boundaries of still smaller episodes. So,
altogether, at least four phases of major revisions could be recognized. By major revisions we
mean the ones that somehow are reflected in all four MSs B, L, K and R.

® Our images are produced from the microfilm 2278 of Jaber al-Ahmad Central Library, Kuwait University
(http:/Nibraryl.kuniv.edu.kw/manuscript/Scriptslist.asp?cmd=resetall). This manuscript has autograph note on ff.
98a, 108a; autograph chapter heading on ff. 176a, 181a; an autograph collation note on f. 163b and one on f. 212b,
dated 690. According to Khuda Bakhsh Library catalogue (22: 43), it was studied and annotated by renowned
scholars, Jalal al-Din Dawant and Ghiyath al-Din Mansiir Dashtaki.
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1. Preliminary phase (15 Sha‘ban—Dhi al-Qa‘da 680/December 1281-February 1282),
applicable to chapters 1-9 of the Book III.
a. First revisions: added in the margin, or over/under the line, etc. in B and K, but
within the text of R and L. Such revisions occur in all chapters except in chapters
2and 7.
b. Second revisions: added in the margin, or over/under the line, etc. in B, K and L,
but within the text of R. These second revisions occur in all chapters with the
excetion of chapter 6.
2. Final phase (683/1284 onwards), applicable to chapters 1-9, and 12 of Book IlI.
a. Third revisions: added within the text, in the margin or over/under the line, etc. in
K and L, but always within the text of R. These third revisions occur in all
chapters, with the exception of chapter 3. However, in MS B, these revisions do
not occur in the parts copied by Shirazi. The fact that they are within the text in
chapter 12 of MS B suggests that chapter 12 of MS B is probably another version,
different from the parts of MS B in Shirazi’s hand.
b. Final revisions: added in the margin or over/under the line, etc. in K, L and R
(and sometimes B), usually by Shirazi himself. These final revisons have been
incorporated into the text of chapter 12 of B, which was later copied and added to

B. Such revisions only occur in chapters 1, 8, 9 and 12.

2.1.3 On establishing the edition

MS R is a very precise and early witness written from beginning to end in one hand,
containing all major revisions within the body. According to its colophon (see below) it was
collated with Shiraz1’s original manuscript and read to him. Therefore, it is safe to claim that
Shirazi was content with its text and it can be considered a good representative of the final
version of the Nihaya. Furthermore, we can assume that this is the Nihaya that was in circulation
from 683 onwards and, in most cases, was being taught and commented upon by scholars. This
suffices to persuade us to base our critical edition on MS R. In order to provide the most
comprehensive account of the stages of the revisions, we chose MSs B, L and K as our
comparator witnesses. The beginning and end of revisions incorporated within the text of R will

be marked by slashes in the critical edition, and superscripted symbols *, , and I after the slash
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denote respectively each of the three phases of the revision. Variants related to these revisions
will be reflected in footnotes at the bottom of the page whereas the critical apparatus at the end

will only contain other, non-revision related variants.

There are also a few post-final revisions/corrections that occur only in the margin of MSS
L and R. These revisions occur only in chapters 1, 3, 4, 6, 7, 9 and 12 of Book Ill. Since these
revisions have not been incorporated into the body of our base manuscript, MS R, during the
original copying period, we decided not to incorporate them into our critical edition and only
mention them in footnotes. A superscripted symbol § next to the footnote number in the edited
text denotes revisions of this post-final phase. In order to be as precise as possible in
distinguishing these revisions, we consulted the Tabriz manuscript, which was copied before this
post-final stage of revision and in which all revisions were incorporated within the body of the

text of Book 111, except these post-final revisions.

Given that Book 111 of the Nihaya contains almost 75% of Book 111 of the Tadhkira, we
decided to distinguish the transmitted text of the Tadhkira within our critical edition of the Book

I11 of the Nihaya using bold font.

2.1.4 Technical Description of the Manuscripts Used for the Critical Edition

MS B (<): Berlin, Staatsbibliothek, Petermann | 674

This manuscript is not dated but contains the oldest extant parts of the Nikaya in Shirazi’s hand.
Most likely these parts were copied sometime between 15 Sha‘ban of 680 and 9 Dha al-Hijja of
the same year. The rest is in the hand of the copyist x who is also the copyist of MS R as well as
the copyist of the oldest known manuscript of Shirazi’s other important astronomical work, al-
Tuhfat al-shahiyya (see appendix 2).* There are also revised parts added to MS K in copyist X’s
hand. In Book 11l of MS B, Chapters 1-9 are in Shirazi’s hand and contain the first and second
series of revisions in the margin, also in Shirazi’s hand. Chapters 10—13 have been copied by
copyist x. Chapter 12, which is very likely a later version, contains a final series of revisions
within the body of the text.

* Paris, Bibliothéque national, Manuscrits-Orient Arabe, MS 2516, copied in Rajab 684/September 1284 in

Sivas.
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There is a study note on the title page of this manuscript written by Majd al-Din Ibrahim
b. Muhammad al-Tj° that says he read this manuscript of the Nikaya in the presence of Burhan
al-Din al-‘Ibri® (d. 743/1343).” This study must have taken place during Shirazi’s lifetime, as the

manuscript’s title, which has been written in the same hand and ink, states:®

Pl S h r\:\ (5)\}.“ Q,".,\l\ e Wj» r%y bt il

A treatise on hay ‘a consisting of the speech of our master, Qutb al-Din Shirazi,

may God prolong the shadows of his glory

The prayer “adama Allah zilal jalalih” (may God prolong the shadows of his glory)

implies Shirazi was alive at the time.

Incipit:
3 Sl Oy el el Al

iz Wl 3 Wl el i) 3508 20T g0 oD s Sl e (5,0 s bl BY 50 J5

® According to Zirikli (1: 29), Majd al-Din Ibrahim b. Muhammad al-Iji was a theologian from Ij who wrote a
commentary on Tawali  al-anwar of ‘Abd Allah al-Baydawi (d. ca. 685/1286).

® For Burhan al-Din al-Ibri’s biography and Shirazi’s certificate to him, see Gacek, Adam, “The Osler Codex of
Nasir al-Din al-Tasi’s Commentary on Avicenna’s al-Isharat wa-al-tanbihat,” Journal of Islamic Manuscripts 1
(2010) pp. 3-17; and Reza Pourjavady and Sabine Schmidtke, “Qutb al-Din al-Shirazi (d.710/1311) as a teacher: an
analysis of his ijazar”, Journal Asiatique (2009): 297: 21-23.

" The note says:
«04\4 AE f\m\]\ [gdﬂ\]gﬁ Lle 39 o3l 9 A ol JJM 5 é;\ O\‘mf uwé\ Jas) (Ja;w \:Yj» o
® Here | transcribe what is in the witnesses, without editing or following modern Arabic orthographic

conventions.
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In the name of God the Beneficent, the Merciful

Lord, you have been gracious; may you grant additional bounty

Our master and teacher, the most excellent of men, the most learned of the
world, the lord of mankind’s eminences, the model of the verifiers, the sultan
of the learned in the worlds, the touchstone of truth over all creation, the
source of pride for the most worthy of humanity, the king of justices and
judges, the pole of the faithful community, of truth and religion, Mahmid b.
Mas ‘ud al-Shirazi—may God prolong the shadows of his glory and may God

allow the Muslims to enjoy his favor and his bestowal of benefits—said...

Colophon:

V1 e oLy AW sy e ke pladl @l pladll &3 e Jls &b sl ST ascls

P pesany oSl esliae oS 5,500 Al e

Let us then end the book, praising God Almighty for His enormous blessings
and His copious grace, and praying for the essence of the nights and the days,
Muhammad, the most excellent of mankind, and upon his family, the

righteous, the noble, the illuminators of darkness and the keys to the Word.

MS K (&): Istanbul, Képruli, MS 957

This manuscript was copied in 681. There is a note on its title page in Shirazi’s hand that
certifies a certain Muhammad Jajarmi has studied it with him. It contains revisions in the hand of

its copyist, Shirazi and also the copyist x.
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Shirazi’s certificate on title page:

A 0 el O oSl el [ ] Y 5508 Lol oLl GUSI s 0 8
7ot SN o [1] oS osliog ST s s o pllol St [L]y dbiss s g 2l 02
G oy oW 0 e (3 sy Gud Lo Al f ]l sgme 052 ] A e

[...]

The eminent Imam, the model of the models, [... of the] scholars, the king of
the philosophers, the honor of the teachers, Muhammad b. Muhammad b.
Muhammad al-Jajarmi—may his grace be prolonged—has studied this book
with me such that he came to know the subtelties of this book and its purposes.
The author of the book, the neediest of God’s creation, Mahmiid b. Mas ‘ud al-
Shiraz[i—may God make his end be] good—wrote [...], and this occurred in
the sacred and blessed month of God, Rajab, of the year [...]

Incipit:
3 Canall Oy ool el Al 1y

3o W G DA o (Bl a9 L o ) U

In the name of God the Beneficent, the Merciful
Lord, you have been gracious; may you grant additional bounty
The neediest of God’s creation, Mahmiid b. Mas ‘iid al-Shirazi—may God

make his end be good—states. ..

Colophon:

15T, {U A 55 B2 Blas Golty oo s JpW) (ol e Y 3 “*’\Su‘ @)53
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Its copying finished on Wedenesday 20™ of Jumada al-Ul4 of the HijiT year
681—praise be solely to God.

MS R (,): Istanbul, Koprulu, MS 956

The scribal colophon has been changed for an unknown reason. According to this newly
rewritten colophon, the manuscript was copied from Shirazi’s original copy while being read to
him. The copy date is the beginning of Muharram 683. There is also a collation note next to the
colophon in the copyist’s hand that indicates the collation of the manuscript with Shirazi’s copy
and that it was read to him, completed in 10 Shawwal 683. As far as Book III is concerned, the

first, second and third series of revisions have been incorporated into the text of this manuscript.
Incipit:
AL & Jew Oy o) el Al
W 3 el llales b 558 [Ls 1o3T g0 oMb ] Jlall Ve (5501 Laasl by B3 5 J5
Sgme e 357 plly 3y AL s A, sl lile bW LSl s paarl Bl Lo b as

oy bl oy ) ) oy Bl OB 1l sl g5l

In the name of God the Beneficent, the Merciful

Lord, may You ease [my affair] and make it end in a good manner

Our master and teacher, the most excellent of men, the most learned of the
world, [<the lord of mankind’s eminences> crossed out], the model of the
verifiers, the sultan of the learned in the worlds, the touchstone of truth over all
creation, the source of pride for the most worthy of humanity, the king of
justices and judges, the pole of the faithful community, of truth and religion,
Mahmtd b. Mas ‘td al-Shirazi—may God prolong the shadows of his glory
and may God allow the Muslims to enjoy his favor and his bestowal of

benefits—said. ..
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Colophon:

Al el I8y By il B gl o il A 4l o ¥ SO 41 181 il 5
o8l S8 G o528l 3 ade 1B ey il JoW1 B e Sl il 48 e I B2

[ dasmaid) G-l dcs ) G loe Auig 4,2 &lawy

The author—may God prolong the shadows of his glory—completed its
composition during the night of mid-Sha‘ban, in the year 680, and the
copyist/— may God ends his affairs in a good manner—[completed] his copy
that was penned for himself from the original copy of the author and [also
completed] its reading to [the author] in the beginning of Muharram of the

Hijri year 683 in the city of Swas in the madrasa al-Sahibiyya al-Shamsiyya/.

Collation note:

ool I8 D lg ke (3 s By assnds dllo ) plol il po Bl 2Ll e FLAN 8, 5,

2 e

The presentation and collation [of this copy] with [the author’s] copy in the
presence of the author—may God make his shadow lasting—and its reading

[to him] completed on 10" of Shawwal of the Hijr1 year 683.

MS L (J): Istanbul, Stileymaniye, Laleli, MS 2145

Copied by Muhammad b. al-Shyakh Khalil al-Stwasi, probably in 681 in Sivas. It has the first
series of revisions in the body of the text, with the second, third and final series in the margin. It
has been vocalized by Shirazi and all marginal revisions and in-text corrections are by Shirazi

himself. The second series of revisions are distinguishable since they were written with brown
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ink and clearly look older than other marginal notes. The third and final revisions were written
with black ink. This manuscript is the most authenticated manuscript of the Nikaya since it was

evidently being used by Shirazi in order to record his revisions.

Note (on title page):

G e o W ol L] (ol s s ) et L) [] i o 1S ey
sl o 28 Al b el 2l ar) o ) s gl bl s (U [§] s
oS L] e A oy o ol e B st [] O 0 Jo a0l 0
J8 a) olen 5 elm ol S 8 s 3 s ade ) Lo [A] s

s Sy JBb by e K J\sgf\a Blewd g2y &aldll oy iy LSV
USRS PR R S $S sl B casd
3y S o358 o cid ol et Y
2oy Gl 4 o sy L o dmn DoY) ey il B gy sl
S d om N o) ugme b pabio ) sy S K e Lo dygne JB 408G )
Al gao Pl puy e padly Qs Blayb ko Al Jgu <13, &w Pl e

dj)\ Jj*‘i) &Mj

I found this written on the back of ...: Al-Shaykh Abii Sa‘ld Sa‘d Ansari... has
related to us that Abii Nasr Sa‘1d b. Khidr [?] al-Astarabadht told them that

% Probably Shirazi is quoting from Suhrawardi’s ‘Awarif al-ma ‘arif, although their isnads are different.

However, this hadith was used by Sifis as a witness for permissibility of Sama ‘, in general.
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Incipit:

Abi ‘Abd Allah b. Ahmad al-Qadi has related to us that Abt al-Faraj
Muhammad b. Ahmad b. Ahmad b. ‘Ali b. Sallam... on the authority of ‘Al b.
Abi Talib—may God be pleased with him— [that] “I was with the Messenger
[of God]—may God bless him and give him peace—in a mosque and he was
mentioning that “the poor of my people will enter Paradise earlier than the rich
by half of the Day of Resurrection day, which is five hundred years.” Then he

said: “Would one of you recite verses to us?” One said:

“The snake of lust has stung my liver
There is neither a physician nor an enchanter
Only the beloved of whom | am enamored

Has for me charm and antidote”

Then, the Messenger of God—may God bless him and give him peace—
became thrilled, which made the Companions thrilled to the extent that
[Prophet’s] mantle fell down from his shoulders, and everyone went back to
his place. Mu‘awiya said: “How fun is your diversion!” The Messenger of
God—may God bless him and give him peace—said: “O Mu‘awiya! It is not
nice if one does not tremble during listening.” Then, the mantle of the
Messenger of God—may God bless him and give him peace—was cut into
four hundred pieces and distributed between them and between others—God
has spoken the truth; may I not utter truly to the Messenger of God a

saying/may I not speak truth to the Messenger of God.”

Jls b a8 el 2 A

i U G L o gl s g ) 1 Gl 2 U

In the name of God the Beneficent, the Merciful
In God, the Almighty, is my trust
The neediest of God’s creation, Mahmiid b. Mas ‘td al-Shirazi—may God
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make his end be good—states. ..

Colophon:

44&\);,;@,,\,.,,3\345-C:mc,w%wﬂ?)&\ﬁ\ygfwm‘m&#w@é

Wg\chxﬁu‘mﬁ%fw&ﬁ‘éijjﬁﬁboﬂ«i‘@%

The neediest of God’s creation to his Lord’s majestical mercy, Muhammad b.
al-Shaykh Khalil al-Stwasi—may God forgive him and all Muslims. Praise be
to God and may God bless His Prophet, Muhammad, and his pure noble

progeny and give [them] salutation.
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2.1.5 Signs and conventions
For the Arabic edition, the following conventions have been used:

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

3. Tanwin is generally added (but not on feminine ending: ).

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.

For critical apparatus, the following signs and abbreviations have been used:
[ Separates reading in edition from any variant
Separates variant and manuscript sigla
+ Added in
— Missing from
= Indicates another variant
(... Editor’s comments

< (B) Berlin, Staatsbibliothek, MS Petermann | 674

5, (R) Istanbul, Kopriilii, MS Fazil Ahmed Pasa 956

4 (K) Istanbul, Koprali, MS Fazil Ahmed Pasa 957

J (L) Istanbul, Suleymaniye, MS Laleli 2145

b & el &4 (under the line in)

(3 & sk (crossed out in)

L Flesasie b e psalas (smudged, unreadable, etc.)
bl 545 (@bove the line in)

la Uil 3 (in the margin in)

G
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2.2 Arabic Edition of Book 111 of the Nihaya
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Part 111

English Translation of Book 111 of the Nihaya



BOOK I
On the Configuration of the Earth
and Its Division into Inhabited and Uninhabited
and the [Consequences] Accruing to It
Due to the Changing Positions of the Celestial Bodies.
and Related Matters
It is also thirteen chapters
[as in Book I1]:
Chapter one on a general summary of the configuration and circumstances of the
Earth
Chapter two on the characteristics of the equator
Chapter three on the characteristics in general of locations having latitude, which
are called the oblique horizons, and on ortive and occasive amplitude, and on the
equation of daylight
Chapter four on the characteristics of locations whose latitude does not exceed the
complement of the obliquity
Chapter five on the characteristics of locations whose latitude exceeds the
complement of the obliquity but does not reach one-quarter revolution
Chapter six on the characteristics of locations whose latitude is exactly one-
quarter revolution
Chapter seven on the co-ascensions of the zodiacal signs
Chapter eight on the lengths of the nychthemerons
Chapter nine on dawn and dusk
Chapter ten on understanding the units of the day, namely hours, and what is
composed of days, namely months and years, and what pertains to them, namely
intercalation and the calendar
Chapter eleven on the degrees of transit of the stars on the meridian and on their
[degrees of] rising and setting
Chapter twelve on understanding shadows and their circumstances
Chapter thirteen on finding the meridian line, which is also called the noon line,

and on the gibla direction
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CHAPTER ONE
A General Summary of the Configuration
and Circumstances of the Earth

[1] It was shown in the first part of Book Il that the apparent surface of the Earth is
spherical and parallel to the concavity of the [celestial] orb, and together with the apparent
surface of the water are analogous to the surface of a sphere, and that for someone standing
upon it, in any location it be, his head will be toward the [orb’s] circumference, which is up,
while his feet will be toward the center, which is down. The direction of the head of
someone traveling upon the Earth is necessarily at each instant [toward] another part of
the [orb’s] circumference. If it were possible to travel upon the entire apparent surface of the
Earth and water, and then three individuals were assumed to become separated at some
location, one of them traveling toward the west, the second traveling toward the east, and
the third staying in place until the two travelers had circled [the Earth] completely—the
traveler toward the west returning to him from the east and the traveler toward the east
returning to him from the west—then the western [traveler] will have one fewer than the
total [number] of days that have been generally counted and the eastern [traveler] will have
one more, because the length of the day and night for the western [traveler] is longer compared
to its length for the staying [individual] proportional to his motion, and for the staying
[individual] is longer compared to its length for the eastern [traveler] proportional to his motion.
This is because the time between two noons for the western [traveler] is more than that time for
the staying [individual] proportional to his motion, and for the staying [individual] is more
compared to the eastern [traveler] proportional to his motion, and these increments in a
revolution will be equal to the period of a nychthemeron distributed over the total of days [of
their travel], and subtracts one day from the total of the western [traveler] and adds one day to
that of the eastern [traveler]. This is also something that is asked about, and it is said: Is it
possible that the number of days in a solar year be different with regard to three different people,
being 365 days and one quarter day with regard to one of them, e.g. the staying individual, and
364 days and one quarter day with regard to the second person, e.g. the western [traveler], and
366 days and one quarter day with regard to the third one, e.g. the eastern [traveler]? Or is it
possible that a certain day be Friday for someone, e.g. the staying [individual], Thursday for the
other one, e.g. the western [traveler], and Saturday for the third one, e.g. the eastern [traveler]?

Or is it possible that three different people count days from a designated initial point until a
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designated final point, being four days for one, three for another one, and five for the third one?
So they would be answered that it is possible, and would find [this answer] to be strange. It
should be clear that in response to the first [question], it is necessary to assume the two travelers’
motions in a way that they complete a full revolution in a solar year with respect to the staying
[individual]. For the third [question, they should be assumed] such that they finish a revolution in
four days. For the second [question] neither is necessary, and it works with both assumptions.
Thus what is needed in general to respond to all [three questions] would be that the two
[travelers] complete a revolution in an amount calculated by the staying [individual]. /After fully
understanding what we have stated, it should [now] be clear that if the motion of the two
[travelers] is assumed equal to the eastward motion, so that they finish a revolution in the period
of a nychthemeron, the time for the staying [individual] between the separation and reuniting
would be a nychthemeron; for the eastern [traveler] two days; and for the western traveler the
[same] time as when the separation occurred. Even if it happened at sunrise, [the western
traveler] would be in that time up until he reaches the staying [individual], since the Sun has not
risen from his horizon, because in the [same] amount as the western traveler has moved toward
the west, the Sun has moved toward it as well. For this reason their assumed situation with
respect to each other would not change, and this will be the case for any other assumed situation
between [the Sun and the western traveler]. This means the Sun being on the eastern horizon for
an individual could be in the amount of a nychthemeron, or even a month or a year or forever, if
he moves with this motion forever, which is also strange, or stranger than what was mentioned
before, due to its implication that two days for the eastern [traveler] would be like an instant for

the western [traveler]. This, is [now] clear./"’

[2] Now that you have learned about this, then know that the Earth is divided by the
equator—i.e., the great circle occurring on the surface of the Earth due to the imaginary
intersection of the plane of the equinoctial with the World—into two halves, northern and
southern. It is called the equator because of the equality of the [length of the] day and night for
its inhabitants all the times. And [the Earth is divided] by another great circle on its surface that
passes through the two poles of the first [great circle, i.e., the equator], into two halves, /upper
and lower./™ Therefore the Earth will be divided by them into fourths. One of the two

f_After fully understanding... This, is clear] margins of B and K.
" upper and lower] margins of B, K and L.

263



northern [fourths] is the populated quarter, and circumstances of the others are unknown; [it
is] not [true] that [the other three-fourths] are either submerged in the sea and not populated
or their circumstances are unknown since the division [into either submerged in the sea or
unknown] is false. Nor [is it true] that they are submerged in water, as it is said. [Nor is it true],
proceeding from [these premises], that the totality of the elements are inevitably balanced in their
volumes and [that], if the water does not encompass the three other quarters [of the Earth], then it
would be much less than the whole earth, since what we see from them in their exposition of
these premises is an error, let alone a proof. Therefore, it is possible that in the other quarters
there are many inhabited lands we are not aware of, since there are drowning seas and towering
mountains between us and them. Then if a third great circle imagined on the surface of the Earth
that passes through the poles of the two first [great circles], the populated quarter will be divided
into eastern and western, and the crossing point between the third and first [great circles] /in the
upper half/" " is called the cupola of the Earth, the cupola of 47in, and midpoint of the Earth.
[The length] between the cupola and either of the crossing points of the second and first [great
circles] is a quarter of a revolution. The third [great] circle is called the meridian of the cupola
and the meridian of the midpoint of the Earth, and the second [great] circle is their horizon, not
because they are really horizons, but because they are in the plane of horizon circles. The second
is also called the horizon of the equator, and this, if true, is because it is in the plane of the
equator’s horizon, however it does not have the advantage of the two first [great circles], since
the horizon of the equator is more general than the second [great circle], i.e., the horizon is found
without the second [great circle], contrary to the meridian of cupola and its horizon which are not
found without the third and the second. One should then conceive the division of the Earth’s
surface to be in longitude according to the division of the equinoctial and in latitude to the
poles according to the divisions of the circles of declination. One should also conceive on the
[surface] circles that are exactly aligned with the day-circles in order to allow one location
to be differentiated from another. Distances and quantities are measured just as they are

on the orb.

[3] The inhabited region has been determined to be a quarter because observations of

celestial phenomena, such as lunar eclipses, have been found [to occur] for those living in

in the upper half] margins of B, K and L.
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the farthest eastern [regions] 12 hours ahead [of their occurrence] for those in the farthest
western regions, not more than that. From this it is discerned that the length of the populated
area does not exceed one-half revolution of the orb, I mean one-half revolution of the Earth
which is 180 degrees, since every hour is 15 degrees. Indeed Ptolemy determined firstly that
[this] quarter is in the north because he satisfied himself that the shadows of the gnomons at
noon for the equinoxes all over the populated world are toward north, and not any of them are
toward south. This was his opinion when he wrote the Almagest, since at that time he did not
know the amount of the width of the inhabited region. Later, he became aware of the inhabited
areas beyond the equator to the south up to the [latitude of] 16 degrees and a quarter and a sixth
[of a degree]. Thus, in his book entitled Geographia he said that the initial latitude of the
inhabited region from the south is where the altitude of the southern pole is 16 degrees and a
quarter and a sixth [of a degree], these being populated regions at the farthest reaches of Zanj
region, Abyssinia [al-Habasha], and some other [areas] that have been reported to be
southerly. The last [inhabited region] in the north is where the altitude of the northern pole is 66
degrees, and it is not possible to live in regions beyond it due to the severity of the inevitable
cold due to the remoteness of the Sun from the zenith there. Therefore the width of the inhabited
region is 82 degrees and a quarter and a sixth [of a degree], and its length as he also mentioned
there [in the Geographia], is 177 degrees and a quarter [of a degree]. [Ptolemy] also said in [the
Geographia] that [localities] below the equator has only been afforded mention, because the
northern quarter contains the most well-known and most important populated regions; thus [the
equator] became like an encirclement for the inhabited part of the Earth. And because what is
between the two ends of the inhabited region, according to the general belief, is half a circle [i.e.,
180 degrees] whenever the Sun sets in the farthest part of the eastern inhabited lands, it rises in
the farthest part of the western inhabited lands. This happens when the Sun passes through the
meridian of the cupola above the Earth, and the opposite [Sun sets in western lands, rises in the
eastern lands] happens when the Sun passes through [the meridian of the cupola] beneath [the
Earth]. Therefore, the horizon of the cupola is their meridian [i.e., for the two ends of the
inhabited region] and vice versa [i.e., their horizon is the meridian of the cupola]; however, for
one of them, the visible half of the [heavenly] orb and also the meridian is hidden from the other,
and vice versa. From this it becomes easy to imagine the difference of the counted days for the

above mentioned individuals with regard to the curious inquiry. Also, it was due to what we
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mentioned that the feet of the inhabitants of one of the two sides [of the inhabited region] are
standing against the feet of the inhabitants of the other side, and are at the two ends of one of the
diameters of the World. This is when two individuals stand on the two ends [of the inhabited
region], but if they stand anywhere on the circumference of a circle not containing the two ends,
the two lines extending from the center of the World to their feet are like two sides of an obtuse-
angled triangle, if the distance between them is more than a quarter of a circle, and a right-angled
[triangle] if the distance is a quarter, and an acute-angled [triangle], if the distance is less than a
[quarter]. From this, the conception of what we said at the beginning of this book, that the
distance between the heads of individuals standing on the Earth is more than the distance
between their feet, is proved to be true, although this is apparent in [the case of] two individuals

very far apart, and not in the ones who are nearby.

[4] As for the sea, it surrounds most sides of the aforementioned area of the Earth.
This is well-established for the western side, the north, and most of the south, especially the
eastern part of it. As for the southwest, it has been stated that persons traveling in the
direction of the sources of Egypt’s Nile have reached locations whose southern latitude
exceeds a certain number in the range of 10° to 20°. They saw mountains at a distance to
their south white with snow, which were named for the moon, from which [arise] the
headwaters of the Nile. They did not reach a body of water. Likewise we do not have
definitive knowledge about the sea in the northeast, although they guessed that there is a sea
in the south-west and also in the north-east. /For these reasons the [abovementioned] sea is called
the Encompassing Ocean./" "V

[5a] You should know that in the area that has been uncovered to allow for habitation,
there are also numerous bodies of water some of which are connected to the Encompassing
[Ocean] and some are unconnected to it; among those connected are the Sea of Oman [ ‘Uman],
which is called the Sea of Persia, India and China [Bakr al-Fars wa-al-Hind wa-al-Sin]; it is the
largest of them all, beginning from the farthest [part] of the regions of China and India to the
farthest [part] of the regions of Abyssinia and Barbary [Barbar], not/*¥ where western Sudan

[region] is, /according to what is commonly thought. Indeed, it is not correct, because this

Vv For these reasons the sea is called the Encompassing Ocean] margins of B, K and L.
¥ Abyssinia and Barbary not] added within the text: K and L = al-Maghrib and Barbary: B; effaced in K and L.
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Barbary is not the Barbary that is in western Ifrigiyya region. If that [Barbary] was meant, then
the length of [Sea of Oman] would be greater than what is agreed upon,/* ' which is 2660
farsakhs. Its width is 900 farsakhs, of which 360 or 330 farsakhs, according to two different
opinions, is north of the equator and the rest is south of it. The equator passes through most of
this sea. This is the southern sea, which is connected to the eastern side of the Encompassing
[Ocean], from which extends four gulfs into the middle of the inhabited region. The first is
the Gulf of Barbary [al-Khalij al-Barbari], inasmuch as it borders Barbary [region], and this
[qulf] is the nearest of them to the Maghrib. Its length on the northern side is 160 farsakhs, and
its width /at its base, and, as has been said, at its end/* " is 35 farsakhs. The second gulf is the
Red Gulf" " [al-Khalij al-Akmar], whose length in the north is 460 farsakhs. Its width at its
base is 200 farsakhs, and where it gets narrow, which is its end, is 60 farsakhs; there it is called
the Sea of Clysma [Qulzum], because it is [the name of ] a city at its narrow end and is also
called Lisan al-bahr [the tongue of the sea/ Lingua Maris]. On its eastern side lie the regions of
Aden [ ‘Adan] and Yemen [Yaman], and on the western [side] the Abyssinia region; /therefore,
they call this gulf the Sea of Yemen and also the Sea of Abyssinia./* * The third is the Persian
Gulf [Khalzj Fars], on whose extremity is Basra [Basra], and Fars and Kirman [provinces] are
connected to it. Its length in the north is 460 farsakhs, and its width at the base is 180 farsakhs;
its width at its end is 54 farsakhs. On its eastern coast lie the regions of Tiz and Mukran, and on
its western coast on the opposite side, the port of ‘Uman; Itherefore, it is also called the Sea of
Oman./** Between this gulf and the Red Gulf, which is close to 500 farsakhs, in its entirety lie
the Arab province [wilayat al- ‘Arab], the regions of Hijaz [Hijaz] and Yemen. The Euphrates
[Furat], whose source is from the mountains of Erzerum [Arzan al-rizm], connects to the Tigris
[Dijla] near Basra, whose source is also from the same mountains or from the mountains of
Anatolia [al-Rim] and Syria [al-Sham] according to what is said, then discharges into this gulf
near Abadan [ ‘Abbadan]. The boundary of this gulf is the Sind region, where many rivers, like
the Manszr River flowing from India to Sind, discharge into it. There are many islands in this
gulf. The fourth gulf is the Green Gulf [al-Khalij al-Akhdar], which is also called the Gulf of
India, since it is in the region of India. It has been said that, in its farthest parts, its length in the

" according to what is commonly thought... what is agreed upon] margins of K and L = its length: B.
" at its base, and, as has been said, at its end] - B; margins of K and L.

" the Red Gulf] + and it is close to the region of Ubulla: crossed out in B and K.

* therefore. . .the Sea of Abyssinia] - B; margins of K and L.

* therefore, it is also called the Sea of Oman] - B; margins of K and L.
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north is 500 farsakhs. There are 1370 islands, inhabited and non-inhabited, in it, /namely in the
Sea of China and India./* ¥ One of them is a huge island in the farthest part of this gulf facing the
region of India, belonging to the eastern region where the region of China is. /This [island] is not
Sri Lanka [Sarandib], according to what is said, and is encompassed/* X by 1000 farsakhs; it
contains imposing mountains and many rivers, and ruby and blue sapphire are extracted from it.
There are 19 inhabited islands surrounding this island which contain many cities and villages,
among them an island from which white lead is obtained and another island from which camphor
IS obtained.

[5b] Among those connected to the Encompassing [Ocean] from the west, there is a sea
called the Sea of Rium, Syria, Egypt and Ifrigiyya [hereafter, Mediterranean Sea]. Its length from
Andalusia [Andalus] toward the east is 1600 farsakhs, and [the distance] between its [eastern]
edge and Sea of Clysma, by land, is three way stations. Its width where it connects to the
Encompassing [Ocean] is three farsakhs, and as it gets farther from it to half its length, it[s
width] becomes 200 farsakhs, and when it reaches the boundary of Syria, 260 farsakhs. Many
rivers flow into it like the Jayhan River and /Sayhan/* ¥ River and Yazdan River. These [river
names] are the names of mountains within the boundaries of Anatolia. From this sea extends two
gulfs toward the north. One of them, which is closer to the east, is the Gulf of Constantinople
[Qusrantiniyya] whose length is 160 farsakhs. It is not connected to the Encompassing [Ocean],
as mentioned by the master Abli Rayhan in his book, who said it is possible to reach
Constantinople by land from [the regions of] Slavs and Russians. Mas‘tdi said: “I have heard
from those tradesmen on their sayings one can trust that ‘we traveled from Russia to
Constantinople by land.”” The second one, which is closer to the west, is /not/* * connected to
the Encompassing [Ocean], /again, being accurate;/* " its length /toward the north-west/* *"' is 70
farsakhs. The islands of the Greeks are in this sea. [Also,] the Nile of Egypt discharges into it, at

its southern part. Of these two gulfs, Constantinople is closer to the eastern gulf.

* namely in the Sea of China and India] - B; margins of K and L.

X" This is not Sarandib, as has been mentioned, and is enclosed] added within the text in K and L = This is Sarandib,
enclosed: B.

! Sayhan] Sinjar: B = has been changed from “Sinjar:” K and L.

*¥ not] and: B = has been changed from “and:” K and L.

Y again, being accurate] - B; margins of K and L.

! toward north-west] added in the margin in K and within the text in L = toward it: B = effaced in L.
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[5¢] Also among those [connected to the Encompassing Ocean] is the Sea of al-Maghrib,
which is known as the [Atlantic] Ocean [Ugiyaniis], and the Sea of India is connected to it.
Nothing is known about it except for its western and northern parts alongside the regions of
Russians and Slavs. It goes from the farthest part of the south alongside the Sudan region passing
across the borders of the far Sus [al-Siis al-Aqsa] and regions of Tangier [7anja] and Andalusia,
then commences from there, behind the impassable mountains and uninhabited lands towards the
east. In this sea, | mean the Ocean, ships do not circulate, and only travel alongside its coast.
There are six islands in it, facing the region of Abyssinia, called the Islands of the Eternals
[Jaza ' 'ir al-Khalidaf] and the Islands of the Fortunates [Jaza 'ir al-Su ‘ada’]. [There is] another
island in it, called Ghadira, that faces Andalusia at a gulf that extends from this sea whose width
where it extends is 2 farsakhs and one mil. This [gulf] is between Andalusia and Tangier and was
known as the passage of Hercules [ma ‘barat Hiraglis] in olden times and is now known as al-
Zugagq. This gulf flows into the Mediterranean Sea, /s0 it is claimed, but in fact the water of the
Mediterranean Sea discharges into this sea in al-Zugag, just as the water of the Gulf of
Constantinople discharges into this sea, | mean the Mediterranean Sea; similarly, the water of the
Sea of Trebizond [Tarabizanda] discharges into the Gulf of Constantinople, as is confirmed by
the senses./* " In this sea [i.e., the Ocean] in the north there are the Islands of Britannia [Jaza 'ir
Birtaniya] consisting of twelve islands. Another gulf extends from [the Ocean] in the north of the
region of Andalusia, which is also connected to the Mediterranean Sea /as it is claimed, but it
being connected to the Mediterranean Sea is not correct/* >, The length of the Mediterranean
Sea [starts] from this place called al-Zugag, and extends eastward to Syria; this length is 1300

farsakhs.

[5d] Among those connected to the Encompassing [Ocean] in the northern region is the
Baltic Sea [Warank], and [Waranks] are a people [who live] on its coast. This sea extends from
the north of the region of the Slavs towards the region of the Bulgarians [Bulghar]. Its length
from east to west is 100 farsakhs and its width 33 farsakhs. Among those connected to the
Encompassing Ocean is the Black Sea [Nitus] which is called the Sea of Trebizond [Tarabizun],
since it is a port on it[s shore]. This [sea] extends into the regions of the Russians and Slavs from

above Constantinople. Its length is 4033 farsakhs. At the wall of Constantinople, a gulf surges
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from the Black Sea, into which 100 rivers discharge, and [from there] into the Mediterranean Sea
[Bair Misr]. The width of this gulf near Constantinople is one farsakh, and it keeps becoming
narrower until it opens into the Mediterranean Sea [Bakr Misr wa-al-Sham] to the south of which
lie the regions of the Maghrib and Ifiigiyya as far as Alexandria [al-Iskandariyya], and Egypt,
and parallel to them in the north [lie] Andalusia, and the regions of Romans and Franks [Firanja]
as far as Antioch [Anzakiya]. Adjoining it are the region of Syria, /because Syria is between the
southern and northern edges of the Mediterranean, where the sea ends at Syria and Palestine
[Filasgin]/* ™.

