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ABSTRACT 

 

Works belonging to a specific astronomical genre of the pre-modern Islamic world called 

hayʾa often include a section called hayʾat al-arḍ. 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 hayʾa 

tradition of theoretical astronomy, hayʾat al-arḍ sections contain various physical and 

geographical discussions. This thesis is aimed at defining hayʾat al-arḍ 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 hayʾa tradition, but also the geographical and cosmographical 

traditions of the pre-modern Islamic world. Part I of the thesis contains four introductory 

chapters discussing different aspects of the hayʾat al-arḍ 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 hayʿa and geography traditions in the 2
nd

–4
th

/7
th

–10
th

 centuries in order to shed 

light on exchanges between these traditions. As a concrete case study, the hayʾat al-arḍ section 

of Quṭb al-Dīn Shīrāzī’s (d. 1311) Nihāyat al-idrāk fī dirāyat al-aflāk has been edited and 

translated into English. Hence, chapter 3 presents a study of Shīrāzī’s life and his hayʾa works. 

Finally, in chapter 4, the contents of hayʾat al-arḍ are discussed and analyzed with a focus on the 

Nihāya, the evolution of hayʾat al-arḍ, its sources, and its influence on similar Latin traditions 

and genres. The critical edition of the hayʾat al-arḍ section, that is, Book III of the Nihāya, 

constitutes Part II of the thesis, after an introduction describing the manuscripts and editorial 

procedures. Part III of the thesis presents an English translation of Book III of the Nihāya. 
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RÉSUMÉ 

 

Les œuvres appartenant à un genre astronomique spécifique du monde islamique prémoderne 

appelé comprennent souvent une section appelée hayʾat al-arḍ. Cette section traite des 

caractéristiques physiques et géographiques de la Terre en tant que corps physique sphérique 

situé au centre du monde à l’état stationnaire, ainsi que des phénomènes astronomiques associés 

à ce corps. Bien qu’elle ait émergé et évolué à l’origine dans le contexte de la tradition hayʾa de 

l’astronomie théorique, les sections hayʾat al-arḍ contiennent diverses discussions physiques et 

géographiques. Cette thèse vise à  définir le genre de l’hayʾat al-arḍ comme genre distinct de la 

géographie scientifique et à montrer comment le développement de ce genre est au cœur de toute 

étude de l’évolution de la tradition, non seulement, de la tradition de l’hayʾa, mais aussi des 

traditions géographiques et cosmographiques du monde islamique prémoderne. La partie I de la 

thèse contient quatre chapitres d’introduction traitant de différents aspects du genre de l’hayʾat 

al-arḍ. Le chapitre 1 présente une revue de la littérature actuelle et de l’état de la recherche. Le 

chapitre 2 présente un bref historique de la période de formation des traditions du hayʿa et de la 

géographie aux II
e
–IV

e
/VII

e
–X

e
 siècles afin de mettre en lumière les échanges entre ces 

traditions. Comme étude de cas concret, la section hayʾat al-arḍ de Quṭb al-Dīn Shīrāzī (mort en 

1311), Nihāyat al-idrāk fī dirāyat al-aflak, a été éditée et traduite en anglais. Ainsi, le chapitre 3 

présente une étude de la vie de Shīrāzī et de ses œuvres de hayʾa. Enfin, au chapitre 4, le contenu 

de l’hayʾat al-arḍ est discuté en mettant l’accent sur le Nihāya, et l’évolution de l’hayʾat al-arḍ, 

ses sources et son influence sur des genres latins similaires sont analysés. L’édition critique de la 

section hayʾat al-arḍ, c’est-à-dire le livre III du Nihāya, constitue la partie II de la thèse, après 

une introduction décrivant les manuscrits et la procédure éditoriale. La partie III de la thèse 

présente une traduction anglaise du livre III du Nihāya. 
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Hayʾat al-arḍ: a Distinct Genre 
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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. Hayʾat al-arḍ (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 hayʾa. Hayʾa 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. Hayʾa works often included a 

major section called hayʾat al-arḍ 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, hayʾat al-arḍ 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 (hayʾat al-samāʾ). In sum, the hayʾat al-arḍ sections within hayʾa 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 
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different hayʾat al-arḍ sections of hayʾa works, they can still be considered a coherent genre. 

The objective of this study is to define hayʾat al-arḍ 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 hayʾat al-arḍ as a genre is to make its 

exemplars readily accessible to researchers. As such, we chose Nihāyat al-idrāk fī dirāyat al-

aflāk (the utmost attainment in comprehending the orbs) of Quṭb al-Dīn Shīrāzī (d. 710/1311) 

as a concrete case study. The Nihāya, initially written in 680/1281 and revised several times 

until 684/1285, is the first and most voluminous among Shīrāzī’s four major hayʾa works, in 

which he drew extensively on his predecessors. A critical edition and English translation of 

Book III of the Nihāya, being one of the most comprehensive and longest textual exemplars of 

the hayʾat al-arḍ genre, are presented in Parts II and III 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 Nihāya 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 

Nihāya in conjunction with Shīrāzī’s other hayʾa works, the different versions of the Nihāya 

were identified and established in the introduction of Part II. Shīrāzī wrote and revised the 

Nihāya and two of his other hayʾa works during his residence in Anatolia. Even though Shīrāzī 

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 Shīrāzī’s own works, Persian 

chronicles, regional histories and manuscript witnesses, this thesis sheds light on this aspect of 

Shīrāzī’s life and his intellectual activities in Anatolia. In addition, I provide there a general 

description of the Nihāya.  

In the opening chapter of Book III of the Nihāya, in the course of the description of the 

inhabited part of the land and important bodies of water, Shīrāzī mentioned more than 200 

geographical names, which is without precedent in previous hayʾa works. This fact, together 

with Shīrāzī’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 Shīrāzī and his Islamic predecessors only refer to one specific genre 
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called al-masālik wa-al-mamālik (routes and kingdoms). Interestingly, the formation of this 

genre occurred around the same time as the formation of hayʾa as a genre. Thus, chapter 3 of 

Part I presents a careful examination of the formation and a brief history of these two genres.  

The contents of Book III of the Nihāya in particular, and generally those of the hayʾat al-

arḍ section of similar hayʾa works, cover a wide range of material from the fields of geography, 

astronomy and geodesy. What unites all these topics under the heading of hayʾat al-arḍ 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 hayʾat al-arḍ have been more discussed in the secondary 

literature, this project focuses on the geographical content of hayʾat al-arḍ 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 III of the Nihāya 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, I survey 

the most important secondary literature under four main themes, namely ʿilm al-hayʾa and the 

hayʾa tradition; Shīrāzī’s life and works; geography in pre-modern Islamic world; and cross 

cultural influences and transmissions. 

 

1.1.1 ʿIlm al-hayʾa and the hayʾa 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 ʿilm al-hayʾa in the 

pre-modern Islamic world. The Egyptian encyclopedist Ibn al-Akfānī (d. 749/1348) defines ʿilm 

al-hayʾa 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 
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point of view of their quantities, positions, and inherent motions.”
1
 That being so, we find most 

hayʾa works containing two main parts, one dealing with the configuration of the heavens 

(hayʾat al-samāʾ) and the other with the configuration of the Earth (hayʾat al-arḍ). 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.
3
 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.
4
 

However, despite the distinction frequently drawn between ‘mathematics’ (al-taʿālīm) and 

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

                                                             

1
 F.J. Ragep, “Astronomy,” in Encyclopaedia of Islam, THREE, ed. Gudrun Krämer 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-Akfānī’s definition is most probably taken from Naṣīr al-Dīn Ṭūsī’s (d. 672/1274) 

al-Tadhkira fī ʿilm al-hayʾa (see F.J. Ragep, Naṣīr al-Dīn al-Ṭūsī’s Memoir on Astronomy (al-Tadhkira fī ʿilm al-

hayʾa) (New York: Springer-Verlag, 1993), 1:90–91). Here we do not deal with different definitions of ʿilm al-

hayʾa 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, ʿilm al-hayʾa 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 Naṣīr al-Dīn Ṭūsī’s al-Tadhkira fī ʿilm al-hayʾa. See: F.J. Ragep, al-

Tadhkira, 1:29–36. 

2
 F.J. Ragep, “Astronomy.” 

3
 Edward Grant, A History of Natural Philosophy: From the Ancient World to the Nineteenth Century 

(Cambridge; New York: Cambridge University Press, 2007), 41–42. 

4
 Paul Lettinck, Aristotle’s “Physics” and Its Reception in the Arabic World: With an Edition of the 

Unpublished Parts of Ibn Bājja’s Commentary on the Physics (Leiden; New York; Köln: E. J. Brill, 1994), 123. 
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overlapped significantly
5
—a fact that can be seen if we consider the hayʾa tradition to be a 

critical synthesis of Aristotelian physics and Ptolemaic mathematical astronomy. In other 

words, the fact that hayʾa scholars applied mathematical principles to natural bodies makes ʿilm 

al-hayʾa an intermediary discipline between mathematics and physics. Hayʾa 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 Sīnā (d. 428/1037) in the Ṭabīʿiyyāt section of the Shifāʾ explicitly says that “it is as if this 

ʿilm [al-hayʾa] is a combination of physics (ṭabīʿī) and mathematics (taʿlīmī).”
6
 This approach 

is apparent in Ibn al-Haytham’s (d. c. 431/1040) al-Maqāla fī hayʾat al-ʿālam (treatise on the 

configuration of the world) and also in his al-Shukūk ʿalá Baṭlamiyūs (doubts on Ptolemy), 

which contains his criticisms of Ptolemy’s Almagest, Planetary Hypotheses, and Optics.
7
 

In his Muntahá al-idrāk fī taqāsīm al-aflāk (the utmost attainment on the structure of the 

orbs), Bahāʾ al-Dīn al-Kharaqī (d. 553/1158), who was familiar with the works of Ibn Sīnā and 

Ibn al-Haytham, followed the same reconciling approach. The Muntahá has been edited and 

commented upon by Hanif Ghalandari in his 2012 PhD dissertation.
8
 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 ʿilm al-nujūm and ʿilm al-hayʾa, 

arguing that the former is more general than the latter. Ghalandari believes that most hayʾa 

authors after Kharaqī relied heavily on him in writing their hayʾat al-arḍ sections.
9
 Ghalandari 

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

                                                             

5
 A. I. Sabra, “Science and Philosophy in Medieval Islamic Theology: The Evidence of the Fourteenth 

Century,” Zeitschrift für Geschichte der Arabisch-Islamischen Wissenschaften (1994): 4. 

6
 Ibn Sīnā, al-Shifāʾ, Ṭabīʿiyyāt, al-Samāʾ al-ṭabīʿī, ed. Saʿīd Zāyid (Cairo: 1983), 42: 

 «فهذا العلم كأنه ممتزج من طبيعي ومن تعليمي.»

7
 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.” 

8
 Hanif Ghalandari, “A survey of the works of “hayʾa” in the Islamic period with a critical edition, translation 

and commentary of the treatise Muntahá al-idrāk fī taqāsīm al-aflāk, written by Bahāʾ al-Dīn al-Kharaqī (d. 

553AH/1158AD),” PhD dissertation (Tehran: Institute for humanities and cultural studies, 2012). 

9
 Ghalandari, “Muntahá,” 1: 94. 
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general description of the land on the surface of the Earth and the characteristics of the equator 

and oblique horizons.
10

 In this study, I have used Ghalandari’s work and especially his critical 

edition of the Muntahá to discuss the form and contents of hayʾat al-arḍ as a genre.  

A very important work influenced by Kharaqī’s Muntahá is al-Tadhkira fī ʿilm al-hayʾa 

(written in 659/1261; revised in 672/1274) by Naṣīr al-Dīn Ṭūsī (d. 672/1274). Relying on his 

mastery of Avicennan philosophy and his grasp of the mathematical sciences, Ṭūsī 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 Shīrāzī’s Nihāya 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 III of 

the Nihāya is very similar to that of the Tadhkira. Furthermore, most of the text of Book III of 

the Tadhkira has been incorporated by Shīrāzī into Book III of the Nihāya. 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 hayʾa 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 III, dealing with hayʾat al-arḍ, 

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 hayʾat al-arḍ.  

Ṭūsī has another hayʾa work, entitled al-Rīsāla al-muʿīniyya, which pre-dates the 

Tadhkira. Ṭūsī wrote the Muʿīniyya in Persian in 632/1235 and, after nearly 10 years, wrote a 

supplement to the Muʿīniyya in 643/1245. Ṭūsī later revised both the Muʿīniyya and its 

supplement and, as part of this revision, removed the dedication and references to his former 

Ismāʿīlī patron from these works. The Muʿīniyya 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 Muʿīniyya based on four manuscripts. Amini 

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

                                                             

10
 Ghalandari, “Muntahá,” 1: 94–100. 
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representing different versions of the Muʿīniyya. For the purpose of this research on the hayʾat 

al-arḍ, we have used Amini’s thesis.
11

 

In the Nihāya, Shīrāzī continued Ṭūsī’s reconciliation project. Besides proposing 

innovative solutions to different problems of planetary models in Book II of the Nihāya, Shīrāzī 

also tried to enrich his Book III on hayʾat al-arḍ. Toward this latter purpose, Shīrāzī used both 

the Muʿīniyya and the Tadhkira along with some other hayʾa works, which he considered to be 

reliable. Fortunately, one of these works, Jaghmīnī’s al-Mulakhkhaṣ fī al-hayʾa al-basīṭa 

(written in 602–603/1205–1206), which Shīrāzī took to be authoritative, has been edited and 

translated into English. The Mulakhkhaṣ, 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.”
12

 Jaghmīnī’s 

“straightforward basic definitions” must have been appealing to Shīrāzī, who quoted some of 

them verbatim in the Nihāya III.3. Shīrāzī also in some of the chapters of Book III of the 

Nihāya, such as chapter 9 on dawn and dusk and chapter 12 on shadows, has quoted extensively 

from Muʾayyid al-Dīn al-ʿUrḍī’s (d. 664/1266) Kitāb al-hayʾa. This important work has been 

edited and published by George Saliba.
13

 

Another contribution to the field of hayʾa is Ahmad S. Dallal’s critical edition, English 

translation and technical commentary of an astronomical text by Ṣadr al-Sharīʿa al-Thānī (d. 

747/1347), a scholar who worked and taught in the city of Bukhara. This text, entitled Kitāb 

taʿdīl hayʾat al-aflāk (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 Taʿdīl al-

ʿulūm (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 

                                                             

11
 Hassan Amini, “al-Risāla al-Muʿīniyya of Kh

w
ādja Naṣīr al-Dīn al-Ṭūsī: A Critical Edition and Study,” 

Master’s thesis (Institute for the History of Sciences, University of Tehran: 2008). 

12
 Sally P. Ragep, Jaghmīnī’s Mulakhkhaṣ: An Islamic Introduction to Ptolemaic Astronomy, (Switzerland: 

Springer, 2016), 1. 

13
 George Saliba, The Astronomical Work of Muʾayyad al-Dīn al-ʿUrḍī, A Thirteenth Century Reform of 

Ptolemaic Astronomy: Kitāb al-hayʾah, (Beirut: Markaz Dirāsāt al-Waḥda al-ʿArabiyya, 1990). 
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same.”
14

 Dallal, however, has only edited the original text without Ṣadr’s commentary. In the 

astronomical part that belongs to the hayʾa genre, Ṣadr extensively refers to Ṭūsī’s Tadhkira 

and Shīrāzī’s third hayʾa work, al-Tuḥfa al-shāhiyya (written in 684/1285). 