[5e] Among those [bodies of water] that are unconnected [to the Encompassing Ocean], the
largest is the Caspian Sea [ba/r al-Khazar], nowadays called the Sea of Abiskiin, since it is
above the harbor [of Abiskiin], and used to be called the Sea of Jurjan and the Sea of Bab [al-
Abwab (?)] in olden times. Its length from east to west is 260 farsakhs, and its width is 200
farsakhs. It is not connected to any other sea, but extends from Abiskiin towards Tabaristan,
Daylam, Shirwan, Bab al-Abwab, then Khazar on the mouth of VVolga River [4til/Itil], then the
region of Ghuzz [Diyar al-Ghuziyya], till it returns to Abiskiin. This sea is called by the name of
every locality that lies alongside it. Huge rivers discharge into it such as the Aras River, which
comes from Armenia [Arminiyya]; the Volga which comes from Bulgaria, and is larger than the
Oxus [Jayhin]; another river known as Sipidh-riidh; and other rivers among those whose sources
are the mountains of Syria, or from the south of this sea, such as the ones whose sources are the

mountains of Gilan, Daylaman and Tabaristan.

[5f] These five are the largest seas; others are lakes, channels and basins, such as the Lake
of Tiberias [7abariyya] in the region of Syria, and the Aral Sea [Kh"arazm], the circumference
of which is 100 farsakhs. The distance between the latter and the Caspian Sea is 20 days; the
Oxus and Jaxartes [Sayhin] discharge into it. The Oxus River extends from the east of Balkh,
where five large rivers come together, the largest of which comes from east of the region of Tibet
[Tubbut (probably from Tplit; also read as Tubbat)]; another branch comes from the region of
Kyrgyz/Qirghiz [Khirkhiz]; and the others are from the Tukharistan region. As for the Jaxartes

River, or the river of Farghana, its source is from the farthest regions of the east, and the region

XX because Syria... Palestine] margins of K and L = and Palestine: B.
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of the Turks. This lake [i.e., Kh"a@razm] is like the Lake of Tiberias, or larger. In Armenia there is

a lake near Manzikert [Malazjird).

[59g] It is reported from Avristotle that the [Atlantic] Ocean surrounds the Earth like its
crown. A gulf opens a gulf from it in the western region in a locality called the passage of
Hercules, and penetrates into the inhabited region passing towards the east. This [gulf] is the
Mediterranean Sea [Bakr Misr wa-al-Rim wa-Ifrigiyya wa-al-Sham]. A gulf also opens from it
in the eastern region and penetrates into the inhabited region passing towards the west. This
[qulf] is the Sea of China, India, Persia, Clysma and Barbary. These were the examples of the
situation of the seas based on the account given by Jayhani, and other experts on the locations of
the seas and their extensions. But there are many details, most of them mentioned in the books
on roads and kingdoms [al-masalik wa-al-mamalik], so whoever wants a thorough examination
should refer to those books. In addition to the seas, there are numerous other obstacles to
habitation such as wastelands, mountains, hills, sands, jungles, and also deserts like the
deserts of Arabia [badiyat al- ‘Arab], Ma ‘bad and Kh"arazm, of which the experts of roads [and

kingdoms], travelers and others are aware. This is a general account of the inhabited quarter.

[6a] You should know that the reason for the northern region to be uncovered, after divine
providence and heavenly causes, such as star conjunctions and similar astrological matters, is the
attraction of most of the water to the southern region due to its being hotter than the northern
region, together with heat’s nature to absorb moisture, as can be seen in the lamp, and the fact
that the more intense [the heat], the more absorbent it gets. The southern [region] is hotter, due to
the nearness of the Sun to it, and its farness from the northern [region], since the Sun’s perigee is
in the southern zodiacal signs, and its apogee is in the northern ones; its being near [makes] its
rays more intense than its being far, and the heat associated with the more intense ray is stronger
and sharper than the one associated with the less intense. Based on this [explanation], the
inhabited region would then move from north to south and vice versa due to the movement of the

apogee from one [direction] to the other.3* The statement of he who has claimed that “the

* the other] + The inhabitation will always be where the apogee of the Sun is; otherwise the two proximities would
combine in the summer, namely the proximity of the Sun to the zenith, and [its proximity] to the Earth, so that the
heat reaches the threshold of discomfort and scorching. Nor [will habitation be] where [the Sun] is at the two
farthest distances [namely the distance of the Sun from the zenith, and from the Earth] in the winter, so that the cold
reaches the threshold of discomfort and bleakness. From this, it can be known that the heat of our summer, while the
[solar] apogee in Cancer, is much less than the summer heat of the ancients when the [solar] apogee was in the tenth
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existence of seas north of the inhabited region contradicts this judgment,” is inadmissible
inasmuch as the contradiction to the [aforementioned judgment] would be the existence of more
seas in the north, not fewer, which is actually the case, and something the claimant has
acknowledged. The reason for the southern [region] being hotter is not that the Sun is visually
larger in size there on account of this region’s proximity to the day circle of the Sun’s perigee;
according to what is claimed, the [visually] larger is more intense in terms of rays and
illumination. This is incorrect but not because of what has been stated, namely that “the
difference between the smallest size of the Sun from its being at the apogee and its largest
size from being at the perigee is imperceptible to the senses; thus it is far-fetched that its
effect would reach an extent whereby one of two similarly positioned locations with respect
to the heavens, i.e., the southern and northern hemispheres of the Earth, would be populated,
while the other would not be populated.” We accept this; however this reasoning, even though
convincing with respect to habitation being exclusively in the northern hemisphere rather than
the southern one, is not convincing with respect to being exclusively in one of the two northern
quarters rather than the other. This is because we do not accept either the equivalence of the
situation of Earth’s southern and northern hemispheres with respect to the heavens, /as

mentioned,/”

or the characterization of one of the two northern quarters as inhabited but not
the other inasmuch as the other could possibly be populated but reports of them have not reached
us, as discussed before. [We also do] not [accept] that the effect of the difference between the
smallest size of the [Sun’s] body and its largest, if it were perceptible to the senses, could reach
the required extent, as the context indicates; this is because the influencing factor [al-mu ‘aththir]

is size as the matter of truth [nafs al-amr], not according to the senses. Accordingly, the heat of a

of Gemini. That is why the most skilled physicians of ancient times, such as Hippocrates, Galen, and others,
recommended that healthy people keep eating antidotes to hot, and cured hot diseases with honey; those two
[Hippocrates and Galen] preferred honey to other [antidotes to hot]. However, if people of our time were to rely on
this for curing hot diseases, they would get worse. One should not think that while their summer was hotter than
ours, they were less tolerant of medicines for hot diseases compared to us, because, on the contrary, a thing gets
affected by its opposite, not its like. That is why Indian people have persistently used the spices produced by their
hands and count this as one of the reasons for their continued health. The people of Azerbaijan obtain nourishment
from beef and watermelon during their winter. If one were to say that the distance between the Sun and the Earth,
when the Sun is in its apogee, is not considerably different from the distance between them when [the Sun] has
passed the apogee by about 20 degrees such that it could affect the summer of our predecessors and make it hotter
than ours, we will say that this amount of distance from the apogee necessitates that the Sun be closer to the Earth in
the summer of the abovementioned ancients by 3180 farsakhs compared to our summer, every farsakh being 12000
cubits. So is this amount of increase in the Sun’s closeness something that in spite of its greatness, whose effect
upon the heat [of summer] can be refuted by knowledgeable people?: margins of B, K, L and R.

*! as mentioned] - B; margin of K.
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fire would not be more intense, even though it looks bigger at night from afar than what it
actually is. Indeed, that which is factual is size as the matter of truth, as we have stated. Now, it
is clear that the reason for the lack of habitation in the southern region is also its being hotter
according to the approach we have taken.

[6b] The statement of anyone who has asserted that “if this were the reason, then regions
beyond [this day-circle] in the south, whose latitude is greater than the obliquity, would be
inhabited” is within the realm of denial; the support [for this denial] is known to the clever after
fully understanding what we mentioned /about the absorption of water to those regions, or their
extreme heat./” " Indeed, were it to be said that the reason is what has been mentioned by the
astrologers in their superstitions about that [region] being beneath those southern day-circles
occurring between the “falls” of the two luminaries, i.e., between 19 degrees of Libra and 3
degrees of Scorpion, then what he has stated would count against it. Despite what [astrologers]
have said about the regions not being populated beneath the abovementioned day-circles,
which they call, along with what is aligned with them on the celestial orb, the combust way,
this is wrong based on what Ptolemy has said in the Geographia, and we have quoted from him.
[However] this does not invalidate what we have stated, because when the Sun is in the solstice
or close to it, the heat is more intense than if it were far from the solstice, based on the validation

that is forthcoming—God the Almighty willing.

[6¢] Al-Kharaqi said that “this location on the Earth,” by which he meant the locations
beneath the day-circle of the Sun’s perigee and its vicinity, “is called the combust way, because
if we imagine a line extending from the center of the world toward the Sun, it will cross the
surface of the Earth at a point. If the Sun revolves and that line also revolves due to the [Sun’s]
revolution until it returns to its initial point, a circle will occur on the surface of the Earth. That
circle is actually the combust way, and it is not a great circle; for the line that is drawing that
circle on the surface of the Earth sweeps the surface of a cone that does not bisect the Earth into
two halves.” This is his wording in the Muntaha al-idrak, but this is unresolved. Firstly, [this is]
because the [definition of] combust way upon which there is a general agreement is the afore-
mentioned one which is well-known, not the one he has mentioned. Secondly, what he has stated

is not a good reason for calling them the combust way in spite of his clearly expressing it as

xXii

about the absorption of water to those regions, or their extreme heat] - B; margin of K.

273



such. It seems as if he wants to say that “those locations on the Earth are called the combust way,
because they are aligned with what is on the orb between the ‘falls’ of the two luminaries.” What
is meant by “their being aligned” is not what comes to mind instinctively, namely that those
locations are between two circles occurring on the surface of the Earth by imagining that day-
circles of the “falls’ of the two luminaries are described on the Earth; this is because, not every
day-circle is described on the Earth, even through imagination. Rather, “being aligned,” is meant
that those locations are between two small circles occurring on the surface of the Earth by
imagining two lines extending from the center of the world to the center of the Sun, one while
the Sun is in its fall, which is 19 degrees of Libra, and the other when [the Sun] is in the fall of
the moon, which is 3 degrees of Scorpion. The two lines revolve with Sun[’s revolution] until
they return to their [initial] places. So they describe, as mentioned, two cones and two circles on
the surface of the Earth, between which, is in fact the combust way. This [definition] is what is
accepted by the reliable practitioners of the science. Clearly he wanted to convey it the same
way, as well, but he failed in expressing it correctly, so he stumbled into what occurred. You
should pay attention to what we have stated about the climes and inhibited regions that are
beneath the day-circles, and should not pay attention to what comes to mind instinctively, which

is useless.

[7a] You should know that the Greeks took the western side of the inhabited region as its
initial limit with regard to longitude since this was the closest of the two fringes of the inhabited
region to them, which, according to Ptolemy, was the islands named the Eternals in the western
sea, called Oceanus, which were inhabited in ancient times but are currently uninhabited.
According to others the [initial limit] was the shore of the western sea. Between the two is 10
degrees, which is almost 120 farsakhs. Some Indians took the eastern side of the inhabited region
as its beginning—since it is nobler to be at the right side of the orb because they imagine the orb
as a supine human, his head being the South Pole, and the rest is clear, according to what is well
known—which, according to their scholars, is a place called Kankdiz, and [the Indians] believe it
is the abode of the devils. Its longitude from the coast of the western sea is 170 degrees, and it
has been reported that Indian scholars [made their] observation there. The initial limit of the
inhabited region with regard to latitude is the equator since it, rather than something else, is
determined by nature. Thus, any [part] of [the inhabited region] that is in the south, its latitude

is expressed as southern, and that which is in the north, its latitude is northern.
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[7b] You should know that the identification of localities is by longitude and latitude. The
longitude of a locality is an arc from the equinoctial between the meridian of the initial limit of
the inhabited region and the meridian of that locality. Since those who arrived at Alexandria
from the west were more than those who arrived there from the east, for Ptolemy the western
side was certainly at an advantage compared to the eastern side; thus, he made the western side
the initial longitude so that the longitude increases in magnitude in the direction of the
sequence of the signs, and the majority followed him in this. Yet Ptolemy and some scholars
took the [Eternal] islands as the initial [longitude] while others [took] the coast, between which is
10 degrees, which is why one finds difference between the longitudes in [different] books.
Among [other scholars], some made the eastern side the initial longitude so that the distance
[increases] in the direction of the prime motion. You have learned that what is on the equator
between the two ends, which is at a distance of one-quarter revolution from the initial
western limit, is named the cupola of the Earth. There will thus be a divergence attendant
upon [its location] because of the difference concerning [the initial limit]. Some of the
[scholars] believed that the cupola of the Earth is the midpoint of the inhabited region in terms of
longitude and latitude, that is, a location whose longitude is a quarter revolution and whose
latitude is 33 degrees and a fraction—[which is equal to] half of the overall width of inhabited
world; appellations are incontestable. Since this location is the midpoint of the inhabited region,
it has been made the origin. Thus it has been stated that any locality whose longitude is less than
its longitude, i.e., less than a quarter [of a revolution], is western; any [locality whose longitude]
exceeds [a quarter], is eastern; any locality whose latitude is less than the latitude [of the cupola]
is southern; and any [locality whose latitude] exceeds [the latitude of the cupola] is northern.
Some [scholars] believe that any locality beneath the meridian of the cupola is at the cupola,
because it is not a particular location; rather, any location with the longitude of 90 is the cupola.
Some [others believed] that a locality being on the cupola means that its inhabitants are the
inhabitants of the cupola, i.e., what lays between the two extreme limits of the inhabited region
along the equator. This is correct because, based on this [interpretation], the world ascendant will
not change, while with the first [interpretation] there will be a different world ascendant for each
locality beneath the meridian of the cupola. Now, the latitude of a locality is an arc along the
meridian circle that passes through the zenith of [the inhabitants of] that locality, between the

equinoctial and the zenith. The [latitude arc] is in alignment with an arc from a great circle on the
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Earth, between the equator and the midpoint of that locality, which is equal to the altitude of the
visible pole [of the equinoctial circle] and equal to the inclination of the equinoctial toward the
direction of the invisible pole. Thus, if one knows the altitude of the equinoctial for a locality
with an instrument which is appropriate for this purpose and subtracts that from ninety, the
latitude of the locality will be obtained. This is a third® " method for calculating the latitude of

the locality.

[7c] Now that you have learnt about the longitude and the latitude, you should know that
the longitudinal difference is an arc on the equinoctial circle between the meridian circles of the
two localities. /The difference between their horizons is equal to the amount [of that arc] such
that if the ascendant is known for one of them, it is [also] known for the other./**" The
latitudinal difference is an arc along the meridian between the zenith of one of the two localities
and the intersection of its meridian with a [small] circle drawn at the distance of the chord of the
complement of the latitude of the other locality from the equinoctial visible pole. The distance
between two localities is an arc along the altitude circle between the two zeniths. The equation of
the longitude is an arc along a circle passing through the rising point of our equinox and their
zenith. The equation of the latitude is an arc along the meridian circle between the equation of
the longitude circle and the equinoctial. The adjusted latitude of a locality is an arc along the

meridian circle between our zenith and the equation of the longitude circle.

[7d] Here, we should point out some rules concerning the fixed stars that, due to their
dependence on knowledge of longitude and latitude, were not appropriate to be mentioned in the
earlier parts. Thus, we say that when longitudes differ, but not latitudes, that is, all [localities] are
beneath the same day-circle, stars will neither rise nor set together for [those localities] and the
amount by which their rising occurs in advance for the easterners is the same amount by which
their setting is in advance for them. When latitudes differ, but not longitudes, that is, all
[localities] are beneath the same meridian, fixed stars whose day-circles lie between the greatest
permanently visible [day-circle] and the equinoctial will stay above [the horizon of] the
northerners longer than the southerners and, for the northerners, their setting will be later as

much as their rising is earlier. This will be the other way around for [stars] whose day-circles lie

Xxf" third] changed to “mentioned”: K, L and R.
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between the greatest permanently invisible [day-circle] and the equinoctial, that is, they will stay
above [the horizon of] the southerners longer than the northerners, and for the southerners their
setting will be later as much as their rising is earlier and stars that are on the equinoctial will rise
and set together for them. [Finally, for the localities with] different longitudes and latitudes,
fixed stars whose day-circles lie between the greatest permanently visible [day-circle] and the
equinoctial, will stay above [the horizon of] the northerners longer. This will be the other way
around for those whose day-circles lie between the equinoctial and the greatest permanent
invisible [day-circle], that is, they will stay above [the horizon of] the southerners longer.

[7e] Now, you should know that most of the inhabited region on the northern side falls
between the [area] beyond 10 degrees in latitude up to 50 [degrees]. The practitioners of
this science have divided most of the prosperous part of the populated quarter into seven
divisions lengthwise so that each®™ clime is beneath a day-circle, the conditions of the
places in it then being similar—among [the scholars], some divided the [entire] inhabited
[quarter] this way—and named each division a clime, which is a part of the [surface of the] Earth
containing some localities, bounded by two parallel half-circles, /between which there is a

distance that we will mention later,/” "'

that are [also] parallel to the equator, /if [the equator] is
not one of them./” ¥ Thus each clime extends from east to west in longitude in the shape of a
half tambourine, one of its two sides more contracted than the other since climes are different in
length. So the one at the equator is longer than the one next to it and the length of a singular
clime is longer in its southern side than in its northern side, the shortest being the one next to the
timpani-shaped uninhabited zone. /[ This is] because the farther the circles that are parallel to the
equinoctial, or rather to the equator, are from [the equator], the smaller they get./ ', From this,
it becomes clear that the length of a longitude degree decreases by getting farther from the
equator. Therefore, the length of the one next to the equator is, in the unit of mil, 10200 mils, and
the [length of the] one next to the timpani-shaped [uninhabited zone] is 4080 mils,
approximately. As for the quantity of a latitude degree, it is the same for all locations because all
meridian circles are the same. The width of each clime, which is a small amount, is what results

in a difference of half an hour in lengths of longest daylight at the middle [line] of the climes

¥ each] + division namely: margins of L, K, and R.
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and [results in the interval of] a quarter of an hour between the initial limit and middle [line] and
between the middle [line] and the final limit [of each clime], except the initial limit of the first
clime and the final limit of the last clime [between each of] which [and their middle lines] is
more than this amount due to the scattering of the inhabitation in them.

[8a] Now, the initial limits and middle [lines] of the climes according to latitudes and
the longest periods of daylight are as follows: the initial limit of the first clime is where the
longest day is (12 + Y2 + ¥4) hours and its latitude is 12 2/3 degrees. Its middle [line] is where
the day is 13 [hours] and the latitude is (16 + %2 + 1/8) degrees. /Lengthwise, it begins from the
east and the region of China, passes across the bodies of water in China, which are the large
rivers through which ships travel upstream/ascend from the sea to the harbor, then [passes]
across the coast of the South [China] Sea. [It then passes] through some of the southern localities
of India and the Sind region, then across the sea [it passes] by Karak Island—whose ruler,
appointed by the King of Yemen, makes all the passing-by ships pay tithe—then across the
Persian Gulf and the Arabian peninsula [Jazirat al- ‘Arab], then across the southern edge [of the
Arab peninsula], through the Hijaz region and most towns of Yemen such as al-Mid, Madinat al-
Tiblal-Tayb, Mu ‘alla, Hadramawt, San ‘a, Mara, Zabid, Qalhat, Zafar, Shihr, and Aden. It then
passes across the Red Gulf and the towns of Abyssinia, Sudan [Sidan] and al-Niiba regions,
such as Jarma4, the capital of Abyssinia, Dunqula, madinat al-Niiba, Ghana the gold mine of
western Sudan region [bilad Sudan al-Maghrib], then the Barbary region until it reaches the

western Ocean./” ™

[8b] The initial limit of the second is where the day is 13 ¥ [hours], and the latitude is
(20 + Y4 + 1/5) degrees, its middle [line] is where the day is 13 %2 and the latitude is (24 + %2 +
1/6). Lengthwise, it begins from China, then passes over most of India, then over the north of
[some] well-known mountains of the region of [Indians], then the Sind region [until] it reaches
the Oman [Sea] and passes across the Arabian Peninsula through Najd and Tikama and passes
Ta'if, Mecca [Makka], Medina [Madina] and Yathrib, then across the Red Sea [Qulzum], then
reaches the Sa id [region] of Egypt and passes across the Nile, then begins [its passage] through

¥ |engthwise, it begins from the east... then the Barbary region until it reaches the Ocean] added in the margin in
K and within the text and in the margin in L = Some of its regions are western Sudan and some provinces of
Barbary and Yemen, and the regions of Abyssinia and al-Zanj, and Indian islands to the borders of China: B =
crossed out in K = effaced in L.
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the region of the Maghrib and passes through the middle parts of Ifiigiyya, then the Barbary

region, and [finally] reaches the Ocean.

[8c] The initial limit of the third is where the day is (13 + ¥ + ¥) [hours] and the
latitude is 27 %2 degrees, its middle [line] is where the day is 14 and the latitude is 30 2/3. It
begins from the east of China. Within this [clime] lies the capital [of China]; the middle part of
the Indian kingdom; Qandahar, which is one of the largest cities of India; Miltan in the land of
Sind; Zabul; Bust; Sistan; Kirman; Fars; \sfahan; Ahwaz; ‘Askar; Kifa; Basra; Wasit, Baghdad,
Anbar; and Hit. When it goes past these towns, it passes through the towns of Jazira and Syria,
[such as] Diyar Rabr ‘a, [Diyar] Mudar, Damascus [Dimashq], Homs [Hims], Siriyya, Tiberias,
Qaysariyya, Bayt al-Maqdis, ‘Asqalan, and Madyan. It then passes across an area of Egypt
within which are Dimyat, Fustat, and Alexandria, then passes through Ifrigiyya within which are
the towns of Qayrawan and Sis, and then through the [region of] Barbar tribes in the Maghrib,

and then through the Tangier region until it reaches the Ocean.

[8d] The initial limit of the fourth is where the day is 14 % [hours], and the latitude is
(33 + %2 + 1/8) degrees. Its middle [line]—which is the middle of the climes, and the middle of
the most populated part of the world, since the third, fourth and fifth are more populated than
others—is where the day is 14 % [hours] and the latitude is (36 + 1/5 + 1/6) degrees. It starts
from the north of China, passes the regions of Tibet; Kyrgyz/Qirghiz; Qitay [Khiza]; Khutan; the
mountains of Kashmir [Kashmir]; Buliir; Badhakhshan; Kabul [Kabul]; and Ghir. Then [it
passes] through Tukharistan; Balkh; Herat [Harat]; Marv-i Shahjan; Marvaridh; Sarakhs;
Bavard, Nisa; Tis; Nisabur; Isfarayin; Quhistan; Qumis; Daylam; Jurjan; Tabaristan; Qum;
Hamadhan;, Azarbijan; Qazvin; Nahavand, Dinavar, Hulwan; Shahraziir; Mosul [Mawsil];
Samira; Nisibin; Ra’s al- ‘Ayn; Erzerum [Qaliqaldl; Sumaysat, Malatiyya; Aleppo [Halab];
Qinnasrin; Antioch; Tripoli [Tarabulus]; and Tarsiis. [It then passes] across the Mediterranean
Sea [Bahr al-Sham], through the islands of Cyprus [Qubrus] and Rhodes [Riidhus], and through
the western land across the region of the Franks [Ifranja] and Tangier, and finally reaches the
Ocean through the [strait of] Zugaq between Andalusia and the Maghrib region.

[8e] The initial limit of the fifth is where the day is (14 + %2 + %) [hours], and the
latitude is 39 less 1/10 degrees; its middle [line] is where the day is 15 and the latitude is 41

Ya. It starts from the farthest parts of the region of the Turks and passes through [the residences of
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different] Turkic races known by their tribes, [goes] towards the border of Kashghar, [then
passes] through Balasaghiin, Farghana, Talas/Ulugh Talas [Taraz], I1spijab, Tashkent [Chach],
Usriishana, Samarkand [Samargand], Soghd [Sughd], Bukhara [Bukhara], Kn"arazam, the
Caspian Sea [Bakr Khazar], Armenia region, Barda ‘a; Mayyafarigin, and through narrow
mountain-passes [durizb] toward the Roman region. Then it passes through the Mediterranean

coast, the regions of Romans and Andalusia until it reaches the Ocean.

[8f] The initial limit of the sixth is where the day is 15 % [hours], and the latitude is (43
+ Y4 + 1/8) degrees; its middle [line] is where the day is 15 % and the latitude is (45 + % +
1/10). Among its localities are: most of the Roman region, [the region of] the Khazars, Turkistan
[lit., the land of the Turks], and the province [containing] their different races. This clime starts
from the east, passes through the residences of eastern Turks and their tribes, across the middle
of the Caspian Sea [Ba/r Jurjan], then passes through [the region of] the Khazars, Miigan, [the
region of] the Slavs, Allan; Bab al-Abwab, and [the region of] the Russians. Then [it passes]
through the Roman towns, such as Constantinople, and the north of Andalusia until it reaches the

Ocean.

[8g] The initial limit of the seventh is where the day is (15 + %2 + %) [hours], and the
latitude is 47 1/5 degrees, its middle [line] is where the day is 16 and the latitude is (48 + %2 +
Y4 + 1/8); its endpoint is where the day is 16 ¥ and the latitude is 50 1/3. The end of each
clime other than the [last] is the beginning of the following one. The seventh clime also starts
from the east, passes through the terminations of [the region of] eastern Turks and their tribes,
and through the north of the region of Gog and Magog, then through the jungles and mountains
at which Turks seek shelter like uncivilized people. It then passes through [the region of] the
Bulgarians, Russians and Slavs, and across the Sea of Germans and Slavs [Bakr Alaman wa-al-
Sagaliba], and ends at the Ocean. Some of the inhabitants of these regions reside for six months

in the bathhouses due to severe cold.

[8h] Whatever is beyond or below these localities, is not counted as climes except by one
group who has made the initial limit of the first clime the equator—where the longest day is
12 hours, its middle [line], as it was, that is, where the longest day is 13 hours, and the latitude is
(16 + %2 + 1/8) degrees—and [also made] the end of the seventh the termination of the

inhabited region. It is permissible for what is between the initial limit of the first [clime] and its
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middle [line] to be more than [what is between] its middle [line] and its final limit, due to the
scattering of the inhabitation, as was stated. And therefore, it is also permissible for what is
between the initial limit of the last [clime] and its middle [line] to be less than [what is between]

its middle [line] and its final limit.

[8i] The equator begins from the east of China, passes through an island that the Indians
call Jamkit, then through the region of China that is toward the south and Dizkank which is
/reckoned as [part of] China; then passes through the Java [Zawa] islands, which is called the
land of gold; and through the south of the Sri Lanka island, between the two islands of Kalla and
Sarbuza; and through the middle of the Diwa islands; and north of the Zanzibar islands [Jaza ‘ir
al-Zanj] and north of most of the Zanj region. After passing through the [northern] limits of the
Zanj, it passes through the steppes of Sudan [region] and its deserts, and then north of the
Mountains of the Moon, and south of western Sudan until it reaches the Encompassing Ocean,

also known as Ugiyaniis.I"

[8j] This was a reference to some of the localities of the climes to awaken the eagerness of

the learners.

[9] You should know that the longest [period] of daylight reaches 17 hours where the
latitude is 54 degrees plus a fraction; it reaches 18 where the latitude is 58; it reaches 19
where the latitude is 61; it reaches 20 where the latitude is 63—where there is an island,
called Thule [Tw!/i], whose inhabitants are said to be living in bathhouses due to its severe cold—
it reaches 21 where the latitude is 64 Y%; it reaches 22 where the latitude is 65 plus a
fraction; it reaches 23 where the latitude is 66; and it reaches 24 where the latitude is equal
to the colatitude of the obliquity. It reaches 1 month where the latitude is 67 %, 2 months
where the latitude is 70 less %, 3 months where the latitude is 73 %2, 4 months where the

** reckoned as [part of] China... until it reaches the Encompassing Ocean, called Ugiyaniis] margin of K = added
within the text in L = reckoned as [part of] it then [passes] across the coast of the South Sea, and the rivers into
which ships travel upstream from the sea. It then passes through India, Sarandib Island, and the Sind region, then
across the sea passing by Karak Island whose governor is appointed by the King of Yemen, and makes all passing-
by ships pay tithe, then across the sea towards the Arabian peninsula, and Yemen. All southern towns of Yemen
such as San ‘a, Zafar, Hadramawt, and ‘Adan are within it. It then passes across the gulf of the Green Sea, and
through the regions of Abyssinia and Sudan in which there are the towns of Niba, and Usgitrara, then passes in the
west through the Barbary region until it reaches the Encompassing Ocean: B, K (the phrase <reckoned as [part of]
it> is crossed out in K) = effaced in L.
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latitude is 78 %2, 5 months where the latitude is 84, and approximately half a year where the

latitude is a quarter revolution.

[10] Let us now go into the characteristics of the localities lying beneath the day-circles
and what is comparable to them, such as the equinoctial and the two poles—by the aid of God,

and His divine grace.
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CHAPTER TWO
On the Characteristics of the Equator

[1] The equinoctial passes through the zenith in localities that are on the equator and
thus intersects their horizons at right angles, as mentioned earlier in [proposition] 5. The circle of
the initial azimuth [prime vertical] is the same as the equinoctial with its two poles on the
horizon’s north and south points, as already mentioned in [proposition] 4. There are neither
permanently visible nor permanently invisible stars there but all the stars rise and set, except
those that are exactly on either pole, for which always one half, but not a specific one, is visible,
and the other invisible. Since any surface that passes through the center of a circle bisects it and
the horizon circles of those [localities that are on the equator] pass through the poles of the
equinoctial, and or rather through the axis on which the centers of all day-circles lie, thus their
horizons bisect all the day-circles, so that the visible part [of the day-circle] is always half [of
the day-circle], which is the arc of daylight; likewise for the invisible [part of the day-circle],
which is the arc of night. Therefore day and night during the entire year are equal. Also the
period of visibility of each point on the orb is equal to the period of its invisibility. If there
is a difference, it is because of variability in speed in the two halves due to the second[ary]
motion, such as [the variability in] the speed of the Sun’s motion between its stay above the
Earth and its stay beneath the Earth; whenever it is faster above the Earth, it will stay there
longer, and the day will be longer than the night; whenever it is faster beneath the Earth, it will
stay there longer, and the night will be longer than the day; however, this will not be
perceptible. The Sun will in a year pass twice over their zenith, this being when it is at the
point of the two equinoxes. At noon, there will be no shadow, i.e., the shadow that spreads over
the surface of the horizon [i.e., the second shadow]; this is what is intended and should be
considered whenever we use the [word] shadow without qualification. In the two [equinox] days
the azimuth of the Sun’s altitude is zero. The Sun moves away from their zeniths only to the
extent of the zodiacal orb’s maximum declination from the equinoctial; thus [the Sun’s]
maximum altitude is never less than the complement of the obliquity. The Sun is in each
direction for /almost/' ' half the year, the noon shadow being in the opposite direction. The
shadows at the beginning of summer and of winter are equal, and the maximum length of [the

shadow] will be 26 Y2 units, according to the gnomon being 60 units. The zodiacal poles are at

"almost] margins of B, K and L.
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the horizon when one of the two equinox points are at the zenith; thereupon the
intersection of the zodiacal orb and the horizon is at right angles, as mentioned earlier in
[proposition] 4. At that time, the meridian bisects the visible half of the zodiacal orb, as already
mentioned in [proposition] 8. Then if the vernal equinox is at the zenith, the northern of the two
zodiacal poles will be about to set on the western horizon, and the other [pole] will be about to
rise on the eastern horizon; and for the autumnal [equinox] it will be the opposite. Therefore,
during the passage of the northern half of the [zodiacal] equator across the meridian, the
southern of the two zodiacal poles is visible; during the passage of the southern half, the
northern is visible. The altitude [of each pole] does not exceed the magnitude of the
obliquity, neither does their depression. So, the maximum of their altitude and depression with
respect to the horizon will be equal. The maximum altitude of the northern pole and the
maximum depression of the southern [pole] will occur when the southern solstice is on the
meridian. If the northern solstice is on the meridian, it will be the maximum depression of the
northern [pole] and the maximum altitude of the southern [pole]. Since the beginning of
summer is the time in which the Sun is nearest the zenith and the beginning of winter is the
time in which it is farthest from it, the time at which it is at the two points of the equinox is
the beginning of their summer and the time at which it is at the solstitial points is the
beginning of their winter. The beginnings of the other two seasons are [at] the midpoints of
the quarter [divisions of the zodiacal equator]. Therefore, the beginning of the spring is the
middle part of Leo and Aquarius, and the beginning of the autumn is the middle part of Taurus
and Scorpius. It follows from this that they have eight seasons in a year. The turning of the
orb there is wheel-like because the planes of all the day-circles intersect the horizon plane
at right angles, as mentioned before in [proposition] 4. Their horizons are therefore called the
horizons of the right orb and the horizons of the erect sphere. And since the horizon circle [at
the equator] is one of the circles of declination, due to its passing through the poles of
equinoctial, the ortive amplitude of each point, which is the arc along the horizon between
its rising place and the rising place of the equinoctial, is in the amount of its declination;
the same [holds] for the occasive [setting] amplitude.

[2a] There is a discussion here: There is general agreement on the fact that the hottest
localities in summer are those beneath the day-circles of the two solstices, i.e., those whose

latitudes are equal to the obliquity, if terrestrial causes do not work against it by reducing the
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temperature; but there is disagreement on where the most temperate locality is. The Grand
Master Abu ‘Al ibn Sina believed it to be the equator. The most eminent of the Moderns, the
polymath Imam Fakhr al-Din al-Razi, believed it to be the fourth clime. Before delving into
[the discussion] let us present an introduction [consisting of two propositions]: [(1)] The
intensity of heat may be due to the power of the heat-maker and may also be due to the
continuity of heating, even if [the heating] is weak; and [(2)] the effect of a weak influencing
factor will be stronger if the duration [of its influence] is longer than the duration [of influence]
of a strong factor, based on a /immi/propter quid proof [and five inni/quia proofs]. The limmi
proof is that the influencing factor produces one effect in the first [interval of] time and another
effect is added to it in the second [interval of] time; there is no doubt that the combination of the
two effects is stronger than one single effect. [In other words,] the influencing factor produces an
effect in the first [interval of] time, if it continues to the second [interval of] time, the propensity
will be more intense and the effect stronger. The five inni proofs are: (1) The Sun’s heat being
greater when it is in Leo, in spite of its being afar from us, than [its heat] when it is in the
[summer] solstice despite its being close to us; (2) The Sun’s heat being greater when it is in Leo
and Virgo than when it is in Taurus and Aries; (3) The Sun’s heat being greater two hours after
noon than its heat two hours before noon, even though its distance from us is the same in both
states; (4) The heat of a body that has been in a weak fire for a while being greater than its heat
when it was in a strong fire for a moment; (5) The cold in the early morning being greater than at
midnight, even though the Sun is farther away at midnight. /This is the general belief; however,
it is clear that the limmi proof only signifies that the intensity of heat is certainly due to the
continuity of heating, even though the heat is weak. The first, fourth and fifth inni proofs
[signify] that the effect of a weak influencing factor may become stronger if the duration [of its
influence] is longer than the duration [of influence] of a strong factor. The second and third inni
proofs do not convey any of the two [aforementioned] significations, although conventionally the
six [limmi and innt proofs] are mentioned for the explanation of the second proposition, so be

aware of this./ "

[2b] Now that you have learned this, you should know that it has been generally justified

that localities beneath the day-circles of the two solstices are the hottest localities for the reason

" This is the general belief... for the explanation of the second proposition, so be aware of it] margins of B, K and L.
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that the Sun will be directly overhead and will linger near this alignment for nearly two
months—because of the decrease in the difference between the increments of the declinations,
as already mentioned in [proposition] 12, which is why there is no visible change in the Sun’s
declination for a few days around the two solstices, as if the Sun stays over their zeniths during
those days—and [for the reason] that their summer days will be long and their nights short.
Due to both reasons, in those localities the intensity of the [Sun’s] heating will be greater
compared to other localities, since these two causes do not come together in other localities. The
statement of anyone who holds the first [reason] contradicts the existence of reasons for coldness
before this time of the year due to the Sun being far from their zeniths, together with the fact that
heating a cold object is much less effective than heating a not-cold object. And the second
[reason contradicts] the fact that the length of their winter nights causes increase in cold and the
resulting opposition between [the heat and the cold] will be offset, as will become apparent in the

course of what we will mention.

[2c] The Master justified his claim by [saying] that “the Sun does not linger there long at
the zenith, but rather it passes by it at the times of its crossing from one of the directions to
the other and its motion in declination will there be at its fastest,” as mentioned earlier in
[proposition] 12; in fact, [the Sun] moves 25 minutes away from the equinoctial every day, “thus
the heat of their summer will therefore not be intense.” [This is] because the persistence of
/what is practically the same as/ " being directly overhead is more effective in producing heat
than simply being directly overhead, as established in the introduction [above]. Whoever
considers this [only] as a reason for the equator’s not being hotter than the localities beneath the
day-circles of the two solstices, not for its not being hotter than the fourth clime or other climes,
which is desired, is wrong; [whoever also incorrectly says] that the equality of their [i.e., the
inhabitants of the equator] daylight and night necessitates permanent temperateness, due to the
quick breaking of the severity of each of the weather conditions arising from them—contrary
to other localities, because of the length of their days and shortness of their nights—and due to
their [i.e., the inhabitants of the equator] weather not having extreme perceptible changes
because the Sun is not really directly overhead during the alignment and it gets very far after

being almost aligned, thus it is as if they keep being transferred from one state to another similar

" what is practically the same as] margins of B, K and L.
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state, contrary to other [localities where] they swing from one opposite to another due to the
Sun’s extreme farness from them. Whoever said that the length of the day does not affect the
increase of heat, since otherwise, the heat should be more where the length of the day is six
months while in reality it is the opposite because the cold is reinforced there by the length of
their winter night, so they are not affected by the length of their summer day [is also wrong].
Firstly, we do not accept that ‘in reality it is the opposite,” because it is well-known that there is
no inhabitation there, we admit it being unknown whether it be due to the severity of the cold or
the severity of the heat; however, we do not accept the necessity of [those localities] being very
hot. For the reason is not just the length of the day but is the Sun’s nearness to the zenith, on
account of the concentration of the rays® " due to their reflection at very acute angles that
intensify the heating, based on what has been explained in natural philosophy. In latitude 90
[degrees], due to the extreme farness of the Sun from the zenith, its rays do not reflect at very
acute angles but with obtuse angles; therefore, rays will not concentrate but will become
scattered and diminished, thus weakening the heat production. /According to the natural and
usual order [of propositions], this refutation, being the refutation of [false] correlation, should
precede the first [refutation], which is the refutation of [the fallacy of] denying the consequent.
However it happened as such, and there will be no difference after the explanation of the idea./*
Secondly, the disposition in which the cold has become ingrained, will be more influenced by the
heat than the one in which it has not, let alone [the disposition] that is accustomed to the heat.
That is why in winter someone who suddenly comes from outside into a house whose weather is
temperate due to heating, feels hot, and someone who suddenly comes out of a hot house feels
cold even though both of them were only acclimated to the weather for a short period of time;

imagine if they were acclimated to it for a longer period of time.

[3] The polymath Imam Fakhr al-Din al-Razi rejected the Master’s [first argument],
saying: when the Sun is in maximum declination its heating in a locality whose latitude is twice
the obliquity is the same as its heating at the equator. Still, its heating in the assumed locality is
very intense, likewise for the equator but even more intense, because even though the Sun

lingers on the equator only briefly, it nonetheless is never too far from being directly

" the rays] + then: margins of K, L and R.

¥ According to the natural and usual order... after the explanation of the idea] - B; margins of K and L.
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overhead, it is thus virtually overhead for the length of the year, unlike the assumed locality
from which the Sun gets quite far. While this is the state of the heat at the equator in winter,
imagine how their summer heat will be, thus it has been established that the heat there is very
intense. Then, he judged the most temperate clime to be the fourth, and [this statement] has
been reasoned from the fact that the profusion of habitations and the magnitude of
propagation and reproduction in the seven climes, but not in the rest of the uncovered
parts of the Earth, indicates that they are more temperate than other [places]. And what is
nearer to the middle [of the climes] is most certainly nearer to being temperate than what is
at their fringes; for becoming seared and bleak, which result from the two [extreme]
weather conditions, are clearly evident at the two fringes. The reply to the aforementioned
Imam is that we do not accept that the heat at the assumed locality, while the Sun is in the
solstice, is like the heat at the equator, but in fact the heat at the assumed locality is greater due to
their long daylight and short nighttime. This is contrary to the dwellers at the equator; since
someone accustomed [to heat] is not affected by it, perhaps, their disposition being accustomed
to heat, they find the weather cold while the Sun is at the solstice, unlike the [dwellers of the]
assumed locality because their disposition is not accustomed to heat. [The dwellers at the equator
also] do not find the weather hot while [the Sun] is over their zenith because they are accustomed

[to it], unlike the [dwellers of the] assumed locality, due to [their being] unaccustomed.

[4] The truth of the matter is that if one means by temperate a uniformity in the
conditions, then there is no doubt that it is most so at the equator, as opposed to the fourth
clime. But if one means by it a balancing of the two [extreme] weather conditions, then
there is no doubt that it is more so in the fourth clime, as opposed to the equator; this is
indicated by the extreme blackness in color of its inhabitants among the peoples of Zanj
and Abyssinia, the extreme frizziness of their hair, and other things that are brought about
by the heat of the air. The opposite of this among the people of the fourth clime indicates
that the state of its air is more temperate.
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CHAPTER THREE
On General Characteristics of Locations Having Latitude
Which Are Called the Oblique Horizons
and on Ortive and Occasive Amplitude, and on the Equation of Daylight

[1] For every location that is neither beneath the equinoctial nor beneath one of its poles,
but is beneath one of the day-circles between the equator and one of the poles of the [first]
motion, the turning of the orb there is slanted due to the inclination of the equinoctial from
the horizon in the direction of the invisible pole, or [in other words due to] the inclination of the
horizon from [the equinoctial] in the direction of the visible pole. That is why they are called
oblique horizons, not because of the inclination of the equinoctial from the zenith as has been
said, the latter clearly is not related to the former. These [oblique horizons] are [divided into] five
divisions, since the latitude is either: [1] less than the obliquity; [2] or equal to it; [3] or greater
than it, but less than its complement; [4] or equal to its complement; [5] or greater than [its
complement] but less than one quarter [i.e., 90 degrees]. For these divisions, the altitude of the
pole that is in the direction to which the location is inclined is in the amount of the local
latitude; the distance from the equinoctial of the day-circles that are permanently visible or
permanently invisible is greater than the local colatitude, /except for the distance of the
largest of them, which touches the horizon, and thus is equal to the colatitude./"" The
maximum altitude of the permanently visible star is when it reaches the upper crossing point
between its day-circle and the meridian, and the maximum depression is when it reaches the
other crossing point.” " The remaining day-circles, /whose distance [from the equinoctial] is
smaller than the local colatitude,/ " are divided by the horizon into two unequal parts—the
largest visible one being along [the day-circle] closest to the visible pole /and in the same
direction,/" " the [largest] invisible one being along the closest to the invisible pole /and in the
same direction,/” ¥ not along the farthest away from the visible pole, as has been said, which is
not correct, /unless it is qualified by what we have said./”"' The two parts are conversely equal

for any two day-circles equidistant from the equinoctial in two [opposite] directions. For any

" except for the distance of the largest of them, which touches the horizon, and thus is equal to the colatitude]
margins of B and K.

" the other crossing point] + the distance of the largest of them which touches the horizon is equal to the colatitude:
crossed out in B and K.

" whose distance is smaller than the local colatitude] margins of B and K.

" and in the same direction] margins of B and K.

¥and in the same direction] margins of B and K.

Y unless it is qualified by what we have said] margins of B and K.
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two day-circles in one direction [from the equinoctial], the visible part of the one closer to the
equinoctial is smaller than /the visible part of/“" the farther one, if they are in the direction of
the visible pole. This will be the opposite if they are in the direction of the invisible pole; and
[the relative proportion of] the invisible [parts] of [any] two [day-circles in one direction of the
equinoctial] will be the opposite [of what was said for the visible parts]. That is why the farther
the Sun gets from the equinoctial in the direction of the visible pole, the greater will be the
excess of daylight over nighttime. This will be the opposite in the direction of the invisible pole,
inasmuch as the daylight keeps getting shorter than night. The shortest daylight for the half [of
the Sun’s path] at the midpoint of which is the solstice that is adjacent to the visible pole is
longer than the longest night of [the days of] that [half], and the longest daylight of the other half
is shorter than the shortest night. The greater the latitude of the locality, the greater the difference
between the daylight and night because of the increase in the altitude of the visible pole, and
because of the day-circles adjacent to it, and [because of] the increase in the excess of their
visible arcs over their invisible arcs, and because of the increase in the depression of the invisible
pole, and because of the day-circles adjacent to it, in which the excess of the invisible arcs over
the visible ones increase. There is an increase in daylight and decrease in night up to the apex
of the solstice that is adjacent to the visible pole, and a decrease in daylight and an increase
in night until the apex of the other solstice. The daylight of every point [on the zodiacal
equator] is equal to the night of the point diametrically opposite, and vice versa, e.g. the daylight
of the beginning of Cancer [is equal] to the night of the beginning of Capricornus, /and vice
versa./* " For any two points equidistant from the equinoctial in the same direction, e.g. the
beginnings of Taurus and Virgo, there will be equal daylight and night. Daylight will only be
equal to night when the Sun is at the equinox points, while it rises or sets. For when the Sun
rises, /while/"* on the equinoctial moving away, for example, from the summer solstice point,
the night of that rise will be equal to its daylight; and if it sets, /while/” * on the equinoctial, the
day[light] of the sunset will be equal to its night. If one day it rises and sets while its distance
from one of the two solstice points at both times is equal, it will be in the [same] solstice point at
noon; and if its distance at both times is not equal, it will not get to the solstice [point] at noon.

VI the visible part of] margins of B and K.
" and vice versa] - B; - K; margin of L.
*while] margin of B; above the line in K.

* while] margin of B; above the line in K.
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The circles passing through the poles of the Universe will be perpendicular to the horizon twice
in every revolution, and likewise the zodiacal equator to the meridian. [The zodiacal equator]
will not be perpendicular to the horizon if the pole of the horizon is between the visible pole and
the day-circle of the solstice point that is adjacent to [the visible pole]; it will be perpendicular
once in every revolution if its pole is on one of the two solstices’ day-circles; and twice if the
pole is between them. From the equator to the latitude that is equal to the obliquity, there will be
two shadows, that is to say, the noon shadow will be cast northward at times and southward at
other times. /At this latitude [=obliquity] there will be no noon shadow/** and from this latitude

to latitude 90 there will be one shadow, which is towards the direction of the visible pole.

[2] Every day-circle whose elongation from the equinoctial is equal to the local
latitude, if it is in the direction of the visible pole, will pass through the zenith and be
tangent to the prime vertical circle above the Earth; if it is in the direction of the invisible
pole, it will pass through the nadir and be tangent to [the prime vertical] as well. Every [day-
circle] whose elongation is greater than that will not meet the prime vertical circle but will
pass beyond the zenith in the direction of the visible pole, or beyond the nadir in the direction
of the invisible pole. And every one whose elongation is less than that will intersect the
prime vertical at two points, one of which is easterly and the other westerly. The star, as
long as it is along an arc of its day-circle that falls between the prime vertical and equinoctial,
is in the direction of the invisible pole with respect to the prime vertical, if the day-circle is in
the direction of the visible pole; and is in the direction of the visible pole with respect to the
prime vertical, if the day-circle is in the direction of the invisible pole. From this, it is clear that
the statement of whoever asserts that “the star, as long as it is between the two points, is in the

direction of the invisible pole with respect to the prime vertical circle,” is wrong.

[3] If two circles of declination are assumed to pass through the two points at which
the day-circle of the Sun or of some star and the horizon intersect, there will occur two
triangles between two circles, the horizon, and the equinoctial; one is easterly and the other
westerly. One of the sides of each [triangle] is the declination of the Sun or the distance of
the star from the equinoctial, which is along the declination circle; the second of them is the

ortive amplitude of the Sun or of the star, which is along the horizon circle; and the third

X At this latitude there will be no noon shadow] - B; - K; margin of L.
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[of the sides] is the equation of daylight of the Sun or of the star, which is along the
equinoctial. [When] the two triangles are in the direction of the visible pole, they are below

the Earth [i.e., the horizon], while in the direction of the invisible pole, they are above it.
This is its illustration:
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[4] [However,] some assume one circle of declination that passes through the rising place
of the equinox and its setting place. Thus, two triangles will occur from that [circle] and the
horizon and each day-circle; one is easterly and the other westerly. The two [triangles] are above
the horizon, [when they are] in the direction of the visible pole, and below it [when] in the other
direction. The ortive amplitude and the declination remain unchanged, but the equation of

daylight, /based on this assumption,/" X' is along the day-circle, while /it was/" X" along the

X hased on this assumption] margins of B, K and L.
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equinoctial in the first assumption. Based on the first assumption, all sides of the triangle are
[arcs] of great circles; [but] based on the second [assumption] the equation of daylight is [an arc]
from a small circle, and the rest are from the great circles. [However,] the rule remains
unchanged, because this arc from the small circle is similar to that arc from the equinoctial, due
to their being between two circles of declination, one passing through the rising and setting

points of the equinox, the other through the rising or setting point of the day-circle. This is its
illustration:
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[5] From what we have mentioned, it becomes clear that the ortive amplitude of a planet or
the part on the zodiacal orb is an arc along the horizon [circle] between the day-circle of the

planet or the part and the rising place of the equinox; and that the occasive amplitude is an arc

xiii

it was] - B; - K; above the line in L.
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along the horizon [circle] between the day-circle and the setting place of the equinox; [the
amplitudes] will be northerly if the star or the part is northerly, and southerly if it is southerly.
Since the day-circles are parallel to the equinoctial, the ortive amplitude of each planet is equal
to its occasive amplitude, not strictly but roughly speaking, because of the planets’ motion. The
faster its motion is, the greater the difference between ortive and occasive amplitudes, like for
the moon; [but] if the motion is slower, it is smaller, like for the Sun; one may analogize these
two cases for the other planets. From the aforementioned, you have learnt that on the equator the
ortive amplitude of each point is equal to its declination; thus the Sun’s maximum ortive
amplitude [at the equator] equals the obliquity. But in other localities [the ortive amplitude]
increases with the increase of local latitude, until the latitude equals the complement of the
obliquity where the ortive amplitude at the beginning of the summer becomes a quarter of a
revolution, as will be discussed—God willing. The Sun’s maximum ortive amplitude in the north
is equal to the ortive amplitude of the head of Cancer, while in the south it is equal to the ortive
amplitude of the head of Capricornus; likewise for its occasive amplitude. The ortive amplitude
of each quarter of the orb equals the other quarter’s ortive amplitude, one in the sequence of [the
zodiacal signs] and the other in the counter-sequence; and the ortive amplitude of the two
northern quarters is the same as the other two quarters; and the ortive amplitude of each part is
the same as the occasive amplitude of its diametrically opposite part. In sum, any two equidistant
parts from the equinoctial, whether it be in one direction or in two directions, have the same

ortive and occasive amplitudes.

[6] It also has become clear that the equation of daylight of a planet or a [zodiacal] part is
[either] an arc along the equinoctial between its rising or setting places and the declination circle
that passes through the intersection point of the horizon and the day-circle of the planet or the
part; or an arc along the day-circle of the planet or the part between the horizon circle and the
declination circle that passes through the rising and setting places of the equinox. Based on the
first consideration, [the equation of daylight] can also be defined as an arc along the equinoctial
between the two circles passing through the planet or the part, one from the pole of the prime
vertical and the other from the pole of the equinoctial, that is, the horizon and declination circles;
and the equation of daylight for a part is defined as the excess of its co-ascension at the equator
over its co-ascension at a locality. The co-ascension of a point is understood as an arc along the

equinoctial between the head of Aries and the point that rises from [the equinoctial] with that
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point. Let us take an example for this, thus we say: when the head of Gemini is adjacent to the
east [point] in a locality other than the equator, and we assume one of the declination circles
passes through it and intersects the equinoctial, a triangle will occur. One of its sides is the
declination of the head of Gemini. The other two sides are two arcs between the declination
circle and the vernal equinox point: one [arc] is along the zodiacal orb, which is called the equal
degrees, the other [arc] is along the equinoctial, which is the co-ascension of the head of Gemini
at the equator. The horizon of the locality divides this triangle into two triangles. One of them is
beneath the Earth, enclosed by the ortive amplitude, the declination of the head of Gemini, and
an arc along the equinoctial, which is the equation of daylight for the head of Gemini at that
locality and is [equal to] the excess of its co-ascension at the equator over its co-ascension at the
locality, and is [also equal to] the arc along the equinoctial above the Earth [from the horizon] to
the equinox point. Since the sectioning of such a triangle by the horizon will differ with the
varying latitudes of localities, it necessarily follows that the co-ascension will vary with different

latitudes. The discussion of this will come later—God willing.

[7] After understanding what we mentioned, it should be clear that the equation of daylight
is half of the excess of the daylight of the Sun—or the planet—in a locality over the daylight at
the equator—or the daylight of the equinox point, that is, the average daylight—because the
daylight arc of every part at the equator is like the daylight arc of the equinox point.
[Therefore,/™" in the oblique horizons the daylight arc of the part /will be greater/" ™ than the
daylight arc of the equinox point by twice the equation of daylight, if the part is in the direction
of the visible pole; and will be less than [the equinox daylight] by twice [the equation of
daylight], if the part is in the direction of the invisible pole. Thus, in order to obtain half of the
daylight arc [for the part] in the direction of the visible pole, the equation of daylight will be
added to a quarter of a revolution and will be subtracted from it to obtain the same arc [for the
part] in the direction of the invisible pole. From this, it becomes clear that calling this arc the
equation of daylight is metaphorical because it is an equation for half of the arc of daylight, not
all of it. The half of the arc of daylight for a planet or for a [zodiacal] part is an arc along the
equinoctial that rises in half the visibility time of that planet or point; it is [also] half of the

visible part of its day-circle. And half of the arc of night is the complement of this

XV Therefore] As for: B = “As for” has been changed to “Therefore” in K and L.
*will be greater] thus will be greater: B, K = “thus will be greater” has been changed to “will be greater” in L.
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[aforementioned] arc to half of a revolution. The definition of arcs of daylight and night should
be clear from the definition of their halves. This is well-known, and will be discussed later in its

place—God willing.
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CHAPTER FOUR
On the Characteristics of Locations Whose Latitudes
Do Not Exceed the Complement of the Obliquity

[1] They are divided into four divisions, according to what you have learnt:

[2] The first is that whose latitude is less than the obliquity. In those locations the Sun
will pass over the zenith at two points whose declination is equal to the local latitude in the
direction of the visible pole. /At that time objects will not have shadows at noon. When one of
the two [aforementioned] points passes over the zenith, /' the zodiacal equator will be
perpendicular to the horizon and its poles will be on the horizon. Thus, at that time [the
zodiacal equator] is the altitude circle of the Sun and the planets that are on [the zodiacal
equator] are above the Earth, /if the Sun and the planet are not on one of the two points./ " As the
latitude of the locality increases, one of the two points draws nearer to the other one, the arc
between them becoming smaller. The two zodiacal poles rise and set [in these localities]. As
long as the Sun is on the arc between the two points in the direction of the visible
[equinoctial] pole, the [noon] shadow will fall toward the invisible pole. /At that time,/" " the
visible one of the zodiacal orb’s poles will be that which is adjacent to the invisible pole of
the equinoctial, and the invisible will be that which is adjacent to the visible pole. As long as
the Sun is on the other arc, that is, the one between the two points in the direction of the
invisible [equinoctial] pole, the [noon] shadow will fall toward the visible pole. /At that
time,/" "V the visible one of the zodiacal orb’s poles will be that which is adjacent to the
visible pole of the equinoctial, and the invisible will be that which is adjacent to the
invisible. For the Sun, there will be two altitude extremities as its altitude is decreasing: one
which is larger, in the direction of the visible pole, and the other which is smaller, in the
direction of the invisible pole. The amount of the[se] two extremities, the amount of the
maximum altitude of the two zodiacal poles, and their maximum depressions should be clear
after thoroughly comprehending what has preceded. The seasons of the year in those regions
[lit., horizons] are not equal because their summer is longer than other seasons, due to the Sun

reaching the zenith twice. In mid[-summer] there will be a reduction in the heat because of the

' At that time... passes over the zenith] margins of B and K.

" if the Sun and the planet are not on one of the two points] margins of B and K = + objects will not have shadows at
noon: crossed out in B, K.

" At that time] above the line in B; - K; margin of L.

" At that time] above the line in B; - K; - L.
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distance of the Sun from the zenith in accordance with the amount of the distance. However, if
[the number of the seasons] were increased beyond the four, they would still not be uniform,
due to the lack of order in them—/because of the difference between the two maximum distances
of the Sun from the zenith in each directions—in contrast to the equator where there are two
extremities in [the Sun’s] being close [to the zenith] which is in contrast to [localities] whose

latitude is equal to or greater than the obliquity./™

[3] The second division is that whose latitude is equal to the obliquity. In those
locations the Sun will pass once a year over the zenith. The [noon] shadow during the equinox
in those [locations] will be /equivalent/™ /to the [noon] shadow/™ " during the solstices at the
equator, with regard to the amount [of the length]; /and [equivalent] to the [noon] shadow/ ™
during one of the two [solstices] which is in the counter-direction of the latitude of the locality,
with regard to the direction as well. One of the zodiacal orb’s poles will become permanently
visible; while the second [will become] permanently invisible. In their revolution, they will
touch the horizon once, this being when the solstice point that is in the direction of the
visible [equinoctial] pole reaches the zenith. At that time, only the zodiacal equator will be
perpendicular to the horizon. At that moment, the zodiacal equator will be the circle of the
prime vertical. The Sun will be permanently in the direction of the invisible pole, and the
shadows will be toward the visible pole throughout the year except for one day when the Sun
reaches the solstice /that is in the direction of the visible pole./* * Thus at noon of that day, there
will be no shadow /nor will the Sun be in the direction of the invisible pole but it will be
overhead./ * The maximum altitude of the visible zodiacal pole and the maximum depression of
the invisible zodiacal pole are twice the amount of the obliquity; they then decrease until they
vanish. The altitude of the Sun increases from one of the solstices to the other; it then
returns, [the altitude] decreasing until [the Sun] comes back to [the original solstice]. The
seasons of the year will be four—no more, no less. These characteristics and also other

characteristics are common for the northern and southern populated regions. The summer and

¥ because of the difference... or greater than the obliquity] margins of B, K and L.

“' equivalent] under the line in B; - K; under the line in L.

" to the shadow] “like the shadow” has been changed to “to the shadow” in B = like the shadow: K.

""" and to the shadow] “and like the shadow” has been changed to “and to the shadow” in B = and like the shadow:
K.

™ that is in the direction of the visible pole] visible: B; margin of L.

*nor will the Sun be in the direction of the invisible pole but it will be overhead] margins of B and K.
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winter of these two regions alternate, that is, when it is summer in the north, it is winter in the
south and vice versa. The other two seasons are also like this. Localities in the south whose
latitude is equal to the obliquity are hotter than the ones with the same latitude in the north, due
to the place of the apogee and perigee, as has been mentioned earlier. In this division, and the
previous one, there is for the Sun an altitude that has no azimuth, which occurs when the Sun
reaches the circle of the prime vertical above the Earth. /This will be the case for any locality

wherein the Sun reaches the circle of the prime vertical above its horizon./*®

[4] The third division is that whose latitude is greater than the obliquity and less than
its complement. There the Sun will not reach the zenith; it will have a highest altitude,
which is equal to the sum of the obliquity and the local colatitude, and a lowest, which is
equal to the excess of the local colatitude over the obliquity. The two poles of the zodiacal
[orb] neither rise nor set, and neither touch the horizon. There will be two altitudes for the visible
pole: one higher [which happens] when the solstice [that is in the direction] of the invisible pole
reaches [the meridian] and another lower which happens when the other solstice reaches the
meridian. There will be two depressions for the invisible pole in the same manner. The shadows
will be in the direction of the visible pole throughout the year and the remaining conditions,
such as the length of the daylight or its shortness, etc. are as we have [already] explained. One
of the astrologers believed that no prophet would emerge from any locality whose latitude is
greater than 33 [degrees] since no planet would pass over their zeniths. He thought that at a
latitude of 33 [degrees] some of the planets like Venus would pass above the zenith, proceeding
to this conclusion from the fact that one of Venus’ two latitudes is 2 degrees and a half, and the
other is about 7 [degrees] and these two [amounts] together with the obliquity add up to more
than 33 [degrees]; therefore Venus passes above their zenith. He forgot that Venus’ two latitudes
alternate; thus, they are not additive, as he thought would be correct. So it is more appropriate to
say that any locality where /the excess of/" ' the latitude over the obliquity does not go /beyond/’
Xiil the amount of the latitudes of the other wandering [planets], those whose latitude is
greater than the excess of the local latitude over the obliquity, will pass over the zenith

twice, while those whose latitude is equal to the excess [will pass over] once. In this statement

X! This will be the case for any locality wherein the Sun reaches the circle of the prime vertical above its horizon] -B;
margins of K and L.

' the excess of] above the line in B; margin of L.

*" heyond] has been changed from “by the amount of” in B and L.
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it is necessary to assert as a condition that the [longitudinal] degree of the planet that has latitude
be [equal to the longitude of] the solstice point that is in the direction of the latitude of the
locality; /again, not in the first /X" [statement] as was conditioned by one of [the astrologers]
/because it negates what is desired./ ™ In these latitudes, the equation of daylight and the
ortive and occasive amplitudes increase with increasing latitude, as with its increase the
magnitude of permanently visible and invisible day-circles, and the depression of the Sun’s day-
circle with respect to the zenith in the direction of the invisible pole will increase, and the rising
place of Cancer will move away from the rising place of the equinox. [So,] the excess of the
[Cancer] daylight over the equinox daylight will increase. Thus the ortive amplitude and the
equation of the daylight will increase until the greatest permanently visible day-circle becomes

the day-circle of the solstice that is in the direction of the visible pole.

[5] The fourth division is that whose latitude is equal to the complement of the
obliquity. The day-circle of the solstice that is in the direction of the visible pole becomes

Xvi

/the greatest permanently/**" visible [day-circle] there, while the day-circle of the other

solstice is /the greatest permanently/* "

invisible [day-circle]. The day-circle of the visible
pole of the zodiacal orb passes over the zenith, and the day-circle of the other pole over the
nadir [lit., that opposite it]. Then when the visible solstice comes to touch the horizon, it will
do so at the point of the pole of the prime vertical that is in the direction of the visible pole,
while the invisible solstice will touch it at the other pole; the two zodiacal poles will
thereupon be at the zenith and the nadir [lit., that opposite it], and the zodiacal equator will
coincide with the horizon. Then when the visible pole is northerly, the beginning of Aries will
be in the east, the beginning of Libra in the west, the beginning of Cancer in the north point, and
the beginning of Capricornus in the south point. The point on the equinoctial corresponding to
Capricornus will be on the meridian, toward the south, above the Earth; and the point on the
equinoctial corresponding to Cancer will be on [the meridian], [toward] the north, below [the
Earth]. From this one can find the relative position of the two equators and the horizon when the
visible pole is southerly. Then when the pole departs from the zenith towards the west and

the visible solstice rises from [the horizon], the eastern half of the [zodiacal] equator rises in

XV again, not in the first] margins of B and K.

*because it negates what is desired] margins of B and K.

*' the greatest permanently] permanently: B = added within the text and the margin in K and L .
the greatest permanently] permanently: B = added within the text and the margin in K and L.
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one stroke from the horizon and, likewise, the other half drops below it [in one stroke]. [At this
time,] the zodiacal and horizon circles intersect at two points near solstices, /and near/” *'" the
north and south [points]. Because if one of these four were the tangency point, it could not be the
crossing point, and this, though clear, is critical. The point subsequent to the invisible solstice
will then be /close to/ ™ the pole of the prime vertical, being about to set, and the point
subsequent to the visible solstice will be /close to/ ™ its other pole, being about to rise. The
visible half is what is between them, that is, the half that the vernal equinox is in the middle
of if the visible pole is northerly, or the autumnal if it is southerly; the invisible half is the
other half. Then the invisible half will rise point by point in all parts of the eastern half of
the horizon. Then Cancer, Leo, and Virgo will rise from the north-eastern quarter, and Libra,
Scorpius and Sagittarius from the south-eastern quarter, if the visible pole is northerly, and one
should draw an analogous conclusion from this if it is southerly. The visible half will similarly
set point by point, that is, in all parts of the western half of the horizon. Thus, Capricornus,
Aquarius, and Pisces will set in the south-western quarter, and Aries, Taurus and Gemini in the
north-western quarter if the visible pole is as we mentioned, and the rule is clear when the visible
is the other pole. This will be completed during the period of a nychthemeron [lit., the day
with its night] and then the position of the orb returns to its original condition. Each of the
ortive amplitude and the equation of daylight /in its totality/* ™ will there be a quarter
revolution; as for the first, this is because between the rising place of the visible solstice and the
rising place of the equinox lies a quarter of the horizon, and the second is because half of the
excess of its longest daylight, which is 24 hours, over the equinox daylight, which is 12 hours, is
6 hours which is the amount of one-quarter of a revolution, since every hour is 15 degrees. Points
whose distance from the equinoctial is less than the obliquity rise and set, though other celestial
points neither rise nor set. Daylight will increase until the measure of the nychthemeron
becomes entirely daylight; this is the time when the Sun reaches the visible solstice, if the
beginning of the day is considered to be the Sun’s center reaching the horizon. If its beginning is
considered to be the appearance of light and disappearance of the fixed stars, the daytime will be
one month as justified by Theodosius in his On Habitations [Masakin]. Night will thereafter

i and near] margin of K = and: B.
close to] margin of B; above the line in K.
* close to] margin of B; above the line in K.

I in its totality] - B; -K; margin of L.
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occur, increasing until the measure of the nychthemeron becomes entirely night. The
altitude of the Sun increases until it reaches twice the obliquity; it will then begin to
decrease, decreasing until it becomes zero [whereupon] the Sun will touch the horizon. The
shadows of gnomons will be circular around [the gnomons], because if the Sun while it is in the
visible solstice, rises over the pole of [the circle of] the prime vertical, it starts to rise in the
eastern direction until it reaches alignment with the east-west line; then it comes to be in the
other direction, and reaches its maximum altitude at the time it reaches the meridian; then its
altitude decreases until it touches the horizon at the pole of [the circle of] the prime vertical.
Then [the Sun] makes another revolution, as we have said, until it reaches the horizon before its
arrival at the pole of [the circle of] the prime vertical; then its center, not its whole body, sets.
Then it makes another revolution or two, until its whole body sets, and the night occurs. It is
clear that the shadow at the rising time is towards the invisible pole, then to the west, then
towards the visible pole, and thus always in the opposite direction of the Sun. The arc of the
night then increases gradually until [the Sun] reaches the equinox point; thus the night will be
equal to the daylight and then the nighttime will increase. This will be the opposite when the Sun
reaches the invisible solstice because /[the Sun’s] center, or rather the day-circle of [the Sun’s
center,]/” " in the first revolution touches the horizon below the Earth; in the second [revolution,
the Sun] reaches the horizon before its arrival at the pole of [the circle of] the prime vertical; thus
its center, not its whole body, rises; in the third or fourth revolution its whole body appears, and
sets quickly, and then rises little by little, and the arc of the daylight increases gradually until [the
Sun] reaches the equinox point; thus the night equals daylight. Then the daylight increases as we
have said. Here, also the rising of a half revolution of the zodiacal orb occurs with a
revolution of the equinoctial; the rising of the other half of the zodiacal equator does not
[require] time. This locality is the end of the inhabited region in the north and inhabitation

beyond it is impossible due to the severe cold, as has been mentioned earlier.

xXii
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CHAPTER FIVE
On the Characteristics of Locations Whose Latitude
Exceeds the Complement of the Obliquity
But Does Not Reach One-Quarter Revolution

[1] In these locations, /the day-circle of/"' the zodiacal pole is inclined away from the
zenith /toward the direction of the invisible pole/" ™ in the amount of the excess of the latitude
over the complement of obliquity. Therefore those parts [of the zodiacal orb] whose declination
is more than the colatitude /or equal to it/" ™ will neither rise nor set. The permanently visible
[day-]circle will be greater than the day-circles of the two solstices. Thus, the largest
permanently visible [day-circle] will inevitably intersect the zodiacal equator at two points
whose declinations in the direction of the visible pole are equal. The largest permanently
invisible day-circle will intersect it at two points opposite these two in the direction of the
invisible pole. /The declination of /all of/"™ the four [points] is equal to the local colatitude./” ¥
The zodiacal equator is divided into four arcs: one of them is permanently visible at the
middle of which is the solstice that is in the direction of the visible pole, and, therefore, the
length of one of their summer days will be equal to the time during which the Sun has been along
that arc; the second is permanently invisible at the middle of which is the other solstice, and,
therefore, the length of one of their winter nights will be equal to the time during which the Sun
has been along that arc. The endpoints of the first arc in each revolution by the motion of the
Universe touch the horizon at the pole of [the circle of] the prime vertical that is in the direction
of the visible pole but do not disappear; and the endpoints of the second arc touch it at the
other pole but do not rise. As for the two remaining arcs, the one at the middle of which is
the first of Aries rises in reverse order, that is, its end rises before its beginning, and sets in
regular order, that is, its beginning sets before its end, if the visible pole is northerly; and if
the visible pole is southerly it rises in regular order, that is, its beginning rises before its end,
and sets in reverse order, that is, its end sets before its beginning. The arc at the middle of
which is the first of Libra is the opposite of this: what rises in reverse order sets in regular

order, and vice versa. Since the setting [part] is diametrically opposite to the rising [part],

' the day-circle of] margins of B and K.

" toward the direction of the invisible pole] margins of B and K.

"or equal to it] margins of B and K.

"V all of] margins of B, K and L.

¥ The declination of the four is equal to the local colatitude] margins of B and K.
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whatever rises in reverse order, like for example the end of Virgo,” " its diametrically opposite

[part], like [in this example] the end of Pisces,® ' sets in reverse order, and vice versa. Therefore,
rising in one of the two [zodiacal] segments will be the same as setting in the second one, in
being or not being in regular order, but will be the opposite of rising in the second one, in being
in regular order. Hence, it follows that the rising of each segment will be the opposite of its
setting, and what rises in reverse order sets in regular order, and vice versa. The visible solstice
has two altitudes: one of them is the highest [altitude], which is equal to the sum of the
obliquity and the local colatitude along the meridian circle in the direction of the invisible
pole; the other is the lowest [altitude], which is equal to the excess of the local latitude over
the complement of the obliquity along the meridian circle in the direction of the visible
pole. The [visible] pole of the zodiacal orb also has two altitudes: a highest [altitude], which
is equal to the sum of the local colatitude and the complement of the obliquity, and this is in
the direction of the invisible pole; and a lowest [altitude], which is equal to the excess of the
local latitude over the obliquity, and this is in the direction of the visible pole. [At these
altitudes,] the pole will be simultaneously with the solstice on the meridian, but [they are] in
opposite directions from the zenith and their altitudes are at opposite [extremes]. One may
draw analogous conclusions from this for the situation of the invisible solstice and the
invisible pole. In these horizons, dawn and dusk linger due to what is going to appear in the
course of their description—God the Almighty willing—and the shadow will cast in all

directions, although for a longer period in the direction of the invisible pole.