 

1.1.2. Shīrāzī and the Nihāya 

The Nihāya and parts of its text and contents have been the subjects of several studies. Eilhard 

Wiedemann has discussed passages of the Nihāya in several of his works.
15

 E.S. Kennedy has 

studied Shīrāzī’s Moon and Mercury models in the Nihāya and his other hayʾa work, al-Tuḥfat 

al-shāhiyya.
16

 The introduction and conclusion of the Nihāya was published by F.J. Ragep in 

2013.
17

 In the same year, Amir Mohammad Gamini and Hossein Masoumi Hamedani discussed 

Shīrāzī’s account of the Ptolemaic equant point and published the relevant text from the 

Nihāya.
18

 In a more recent article, Gamini has discussed some of Shīrāzī’s planetary models in 

his different works including the Nihāya.
19

  

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

book, entitled Quṭb al-Dīn Shīrāzī and the Configuration of the Heavens, and in his article, 

                                                             

14
 Aḥmad S. Dallal, An Islamic Response to Greek Astronomy: Kitāb taʿdīl hayʾat al-aflāk of Ṣadr al-Sharīʿa, 

(Leiden: Brill, 1995), 3. 

15
 See for example E. Wiedemann, “Zu den optischen Kenntnissen von Ḳuṭb al-Dîn al-Schîrâzî,” Archiv für die 

Geschichte der Naturwissenschaften und der Technik, iii (1912), 187–193; and E. Wiedemann, “Über die Gestalt, 

Lage und Bewegung der Erde, sowie philosophisch-astronomische Betrachtungen von Ḳuṭb al-Dîn al-Schîrâzî,” 

Archiv für die Geschichte der Naturwissenschaften und der Technik, iii (1912), 395–422.  

16
 E.S. Kennedy, “Late Medieval Planetary Theory,” Isis 57, no. 3 (1966): 365–378. 

http://www.jstor.org.proxy3.library.mcgill.ca/stable/228366. 

17
 F.J. Ragep, “Shīrāzī’s Nihāyat al-idrāk: Introduction and Conclusion,” Tārīkh-e Elm 11 (2013): 52. 

18
 Amir Mohammad Gamini, and Hossein Masoumi Hamedani, “al-Shīrāzī 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. 

19
 Amir Mohammad Gamini, “Quṭb al-Dīn al-Shīrāzī 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. 
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“Quṭb al-Dīn Shīrāzī as Depicted in Early Historical Sources,”
20

 has critically analyzed modern 

and pre-modern biographies of Shīrāzī, noting discrepancies and contradictory information 

from different narratives based mostly on Shīrāzī’s own autobiographical material. With regard 

to modern sources, Niazi completely neglected Reza Pourjavady and Sabine Schmidtke’s series 

of studies on Shīrāzī, which contains illuminating information about Shīrāzī’s life.
21

 In his 

book, Niazi has compared Shīrāzī’s discussions of some problems relating to certain planetary 

models in the Nihāya to his Persian hayʾa work, Ikhtiyārāt-i muẓaffarī, 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 Shīrāzī 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 

Shīrāzī’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 Nihāya was written. 

 

1.1.3. Al-Masālik wa-al-mamālik 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 

                                                             

20
 Kaveh Niazi, Quṭb al-Dīn Shīrāzī and the Configuration of the Heavens: A Comparison of Texts and Models 

(Dordrecht: Springer, 2013); “Quṭb al-Dīn Shīrāzī as Depicted in Early Historical Sources,” Tārīkh-e Elm 11 

(2013) 23–39. 

21
 Reza Pourjavady, and Sabine Schmidtke, “Quṭb al-Dīn al-Shīrāzī (d. 710/1311) as a Teacher: an Analysis of 

His Ijāzāt (Studies on Quṭb al-Dīn al-Shīrāzī III),” Journal Asiatique 297.1 (2009): 15–55; “The Quṭb al-Dīn al-

Shīrāzī (d. 710/1311) Codex (MS Marʿashī 12868) [Studies on Quṭb al-Dīn al-Shīrāzī, II],” Studia Iranica 36 

(2007): 279–301; “Quṭb al-Dīn al-Shīrāzī’s (634/1236–710/1311) Durrat al-tāj and its sources (Studies on Quṭb 

al-Dīn al-Shīrāzī, 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,
22

 books on wonders,
23

 

geographical encyclopedias and dictionaries,
24

 and al-masālik wa-al-mamālik. Significant 

geographical data and information can be found in astronomical works, chronicles and literary 

works too. The entry on “Djughrāfiyā” in the Encyclopaedia of Islam Second Edition covers all 

different areas of geography in the pre-modern Islamic world. According to this entry, 

Kharaqī’s Muntahá al-idrāk 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.”
25

 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 Ḥudūd al-ʿālam,
26

 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. 

                                                             

22
 As an example, see Ibn Baṭūṭa, Kitāb riḥlat Ibn Baṭūṭa: al-musammā Tuḥfat al-nuẓẓār fī gharāʾib al-amṣār 

wa-ʿajāʾib al-asfār (Cairo: Maṭbaʿa Wādī al-Nīl, 1287/1867). 

23
 See for example Ferdinand Wüstenfeld, Zakarija Ben Muhammed Ben Mahmud El-Cazwini's Kosmographie 

(Göttingen: Verlag Der Dieterichschen Buchhandlung, 1848). 

24
 Geographical dictionaries include Yāqūt al-Ḥamawī, Muʿjam al-buldān (Beirut: Dār Ṣādir, 1995). 

25
 S. Maqbul Ahmad, “Djughrāfiyā,” Encyclopaedia of Islam, Second Edition, vol. 2, edited by B. Lewis et al. 

(Leiden: Brill, 1965), 584. 

26
 Vladimir Minorsky, Ḥudūd al-ʿālam: ‘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 ʿIrāqī vs. Balkhī 

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 ʿIrāqī/Balkhī model, which is related to the formative period studied in the 

present thesis. 

Proponents of the ʿIrāqī vs. Balkhī dichotomy assume that the ʿIrāqī 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 Balkhī 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.
27

 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 Balkhī School was named after the well-known scholar Abū 

Zayd Aḥmad b. Sahl al-Balkhī (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 Balkhī appears in the Aḥsan al-taqāsīm fī maʿrifat al-

aqālīm of al-Muqaddasī (or al-Maqdisī, d. after 381/991), the famous geographer of the second 

half of the 4
th

/10
th

 century. Muqaddasī tells us that he saw three different copies of the same 

work: one attributed to Balkhī, one without an authorial attribution—although the author was 

believed to be Ibn al-Marzbān al-Karkhī—and one with the author’s name given as Ibrāhīm b. 

Muḥammad al-Fārisī,
28

 known as al-Iṣṭakhrī (d. ca. 350/961–962) in the modern literature. 

                                                             

27
 An example of this problem is the classification of the works of Ibn Khurdād̲h̲bih, the author of the earliest 

extant masālik work, and Abū al-Ḥasan ʿAlī b. al-Ḥusayn al-Masʿūdī (d. 345/956), the celebrated historian who 

“regarded geography as a part of history,” as representatives of the same (i.e., ʿIrāqī) school (see Ahmad, 

“Djughrāfiyā,” 579, 581). This is misleading since Ibn Khurdād̲h̲bih’s work is a proper geographical text whereas 

Masʿūdī, as a historian, incorporates geographical information to supplement his historical work.  

28
 See Muḥammad b. Aḥmad al-Muqaddasī, Kitāb Aḥsan al-taqāsīm fī maʿrifat al-aqālīm, ed. M. J. de Goeje 

(1906; repr. Beirut: Dār Ṣādir, n.d.), 5:  
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Muqaddasī then adds that the last identification is the soundest, because he had met a group of 

people who witnessed Iṣṭakhrī’s composition of the work, of whom he specifically mentions 

two names.
29

  

These are some of the issues raised by the frameworks offered by 19
th

- and 20
th

-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. 

Abū al-Rayḥān al-Bīrūnī (d. after 440/1048) is probably one of the few scholars who composed 

monographs in the field of mathematical geography. His monograph is entitled Taḥdīd nihāyāt 

al-amākin li-taṣḥīḥ masāfāt al-masākin (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.”
30

  

                                                                                                                                                                                                  

لی أأبي زيد البلخي... ورأأيته بعينه بنيسابور... غير مترجم زعموا أأنهّ من تصنيف ابن المرزبان الكر» براهيم بن محمد رأأيت كتابًا بخزانة الصاحب ينسب ا  خي، ورأأيته ببخارا مترجماً ل 

 «الفارسي.

29
 See Muqaddasī, Aḥsan al-taqāsīm, 5: 

 «وهذا أأصّح لأنّّ لقيت جماعتاً مّمن لقيه وشاهده يصنفّه منهم الحاكم أأبو حامد الهمدانّ، والحاكم أأبو نصر الحرير )الحربي(.»

For French translation, see: Muḥammad b. Aḥmad al-Muqaddasī, Aḥsan al-taqāsīm fī maʿrifat al-aqālīm (La 

Meilleure Répartition Pour La Connaissance Des Provinces), trans. André Miquel (Damas: Institut Français De 

Damas, 1963), 14–15.  

For modern discussions of the Balkhī-Iṣṭakhrī authorship dispute/confusion, see Barthold’s preface to the 

Ḥudūd al-ʿālam in: Minorsky, Ḥudūd, 19; Gerald R. Tibbetts, “The Balkhī 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 Balkhī’s authorship, see Ibrāhīm b. Muḥammad al-Iṣṭakhrī, al-Masālik wa-al-mamālik, ed. Muḥammad 

Jābir ʿAbd al-ʿĀl al-Ḥīnī (Cairo: The United Arab Republic, Ministry of Culture and National Guidance, General 

Culture Administration, 1961), 8–9. 

30
 E.S. Kennedy, A Commentary upon Bīrūnī’s Kitāb taḥdīd al-amākin: 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-Bīrūnī (ca. 1040) and al-Khāzinī (ca. 1120) Presented by Sirāj al-Dīn al-Sajāwandī (1210),” in: 
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Raymond Mercier, in his contribution to The History of Cartography vol. 2, book 1, 

examines in detail Bīrūnī’s determination of the longitude of Ghazna (modern Ghazni, 

Afghanistan).
31

 In this chapter, Mercier also tries to reappraise the Sinjār geodetic expedition 

for the measurement of the length of a degree during the Maʾmūn caliphate but Mercier’s use of 

the primary sources in this case is problematic.
32

 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 Yūnus and others.
33

 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.”
34

  

Ahmad Dallal’s “al-Bīrūnī on Climates” presents an English translation and commentary 

of a chapter in Bīrūnī’s al-Qānūn al-Masʿūdī. This chapter is a brief description of the inhabited 

world, followed by tables of the seven climes’ dimensions.
35

 In “A world-map in the tradition 

of Bīrūnī (ca. 1040) and al-Khāzinī (ca. 1120),” David King analyzes different aspects of a map 

from a work on folk astronomy that was prepared using either Bīrūnī’s lost world map or its 

values for coordinates of localities preserved by Khāzinī in his al-Zīj al-Sanjarī.  

Because of Bīrūnī’s geographical achievements, it is important to trace his influence upon 

the mathematical geography literature of pre-modern Islamic world, especially in hayʾa 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 

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

                                                                                                                                                                                                  

Mélanges offerts à Hossam Elkhadem par ses amis et ses élèves, edited by F. Daelemans et al. (Brussels: Archives 

et bibliothèques de Belgique, 2007) 131–160. Reprinted in: David King, Islamic astronomy and geography 

(Burlington: Ashgate, 2012) 134: “Taḥdīd…is the most important single work on the subject from the entire 

Middle Ages.” 

31
 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. 

32
 Mercier, “Geodesy,” 178–181. 

33
 Mercier, “Geodesy,” 181. 

34
 Mercier, “Geodesy,” 181. 

35
 Ahmad Dallal, “al-Biruni on Climates,” Archives Internationales d’histoire des Sciences 34 (1984). 
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20
th

 century.”
 36

 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.
37

  

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,
38

 Chapter 5 on 

The Balkhī School of Geographers
39

 and Chapter 6 on Later Cartographic Developments,
40

 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-masālik works,
41

 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-

Idrīsī, which themselves never became the common property of the whole Islamic world,”
42

 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.  

                                                             

36
 King, “World-map,” 156. 

37
 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 

38
 Harley and Woodward, Cartography, vol. 2, book 1, 90–107. 

39
 Harley and Woodward, Cartography, vol. 2, book 1, 108–136. 

40
 Harley and Woodward, Cartography, vol. 2, book 1, 137–155. 

41
 See Tibbetts, “The Balkhī School,” 128. 

42
 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. 

43
 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.
44

 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,
45

 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 

                                                             

44
 Fuat Sezgin, The contribution of the Arabic-Islamic Geographers to the Formation of the World Map 

(Frankfurt am Main: Institut für Geschichte der Arabisch-Islamischen Wissenschaften an der Johann Wolfgang 

Goethe-Universität, 1987). 

45
 Fuat Sezgin, Geschichte des Arabischen Schrifttums, Band X–XI, Mathematische Geographie und 

Kartographie im Islam und Ihr Fortleben im Abendland—Historische Darstellung, Teil 1–2 (Frankfurt am Main: 

Institut für Geschichte der Arabisch-Islamischen Wissenschaften an der Johann Wolfgang Goethe-Universität, 

2000); Geschichte des Arabischen Schrifttums, Band XII, Mathematische Geographie und Kartographie im Islam 

und ihr Fortleben im Abendland—Kartenband (Frankfurt am Main: Institut für Geschichte der Arabisch-

Islamischen Wissenschaften an der Johann Wolfgang Goethe-Universität, 2000). See also Fuat Sezgin, 

Mathematical Geography and Cartography in Islam and their Continuation in the Occident, Volume I 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 für Geschichte der Arabisch-

Islamischen Wissenschaften an der Johann Wolfgang Goethe-Universität, 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 Forêt 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-Kāshgharī’s map to his text” and deals with “the 

transmission of Arabic-Islamic maps”.
46

 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
47

 acquired by the Bodleian Library in 2002.
48

 In the fourth section of the 

book, Paul Kunitzsch deals with the “Celestial maps and illustrations in Arabic-Islamic 

astronomy”.
49

 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.”
50

 She 

writes that “it is nevertheless almost impossible to pinpoint this ancestry with certainty due to 

the present lack of relevant sources.”
51

  

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 

                                                             

46
 Andreas Kaplony, “Comparing al-Kāshgharī’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 

Forêt, and Andreas Kaplony (Brill, 2008), 137. 

47
 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). 

48
 Yossef Rapoport, “The Book of Curiosities: A Medieval Islamic View of the East,” in Forêt and Kaplony, 

Journey of Maps, 155–171. 

49
 Paul Kunitzsch, “Celestial Maps and Illustrations in Arabic-Islamic Astronomy,” in Forêt and Kaplony, 

Journey of Maps, 175–180.  

50
 Sonja Brentjes, “Revisiting Catalan Portolan Charts: Do They Contain Elements of Asian Provenance,” in 

Forêt and Kaplony, Journey of Maps, 188. 

51
 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.”
52

 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.
53

 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 

rel[ied] upon mathematics and observations”
54

, was acknowledged by medieval Muslim 

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).”
55

 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 
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 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 
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 Randles “Classical Models,” 18. 

56
 Randles “Classical Models,” 26. 



19 
 

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 hayʾat al-arḍ in different Latin 

cosmographical traditions. This may be especially fruitful given that in 17
th

-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.”
58

 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.”
59

 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,”
60

 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 Terrâ’ 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.”
61

 

                                                             

57
 Zur Shalev, “Main Themes in the Study of Ptolemy’s Geography in the Renaissance,” in Shalev and Burnett, 

Ptolemy, 1. 