[2] In order to conceive positions in these latitudes, we shall take an example. Let the
latitude in the north be 70: the arc that is permanently visible will be Gemini and Cancer,
and the arc that is permanently invisible will be Sagittarius and Capricornus; the arc that
rises in reverse order and sets in regular order is from the first of Aquarius to the end of
Taurus, and that which rises in regular order and sets in reverse order is from the first of
Leo to the end of Scorpius. Then when the first of Cancer is at the meridian on the
southern side, its altitude being at its maximum [value], namely (43 + 1/3 + ¥4), the visible
pole of the zodiacal orb is on the northern side on the meridian as well and its altitude is at

its minimum [value], which is (46 + ¥ + 1/6). At the rising place of the equinox is the first of

"T_Virgo] has been changed to “Pisces” within the text in K, L and R.
"' Pisces] has been changed to “Virgo” within the text in K, L and R.
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Libra, which is on the verge of rising, and at its setting place is the first of Aries, which is
on the verge of setting. The visible half of the zodiacal orb [extends] from west to east in the

south, and this is its illustration:

East _ Beginning
of Aries

of Libra

Zodiacal Pole
day-circle

[Figure 3]

[3] Then let the orb move with the first motion so that the first of Cancer will begin its
depression toward the west and the pole of the zodiacal orb its ascent toward the east; the
vernal equinox sets and the autumnal rises, and so do the two [zodiacal] arcs connected to them.
The distance of the rising place of each part and the setting place of its diametrically opposite
part from the rising and setting place of the equinox increases, until the shift ends at the two
parts, one of which touches the horizon but does not set and the other touches it but does not rise.
Hence, Libra and Scorpius have risen in regular order, and their ortive amplitude spans the
southeastern quarter [of the horizon]. Aries and Taurus have set likewise in regular order,
and their occasive amplitude spans the northwestern quarter [of the horizon]. The first of

Sagittarius touches the horizon at the south point and the first of Gemini touches it at the
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north point. The visible pole of the zodiacal orb is in the eastern direction between its highest
and lowest altitude on the circle of the prime vertical, and the diametrically opposite pole [i.e.,
the invisible pole] is in the opposite position. The visible half of the zodiacal equator comes to
be on the western side [extending] from south to north and the invisible [half] is in opposition
to [the visible half]; hence the zodiacal [equator] and the horizon intersect at the north and south

points, and this is its illustration:
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[Figure 4]

[4] Then let the orb move so that the first of Gemini begins its rise toward the east,
and the end of Taurus, which is contiguous with it, rises little by little such that the rising
place of each part becomes closer to the rising place of the equinox than to the rising place of the
part that precedes it in rising, until Taurus has risen. Then Aries rises from its end to its first.
The ortive amplitude of these two signs spans the northeastern quarter [of the horizon],
and the first of Aries reaches its rising place. Directly opposite this, the first of Sagittarius

begins its depression below the horizon, and the end of Scorpius, which is contiguous with
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it, sets little by little until Scorpius has disappeared; then Libra sets from its end to its first.
Their occasive amplitude spans the southwestern quarter [of the horizon], and the first of
Libra reaches its setting place. Thus, the shift in rising and setting in reverse order has reached
the two equinoxes, and the first of Cancer has reached the meridian circle on the northern
side while it is at its lowest altitude, which is (3 + 1/3 + ¥4) degrees, and the pole of the
zodiacal orb is at its highest altitude [on the meridian] on the southern side, and this is (86 +
Y4+ 1/6) degrees. The visible half of the zodiacal orb is on the northern side between the
rising and setting places of the equinox, the directional sequence [of the signs here being]
opposite the conventional one, and the invisible half is in the opposite direction. The
intersection of the zodiacal [orb] and the horizon is at the east and west points, as in this

illustration:
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[Figure 5]

[5] Then let the orb move so that Pisces rises from its end to its first, then Aquarius

from its end to its first. Their ortive amplitude spans the southeastern quarter [of the
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horizon]. Directly opposite them, Virgo disappears from its end to its first, then Leo from
its end to its first. Their occasive amplitude spans the northwestern quarter [of the
horizon]. The first of Aquarius comes to touch the horizon at the south point, and the first
of Leo comes to touch the horizon at the north point; the visible half of the zodiacal circle is
in between them in the eastern direction. The first of Cancer has risen higher on the
eastern side, and the pole has begun its depression on the western side, and has reached the

circle of the prime vertical in the direction of the west, as in this illustration:

Beginning of
Cancer

[Figure 6]

[6a] Then let the orb move and let the first of Leo rise from the horizon, moving
toward the eastern half: the points of Leo will then rise sequentially until its end, then the
points of Virgo in the same way. Their ortive amplitude spans the northeastern quarter [of
the horizon]. Directly opposite this, the first of Aquarius will drop below the horizon to
beneath the Earth. Then Aquarius will set followed by Pisces sequentially. Their occasive

amplitude spans the southwestern quarter [of the horizon]. The [action of] rising will have
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reached the first of Libra and that of setting the first of Aries, because the rising and setting
place of the [zodiacal] parts becomes closer to the rising and setting place of the equinox. At
that time the first of Cancer will have come to be at the meridian circle at its highest
altitude, and the visible pole of the zodiacal orb will be at its lowest altitude on the
meridian. The visible half of the zodiacal orb comes to be on the southern side, and the
situation returns to what we assumed originally. So the revolution is completed and what

we have [earlier] described should become clear.

[6b] The general rule is that we look at eastern zodiacal signs beneath the horizon; if their
end parts are closer to the horizon than their first parts, their rise will be in reverse order; if their
first parts are closer to the horizon than their end parts, they will rise in regular order. We look at
western zodiacal signs above the Earth; if their end parts are closer to the horizon than their first
parts, they will set in reverse order; if their first parts are closer to it, they will set in regular
order, based on what has been explained in the examples. Or we say: if the visible pole is
northerly, whatever is connected to the permanently visible part next to the vernal equinox rises
in reverse order and whatever is connected to the permanently invisible [part] next to the
autumnal equinox sets in reverse order; otherwise this would be the opposite. It should be clear
that when the Sun reaches the two equinoxes, the daylight and nighttime will be equal; when it
passes from Aries in northern localities and from Libra in southern [localities], the daylight
increases and the nighttime decreases, until the night is effaced, and it all becomes day. It
remains like this when the Sun is along the permanently visible arc; then the nighttime starts and
increases until [the Sun] reaches the other equinox, so they become equal again. Then the night
exceeds the daylight until the day is effaced and it all becomes night. It stays the same during the
time when the Sun is along the permanently invisible arc; then the daylight begins and increases

until the two [day and night] become equal.

[7] In these regions [lit., horizons] when the local latitude approaches the extreme and
the altitude of the equinoctial from the horizon is small, then a planet whose day-circle is
getting extremely close to the horizon may shift to another day-circle by [means of] its
secondary motion; thus it might disappear while in the eastern half after having been

visible, or it might become visible while in the western half after having been invisible. So it
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would then have set in the east or risen in the west. And this too is one of the things asked

about that is found to be strange.
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CHAPTER SIX
On the Characteristics of Locations Whose
Latitude Is Exactly One-Quarter Revolution

[1] This does not occur on the Earth except at two points at which one of the poles of
the equinoctial is there at the zenith. The equinoctial circle becomes coincident with the
horizon, and the orb turns with the first motion with a spinning rotation; there is no longer
on the horizon a distinguishable east or west, but there may be rising or setting in any direction.
Similarly, there is no meridian, but the Sun and other planets may reach their maximum altitude
in any direction. The maximum altitude of the Sun is equal to the obliquity, as is its maximum
descent. The shadows of the gnomons form approximately parallel complete circles, one within
the other, about one center, which is the base of the gnomon; the smallest is when the Sun is in
the solstice that is in the direction of the visible pole, and the greatest being when [the Sun] gets
closer to the horizon when it is in the vicinity of one of the two equinoxes. The half of the orb
that is in the direction of the visible pole from the equinoctial is permanently visible, and

the other half is permanently invisible.

[2] As long as the Sun is in the visible half of the zodiacal orb, it will be daytime; and
as long as it is in the invisible half of it, it will be night. Thus, [at these locations,] the entire
year will be a day and a night, with one [i.e., daytime or night] exceeding the other due to the
variability in speed [lit., the slowness and fastness] of the [Sun’s] motion. Beneath the
northern pole at the present time, their daytime is greater than their night by seven of our
nychthemerons. This is because the apogee of the Sun is at the end part of Gemini and its
perigee is at the end part of Sagittarius. This is [the case] if the beginning of the day is
considered to be the time when the center of the Sun reaches the horizon, but if it is considered to
be the appearance of the light and the disappearance of the stars, /and its end [is considered to]
be the disappearance of the light and the appearance of the stars,/"" their daylight would be
longer than seven months /by the seven [nychthemerons]/* " and their night around five months,
based on what Theodosius has verified in his On Habitations. /If you say that/" ™ since the
period for the setting of dusk or the rising of dawn occurs for them in 50 of our days as will

be explained when describing these two [terms] later on—May God the Almighty be

f_and its end be the disappearance of the light and appearance of the stars] margins of B and K.
" by the seven nychthemerons] - B; - K; margin of L.
""If you say that] above the line in B; margin of K.
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willing—™ it becomes necessary that the difference between [the daylight and nighttime] be
more than what [Theodosius] has verified because, based on this [length of dusk and dawn, the

8 vi

daylight] will be seven®¥ months and forty® ¥ of our days. | say: this would be necessary if the
disappearance of the stars were to occur with the rising of dawn but this is not so and it is [in
fact] later, there being a period of around twenty days® " between them. /Likewise for the
appearance of the stars that precede the setting of dusk by the same amount./” ™ None of the
orb’s parts rises nor sets due to the prime motion, and neither the rising nor the setting of the
Sun and planets that is due to the secondary motion will occur at a fixed place on the
horizon. Any star with no latitude will stay 12,000 years above the Earth, and the same amount

of time below it.

[3] Stars whose latitude is less than the obliquity will have a rising and a setting; the
periods of visibility and invisibility will vary depending on how far or how near their
latitudinal circuits are from the zodiacal orb. [Stars] whose latitude is equal to the obliquity
will touch the horizon once during one revolution of the second motion; neither they nor
those [stars] whose latitude exceeds the obliquity will have a rising or a setting, but instead
they will be either permanently visible or invisible. Let it be recalled what we said
regarding the positions of the orb due to the first two motions, and let [the situation] be

determined here on that basis.

[4] This is the last of the characteristics of the localities aligned with the day-circles and

what is comparable to them—God knows what is correct.

" May God the Almighty be willing] + if you say that: crossed out in B and K.

¥ seven] has been changed into “nine” in K, L and R.

" forty] has been changed into “seventeen” in K, L and R.

" twenty days] has been changed into “one month and eight days” in K and R = has been changed to “thirty five” in
L = + days if between disappearance and rising of the Sun is fifteen days based as well on what he has verified:
margin of L.

"' Likewise for the appearance of the stars that precede the setting of dusk by the same amount] margins of B and
K.
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CHAPTER SEVEN
On the Co-ascensions of the Zodiacal Signs

[1] The co-ascension is the parts of the equinoctial that rise with a given part of the
zodiacal orb, and this is called the equal degrees. The co-ascension at the equator is most
certainly bounded between two declination circles because its horizon is also a declination circle.
That is to say, what is on the equinoctial between two declination circles is the co-ascension of
what is between them on the zodiacal orb, and is called the co-ascension of the right orb, or co-
ascension of the erect sphere or co-ascension of the equator. In oblique horizons, [the co-
ascension is] / bounded between the two circles extending from the pole of [the circle of] the
prime vertical, passing through the two endpoints of that arc along the zodiacal [equator],/
Inot/™ " between the circles of the horizon and declination /such that/* ™ what is between them on
the equinoctial will be the co-ascension of the arc on the zodiacal [equator] whose initial point is
on the declination circle and whose termination is on the horizon, /according to what is found in
some works, for this is not correct. The secret behind this is that the co-ascension and the equal
degrees will not be bounded and their occurrence will not be conceived properly, except if a
circle is assumed that intersects with the horizon at the two poles of the prime vertical and, if it is
assumed to be below the horizon, it passes through the end of that arc along the zodiacal
[equator]; if it is assumed to be above the horizon, [it passes] through the beginning [of the arc
along the zodiacal equator], such that when this circle moves by the daily motion, the
terminations of the co-ascension and the equal degrees arcs reach the horizon in one stroke.
Therefore, what is between [the two circles] along the equinoctial is the co-ascension of what is
between them along the zodiacal [equator]. It is impossible for what is between the horizon and
declination [circles] along the equinoctial at oblique horizons to be the co-ascension of what is
between them on the zodiacal [equator], except when the declination circle is the meridian
[circle], then what is between them [along the equinoctial] will be the co-ascension of what is
between them [along the zodiacal equator], based on the aforementioned secret, that is, the
intersection of [the meridian] with the horizon is at the two poles of the prime vertical, so be
aware of this./" ™ [This co-ascension] is called the co-ascension of the oblique horizons or the co-

' bounded between the two circles... that arc along the zodiacal] margins of B, K and L.

" not] above the line in B; added later in K and L.

"such that] I mean: B, K = “I mean™ has been changed to “so that™ in L.

“according to what is found in some works... so be aware of this] margins of B, K and L.
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ascension of the oblique orbs, since oblique horizons are [also] called oblique orbs, like the right

orbs which are called right horizons.

[2a] Since the demarcation of the zodiacal orb is not based on the poles of the equinoctial,
and the [zodiacal orb’s] rotation is from east to west around the [equinoctial] poles, it is
impossible that all the equal parts of the zodiacal orb in both right and oblique orbs pass in equal
periods of time; rather, [they pass in] different [periods]. That is why the co-ascensions of some
zodiacal signs differ from those of other signs. Furthermore, co-ascensions, in addition to being
unequal in themselves, change by the change of horizons due to the difference in the intersection
of horizons with the triangle mentioned in what preceded. The initial point of the co-ascensions
is taken from the vernal equinox; some took the initial point from the winter solstice for a
purpose arising from practical [calculations]. If this is established, we say that at the [Earth’s]
equator, each quarter that is bounded by two of the four points, [i.e.,] the two equinoxes and
the two solstices, will rise with a quarter because when the equinox point, which is
simultaneously one of the two boundaries for two quarters for [each of] the two equators,
reaches the zenith, the solstitial colure will coincide with the horizon; thus the two other
boundaries of the two quarters, which are the summer solstice point and its corresponding
point on the equinoctial, will both be on the horizon; and the two equators will cross the
horizon at right angles. One should draw analogous conclusions from this for the remaining
guarters. But 30 time units, i.e., (1/2 of 1/6) of the equinoctial, will not rise with a zodiacal
sign that adjoins one of the four [cardinal] points, which is (1/2 of 1/6) of the zodiacal
equator. This is so because, if the zodiacal sign is one that adjoins the equinox point, then
one of the boundaries, namely this point, is common to both [the sign and its co-ascension].
When the zodiacal sign’s other boundary reaches the horizon, there occurs a triangle
[formed] from the sign, the arc that rises with it along the equinoctial, i.e., the co-ascension,
and what is between them along the horizon; its angle that is bounded by the equinoctial
and the horizon is right, and the remaining two are acute. Since the sign is the subtense of a
right [angle], and its co-ascension is the subtense of an acute angle, the sign is larger than
its co-ascension, based on what was explained by Menelaus in his Sphaerica [Kuriyyatihi]. The
same will hold for two signs that adjoin the equinox point and their co-ascensions. From this

it is possible to construct a proof to deny [the existence of] the [indivisible minimal] part (i.e. the
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atom) by saying that if /the [indivisible minimal] part were real, then/"" the equinoctial /and
similarly the zodiacal equator/™ would be composed of indivisible [minimal] parts. /Based on
this,/ ¥ when, except for one of the above-mentioned [indivisible minimal] parts, a quarter of
the equinoctial rises, the beginning of which is the vernal equinox, then what rises with it from
the zodiacal [equator] will be more than that, because the equal degrees are more than the co-
ascension, and less than a quarter, because the quarter rises with the quarter. Therefore, it follows
that the [indivisible minimal] part next to the first of Cancer will be divided, while its
indivisibility” V" was assumed, and this is a contradiction. This is a point which, although it does
not fit into our discussion with respect to form, it suits it with respect to the matter. Because of

this, and also because of its peculiarity, I mentioned it here.

[2b] Now, if the zodiacal sign is one that adjoins the solstitial point, its co-ascension
will be larger than [30 degrees]. This is because what remains from a full quarter, [after
taking] the co-ascension of the [above] two signs, which is less than 1/6 of a revolution, will
be greater than (1/2 of 1/6) of a revolution, and [this remainder] will rise with the
remaining sign. The increase of this will be like the decrease of that. Then, with equal arcs of
the zodiacal [equator], unequal arcs of the equinoctial will rise in the same way as in the first
quarter, except that co-ascensions of the parts of Cancer sequentially are like co-ascensions of
the parts of Gemini counter-sequentially, until the next quarter rises and the autumnal equinox
reaches the horizon. One should draw analogous conclusions from this for the two other quarters.
It is apparent from what we have mentioned about the excess and deficiency of the co-
ascension and the equality of these amounts of excess and deficiency that for any two equal
arcs that are equidistant from one of the four [cardinal] points, their co-ascensions at the
equator will be equal. Or, in other words, the equality of co-ascensions [of zodiacal arcs] that
are equidistant from the two equinoxes is due to the equality of the four triangles occurring on
both sides [of the two equinoxes] because in any two right triangles with two equal non-right
angles and with two hypotenuses that are also equal, the other two sides and the remaining angle
will be correspondingly equal, as explained by Menelaus in Sphaerica [al-Ashkal al-kuriyyal.

Now, [for equidistance from] the two solstices, this is because if one subtracts from two equal

¥ the [indivisible minimal] part were real, then] margins of B, K and L.

“" and similarly the zodiacal equator] margins of B and K; added later in L.
"' Based on this] margin of B; above the line in L.

" its indivisibility] + also: B; crossed out in K and L.
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[amounts]—which are [in this case] two quarters from the equinoctial—two [other] equal
amounts—which are [in this case] co-ascensions of two arcs that adjoin the two equinoxes along
one side of the equinoctial—two equal [amounts] will remain, which are co ascensions of the
two arcs on the two sides of the two solstices. The zodiacal equator may be divided into four
segments whose initial [points] are at the midparts of the quarters [of the zodiacal orb].
Each segment at the midpart of which falls one of the equinoxes will be greater than its co-
ascension; each segment at the midpart of which falls one of the solstices is smaller than its
co-ascension. The maximum difference between the rising [time] of the quarters is 10 degrees,
because it is known inductively that the maximum difference in each one-eighth [of the zodiacal
equator] is 2 %2 degrees. This is because 45 degrees of the zodiacal orb, beginning from the
equinox point, rise with 42 Y% degrees of the equinoctial, that is, 3 hours minus 1/6 [of an hour].
Also, 45 degrees [of the zodiacal orb] ending at the solstice, rise with 47 ¥ [equinoctial] degrees,
that is, 3 1/6 hours. Thus, a complete quarter will have risen with a complete quarter, that is, 6
hours [which fit] in a quarter of a nychthemeron. This [aforementioned] order will be the
opposite for the other quarter whose initial point is the solstice. This is because the first one-
eighth, which is 45 degrees of the zodiacal equator, rises with 47 % [equinoctial] degrees. The
other one-eighth, whose termination is the other equinox, rises with 42 % [equinoctial] degrees.
One should draw analogous conclusion from this for the state of the two other quarters.
Therefore, each quarter at the midpart of which falls one of the equinoxes will rise with 85
degrees of the equinoctial and each quarter at the midpart of which falls one of the solstices will

rise with 95 degrees. Thus, the difference between them is 10 degrees, as we said.

[3] The passage of the equinoctial and the zodiacal equator across the meridian circles
in all localities is as their rising for the equator since each one of [these meridian circles] is
one of the horizons for the equator, due to their passage through the two poles of the universe;
the same statement holds for all the declination circles. The co-descensions are as the co-
ascensions for these horizons. This is because [in those horizons,] the co-ascension of every
zodiacal sign is like the co-ascension of the diametrically opposite sign, according to what has
been explained [earlier]. And in all horizons, the co-ascension of the diametrically opposite sign
is like the co-descension of the [given] sign, because the rising of any part of the zodiacal orb in
the east happens with the setting of the diametrically opposite part in the west. Thus, [in those

horizons,] the co-descension of every zodiacal sign is like its co-ascension. It is now clear, after
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understanding what we mentioned, that if the co-ascension of a quarter is known [for those
horizons], the co-ascensions of other quarters will also be known. In other words, if the co-
ascension of Aries, for example, is known, the co-ascension of Pisces will be known due to the
equality of their distance from the first of Aries; and the co-ascension of Virgo [will also be
known] due to the equality of their [i.e., Aries and Virgo] distances from the first of Cancer. The
co-ascension of Libra [will also be known], either through the co-ascension of Aries, because it
is diametrically opposite, or through the co-ascension of Virgo, due to the equality of their
distances from the first of Libra. From the co-ascension of Taurus, the co-ascensions of four®
other [signs] will be known, and from the co-ascension of Gemini, the co-ascensions of the

remaining four®* [signs will be known].

[4] As for the oblique horizons, a half will rise with a half when they are bounded by
the two equinox points, and a quarter will not rise with a quarter since the plane of the
equinoctial is not perpendicular to the plane of the horizon in order to render this necessary,
as is the case at the equator. But, when a quarter adjoining the equinox point that is away
from the equinoctial in the direction of the visible pole rises, it will be larger than its co-
ascension because in the above-mentioned triangle, [the zodiacal arc] will be the subtense of
an obtuse [angle] and its co-ascension will be the subtense of an acute [angle]. And if it is
away from the equinoctial in the direction of the invisible pole, then its co-ascension is
greater than [the quarter] because the statement becomes the opposite of what it was
[before]. The maximum difference in each quarter is equal to the equation of daylight of
solstices, which is called the total equation of daylight. So, each quarter, beginning from the
vernal equinox, rises with an arc from the equinoctial that is less than one-quarter [of the
equinoctial] by the amount of the equation of daylight. The other quarter that ends at the other
equinox rises with an arc from the equinoctial that is greater than one-quarter [of the equinoctial]

by the aforementioned amount. Therefore,®

§ xii

the half at the midpart of which falls the vernal
equinox will be less than® ™" the other half by four times the equation of daylight. Considering
this, the zodiacal orb may be divided into two segments: one of them is bisected by that

equinox which is such that a star, when crossing it, comes to be in the direction of the

™ four] has been changed to “three” in R.

* four] has been changed to “three” in R.

* Therefore] + the co-ascension of: R; margins of K and L.
*!"than] + the co-ascension of: margins of K, L and R.
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visible pole; the other is that bisected by the other equinox. The first is larger than its co-
ascension, while the other is smaller, according to what we have mentioned. This is the rule for
the halves bounded by the solstices. Now, the rule for the halves bounded by the equinoxes is the
same, except that for one half it is in the sequence [of the zodiacal signs], and for the other in
counter-sequence. That is why equal arcs that are equidistant from one of the equinoxes have
equal co-ascensions, whether [they are] greater than their co-ascensions in the right [orb] or less
than them, as you have learnt. However it is different for the solstices: for the segment that
adjoins Aries, its co-ascension in the oblique orb is less than its co-ascension in the right orb, and
vice versa for the segment that adjoins Libra. The increase of this one is like the decrease of that.
That is why for any two zodiacal signs that are equidistant from the two sides of one of the
solstices, like Aries and Virgo, if their co-ascensions at a [given] locality are summed up, [the
sum] will be equal to the [sum of] their co-ascensions at the equator. From this, it follows that
the co-ascensions of any two diametrically opposite zodiacal signs like Aries and Libra, are
likewise, because for any two signs that are equidistant from one of the solstices, the distance of
the sign that diametrically faces one of them from one of the equinoxes is like the distance of the
other sign from it; [hence] their co-ascensions are equal. It then follows that [the sum of] the co-
ascensions of Aries and Libra in the oblique orb are equal to [the sum of] their co-ascensions in
the right orb, which are equal there. Therefore, [the sum of] the co-ascensions of two
diametrically opposite [signs] in the oblique [orb] is twice [the sum of] the co-ascensions of one
of them in the right orb, and it will be so for the co-ascensions of signs that are equidistant from
one of the solstices, according to what we have mentioned. It also follows that [the sum of] the
co-ascension of, let’s say, Aries and its co-descension in the oblique [horizon] is twice its co-
ascension in the right [orb], because the co-descension of Aries is like the co-ascension of the
diametrically opposite sign, according to what you have learnt, namely that in all horizons the
co-ascension of any zodiacal sign is like the co-descension of the diametrically opposite sign and
vice versa. Since, in the oblique horizons, the co-ascension of any zodiacal sign differs from the
co-ascension of the diametrically opposite sign which is equal to the co-descension of that
[given] sign, [in those horizons,] the co-ascension of any zodiacal sign differs from its co-

/T xiii

descension. The co-ascension /of any zodiacal sign in the southern horizons is like the co-

xiii

of any zodiacal sign] margins of B, K and L.
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descension /of that zodiacal sign/" " in the northern ones, /and vice versa/' ™ when the latitudes
of the two horizons are equal. Thus, the co-ascensions of northern arcs for northern horizons
are equal to the co-ascensions of the corresponding [equivalent arcs] opposite to them in
the south for the [equivalent] southern horizons. /1t will be the same in the southern/" *"!
[horizons] on the aforementioned condition. After thoroughly comprehending what we have
mentioned, it should be clear that if we know the co-ascension of one-quarter of the zodiacal
[equator], the co-ascensions of the rest can be obtained; because if we know the co-ascension of
Avries for a [given] locality, we will know the co-ascension of Pisces for [that locality] since they
are equivalent [to each other]; and if we subtract the co-ascension of Aries from the sum of its
co-ascension and the co-ascension of Virgo in the right orb, the remaining is the co-ascension of
Virgo for that locality, which is equal to the co-ascension of Libra for [that locality]. Using the
same strategy, from the co-ascension of Taurus, the co-ascension of Aquarius, Leo and Scorpius
can be obtained, and from the co-ascension of Gemini, the co-ascension of Capricornus, Cancer

and Sagittarius.

[5] As for those horizons in which the day-circles of the two solstice points are the
largest of the permanently visible and invisible day-circles, it has been mentioned that a half
of the zodiacal orb rises with the entire equinoctial and the other half appears without

[requiring] time; in setting, the two halves exchange [properties].

[6a] As for the horizons in which there are arcs of the zodiacal orb that are
permanently visible and invisible, the equinoctial will be divided into two divisions: one rises
with zodiacal signs that rise in reverse order and the other with the ones that rise in regular order.
Those arcs that neither rise nor set will have neither co-ascension nor co-descension at all. Let
the example be the one in the northern region we have [previously] used, namely the region
whose latitude is 70 where Gemini and Cancer are permanently visible, and Sagittarius
and Capricornus are permanently invisible. When the vernal equinox point rises, Pisces
will rise after it in reverse order from end to first; then Aquarius in reverse order from end
to first; then will begin the rising of Leo from its first in regular order, then Virgo, then

Libra, then Scorpius, likewise [in regular order]. Now when the first of Sagittarius is

XV of that zodiacal sign] margins of B and K; above the line in L.
* and vice versa] under the line in B, K; margin of L.

X 1t will be the same in the southern] margins of B, K and L.
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reached, the end of Taurus will begin to rise reversed, and Taurus and Aries will rise in
reverse order. Thereupon, the vernal equinox point will return to the horizon. One should
draw analogous conclusions from this for the remaining horizons, and from rising for
setting. At latitude 90, there is neither co-ascension nor co-descension for zodiacal signs /for

they neither rise nor set./" "

[6b] Now, if you have learnt what you should have learnt, you should know that the
equation of the co-ascension is what is added to or subtracted from the co-ascension of the right
horizon so that the co-ascension of a given locality is obtained; and this is the equation of the
daytime as you have learnt. The co-descension of an arc is like its co-ascension for [that
horizon]. [Also,] the equation of [the co-descension] is equal to the equation of the co-ascension,
except that if it is added to the co-ascension of the right horizon, it will be subtracted from its co-
descension, and if it is subtracted from its co-ascension, it will be added to its co-descension. The
co-ascension of the azimuth is an arc along the equinoctial that falls between the horizon and the
altitude circle passing through some assumed part. The [arc of] the revolution of daylight [al-
da’ir] is the segment of the arc of daylight between the Sun’s altitude circle and the eastern part
of the horizon circle. What is [along the arc of daylight] between [the altitude circle] and the
meridian circle is the excess of the revolution of daylight. One may say that [the revolution of the
daylight] is an arc from the Sun’s day-circle that falls between the Sun’s part [on the zodiacal
equator] and the eastern horizon during the day; it is [also] what falls between the directly
opposite part and the eastern horizon during the night along the day-circle of the directly
opposite part. The amount of each of the two [i.e., the revolution of daylight and the excess of
the revolution of daylight] is equal to the corresponding arc from the equinoctial. The ascendant
is the part of the zodiacal orb appearing on the eastern horizon. The descendant is the directly
opposite part on the western horizon. The part that is on the meridian above the Earth is the tenth
[upper culmination/ Medium Coeli] and is called the mid-heaven part. The part that is on the
meridian below the Earth is the fourth [part] and is called Imum Coeli [watad al-ard, lit.
pivot/peg/stake of the Earth]. These four points are called the quadruple cardines [cardinal

points/ quatuor coeli cardines]—and God knows best.
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CHAPTER EIGHT
On the Lengths of the Nychthemerons

[1a] The nychthemeron [lit., a day with its night] is the time that elapses from a sunrise,
a sunset, /or the Sun’s passage through the meridian/"" until another” " sunrise, sunset, /or Sun’s
passage./" " It is not, as is generally understood, the time that falls from either the Sun’s
occurrence on the horizon—whether rising or setting—or else [from its occurrence] on the
meridian until its return there after one complete revolution by the first motion; and that
its length is one revolution of the equinoctial increased by the amount of it that rises with
the arc traversed by the Sun during that nychthemeron. [This definition is not correct]
because it is not inclusive, since the qualifier “one [wahida]” excludes the nychthemeron of
latitude 90 and what is close to it, because [in those localities] the return of the Sun to the
assumed initial point will be after two revolutions or more. [Also,] because the qualifier
“complete [tamma]” and the determination of the length of a nychthemeron [exclude] some of
the nychthemerons where the signs rise in reverse order, and its vicinity. Because [in those
localities] the return [of the Sun]—according to what will be clear after the perception of those
situations—is less than a revolution by an amount /that is necessitated by the Sun’s motion. The
point of the equinoctial that is on the horizon with the Sun—Iet it be in the tenth®" as an
example—will not return with it to the horizon—due to the Sun’s transmission to the eleventh
and its rising before the tenth; rather, another point [on the equinoctial] will reach the horizon
with the eleventh. Thus, what is between the two points along the equinoctial is what is
subtracted from its [complete] revolution. If*" it were possible to join the arc that rises in reverse
order to the one that rises in regular order and the Sun were assumed during a certain day to
traverse one day the degree that is on the common part of the two arcs, the returns of the Sun and
[the point of] the equinoctial would be [at] the same [time].® ' /This is because,/* " even though
the [Sun’s] motion along what rises in regular order necessitates an excess over the revolution of
the equinoctial, its [motion] along what rises in reverse order necessitates a deficiency from one

revolution by the amount of that excess; thus they cancel each other and the return [of the Sun]

' or the Sun’s passage through the meridian] - B; margins of K and L.

" another] + resulted from the daily motion: B; crossed out in K.

" or the Sun’s passage] - B; margins of K and L.

" the tenth] + of Aries: margins of K, L and R.

¥ If] Not if: added in the margin in K and within the text in L and R.

* the equinoctial] + according to: margins of K, L and R.

" This is because] the fact that: added in the margin in K and within the text in L and R.
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will happen/“ " only in one revolution, which is the departure of a point of the equinoctial from
its alignment with a [certain] point and its return to [that point]. The time elapsed from the
departure until the return is the period of one complete revolution of the outermost orb.® ™ [The
definition] that we have mentioned is inclusive and exclusive. When they say “the day” in an

unrestricted sense, they mean “the nychthemeron”; likewise for “the days.”

[1b] Now that you have learnt this, you should know that the nychthemeron /in the
inhabited region/* is subdivided into a true [nychthemeron] and a mean [nychthemeron], /which
is also called the mean day./" ¥ The true [nychthemeron] is the time between the departure of the
Sun from half a great circle, conceived to be fixed, and the Sun’s return to it, which is a complete
revolution of the equinoctial plus the amount that exceeds that semicircle with the arc that the
Sun traverses by its proper motion during the time it returns to that semicircle. We have said
“half a great circle” in order to include the eastern horizon semicircle, if the initial point is taken
to be the sunrise; the western [horizon semicircle] if it is taken to be the sunset; and the meridian
[semicircle], if the initial point is taken to be the passage [of the Sun] through it. We have [also]
said, “the amount that exceeds it” instead of “the amount that rises from it,” as is usually said, SO
as to include the sunrise, sunset and passage [of the Sun] through the meridian. Indeed, the
period [of a true nychthemeron] will be more than the period of a revolution, because if the Sun
were still and motionless, the period of its return to a given point that was taken as the initial
point of its motion® ™ would be equal to the period of the return of the equinoctial, but [the Sun]
moves in the opposite direction of the motion of the Universe. So, if we assume the Sun to be on
the meridian circle, there will be a certain point of the equinoctial with the Sun on it. Then, when
the orb moves till it brings that point back to the meridian, the Sun will not return with the point
to [the meridian] because it has traveled with its proper movement along an arc on the zodiacal
orb. Therefore, when the orb moves until the Sun returns to the meridian, another point of the
equinoctial will have reached it. Thus, what is between the two points, is the excess over the

revolution of the equinoctial. The mean day is the period of one revolution of the equinoctial

" that is necessitated by the Sun’s motion... and the return will happen] margins of B and K.

™ the highest orb] + Because this difference actually appears in the nychthemeron not in some of it. Yes, if it were
possible, the two returns of the Sun in two consecutive days would be the same as the two returns of the equinoctial,
as it is clear: margins of K, L and R.

*in the inhabited region] margins of B and K.

“ which is also called the mean day] and other than them: B = added in the margin and within the text of K and L.
*!'its motion] has been changed to “the nychthemeron” in K, L and R.
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plus an arc along it, equal to the Sun’s mean motion which is 0; 59,8,20. This [mean] day is the
one by which the planets’ mean motions and other motions that do not vary are defined in the
zijes; because if they were defined using the true [day], the arrangement of the tables would be
difficult or impractical due to the variation of the true [nychthemeron].

[1c] The first [subdivision] is called “true,” due to the consideration of the Sun’s true
movement, which is its movement with respect to the center of the Universe; and the second
[subdivision] is called “mean,” due to the consideration of the Sun’s mean motion, not for the
reason mentioned by Kharaqi, which is: “The return of the Sun to the same point of the zodiacal
orb in one year will add one return to the equinoctial’s returns. [This is] because of the daily
excess of the Sun’s return over that of the equinoctial by [the amount of] a small arc. If those
[small] arcs are put together during one year, it will equal one return. If this extra return is
divided over the days of a solar year, each day will get 0;59,8,20. Therefore, the amount of the
mean nychthemeron will be 360;59,8,20.” This is because this [explanation] is not appropriate
for causal inference; for a proper appraisal, it is [the number of] the equinoctial returns that
exceeds the Sun’s returns, not the contrary, as was mentioned. Because if every return of the Sun
to the meridian, for example, takes longer than the return of the equinoctial to it, then [the
number] of the equinoctial returns should be more than [that of] the Sun’s returns in one year by
the amount of one equinoctial return. Do you not notice that if the Sun traverses with its proper
motion, for example, a quarter of the zodiacal [equator] in one day, its return to the exact point
on the zodiacal [equator] will take four returns to the meridian, which is equal to five equinoctial
returns? [This is] because the Sun’s return, based on this assumption, takes longer than the

equinoctial return by the amount of its quarter.

[1d] These two [kinds of] days are used by the practitioners of the science [of astronomy];
as for other kinds, such as the nychthemerons at latitudes where no habitation exists, they do not

take these into account.

[2] Now, the reason for the variation of the true [nychthemeron] is two: first, the variation
of what is traversed by the Sun with its proper motion, for [the Sun] will traverse in the far
half smaller arcs, while in the near half larger arcs; second, the variation of [those arcs] that
rise along the equinoctial with the arcs from the ecliptic orb, [the former] being sometimes

smaller, sometimes larger than [the latter]. This is not because of the variation in its
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movement, /for it has been included in the first [cause],/" " because even if it traversed equal
arcs in [different] days, this [variation] would still persist since it does not pass over the circles in
equal times: it passes over the eastern horizon through the co-ascension of the locality and over
the western [horizon] through the co-ascension of [the point] /directly opposite to [the
locality]/™" and over the meridian through the co-ascensions of the right orb, and these co-
ascensions are different depending on where they are taken from. It is due to these two [reasons]
that the length of one revolution of the orb is increased by time [intervals]; indeed, the amount
[of a nychthemeron] is variable but this variation is imperceptible in one or two days due to
the smallness of the difference; one does perceive it over many days. The calculators, as we
have mentioned, being obliged to use nychthemerons of equal size in order to find the mean
motions and other [things], have taken the above increase to be along the equinoctial in the
amount of the mean motion of the Sun during a nychthemeron, for what has been mentioned
as the cause. These two days may be either equal or different because the co-ascension is either
equal to the equal degrees, i.e. the true position, or greater or less than it. In any case, the true
position is either equal to the mean [position] or greater than it or less than it. Thus, there will be
only nine divisions. Due to the first, the true [nychthemeron] will be equal to the mean
[nychthemeron]; greater than it, due to the second; and less than it, due to the third. In the same
way, the true [nychthemeron] will be greater than the mean [nychthemeron] due to the fourth,
fifth and sixth, if the excess of the co-ascension over the true position is greater than the excess
of the mean [position] over it; or less than it if the contrary; or equal to it, if they [i.e., the co-
ascension and the true position] are equal. Similarly, the true [nychthemeron] will be less than
the mean [nychthemeron] due to the seventh and eighth, if the deficiency of the co-ascension
with respect to the true position is more than the deficiency of the mean [position] with respect to
it; and greater than it, if the contrary; and equal to it if they are equal. The same will happen due
to the ninth, which is clear from an entirely theoretical point of view and from considering the
truth of the matter [nafs al-amr]. But for the true state of affairs, one needs to find out all

about each of the two differences.

X for it has been included in the first] margins of B, K and L.
*V directly opposite to [the locality]] ‘the locality’ was referred to by the masculine pronoun (-hu) in B, which has
been changed to the feminine pronoun (-4a) in K.
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[3] As for the difference that is due to the Sun’s variable speed: in the period that the
Sun moves from the apogee to the mean distance that follows it, the increase of the Sun’s
mean over its true position will be in the amount of the maximum anomaly, which is two
degrees; in the period that it moves from the other mean distance to the apogee, it will be
the same as this. If one says that this [statement] indicates that the mean position will be greater
than the true position when [the Sun] ascends from the mean distance to the apogee; and that
your statement in the [section on the] configuration of the Sun’s orbs that the equation will be
added to the mean as long as [the Sun] is ascending, indicates that the true position is greater
than the mean position there, which is contradictory, we will say that there is no contradiction in
it, since there is no incompatibility between the arc of the true position being greater than the arc
of the mean position, as we have mentioned there, and the true motion being less than that of the
mean motion, as we have said here. Thus the increase of the mean over the true position in
the far segment from the Earth of the Sun’s orb is in the amount of twice the anomaly; in
the near segment, the increase of the true position over the mean is the same as this as well.

The difference between the two segments is four times the anomaly.

[4a] As for the difference due to the co-ascension: if the beginning of the day is made
to be when the Sun reaches the horizon, this difference will vary according to the changing
horizons, and it will not be the exact same thing for all localities. If the beginning of [the
day] is [upon the Sun’s] reaching the eastern horizon, that [difference] will be due to the
difference between the equal degrees and their co-ascension in that locality, and then the
difference [that is due to] the Sun’s speed and the difference [that is due to] the local co-
ascension come together in the required horizon. The difference [that is due to] the Sun’s speed
in the apogee half or the perigee half plus the middle half is four parts. The difference [that is due
to] the co-ascension in the Arietic half or the Libran half plus the middle half is twice the total
equation of daylight. Since the apogee is close to the summer solstice, in the vernal quarter the
true [day] will be less than the mean by the amount of the sum of one single anomaly and one
equation of daylight; in the summer quarter it will be more by the amount of the excess of an
equation of daylight over an anomaly; in the autumnal quarter, it will be more by [the amount of]
the sum of an anomaly and an equation of daylight; and in the winter quarter, it will be less by
[the amount of] the excess of an equation of daylight over an anomaly. Due to the variation of

the amounts of the equation of daylight according to the localities, this procedure is avoided. If
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the initial point is taken to be the western horizon, the difference [that is due to] the equations of
the daylight for the Arietic and Libran halves will be opposite to that in the eastern horizon with
respect to being additive or subtractive, /according to what has been mentioned earlier about the
co-descension of an arc being like the co-ascension of the directly opposite arc, and because the
co-ascension of the directly opposite arc differs in [being] additive or subtractive. And likewise,
it, that is, the difference [due to] the equation of daylight, the beginning of which is taken to be
the western horizon in the northern regions, will be equal to the one in the southern regions
where the beginning of their day is taken to be the eastern horizon, if their latitudes are equal,
according to what has already been mentioned, [namely] that the co-descension of an arc in the
northern [regions] is like its co-ascension in the southern [regions] based on the mentioned

/* XV

condition, and vice versa./ ™ One should draw analogous conclusions from what we have

mentioned for the combinations.

[4b] But if the beginning of the day is made to be upon its reaching the meridian, the
difference agrees for all horizons, and that is according to the co-ascension for the equator.
[The calculators] thus chose this rather than the first alternative. You should know that for
those who take the beginning of their day from the meridian [till the Sun’s return] to it, there will
be no variation at all in [the beginning of the day] in localities of equal longitude. Now, the
difference in the beginning [of the day] for only longitudinally different, or both longitudinally
and latitudinally different localities, will be only in the amount of the difference between the
longitudes. Therefore, the true and mean days, the beginning of which are taken to be the
meridian, will only differ by the same amount that the co-ascension of [the arc of] the Sun’s true
motion at the equator /differs/”*" from its mean motion, and its maximum is (% + ¥ of 1/9) of an
equal hour. The difference in the beginning of the days whose beginning is taken to be either the
eastern or the western horizon, for localities of equal latitude, will be by the amount of the
difference between the longitudes; for those with /only/” " different latitudes, the difference will

be likewise in the beginnings /in the same amount that the difference of the latitudes

*according to what has been mentioned earlier about the co-descension of an arc ... is like its co-ascension in the
southern [regions] based on the mentioned condition, and vice versa] margins of B and K = + is like the ones in the
southern regions: crossed out in B and K.

" differs] margins of B and K.

! only] margin of B; above the line in K.
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necessitates;/” " thus, at [two localities] of equal longitude, the Sun rises earlier for the one that
is more inclined toward the north, than the one with less inclination, /if [the Sun] is to the north
of the intersection of the two [local] horizons, as has been mentioned at the beginning of the
book,/” ** and [there will be a difference] also in the amount due to the difference in the co-
ascension of the Sun’s movement. In longitudinally and latitudinally different [localities], it will

be a combination of the three /aforementioned/” ** differences.

[5] It has been mentioned above that the zodiacal orb may be divided into four
segments. The two that are bisected by the equinoxes are greater than their co-ascensions,
and they are from the middle part of Aquarius to the middle part of Taurus, and from the
middle part of Leo to the middle part of Scorpius. The amount of excess of each one of
them over its co-ascension at the equator is five degrees. The other two segments, which are
bisected by the solstices, are less than their co-ascensions, and they are from the middle
part of Taurus to the middle part of Leo and from the middle part of Scorpius to the
middle part of Aquarius. The amount of deficiency of each one of them from its co-

ascension at the equator is likewise five degrees.

[6] When one additively combines the two differences when they are both additive, or
both subtractive, or takes the difference when they differ, there results the total amount of
difference between the mean days and the true days during the year. This difference is
called the equation of the nychthemerons. Its maximum is nine degrees, because the difference
between the apogee or perigee halves and the middle half is twice the [solar] equation, which is
four degrees; and [the difference] between the quarters of equinoxes or solstices and the middle
quarter is five degrees. Therefore, the maximum difference between the subtractive [true] and
mean days or [between] the additive [true] and mean caused by both differences is nine degrees.
The difference between the subtractive and additive /true/” ' days is 18 degrees. When the Sun
reaches its initial position with its proper motion, and a revolution is completed, this difference

will be gone and this consideration will be cancelled; and the sum of the mean will

' by the same amount that the difference of the latitudes necessitates] margins of B and K.

*™if it is to the north of the intersection of the two horizons, as has been mentioned at the beginning of the book]
margins of B and K.

* aforementioned] margins of B and K.
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approximately be equal to the sum of the true, except for the amount that is caused by the motion

of the Sun’s apogee.

[7] One day must necessarily be taken as the initial one from which the other days are
measured. Noon of that day is then the initial [time] for both mean and true days. For any
day of the year that is taken to be the initial one, the difference between the mean and true
days elapsed from that day is sometimes additive and sometimes subtractive, except for
[initial days at] the end part of Aquarius and the beginning part of Scorpius; for if the
initial [point] is made the end part of Aquarius, the true days will always be shorter than
the mean ones, due to the combination of the two additions there, and if it is made the
beginning part of Scorpius, the true days will always be longer than the mean ones. Its
detailed explanation is that since the apogee is at Gemini, the deficiency of the apparent from the
mean, according to the first difference, will [occur] in the half that is from Pisces to Virgo, and
its excess over it will [occur] in the other half. If the two differences are combined, the two
deficiencies that are due to the two [differences] will come together in what is between the
beginning part of Pisces and the middle part of Taurus. From there to /the middle part of/" "
Leo, the excess that is due to the co-ascension will reach the amount that the deficiency, which
was also due to [the co-ascension], has reached in the previous quarter. The accumulated
deficiency that is due to the first difference remains as it was before. Then, the two deficiencies
will come together until the beginning part of Virgo. The Sun’s anomaly keeps growing while
the co-ascension is subtractive, until they counterbalance each other at the end of Libra. Then,
the addition takes over and the two additions will come together in what is between the middle
part of Scorpius and the middle part of Aquarius. Then, the deficiency that is due to the co-
ascension occurs. Thus, based on this concurrence, the zodiacal equator divides into [two
divisions]: one division in which only deficiency appears, and it is between the middle part of
Aquarius and the end part of Libra; and [another] division in which only addition appears, and it
is between the first of Scorpius and the middle of Aquarius. From this, what we have mentioned
becomes clear, except that the practitioners of the profession have agreed on making [the
initial point] the end part of Aquarius. Because of this, the true days are always less than the

mean. /The excess of the true day over the mean while the Sun is in the smaller segment, like the

%4 the middle part of] the middle of: B = “the middle of” has been changed to “the middle part of” in K and L.
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tenth of Capricornus for example, does not contradict the fact that the elapsed true days from the
end part of Aquarius to the tenth of Capricornus are less than the mean days that are between

them. This is because the deficiencies that obtain in the greater segment will not be compensated
except if the Sun traverses the smaller [segment] and reaches the initial point, i.e., the end part of
Aquarius./ ™ This is an illustration of the segments, the apogee being in the end of Gemini:
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[Figure 7]

The difference of the anomaly changes due to the motion of the apogee, but over a long

period.

[8] This then is the explanation of the difference in the lengths of the days. Finding
the [actual] amounts for all times pertains to the practical handbooks, and it is more

appropriate to leave its explanation to those [handbooks]—God knows best.

Xl The excess of the true day over the mean... the initial point, i.e. the end part of Aquarius] margins of B and K.
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CHAPTER NINE
On Dawn and Dusk

[1a] Dawn and dusk are illuminations in the vapor sphere due to the Sun’s approaching the
eastern horizon or its receding from the western [horizon]. They are similar in type, /but opposite
in position,/” ' since the state of /the beginning of/" " the rising of dawn is like /the end of/" " the
setting of dusk. They are different in color, due to the difference of /the quality of the air/*" in
the horizon where they appear. The difference in the color of the Sun during sunrise and sunset,
and also [the color of] its rays and whatever in the atmosphere is illuminated by its light, is due
to the vapor’s different colors in each of the two directions. The color of the vapor in the east is
nearer to clearness and whiteness due to the humidity attained from the nighttime cold, while in
the west it is more yellowish due to the dominance of the smoky part attained from the heat of
the daytime. Furthermore, the whiter and clearer the®" body is, /the brighter it is, and also/™ "' the
more intense the light reflected from it than the light reflected from other [bodies]. For this
reason, among the objects of equal size and distance, one sees the white ones before the red and
yellow ones, and the latter before the dark and dust-colored ones.

[1b] As for the vapor sphere, it designates the air thickened by ascending particles from the
earth and water spheres due to the Sun and other things vaporizing them. The shape of this air is
like a sphere encompassing the Earth around its center; since its surface is parallel to the Earth’s
surface and its maximum height from the center of the Earth is everywhere equal, this
necessitates its being spherical. However, its consistency is different, since its parts which are
closer of it to the Earth are thicker than the distant parts—since the thinner ascends and becomes
farther in distance than the thicker, which is clear—but [the air] never reaches an extent of
thickness such that it would conceal what is /beyond it./™" The altitude of [the vapor sphere]
reaches a limit, which is 51 mils and a fraction from the surface of the Earth, and does not exceed
it, as will be explained in [book 1V on] the sizes and distances—God the Almighty willing. The

vapor sphere is also called the world of the wind, i.e., the place from which the winds blow,

' but opposite in position] margins of B and K.

" the beginning of] above the line in B and K.

" the end of] added later within the text in B and K.

" the quality of the air] margins of B and K.

¥ the] + thick: margins of B, K, L and R.

* the brighter it is, and also] has changed from “is” within the text and in the margins of B and K.
""'beyond it] behind it: B = has been changed from “behind it” in K and L.
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since the air above it, which is clear from dust particles, vapors and smoke, is still and
undisturbed. /Some call it the sphere of day and night, as it is susceptible to light and darkness—
unlike the clear air that is beyond it—and blueness appears in it, which seems to people as the
color of the sky. Because the particles that are close to the surface of the vapor sphere are less
susceptible to light due to their greater distance and fineness compared to those close to the
Earth, they seem dark compared to these [latter] particles. When the light of vision extends from
the particles illuminated by the stellar rays towards those particles that seem dark, the observer
sees the dark atmosphere above himself as a combination of the terrestrial light and the stellar
light, in a color between darkness and brightness, which is the color azure. Similarly, when one
looks at a green body through, for example, a red transparent body, it appears to him as a color
combined from redness and greenness./* ¥"

[1c] Because the beginning of dawn and the end of dusk only occurs when the Sun’s
depression from the horizon is 18 or 19 degrees and [because] no light is visible in [the horizon]
when [the Sun’s] distance from the horizon is greater than that [amount], it was then ascertained
that the light is due to the Sun. If not, why would its closeness or farness affect [the light]?
However, [that light] is not due to the sunlight falling on the apparent surface of the Earth—
/because it is considered dark [at dawn and at dusk]/* ™ since, on this account, the Sun is beneath
the visible horizon /by far, and it being so, its rays do not fall on the apparent surface of [the
Earth], neither directly nor through reflection, and because/” * the eye only perceives what is
above [the horizon]—rather [that light] is the sunlight falling on /the rough and thick part of/"*
the surface of the Earth’s shadow cone, called night. This is because the rays of the Sun surround
the cone and are scattered in all the orbs, except what is enclosed by the Earth’s shadow cone
due to its thick body, which is an insignificant amount of the orbs of the moon and Mercury. The
rest of the [celestial] orb is illuminated by the light of the Sun.3*" Since the orb is extremely
transparent, the light passes through it and does not reflect from it. That is why [the celestial orb]

does not seem illuminated to us and neither does the air surrounding the vapor sphere which is

" Some calls it the sphere of day and night ... it will appear to him as a color combined from redness and
greenness] - B; margins of K and L.

™ because it is considered dark] margins of B and K.

* by far, and it being so, its rays do not fall on the apparent surface of the Earth, neither directly nor through
reflection, and because] margins of B and K.

* the rough and thick part of] margins of B and K.

*!"the Sun] + i.e., its rays reach them: margins of K, L and R.
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free from particles. Now [that part of the air that is] mixed with the particles, /which is the rough
and thick part of the surface of the Earth’s shadow cone,/” " can thus be seen due to the

existence of terrestrial particles in [the air] illuminated by the sunlight, as can be observed when
the light beam enters from the small window of a house into the relative darkness of [the house].

[1d] In fact, the situation of dawn and dusk are similar, except that dawn begins with a
weak light which is a thin elongated whiteness, then [it becomes] a wide expanding whiteness,
and then redness; and dusk is the opposite of this, since it is red after sunset, then [it becomes] an
expanding wide whiteness, and then thin elongated whiteness until it disappears. However, the
disappearance of this whiteness is barely perceived due to its being at the time of sleep and
people being free to rest at their shelters, unlike the first thin whiteness since it is at the time of
completion of rest and preparation for one’s affairs, during which people wait for the beginning
of the day at the rise of dawn in order to start dispersing for their needs. Thus, due to the
similarity of their situations, if we make the case of one of them clear, it would be enough for the
other; and since the dawn is more desirable, and of higher concern, we commence with it. Thus
we say when the Sun approaches the eastern horizon, the Earth’s shadow cone inclines
toward the west. Then of the rays surrounding it, /i.e., the thicker parts of [the cone]/"*" what
is visible first is that which is nearest the eye, which is what is above the horizon, not what is
on it close to the Earth; because the nearest of the sides of the cone to the eye is the side that
is toward the Sun, due to the cone’s inclination to the west, and “the nearest [part] of this side to

the eye” is what we mentioned.

[1e] In order to explain this, let one conceive a plane passing through the centers of the
Sun and Earth and through the axis of the cone, and let there occur in it a triangle whose
angles are acute, whose base is on the horizon, and whose two sides are on the surface of
the cone. It is clear that the [point] that is nearest the observer on the side [of the triangle]
toward the Sun is the spot on which the perpendicular extending from the eye falls on that
side, not the place of intersection of the side with the horizon, because the latter is longer than
the perpendicular due to its being the subtense of a right [angle] and the perpendicular being the

subtense of an acute [angle]. Certainly, the perpendicular does not fall on the intersection point,

xiii

" which is the rough and thick part of the surface of the Earth’s shadow cone] margins of B and K.
*V'i.e., the thicker parts of [the cone]] margins of B and K.
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because that angle is acute /and it is equal to its equivalent when the Sun is in the Imum Coeli
[watad al-ard]. After the Sun’s transit from there, the eastern [angle] will be more acute, and the
western wider, and they are not always equal according to what comes quickly to mind. It would
only be so if the triangle’s base, i.e., the diameter of the visible horizon, were moved by the
motion of the triangle, which is not the case. Thus, because of that, i.e., the acuteness of the

/¥ nor beneath the

eastern [angle], the perpendicular does not fall on the intersection point
horizon on the above-mentioned side /either;/”**" otherwise it would necessitate a right angle in
the triangle, occurring from the perpendicular, and an obtuse [one] beneath the horizon,
occurring from the intersection of the visible horizon’s diameter and the above-mentioned side,
because the upper angle [occurring] from their intersection is acute. So, necessarily, the
perpendicular to the mentioned side falls above the horizon. Therefore the first observed light
of the Sun is seen above the horizon as a straight line that lies on the above-mentioned side,
but what is near the Earth is still dark. For this reason that light is called first dawn, as it is
the first light that appears; [it is also called] the wolf’s tail, due to its thinness and length, as a
simile to it; and [it is called] false dawn, due to the horizon being dark; in other words, for it
to be believed that it is truly the light of the Sun, then [one would expect that] what is

illuminated should be near the Sun not farther away from it.>*""

[2a] Then when the Sun comes quite near, the light will spread; the horizon will then
become lighted,® ™" having a wide whiteness, and the dawn will be true; because its light is
more reliable than the first light, not because it is not followed by a darkness, unlike the false
[dawn] that is followed by a darkness disproving it, as some believe. Actually, /as we will clarify
later,/" ™ the correct [explanation] is that the first [dawn] is still there, but it only becomes
hidden due to the superiority of the intense light that has suddenly started to be added to it, just
as the Sun’s light makes the lights of the torches, fires, and stars hidden. When the light of the
Sun reaches a surface adjacent to the horizon, the redness will appear. Dusk will be the reverse
of dawn, as we have mentioned. This is an illustration of the horizon, the triangle, the

perpendicular, the Sun, and the Earth:

“or equal to its equivalent... the perpendicular does not fall on the intersection point] margins of B and K.
" either] above the line in B; margin of K.

“ from it (min-hu)] masculine “it” has been changed to feminine “it” (min-Aa): L.

“M lighted (muniran)] has been changed to al-munir in L.

** as we will clarify later] margins of B and K.
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[Figure 8]

This is what is generally understood by the majority [of the scholars] on this topic.

[2b] Some people say that the reason for both the first dawn and the last dusk being
elongated is the falling of the Sun’s rays at that time over the sea from [either] east or west. Then
the rays are reflected from the surface of the water to us, and the illumination occurs. Then the
rays connected to the Sun’s falling on the sea are cut off, and they fall over the expanse of the
Earth. Thus, they cannot be reflected [from the sea] and reach us in the period between the two
dawns. Then the Sun’s rays appear at the sides of the horizon, and it becomes illuminated for the
first reason. Similarly, the setting of dusk is in this manner. This, and its like, are inexact and

imprecise, and there is no verification for them.
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[2c] We ourselves say: since the base of the Earth’s shadow cone is a circle on [the Earth]
which is almost a great circle, but not [exactly] a great circle, as was mentioned earlier in
[proposition] 29, the Earth is divided by it in two parts; one bigger, which is illuminated; and one
smaller, which is dark, in the opposite side of the illuminated. These two accidents, i.e., light and
darkness, move on the surface of the Earth, [making] one revolution in a nychthemeron. The
motion of the light is from east to west; the motion of the darkness is from west to east. Since the
shadow cone intersects the vapor sphere, and [the cone’s] axis is perpendicular to /the center of
its base,/ ™ their /common/™ part is a circle parallel to the base of the cone that moves by the
Sun’s daily motion due to the motion of [the circle’s] axis, as any line perpendicular to the center
of a circle is called its axis. Let us call it the cone circle: it separates the air that, due to its
extreme transparency, will not be illuminated by the light of the Sun, and it is beyond [the cone
circle’s] circumference, and the air that receives the light, which is below it, i.e., the air from the
vapor sphere between [the cone circle] and the Sun, /not the air from [the vapor sphere] that is
above [the cone circle], due to its being permanently inside the shadow cone./” " Therefore, the
segment surrounding the cone that is separated by it from the vapor sphere between the surface
of this circle and the cone’s base, is illuminated by the light of the Sun, due to its being filled
with terrestrial particles. If the surface of the visible horizon is imagined to intersect the vapor
sphere, a fixed circle would occur on the horizon’s surface, [which would be fixed] in the sense
that [the circle] and the horizon’s surface do not part; the axis of [the circle] would be the line
passing through the zenith. Let us call this circle the vapor circle; it separates the part of the
vapor sphere that can be seen, which is above the circle, and the part of it that cannot be seen,

which is below the circle.

[2d] Since the vapor circle is smaller than the cone circle, for the reason we will explain,
the vapor circle is above the cone circle [throughout] most of the nighttime. Therefore, no part of
the illuminated segment of the vapor sphere surrounding the cone goes above the vapor circle,
and no part of the illuminated air can be seen. Let us take an example to [understand] this: in a
[given] locality whose latitude is not greater than the obliquity, let the azimuth circle in that

locality at the time of the passage of the zodiacal circle through the zenith be the zodiacal circle,

 the center of its base] its center: B = has been changed from “its center” in K.

* common] - B; margin of K.

*! not the air from [the vapor sphere] that is above [the cone circle], due to its being permanently inside the shadow
cone] - B; margin of K.
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so that conceiving what we say will be easier. Let the time be midnight; we imagine the azimuth
circle, i.e., the zodiacal circle, intersecting the Earth sphere at the circle BC; the sphere of the
Sun at the circle A; the vapor sphere at the circle DE; and the shadow cone at the triangle GBC.
Let the common part between the azimuth circle and the cone circle be the line HI, /which is
always parallel to line BC, the diameter of the cone’s base, because the cone’s axis is always
perpendicular to them and because of their motion with its motion;/” " and [the common part]
between the azimuth circle and the vapor circle is the line KL. It is clear that HI and KL are the
diameters of the cone circle and vapor circle because the azimuth circle passes through their
centers; and [it is also clear] that the illuminated [parts] of the vapor sphere are: [1] the
illuminated [spherical] segment surrounding the cone, which is [shown in the figure by the
sections] BDH, CEl, and [2] [the spherical segment] between the two [sections] in the direction
of the Sun, /which is the segment DPECQB./" " And the center of the horizon is M, which is
the location of the [observer’s] eye. The eye does not see any of the surface extending from the
eye, passing through the points N and O, illuminated because these two [points] are in the
transparent air. When the Sun moves toward the east, the cone inclines toward the west, and the
eastern side of the cone circle is elevated until the point H reaches the point K, and thus K
becomes the common [part] between the circumferences of the cone circle and the vapor [circle].
Therefore, the dawn breaks thin and dim due to the tangency of the two circles at one point.
Then, one of them cuts from the other a small part. Thus, its light [i.e., the light of dawn] extends
along the shadow cone at the common part between the light surrounding the cone and the
darkness that is inside it. As the inclination of the cone increases, the altitude of the eastern side
of its [cone] circle increases. Thus, the part of the segment BDH above the vapor circle becomes
greater than before. Therefore, the light widens in the east and extends horizontally, becoming a
clearly apparent [light], which is the true dawn. Then, the illuminated segment surrounding the
cone will be elevated little by little, until all of it goes above the vapor circle, and the light
intensifies, and increases until the time of sunrise. When the time of sunrise is close, the cone
circle becomes perpendicular to the vapor circle, with less than half of [the cone circle] above

/* XXV

[the vapor circle] and the rest of it beneath it, because its center, /which is R, is below the

Xt \which is always parallel to line BC, diameter of the cone’s base, because the cone’s axis is always perpendicular
to them, and because of their motion with its motion] - B; margin of K.
¥ which is the segment DPECQB] - B; margin of K.

¥ which is R] - B; margin of K.
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center of the vapor circle, /which is M./" ! Then, its side descends toward west as the Sun gets
altitude from the horizon, until the time it reaches the western horizon, [when] its situation will
be like what it was at sunrise. Then, [the cone circle] inclines toward the west until the Sun’s
depression is 19 degrees, and the cone circle touches the vapor circle at one point in the western
direction. Then, [the cone circle] gradually goes below [the vapor circle] until the cone circle is
entirely beneath the vapor circle. Thus, the light disappears until [the cone circle] touches the

eastern side of [the vapor circle] shortly before dawn, and everything starts all over again.

[Figure 9]

[2e] As for the fact that the cone circle is greater than the vapor circle, /this is because/*V!

if it were equal to it, it would coincide with it when it touched it; since, for any two equal circles
in a sphere, if, after being separated, one touches the other, it will coincide with it. Hence, when

XXVi

' which is M] - B; margin of K.
M this is because (fa-li-annaha)] it is because (li-annaha): B, K = has been changed from “it is because (li-
annaha):” L.
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the distance of the Sun from the horizon is 19 degrees, the horizon will be illuminated from all
directions and the dusk will only set when the dawn has just risen. If [the cone circle] were
smaller, then most of the time the horizons would be illuminated like the morning light, but the
reality is contrary to this. Thus, the cone circle is greater than the vapor circle. That is why [the
cone circle] is always entirely or mostly beneath the vapor circle and no segment of it coincides
with nor goes above [the vapor circle] at all, except a segment [which is] less than half of it,
according to what has been mentioned. This is the true reason for the rise of dawn and setting of
dusk, and for the increase of the first light and for the decrease of the second one and this is why

it is not visible before the limited time [of its visibility].

[2f] Now that you have learnt this, you should know that it has become known by trial
and error that the depression of the Sun below the horizon at the first rising of dawn and
the final setting of dusk is 18 degrees of the altitude circle which passes through the center of
the Sun. However, due to the difference in the co-ascension of the depression arc, the dawn and
dusk hours differ, i.e., the hours between the rise of dawn and sunrise and [the hours] between
sunset and setting of dusk. Now, at the equator, when the Sun is in one of the equinox points, this
18-degree depression will be traversed by the same amount of the equinoctial motion, due to the
unity of the altitude circle and equinoctial at that time. Then, the dawn and dusk hours will be 1
hour and 1/5 of an hour, as this is the measure of 18 degrees. The dawn and dusk time will not be
less than this [amount] anywhere on the surface of the Earth. If, [at the equator], the Sun is at
[any point] other than the equinoxes, the altitude circle will be different from the solar day-circle;
thus the dawn and dusk hours increase, as we have said, by the amount of the difference between
this 18-degree and what rises with it from the equinoctial. This differs as the day-circles change.
/This is because the altitude circle of the Sun and its day-circle, intersecting at the center of the
Sun while it is below the horizon and [the horizon circle], form a triangle whose two angles at
the horizon are right angles, and so their subtenses are equal; however, [the side of the triangle]
that is along the altitude circle is 18 degrees of [the altitude circle], thus the [side] along the day-
circle is more than 18 degrees of it, because it is a small circle, whereas the altitude [circle] is a
great circle. Therefore, when the Sun is at [any point] other than the equinoxes, [an arc along] the
equinoctial that is greater than 18 degrees rises with the depression arc, since the rules for the
rising and setting in the day-circle and the equinoctial are the same. Since the day-circles become

smaller as they get farther from the equinoctial, the maximum of this difference will occur at the
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time when the Sun is at one of the solstices. So, learn this, as it is one of the subtleties./” ™" It is
clear that every two parts with equal distances from one of the equinoxes have equal dawn and
dusk hours. This is also one of the characteristics of the equator that cannot be found in any other

place.

[2g] As for the oblique horizons, the greater the altitude of the visible pole of the zodiacal
orb and the more acute the angle occurring from the intersection of the horizon and the zodiacal
[equator], the greater the dawn and dusk hours; and the less /its altitude,/” ™ /the fewer/"** [the
hours]. This is because the more acute the angle is, the greater what falls along the zodiacal
circle between the center of the Sun and the horizon, compared to when it is less acute, due to the
equality of the depression arc in them. The greater the arc along the zodiacal [equator], the
greater its co-ascensions and, thus, the hours; and the less it is, the fewer [the hours]. Because of
this—and also because the depression of any degree below the Earth is like the altitude of its
directly opposite degree above [the Earth]—in the oblique horizons, the period of dawn and dusk
for the half of the zodiacal [equator] whose declination is in the direction of the latitude is greater
than the period in the other half. Do you not see that the period of dawn and dusk in the fourth
clime when the Sun is in the beginning of Cancer is two hours, and in the beginning of
Capricornus, an hour and a third?

[2h] In the lands whose latitude is 48 %2, dusk will be continuous with dawn when the

Sun is at the summer solstice.® ™ There will be no nighttime darkness when the Sun reaches
the meridian below the Earth, because at the time, when [the Sun is at the summer solstice], its
depression arc on the meridian circle will be 18 degrees [of the meridian]. Thus, the moment
when the setting of dusk ends will be exactly the beginning of the rise of dawn. In the [regions]
whose latitudes exceed that amount, this, i.e., the continuity of dawn and dusk, will occur for
a longer period in accordance with the decrease in the above value for the Sun’s depression
below the horizon, because in this situation the rise of dawn will occur before the end of setting

of dusk, contrary to the first situation. Thus, [the continuity of dawn and dusk] will be a certain

I This is because the altitude circle of the Sun... So, learn this, as it is one of the subtleties] - B; margin of K.
*™its altitude] altitude: B.

¥ the fewer] margin of K = the fewer the hours: B.

**! the summer solstice] has been changed to “the solstice which is:” L = + in the direction of the latitude: margin of
L.
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period of dusk hours and also dawn hours at the same time, and [the period of this continuity]

increases according to what we have already mentioned.

[2i] In the localities whose latitudes are equal to the complement of the obliquity, when the
Sun touches the horizon at the beginning of Capricornus® ** but does not rise, the dawn hours
will be 5 hours and 1/3; and the dusk hours will be the same; and the rest of the 24 hours will be
the dark hours. /This is because when the Sun along the winter solstice day-circle reaches the
alignment with the rising place of the equinox, its distance from the horizon will be equal to total
obliquity; and when it passes nearly 10 degrees away from its alignment, its distance from the
horizon will be 18 degrees. Thus, the dawn appears and stays until the Sun touches the horizon,
which is equal to the amount [of time] it takes to traverse the rest of its day-circle until the [point
of] tangency, which is 80 degrees, i.e., 5 hours and 1/3, since from the alignment [point] to the
[point of] tangency is 90 degrees. One should draw analogous conclusion from this for dusk

hours./” i

[2]] In the localities whose latitude exceeds the complement of the obliquity until where
the latitude is 84% degrees, [the depression] will be the sum of the complement of the obliquity

and the 18 degrees. /When the Sun is on a permanently invisible arc, the light will/"**"

appear
during the period of each nychthemeron, /i.e., during a revolution of the greatest orb./” ** [The
light]” ' appears from the south-east side, passes over the south, and disappears on the western
side. [This is] /because, during that period in those latitudes, the distance of the Sun from the
horizon as it moves along its day-circle when it reaches close to the southern side of the meridian
below the Earth is less than 18 degrees, as is clear; except for the final latitude [i.e., 84%
degrees], in which case the Sun’s distance from [the horizon] when it reaches the meridian is 18
[degrees]; it is greater [than 18] for all other situations [i.e., when the Sun is not at the meridian].
It is clear that the duration of the appearance of light differs due to the difference of the
permanent invisible day-circles, and not [due to] the fact that the greater the day-circle, the

greater the duration. [This is] because the greater [day-circle] is closer to the horizon and the

XXXii

the beginning of Capricornus] has been changed to “the solstice which is in:” L = + in the opposite direction of
the latitude: margin of L.

M This is because when the Sun along the winter solstice day-circle... One should draw analogous conclusion
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**¥ When the Sun is on a permanently invisible arc, the light will] - B; margin of K.
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appearance of light in it lasts longer than in the smaller [day-circle] and the disappearance time
will be opposite for them—except that the hours remaining from 24 after the subtraction of the
hours of illumination are the hours of darkness./” " This dawn and dusk will be continuous

with one another, because it is considered dawn while in the eastern side and dusk while in the

western side.

[2Kk] Then, when the latitude increases, as we have said, that light will not appear during
the time the Sun is close to the winter solstice but will appear before and after that time, /because
the distance of [the winter solstice] and whatever is close to it from the horizon is greater than 18
degrees, as is clear from what was previously determined above./” 1" Where the latitude is 90
and the pole is at the zenith, the period of dawn and dusk will be 50 nychthemerons each, since
the altitude circle there is the same as the declination circle. Thus, when the Sun is at the part [of
the zodiacal equator] whose inclination is 18 degrees, it will be the beginning of dawn and end of
dusk; and that part is 50 degrees away from either of the two equinoxes in either direction;
therefore, the period [of dawn and dusk] will be what we mentioned /as we had promised its
explanation./” ™ In the period of every nychthemeron, the light revolves around on the horizon;
for a period of 12 hours, the light of dawn will be on the assumed eastern half of the horizon; for
a period of 12 hours, on the assumed western half of the horizon; and the dusk will be analogous
to this. This is one of the strange points of this /science./” ¥ The dawn and dusk [time] will not be
greater than this [amount] anywhere on the surface of the Earth. Here, the discussion of dawn

and dusk and their circumstances ends—and He is thanked for His blessings.

" hecause, during that period in those latitudes... are the hours of darkness] - B; margin of K.

oVt hecause the distance of [the winter solstice] and whatever is close to it from the horizon is greater than 18
degrees, as is clear from what was previously determined above] - B; margin of K.

™ as we had promised its explanation] - B; margin of K.

X science] - B; margin of K.
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CHAPTER TEN
On Understanding the Units of the Day, Namely Hours,
and What Is Composed of Days, Namely Months and Years,
and What Pertains to Them, Namely Intercalation and the Calendar

[1a] The hours are two types: equal [mustawiyya], which is also called equalized
[mu ‘tadila], equatorial [istiwa ‘iyya], or equinoctial [i tidaliyya]; and seasonal [zamaniyya; lit.
temporal], which is also called unequal [mu ‘awwaja; lit. distorted] or gnomonic [giyasiyya]. The
equal [hour] is one part of 24 parts of the period of a nychthemeron. Therefore, the number of
diurnal or nocturnal equal hours will increase according to the length of day and night, and
decrease according to their shortness. [Therefore,] the parts of [an equal hour] are invariable, as
each is equal to 15 equinoctial temporal units obtained from the division of a revolution [of the
equinoctial, i.e., 360 degrees] over 24. This is in general terms; however, in actuality the parts of
an equal hour are greater than that since it is equal to one fourth of one sixth of the period of a
nychthemeron, which is greater than an equinoctial revolution, be it the mean [nychthemeron],
which is a revolution plus an arc from the equinoctial equivalent to the Sun’s mean [motion], and
as such, the unit of one equal hour will be approximately 15 degrees and two and a half minutes;
or be it the true [nychthemeron], which is a revolution plus the co-ascension of the true Sun at
that day, and as such, the unit of the hour cannot be determined because, as we already
mentioned, it will increase if the true [motion] becomes greater than the mean, and vice versa if
the opposite happens. However, this excess is disregarded in the division of the hours, either due
to its insignificant amount or due to this and its lack of determinability. So, it has been said
loosely that an equal hour is always 15 equinoctial temporal units and, because of this, it is called
equal and equalized. However, its being called equatorial or equinoctial is either because of the
equality of [its] parts or because of its connection with the localities at the equator where the
parts and the numbers of the hours do not change; it has [also] been said that this is because
unequal hours cease to exist when day and night are equal and [only] equal hours remain.
Astronomers divide every equal hour into 60 divisions, each called a minute, then [they divide

every] minute into 60, analogous to what is in the degrees.