58
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The Nihāya, due to its being “a kind of historical summing up of the hayʾa (theoretical 

astronomy) literature up to Shīrāzī’s time”
62

 seems to be an excellent choice for looking for 

possible intercultural exchanges.  
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1.2 Quṭb al-Dīn al-Shīrāzī and the Nihāya 

 

 

Quṭb al-Dīn al-Shīrāzī, the great polymath of the 7–8
th

/13–14
th

 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 Qurʾān and ḥadīth studies. However, many 

of his works are commentaries or translations of other scholars’ works, whence comes his title 

al-shāriḥ (the commentator). Shīrāzī 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 Quṭb al-Dīn al-

Shīrāzī’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 

Seljuq 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 Nihāyat al-

idrāk fī dirāyat al-aflāk. 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 Shīrāzī. 
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1.2.1 Shīrāzī’s biography revisited 

In his extant autographs, Shīrāzī usually introduces himself as “the neediest of God’s creation, 

Maḥmūd b. Masʿūd b. al-Muṣliḥ al-Shīrāzī, may God make his end be good.”
63

 His kunya has 

been mentioned in the biographical sources as Abū al-Thanāʾ.
64

 Later Mamluk sources mention 

his Shāfiʿī affiliation and give him honorary titles such as the philosopher (al-faylasūf), 

theologian (al-mutakallim), guide (al-imām), commentator (al-shāriḥ), polymath (al-ʿallāma), 

and experienced in many fields (dhū al-funūn).
65

 However, contemporaneous historians, such as 

Ibn al-Fuwaṭī (d. 723/1323) or Kh
w
āja Rashīd al-Dīn Faḍl Allāh Hamadānī

66
 (d. 718/ 1318), 

sufficed to call him “our master (mawlānā), Quṭb al-Dīn [al-]Shīrāzī” with titles such as 

philosopher (al-ḥakīm), geometer (al-muhandis) and scholar (dānishmand).
67

 

The introduction to Shīrāzī’s commentary on Ibn Sīnā’s Canon of Medicine, entitled al-

Tuḥfa al-saʿdiyya, contains important autobiographical information, wherein we learn that he 

was born to a well-known family of physicians originally form Kazerun (Kāzirūn, a city near 

Shiraz). Shīrāzī’s father, the “high-minded imām,” Ḍiyāʾ al-Dīn Masʿūd b. Muṣliḥ Kāzirūnī (d. 

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

                                                             

63
 The original Arabic reads as: 

ليه محمود بن مسعود بن المصلح الشيرازي ختم الله له بالحسُ نی»  «أأحوج خَلق الله ا 

64
 ʿAbd al-Razzāq b. Aḥmad Ibn al-Fuwaṭī, Majmaʿ al-ādāb fī muʿjam al-alqāb, ed. Muḥammad al-Kāẓim, 6 

vols. (Tehran: Vizārat-i Farhang va Irshād-i Islāmī, 1995), 3:440; Shams al-Dīn Dhahabī, Dhayl Tārīkh al-Islām, 

ed. Māzin b. Sālim Bā Wazīr (Riyadh: Dār al-Mughnī li-al-Nashr wa-al-Tawzīʿ, 1998), 112, 115; Muḥammad b. 

Rāfiʿ Sallāmī, Tārīkh ʿulamāʾ Baghdād al-musammá Muntakhab al-mukhtār, ed. ʿAbbās ʿAzzāwī (Beirut: Dār al-

ʿArabiyya li-al-Mawsūʿāt, 2000), 176; Khalīl b. Aybak al-Ṣafadī, Aʿyān al-ʿaṣr wa-aʿwān al-naṣr, facs. ed. Fuat 

Sezgin and Māzin ʿAmāwī, 3 vols. (Frankfurt: Institut für Geschichte der Arabisch-Islamischen Wissenschaften, 

1990), 3:268; Khalīl b. Aybak al-Ṣafadī, Kitāb al-wāfī bi-al-wafayāt, ed. Aḥmad Arnāʾūṭ and Turkī Muṣṭafá, 29 

vols. (Beirut: Dār Iḥyāʾ al-Turāth al-ʿArabī, 2000), 25:201. 
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 Ṣafadī, Aʿyān, 3:268; Ṣafadī, al-Wāfī, 25:201; Aḥmad b. ʿAlī Ibn Ḥajar al-ʿAsqalānī, al-Durar al-kāmina fī 

aʿyān al-miʾa al-thāmina, ed. Muḥammad Sayyid Jād al-Ḥaqq, 5vols. (Cairo: Dār al-Kutub al-Ḥadītha, 1966), 

5:108; Jalāl al-Dīn Suyūṭī, Bughyat al-wuʿāt fī ṭabaqāt al-lughawiyyīn wa-ʾl-nuḥāt, ed. Muḥammad Abū al-Faḍl 

Ibrāhīm, 2 vols. (Cairo: Maṭbaʿat ʿĪsá al-Bābī al-Ḥalabī, 1964), 2:282. 
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 A well-known statesman and the greatest historian of the Ilkhanid period.  
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 Ibn al-Fuwaṭī, Majmaʿ, 3: 440; Rashīd al-Dīn Faḍl Allāh Hamadānī, Jāmiʿ al-tavārīkh, ed. Bahman Karīmī, 
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his time
68

 and was also an ascetic and ṣūfī. Ḍiyāʾ al-Dīn traveled extensively and was a 

companion of Fakhr al-Dīn al-Rāzī (d. 606/1210). After abandoning Rāzī’s company, Ḍiyāʾ al-

Dīn joined Najm al-Dīn Kubrá (d. 610 or 618/1213–14 or 1221–22), the founder of the 

Kubrawiyya order. He was then invested, by Najm al-Dīn, with the ṣūfī habit (khirqa) and 

studied with him.
69

 Ḍiyāʾ al-Dīn returned to Shiraz where he resided for the rest of his life.
70

 

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 Muẓaffarī hospital in Shiraz around 630.
71

 In his 

Kashf al-asrār al-īmāniyya wa-hatk al-asrār al-ḥuṭāmiyya, Ḍiyāʾ al-Dīn raised objections 

against Shaykh Shihāb al-Dīn Suhrawardī’s (d. 632/1234)
72

 positions in Rashf al-naṣāʾiḥ al-

īmāniyya fī kashf al-faḍāʾiḥ al-yūnāniyya.
73

 Ḍiyāʾ al-Dīn passed away in Dhū al-Ḥijja 651/1254 

in Shiraz and was buried in his own zāwiya (ṣūfī corner) when Quṭb al-Dīn was 14 years old.
74

 

This means Quṭb al-Dīn was born in Shiraz in 637/1239–40.
75
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 Quṭb al-Dīn Shīrāzī, al-Tuḥfa al-saʿdiyya, MS Ayasofya 3649, f. 3a. 
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 We do not know much about Ḍiyāʾ al-Dīn’s other teachers or his study of other subjects; however, there is 

evidence that Ḍiyāʾ al-Dīn studied hayʾa with Jaghmīnī; see S. Ragep, Jaghmīnī, 19, fn. 75. 
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 ʿĪsá b. Junayd Shīrāzī, Hazār mazār (Shiraz: Kitābfurūshī-yi Aḥmadī, 1941), 41. 
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 Ḥasan b. Ḥasan Fasāʾī, Fārs-nāma-yi Nāṣirī, (Tehran: Intishārāt-i Kitābkhāna-yi Nisāʾī, 1312–1314/1894–

1896), 250. 

72
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ʻAbbās Iqbāl (Tehran: Navīd, 1987), 60–70; Junayd Shīrāzī, Hazār mazār, 41. 
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 Junayd Shīrāzī, Hazār mazār, 41–42; Fasāʾī, Fārs-nāma, 250. The date Dhū al-Ḥijja 651/1254 is clearly 

mentioned in Hazār mazār by ʿĪsá b. Junayd Shīrāzī, which is a Persian translation and revision of his father’s 

Arabic work, Shadd al-izār. In the printed edition of Shadd al-izār, the death date of Quṭb al-Dīn’s father is “Dhī 

al-Ḥijja ḥijja [sic. probably sana] khams wa-khamsīn wa-sittamiʾa” (Junayd Shīrāzī, Shadd al-izār, 70), i.e., 655 

H. This date does not accord with other dated events of Shīrāzī’s life at all and would make Shīrāzī much younger 

than his depiction in pre-modern biographical dictionaries would suggest. Since this edition of Shadd al-izār is a 
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Shadd al-izār (MS 17618 National Library and Archives of I.R. of Iran, f. 17b) and found the date there as “Dhī al-

Ḥijja sana 655.” In another printed edition of Hazār mazār by Nūrānī Viṣāl, which, by the editor’s own admission, 

is based on a very erroneous manuscript, the date has been mentioned as “māh-i Dhī al-Ḥijja dar sāl-i shishṣad va 
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Quṭb al-Dīn 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” (qadḥ, couching of cataracts) in which, according to Shīrāzī himself, his “family was 

the most well-versed.”
76

 After his father’s death, Quṭb al-Dīn was appointed as a physician and 

                                                                                                                                                                                                  

panjāh va panjum az hijrat [i.e., 655 AH]” (see ʿĪsá b. Junayd Shīrāzī, Tadhkira-yi hazār mazār, tarjima-yi Shadd 

al-izār (mazārāt-i Shīrāz), ed. Nūrānī Viṣāl (Shiraz: Intishārāt-i Kitābkhāna-yi Aḥmadī, 1985), 111). Thereafter, I 

checked a random manuscript witness of Hazār mazār (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 “māh-i Dhī al-Ḥijja dar sāl-i 

shishṣad va panjāh va yikum az hijrat [i.e., 651 AH]. There is an implication in Fasāʾī’s entry about Shīrāzī’s 

father in Fārs-nāmay-i Nāṣirī, 250, that can further confirm our date. He says:  

زی، و از ود علّّمۀ شيرامس يح ثانی مس تخرج قانون معانی امام همام ضياءالدين مسعود طبيب بن مصلح کازرونی والد ماجد اس تاد الکل فی الکل مولنا قطب الدين محم»

در حدود سال ششصد و سی و ششصد و بزرگان علماء و حکماء کازرونست سلطان الحکما و مقتدای فضلّ کمال الدين ابوالخير طبيب کازرونی برادر ضياء الدين مسعود. 

 «مشغول تدریس علم و طب و معالجه مرضی بودند. پنجاه در بیمارس تان مظفری شيراز هر يک بعد از ديگری

“The Second Christ, the excavator of the Canon of the concepts, the high-minded Imām, Ḍiyāʾ al-Dīn 

Masʿūd, the physician, son of Muṣliḥ Kāzirūnī, [is] the celebrated father of the master of everything, our lord, 

Quṭb al-Dīn Maḥmūd, the polymath from Shiraz. King of the sages and leader of the learned people, Kamāl 

al-Dīn Abū al-Khayr, the physician from Kāzirūn, brother of Ḍiyāʾ al-Dīn Masʿūd, is also one of the greatest 

scholars and sages of Kāzirūn. They were teaching science and medicine and treating patients in the 

Muẓaffarī 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 Shīrāzī’s uncle, Kamāl al-Dīn, 

taught medicine in the Muẓaffarī hospital and worked there right after Shīrāzī’s father in about 650/1252–1253 

when he was no longer alive. 

75
 Our earliest biographers give different birth dates: Ibn al-Fuwaṭī mentions 630/1232–1233, Dhahabī 

634/1236 and Sallāmī Ṣafar 634/1236 (Ibn al-Fuwaṭī, Majmaʿ, 3: 441; Dhahabī, Dhayl, 112; Sallāmī, Muntakhab, 

182). Other sources all repeated 634/1236, apparently after Dhahabī or Sallāmī. Since 634 in Arabic is written  أأربع

 there is a possibility that a very early orthographic confusion might have happened ,س بع وثلثين وس تمائة and 637 وثلثين وس تمائة

due to graphic similarities of أأربع and س بع in taʿlīq script. As we will see below, the year 637/1239 fits better in the 

chronology of Shīrāzī’s life. Muntakhab al-Mukhtār by Ibn Rāfiʿ Sallāmī (d. 774/1372) contains the longest, yet 

least authentic biography of Quṭb al-Dīn Shīrāzī. To the best of my knowledge, it is the only biographical source in 

which the month of Shīrāzī’s birth date is mentioned. It is also the only source that contains superficial anecdotes 

about the rivalry and hostility between Shīrāzī and Rashīd al-Dīn Faḍl Allāh Hamadānī (ca. 645–718/ca. 1247–

1318), the famous statesman and historian of the Ilkhanid period. 
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 Shīrāzī, al-Tuḥfa al-saʿdiyya, f. 3a; Fasāʾī, Fārs-nāma, 140. 
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ophthalmologist at the Muẓaffarī Hospital. At this time, Quṭb al-Dīn’s uncle Kamāl al-Dīn Abū 

al-Khayr b. Muṣliḥ Kāzirūnī (d. 659/1260–1261),
77

 also a physician and ṣufī, assumed his 

brother’s teaching position there.
78

 Quṭb al-Dīn continued his medical studies with Sharaf al-

Dīn Zakī Būshkānī (d. 677/1278–1279),
79

 Shams al-Dīn Muḥammad Kīshī (d. 694/1294–

1295),
80

 and his uncle, Kamāl al-Dīn, all of whom were expert teachers of Ibn Sīnā’s Canon of 

Medicine.
81

 

After 10 years at the Muẓaffarī Hospital, in 661/1262–1263 Shīrāzī abandoned his job 

and traveled to Khurasan to find a master in medicine.
82

 He ended up in Juwayn where he met 

                                                             

77
 Aḥmad b. Abī al-Khayr Zarkūb, Shīrāz-nāma, ed. Muḥammad Javād Jiddī and Iḥsānullāh Shukrullāhī, 

(Tehran: Muʾassasa-yi Taʾlīf, Tarjima va Nashr-i Āthār-i Hunarī-yi “Matn,” 2011), 247. 
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 Fasāʾī, Fārs-nāma, 250. 

79
 Junayd Shīrāzī, Hazār mazār, 13; Zarkūb Shīrāzī, Shīrāz-nāma, 242. 

80
 Mudarrisī, Sarguzasht, 198-199. 

81
 Shīrāzī, al-Tuḥfa al-Saʿdiyya, f. 3a–b 

82
 Shīrāzī, al-Tuḥfa al-Saʿdiyya, f. 2b. Shīrāzī here gives the chronological order of his travels, after he explains 

that in order to learn more about medicine and the Canon of Ibn Sīnā, one cannot rely only on studying its 

commentaries, but must also practice with skilled physicians: 

في تعديل المزاج ثّم سافرت ا لی ل يكفي في معرفة هذا الكتاب الاحاطة بالقواعد الحكمية بل يجب أأن يكون الشخص، مع ذلك طبيب النفس، ذا دُربة وممارسة بقانون العلّج »...

 «ا لی بلّد الروم ومنها لی عراق العرب بغداد ونواحيه ثّم ا لی عراق العجم ومنها بلّد خراسان 

“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, I traveled to Khurāsān, and from there to ʿIrāq al-ʿajam [Persia], then to ʿIrāq al-ʿArab [Iraq], Baghdād 

and its neighborhoods, and from there to bilād al-Rūm [Anatolia].” 

Before mentioning his travels, Shīrāzī refers to his seeking assistance from Naṣīr al-Dīn Ṭūsī regarding his 

issues with Ibn Sīnā’s Canon of Medicine. In modern literature, this reference has been taken as an implication of 

Shīrāzī’s travel to Maragha in 658/1260 prior to his aforementioned series of travels. But this seems problematic 

for several reasons: 1) Shīrāzī is clear about the order of his travels; 2) being in Maragha in 658/1260 does not 

conform either with the death date of Shīrāzī’s father nor with Shīrāzī’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 Ṭūsī’s presence at Maragha in 661/1263. We know Ṭūsī 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, Shīrāzī’s seeking assistance from Ṭūsī could have been 

either direct or indirect. Since Shīrāzī 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 Ṭūsī on the Canon, or more 
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Najm al-Dīn ʿAlī Dabīrān al-Kātibī (d. 675/1277) and stayed for two years to study philosophy 

and kalām with him. Shīrāzī became Kātibī’s muʿīd in his lectures in a madrasa in Juwayn 

founded by Shams al-Dīn Juwaynī (executed in 4 Shaʿbān 683/17–18 Oct. 1284), who was 

Ṣāḥib-i Dīvān (approximately equivalent to a finance minister) to the Ilkhanid rulers Hülegü (r. 