[1b] A seasonal hour is one part of 12 parts of the arc of daylight or night; therefore, the
number of them will not increase according to the length of day and night, and will not decrease
[according to their shortness]; but in fact, their parts change, [i.e.,] become greater or smaller

according to the length and shortness of day and night; therefore, they are called unequal. Their
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being called seasonal [lit. temporal] is because a seasonal hour is half of one sixth of the period
of daylight or night and, by [this type of hour], proportions of [daylight and night] become
known. [Their being called] gnomonic is due to their being drawn on the gnomonic instruments.
In the same manner that, in the division of the equal hours, the excess over the revolution of the
equinoctial is disregarded, it is also disregarded in the division of the seasonal hours. That is why
the arc of daylight is known to be half a revolution, if there is no equation of daylight; or half a
revolution plus or minus twice the equation of daylight, when there is [an equation of
daylight]. Because, in fact, the arc of daylight is that which turns along the equinoctial from
the time half the solar body rises on the horizon until half of it sets on it. It will be greater
than the accepted [amount] by the amount of the co-ascension of [the arc] upon which the
Sun has moved by the true motion during that day for a [given] locality. The arc of night is
in accordance with the above. Since the parts of the equal [hour] and the number of unequal
[hours] are invariable, it has been said that the difference between them is that the length and
shortness of the days and of the nights is [measured] by the number of equal hours [or else]
by the parts of the unequal [hours]. The equalized [hours] are known as those whose number
changes but not their units, contrary to unequal hours. It has been determined that [the sum of]
every two seasonal hours, one diurnal and one nocturnal, is equal to two equal hours since, by
the amount one of the two seasonal hours exceeds the equal hour, the other [seasonal hour] is
less than the equal hour. Therefore, if the arc of night is divided by 15 [degrees], that is, it is split
into 15-degree divisions, the result will be the number of the equal hours of that night. The
complement [of those equal hours] up to 24 [hours] is the diurnal equal hours. If [the arc of
night] is divided by 12, that is, it is split into 12 equal divisions, the result, that is, the parts of
each division, will be [the number of] the temporal units of the seasonal hours of that night and is
called the temporal units of hours. Its complement up to 30 temporal units is [the number of] the
temporal units of the diurnal seasonal hour. At the equator, and [in general] when day and night
are equal, there is no difference between the two [types of the] hours because each one of the
arcs of daylight and night are roughly 180. Therefore, when they are divided into 12, each
division will be 15 temporal units. Therefore, parts of the equal and unequal [hours] will be equal

and there will be no difference between them.

[1c] The beginning of the day according to the convention of the astronomers, Persians and

Romans is the sunrise, which is the natural convention; and according to the convention of the
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jurists, it is the rise of the true dawn. Therefore, the period of daylight, according to this [latter
convention], is greater than [the period of daylight] according to the former by a known amount
of the period of nighttime with a confined beginning, which is equal to [the period] between the
rise of dawn and sunrise. The beginning of the night according to the convention of the first
group is the sunset; and according to the convention of the jurists, is the passage of the Sun from
the western horizon such that the darkness appears in the eastern side [of the horizon] and the
coming down of the red light, as will be discussed at the end of the chapter on shadows. From
what we have mentioned, the amounts of the periods of daylight and nighttime according to both
groups become clear. Those who rely on the calculation take the beginning of the nychthemeron
to be from the Sun reaching the meridian circle, not the horizon; because otherwise the
difference of the co-ascensions will be added to the equation of time, as has been already
discussed thoroughly; not because of the fact that all parts of the celestial orb do not return to the
horizon, since this is not appropriate for reasoning. The westerners and the people of these
[western] localities [take the beginning of the nychthemeron] to be from noon, and the easterners
from midnight. However, those who do not rely on calculation take the beginning [of the
nychthemeron] to be the Sun’s reaching the horizon, or its departure from it. The Arabs and most
jurists [take the beginning of the nychthemeron] to be the beginning of the night, because the
beginning of their months is based on the visibility of the crescent which occurs mostly after
sunset. It has been said that since, with regard to order, darkness is the original [quality], and that
light over takes it, so it is better to take the original as the beginning. However, all others [take
the beginning of the nychthemeron to be] the beginning of the day. It has been said that [the
reason for this is] because their months are based on calculation, [the beginning of] which is
from the beginning of the daylight; [however,] it is more appropriate [to say that this is] because
the light is existential and the darkness is non-existential, and beginning from the existential is

more suitable.

[2a] Now that you have learnt this, you should know that since the most known of the
celestial bodies are the two luminaries, most of the nations considered the revolution of one or
both of them in their convention of months and years. Also, because the month is derived from
the illuminated shapes of the moon and its cycle is completed in almost 30 days and since,
during its 12 revolutions, the year—which is derived from the return of the Sun to its location

on the zodiacal orb that results in a return of the [same] yearly condition determined by the
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seasons—is almost complete, the course/cycle of the year was based on 12 months and the
course/cycle of the month was based on 30 days approximately. The year is either solar or lunar,
and each one is either true [hagqiqgiyya], which is called natural [tabi iyya], or conventional
[iszilahiyya], which is called customary [wad ‘iyya]. The month is similarly either true natural or
conventional customary. The year will be a true solar year if the revolution of the Sun and its
return to its [primary] position on the zodiacal orb is taken into account, not the number of days
and months. Such revolution is completed in 365 % days minus 1/300 of a day, which is 1 1/5
parts of the 360 parts of a day. Since 60 is 1/5 of 300, one part of 300 is greater than one part of
360 by the amount of 1/5. This is according to Ptolemy, but there is disagreement among other
masters of observation regarding the fraction added to the complete days, which is less than ¥4
and is called the excess of the revolution, as has been mentioned in their books. The solar [year]
is conventional if it is established based on an amount close to the amount of the true [solar

year], as it will be discussed thoroughly—God the Almighty willing.

[2b] Now, the true lunar [year] is when one of the luminaries’ [relative] positions is taken
as the initial position until the moon returns to it 12 times—Ilike from one day of conjunction to
another, or from one night of [first] visibility of the crescent to another, or from some other
shape to its like. Nevertheless, because the one whose positions are clearer and easier to
perceive is the crescent—and [because] the moon in this situation is like [something that comes
into] existence after non-existence, and [is like] the newborn coming out of the darkness—it is
better to be taken as the origin of the motion of the moon, as has been believed by those among
the exoterists/followers of the formal religion who deal with the months. Every return from these
[12] returns is a true natural lunar month. Its cycle is completed when the excess of the moon’s
true motion over the Sun’s true motion becomes one revolution. Finding this is difficult.
Compounding the difficulty is that it varies due to the irregularity of their motions. As
such, the excess of the moon’s true motion over the Sun’s true motion cannot be recorded.
Therefore, it is not possible to keep the record of the cycle by [the true month]. Due to this
[issue], and also because this situation, meaning the visibility, is one of those things that varies
by the variation of the situation of the localities and by the variation of the moon distances from
the Sun—as there is no boundary to be surpassed in the visibility of the crescents—those who
rely on calculation do not consider the credibility of the visibility in issues other than legal affairs
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and they take the beginning of the month to be the conjunction moment and the period of a

month, the mean period between the two conjunctions.

[2c] The conventional lunar [year] is when [the number of] days and months is taken into
account, not the moon’s true motion nor the crescent visibility, as [was practiced by] the
astronomers and those who rely on calculation. Hence, according to them, the lunar year is 354
days and 1/5+1/6 of a day. The reason for this is: since they take the conjunction as the
beginning of the month, as we have mentioned, and obtaining the cycle—which is the time
between two conjunctions—through the difference between the two luminaries’ true motions is
difficult for them; [hence,] they obtain the cycle through the difference between the two mean
motions, that is, they subtract the mean Sun from the mean moon and thus what remains is the
amount called the moon’s overtaking [sabq al-gamar, i.e., the mean elongation]. [This way,] the
Sun seems as if it is stationary. Then, since the ratio of a single day to the elongation arc [gaws
al-sabq] is like the ratio of the desired [number of] days [i.e., the period of the cycle] to the cycle
[i.e., 360°], the first will be multiplied by the fourth—which will not make any changes to [the
fourth] as [the first value] is one—and will be divided by the elongation. Therefore, the [number
of] days between the two conjunctions will be obtained as 29 days and a half day and a fraction,
the sum of which will be 31 minutes and 50 seconds of a day. Then, this amount will be
multiplied by 12, the number of months of the year; thus, what we have mentioned will be
obtained as the [number of the] days of a conventional lunar year. Then, since the sum of [the
number of days of] every two consecutive months is 59 days, those who rely on calculation have
conventionally adopted to set the first month of the year, which is Muharram, at 30 days, the
second 29 days, and continued this arrangement till the end of the year so that Dha al-Hijja
becomes 29 days and (1/5+1/6) of a day, i.e., 22 minutes of a day, obtaining from 1 minute and
50 seconds that is [the abovementioned fraction] added to a half day multiplied by 12. In a leap
year, Dha al-Hijja will be 30 days and that [extra] day is called an intercalary day, and that year a
leap year. Since the fraction that is added [to a year, i.e., 22 minutes] is 11 out of 30; the
intercalary cycle is 30 years and the [number of] intercalary days are 11 days, because one fifth
of 30 is 6 and one sixth of 30 is 5. According to the practitioners of this science, the leap years
are in the order of the [abjad] letters b-h-z y-j-w-4 a-d-w-¢ [i.e., 2, 5, 7, 10, 13, 16, 18, 21, 24, 26
and 29], and thus the leap years of the Arab are called bahaz yajith adiit. Because in the first year

[of the intercalary cycle] the fraction [that exceeds a half day] does not reach Y, they do not
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intercalate [that year], but in the second [year] it exceeds Y%, so they intercalate [that year]; and
one should draw analogous conclusions from this for the remaining [years]. Some intercalate the
fifteenth year, instead of the sixteenth year, because they do not consider [the criterion of] the
fraction surpassing ¥ for the intercalation; rather, they intercalate even when it reaches %2, which
is clearly so in the fifteenth year based on the [abovementioned] consideration. These are the
conventional lunar months, also called mean due to the consideration of the mean [motions] of
the two luminaries in them. It is clear from what we have mentioned that the intercalary day is

the accumulation of the fractions that exceed the full days.

[3] Now, ta rikh literary means knowing the time but technically means the determination
of a certain moment in order to relate to it the time that comes after it; or, as it has been said, a
certain day in order to relate to it the time that comes after it; or, as it has been said, defining the
time by basing it upon the beginning of the occurrence of a well-known affair, like the
appearance of a nation or a dynasty, or a formidable incident like a storm or a strong earthquake
and its likes among the heavenly signs and terrestrial tokens; or, as it has been said, a certain
period between the occurrence of a clear affair and the time of other incidents. Based on what is
being conveyed by the mentioned definitions, there is a point to each of them, arising from
different considerations in using [the word] al-ta rikh for different meanings. The word al-
ta ‘rikh is an Arabized [word] derived from [the Persian word] mah-riz. Its origin is that Abtu
Miisa Ash‘arT wrote to ‘Umar b. al-Khattab—may God be pleased with both—that “we have
received letters from the Commander of the Faithful [but] we do not know upon which we
should act. We had examined a check dated Sha‘ban but we did not know which Sha ‘ban, the
last or the coming.” Or it has been said that a check, dated Sha‘ban, was handed to ‘Umar, then
he said “which Sha‘ban, the one we are in or the one that is coming?” Thus the prominent
Companions [of the prophet] gathered and said that the property has grown and what we have
distributed is undated, so how can one arrive at something according to which [the distribution of
money] can be recorded. Thus, Hurmuzan, who had been the ruler of Ahwaz and was captured
during the Fars conquests and taken to ‘Umar and converted to Islam through him, said that
Persians have a [time] reckoning [system] called mah-riiz and they relate it to the Chosroe who is
victorious over them. Thus, they arabized the word mah-riiz into mu arrakh and took its
infinitive to be al-fa rikh and conjugated it in different forms. Then Hurmuzan described the

usage of it for them. After that, ‘Umar—may God be pleased with him—said: “Set a ta rikh [i.e.,
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calendar] for people, based on which they can do business with each other and [so that] the time
when they pursue their business can be recorded.” Then, some of the attendees who were
converted Jews said to him that they have a similar [time] reckoning attributed to Alexander, but
others were not satisfied with it due to the length of it[s procedure]. Some people said let us write
based on the Persian calendar. They were told that their calendars are not related to a certain
beginning point but [that] whenever a king rises, they start their calendar from his rise and
discard what came before that. So they agreed to consider [the beginning] of the calendar of the
Islamic government from the emigration of the Prophet—peace be upon him—from Mecca to
Medina, because there is no disagreement on [this time], contrary to the time of his mission
about which people disagree, and likewise [with regard to] his date of birth, to the extent that it
has been said that he was born the night of the 2" of Rabi* al-Akhir, or the night of 8™, or the
night of 13" of it. Similarly, people disagree on the year he was born, so it has been said the year
40 of the Antshiravan’s kingship, or year 42, or year 43 of it. Now, the time of his death—peace
be upon him—though it is certainly known, it is not appropriate to be taken as the starting point
of the calendar because its consideration is not rationally commendable. Taking the time of
emigration [as the starting point] is essentially more appropriate, due to its being the time of
perseverance of the people of Islam, uninterrupted conquests, continuous delegations and the
Muslims’ domination over disbelieving people; and [things] are blessed in virtue of it and people
attach great importance to it. The emigration was on Tuesday, certainly 8 days passed from the
month Rabi‘ al-Awwal, and the beginning of the year, i.e., Muharram, was a Thursday, based on
the average [synodic period] and according to the statement of the scholars of hadith; but, based
on the crescent visibility and the conjunctions, it was a Friday. Thus, this [idea] was pursued, and
the time was reckoned from the emigration as the starting point. Their agreement on this was in
the year 17 after the emigration. Until this year, they used to call every year by the name of the
occurrence that happened in it, and reckoned the time using that. So, [for example,] the first year
of the prophet’s—peace be upon him—stay in Medina was called the year of the permission to
journey from Mecca to Medina, the second the year of the command to fight, and so on and so
forth. After that, they avoided calling the year by events and reckoning time by them. This

calendar is known as the Hijra [emigration] calendar.
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[4] Now that you have learnt the meaning of the [word] al-ta rikh [calendar], you should
know that there are six well-known calendars in our time: the Byzantine, Hijra, Persian, Maliki,

Jewish and Turkish calendar.

[5] Byzantine calendar. The years are conventional solar, as for them the year is 365 days
and a quarter of a full day, without any addition or subtraction. Similarly, their twelve months
are also conventional, since they consider seven of them to be 31 [days], four 30 and one 28
[days]. There is no basis for this arrangement. Every four years, they consider the 28-day month
to be 29 days due to the accumulation of the aforementioned quarters. This day is an intercalary
day, and that year is a leap year. The details of the names of their months and the number of their
days are as follows: Tishrin al-Awwal, 31 [days]; Tishrin al-Akhir, 30; Kanin al-Awwal, 31;
Kaniin al-Akhir, 31; Shubat, 28; Adhar, 31; Nisan, 30; Ayar, 31; Haziran, 30; Tamiz, 31; Ab,
31; and Aylal, 30. The beginning of their year is Tishrin al-Awwal and its time is close to the
time at which the Sun is, more or less, in the middle of Libra because the fraction they consider
to be a quarter is [actually] a bit less than a quarter. That is why the beginning of their years is
variable. Christians reckon [their time] based on these months, except that they consider their
feast to be in accordance with the Jewish Passover, using a reckoning system they know but this
is not a proper place to discuss it. The starting point of this calendar is a Monday, which is 12
solar years after the death of Alexander son of Filqts [Philip], the Greek who conquered the

kingships of the seven climes.

[6] Hijra calendar. The years and also the months are true lunar [years and months].
Because, as the Arab people were not skilled in keeping the record of the two luminaries’
motions, they considered the beginning of the month from the visibility of the crescent and the
period of the month based on what falls between every two [consecutive] crescents. Therefore,
some months may be complete, i.e., 30 days, or incomplete, i.e., 29 days. Consecutive months
may be [all] complete, to a maximum of four, [similarly,] consecutive months may be [all]
incomplete, to a maximum of three. This is the case if the visibility has been taken into account;
however, if the average [period] of the conjunction has been considered, then the years and
months are conventional. You have learnt about this and also about the starting point of this
calendar and the quality of intercalation from what has been discussed before. You should know

that Arab people in pre-Islamic times [Jahiliyya era] used the crescent[-based] months and went
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to Mecca for pilgrimage, and their pilgrimage season at that time was on the 10" of Dha al-Hijja,
as it was laid down by Abraham—peace be upon him. However, since it [i.e., Dha al-Hijja, or
the month of pilgrimage] was not [always] in one of the yearly seasons, but varied, and it was
once in the summer, and another time in winter, and also [sometimes] in the other two seasons,
and they wanted it to be in one invariable time—which was the time of ripening of the fruits and
grains and the time of temperate weather regarding heat and cold—to make traveling easy for
themselves and to be able to trade their goods and provisions while performing their rituals,
[once] during the [pilgrimage] season when Arab people were coming from everywhere, a
speaker stood and, after praising God and extolling Him, told people that “I postpone the end of
this year for one month, i.e., I add one month to this year, and | will do so every three years until
the time of your pilgrimage becomes the time of ripening of the fruits and grains so that you
come to us with them.” They agreed with him on this and did so for the sake of themselves. Then
he postponed the month of Muharram and considered it intercalary, and deferred Muharram to
Safar, and Safar to Rabi‘ al-Awwal, and the same for the rest of the months. Thus the pilgrimage
of the next year was in the 10" of Muharram, which was Dha al-Hijja for them, because since
they called Safar, Muharram and made it the beginning of the year, the next Muharram became
Dha al-Hijja and the end of the year. Thus the first year had two Muharrams: one at the
beginning of the year and the other was the added one, and [the number of] months [of that year]
became 13. This way, for three consecutive years their pilgrimage was in Muharram, then it
moved to Safar and stayed there for three years, till the end of the months. The intercalation of
their years was 12 lunar months every 36 lunar years. For whoever does this intercalation, the
agreement of the yearly seasons with the seasons of the solar year is more probable than whoever
does the opposite, which is that the Arab people used to intercalate 12 lunar months every 24
lunar year, and this was the well-known postponing cycle in the Jahiliyya era, rather than the
first, even though it was more proper for their purpose. Either way, after passing two or three
years and reaching the intercalation turn to the month in which the pilgrimage was, and deferring
it to the next month, a speaker stood and said what he desired to say. He then said: “we put the
name of the month so-and-so of the current year on the month that comes after it,” that is why al-
nasi’ is translated to “postponement [za khir]” just as it was translated to “additional [za id].”
Because they moved around the additional [month] through all months in order, until for

example in one years they had 2 Muharrams and in the other two Safars and so on and so forth,
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when they agreed on repeating one of the sacred months—which are Rajab, Dha al-Qa‘da, Dha
al-Hijja and Muharram, which is why it has been said three, one after another [i.e., Dha al-Qa‘da,
Dha al-Hijja and Muharram, which are consecutive], and a single one [Rajab]—a speaker stood
and informed them that “in this year that a sacred month had been repeated, only one will be
sacred for them according to his opinion and their benefit. When it came to Dha al-Hijja in the
Prophet’s time—peace be upon him—and a postponement cycle of all months was completed, he
performed the pilgrimage in that year, which was the tenth year after Hijra, because the
pilgrimage season fell on the 10" of Dha al-Hijja. That is why he did not perform the pilgrimage
in one [particular] year after Hijra during which Abt Bakr performed pilgrimage with people,
because the pilgrimage season fell on the 10" of Dhii al-Qa‘da. Then the Prophet addressed
people and ordered them to what God willed him to, and among other things he said: “Time has
completed its cycle and has come to the state of the day when God created the heavens and the
earth,” i.e., the return of the pilgrimage season and the names of the months to the[ir] first
situation. Then the Prophet recited Divine words: “Indeed, the number of months with Allah is
twelve [lunar] months in the register of Allah [from] the day He created the heavens and the
earth; of these, four are sacred [...],”*™" till: “Indeed, the postponing [of restriction within
sacred months] is an increase in disbelief by which those who have disbelieved are led [further]
astray. They make it lawful one year and unlawful another year to correspond to the number
made unlawful by Allah and [thus] make lawful what Allah has made unlawful. Made pleasing
to them is the evil of their deeds; and Allah does not guide the disbelieving people.”®*™*
[Afterward,] the Arab people were prohibited from this [kind of time] reckoning. Thus their
years and months were moving around in four seasons and pilgrimage season can be in any time
of the year, as it was in the time of Abraham—peace be upon him. | have seen in some of the
glosses of a trustworthy individual that in the Jahiliyya time, the Arab people intercalated 7 lunar
months every 19 lunar years so that they became like 19 solar years. The used to add one month
to the second year, one to the fifth in the sequence of 1-5-7-10-13-16-18... like what Jewish
people do. It is possible that this is the reason there are different narratives from them on the fact

it Guran 9: 36

XX Quran 9: 37

351



that they intercalated one month every two years, or one month every three years—God knows
best.

[7] Persian calendar. Their years are conventional solar year, which is 365 days.
Similarly, their twelve months, i.e., Farvardin, Urdibihisht, Khurdadh, Tir, Murdadh, Shahrivar,
Mihr, Aban, Adhar, Day, Bahman, Isfandarmadh, are conventional, because they are all 30
[days]. This calendar originated at the time of Jamshidh. Then they renewed it during the time of
every great king, as the Byzantines do. They maintain the fraction in excess of [the number of
the days of] the year, which is approximately a quarter, and take it to be a complete quarter—Ilike
the Byzantines—and add a month every 120 years to keep their years in accordance with the
years of the Byzantines by this intercalation. They do not add a day after the completion of four
years to the five [days] in excess of the 360 [days]—called the stolen five or the supplementary
[five, i.e., the epagomenal days]—or at the end of one of the months, because Persians do not
have weeks; rather, every day of the month has a particular name, likewise, the supplementary
five [days]; and they believe these names and the names of the months are the names of angles,
and there is an invocation named after the angle of that day; hence, they believe if they add to the
days of the month, their invocation will not be correct. The names of the days are: Urmazd,
Bahman; Urdibihisht, Shahrivar; Isfandarmadh; Khurdadh;, Murdadh; Day-b-adhar; Adhar;
Aban; Khur; Mah; Tir; Jush; Day-ba-mihr; Mihr; Surish; Rash; Farvardin; Bahram; Ram; Badh,;
Day-ba-Din; Din; Ard; Ashtadh; Asman; Zamyadh; Mar-isfand; and Aniran. The names of the
stolen [five days] are: Ahnavadh; Ushtavadh; Isfandmadh; Vahasht; and Hashtvish. Every 7
days, [the word] “Day” repeats, specified by the name of the next day, thus they say Day-ba-Din,
i.e., the Day that follows by Din, same for Day-b-adhar and Day-ba-mihr. They moved the
additional month from month to month. Thus, if in a year [a month] is repeated, for example
Farvardin, after 120 years Urdibihisht would repeat, and so on and so forth till the end of the
months. They considered the stolen five [days] with the repeated month to keep up with the order
and to avoid confusion when time extends. They are safe from making mistake in the
determination of the intercalary month because they do not call it another name, nor do they
repeat one single name in the coming year; but rather, they keep the intercalary month in its
consecutive order so that if the intercalation falls on the month Farvardin, they reckon its days to
be 35 and the beginning of the year will be Urdibihisht, which they call Farvardin, till the end of

120 years, and they continue in the same manner till it comes to Isfandarmadh-mah. So it will be

352



35 days and the beginning of the year will be Farvardin. This will happen in 1440 years
according to rough calculation and is called the intercalation cycle. The situation was as we have
said, until the time of Yazdjird son of Shahryar son of Kasra, known as the Just [al- ‘4dil],
[when] the calendar was renewed in his honor. At that time, when 960 years had passed from the
intercalary cycle, the additional month had reached 4ban-mah, to the end of which the stolen
five [days] were [added]. When, at the time of Uthman b. “Affan, the [Sassanid] empire fell—
owing to Yazdjird[’s incompetence]—at the battle with the Arabs and at his defeat before them
and his assassination in the house of a miller in Marv al-Shahjan, the five supplementary days
remained at the end of the eighth month, without moving or intercalation. Because of this, some
[of the Persians] always add the [stolen] five [days] to the end of Aban-mah, keeping it in its
state, and some moved it to the end of Isfandarmadh-mah, because it is the end of the year. The
starting point of this calendar was Tuesday, the first day of the year in which the last Persian
King, Yazdjird son of Shahryar, became king, which is 22" of Rabi" al-Awwal of the year 11 of
Hijra. This calendar is known by his name, from among other Persian kings, because of the fall
of the empire by him, as we have mentioned, and the lack of another king for whom the calendar
would have been renewed to replace the former. Because the years and months of this calendar
are free from fractions, astronomers employ this calendar more than others and the majority of

zijes, or rather all of them, are based on this calendar.

[8] Maliki calendar. It is named after the Seljuk Sultan Jalal al-Dawla Malik-Shah b. Alb
Arsalan. The reason for this was that a group of scholars like ‘Umar al-Khayyam, al-Hakim al-
LawkarT and others, totaling eight people, gathered at his court and set a calendar, the beginning
of which was the Sun’s arrival at Aries and the first day of its year, called al-Nayriiz al-Sultant,
is the first day at whose noon the Sun is in Aries. The years of this calendar are true solar years.
As for its months, some consider the [number of] their days such that the Sun’s arrival at the
beginning of the zodiacal signs agrees with the beginning of the months, hence these months are
also true solar [months]. The yearly seasons are [also] true seasons. The names of the months of
this calendar are like the name of the Persian months, except that the Persian months are
specified by [the modifier] “old” [al-gadim], and the months of this calendar by “Jalali,” thus for
example one says old Farvardin and Jalali Farvardin. At that time [when the Maliki calendar
was set], the arrival [of the Sun] at Aries was in the 18" of the old Farvardin, so they made it the

beginning of the Jalali Farvardin and took these 18 [days] as intercalary [days]. That is why
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people say that the beginning of the Jalali calendar is the Malik-Shahi or Jalali intercalation.
Some others, who are the majority of the astronomers, consider the [number of] days of each of
the [Jalali] months to be 30 so that the number of days [of each month] will not be different on
the pages of the ephemerides; and they added the stolen five [days] at the end of Isfandarmadh,
thus, the months will be conventional, and every four years they intercalate one day and [the
number of] the days of the year will be 366. Since the excessive fraction is a little bit less than a
quarter, the intercalation that they consider to be one day every four years is [actually] less than a
day. So, they agreed that sometimes the intercalation is after five years, and this only happens
after seven or eight intercalations at four year [intervals]. This, [i.e., when to intercalate after 5
years] can be known through trial and error, so too, the beginning of the year in this calendar.
From what we have mentioned, one comes to know ‘Umar Khayyam’s mistake in his zij, which
he [himself] put together, where he says: “The intercalation is always every four years, and it
agrees with the arrival of the Sun at the beginning of Aries.” This is a clear mistake due to the

fact that he did not notice what | informed you about—only God leads to prosperity.

[9] Jewish calendar. The years are solar and the months are lunar. The reason for setting
up this [calendar] in this way is that Moses left Egypt with Israelites the night of Thursday, 15"
of Nisan, while the Sun was in Aries and the moon in Libra. The grandees of Israelites told him
this night and its morning are not appropriate for traveling. He did not say anything and
continued his way and they passed across the sea and were in hardship and poverty, eating
unleavened bread. Pharaoh and his army followed them till the rest of the story in which he
survived and his enemy sank. Moses regarded that day as auspicious and said: “Retain it and
remember this time always and make it your feast every year at this moment, and do not change
its time.” At that time, the rise of the moon coincided with the sunset, while they were rubbing
wheat spike by their hands to eat, and at this time in Egypt, the Sun was about to arrive at Aries.
Thus, their mathematicians needed to employ solar years and lunar month and to intercalate an
additional month every several year so that their prayer times would not change. They called the
leap year “‘Abbir,” and non-leap year “simple”, the months of the latter being 12 and the former
13. They considered the intercalation cycle to be 19 years. They put the order of leap years and
simple years like [that of] Arab intercalation in the Jahiliyya time, which is 2-5-7-10-13-16-18.
The difference between the two is that the Arabs moved the additional month around all the

months, but the Jews do not move it around like that, rather, they simply repeat the sixth month,
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which is Adhar, and postpone the sixth [month] to the seventh. Thus there will be two Adhars in
the year: first, the intercalary Adhar, which is the one they reckon as additional; and second, the
original Adhar, which is the one they reckon within the original year, then Nisan follows them.
The beginning of their years moves back and forth between the ends of Ab and Aylil of the
Byzantine year. Therefore, the beginning of their years precedes the beginning of the Byzantine
year by about a month. The beginning of Nisan, one of their month, moves back and forth
between Adhar and Nisan of the Byzantine year. You should know that in the time of Moses—
peace be upon him—the beginning of the month was according to the crescent visibility.
Afterward, the Jews split: the Karaite Jews validate the crescent visibility and, like Muslims,
they do not pay attention to the difference occurring in the climes; [whereas,] Rabbinic Jews,
who are the majority, consider one month to be 30 and one month 29 according to the order
[employed] by those who rely on calculation, so that the beginning of the month is invariable
throughout the world. In this regard, their months are like the Arabic months, which are based on
the average [synodic period], except that the Jews consider three types for each one of the simple
and leap years: subtractive, average and additive. The subtractive simple [year] is 353 days, the
average [simple year] 354 days and the additive [simple year], also called complete, is 355 days.
The subtractive leap [year] is 383 days, the average [leap year] 384 days and the complete [leap
year] 385 days. They considered the starting point of their calendar from the time of Adam—
peace be upon him—and believed that a period of 2448 years was between Adam’s fall and
Moses time—peace be upon them—and another 1000 years between Moses and Alexander. The
names of their months are: TishrT; Marhishwan; Kisliw; Tibat; Shifat; Adhar; Nisan; lyyar;

Siwan; Tammuz; Awb; and Tlul.

[10] Turkish calendar. It is like the Jewish calendar in its years being solar and its months
being lunar, except that the Turks take the beginning of the months to be from true conjunction
which necessitates their calculation of ephemerides and, [contrary to the Jewish calendar,] the
additional month will be whenever that agrees with their calculations of the conjunctions, so it

will not be at a certain time of the year; but rather, it can happen anytime in [the year].

[11] These were examples from the calendars, and it is enough for this science; as the

knowledge of each [calendar] in and of itself, and converting calendars to each other, and other
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operations related to calendars belong to practical works, so whoever wants that [knowledge]
should find it there.
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CHAPTER ELEVEN
On the Degrees of Transit of the Stars on the Meridian
and on Their [Degrees of] Rising and Setting

[1] The degree of transit of the star is the degree of the zodiacal circle that transits the
meridian circle along with the transit of the star across the meridian. The degree of transit is
determined by the declination circle and you have learnt that the longitudinal degree is
determined by the latitude circle; therefore, if the two circles become one, like when the star is
on the solsitial colure, the two degrees will be the same and the longitudinal degree will be the
degree of transit. The same holds when the star has no latitude because its degree of transit will
be its position on the zodiacal [circle], which is its longitudinal degree. In other situations, the
two degrees differ and the maximum difference will be when [the star] is close to the beginning
of Aries and Libra, and its minimum when it is close to the beginning of Cancer and
Capricornus. What is between the two degrees [i.e., star’s longitudinal degree and its degree of
transit] is called the transit difference. The equinoctial arc which is between the equinoctial’s
intersection with the star’s latitude circle and its intersection with the star’s declination circle is
called the equation of transit degree. Now that you have learnt that, we say when the poles of
the zodiacal [orb] are on the meridian circle, this being when the two solstice points are
also on it and the two equinox points are on the horizon, then the transit of the stars at that
time is along with their degrees in longitude since the meridian circle is their latitude circle.
When the visible pole of the zodiacal [orb] is to the east of the meridian (this occurring, if
the visible pole is northerly, during the transiting of the half of the zodiacal orb bisected by
the autumnal equinox and the rising of the southern half [of the zodiacal], or, if [the visible
pole] is southerly, [during] the transiting of the [corresponding] other half and the rising of
the [corresponding] other half), then the star whose latitude is in the direction of the visible
pole will transit the meridian circle after its degree [in longitude has done so] since its
latitude circle extending from the closer pole first meets the star, which is on the meridian,
then meets its degree, which has already transited and become westerly with respect to the
meridian. Thus when its [longitudinal] degree reaches the meridian, the star will still be to
the east of it. The star whose latitude is in the direction opposite the visible pole transits
[the meridian circle] before its [longitudinal] degree since the latitude circle mentioned
above first meets the star’s [longitudinal] degree that is on the meridian; it then meets the

star, which has already transited and become westerly. When the visible pole is to the west
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(this occurring, if the pole is northerly, during the transiting of the half of the zodiacal orb
bisected by the vernal equinox and the rising of the northern half [of the ecliptic], or, if it is
southerly, [during] the transiting of the [corresponding] other half and the rising of the
[corresponding] other half), then the star whose latitude is in the direction of the visible
pole will transit before its degree [in longitude has done so] and that whose latitude is in the

opposite direction will transit after it for exactly [the reasons] we have stated.

[2] The degree of rising or setting of a star is the degree on the zodiacal circle that rises or
sets with the star. Thus, if the star has no latitude, its longitudinal degree will be its degree of
rising and setting, similarly if the star reaches the horizon with the pole of the zodiacal [orb],
because then the horizon will be its latitude circle due to its passing through the star and through
the zodiacal pole. Now, the simultaneous arrival of the star and pole at the horizon will only be
conceivable: [1] at the equator, when one of the two solstice point is the degree of the star, and
[2] in the localities whose latitude does not exceed the obliquity, [when] one of the [zodiacal]
parts between the beginning of Libra and the end of Sagittarius [is the degree], if the arrival
happens in the eastern region [of the horizon]; [or when] one of the [zodiacal] parts between the
beginning of Capricornus and the end of Pisces [is the degree], if the arrival happens in the
western direction. This is because [in these situations] the northern zodiacal pole rises before the
beginning of Capricornus and sets after it whereas in other situations, the degree of rising or
setting will not be the same as the longitudinal degree. In this [situation], we say the horizon
either has no latitude or has latitude. If there is no [latitude], like the horizons at the equator, the
rising and setting of the stars in those [horizons] are similar to their transit across the
meridian for other horizons. Thus a star that reaches the horizon along with the solstice,
reaches [the horizon] with the pole as well and, for what we have mentioned, rises or sets with
its [longitudinal] degree; one that is in the direction of the visible zodiacal pole rises in
advance of its [longitudinal] degree and sets after it; and one that is in the direction of the
invisible pole rises after its [longitudinal] degree and sets in advance of it. This is because
the latitude circle extending from the visible pole reaches the star on the horizon before its
degree in the northern [stars] and, in the southern [stars], it reaches the degree on the horizon and
then the star below the Earth. The northern pole will be visible there during the period of the
rising of the half bisected by the vernal equinox and the transit of the southern half across

the meridian from above [the horizon]; the southern pole will be visible during the period
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of the rising of the [corresponding] other half and the transit of the [corresponding] other
half.

[3] If the horizon has latitude, the order of the rising and setting of the stars will be as it
is at the equator except for the transit and the rising of the halves of the zodiacal orb. For
that will vary: it may be that one of the poles is visible and what transits or rises will be an
arc that is smaller or larger than a half. Then the latitude of the horizon is either greater than
the obliquity, or equal to it, or less [than it]. If it is greater, the difference will be of the same
nature because one of the zodiacal poles will be permanently visible, thus the star whose
latitude is in the direction of the visible pole will rise before its [longitudinal] degree and set after
it; and vice versa for the opposite [situation]. If the latitude of the horizon is northerly, this
difference will be at its maximum in Aries during rising or in Libra during setting; and vice versa
if [the horizon’s latitude] is southerly, in the same manner as has been mentioned in [the
discussion of] the degree of transit. If the star is in the first of Cancer or [the first of]
Capricornus, the differences in rising and setting will be equal because the latitude circle is the
declination circle at that time since the two of them are the solstitial colure; it will be the
opposite if the star is at neither of the two [firsts], so the differences [in rising and setting] will
not be equal. If the latitude is equal to the obliquity, the situation will be clear. If [the latitude] is
less than [the obliquity], since the zodiacal pole will not be permanently visible but will rise and
set, the difference will have two states. If the latitude of the horizon is northerly, the rise of
[zodiacal pole] will be before the first of Capricornus and its setting after that; and vice versa if
[the latitude of the horizon] is southerly. The distance of the degrees of the rising of the
[zodiacal] pole and its setting from the first of Capricornus will be the same, in the same manner
as we have mentioned. This being so, if the [zodiacal] pole is visible, the star whose latitude is in
the direction of [that pole], will rise before its degree and set after it, and vice versa if [the star’s]
latitude is in the opposite direction of [the pole]. Both [cases] will be opposite if the pole is
invisible, i.e., the star will rise after its degree and set before it, if [the star’s] latitude is in the
direction of [the pole], and rise before [its degree] and set after it in the opposite [condition]. It is
clear that if the rising degree is between the Sun and the part diametrically opposite [the Sun],
the star will rise during the day; and if [the rising degree] is between the part diametrically
opposite [the Sun] and the Sun, [the star] will rise during the night. If the setting degree is

between the part diametrically opposite [the Sun] and the Sun, the star will set during the day;
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and if [the setting degree] is between the Sun and the part diametrically opposite [the Sun, the
star] will set during the night. It is [also clear] that from among the stars along a great circle that
intersects the greatest permanently visible [day-circle], the closest [star] to the visible pole rises
before the farthest star [from the visible pole] and sets before it. Because of this, the difference
between the degrees of longitude and rising for [the star that is] closer to the pole is greater than
the [difference] between the two degrees for [the star that is] farther from [the pole]. [This]
becomes clear by consideration—God the Almighty willing.
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CHAPTER TWELVE
On Shadows and Their Circumstances

[1] You should know, firstly, that the light is a quality, the vision of which is not
dependent on the vision of another thing. [The light] is divided into primary and secondary, the
primary being the light attaining from a self-luminous [object] and the secondary being the light
attaining from [an object] illuminated by another; e.g., the light of the vapor sphere upon the
time of daybreak is primary, because it is from the Sun, whereas the light of the Earth’s surface
at that time is secondary, because it is not from the Sun—as it only illuminates [what is in] front
[of it]—but rather it is from the vapor illuminated by [the Sun’s] light, which illuminates the
surface of the Earth through reflection. In fact, when the ray [of light] comes across a thick
[object] it reflects from it, and then when the reflected ray comes across another thick [object] it
reflects from it again a ray weaker than the first, and so on and so forth for the third and fourth
[reflections] until it vanishes. This is because [the reflected ray] becomes weaker as it gets
farther from the source [of light] until it ceases to exist, thus darkness occurs, as it is equivalent
to the lack of light from whatever can be illuminated. The shadow is the secondary light that

bears strength and weakness, and its two extremely far limits are light and darkness.