654–663/1256–1265), Abaqa (r. 663–681/1265–1282), and Aḥmad Tegüder (r. 681–683/1282–

1284). Juwaynī was also a close friend of Ṭūsī and the future patron of Shīrāzī.
83

 From a very 

important manuscript offered at Christie’s auction in London on 26 April 2018
84

 containing a 

copy of the Tadhkira followed by a copy of Ṭūsī’s certificate for Shīrāzī, we learn that Shīrāzī 

studied the Tadhkira with Ṭūsī in 661/1263. Since we have assumed that in 661/1263 Shīrāzī 

left Shiraz for Khurasan, we can claim that Shīrāzī’s first encounter with Ṭūsī 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 Shīrāzī says: “He [i.e., Ṭūsī] resolved some of 

the obscurities:”  

فانحلّ بعض وروّح رمسه ينة العلم وشطر كعبة الحكمة وهي حضرة العلية البهية القدس ية والسُدّة السنية الزكية الفيلسوفية الأس تاذية النصيرية قدس الله نفسه تلقاء مد توجّّتُ »

ذا ل يكفي في معرفة هذا الكتاب...]الخ[ المنغلق  «وبقي البعض ا 

According to Lane Lexicon, tawajjaha has a connotation of indirect encounter with someone or something: 

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

indirectly.  

Apparently, Ṭūsī wrote a super-commentary (taʿlīqa) on Ibn Sīnā’s Canon and a treatise containing his 

response to Quṭb al-Dīn Shīrāzī’s question, along with several treatises in response to Kātibī’s objections to the 

Canon (see Mudarrisī, Sarguzasht, 144–145).  

This is our preferred hypothesis as it conforms better to other data we have about Shīrāzī. The other hypothesis, 

favored by most modern and medieval scholars, is that Shīrāzī is here simply referring to a trip to Maragha, which 

was then followed by his other travels.  

83
 Muḥaqqiq, “Quṭb,” 172; Mudarris Raḍavī, Aḥvāl va āthār, 137-38. See also Anonymous, “Ṣudūr,” 5: 

ووسي صاحب التعليقة قال فسأألته وقال الاربلی: وأأخبرنّ الش يخ ضياء الدين الطوسي قال: اجتمعت بقطب الدين الشيرازي بقزوين وهو يقرأأ الفقه علی الش يخ علّء الدين الطا»

الناس وخرج من شيراز وقصد بلّد خراسان وانه توفر مدة س نين علی تحصيل علم المعقولت من علم الكلام قال وقال لي ما عن بعض أأحواله فحكي لي اش تغاله بالطب وأأنهّ ترك معالجة 

بالفقه فقصدت لكني غير عالم  هاتين الس نتين هما کانتا خير تحصيل حصلت فيهما من العلوم النظرية ما أأحيانّوجدت نفسي في عمري متوفراً علی طلب العلم لم اش تعل بسوی )كذا( 

 «الش يخ علّء الدين الطاووسي لقرأأ عليه الفقه فقرأأت عليه الحاوي الصغير وکتاب الوجيز.

84
 This MS contains several works of Ṭūsī and his recensions of mutawassiṭāt (‘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 Shīrāzī’s autograph copy. 
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with the Shāfiʿī faqīh Ḍiyāʾ al-Dīn al-Ṭūsī (d. 706/1306)
85

 in Qazvin, Shīrāzī 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.”
86

 Shīrāzī’s expression is especially 

important if we see it in the context of the history of Shiraz. The Salghurid ruler of Shiraz 

during Quṭb al-Dīn’s time there, Atābak Muẓaffar al-Dīn Qutlugh Khān Abū Bakr b. Saʿd (r. 

623–659/1226–1261), the founder of the Muẓaffarī Hospital, was such a zealot that no one 

dared to study logic and philosophy during his era.
87

 According to Vaṣṣāf al-Ḥaḍara, a 

contemporaneous chronicler from Shiraz, “he believed in ascetics and ṣūfīs but was scared of 

the sagacious people, so he harassed a group of them who were teaching philosophy and 

expelled them from Shiraz.”
88

  

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

need to study jurisprudence, so he started studying with Shaykh ʿAlāʾ al-Dīn Ṭāwūsī.
89

 Shīrāzī 

might have traveled to Maragha from Qazvin in 663/1264
90

 since, from the colophons of a very 
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 Ibn Qāḍī Shuhbah, Abū Bakr b. Aḥmad, Ṭabaqāt al-fuqahāʾ al-Shāfiʿiyya, ed. al-Ḥāfiẓ ʿAbd al-ʿAlīm Khān, 

2 vols. (Beirut: Dār al-Nashr, 1987), 1:113. 
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 Anonymous, “Ṣudūr,” 5. See fn. 83 above. 

87
 ʿAbd al-Muḥammad Āyatī, Taḥrīr-i Tārīkh-i Vaṣṣāf, (Tehran: Bunyād-i Farhang-i Īrān, 1967), 91. 
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 Āyatī, Taḥrīr, 93. Modern biographers, probably due to Sallāmī’s problematic account (Muntakhab, 178), 

considered this Khurasan trip chronologically after Shīrāzī’s Maragha era and confused it with Shīrāzī’s second 

Khurasan trip from Maragha during which he accompanied Ṭūsī (see Mudarris Raḍavī, Aḥvāl va āthār, 138). 

89
 Dhahabī, Dhayl, 113; Anonymous, “Ṣudūr,” 5. 

90
 Cf. Ibn al-Fuwaṭī, Majmaʿ, 3:440 where he says Shīrāzī came to Maragha to the presence of our master Naṣīr 

al-Dīn in 658/1260 ( ة مولنا وس يدنا نصير الدين س نة ماان ومسسين وس تمائةقدم مراغة ا لی حضر  ). This date contradicts our first-hand 

information about Shīrāzī’s life from his autobiographical account and from local sources. Furthermore, we cannot 

prioritize Ibn al-Fuwaṭī’s report only on the ground the he was a contemporary. It is true that Ibn al-Fuwaṭī was the 

Maragha observatory librarian and that he wrote his biographical encyclopedia, Majmaʿ al-ādāb, based on his own 

observations (for his life and scholarly activity, see Ryo Mizukami, “Nigāhī bi zindagī va faʿʿāliyat-hāyi ʿilmī-yi 

Ibn-i Fuwaṭī,” Āyina-yi Pajūhish 157 (April–May 2016): 20–43). However, Ibn al-Fuwaṭī’s biography of Shīrāzī 

has the implication that he did not witness Shīrāzī’s arrival in Maragha himself. This can be supported by the 

following facts: 1) Even though Ibn al-Fuwaṭī was present at Maragha from 657/1259 when Ṭūsī 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 

Fuwaṭī,” table in 21–22, 24); 2) In Majmaʿ al-ādāb, Ibn al-Fuwaṭī uses the phrase “came to us in Marāgha” ( قدم علينا
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important autograph codex, MS Ahmet III 3455,
91

 we know he was copying different works of 

Naṣīr al-Dīn Ṭūsī 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 

Ṭūsī and probably others. We are not sure if Shīrāzī had the chance to study with Muʾayyid al-

Dīn al-ʿUrḍī who died in Maragha in 664/1266, almost a year after Shīrāzī’s arrival. However, 

Shīrāzī’s astronomical works show that he was certainly familiar with the work of ʿUrḍī.  

In 665/1267 Ṭūsī travelled to Khurasan with an entourage of his pupils, including 

Shīrāzī.
92

 From the colophon of Shīrāzī’s autograph copy of Ṭūsī’s Zubdat al-hayʾa in MS 

Ahmet III 3455, we learn that Ṭūsī wrote the Zubda during this trip while visiting the 

Khudāyshāh tomb
93

 in Jazīn, Southern Khurasan.
94

 It is apparently at the end of this almost 

                                                                                                                                                                                                  

 in the biographies of the individuals whose arrival at Maragha he has witnessed himself (see for example Ibn (مراغة

al-Fuwaṭī, Majmaʿ, 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 Shīrāzī; 3) Ibn al-Fuwaṭī also gives erroneous information about 

Shīrāzī’s most known astronomical work i.e., Nihāyat al-idrāk (Ibn al-Fuwaṭī, Majmaʿ, 4:564).   

So, it is very reasonable to assume that because Ibn al-Fuwaṭī had, since he started his job as the librarian of the 

observatory, always seen Shīrāzī accompanying Ṭūsī, it occurred to him that Shīrāzī came to Maragha in 658/1260. 

However, later during Shīrāzī’s residence in Tabriz (689–710/1290–1311), Ibn al-Fuwaṭī, who attended scholarly 

assemblies in Shīrāzī’s zāwiya in Charandāb (see for example, Ibn al-Fuwaṭī, Majmaʿ, 3: 470; 4:138-139, 499), got 

to know Shīrāzī to the extent that he began his biography with the statement: “If I want to start describing his 

manners I would need a volume for just this; he possesses prophetic virtue, divine knowledge, noble soul, 

magnanimity, and generosity.”  

91
 Topkapı Sarayı (Istanbul, Turkey). My colleague, Sajjad Nikfahm-Khubravan, and I are preparing a technical 

description of this codex. 

92
 Mudarrisī, Sarguzasht, 84, 91; Mudarris Raḍavī, Aḥvāl va āthār, 138; Jorati, Science and Society, 194; see 

also Ibn al-Fuwaṭī, Majmaʿ, 4:96–97, no. 3425 for a mention of Ṭūsī’s Khurasan trip in 666/1268, and 4:259, no. 

3802 that shows he was back in Maragha by 668/1270. 
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 It is a tomb in the village of Jazīn, near the historical city Tūn (modern Ferdows) in Southern Khurasan Iran. 
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 MS Ahmet III 3455, f. 68b: 

ليه محمود بن مسعود بن المصلح المتط تّم الكتاب قبيل الصبح » بب في العشر الأخير من ربيع الآخر س نة ست وس تين وس تمائة بمقام خدایشاه جزين وكتبه أأحوج خلق الله ا 

 «الشيرازی أأصلح الله أأعماله من نسخة مكتوبة من أأصل المصنف دام ظلّّ مقابلة به ايضاً 

“This book has been completed shortly before the morning in the last tenth of the Rabīʿ al-Ākhir of the year 

666 in Khudāyshāh of Jazīn. The neediest servant of God, Maḥmūd b. Masʿūd b. al-Muṣliḥ, the physician, al-
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two-year trip that the 30-year-old Shīrāzī had been invested with the “habit of aspiration” 

(khirqat al-irāda) by Muḥyī al-Dīn Aḥmad b. ʿAlī b. Abī al-Maʿālī al-Jājarmī of the 

Kubrawiyya order.
95

 

From the introduction to al-Tuḥfat al-saʿdiyya, we know that Shīrāzī at some point left 

ʿIrāq al-ʿajam (Persia) for ʿIrāq al-ʿArab (Iraq), visited Baghdad and its neighboring regions, 

and from there traveled to bilād al-Rūm (Anatolia). Shīrāzī must have parted with Ṭūsī before 

the latter’s final revisions of the Tadhkira in 672/1273 in Baghdad because, in his super-

commentary on the Tadhkira, Shīrāzī refers to revisions in the Tadhkira made by Ṭūsī after 

Shīrāzī had left his company.
96

  

Shīrāzī apparently arrived in Konya, Anatolia in his early thirties, according to Rūmī’s (d. 

5 Jumādá al-Thānī 672/ 17–18 December 1273) hagiographer, Shams al-Dīn Aflākī (d. 

761/1360) who relates an account of Shīrāzī’s discipleship to Rūmī on the authority of Shīrāzī 

himself in his Manāqib al-ʿārifīn.
97

 Konya at the time was a great learning center with scholars 

and ṣūfī figures like Ṣadr al-Dīn Qūnawī (d. 16 Muḥarram 673/22–23 July 1274) and Rūmī who 

attracted hundreds of students there. We know that Qūnawī’s Jāmiʿ al-aḥādīth lectures were 

very famous and even high-ranked officials of the Seljuq state of Anatolia like Muʿīn al-Dīn 

Parvāna (executed in 1 Rabīʿ al-awwal 676/2–3 August 1277) had attended them.
98

 An 

                                                                                                                                                                                                  

Shīrāzī—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.” 

95
 Pourjavady and Schmidtke, “Ijāzāt,” 30–31, 45 

96
 See Shīrāzī, Faʿalta fa‐lā talum, f. 27a; F.J. Ragep, al-Tadhkira, 1:72–73, 78. The version of the Tadhkira 

upon which Shīrāzī has based his longest hayʾa work, entitled Nihāyat al-idrāk fī dirāyat al-aflāk, does not contain 

Ṭūsī’s latest revisions. 

97
 Shams al-Dīn Aḥmad Aflākī, Manāqib al-ʿārifīn, ed. Tahsin Yazıcı, 2 vols. (Ankara: Türk Tarih Kurumu 

Basımevi, 1959), 1:423: 

هِ چنان روايت کردند که روزی در مجمعِ الحكاية: همچنان راویانِ حكايت و حاویانِ حكمت از خدمتِ ملك المدرسين، سلطان القضاة، مولنا قطب الدينِ شيرازی رحمةُ اِلله علَيَ  »

 «فضلّی تبريز حكايت کرد که در اوانِ شرح]کذا[ الش بابي چون بقونيه رس يذم و...

According to Lane Lexicon, شرخ means “the beginning, commencement, or first period or state of a thing, or an 

affair, and also of youth”; and ش باب and ش بيبة [and ش بابية] means “the age before الكهولة or the state between thirty and 

forty.” 

98
 Aflākī, Manāqib, 1:165. 
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autograph note by Shīrāzī on the title page of a manuscript of the second volume of Ibn Athīr’s 

Kitāb jāmiʿ al-uṣūl fī aḥādīth al-rasūl
99

 indicates he had been reading the entire book to Ṣadr 

al-Dīn Qūnawī in the latter’s house in Konya in 673/1274, which Qūnawī acknowledged 

orally.
100

 Shīrāzī could only manage to finish the correction of this copy of Ibn Athīr’s Jāmiʿ al-

uṣūl five years later in 678/1279, due to the difficult circumstances following the death of 

Qūnawī in 673/1274.
101

  

Shīrāzī 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 Seljuq family who 

managed to maintain themselves in Anatolia after the overthrow of the Great Seljuq Empire. 

However, at this time Seljuq sultans were only puppet rulers since all the power within the 

Seljuq 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 Köse 

Dagh battle in 641/1243, which opened up Anatolia to the Mongols. Among this ruling class, 

Muʿīn al-Dīn Sulaymān Parvāna (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 Saldjūḳ 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, Ajāy.
102
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 MS no. 300 Feyzullah, Millet Library, Istanbul, Turkey. 
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 Hellmut Ritter, “Autographs in Turkish Libraries,” Oriens 6, no. 1 (1953): 84, plate XIII. Given that Qūnawī 

passed away at the beginning of 673/1274 (see below), this implies that Qūnawī probably acknowledged Shīrāzī’s 
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Āqsarāyī (d. between 723/1323 and 733/1333), a contemporary chronicler of Anatolia, after Rūmī’s death in 
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immediately after and had to be carried back to his zāwiya. Eight months later [16 Muḥarram 673/22–23 July 

1274] he too passed away (see Maḥmūd b. Muḥammad Āqsarāyī, Musāmarat al-akhbār wa musāyarat al-akhyār, 

ed. Osman Turan (Ankara: Türk Tarih Kurumu Basımevi, 1944), 119.  
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 Ritter, plate XIII. 
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 Carole Hillenbrand, “Muʿīn al-Dīn Sulaymān Parwāna,” 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 Seljuq 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 Parvāna, and they passed 

away one after another such that when the calamity of the Shām (Syria, in Persian it also means 

night) attack happened [see below], nothing was left from their clear morning,” according to 

Āqsarāyī (d. between 723/1323 and 733/1333), a contemporary chronicler of Anatolia.
103

 Under 

the section on the “death of grandees” in 672/1273–1274, Āqsarāyī continues with the stories of 

the death of Rūmī, Ṣadr al-Dīn Qūnawī and Naṣīr al-Dīn Ṭūsī. According to Āqsarāyī, this year 

was also disastrous with respect to the death of judges in Anatolia. He mentions particularly 

Sirāj al-Dīn ʿUrmawī, judge of Konya, and ʿIzz al-Dīn ʿUrmawī, judge of Sivas, among those 

who passed away in 672/1273–1274. It is probably due to the vacuum created as a result of the 

demise of the Shaykh al-Islam Qūnawī and several judges that Parvāna appointed Shīrāzī as the 

judge of Malatya and Sivas.
104

 It might have been at this time that Shīrāzī took up residence in 

Sivas. 

In 674/1276, certain Anatolian amīrs, along with Parvāna’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 Albistān 

(10 Dhū al-Qaʿda 675/16–17 April 1277).
105

 After the battle, the Mamluk sultan entered 

Kayseri and summoned the Parvāna who had retreated to his stronghold at Tokat. Parvāna 

refused to consent to his request. After a week or so, Baybars withdrew to Syria. In Ṣafar 

676/July 1277 Ilkhan Abaqa departed Tabriz for Anatolia and visited the battlefield at Albistān. 

He then burst into anger, punished Anatolian nobles, and ordered the sack of several cities, 

including Sivas where Shīrāzī lived. Shams al-Dīn Juwaynī intervened and when half of Sivas 

was being sacked, Juwaynī told Abaqa that “a just king never punishes the masses for the 
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 Āqsarāyī, Musāmara, 119: 

آورد و چون جملّ جليس و انيس پروان» ه بودند پيش از واقعۀ او و از ابتدای س نه اثنين و س بعين و س تمائة اول حوادث اجل روی بدان بزرگان دين و ارباب صدق و يقين أ

 «شد از صبح صفای ایشان اثری نمانده بود.که چون نازلۀ خروج لشگر شام  جملّ يكان يكان درگذشتند چنان
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 Dhahabī, Dhayl, 114. 
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 Rashīd al-Dīn, Jāmiʿ al-tavārīkh, 2:768. 
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nobles’ offense.” Abaqa accepted Juwaynī’s intercession. He left Anatolia for Alataq
106

 after 

destroying Parvāna’s strongholds in Tokat and in 676/1277 put a Mongol prince in charge of 

protecting Anatolian territory with a large army. After Abaqa’s return, Parvāna, who was under 

suspicion of having been in league with the Mamluks and clearly very frightened, surrendered 

himself in Alataq. He was finally convicted of collusion with the Mamluks and executed in 1 

Rabīʿ al-Awwal 676/2–3 August 1277. The demise of the Parvāna marked the end of semi-

independent Seljuq rule in Anatolia and brought it under the direct rule of the Ilkhans. In 17 

Rabīʿ al-Thānī of the same year/18–19 September 1277, Shams al-Dīn Juwaynī went to 

Anatolia to reconstruct the sacked cities and establish an Ilkhanid tax system.
107

  

Shīrāzī refers to this stormy period in the introduction of his first astronomical work, 

namely Nihāyat al-idrāk fī dirāyat al-aflāk, the first version of which was completed in mid-

Shaʿbān 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], I sought help once again by contacting his 

honor…”
108

 By “his honor,” he means that of Shams al-Dīn Juwaynī who was his patron at the 

time. Regarding the “security” he sought, Shīrāzī was most likely referring to protection from 

the aftermath of the tumultuous events leading to the execution of his patron Muʿīn al-Dīn 

Parvāna.  

Shortly after preparing the first draft of the Nihāya, Shīrāzī started revising it. Meanwhile, 

he also finished another astronomical work entitled the Ikhtiyārāt-i muẓaffarī (Muẓaffarī 
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 Alātāq, Ālāṭāgh (آلطاغ  or Alātāgh, written in Modern Turkish as Aladağ, is a Turkish place name that means (أ

“variegated mountain.” Here, it refers to the Ilkhans’ summer camp in the north of Lake Van, probably at the 

foothills of Tendürek Dağı (Mount Tendürek) in Modern Turkey. 
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saying that it was built/restored in 670/1270–1271 by the order of “al-Ṣāḥib al-aʿẓam malik mulūk al-wuzarāʾ fī al-

ʿālam Shams al-dunyā wa-al-Dīn Muḥammad b. Muḥammad b. Muḥammad Ṣāḥib al-Dīwān” (see, Etienne 

Combe, Jean Sauvaget, and Gaston Wiet, Répertoire chronologique d'épigraphie Arabe, vol. 12 (Le Caire: 

L’Institut Français d’archéologie orientale, 1943), 163). This can be taken as an indication of Shams al-Dīn 

Juwaynī’s intellectual and fiscal interest in Anatolia, in general, and Sivas, in particular. 

108
 Ragep, “Shīrāzī’s Nihāyat,” 53. 
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selections) in Persian on 9 Dhū al-Ḥijja 680/22–23 March 1282 in Sivas, almost three months 

after the appearance of the first version of the Nihāya.
109

 However, we know that he continued 

revising the Nihāya after the completion of the Ikhtiyārāt since the latter was referred to in the 

revisions of the Nihāya. He dedicated the Ikhtiyārāt to Muẓaffar al-Dīn Yavlak Arslan (r. 1280–

1292), the local ruler of a small emirate in Kastamonu. 

On 20 Dhū al-Ḥijja 680/1–2 April 1282, Ilkhan Abaqa died and on 26 Muḥarram 681/6–7 

May 1282, Aḥmad Tegüder was selected as the next Ilkhan. Aḥmad Tegüder launched a series 

of political measures right after his ascension to the throne in 13 Rabīʿ al-Awwal 681/21–22 

June 1282. The most important of these was his decision to make peace with the Mamluk 

sultan, Sayf al-Dīn Qalāwūn (r. 1279–1290), and he subsequently sent a diplomatic mission to 

him.
110

 Shams al-Dīn Juwaynī suggested that Shīrāzī be the main envoy for this mission. 

Shīrāzī was probably called to Alataq in Rabīʿ al-Thānī 681/July 1282
111

 and might have 

arrived there by the beginning of Jumādá al-Ūlá/August of the same year. He left Alataq on 19 

Jumādá al-Ūlá 681/25–26 August 1282 for Egypt with Atābak Bahāʾ al-Dīn.
112

 They were 

decreed to deliver a letter to the Mamluk sultan, Sayf-al-Dīn Qalāwūn (r. 1279–1290), signed 

by the Ilkhan in mid Jumādá al-Ūlá 681/late August 1282 in Alataq,
113

 containing the news of 

his conversion to Islam. In the letter, Shīrāzī was referred to as “the most-learned judge (aqḍá 
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 Shīrāzī, al-Tuḥfa al-Saʿdiyya, f. 4b; Muḥyī al-Dīn Ibn ʿAbd al-Ẓāhir, Tashrīf al-ayyām wa-ʾl-ʿuṣūr fī sīrat 

al-Malik al-Manṣūr, ed. Murād Kāmil and Muḥammad ʿAlī Najjār, 2 vols. (Cairo: al-Jumhūriyya al-ʿArabiyya al-

Muttaḥida, Wizārat al-Thaqāfa wa-al-Irshād al-Qawmī, al-Idāra al-ʿĀmma li-al-Thaqāfa, 1961) 1:5; Āqsarāyī, 

Musāmara, 136; Rashīd al-Dīn, Jāmiʿ al-tavārīkh, 2:788; Āyatī, Taḥrīr, 70.  

111
 From Rashīd al-Dīn, Jāmiʿ al-tavārīkh, 2:788, we know that Aḥmad Tegüder dispatched an army to 

Anatolia in 4 Rabīʿ al-Thānī 681/12–13 July 1282 to safeguard its territory, especially from sporadic Mamluk 

encroachments. Shīrāzī might have received the royal decree for his nomination as Aḥmad Tegüder’s envoy to 

Malik Manṣūr Qalāwūn from the officials of this army. 

112
 Rashīd al-Dīn, Jāmiʿ al-tavārīkh, 2:788. See Āqsarāyī, Musāmara, 136, who mentions Bahāʾ al-Dīn 

Rūdkurdī. This person is very likely the Bahāʾ al-Dīn Verkurdī mentioned in: Anonymous, Tārīkh-i Āl-i Saljūq dar 

Ānāṭūlī, ed. Nādira Jalālī (Tehran: Daftar-i Nashr-i Mīrāth-i Maktūb, Āyina-yi Mīrāth, 1999), 109–110. 

113
 Ibn ʿAbd al-Ẓāhir, Tashrīf, 10. Cf. Āyatī, Taḥrīr, 70, who has the signature date as the end of Jumādá al-

Ūlá, which cannot be true because according to the contemporary chronicler, Rashīd al-Dīn (Jāmiʿ al-tavārīkh, 

2:788), Shīrāzī left Alataq on 19 Jumādá al-Ūlá 681/25–26 August 1282. 
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al-quḍāt)”
114

 and one of the authorities (min thiqāt) of the Ilkhanid state. He had probably 

returned to Anatolia from this mission by the beginning of 682/April 1283.
115

  

In the period between 682/1283 and 689/1290, Shīrāzī very likely stayed in Anatolia, 

mostly Sivas, and was occupied with writing different works. In 682/1283 Shīrāzī started the 

composition of his commentary on Ibn Sīnā’s Canon of Medicine,
116

 the main sources needed 

for which were acquired during his mission to Egypt.
117

 He finished the first part in 694/1294–

1295 in Tabriz and dedicated it to Ṣāḥib-i Dīvān of the time, Saʿd al-Dīn Sāvajī (d. 10 Shawwāl 

711/19–20 February 1312). 

In 4 Shaʿbān 683/17–18 October 1284 Shīrāzī’s major patron Ṣāḥib-i Dīvān Shams al-Dīn 

Juwaynī was killed, after the murder of Aḥmad Tegüder by his brother and the next Ilkhan, 

Arghūn (r. 683–690/1284–1291). 

In Jumādá al-Ūlá 684/July–August 1285 in Sivas, Shīrāzī finished his third astronomical 

work al-Tuḥfa al‐shāhiyya (the imperial gift) in Arabic and dedicated it to the Seljuq official 

Amīr Shāh b. Tāj al-Dīn Muʿtazz b. Ṭāhir, whose appointment as “lieutenant of the sultan” 

(nāʾib al-salṭana) was confirmed by the Ilkhanid state in the same year.
118

 Along with Amīr 

Shāh, Fakhr al-Dīn Qazvīnī was confirmed as the vizier of the Anatolian province. Unlike Amīr 

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

                                                             

114
 According to Dihkhudā, aqḍá al-quḍāt was considered a high position among the judges but not as high as 

“the chief judge (qāḍī al-quḍāt);” see ʿAlī-Akbar Dihkhudā, Lughat-nāma, under the entry aqḍá al-quḍāt.  

115
 According to Ibn ʿAbd al-Ẓāhir (Tashrīf, 6), on their way to Egypt, the delegates arrived in Aleppo on 21 

Jumādá al-Thānī 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 Shawwāl 681/7–8 January 

1283 (Ibn ʿAbd al-Ẓāhir, Tashrīf, 16). Within one month, they might have arrived in Alataq with Malik Manṣūr’s 

reply to the Ilkhanid ruler Aḥmad Tegüder.  

116
 Shīrāzī, al-Tuḥfa al-saʿdiyya, f. 4b 

117
 Shīrāzī, al-Tuḥfa al-saʿdiyya, f. 4a 

118
 Āqsarāyī, Musāmara, 148. See also Gary Leiser, “al-Aqsarāyī, Karīm al-Dīn,” in Encyclopaedia of Islam, 

THREE, edited by: Kate Fleet, Gudrun Krämer, 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, Mujīr al-Dīn Amīr Shāh was appointed by Abaqa to administer the finances, including the 

iqṭāʿs, of the Ilkhanid treasury and had been appointed as nāʾib al-salṭana by the Seljuq sultan Masʿūd II (r. 682–

696/1283–1296). 
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collector.”
119

 They did not get along well, so Anatolia was divided between them in 688/1289 

and Amīr Shāh controlled the Western part of the territory, namely Dānishmandiyya province, 

the area from Sivas and Tokat to Kastamonu and along the Sinop and Samsun coastlines.
120

 

This was the case until the vizierate of Saʿd al-Dawla Yahūdī (executed in 3 Rabīʿ al-Awwal 

690/6–7 March 1291) in 690/1291. Saʿd al-Dawla appointed a new vizier and lieutenant for 

Anatolia, and summoned Amīr Shāh and Qazvīnī to Alataq the same year. They were 

humiliated by new Ilkhanid officials and sent to Alataq under arrest along with their entourage. 

According to Āqsarāyī, who had been at Amīr Shāh’s service since his appointment as the nāʾib 

al-salṭana and was thus directly involved in this event, they finally arrived in Alataq in the 

spring of 690/1291, sometime between Jumādá al-Ūlá and Thānī/May and June.
121

 Although 

Āqsarāyī never mentions any names of those who accompanied Amīr Shāh, and considers it 

enough to say: “his entourage including the ruler and the subject, and master and servant,”
122

 

                                                             

119
 Apparently, the office of the lieutenancy was below the vizierate in the administrative ranking of the Seljuqs 

of Anatolia, as Āqsarāyī (Musāmara, 149) says: 

نمود، اما به نسبت امارت و نيابت اصلی، حل و عقد کل   ين اميرشاه تقدم م اگر چه صاحب قزوينی چون صفر ميان تهی  که بر رقم تقدم نمايد باسم وزارت بر امارت مجيرالد»

نمودند، نسبت قزوينی با شکوه جاه او از ثری تا به ثریا و از  و جزوی در تحت امر و نهی  مجيرالدين اميرشاه بود و چون خلق رغبت کل  به واسطۀ حسن و خلق به درگاه او م 

 «ارض تا سما تفاوت داشت.

“Even though Ṣāḥib Qazvīnī by his vizierate title had priority over Mujīr al-Dīn Amīr Shāh’s lieutenancy, but 

like a hollow zero that is prior to a digit, with regard to the real commandership and lieutenancy, Mujīr al-Dīn 

Amīr Shāh possessed the power over all affairs, and since people were generally inclined to his highness, the glory 

of his dignity compared to Qazvīnī’s was a horse of a another color.” 

120
 Āqsarāyī, Musāmara, 153. 

121
 Āqsarāyī, Musāmara, 161 (for the full story, see 156–167). 

122
 Āqsarāyī, Musāmara, 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, Mujīr al-Dīn, 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.” 

آن ورطه از حاكم و محکوم و خادم و مخدوم چون موی از مسير  آمدیم]فی الجملّ مجيرالدين نائب و اتباع او از صدمت أ  [.بيرون أ

For another witness of Āqsarāyī being among the entourage in this ordeal, see Āqsarāyī, Musāmara, 198: 

آرای ثاقب مجيرالدين اميرشاه از تقاعد او تباعد نمود »  از دايرۀ تخلف او بتکليف و ما جملّ اصحابمؤلف گويد: فضل نامتناه  الهی  مدد کرد که بمشاورت رای و اس تخارت أ

آمدیم آن س يلّب بليت  بيرون أ  «... ]الخ[احتراز نمودیمو از معرض أ

See also Leiser, “al-Aqsarāyī, Karīm al-Dīn.” 
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Rashīd al-Dīn’s account of the events around the same time implies Shīrāzī was among them. 

We will mention here Rashīd al-Dīn’s account of Shīrāzī’s intercession for Amīr Shāh since it 

offers an important depiction of Shīrāzī’s position in the Ilkhanid state:  

“… The royal army/Urdū tended toward Alataq and arrived there on 13 

Shaʿbān 689[/22–23 August 1290], and from there toward Van. Then the 

Sulṭān [Arghūn] returned, and in that residence [i.e., Alataq] Mawlānā Quṭb al-

Dīn 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 ʿAmmūriyya,
123

 which is in 

Anatolia, caught the king’s eye [who was looking at the map] and he ordered 

Quṭb al-Dīn to talk about it. He gave a very nice speech comprising the praise 

of the King and the description of ʿAmmūriyya, which was desirable to the 

king who was about to leave for hunting. The king told Mawlānā ‘let us have a 

conversation when I am back, since you speak so nicely.’ He ordered Saʿd al-

Dawla to call the three of them, namely Amīr Shāh, Fakhr al-Dīn Mustawfī and 

the son of Ḥājī Laylī, as they were caught and brought from Anatolia. 