[2] Secondly, [be aware] that the gnomon is an erect rod standing at right angles either on
a surface parallel to the horizon’s surface like a timber implanted in the ground on a level
surface, or on a surface perpendicular to the horizon’s surface like a pin in a wall. Thus the

former is perpendicular to the horizon and the latter parallel to it.

[3] Thirdly, [be aware] that the shadow we are talking about is the secondary light
extending from the base of the gnomon. It is the intersection between the surface on which the
gnomon is [standing] and the surface of the altitude circle, as it always passes through the Sun
and gnomon and thus intersects the perpendicular surface on which it stands. The end point of
the shadow is the intersection point between the surface on which the gnomon stands and the line
extending from the center of the Sun to that surface, passing through the gnomon’s tip. [This
endpoint] is actually the shadow of the gnomon’s endpoint, thus it is called the shadow’s
endpoint, because the shadow of the endpoint is the shadow’s endpoint, just as the shadow of the
midpoint is the shadow’s midpoint. The hypotenuse of the shadow is the line connecting between

the gnomon’s tip and shadow’s endpoint on the abovementioned line [extending from the center
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of the Sun]. Thus, from the height of any gnomon, its shadow and the hypotenuse of its shadow a
right triangle occurs, [the right angle of] which is between the gnomon and the shadow. The
shadow’s arc is the arc of the [solar] altitude according to which the shadow is [cast], as there is
a shadow for any [solar] altitude less than the upper limit, i.e., 90. As the upper limit for the
altitude of the Sun in terms of its distance from the Earth[’s horizon] is 90 degrees and its lower
limit is when the Sun is on the horizon, the upper limit for [the length of] the shadow is infinity

and its lower limit is when there is no shadow.

[4] When the gnomon is parallel to the horizon /and is with the Sun in the plane of the
altitude circle,/"" the shadow being cast from it, which is parallel to the Sine of the altitude, is
called the first shadow, as it is the first shadow that appears at sunrise. [It is also called] reversed
or inverted [shadow/umbra versa] because its tip is from beneath what comes next to the
horizon; or erect [shadow/umbra recta] either due to its being upright with respect to the horizon,
not spread over it, or due to the gnomon being erected with regard to the Sun. When the gnomon
is perpendicular to the horizon, the shadow being cast from it, which is parallel to the Sine of the
altitude’s complement, is called the second or planar shadow, as opposed to the other which is
called first and reversed; and also spread [shadow] due to its spreading over the visible horizon,
and thus it is also called planar [shadow]. /The surface on which this shadow is cast is fixed, in
contrast to the one on which the first shadow is cast, as it moves constantly so that it always
remains perpendicular to the planes of the horizon and the altitude circle./' " According to what is
commonly held in the practical handbooks, the second shadow is used for determining the time,
as we will discuss, and the first, for astronomical operations. In the practical handbooks, when
the [word] shadow is used without any determiner, the first is intended, but in this science, when
it is used without any determiner, the second at noon is meant, and by “its directions,” the north

and south directions [are meant].

[5] Since the beginning of one of the two shadows [i.e., the first and second] is like the end
of the other, and vice versa; because when the Sun is on the horizon, there will be the beginning
of the first [shadow] and the end of the second , and afterward the first keeps increasing and the

second decreasing in accordance with the solar altitude till the Sun reaches the zenith, when there

f_and is with the Sun in the plane of the altitude circle] margins of K and L.
" The surface on which this shadow is cast... to the planes of the horizon and the altitude circle] margins of K and L.

362



will be the end of the first and the beginning of the second—one should draw analogous
conclusions from this for the other quarter [of the solar altitude]—then, the first shadow for any
[solar] altitude will be the second shadow of that altitude’s complement, and vice versa. The
[length of the] shadow of one eighth of a revolution, be it first or second, is equal to [the length
of] the gnomon. When the shadow coincides with the east-west line, the altitude has no azimuth,

and when it coincides with the meridian line, the Sun is at the meridian.

[6] You should know that the shadow is always measured by the unit with which the
gnomon is measured. The shadow can be measured by the gnomon, no matter which unit it is
supposed to have. However, it is common to consider the gnomon of the first shadow 60 parts,
and some take it to be one degree. [It is also common], sometimes, to divide the second
[shadow’s] gnomon into 12 divisions, called digits [asabi ], because the span of the hand is the
first thing with which one measures, and its amount is 12 digits. Or this is because when one
wants to install a pole on the horizon’s plane, or on a plane perpendicular to it, he is usually
intent on its amount being one span of the hand. [It is also common sometimes to divide the
second shadow] into 7 or 6 %%, called feet [agdam], because the height of an average person is 6
Y or 7, together with the fact that if one wants to know if the shadow of a thing becomes as long
as [the thing], he measures [the thing] with his height and then [the shadow] with his feet. The
[second] gnomon is also divided into 60 [divisions], called parts. The first is called the shadow in

digits, the second the shadow in feet, the third the sexagesimal [al-siztini] shadow.

[7] According to what you have learnt from previous chapters, since the maximum solar
altitude is the inclination of the Sun’s degree plus local colatitude if the Sun is in the direction of
the visible equinoctial pole, or by the excess of the local colatitude over the inclination if the Sun
is in the other direction; thus, the longest shadow in the northern regions with one shadow will be
the shadow of the head of Capricornus because its altitude is the smallest altitude, hence its
shadow is the longest shadow; the shortest will be the shadow of the head of Cancer, as its
altitude is the greatest altitude; and the midpoint of the two shadows [i.e., the longest and
shortest] will be the shadow of the equinoxes, due to its altitude being the midpoint of the two
altitudes. One should draw analogous conclusions for the southern region and regions with two

shadows.
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[8] Now that you have learnt sufficiently about the circumstances of the shadow in [the
chapters on] the characteristics of horizons, listen to [some] examples about the circumstances of
its endpoint. Thus we say that the endpoints of the gnomon’s shadows describe [one of] the five
orderly lines, i.e., the outer limit of three [conic] sections, [namely] hyperbola, ellipse and
parabola, together with the circle and straight line—as only these five lines or a combination of
them are orderly. The proof of [the fact] that [the gnomon’s shadows describe the five orderly
lines] is: it should be clear for you, after grasping what has passed from the previous chapters,
that the gnomon’s tip is considered to be the center of the Earth since [the Earth’s] size is
insignificant compared to that of the Sun’s orb; and that the visible horizon is like a surface
below the center of the world; and that in 24 equal hours the Sun describes a circle parallel to the
equinoctial, although approximately, not precisely; and that if the line extending from the center
of the Sun, i.e., from the circumference of its day-circle, and passing through the gnomon’s tip,
continues through in the other direction, it will reach the [day-circle] directly opposite to the
aforementioned [solar] day-circle because the gnomon’s tip is considered to be the center. /This
is so when the [solar] day-circle is other than the equinoctial, otherwise the aforementioned line
will reach the equinoctial in the other direction as well and necessarily passes through its
intersection with the horizon; so keep it in mind, to make use of in future—may God, the
Almighty willing./ " [1t is also clear] that the aforementioned line with its complete revolution
produces two cones with their vertices as the gnomon’s tip and their bases are two equal day-
circles parallel to the equinoctial from either side and their axis is the axis of the world, one with
the [light] ray on its surface and the other with the shadow of the gnomon’s tip on its surface. We
call the first [cone], which is next to the Sun, the ray cone and the other, the shadow cone. [It is
also clear] that the plane of the meridian due to its passage through the axis of two [cones],
which is the axis of the Universe, creates two triangles in them, and that the intersection of the
horizon with the meridian, in fact with the triangles, as they are in the plane of the meridian, will

be at right angles.

[9] This being so, the visible horizon upon which the given gnomon is erected and seems to
be beneath the center of the world, intersects either both triangles or only one of them. If the first

is [the case], it will produce a pair of hyperbolas in the two cones because the intersection of

" This is so when the day-circle is other than the equinoctial ... God the Almighty willing] margin of K (without
“the Almighty”); margin of L.
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each triangle and the plane perpendicular to it, i.e., the horizon, traverses one of the [triangles’]
sides and meets the other [side] in the direction of the triangle’s vertex. The transverse axis of the
pair of hyperbolas is a segment of the meridian line between the two points of intersection of the
horizon with the sides of the triangles. The center of the pair of hyperbolas is the midpoint of this
axis. If the second is [the case,] the intersection between them, i.e., between the horizon and the
triangle, will either be parallel to the other side [of the triangle] or intersect it in the direction of
the base, as there is no possibility of intersecting it in the direction of the triangle’s vertex on this
assumption, otherwise it would intersect both triangles which contradicts the assumption. If it is
the first [case], then it will produce a parabola in the cone because the intersection of the triangle
and the plane perpendicular to it meets one of the [triangles’] sides and is parallel to the other
[side]. If it is the second, then the intersection of the triangle and the plane perpendicular to it is
either parallel to the triangle’s base or not. Then, if it is the first [case], it produces a circle in the
cone, for what has been mentioned earlier in [proposition] 39. If it is the second [case], it
produces an ellipse in [the cone] because the intersection of the triangle and the plane
perpendicular to it traverses both sides of the triangle in the direction of the base, while it is not
parallel to it. It is impossible for the opposite situation [i.e., being parallel] to happen, such that it
would produce a circle, given that the cone is isosceles. This could only happen in a scalene [i.e.,
oblique] cone. The [ellipse’s] longest diameter is a segment of the meridian line between the

intersections of the horizon with the two sides of the triangle.

[10] Now that you have learnt this, we say that the Sun is either in one of the equinoxes or
not. If it is the first [case], then the endpoint of the gnomon’s shadow describes a straight line in
all horizons except for the latitude 90 where, under this circumstance, there is no shadow
endpoint for anything. This is because the Sun is always in the same plane with the illuminated
object and the opaque object, if the latter is a point or a line. Thus any plane on which the
shadow of the gnomon’s tip is cast will certainly intersect the equinoctial plane; and the shadow
will be cast along the intersection between them, /which is a straight line,/*" /and/®" upon which

the shadow’s endpoint traverses, hence it describes a straight line.

" which is a straight line] - B; crossed out in K and L = + as has been mentioned earlier that the ray line passes
along the intersection of the equinoctial and the horizon which is a straight line that at the equator coincides with the
equator line and passes through the gnomon’s base, but in localities other than the equator it is parallel to it and is to
the north of the gnomon’s base in the northern region, and to the south of it in the southern, and thus does not pass
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[11] When the Sun is not in the equinoxes, the endpoints of the gnomons’ shadows in
[localities] between the equator and the latitude equal to the complement of obliquity describe
hyperbolas facing each other, i.e., those described by the northern ones are facing those
described by the southern ones. This is because these horizons intersect all solar day-circles as
they all rise and set at those localities. Therefore, their horizons intersect both triangles and
produce what we have mentioned because every plane that intersects with two cones facing each
other, without passing through their vertices, produces a pair of hyperbolas in them, except® "' in
the equinox days wherein [the endpoints]® " describe a straight line in the cones—which is the
major axis of the aforementioned sections, since it passes through their center and is the point of
the transverse axis, i.e., the line that falls between the two loci of the shadow’s endpoints at noon

of those days [of the equinox].

[12] And®“'"in the head of the solstice that is in the direction of the visible pole—Ilike the
head of Cancer in the north in this latitude, which is the latitude equal to the complement of
obliquity—the endpoints describe a parabola. This is because the line extending from the center
of the Sun, which is the north point, passing through the gnomon tip and ending at the south
point, is parallel to the plane equivalent to the horizon, on which the gnomon has been installed.
Thus, the intersection of this plane and the meridian plane, which meets one of the triangle’s
sides, is parallel to the aforementioned line, which is the other side of the triangle. Hence, the

horizon produces a parabola upon whose perimeter will be the loci of the endpoint of the

through it, as comes to the mind. Otherwise, it is impossible to have the shadow of equinoxes at noon in localities
other than the equator, and the reality contradicts this: B; margins of R, K and L.

¥ and] and because: B and R = +because: added later within the text of K and L.

*' except] but: B = has been changed to “but:” K, L and R.

" that they] + as you know: B; above the line in K; margins of L and R.

and] + as you know: B; above the line in K; margins of L and R = + If one says that since the straight line is the
major axis for them, if the convexity of the northern sections is toward the north, and the southern ones toward the
south, in spite of all of them being to the north of the gnomon, as the aforementioned axis is to the north of it in
these latitudes, as we have explained, we will say that it is so, because the Sun either reaches the zenith or does not.
If it reaches there, section’s convexity at that time will be [touching] the gnomon’s base because of its coincidence
on the surface of the shadow cone. Otherwise, the convexities are to the north of gnomon and toward the visible
pole, when the Sun is in northern day-circles, because the gnomon is inside the shadow cone, and the horizon cuts
off whatever next to its north; or toward the invisible when the Sun is in southern [day-circles], because the gnomon
is outside of it, and the horizon cuts off whatever next to the south of it. It is clear that the convexity of sections and
the distance between their vertices and axis increase in accordance with the increase in the distance between the
bases of the cones, the maximum of which is when the Sun is in the solstice. They also decrease by the decrease in
the distance between them, the minimum of which is when the Sun is in the day-circle from which it shifts to the
equinoctial, because the perimeter of the section at that time is nearly straight till it reaches the equinoctial when
both bases coincide with it and the perimeter of the section becomes a straight line for what has been mentioned
before, and also for the cones are vanished. Learn this as is of subtle conceptions. Now: B; margins of K, L and R.

viii
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gnomon’s shadow, if the Sun is in the solstice which is in the direction of the visible pole. If the
Sun is in the other [solstice], no shadow will be cast for anything, since the Sun is below the
Earth at that time.

[13] [In the localities] whose latitude exceeds this latitude, but does not reach a quarter [of
a revolution, i.e., 90°], where the zodiacal orb is divided into four segments: one of them—
bisected by the solstice which is in the direction of the visible pole—is permanently visible; the
second, facing [the first]—bisected by the other [solstice]—is permanently invisible; and the two
remaining ones rise and set. [In such localities,] the endpoint of the gnomon’s shadow describes
hyperbolas when the Sun is in the arc that rises and sets because the horizon intersects all the
day-circles of the parts of that arc. [It describes] parabolas when the Sun is at the two endpoints
of the permanently visible arc because the horizon touches the day-circles of both points. [It
describes] ellipses when the Sun is in the rest of the permanently visible arc because the horizon
intersects all the sides of the shadow cone but is not parallel to its base, as the pole is not at the
zenith, and hence it produces an ellipse. Its longest diameter [latus rectum] is [a segment] of the
meridian; and the diameter’s two endpoints are where the shadow’s endpoint falls when the Sun
is in the meridian at that day; and the center of the section [focus] bisects this diameter. But when
the Sun is in [the arc] opposite the permanently visible arc, the shadow’s endpoint describes

nothing as there is no shadow for anything at that time.

[14] In the latitude 90 where the day is 6 months and 7 days, and that is 187 days, and the
night is approximately 178 Y4, the shadow’s endpoint describes approximately parallel complete
circles, one within the other, on one center, which is the center of the gnomon’s base; the
smallest of them is when the Sun is in the visible solstice and the greatest of them when the Sun
is near the horizon above the Earth. It describes a circle because the horizon intersects with the
shadow cone parallel to its base, as its axis is perpendicular to the horizon plane. Since the loci of
the shadow’s endpoint is the five aforementioned lines, namely, the straight line, circle and three
[conic] sections, it is correct that the shadow’s endpoint describes four orderly forms and the

straight line. Here is the end of the discussion.

[15] Now, the determination of the [prayer] times whose explanation was promised. Be
aware that everyone agrees that the time of zuhr prayer is after noon, even if it is one minute, not

when the Sun is at the meridian. This time can only be determined through the inclination of the
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shadow to the east with respect to the meridian line. If the meridian line is not extracted, then it
is through the formation of the shadow, in case there was no shadow at noon; or through its
addition to what was [at noon], in case there was some shadow at that time. Then, when the
shadow grows more than what remained from it[s length at noon] by the amount of the
gnomon[’s length], or [when] it is formed equal [to the length of the gnomon]—in case no
shadow was left [at noon]—it is the beginning of ‘asr time according to the Hijaz authorities, on
the school of al-Shafi‘-—may God be pleased with him. According to ‘Iraq authorities, if it
forms or grows by the amount of twice the gnomon’s [length], it is the beginning of ‘asr time on
the school of Abii Hanifa—may God be pleased with him. The easiest method of its
determination is to install a cone shaped gnomon with a sharp tip perpendicular to the horizon
plane, divided into 12 or 7 parts. As long as the shadow decreases gradually, the Sun has not yet
reached the meridian. Then, when the shadow stops and grows no longer, the Sun has reached
the meridian. When the shadow has started to grow in the least bit, it is the beginning of zuhr
time. Then we mark the shadow’s tip and call that the noon amount. Then, we wait for the
shadow to become equal to the gnomon from the marked position, or twice [the gnomon’s
length], to be the beginning of ‘asr time according to both schools. Now, the beginning of
maghrib time is [determined] by sunset, if its setting is visible, like in deserts. But if it is not
visible, like in the middle of mountains or populated areas, [it can be determined] by the fact that
no ray stays at the top of walls or mountain peaks, and the darkness and blackness proceed from
the eastern side. The beginning of the ‘isha’ time is [determined] by the setting of dusk, which is
the redness—according to al-Shafi T—or whiteness—according to Abti Hanifa, may God be
pleased with both—that follows the Sun. The beginning of the sub/ prayer time is [determined]
by the rise of the true second dawn, which is a wide spreading whiteness, not the false first
[dawn] which is a thin elongated whiteness.

[16] This is what we wanted to present about the circumstances of the shadow and what
pertains to it.
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CHAPTER THIRTEEN
On Finding the Meridian Line, Which Is Also Called the Noon Line
and on the Qibla Direction

[1a] For this purpose we need a level surface. In order to obtain it, we level an area by
choosing a ruler free of any deformation, positing its middle on a point at the middle of that area,
and rotating the ruler on that surface until it touches the ruler all around so that no light is visible
between them. Then we examine the correctness of this way using a plumb square [al-afadhayn],
which is also called a set square [al-guniya]—its illustrations follow—Dby placing one base [of
the plumb square], no matter which one, the way [that is shown in the illustration] and examining
the conformity of the plumb line with the height of the triangle. We then level the highs and lows
of the surface till it becomes such that if the base of the triangle rotates all over the surface, the
[plumb] line does not incline from the height. This is what is called a level surface—on which
the observational astronomers and workers rely—as opposed to the prevalent [definition], which
is: the ground is leveled so that if water is poured over it, it flows evenly in all directions; or if a
rolling thing, a hazelnut for example, is thrown on it, it stands in place trembling, without
inclining to any direction. [The latter definition] will not be helpful, as is clear. Then, if the level

surface is not on the ground, but on a rock or its likes, we fix it so that its position and balance

\A

[Figure 10]

will not change.

[1b] We draw on the level surface a circle smaller than the greatest one that can be drawn
on it, by the amount of a finger, in order to indicate the place of the entrance and departure of the

shadow. [Then,] using a polishing instrument, we make a cone-shaped gnomon out of copper or
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wood so thin that the shadow [it makes] will not be thick. [However,] it should not be extremely
thin so that its shadow will not appear. We consider the width of its base so that if we place it on
a surface, it stays up-right without trembling. [We do this] by creating a hole in the middle of its
base—if it is [made] from wood, not copper or its likes—and cast some lead in it so that it
becomes heavy and stands firm. It is generally understood that the length of the gnomon should
be a quarter of the diameter of the circle drawn on the surface or more, on the condition that it
does not reach half of the diameter. This condition is imposed because if its length is equal to
half of the diameter, and given that when the altitude [of the Sun] is 45 [degrees] the shadow of
everything will be equal to it[s length]—according to what we have mentioned about the shadow
that the shadow of [the solar altitude of] 1/8 a revolution [i.e., 45° which is 1/8 of 360°] equals
the gnomon [length]—then, the endpoint of the shadow will only reach the circumference of the
circle wherever and whenever the [solar maximum] altitude is 45, [hence] this method will not
work. [However], it is better to say that the length of the gnomon should be [equal to] the amount
by which its shadow at noon falls short of [reaching] the circumference of the circle, and exceeds

it before and after noon.

[1c] Then we draw around the abovementioned center a circle equal to the base of the
gnomon or a bit larger so that if we place the base on it, [either] it coincides with it or we see the
circle parallel to it encompassing the base from all directions . Then the center of the gnomon
will coincide with the center of the circle, and the gnomon will be perpendicular to the surface.
This is what is taken into account and upon which is acted to render the gnomon upright, not its
examination with the plumb line, nor by measuring [the distance] between the gnomon’s tip and
the circumference from three points on the circumference such that [the distances] are of equal
amount—even though they are common. Then, before noon we observe the endpoint of the
shadow reaching the circumference of the circle from the western direction. Upon its reaching
there, and before its entering to [the circle], we bisect the width of the shadow and put a mark
there. The middle point is the entrance point. We do the same on the other side. Thus the middle
point will be the exit point of the shadow. We then bisect one of the two arcs [between the
entrance and exit points] and connect the middle point to the center with a straight line. That will
be the meridian line, i.e., the intersection of the horizon and the meridian circles. This is because
the two shadows [of the entrance and exit time] are equal, for they are equal to the radius of the

same circle, and equal shadows are cast for equal [solar] altitudes. This, even though it can be
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proved, is no less than the first principles when it comes to conceiving the increase and decrease
in the shadow][’s length] with respect to the decrease and increase of the altitude [of the Sun].
Hence, the altitude [of the Sun] for the two shadows are equal and thus the chords of their
complements are equal, which are equal to the lines extending from the center of the gnomon
along the two shadows, as the shadows are on the intersection of the horizon and altitude circles,
and likewise for the two mentioned lines. These two lines end where the stones of the altitudes
fall, i.e., their chords. The line connecting between these two endings is equal to the chord of the
revolution of daylight between the times of the two altitudes along the day-circle and parallel to
it. This is because the lines connecting the endpoints of equal parallel lines—Ilike the two chords
in our examples, which are equal and parallel because both of them are perpendicular to the

horizon—are equal and parallel.

[1d] Since every two points in one day-circle with equal amounts of altitude are in different
directions from east and west, they have equal distance from the meridian, since the meridian
bisects the segment of the day-circle that falls between the two points. This is because, due to the
equality of their altitudes, their altitudes’ almucantar that intersects the day-circle is the same.
Due to the intersection of the almucantar and the day-circle, and the passage of the meridian
through their poles, their segments will be bisected, as has been mentioned in [proposition] 8.
Thus, the plane of the meridian bisects the chord of the revolution of daylight between the two
altitudes and [also bisects] the line parallel to it which connects the two ends of the chords of the
complement of the two altitudes. That plane also bisects the line connecting the two endpoints of
the shadows, due to the similarity of the two triangles for their bases being parallel, apparent
from the coincidence [of the two bases], and also for the equality of their vertex angles, and [for]
their being isosceles. If the meridian bisects the line connecting the endpoints of the shadows,
then the line connecting its midpoint and the center of the gnomon will be in the plane of the
meridian, which was desired. We actually bisected the arc, since it does not require any other
action, in contrast to the halving of the connecting line, which [actually] needs to be drawn.

[1e] Now, we should resolve the desired in another way. We say: since the meridian bisects
the segment of the almucantar between the two altitude circles, as has been mentioned earlier,
and the meridian and the two altitude circles pass through the poles of the horizon and the

almucantar, which are parallel; therefore, similar arcs will be cut from any parallel [circle]
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between them, as has been explained in the Sphaerica. Thus, the two arcs along the almucantar
are equal [to one another] and similar to the corresponding ones on the horizon; thus, [the arcs
along the horizon] are also equal. Because of their equality and the horizon’s being parallel to the
circle drawn on the level surface—as their centers are the same, which is the center of the [base
of the] gnomon—if one connects the center and the endpoints of each one of the arcs on the
horizon by two straight lines, two equal arcs will be cut from the constructed circle. This is
because the lines extending from the centers of the parallel circles cut between them similar arcs
from their circumferences. Thus if the meridian bisects the arc between the endpoints of the two
shadows, then the line passing through the center, halving the mentioned the arc, is in the plane

of the meridian and its line, which was desired.

[2a] After comprehending what we have mentioned, it becomes clear that if the length of
the gnomon is equal to the radius [of the circle drawn on the surface], when the endpoint of the
shadow reaches the circumference of the circle, then the shadow will be in the plane of the
meridian, if the maximum altitude is 1/8 of a [complete] revolution [i.e., 45°], according to what
has been mentioned. The line passing through the center of the drawn circle, being in its
plane, perpendicular to the meridian line, is aligned with the circle of the initial azimuth, is the
east-west line, and the equinox line. The two [lines] divide the circle into fourths. Each
fourth is then divided into 90 equal parts in order to find the measures of the azimuths
from the shadow lines falling on the circumference, since [the number of] these parts
between the east and west points and the shadow line is the azimuth. This circle is known
as the Indian.

[2b] You should know that the best time to record a shadow is when the altitude of the Sun
is [approximately the lengths of] two spears. Since, when the Sun is close to the horizon, the
shadows are long with blurry endpoints and thus their endpoints cannot be ascertained through
sensation. If the Sun is close to the meridian, the shadows, even though fully dark [and clear],
shrink slowly; therefore, the moment of the entrance of the shadow or its exit cannot be
determined. Thus, neither the equality of the two intervals from the noon, nor the meridian line
can be determined. However, in the middle position, the shadow’s fast motion and its color [i.e.,
full darkness] come together, and one stays safe from the blurry end of the shadow and its slow

motion. [Also the best time to record a shadow] is when the Sun is in the summer solstice or
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close to it. This is because its inclination from a [day-circle] parallel to the equinoctial at the time
of its motion in the period between the entrance of the shadow and its exit, is not a considerable
amount such that it would be disruptive to [our] purpose; since this proof is based on the fact that
according to one’s perception, the Sun rotates along a [single] circle parallel to the equinoctial
during a single day. [This is also] because at the time [of the summer solstice], [the Sun’s] light
is more intense than its light [when it is] in Capricornus, as was mentioned earlier regarding the
accumulation of the rays in summer rather than winter. The more light, the clearer the distinction
between the ray and the shadow.

[2c] You should know, along with what you have learnt, that just as the equal shadows
correspond to equal [solar] altitudes, the equal altitudes correspond to equal shadows. This being
so, if two equal altitudes are observed in one day before and after its maximum altitude, and the
azimuths of their shadows from a single gnomon are drawn on the level surface, and if the angle
occurring between the two [azimuths] is bisected by a line, that line will be in the plane of
meridian, and the a posteriori justification for this is clear from what has been mentioned earlier.
Now, in order to bisect an angle, two equal amounts from the shadow from the axis of the
gnomon should be separated, and a line should be connected between them. Then that line
should be bisected, and its midpoint and the angle[’s vertex] should be connected with a line. It
is easier to consider the angle’s vertex as a center and draw a circle that intersect with the two
shadows, and then bisect the arc between them and connect [the midpoint and the angle’s

vertex], as was mentioned.

[2d] Kashyar says: “We level an area on the ground until its surface becomes parallel to
the horizon and draw a circle on it, then we insert a straight needle into the center [of the circle]
and examine its being perpendicular to the surface from three distant points on the circumference
of the circle. Then, if it were almost noon, we observe the shadow of the needle’s tip, which is
becoming shorter, by marking its positions using the tip of another needle, very closely, as they
rotate, and we continue marking till the shadow starts to become longer. Then we connect the
center to the closest mark to it with a straight line, which is the meridian line. Another way is to
level the ground and [draw] the circle and [erect] the gnomon, as we have mentioned, except that
the circle is [made] equal to the altitude circle, which is at the back of the mater of the astrolabe

in use, and that the height of the gnomon is such that its shadow at noon will not be less than the
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circumference of the circle. Then we extract the azimuth of the altitude before or after noon, and
during the time of that altitude we mark the position of the shadow on the circumference of the
circle. Using a pair of compasses, we separate the amount of the complement of the azimuth
from the altitude circle on the astrolabe, and put one of the compass’ legs on the mark, and the
other leg where it falls on the circle’s circumference in the direction of the altitude, whether it be
eastern or western, and extend a line from there to the center of the circle to be the meridian line.
If there is no azimuth for the altitude, the azimuth of the shadow is the east-west line and the line
extending from the midpoint [between] its two endpoints to the center of the circle is the
meridian line. There are many ways to obtain this line, except that all of them are inferior to
these two in their being thorough and close to correctness, if we take practice into account;
otherwise, all of them are correct and justified scientifically.” All of this is his wording, and I
quoted it beside what is against it so that we examine if what he says is correct or not. It is clear
that these two ways are not close to correctness, unlike the two preceding ones. This will be clear

through examination for whoever succeeds in it.

[3a] As for the gibla direction, it is the intersection point between the horizon of a given
locality and the azimuth circle passing through the zeniths of the locality and Mecca. The line
connecting the center of the horizon [circle] and that point is the line of the gibla direction,
which is the axis and bisector of the arc based on which the prayer niche [mi/krab] is constructed.
Therefore if the praying person considers that [line] between his legs, prostrating upon it, he will
be praying on the circumference of a circle on the Earth’s surface passing through the location of
his prostration, through what is between his feet and the center of the House [i.e., the Ka ‘ba]; [in
other words], he will be facing the line connecting the House and the point in the sky that is
aligned with it, called the zenith of Mecca. He will not be facing the House in the sense that a
straight line extending from his eye will fall on the House, because the horizon of Mecca is
below the horizon of the praying person and thus his vision is not aligned with the house but with
that line. From this you see the invalidity of the interpretation that takes the gibla direction as a
point on the horizon to which if the person faces, he will be facing the Ka ‘ba. At best, the
meaning of facing [al-muwajaha] should be interpreted differently, in order to conform to what
we have said. Now, the gibla azimuth from the locality—also called the arc of inclination—is an
arc along the horizon [circle] between its intersection with the mentioned azimuth [circle] and

one of the four points i.e., west, east, south and north. It is the amount by which the praying
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person should incline from facing one of the points in order to be facing the House, as we have
mentioned. The complement of the inclination is an arc also along [the horizon circle], between

the point of the gibla direction and one of the [four] points.

[3b] Now that you have learnt that, you should know that in determining the gibla direction
and its azimuth from another locality one should inevitably know the longitude and latitude of
Mecca, and the longitude and latitude of the given locality. Now, the longitude of Mecca—may
God protect it—is 77 1/6° from the Eternal Islands and 67 1/6° from the coast of the
western sea. Its latitude is 21 2/3°. Thus every locality whose longitude is less than the
longitude of Mecca, Mecca is to the east of it; and every locality whose longitude is greater
than the longitude of Mecca, Mecca is to the west of it. If its latitude is less than the latitude of
Mecca, then Mecca is to the north of it; if it is greater, to the south of it. Then, the given locality
and Mecca will be different either only in the latitude, or only in longitude, or in both. If it is the
first [case], they are beneath the same meridian and there will be no azimuth for any of them
with respect to the other, rather, their azimuths are on the meridian line. Therefore, the praying

person faces the south point if the latitude of Mecca is less, or to the north point, if it is greater.

[3c] If it is the second [case], they are beneath the same day-circle. Some people, among
them Kashyar, who had been clear about it in some parts [of his works], supposed that their
azimuths are on the east-west line and that the gibla is toward the east point if the longitude of
Mecca is greater, or toward the west point if it is less. This is an incorrect supposition and a clear
mistake because, due to their difference in longitude, in one of them the initial azimuth [circle]
touches the mentioned [day-]circle on a point other than the one to which [the circle of] the
initial azimuth is tangent in the other one; this is because the two initial azimuth [circles]
intersect with the equinoctial at two different sets of points. So, their initial azimuths will be on
[points] other than the east and the west [points]. Thus, their east-west lines are not the same, nor
are they the azimuth between them, nor is the gibla toward the true east or west [points]; but
rather, it is to the left of the rising place of the equinox for that locality, if its longitude is less
than the longitude of Mecca, and to the right of the setting place of the equinox, if its
longitude is greater. It is impossible for the zenith of Mecca to be on the circle of the initial
azimuth of the given locality; otherwise, its latitude would have been less than the latitude of that

locality, as the latitude of every point on it, except the zenith, is less. And a fortiori, [it is
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impossible for the zenith of Mecca to be] between the circle of the initial azimuth and
equinoctial, and, otherwise, the zenith of Mecca falls necessarily outside of the initial azimuth
[circle]. What we have mentioned necessarily pertains to the best one can think of, which is, it is
only correct in the localities at the equator, even though they differ in longitude, until the
meridian of the cupola [of the Earth] becomes the horizon for easterners and westerners; not
because their east-west lines are all in the plane of the equinoctial, based on what first comes to
mind, since it is so at [localities] other than the equator, but because all their zeniths are on the

equinoctial because for them it is equivalent to [the circle of] the initial azimuth.

[4a] If it is the third [case], they are neither beneath the same meridian nor the same day-
circle. In this [case] and in the second, the inclination arc should be determined, and there are
many ways to do it, but it would not be appropriate to present them here. Let us instead
limit ourselves to the simple ones, among which is [the following]. The sun transits the zenith
of Mecca when it is in degree 8 of Gemini and in [degree] 23 of Cancer at noontime there,
for the inclination of these two degrees equals the mentioned latitude of Mecca. The difference
between its noon and the noon of other localities is measured by the difference between the
two longitudes. Let this [latter] difference be taken and let an hour be assumed for each 15
degrees and 4 minutes for each degree. The resulting total is the interval in hours from
noon [for that locality]. Let an observation be made on that day at that time-before noon if
Mecca is to the east or after if it is to the west; the direction of the shadow at that time is

the gibla direction.

[4b] Another way is to set on the mid-heaven [line] of the astrolabe of our locality one of
the two zodiacal degrees aligned with Mecca, which are 8; 21 of Gemini and 22; 39 of Cancer,
and mark on the almuri. Then we rotate the rete to the amount of the longitudinal difference
toward the west if our locality is to east of Mecca, and vice versa if it is to the west of it. So,
wherever the degrees of the almucantar of the altitude reach, we observe the Sun’s reaching
there; then we erect a gnomon, its shadow at this time is the gibla direction. This [way] is close
to the first. Another way is to count degrees of longitudinal and latitudinal differences on the
Indian circle, and extend from the end of the degrees two lines, one parallel to the meridian, the

other to the east-west line. They definitely intersect. We then connect the center and the
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intersection point with a straight line, and let it pass through the circumference. This is the gibla

direction line.

[4c] Another way is to divide the meridian line into equal parts and count from them the
amount of the latitudinal difference between the locality and Mecca—considering the fraction, if
there was [a fractional portion] —and extend a perpendicular line to its northern side, if the
latitude of the locality is less than the latitude of Mecca; to the southern side, if it was greater; to
the eastern direction, if the longitude of Mecca was greater; or to the western direction, if it was
less. We then divide it in the same manner we divided the first line. Then we count from them
the amount of the longitudinal difference—considering the fraction, if there was [a fractional
portion]—and connect its end to the other point on the meridian with a line. A right triangle will
be obtained and the gibla direction will be the third line, which is the hypotenuse. This way, and
the previous ones, are approximate and do not work in a locality whose latitude is equal to the
latitude of Mecca, nor [in a locality whose] longitude is not [equal to] the longitude of Mecca,

because they are based on longitudinal and latitudinal differences.