Mawlānā Quṭb al-Dīn blamed Saʿd al-Dawla for [arresting] Amīr Shāh, and 

Saʿd al-Dawla ran after the king and saved him [i.e., Amīr Shāh].”
124

 

Amīr Shāh 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 Hisarköy, Turkey.  

124
 Rashīd al-Dīn, Jāmiʿ al-tavārīkh, 2:822–823: 

آن689. رایات همايون متوجه به ييلّق الاتاق شدند و در سيزدهم ]شعبان ».. آن [ أ آن منزل ]الاتاق[ مولنا  جا رس يدند و از أ جا به راه وان، و سلطان مراجعت فرمود و در أ

آن که مش تمل است بر بس ياری ولیات غربی قطب الدين شيرازی به بندگ  رس يد و صورت دریای مغرب و خليج و شمالی، به محل عرض رسانيد و پادشاه را  ها و سواحل أ

آمد، چه شرح ولیات روم م  آن، نظر پادشاه بر عموريه افتاد که روم اندرونست و به بيان او مولنا را اشارت فرمود. او فصلی به غايت  محاورۀ او به غايت خوش أ داد و در اثنای أ

آن حال ادا کرد نشست، مولنا را گفت چون بازگردم بيا تا سخن گوييم که به غايت  و او را عظيم موافق افتاد و به عزیمت شكار برم  پاکيزه مش تمل بر دعا و ثنای پادشاه و شرح أ

آوردگویی و به سعدالدوله اشارت کرد که بگو تا هر سه را بخوانند ـــــ يعنی اميرشاه و فخرالدين مس توفی و پسر حاجی ليلی ـــــ چه هر سه  خوش م  ه بودند. و مولنا از روم گرفته أ

 «قطب الدين به جّت اميرشاه با سعدالدوله معاتبت کرد. او بر عقب پادشاه دوانيد و او را خلّص داد.
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Apparently Shīrāzī 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 Faʿalta fa‐lā talum (lit. “you’ve done it so don’t blame 

[me],” completed sometime after 700/1300 in Tabriz), a super-commentary on Ṭūsī’s Tadhkira 

and in fact a harshly worded attack on the commentator of the Tadhkira who, according to 

Shīrāzī, plagiarized his Tuḥfa.  

Shīrāzī’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 Ghāzān (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 Qāʾān in China. Under 

Ghāzān and his influential vizier, Kh
w
āja Rashīd al-Dīn Faḍl Allāh Hamadānī,

 125
 Tabriz 

experienced a secure and prosperous era. Shīrāzī apparently spent most of his time as a great 

prestigious scholar, teaching and writing. His zāwiya in Charandāb was a center for scholarly 

gatherings. His most known students in Tabriz were Niẓām al-Dīn al-Nīsābūrī (d. 1329–1330) 

and Kamāl al-Dīn al-Fārisī (d. 1319). 

Shīrāzī died on 16 Ramaḍān 710/7–8 February 1311 in Tabriz and was buried in 

Charandāb. 

 

1.2.2 The Nihāya 

The Nihāyat al-idrāk fī dirāyat al-aflāk (the utmost attainment in comprehending the orbs) is 

Shīrāzī’s first and most voluminous work on hayʾa. This work is apparently Shīrāzī’s first 

major scholarly product after the stormy years of 672–676/1273–1277, when he finally found 

the opportunity to get back to hayʾa which was, according to him, “the most noble of the 

sciences,” and compose a treatise on hayʾa for himself and for his colleagues, a task which he 

had resolved to do probably since his time with Ṭūsī.
126

  

                                                             

125
 During Ghāzān’s reign in 697/1298, Rashīd al-Dīn was appointed associate vizier to Saʿd al-Dīn Sāwajī.  

126
 F.J. Ragep, “Shīrāzī’s Nihāyat al-idrāk,” 52. 
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The style and process of composition of the Nihāya is interesting. Shīrāzī informs us in 

the introduction that he decided on its composition style based on two requests by his close 

friend:
127

 

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.
128

  

Attempting to fulfill these two requests, Shīrāzī began the composition of the Nihāya 

from the text of his master’s Tadhkira, “nothing before which has surpassed it and nothing after 

which has overtaken it.”
129

 Shīrāzī also probably made use of his notes from the time he had 

studied the Tadhkira with Ṭūsī. It is for this reason that we find him incorporating the original 

text of the Tadhkira in the style of a mixed commentary (sharḥ mazjī), 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 Shīrāzī did not highlight Ṭūsī’s text using 

another color, as he did in his self-declared mixed commentary of Ibn Sīnā’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 III of the Nihāya and of the Tadhkira, we know that the first 

version of Book III of the Nihāya contains almost 75% of Book III of the Tadhkira, but this text 

transmitted from the Tadhkira accounts for only 18% of the entirety of Book III of the Nihāya. 

This means that the remaining 82% of the material is either from Shīrāzī himself or from his 

other sources. Shīrāzī refers to his other hayʾa sources in the introduction and in the final 

passage of the Nihāya; these sources include Ṭūsī’s other hayʾa works, that is: al-Risāla al-

muʿīniyya (written in 632/1235) and Zubdat al-hayʾa (written in 666/1268); Jaghmīnī’s al-

Mulakhkhaṣ fī al-hayʾa al-basīṭa; Kharaqī’s Muntahá al-idrāk, Tabṣira fī al-hayʾa, and ʿUmda-

yi kh
w
ārazmshāhī; Jūzjānī’s Tarkīb al-aflāk; a certain Ghāyat al-afkār, which is probably Athīr 

al-Dīn Abharī’s Ghāyat al-idrāk fī dirāyat al-aflāk; and al-Lubāb and al-Muḥaṣṣal, which we 
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 Shīrāzī introduces him as “the dear brother, the most excellent of the age and unique of the time, Ashraf al-

Dīn, noblest of peers, Muḥammad ibn ʿUmar al-Badakhshānī;” see F.J. Ragep, “Shīrāzī’s Nihāyat al-idrāk,” 49, 

54. 

128
 F.J. Ragep, “Shīrāzī’s Nihāyat al-idrāk,” 52. 
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 F.J. Ragep, “Shīrāzī’s Nihāyat al-idrāk,” 52. 
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could not identify so far. According to Shīrāzī, these works, together with the Tadhkira, are the 

reliable compositions in the field of hayʾa (al-kutub al-muʿtabara al-muṣannafa fī hādha al-

bāb).
130

 

In Book III of the Nihāya, Shīrāzī cites the following Greek works, or their recensions, 

directly or indirectly: Aristotle’s Meteorologica; Ptolemy’s Almagest (al-Majisṭī) and 

Geographia (Jughrāfiyā); Theodosius’ On Habitations (al-Masākin); and Menelaus’ Sphaerica 

(Kuriyyāt/al-Ashkāl al-kuriyya) 

In this book, Shīrāzī also cites Imām Shāfiʿī, Abū Ḥanīfa, Sharaf al-Dīn Masʿūdī (the 

author of Jahān-i dānish on hayʾa in Persian), Bīrūnī (probably from al-Tafhīm), Jayhānī and 

other masālik writers very likely through Kharaqī, Kūshyār, Khayyām (Zīj), Ibn Sīnā (from the 

Canon of Medicine and the Shifāʾ) and Fakhr al-Dīn al-Rāzī (very likely from Sharḥ mushkilāt 

                                                             

130
 In the explicit, Shīrāzī 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-Risāla al-

mughniyya, al-Zubda, al-Lubāb, Ghāyat al-afkār, al-ʿUmda li-ūli al-albāb; and such as al-Mulakhkhaṣ, Tarkīb 

al-aflāk, al-Tadhkira, al-Muḥaṣṣal, Muntahá al-idrāk, and al-Tabṣira.” 

نمّا يعُرَف ذلك من تصفّح الکتب المعتبرة المصنفّة في هذا الباب »...   العمدة لأولی الألبابوغاية الأفكار و اللبابو الزبدةوـالرسالة المغينية ا لی بعضها في خطبة الکتاب كـ المومئوا 

 ...«التبصرةومنتهی  ال دراك و المحصّلو التذكرةوتركيب الأفلّك و ـالملخّصوكـ

In the introduction, Shīrāzī mentions the titles of his major hayʾa sources in a nice word play as the 

characteristics of the Nihāya: 

“I resolved at one time to compose for myself and for all colleagues a treatise in ʿilm al-hayʾa… 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.” 

نّّ قد كنت برهة من الزمان عازماً علی أأن أأحرّر لنفسي ولسائر ال خوان  » المجموعات المصنفّة في  لبابالمبسوطات المؤلفّة و زبدةعن غيرها مش تملة علی مغنية في علم الهيئة... رسالة فا 

ليه و ملخّصومحتوية علی  تركيب الأفلّك  «لذوي الأفكار. غايةلأولی الأبصار وعمدة للمنتهیي بل  تذكرةللمبتدي و تبصرةبحيث تکون  منتهی  ال دراكما انتهی  عنده  محصّلما وصل ا 

English translation of these two passages is from F.J. Ragep, “Shīrāzī’s Nihāyat al-idrāk,” 52-53 and 55, with 

modifications. It should be noted that for Ṭūsī’s Muʿīniyya, Shīrāzī uses the revised title Mughniyya, which was 

chosen by Ṭūsī during the course of de-Ismāʿīlīfying revisions of the Muʿīniyya. The original title was chosen in 

honor of Muʿīn al-Dīn, son of the Ismāʿīlī ruler of Quhistān. For further information about Ṭūsī’s de-Ismāʿīlīfying 

revisions of the Muʿīniyya, see Sajjad Nikfahm-Khubravan and Hassan Amini, “An Amendment to the Past: Ṭūsī’s 

Revision of the Muʿīniyya,” to appear. 
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kitāb al-Qānūn). Shīrāzī also quoted extensively from Muʾayyid al-Dīn al-ʿUrḍī’s Kitāb al-

hayʾa in some of the chapters of Book III of the Nihāya, such as chapter 9 on dawn and dusk
131

 

and chapter 12 on shadows.
132

 Shīrāzī’s discussion of shadows indicates that he was probably 

also familiar with Ibn Haytham’s Kitāb al-manāẓir and Bīrūnī’s Kitāb al-aẓlāl.
133

  

With regard to his citation method, Shīrāzī is very clear when he wants to criticize one of 

his predecessors. For example, in one section wherein Shīrāzī criticizes Kharaqī, he quotes a 

full passage from Kharaqī’s Muntahá and after the quotation he adds: “this is his wording in the 

Muntahá al-idrāk” (hādhā lafẓuhū fī Muntahá al-idrāk) or in another case, Shīrāzī starts the 

quotation with “according to that which has been mentioned by Kharaqī” (li-mā dhakarahū al-

Kharaqī) and then explicitly indicates where the quotation ends. However, there are exceptions; 

in general, Shīrāzī never mentions Ṭūsī’s name when quoting form his works, and whenever 

Shīrāzī wants to criticize Ṭūsī, he uses phrases such as: “the statement of whoever asserts such 

and such is not correct” (lā yaṣiḥḥu qawlu man qāla…). Our analysis of Book III also shows 

that Shīrāzī never cites Jaghmīnī even though he quotes directly from the Mulakhkhaṣ, nor does 

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

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

                                                             

131
 Cf. Saliba, Kitāb al-hayʾa, 322–337. 

132
 Cf. Saliba, Kitāb al-hayʾa, 54–55, 59–60. 

133
 Regarding Shīrāzī’s familiarity with Ibn al-Haytham’s al-Manāẓir, we can refer briefly to some cases in the 

opening paragraph of the Nihāya III.12, entitled “on shadows and their circumstances,” in which Shīrāzī seems to 

be following Ibn al-Haytham: 1) Shīrāzī 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) Shīrāzī 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) Shīrāzī 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. I was made aware of these influences of Ibn Haytham on Shīrāzī by Hossein Masoumi 

Hamedani in our private correspondence. Future research on this chapter of the Nihāya III.12 will shed more light 

on Shīrāzī’s familiarity with or use of Ibn al-Haytham’s al-Manāẓir. 
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introduction to his commentary on Suhrawardī’s Ḥikmat al-ishrāq: in order to preserve the text 

of his predecessors and in order to save time.
134

  

The main divisions of the Nihāya and the chapter headings contained within these 

divisions are almost exactly like those of the Tadhkira and, as we have already mentioned, the 

Nihāya actually appears like a mixed commentary on the Tadhkira. However, it should be noted 

that Shīrāzī never mentioned in his introduction to the Nihāya that he intended to write a 

commentary on Tadhkira. Rather, Shīrāzī regards himself as an “appraiser (nāẓir),” not a 

commentator. In a passage at the end of chapter 10, Book II of the Nihāya, Shīrāzī, 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 I found solutions to 

some of those problems, which are more complete than [the solutions] 

mentioned by our predecessors and contemporaries; and I also eliminated some 

of the flaws from what [Ṭūsī] has mentioned.”
135

 

This passage exemplifies Shīrāzī’s critical tone throughout the Nihāya. 

There are multiple versions of the Nihāya, and we know that Shīrāzī kept adding material 

and revising it over a span of two years.
136

 Parts of these revisions were being done while 

Shīrāzī was writing his next hayʾa work, the Ikhtiyārāt. Even though the Nihāya and Ikhtiyārāt 

                                                             

134
 Najafqulī Ḥabībī, Ḥikmat al-Ishrāq-i Suhrawardī, bā sharḥ-i Quṭb al-Dīn Shīrāzī, jild-i awwal: manṭiq, 

(Tehran: Bunyād-i Ḥikmat-i Islāmī-yi Ṣadrā, 2013), 11: 

حذراً علی اس تعاراتهم،  ما اس تفدنا منهمحافظاً في نقلِ فرأأيت أأن أأشرحه شرحاً يذُللِّ من اللفظ صعابه، ويكشف عن وجه المعانّ نقابهَ، مقتصراً فيه علی حلّ أألفاظه وتوضيح معانيه... » 

 .«من تضييع الزمان في تغيير عباراتهم

135
 The passage reads as follows: 

ر في هذا ق الناظل ولعلّ الله يوفّ فهذا نهاية الكلام علی ال شكالت الواردة علی حرکات الأفلّك والأجوبة عنها والحمد لله الذي لم يخيّب صاحب التذكرة في رجائه حيث قا»

ت وجّاً أأتّم مّما ذكره اً لحلّ جميع ال شكالت او يزيل الخلل الباقي فیما ذكرناه ... واس تجاب دعوته في حقّنا خاصّةً ... حتّّ اس تنبطنا في حلّ بعض المشكلاالكتاب أأن یس تنبط وجّاً تامّ 

 «ذكر.من تقدّمنا من المتقدّمين ومن عاصرنا من المتأأخرين وأأزلنا بعض الخلل عّما 

136
 We will discuss this in detail in our introduction to the edition of Book III of the Nihāya (2.1 Editorial 

Procedures). 
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are similar in many ways, there is a very interesting difference between them in their hayʾat al-

arḍ section. In the first chapter of the Nihāya, 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 hayʾa works. In the Ikhtiyārāt, however, Shīrāzī does not 

seem satisfied anymore with the standard description of the seas. Furthermore, in the Ikhtiyārāt, 

Shīrāzī is now preparing his work for a patron who, as a military commander, has a vested 

interest in topography and cartography.
137

 So, he decided to scrutinize the descriptions of the 

seas usually given in hayʾa and early masālik works and found that coming up with a decent 

description of the seas is “simple, yet impossible (sahl-i mumtaniʿ).”
138

 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.
139

 Shīrāzī then adds that, since he was in a rush to finish the 

Ikhtiyārāt, 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. Shīrāzī’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 

                                                             

137
 He says: 

 «.چه ایشان هر چند بر دقائق علوم قادر بودند اما درين نوع بخصوص مهارتی بيشتر داشتند» 

138
 He says: 

آمد کی در اوضاع » آيد و چون  لزم أ کی ديگران تصور کرده بودند و تقرير و تشکيل کرده چون ارباب صحف مسالک و ممالک و اصحاب کتب هيأأت وغيرهم، تأأملی کرده أ

آن اوضاع بر وجّی  بود ل تشهد لصحتها عقل ول نقل و چون خواست کی  آنرا اصلّتأأمل کرده شد کار انسان را بی طايل ديد و مساع  نامشکور چه اکثر أ ح کند معلوم گشت کی أ

آن کما يجب سهل ممتنع بوده است  «.تصور أ

139
 He says: 

آسان تر ازان کی تصور اوضاع دریاها را با زمين چه عقل را در تصور اول» مجالی واسع است بخلّف  و تصور اوضاع افلّک بر وجّی  کی برصد یافته اند ازان حاصل شود أ

آن جز بمشاهدۀ صاحب نظران و اه  «.ل اعتبار با نقل صحيح ازیشان صورت نه بندددوم چه تصور أ
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Mediterranean portolan charts of the same period.
140

 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
th

 century, 

requires further cartographic analysis of this map. 

 

Fig. 1 

The map that Shīrāzī showed to Ilkhan Arghūn 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 Shīrāzī. 

Shīrāzī’s critical examination of the geographical material of the previous hayʾa and 

masālik works is evident in his revisions of chapter 1 of Book III of the Nihāya. 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 Shīrāzī’s obsession with these geographical 

revisions is the correction of the name of “the North Sea” as “baḥr Alamān” (Mare 

                                                             

140
 According to Encyclopædia 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 “baḥr al-Shām wa-al-Ṣaqāliba,” to avoid confusion with the 

Mediterranean Sea, which is usually referred to as baḥr al-Shām wa-…. It should be noted that 

German people were called “Alamān” in sources of the pre-modern Islamic world, but I have 

never come across any other references to “baḥr Alamān” in the sources that I have seen so far.  

Despite its length, the Nihāya was widely copied, studied and annotated by scholars, and 

it was very influential on later commentaries of the Tadhkira. In part II a history of the 

Nihāya’s text and an analysis of some of its earliest manuscripts will be presented before the 

critical edition of the text of its Book III. 
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1.3 The Formation of the genres of hayʾat al-arḍ and masālik  

 

 

As we mentioned earlier in the introduction, hayʾat al-arḍ emerged and evolved as a scientific 

geographical genre within the hayʾa tradition. Hayʾa 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 hayʾat al-arḍ 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, hayʾat al-arḍ 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 (hayʾat al-samāʾ). In sum, hayʾat al-arḍ 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 hayʾat al-arḍ sections of 

hayʾa works, they can still be unified under a coherent genre. To start our description of this 

genre, we start with its formative period. 

Since hayʾa works were based on the Almagest, some of the material in hayʾat al-arḍ had 

roots in the Almagest. Furthermore, in at least four later hayʾa works, there is a reference in the 

hayʾat al-arḍ section to an early geographical genre of the pre-modern Islamic world, called al-
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masālik wa-al-mamālik (roads and kingdoms),141 which began to take shape at around the same 

time as the hayʾa genre (see table 1 below). Therefore, in this chapter we briefly depict the 

formative period of the hayʾat al-arḍ and masālik genres in parallel to provide a better 

historical context for our study.  

Book I 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.
142

 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.”
143

 

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 II with the more detailed 

discussion of the configuration of the Earth, and leaves the heavens to later books; this is 

contrary to later hayʾa works, in which the part on the configuration of the heavens usually 

precedes the hayʾat al-arḍ part.  

Ptolemy’s influence is visible in Jawāmiʿ ʿilm al-nujūm wa-uṣūl al-ḥarakāt al-samāwiyya 

(written between 833 and 857)
144

 by Aḥmad b. Muḥammad b. Kathīr al-Farghānī (d. after 

247/861) and Kitāb al-zīj al-Ṣābiʾ by Muḥammad b. Sinān b. Jābir al-Battānī (d. 317/929), in 

which the detailed discussion of the heavens comes after the Earth. The Jawāmiʿ and al-Zīj al-

Ṣābiʾ 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 zījes and hayʾa works. A summary of the abovementioned preliminary physical 

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

                                                             

141
 For al-Masālik as a genre, see: Tibbetts, “The Beginnings,” 91. 

142 
Almagest, 38, 45. 

143 
Almagest, 40. 

144
 S. Ragep, Jaghmīnī, 47–48. 
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with respect to each other, together with their observational proofs, appears in the Jawāmiʿ,
145

 

and is called “waṣf hayʾat al-samāʾ wa-al-arḍ” (the general description of the configuration of 

the heavens and the Earth).
146

 This preliminary discussion is absent from Battānī’s Zīj, which is 

more focused on the computational/practical side of the Almagest. Battānī’s Zīj, however, 

contains many overlapping topics with later hayʾa works,
147

 and was referred to or used by 

hayʾa scholars throughout the pre-modern Islamic era. Even though, Battānī’s objective seems 

quite different from Farghānī’s, it should be noted that the boundaries between the hayʾa and zīj 

traditions were loose in their formative period.  

The earliest extant masālik work is that of Ibn Khurdādhbih (d. ca. 300/913), written in 

232/846–847.
148

 Ibn Khurdādhbih, the son of ʿAbdallāh b. Khurdādhbih, the governor of 

Ṭabaristān during the reign of caliph al-Maʾmūn (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-Muʿtamid (r. 256–279/870–892). Ibn Khurdādhbih 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 Khurdādhbih, 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 Khurdādhbih was 

aware of Ptolemy’s Geography, or that Ibn Khurdādhbih’s composition of al-Masālik might 

have come shortly after one of the early Arabic translations of Ptolemy’s Geography. However, 

one should note that Ibn Khurdādhbih’s al-Masālik is completely independent of Ptolemy’s 

Geography and its Arabic translation/adaptations with regard to content and structure.
149

 

                                                             

145 
These topics have been covered in chapters 2–5. These four chapters contain all the physical material of the 

Book I of the Almagest (Alm. I 3–8). Jawāmiʿ has 30 chapters. It begins with a chapter on different calendars.  

146 
Farghānī, Jawāmiʿ, 15 

147
 S. Ragep, Jaghmīnī, 55. 

148
 Michael Jan de Goeje, Kitâb al-masâlik wa'l-mamâlik (Liber viarum et regnorum) (Leiden: Brill, 1889; 

reprinted in Bagdad: Maktabat al-Muthanná, 1960z), xx. 

149
 See Barthold’s preface to the Ḥudūd al-ʿālam in: Minorsky, Ḥudūd, 14. 
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Ptolemy’s Geography was translated at least two times into Arabic, once for/by Yaʿqūb b. 

Isḥāq al-Kindī (d. 260/874), and once by Thābit b. Qurra al-Ḥarrānī (d. 288/901) during the 

translation movement.
150

 Two extant adaptations of Ptolemy’s Geography are Ṣūrat al-arḍ by 

Muḥammad b. Mūsá al-Kh
w
ārazmī (fl. first decade of 3

rd
/9

th
 century);

151
 and Kitāb ʿajāʾib al-

aqālīm al-sabʿa ilá nihāyat al-ʿimāra attributed to a certain Suhrāb (2
nd

–3
rd

/9
th

–10
th

 

centuries).
152

 

Two manuscript witnesses of Ibn Khurdādhbih’s al-Masālik 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 Khurdādhbih’s al-Masālik. This introduction appears right before 

the actual beginning of Ibn Khurdādhbih’s al-Masālik 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.
153

 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 für Geschichte der Arabisch-Islamischen Wissenschaften an der Johann Wolfgang 

Goethe-Universität, 1987), 16. 

151
 Edited by Hans von Mžik, Das Kitāb ṣūrat al-arḍ des Abū Ǧaʿfar Muḥammad ibn Mūsā al-Ḫuwārizmī 

(Leipzig: Otto Harrassowitz, 1926). 

152
 Edited by Hans von Mžik, Das Kitāb ʿaǧāʾib al-aḳālīm as-sabʿa des Suhrāb (Leipzig: Otto Harrassowitz, 

1930). 

153
 De Goeje, al-Masâlik, 3: 

وصنعته كتابا افتتحته بالحمد  فوجدت بطلميوس قد أأبان الحدود وأأوضح الحجّة في صفتها بلغُة أأعجمية فنقلتها عن لغته باللغة الصحيحة لتقف عليها وقد رسمت رسم لك ...»... 

 «لله...

There is also a very striking similarity in the way the dedicatee is being addressed between the abovementioned 

introduction (de Goeje, al-Masâlik, 3): 

يضاح مسالك أأطال الله تعالی بقاءك یا ابن السادة الأخيار والأئمة الأبرار منار الدين وخيرة الله من الخلق أأجمعين ... ف » همت الذي سأألت أأفهمك الله جميع الخيرات... من رسم ا 

 «الأرض...

and the introduction of Kitāb al-Kindī fī al-ibānat ʿan al-ʿilla al-fāʿila al-qarīna li-al-kawn wa-al-fasād (Yaʿqūb b. 

Isḥāq al-Kindī, al-Rasāʾil al-falsafiyya, ed. ʿAbd al-Qādir Muḥammad ʿAlī (Beirut: Dār al-Kutub al-ʿIlmiyya, 

2017), 70–71): 
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content of this page bears striking similarities to the beginning of Kitāb ʿajāʾib al-aqālīm al-

sabʿa ilá nihāyat al-ʿimāra by Suhrāb, which is the only extant Arabic adaptation of Ptolemy’s 

Geography that contains one of his map projection methods.
154

 Besides this additional 

introduction, the two extant manuscripts of Ibn Khurdādhbih’s al-Masālik are considerably 

different with regard to the arrangement and content. To account for these differences de Goeje 

proposed that Ibn Khurdādhbih originally composed his geography in two stages: first in 

232/846 and then circa 272/885.
155

 But, later scholars such a Minorsky regarded this theory as 

an oversimplification of the “the complex nature of the variants between the surviving 

manuscripts.”
156

 This oversimplification had another consequence; in fact, modern 

consideration of Ibn Khurdādhbih 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 Khurdādhbih’s al-Masālik.  

Ibn Khurdādhbih’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 Maʾmūnid 

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 mīls) for one 

degree.
157

 

Ibn Khurdādhbih was a younger contemporary of Kh
w
arazmī, Farghānī, Kindī and Thābit, 

and probably an older contemporary of Nayrīzī. All these scholars were pursuing their 

                                                                                                                                                                                                  

سعافك » ظهار أأطال الله بقاءك یا ابن السادة الأخيار والائمة الأبرار منار الدين ... وخيرة الله من الناس أأجمعين ... ولو ل ما يعرض في ا  أأسعفك الله بجميع الخيرات بما سأألت من ا 

 «وحدانية الله...

154
 See Mžik, ʿAǧāʾib, 5, where Suhrāb right after bismillah start with praising of God:  

ن أأحسن ما افتتح به الكلام في كل رغبة ورهبة وحاجة حمد الله تعالی. الحمد لله »  ...«ا 

155
 De Goeje, al-Masâlik, xx. 

156 
Travis Zadeh, “Ibn Khurdādhbih,” in: Encyclopaedia of Islam, THREE, ed. Kate Fleet, Gudrun Krämer, 

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 Khurradādhbih’s Geography,” in School of ʿAbbasid Studies, ed. by Monique 

Bernards (Warminster: Gibb Memorial Trust, 2013), 20ff. 

157
 Farsakh, Arabized form of parsang or farsang, is an ancient Persian unit for measuring length. Each farsang 

is 3 mīls (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 Sāmarrāʾ.” 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.
158

 

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 masālik 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.  



51 
 

the military elite’s gradual loss of control over the caliphal administration, which served to 

reinforce the chancellors’ (kuttāb) 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.
159

 By this time, the Abbasid 

bureaucracy had become highly technical and complex with its numerous dīwāns (bureaus). 

Chancellors elevated to higher ranks within the power hierarchy of these dīwāns 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.
160

  

The powerful Samanid chancellor Abū ʿAbd Allāh al-Jayhānī (d. 313/925) was one of the 

first to write a voluminous masālik work, which is not extant in its original form. Excerpts of 

this work are quoted by Bīrūnī (d. ca. 440/1048) in his al-Āthār al-bāqiya ʿan al-qurūn al-

khāliya (The Vestiges of the Past).
161

 Bīrūnī also mentions Jayhānī’s name in his Taḥdīd 

nihāyāt al-amākin li-taṣḥīḥ masāfāt al-masākin (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 Jayhānī and others in 

the masālik works in order to bring together the scattered [data], clarify the obscurities and 

accomplish the science of [geography],”
162

 indicating Jayhānī’s importance in the masālik 

tradition. Aḥmad b. Faḍlān, who wrote a famous travelogue of his mission to the king of the 
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Bulghārs as the envoy of the caliph al-Muqtadir (r. 295–320/908–932), met Jayhānī, who 

introduced him to the Samanid amīr.
163

 

From the same period, we also have Mukhtaṣar kitāb al-buldān written by Ibn Faqīh (fl. 

289/902), Kitāb al-kharāj wa-ṣanʿat al-kitāba (written between 316/928 and 320/932)
 164

 by 

Qudāma b. Jaʿfar al-Kātib (d. 337/948),
165

 and al-Aʿlāq al-nafīsa (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 masālik 

authors, such as Iṣṭakhrī (fl. ca. 340/951) and Ibn Ḥawqal (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 masālik and hayʾa works in the following 

chapter.With this brief historical overview of the formative period of the study of geography 

and the hayʾa tradition, we now turn to an analysis of the contents of hayʾat al-arḍ with a focus 

on Shīrāzī’s text, having introduced the critical works and figures. 
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1.4 Contents of hayʾat al-arḍ, with a focus on Book III of the Nihāya 

 

 

 

The Nihāya consists of four books: Book I, an introduction containing the required 

mathematical and physical principles, axioms and prepositions; Book II, on the configuration of 

the heavens, i.e. planetary models; Book III, on the configuration of the Earth; and Book IV, on 

the relative sizes and distances of the Earth and heavenly bodies. The exact title of Book III 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 

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

obliquity 

5.  Characteristics of locations whose latitude exceeds the complement of the obliquity 

but does not reach one-quarter revolution 

6.  Characteristics of locations whose latitude is exactly one-quarter revolution 

7.  Co-ascensions of the zodiacal signs 

8.  Lengths of the nychthemerons 

9.  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 qibla direction 

From the title of Book III of the Nihāya 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 Shīrāzī’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 hayʾat al-arḍ 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 hayʾat al-arḍ section of the Nihāya with those of a selection 

of works belonging to the broader hayʾa tradition. 
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Table 1: 

 Ptolemy, 

Alamgest 

Farghānī 

(3rd/9th 

century), 

Jawāmiʿ 

(Arabic) 

Ibn al-

Haytham’s 

Hayʾat al-

ʿālam (Arabic) 

Qaṭṭān-i Marvzī 

(5-6th/11-12th 

centuries), 

Gayhān-shinākht 

(Persian) 

Kharaqī 

(6th/12th 

century), 

Muntahá 

(Arabic) 

Masʿūdī, Jahān-

i dānish 

(Persian, written 

in 549/1154) 

Jaghmīnī, 

Mulakhkhaṣ 

(Arabic, written in 

602-603/1205-

1206) 

Ṭūsī, 

Muʿīniyya 

(Persian, 

written in 

632/1235) 

Ṭūsī, Tadhkira 

(Arabic, 

written in 

659/1261) 