[4d] Another way is to pick a perfectly round sphere, with a great circle on it, divided into
360 degrees, equivalent to the local horizon, which is ABCD. Then draw half of the meridian
perpendicular to [the horizon], that is, AEC, E being the local zenith. We separate from it CH,
measuring the local latitude, by taking degrees of the horizon [circle] using a pair of compasses
from the north point as the latitude. Thus H is the pole of the equinoctial. Then we draw the great
circle BGD about H [as center], intersecting the horizon at D and B, the east and west [points],
and the meridian at G. Then, if we find the distance between G and E, [which is] the zenith,
equal to the altitude of the pole, the work is correct, otherwise not. Then, if the two localities are
only different in their latitudes, the meridian line is the gibla direction line. We extract it, which
is the inevitable step in all methods. If they are only different in their longitudes, then we draw
about H [as center], as far as E, the parallel [circle] EPR. It thus passes through the zenith of
Mecca. We separate along the equinoctial from the meridian the amount of the longitudinal
difference in the direction of Mecca. So, it will be to the east of the meridian, if the longitude of
Mecca is greater, like Gl, otherwise westerly if it is less than the local longitude. We draw a
great circle passing through points H and I, with its poles on the equinoctial, which is [the circle]

HPI. P is then the zenith of Mecca. We then draw a great circle passing through the two zeniths,
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which are E and P, intersecting the horizon at Q. Therefore AQ is the azimuth arc, which is
known through the horizon divisions, and Q is the azimuth point. Since the circle intersects the
horizon at Q, rather than B and R, the gibla direction will not be on the east-west line, as was
supposed, nor on the intersection of the parallel [circle] and the horizon. If [the localities] are
different in [both] longitude and latitude, the longitudinal difference will be GL and the latitude
of Mecca GK. We then draw about H [as center], as far as K, the parallel [circle] KMN and the
great circle HML. M then will be the zenith of Mecca. Then we draw the great circle EMO. AO
then will be the arc of the azimuth, which is known through the horizon divisions. When the arc
of the azimuth is known, we either separate its amount from the Indian circle and then draw the
azimuth line, or we set the meridian of the sphere on the meridian line and its nadir on the center
of the Indian circle, then mark the azimuth point and draw the [azimuth] line, which is clear. |
brought this method, even though it is thought to be difficult due to its peculiarity, because it is
not less than others in terms of ease, as will be clear for anyone who is a bit skilled in handiwork.
This is the end of Book I1l—praise be to God, the Giver of reason, Who makes ample generosity

and graciousness.
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Appendix



City Library Collection | MS Copy place Copy date
No.
Berlin Staatsbibliothek | Petermann | | 674 [Sivas] [15 Sha‘ban—-9
(siglum Dh al-Hijja 680]
B/x)
Istanbul Topkap1 Saray1 Ahmed Il | 3336 [6807]
Istanbul Kopralu Fazil 957 [Sivas] 681
(siglum Ahmed
K/<) Pasa
Tehran University of 7070 [Sivas] [681, missing
Tehran beginning and
end]
Istanbul Stleymaniye Laleli 2145 [Sivas] [681]
(siglum
L/J)
Leiden Or. 203 Suburbs of 682 [incomplete:
Erzincan missing the
(Arzinjan) beginning and
other parts; torn
pages and other
damage]
Istanbul Koprilu Fazil 956 Sivas, Madrasa | 683 [the colophon
(siglum Ahmed al-Sahibiyya has been
R/)) Pasa al-Shamsiyya changed]
Tabriz Husayn 56 19 Ramadan 683
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Nakhjavani

Istanbul Millet Feyzullah 1349 685
Efendi
Patna Khuda Bakhsh 2452 689 [Incomplete.
Oriental Public Microfilm no.
Library 2278 of Jaber al-
Ahmad Central
Library, Kuwait
University]
Patna Khuda Bakhsh 2453 During Shirazr’s
Oriental Public life
Library
Tehran University of 2118 7"-8" century
Tehran
Yazd Shaykh ‘Alf 78 7"-8" century
‘Ulim1
Istanbul Slleymaniye Pertev Pasa | 381 735
Istanbul Topkap1 Saray1 Ahmed Il | 3333 | Tukat 738
16| Bursa Bursa Bolge Hiseyin 189 742
Yazmalar Celebi
Ktliphanesi
l Tehran Malik 3409 1 Ramadan 744
18| Oxford Bodleian Marsh 133 794
19| Baku Azerbaijan 225 8" century
National
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Academy of

Sciences
Tehran University of 2696 834
Tehran
21| Qum Mar ‘ashi Samargand, 844
Madrasa-yi
Ulugh Beg,
while Qadizada
was teaching it
London British Library ADD 872
7482
Tehran Sipahsalar 596 9™ century
Medina ‘Arif Hikmat Falak 11 924
Tehran Malik 3506 10™ century
Istanbul Slleymaniye Damad 851 Ownership notes:
Ibrahim 1058, 1071
Mashhad Ilahiyat 656 Shiraz, 1013
Madrasa-yi
Lasifiyya
28| Tehran Asghar Mahdavi 706 1101
l Tehran Majlis Library 16008 1120
30| London British Library 10 ISL 1185
707
Paris Bibliotheque Arabe 2518 1200
nationale de
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France

Istanbul Topkap1 Saray1 Ahmed Il | 3334 1365
33| Istanbul Stleymaniye [zmir 487
34| Istanbul Suleymaniye TurhanV. | 221
Sultan/
Yeni Cami?
Paris Bibliotheque Arabe 2517
nationale de
France
36| Aligarh 626/3
37| Aligarh 634/11
38| Bagdad Tawfiq Wahbi 2981
39| Tabriz Mill1 3389
40| Cairo Dar al-kutub 56
41| Cairo Dar al-kutub Mustafy 7/1
Fadil hay’a
42| Cairo Dar al-kutub Tal at 45
43| Hyderabad | Salar Jung Hay’a 26
Museum
44| Manchester 751
45| Mosul 363/71
46| Oxford Bodleian 924
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47| Utrecht 22
48| Istanbul Suleymaniye Carullah 1347
49| Tashkent 3756/4

385




Bibliography



Abu Ma‘shar. al-Madkhal al-kabir. Edited by Charles Burnett and Keiji Yamamoto. Pre-print
version.

Aflaki, Shams al-Din Ahmad. Mandaqib al- ‘arifin. Edited by Tahsin Yazict. 2 vols. Ankara: Tiirk
Tarih Kurumu Basimevi, 1959.

Ahmad, S. Magbul. “Djughrafiya.” Encyclopaedia of Islam, Second Edition. Edited by B. Lewis, et
al. Vol. 2, 575-587. Leiden: E. J. Brill, 1965.

Almagest (Alm.). See Toomer, G. J. Ptolemy’s Almagest.

Amini, Hassan. “al-Risdla al-Mu ‘iniyya of Kh"adja Nasir al-Din al-Tiisi: A Critical Edition and
Study.” Master thesis, Institute for the History of Sciences, University of Tehran, September
2008.

Anonymous. “Sudiir al-mushariqga wa-al-mughariba, Qutb al-Din al-Shirazi.” al-Mugtabas 2-1
(Muharram 1325): 3-8.

Anonymous. Tarikh-i Al-i Saljiig dar Anatili. Edited by Nadira Jalali. Tehran: Daftar-i nashr-i
Mirath-i Maktiib, Ayina-yi Mirath, 1999.

Agsarayi, Mahmiid b. Muhammad. Musamarat al-akhbar wa musdyarat al-akhyar. Edited by
Osman Turan. Ankara: Turk Tarih Kurumu Basimevi, 1944.

Ayati, ‘Abd al-Muhammad. Takrir-i Tarikh-i Vassaf. Tehran: Bunyad-i Farhang-i Iran, 1967.

Barnes, Jonathan. The Complete Works of Aristotle: The Revised Oxford Translation. Vol.1.
Princeton:  Princeton  University Press, 1984. Accessed January 14, 20109.
http://library.nlx.com/goto.cfm?loc=&infobase=pmari.nfo&depth=2.

Battani, Zij. See Nallino, Carlo A. al-Battani Sive Albatenii Opus Astronomicum.

Berggren, J.L., and Alexander Jones. Ptolemy’s Geography: An Annotated Translation of the

Theoretical Chapters. Princeton: Princeton University Press, 2000.

387



Biriini, Abii Rayhan. Al-Athar al-bagiya ‘an al-Qurin al-khaliya (The Vestiges of the Past), the
Chronology of Ancient Nations. Edited and annotated by Parviz Azkaei. Tehran: Mirath-i
Maktiib, 2001.

Birtini, Abti Rayhan. Kitab takdid nihayat al-amakin li-tashih masafat al-masakin. Edited by P. G
Bulgakov. Cairo: Matab‘a Lajnat al-Ta’Iif wa-al-Tarjima wa-al-Nashr, 1964.

Birtini, Abt Rayhan. The Determination of the Coordinates of Positions for the Correction of
Distances between Cities: A Translation from the Arabic of Kitab takdid nihayat al-amakin
li-tashih masafat al-masakin. Translated by Jamil Ali. Beirut: American University of
Beirut, 1967.

Bonebakker, S.A. “Kudama.” In: Encyclopaedia of Islam, Second Edition. Edited by P. Bearman,
Th. Bianquis, C.E. Bosworth, E. van Donzel, W.P. Heinrichs. Consulted online on 22
October 2018 <http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-
3912 islam_SIM_4478>

Bonner, Michael. “The Waning of Empire, 861-945.” Chapter. In The New Cambridge History of
Islam. Edited by Chase F. Robinson, 1:305-59. Cambridge: Cambridge University Press,
2010. doi:10.1017/CHOL9780521838238.010.

Cahen, Cl. “Kose Dagh”, in: Encyclopaedia of Islam, Second Edition. Edited by: P. Bearman, Th.
Bianquis, C.E. Bosworth, E. van Donzel, W.P. Heinrichs. Consulted online on 28
November 2017 <http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-
3912 islam_SIM_4437> First published online: 2012.

Catalogue of the Arabic and Persian Manuscripts in the Oriental Public Library at (bankipore)

Patna, Patna: Superintendent, Govt. Print., Bihar, 1962.

388



Combe, Etienne; Jean Sauvaget, and Gaston Wiet. Répertoire Chronologique D'épigraphie Arabe.
Vol. 12. Le Caire: I’Institut Francais d’Archéologie Orientale, 1943.

Dallal, Ahmad. “Al-Birini on Climates.” Archives internationales d’histoire des sciences 34
(1984): 3-18.

Dallal, Ahmad. An Islamic Response to Greek Astronomy: Kitab ta 'dil hay at al-aflak of Sadr al-
Shart ‘a. Leiden: Brill, 1995.

De Goeje, Michael Jan. Ibn Rusta’s Kitab al-a‘laq al-nafisa and Kitab al-buldan by al-Ya ‘gibr.
Leiden: Brill, 2014.

De Goeje, Michael Jan. Kitab al-masalik wa’l-mamalik (Liber viarum et regnorum). Leiden: Brill,
1889. Reprinted in Bagdad: Maktabat al-Muthannd, 1960z.

Descartes, René. Principles of Philosophy. Translated, with explanatory notes, by Valentine Rodger
Miller, and Reese P. Miller. Dordrecht; Boston; Hingham: Reidel, 1983.

Dhahabi, Shams al-Din. Dhayl ta rikh al-Islam. Edited by Mazin b. Salim Ba Wazir. Riyadh: Dar
al-Mughnt li-al-Nashr wa-al-Tawzi‘, 1998.

Dihkhuda, ‘Ali-Akbar. Lughat-nama. 14 vols. Tehran: Mu’assasa-yi Lughat-nama-yi Dihkhuda,
1993-1994.

Farghani, Ahmad ibn Muhammad ibn Kathir. Jawami‘ ‘ilm al-nujim wa-Usil al-harakat al-
samawiya. Edited by Jacob Golius and reprinted by Fuat Sezgin. Frankfurt am Main:
Institut fur Geschichte der Arabisch-Islamischen Wissenschaften an der Johann Wolfgang
Goethe Universitat, 1986.

Fasa’i, Hasan b. Hasan. Fars-nama-yi Nasiri. Tehran: Intisharat-i Kitabkhana-yi Nisa'1, 1312—

1314/1894-1896. Accessed online 01 February 2018 <http://nrs.harvard.edu/urn-

389



3:FHCL:30800564> [Repository: Collection Development Department, Widener Library,
Harvard College Library, Harvard University].

Forét, Philippe, and Andreas Kaplony. The Journey of Maps and Images on the Silk Road. Leiden:
Brill, 2008.

Gacek, Adam. “The Osler Codex of Nasir al-Din al-Ttsi’s Commentary on Avicenna’s al-Isharat
wa-al-tanbihat,” Journal of Islamic Manuscripts 1 (2010): 3-17.

Gamini, Amir-Mohammad. “Qutb al-Din al-Shirazi and the Development of Non-Ptolemaic
Planetary Modeling in the 13th Century.” Arabic Sciences and Philosophy 27, no 2 (2017),
165-203. doi:10.1017/S0957423917000017.

Gamini, Amir Mohammad, and Hossein Masoumi Hamedani. “Al-Shirazi and the Empirical Origin
of Ptolemy’s Equant in His Model of the Superior Planets.” Arabic Sciences and Philosophy
23, no. 1 (2013): 47-67. doi:10.1017/S0957423912000070.

Ghalandari, Hanif. “A survey of the works of “hay’a” in the Islamic period with a critical edition,
translation and commentary of the treatise Muntaha al-idrak fi tagasim al-aflak, written by
Baha’ al-Din al-Kharaqi (d. 553AH/1158AD).” PhD dissertation. Tehran: Institute for
humanities and cultural studies, 2012.

Grant, Edward. A History of Natural Philosophy: From the Ancient World to the Nineteenth
Century. Cambridge; New York: Cambridge University Press, 2007.

Habibi, Najafquli. Hikmat al-ishraq-i Suhrawardt, ba sharh-i Qutb al-Din Shirazi, jild-i awwal:
manziq, Tehran: Bunyad-i Hikmat-i Islami-yi Sadra, 2013.

HAMA. See Neugebauer, A History of Ancient Mathematical Astronomy.

al-Hamaw1, Yaqut. Mu jam al-buldan. Vol. 3. Beirut: Dar Qdir, 1995.

390



Harley, J.B., and David Woodward. The History of Cartography. Chicago: University of Chicago
Press, 1987-2007.

Heck, Paul L. Construction of Knowledge in Islamic Civilization: Qudama b. Ja ‘far and His Kitab
al-kharaj wa-sina ‘at al-kitaba. Leiden: Brill, 2002.

Hillenbrand, Carole. “Mu‘in al-Din Sulayman Parwana.” In: Encyclopaedia of Islam, Second
Edition, edited by: P. Bearman, Th. Bianquis, C.E. Bosworth, E. van Donzel, W.P.
Heinrichs. Consulted online on 28 November 2017
<http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-3912_islam_SIM_5442> First
published online: 2012.

Hjelt, Arthur. Etudes sur [’Hexaméron de Jacques d’Edesse, notamment sur ses notions
géographique contenues dans le 3*™ traité. Helsingfors: Frenckell, 1892.

Ibn ‘Abd al-Zahir, Muhyi al-Din. Tashrif al-ayyam wa-al- ‘usir fi sirat al-Malik al-Manszr. Edited
by Murad Kamil and Muhammad ‘Ali Najjar. Cairo: al-Jumhiriyya al-‘Arabiyya al-
Muttahida, Wizarat al-Thagafa wa-al-Irshad al-Qawmi, al-Idarah al-‘Amma li-al-Thagafah,
1961.

Ibn Batuta. Kitab rihlat Ibn Batita: al-musamma Tuhfat al-nuzzar fi ghard’ib al-amsar wa- ‘aja’ib
al-asfar. Cairo: Matba‘at Wadi al-Nil, 1287/1867.

Ibn Fadlan, Ahmad. Risalat Ibn Fadlan fi wasf al-rikla ila bilad al-Turuk wa-al-Khazar wa-al-Riis
wa-al-Saqgaliba Sana 309/921. Edited by Sami al-Dahhan. Damascus: al-Matba‘at al-
Hashimiyya, 1959.

Ibn al-Fuwati, ‘Abd al-Razzaq b. Ahmad. Majma‘ al-adab fi mujam al-alqab. Edited by

Muhammad al-Kazim. 6 vols. Tehran: Vizarat-i Farhang va Irshad-i Islami, 1995.

391



Ibn Hajar al-‘Asqalani, Ahmad b. ‘Ali. al-Durar al-kaminah fi a ‘yan al-mi’a al-thamina. Edited
by: Muhammad Sayyid Jad al-Haqq. Cairo: Dar al-Kutub al-Haditha, 1966.

Ibn Qadi Shuhbah, Abt Bakr b. Ahmad. Tabagat al-fuqaha’ al-Shafi iyyah, edited by al-Hafiz
‘Abd al-‘Alim Khan, Beirut: Dar al-Nashr, 1987.

Ibn Rushd. Kitab al-athar al- ‘ilwiyya. Edited by Suhayr Fadlallah Abt Wafiya and Su‘ad ‘Ali ‘Abd
al-Razzaq. Cairo: al-Majlis al-A ‘14 li-al-Thaqafa, 1994.

Ibn Sina. Al-Qaniin fi al-tibb. 4 vols. Beirut: Dar lhya’ al-Turath al-Arabi, 2005.

Ibn Sina. al-Shifa’, Tabri iyyat, al-Sama’ al-tabr 7. Vol. 1. Edited by Ibrahim Madkar and Sa‘id
Zayid. Cairo: 1983.

Al-lIstakhri, Ibrahim b. Muhammad. Al-Masalik wa-al-mamalik. Edited by Muhammad Jabir ‘Abd
al-‘Al al-Hini. Cairo: The United Arab Republic, Ministry of Culture and National
Guidance, General Culture Administration, 1961.

Janos, Damien. “Moving the Orbs: Astronomy, Physics, and Metaphysics, and the Problem of
Celestial Motion According to Ibn Stna.” Arabic Sciences and Philosophy 21, no. 2 (2011),
165-214.

Jorati, Hadi. Science and Society in Medieval Islam: Nasir al-Din Tusi and the Politics of
Patronage, Yale University, Ann Arbor, 2014, ProQuest Dissertations & Theses Global,
https://proxy.library.mcgill.ca/login?url=https://search.proquest.com/docview/1659836140?
accountid=12339.

Junayd Shirazi, ‘Is4 b. Junayd. Hazar mazar. National Library and Archives of I.R of Iran, MS
2437.

Junayd Shirazi, ‘Isa b. Junayd. Hazar mazar. Shiraz: Kitabfuriishi-yi Ahmadi, 1941.

392



Junayd Shirazi, ‘Isd b. Junayd. Tadhkira-yi hazar mazar, tarjima-yi Shadd al-izar (mazarat-i
Shiraz). Edited by Nurani Visal. Shiraz: Intisharat-i Kitabkhana-yi Ahmadi, 1985.

Junayd Shirazi, Junayd b. Mahmitd. Shadd al-izar fi hatt al-awzar ‘an zawwar al-mazar. National
Library and Archives of I.R of Iran, MS 17618.

Junayd Shirazi, Junayd b. Mahmiid. Shadd al-izar fi hatt al-awzar ‘an zawwar al-mazar. Edited by
Muhammad Qazvini and ‘Abbas Igbal. Tehran: Navid, 1987.

Juzjani, Abi ‘Ubayd ‘Abd al-Wahid b. Muhammad. Khilas tarkib al-aflak. Mashhad, Astan-i Quds
Librray, MS 5593/8.

Kahhala, ‘Umar Rida. “al-Muntakhab al-mukhtar min makhtatat al-Madinat al-Munawwara:
Maktabat ‘Arif Hikmat, 4,” al-Majma ‘ al-lughat al- ‘Arabiyya bi-Dimash, vol. 48, issue 3,
(Ramadan 1393): 893-908.

Kennedy, E.S. 4 Commentary upon Birini’s Kitab tahdid al-amakin, an 11th Century Treatise on
Mathematical Geography. Beirut: American University of Beirut, 1973.

Kennedy, E.S. “Late Medieval Planetary Theory.” Isis 57, no. 3 (1966): 365-78.
http://www . jstor.org.proxy3.library.mcgill.ca/stable/228366.

Kennedy, E.S. “Suhrab and the World-map of Ma 'min,”in From Ancient Omens to Statistical
Mechanics, Essays on the Exact Sciences Presented to Asger Aaboe. Edited by J.L.
Berggren and B.R. Goldstein. Copenhagen, 1987.

Al-Kindi, Ya‘qub b. Ishaq. Al-Rasa’il al-falsafiyya. Edited by ‘Abd al-Qadir Muhammad ‘Al
Beirut: Dar al-Kutub al-‘TImiyya, 2017.

King, David A. Islamic Astronomy and Geography. Burlington: Ashgate Publishing Company,

2012.

393



Lane, Edward William. Arabic-English Lexicon. Rev. Format ed. Cambridge, England: Islamic
Texts Society, 1984.

Langermann, Y. Tzvi. “Arabic Cosmology.” Early Science and Medicine 2 (1997): 185-213.

Langermann, Y. Tzvi. Ibn Al-Haytham’s on the Configuration of the World. London: Routledge,
2017.

Leiser, Gary. “al-Agsarayi, Karim al-Din.” In Encyclopaedia of Islam, THREE. Edited by Kate
Fleet, Gudrun Kréamer, Denis Matringe, John Nawas, Everett Rowson. Consulted online on
05 November 2018 <http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-
3912 ei3 COM _26349>

Lettinck, Paul. Aristotle’s “Physics” and Its Reception in the Arabic World: With an Edition of the
Unpublished Parts of Ibn Bajja’s Commentary on the Physics. Leiden; New York; Kaln:
E.J. Brill, 1994.

Lettinck, Paul. Aristotle’s Meteorology and Its Reception in the Arab World: With an Edition and
Translation of Ibn Suwar’s Treatise on Meteorological Phenomena and Ibn Bdjja’s
Commentary on the Meteorology. Leiden: Brill, 1999.

Magruder, Kerry V. “Global Visions and the Establishment of Theories of the Earth.” Centaurus
48, no. 4 (2006): 234-57.

Martin, P. “L’Hexaméron de Jacques d’Edesse.” Journal Asiatique. VIlle sér. X1 (1888): 155-219,
401-490.

Mas ‘0di, Sharaf al-Din. al-Kifaya fi ‘ilm al-hay a. Istanbul, Stileymaniye Library, MS Hafid Efendi
154.

Mas‘0di, Sharaf al-Din. Jahan-i Danish. Edited by Djalil Akhavan Zandjani. Tehran: Mirath-i

Maktub, 2003.

394



Minorsky, Vladimir. Hudiid al- ‘alam: ‘the Regions of the World,” a Persian Geography, 372 A.H.—
982 A.D. Preface by V.V. Barthold. Edited by Clifford Edmund Bosworth. London: Luzac,
1970.

Mizukami, Ryo. “Nigahi bi zindagl va fa‘‘dliyyat-hayi ‘ilmi-yi lbn-i Fuwati.” Ayina-yi Pajihish
157 (April-May 2016): 20-43.

Mudarris Ridavi, Muhammad Taqi. Ahval va athar-i qudva-yi mukaqqigin va sultan-i hukama va
mutakallimin, ustad-i bashar va ‘aql-\ hadi-i ‘ashr, Abi Ja far Muhammad b. Musammad
b. al-Hasan al-Tiist, mulagqab bih Nasir al-Din. Tehran: Bunyad-i Farhang-i Iran, 1975.

Mudarrist, Muhammad. Sargudhasht va ‘aqayid-i falsafi-yi Kh'aja Nasir al-Din Tiisi: bih indimam-
i ba 'dr az rasa’il va mukatabat-i viy. Tehran: Amir Kabir, 1984,

Muhaqqiq, Mahdi. “Qutb al-Din Shirazi va sharh-i hal-i khudnigasht-i @ (Qutb al-Din Shirazi and
his autobiography).” Hikmat-i Isra’ 15 (spring 2013), 172-175.

al-Mugaddasi, Muhammad b. Ahmad. Ahsan al-tagasim fi ma ‘rifat al-agalim (La Meilleure
Répartition Pour La Connaissance Des Provinces). Translated by André Miquel. Damas:
Institut Frangais De Damas, 1963.

al-Mugaddasi, Muhammad b. Ahmad. Kitab aksan al-taqasim fi ma rifat al-aqalim. Edited by M.
J. de Goeje. 1906. Reprint, Beirut: Dar Sadir, no date.

Nallino, Carlo A. al-Battant Sive Albatenii Opus Astronomicum. 3 vols. Milan: Pubblicazioni Del
Reale Osservatorio di Brera, 1899-1907 (vol. 1 [1903], vol. 2 [1907], and vol. 3 [1899]).

Neugebauer, Otto. A History of Ancient Mathematical Astronomy. 3 parts. Berlin; New York:
Springer-Verlag, 1975.

Niazi, Kaveh. Qutb al-Din Shirazi and the Configuration of the Heavens: A Comparison of Texts

and Models. Dordrecht: Springer, 2013.

395



Niazi, Kaveh. “Qutb al-Din Shirazi as Depicted in Early Historical Sources,” Tarikh-e Elm, 11
(2013): 23-39.

Park, H. Mapping the Chinese and Islamic Worlds: Cross-Cultural Exchange in Pre-Modern Asia.
Cambridge: Cambridge University Press, 2012.

Petraitis, Casimir. The Arabic Version of Aristotle’s Meteorology: A Critical Edition with an
Introduction and Greek-Arabic Glossaries. Beirut: Dar al-Mashriq, 1967.

Pourjavady, Reza, and Sabine Schmidtke. “Qutb al-Din al-Shirazi (d. 710/1311) as a Teacher: an
Analysis of His Ijazat (Studies on Qutb al-Din al-Shirazi III).” Journal Asiatique 297.1
(2009): 15-55.

Pourjavady, Reza, and Sabine Schmidtke. “The Qutb al-Din al-Shirazi (d. 710/1311) Codex (MS
Mar‘ashi 12868) [Studies on Qutb al-Din al-Shirazi, I11].” Studia Iranica 36 (2007): 279—
301.

Pourjavady, Reza, and Sabine Schmidtke. “Qutb al-Din al-Shirazi’s (634/1236—710/1311) Durrat
al-taj and its sources (Studies on Qutb al-Din al-Shirazi, I).” Journal Asiatique 292.1-2
(2004): 311-330.

Qattan-i Marvzi, ‘Ayn al-Zaman Hasan ibn ‘All. Gayhan-Shinakht. Qum: Kitabkhana-yi Buzurg-i
Hadrat-i Ayatullah Mar ‘ashi-yi Najafi, 2000.

Ragep, F. Jamil. “Astronomy.” In Encyclopaedia of Islam Third Edition. Edited by Gudrun Kramer
et al, Brill Online, 2016. Reference. McGill University. 04 April 2016
<http://referenceworks.brillonline.com/entries/encyclopaedia-of-islam-3/astronomy-
COM_22652>.

Ragep, F. Jamil. Nasir al-Din al-Tust’s Memoir on Astronomy (al-Tadhkira fi ‘ilm al-hay’a). 2

vols. New York: Springer-Verlag, 1993.

396



Ragep, F. Jamil. “Shirazi’s Nihayat al-idrak: Introduction and Conclusion.” Tarikh-e Elm 11
(2013): 41-57.

Ragep, Sally P. Jaghmini’s Mulakhkhas, An Introduction to Ptolemaic Astronomy. Switzerland:
Springer, 2016.

Randles, William Graham Lister. “Classical Models of World Geography and Their
Transformation Following the Discovery of America.” In The Classical Tradition and the
Americas, Vol. I: European Images of the Americas and the Classical Tradition, edited by
W. Haase, and M. Reinhold. Berlin. New York: Walter De Gruyter, 1994,

Rapoport, Y. and E. Savage-Smith. An Eleventh-Century Egyptian Guide to the Universe: The
Book of Curiosities, Edited with an Annotated Translation. Leiden: Brill, 2013.

Razi, Fakhr al-Din. Asrar al-tanzil wa-anwar al-ta 'wil. Edited by ‘Abd al-Rahman ‘Umayra and
‘Abd al-Mun ‘im Faraj Darwish. Cairo: Dar Rikabi li-al-Nashr wa-al-Tawzi‘, 2000

Razi, Fakhr al-Din. Al-Mayalib al- ‘aliya min al-‘ilm al-ilahi. Edited by Ahmad Hijazi al-Saqqa.
Beirut: Dar al-Kutub al-‘Arabi, 1987.

Razi, Fakhr al-Din. Sharh mushkilat Kitab al-Qanin. Edited by Najafquli Habibi. Tehran:
Kitabkhana-yi Majlis Shiira-yi Islami, 2018.

Roger, J. “La Théorie de la terre au Xviie siecle. ”” Revue d histoire des sciences (1973): 23-48.

Roller, Duane W. Eratosthenes’ Geography. Oxford; Princeton: Princeton University Press, 2010.

Rashid al-Din, Fadl Allah Hamadani. Jami * al-tavarikh. Edited by Bahman Karimi. 2 vols. Tehran:
Shirkat-i Nisbi Hajj Muhammad Husayn Igbal va Shuraka’, 1959.

Ritter, Hellmut. “Autographs in Turkish Libraries,” Oriens 6, no. 1 (1953): 63-90.

doi:10.2307/1579235.

397



Sabra, A.l. “Science and Philosophy in Medieval Islamic Theology: The Evidence of the
Fourteenth Century,” Zeitschrift fir Geschichte der Arabisch-Islamischen Wissenschaften
(1994): 1-42.

Safadi, Khalil b. Aybak. 4 ‘yan al- ‘asr wa-a ‘wan al-nasr. Facsimile edition by Fuat Sezgin and
Mazin ‘Amawi. Frankfurt: Institut fiir Geschichte der Arabisch-Islamischen
Wissenschaften, 1990.

Safadi, Khalil b. Aybak. Kitab al-wafi bi-al-wafayat. Edited by: Ahmad Arna’iat and Turki
Mustafa. 29 vols. Beirut: Dar Ihya’ al-Turath al-‘Arabi, 2000.

Saliba, George. The Astronomical Work of Mu'ayyad al-Din al- ‘Urdi, A Thirteenth Century Reform
of Ptolemaic Astronomy: Kitab al-Hay ah. Beirut: Markaz Dirasat al-Wahda al-‘Arabiyya,
1990.

Sallami, Muhammad b. Rafi‘. Taritkh ‘ulama’ Baghdad al-musammd Muntakhab al-mukhtar.
Edited by ‘Abbas ‘Azzawi. Beirut: Dar al-‘Arabiyya li-al- Mawsi ‘at, 2000.

Sanagustin, F. “Mizadj.”In Encyclopaedia of Islam, Second Edition. Edited by P. Bearman, Th.
Bianquis, C.E. Bosworth, E. van Donzel, W.P. Heinrichs. Consulted online on 09 January
2019 <http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-3912_islam_SIM_8829>

Sesen, Ramazan. Nawadir al-makhtitat al- ‘arabivah fr maktabat Turkiya. Beirut: Dar al-kitab al-
jadida, 1975.

Sezgin, Fuat. The Contribution of the Arabic-Islamic Geographers to the Formation of the World
Map. Frankfurt am Main: Institut fir Geschichte der Arabisch-Islamischen Wissenschaften
an der Johann Wolfgang Goethe-Universitét, 1987.

Sezgin, Fuat. Geschichte des Arabischen Schrifttums, Band X—XI, Mathematische Geographie und

Kartographie im Islam und Ihr Fortleben im Abendland—Historische Darstellung. Teil 1

398



2. Frankfurt am Main: Institut flr Geschichte der Arabisch-Islamischen Wissenschaften an
der Johann Wolfgang Goethe-Universitat, 2000.

Sezgin, Fuat. Geschichte des Arabischen Schrifttums, Band XlII, Mathematische Geographie und
Kartographie im Islam und ihr Fortleben im Abendland—Kartenband. Frankfurt am Main:
Institut fur Geschichte der Arabisch-Islamischen Wissenschaften an der Johann Wolfgang
Goethe-Universitét, 2000.

Sezgin, Fuat. Mathematical Geography and Cartography in Islam and their Continuation in the
Occident, Volume | Historical Presentation Part | being an English Version of volume X of
Geschichte des Arabischen Schrifttums. Translated from the German by Guy Moore and
Geoff Sammon. Frankfurt am Main: Institut fur Geschichte der Arabisch-Islamischen
Wissenschaften an der Johann Wolfgang Goethe-Universitat, 2005.

Shalev, Zur, and Charles Burnett. Ptolemy’s Geography in the Renaissance. London: Warburg
Institute, 2010.

Shirazi, Qutb al-Din. Al-Tu/kfa al-sa ‘diyya. Istanbul, Stleymaniye Library, MS Ayasofya 3649.

Shirazi, Qutb al-Din. Fa ‘alta fa-la talum.Tehran, Majlis, Shura, MS 3945.

Sorabji, Richard. “Aristotle on Demarcating the Five Senses.” The Philosophical Review 80, no. 1
(1971): 55-79. doi:10.2307/2184311.

Suyati, Jalal al-Din. Bughyat al-wu‘at fi tabaqgat al-lughawiyyin wa-al-nuhat. Edited by:
Muhammad Abi al-Fadl Ibrahim. Cairo: Matba‘at ‘Ts al-Babi al-Halabi, 1964.

Thomson, W.M. The Land and the Book: or Biblical Illustrations Drawn from the Manners and
Customs, the Scenes and Scenery of the Holy Land, vol. 11l (New York: Harper, 1910), 393.
Accessed January 6, 2019.

https://babel.hathitrust.org/cgi/pt?id=uc1.31158001277093;view=1up;seq=52

399



Thorndike, Lynn. The Sphere of Sacrobosco and Its Commentators. Corpus of Mediaeval Scientific
Texts Sponsored Jointly by the Mediaeval Academy of America and the University of
Chicago. Vol. 2. Chicago: University of Chicago Press, 1949.

Tibbetts, Gerald R. “The Balkhi School of Geographers,” in: The History of Cartography, Volume
2, Book 1: Cartography in the Traditional Islamic and South Asian Societies, eds. J. B.
Harley and David Woodward (Chicago: University of Chicago Press, 1992), 108-136.

Tibbetts, Gerald R. “The Beginnings of a Cartographic Tradition,” in: The History of Cartography,
Volume 2, Book 1: Cartography in the Traditional Islamic and South Asian Societies, eds. J.
B. Harley and David Woodward (Chicago: University of Chicago Press, 1992), 90-107.

Todd, Richard. The Sufi Doctrine of Man: Sadr al-Din al-Qunawi’s Metaphysical Anthropology.
Boston: Brill, 2014. <http://dx.doi.org/10.1163/9789004271265>.

Toomer, G.J. Ptolemy’s Almagest. Translated and annotated by G. J. Toomer with a Foreword by
Owen Gingerich. Princeton, NJ: Princeton University Press, 1998.

Von Mzik, Hans. Das Kitab ‘aga’ib al-akalim as-sab ‘a des Suhrab. Leipzig: Otto Harrassowitz,
1930.

Von Mzik, Hans. Das Kitab sirat al-ard des Abi Ga ‘far Muhammad ibn Miisa al-Huwarizmi.
Leipzig: Otto Harrassowitz, 1926.

Wiedemann, E. “Zu den optischen Kenntnissen von Kutb al-Din al-Schirazi.” Archiv fir die
Geschichte der Naturwissenschaften und der Technik, iii (1912), 187-193.

Wiedemann, E. “Uber die Gestalt, Lage und Bewegung der Erde, sowie philosophisch-
astronomische Betrachtungen von Kutb al-Din al-Schirdzi.” Archiv fir die Geschichte der

Naturwissenschaften und der Technik, iii (1912), 395-422.

400



Wiistenfeld, Ferdinand. Zakarija Ben Muhammed Ben Mahmud EI-Cazwini's Kosmographie.
Gottingen: Verlag Der Dieterichschen Buchhandlung, 1848.

Zadeh, Travis. “Ibn Khurdadhbih”, in: Encyclopaedia of Islam, THREE. Edited by: Kate Fleet,
Gudrun Krémer, Denis Matringe, John Nawas, Everett Rowson. Consulted online on 24
October 2018 <http://dx.doi.org.proxy3.library.mcgill.ca/10.1163/1573-
3912 _ei3_COM_30869>.

Zadeh, Travis. “Of Mummies, Poets, and Water Nymphs: Tracing the Codicological Limits of Ibn
Khurradadhbih’s Geography”. In School of ‘Abbasid Studies. Edited by Monique Bernards.
Warminster: Gibb Memorial Trust, 2013.

Zarkib Shirazi, Ahmad b. Abi al-Khayr. Shiraz-nama. Edited by Muhammad Javad Jiddi and
Ihsanullah Shukrullahi. Tehran: Mu’assasa-yi Ta’lif, Tarjama va Nashr-i Asar-i Hunari

“Matn”, 2011.

401



	00000_Title page
	0000_Table_of_Contents
	000_Abstract_English
	00_RÉSUMÉ
	0_Acknowledgments
	01_Introduction_new1
	02_Arabic Text
	03_English Translation_03
	04_Appendix
	05_Bibliography