Shīrāzī, Nihāya (Arabic, 

written in 680/1281), 

Ikhtiyārāt (Persian, written 

in 680/1282), Tuḥfa 

(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 

Hayʾat al-arḍ material/section Books I–

II 

Chps. 3–4, 6–

11, 23 

Chps. 2–8 Chps. 2 Book II Book II Book II Book III Book III Book III 

Discussion of the sphericity of 

the Earth, its being the center of 

the Universe and at rest 

I.4–7 Chps. 3–4 Chp. 2 Chps. 1, 2 I.3–4, II.1 I.4–5, II.1 Intro. II.1; III.1 II.1; III.1 II.1; III.1 

G
eo

g
ra

p
h
y
 

1. A general summary of the 

configuration and 

circumstances of the 

Earth/reference to the 

masālik works 

I.4–7, II.1 

N/A 

Chps. 3–4, 6, 

8–9 

N/A 

Chps. 3, 4 

No 

Chp. 2 

No 

II.1–4 

Yes 

II.1–2 

No 

II.1 

No 

III.1 

Yes 

III.1 

Yes 

III.1 

Yes 

2. Characteristics of the 

equator 

II.6–7 Chp. 6 Chps. 3, 4 Chp. 2, 3 II.5 II.3 II.2[1] III.2 III.2 III.2 

A
st

ro
n

o
m

y
 

3. Characteristics of the 

oblique horizons; ortive and 

occasive amplitude; and the 

equation of daylight 

II.6–7 Chps. 6–7 Chp. 4, 5, 6, 7 Chp. 1, 3 II.6–8, 11 II.4–6, 8 II.2[2–7, 12], 

I.4[16] 

III.3–5, 7 III.3–6 III.3–6 

4. Co-ascensions of the 

zodiacal signs; the 

ascendant; and the 

revolution of the daylight 

II.9 Chp. 10 Chp. 8 Chp. 1 II. 9–10 II.7 II.2[8–11], I.4[21] III.6 III.7 III.7 

5 Nychthemerons; hours, 

months, years, intercalation, 

and the calendar 

III.1, 9; 

IV.2 

Chp. 1, 11 N/A Chp. 3 III.4–5, 6 II.14 II.3[6–11], I.4[20] III.9, 10 III.8, 10 III.8, 10 

6. Dawn and dusk N/A N/A N/A Chp. 3 II.16 II.13 N/A III.9 III.9 III.9 
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7. Degrees of transit and 

rising and setting of stars 

VIII.4 Chp. 23 N/A Chp. 3 II.12 II.9 II.3[1] III.8 III.11 III.11 

8. Shadows and their 

circumstances 

II.5 N/A N/A Chp. 3 II.14 II.10 II.3[2] III.11 N/A III.12 

G
eo

d
es

y
 

9. Finding the meridian line, 

and the qibla direction 

N/A N/A N/A Chp. 2 II.13, 15 II.11–12 II.3[3–5], I.4[19] III.12 III.12 III.13 

10. Sizes and distances V.15–16, 

… 

Chps. 21–22 N/A Earth only: chp. 2 II.17 I.23 N/A Book IV Book IV Book IV 
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As it is clear in the table above, starting from Gayhān-shinākht of Qaṭṭān Marvzī, we can 

identify separate major divisions in hayʾa works, at least one of which is devoted to hayʾat al-

arḍ. Contrary to the Almagest and Jawāmiʿ, Gayhān-shinākht and later hayʾa works start with 

the configuration of the heavens, followed by a section on hayʾat al-arḍ. If we divide the 

material of the hayʾat al-arḍ section into three more general categories of geographical, 

astronomical and geodesic, from the table above we can see that in almost all works the hayʾat 

al-arḍ section opens with geographical material.  

The geographical part of the hayʾat al-arḍ section is, in general and especially for the 

Nihāya, 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 Nihāya, this part 

makes up approximately one-third of Book III and is longer than the entire Book III of the 

Tadhkira. Since Shīrāzī places significant emphasis on this geographical material in the hayʾat 

al-arḍ section of the Nihāya, 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 Nihāya III. Thus, in the 

following sections of this chapter we compared different hayʾa 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 hayʾat al-arḍ contents and their 

parallels in a specific Latin tradition of cosmographical textbooks. 

Analyzing the content of hayʾat al-arḍ helps provide us with a better picture of hayʾat al-

arḍ as a distinct genre and its evolution. In this study, hayʾat al-arḍ 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 hayʾa, 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  

Shīrāzī opens Book III of the Nihāya with the following paragraph: “It was shown in the first 

part of Book II 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 Shīrāzī 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, Farghānī’s 

Jawāmiʿ, Qaṭṭān’s Gayhān-shinākht, Kharaqī’s Muntahá and Ṭūsī’s Muʿīniyya; or 2) describing 

only its surface as spherical, as in Battānī’s Zīj, Ṭūsī’s Tadhkira, and the Nihāya. 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.
166

 According to the 

Aristotelian 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.
167

 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 Biṭrīq for Caliph al-

Maʾmūn, 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.”
168
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 See Ibn Rushd, Kitāb al-āthār al-ʿilwiyya, ed. Suhayr Faḍlallāh Abū Wāfiya and Suʿād ʿAlī ʿAbd al-Razzāq 

(Cairo: al-Majlis al-Aʿlá li-al-Thaqāfa, 1994), 15–16: 
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See also Casimir Petraitis, The Arabic Version of Aristotle’s Meteorology: A Critical Edition with an 

Introduction and Greek-Arabic Glossaries (Beirut: Dār al-Mashriq, 1967), 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 (I.4) says “that the earth, too, taken as a 

whole, is sensibly spherical,”
169

 however, he does not explicitly mention water. Farghānī seems 

to be trying to clarify Ptolemy’s statement by saying “that the Earth in all its parts, land and sea, 

is sensibly spherical.”
170

 Ptolemy in his Geography (I.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.”
171

 Shīrāzī seems to have a preference for this description, as he is 

among a few hayʾa 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 

Shīrāzī, his master, Ṭūsī, in the Tadhkira also decided to take the same detour. Ṭūsī uses the 

adjective mustadīra to describe the sphericity of the Earth. In Arabic mustadīr and kuriyy both 

mean spherical but there is a critical difference between the two terms. Mustadīr, which can 

also mean circular or generally curved, usually is an attribute of lines, planes or motions. Thus 

when mustadīr 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, Ṭūsī’s choice of mustadīra 

indicates that he only refers to the sphericity of the surface of the Earth. Battānī seems to be the 

first who used mustadīra to describe the sphericity of the Earth.
172

 Kharaqī in his Muntahá 

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.
173

  

                                                                                                                                                                                                  

نّ النار والهواء والماء »  «والأرض تتكون و تفسد ویس تحيل بعضها ا لی بعض... والبرهان علی ذلك: البحار والمياه المس تقرّة في الأرض علی وجّها.ا 

169
 Almagest, 40. 

170
 Farghānī, Jawāmiʿ, 11:  

 «وكذلك أأجمعت العلماء أأنّ الأرض بجميع أأجزائها من البّر والبحر علی مثال الکرة.»

171
 J. L. Berggren, and Alexander Jones, Ptolemy’s Geography: An Annotated Translation of the Theoretical 

Chapters (Princeton: Princeton University Press, 2000), 60. 

172
 Battānī, Zīj, 25. 

173
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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-rubʿ al-maskūn” in Arabic. Hayʾa authors were 

well aware of the extension of the inhabited part of the Earth beyond the customary boundaries 

of al-rubʿ al-maskūn, 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-rubʿ al-maskūn” 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.  

Shīrāzī describes the customary boundaries of the populated quarter in the Nihāya III.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…” 

Shīrāzī 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 Nihāya III.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-

Ḥabasha], and some other [areas] that have been reported to be southerly.” 

In Nihāya III.1[4], Shīrāzī 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 Ṭūsī, 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. Ṭūsī then adds “likewise we do not have definitive knowledge about the sea in 

the northeast [of the populated quarter].”  

Shīrāzī presents his opinion about the inhabited part of the Earth being one fourth of its 

surface as follows in Nihāya III.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, Shīrāzī 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 Ṭabīʿiyyāt 

of the Shifāʾ. According to Ibn Sīnā, 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.”
174

 

Ibn Sīnā considers the fact that the other quarters of the earth are water as the only proof.
175

 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 
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 Paul Lettinck, Aristotle’s Meteorology and Its Reception in the Arab World: With an Edition and 

Translation of Ibn Suwār’s Treatise on Meteorological Phenomena and Ibn Bājja’s Commentary on the 

Meteorology (Leiden: Brill, 1999) 196. This idea is probably from Aristotle’s On Generation and Corruption, II.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 
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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.) 
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 Lettinck, 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.
176

 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 Shīrāzī, 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. Shīrāzī’s first criticism is 

against Ṭūsī 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 Shīrāzī, 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. 

Shīrāzī’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 Shīrāzī 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.” Shīrāzī’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 
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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 Nihāya III.1[6a] Shīrāzī tries to prove that the southern 

hemisphere is mostly covered by water. In this paragraph Shīrāzī 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 Shīrāzī 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 

Ṭabīʿiyyāt section of the Shifāʾ,
177

 to which Shīrāzī makes a presumed reference. Ibn Sīnā 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 (niẓām al-kull).
178

 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 Sīnā relates this to the Divine wisdom 

(ḥikam ilāhiyya), which provides the land animals who are alive by the air with a natural place 

to live on.
179

 After this, Ibn Sīnā 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 

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

                                                             

177
 Chapter 6 (entitled fī aḥwāl al-maskūna wa-amzijat al-bilād, which means “on the circumstances of the 

populated land and the temperament of the localities”) of the first Book (entitled fī mā yuḥdathū min dhālika bi-

nāhiyat al-arḍ, which means “on what occurs on the Earth as a result of [the meteorological phenomena]) of the 
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 Ibn Sīnā, Shifāʾ, Ṭabīʿiyyāt, al-maʿādin wa-al-āthār al-ʿilwiyya, 24: 

لی أأن الواجب بحكم طبيعة الماء والأرض أأن تكون الأرض في ضمن الماء، ويكون الماء محيطاً بها من جميع» نّا کناّ قد أأشرنا فیما تقدم ا  الجوانب؛ ولكن الوجود ليس علی ذلك، وليس  ا 

 «هو طبيعي لنظام الکّل.علی ما هو طبيعي للأرض والماء، بل ما 
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 Ibn Sīnā, Shifāʾ, Ṭabīʿiyyāt, al-maʿādin wa-al-āthār al-ʿilwiyya, 24–25. 
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likely is entailed by the necessity of the Earth being surrounded by water.
180

 Ibn Sīnā then 

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 Sīnā’s 

counterargument, let us have look at Shīrāzī’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.”
181

 

Even though Shīrāzī agrees with Ibn Sīnā on this proof being incorrect, he does not accept his 

counterargument. Shīrāzī, first, quotes Ibn Sīnā’s counterargument in Ṭūsī’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 Shīrāzī, “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: 
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 Ibn Sīnā, Shifāʾ, Ṭabīʿiyyāt, al-maʿādin wa-al-āthār al-ʿilwiyya, 25: 

لّ ما يوجبه أأغلب الظنّ » ذ الماء بحسب غالب الظنّ أأكثر ل محالة من الأرض أأضعافاً، ثّم لم يقم برهان واضح علی أأنّ الأرباع الأخری مغمورة بالماء، ا  بسبب وجوب غمور الماء للأرض. ا 
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 Nihāya III.1[6a] 
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 Nihāya III.1[6a]; see also Ibn Sīnā, Shifāʾ, Ṭabīʿiyyāt, al-maʿādin wa-al-āthār al-ʿilwiyya, 26: 

نّ خروج الشمس عن المركز ليس بالكثير، وليس مّما يوجب جزم القول بأأنّ العمارة ل تحتمل أأن تكون»  «عنده. فليس ذلك مّما يقع به تفاوت بعيد فا 



66 
 

“… [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-muʾaththir] is 

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

After his critiques, Shīrāzī 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 Nihāya III.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 Shīrāzī’s source for this reasoning is. Therefore, while for Shīrāzī 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 hayʾa works from Qaṭṭān Marvzī’s Gayhān-shinākht to Shīrāzī’s Nihāya, 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 Shīrāzī, 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 Battānī’s Zīj (written after 306/918).
183

 This account has no parallel in the extant 

Greek sources. Farghānī’s Jawāmiʿ, as the oldest instance of the hayʾa tradition in the Islamic 

period, does not include any description of the seas. The oldest source with an account similar 

to that of Battānī 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.
184

  

Jacob of Edessa’s account of the seas is very similar to Battānī’s account, especially with 

regard to the dimensions of the well-known seas, expressed in mile units.
185

 Among the 

geographical works that were produced for chancellery purposes around the time Battānī was 

active, al-Aʿlāq al-nafīsa (written in 310/922) of Ibn Rusta and Kitāb al-kharāj (written 

between 316/928 and 320/932) of Qudāma b. Jaʿfar contain the same account of the seas as 

Battānī’s.
186

 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
187

 for the Persian Gulf and the Indian 

Ocean, most of which can also be found in Abū Maʿshar’s (d. 272/886) al-Madkhal al-kabīr 
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 This zīj is based on Battānī’s observational activities between 264/877 and 306/918. For more information 

see S. Ragep, Jaghmīnī, 54. For the description of the seas, see: Battānī, Zīj, 26–27. 

184
 For the Latin translation of the Syriac text, see: Arthur Hjelt, Etudes sur l’Hexaméron de Jacques d’Edesse, 
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185
 It is not clear what kind of mile was meant by Jacob of Edessa or his sources. 
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 For Ibn Rusta’s account, see Michael Jan De Goeje, Ibn Rusta’s Kitāb al-aʿlāq al-nafīsa and Kitāb al-buldān 

by al-Yaʿqūbī (Leiden: Brill, 2014), 83–86; and for Qudāma’s account, see De Goeje, al-Masālik, 230–231. 
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with reference to ʿulamāʾ al-baḥriyyīn.
188

 Ibn al-Faqīh’s Mukhtaṣar kitāb al-buldān (written in 

289–290/902–903) has a very brief account of the seas which is quite different from the account 

of Battānī/Qudāma (account 1) or that of Ibn Rusta (account 2). 

Among hayʾa works, Kharaqī’s Muntahá contains account 1 with additional geographical 

details
189

 while the Persian account in Qaṭṭān Marvzī’s Gayhān-shinākht and Ṭūsī’s Muʿīniyya 

is closer to account 2 with all dimensions expressed in farsang units.
190

 Sharaf al-Dīn 

Masʿūdī—who used Qaṭṭān’a Gayhān-shinākht and Kharaqī’s Muntahá in the composition of 

his Arabic work on hayʾa, i.e., al-Kifāya fī ʿilm al-hayʾa, and in its Persian translation, Jahān-i 

Dānish—seems to be inspired by Gayhān-shinākht 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 Kharaqī and other sources like Bīrūnī. In both works, Masʿūdī expresses all dimensions in 

farsakh and farsang units in the Arabic and Persian texts respectively.
191

 Similarly, Shīrāzī has 

a preference for account 2 and adds details from Kharaqī, Masʿūdī and other sources. In table 2 

we present a comparison of the accounts of the seas in different hayʾa works with that of Jacob 

of Edessa’s Hexaemeron, the accounts of Battānī/Qudāma and of Ibn Rusta. 

Among other early geographical works of the Islamic period, Kh
w
ārazmī’s account of the 

seas in his Ṣūrat al-Arḍ 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.  

Shīrāzī ends his accounts of the seas by saying: “These were the examples of the situation 

of the seas based on the account given by Jayhānī, 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-masālik wa-al-mamālik], so whoever wants a thorough examination should 

refer to those books.” 
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(pre-print version) 246–250. 
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136; Sharaf al-Dīn Masʿūdī, al-Kifāya fī ʿilm al-hayʾa, MS Hafid Efendi 154, ff. 138a–138b. 
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Kharaqī has the same reference with the exact same phrase, “Jayhānī and other experts on 

the locations of the seas and their extensions,” at the beginning of his account of the seas.
192

 

Since Jayhānī’s work did not come down to us, we are not sure if Shīrāzī really consulted it or 

if he just copied the citation from Kharaqī. 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 Bīrūnī, who certainly had access to Jayhānī’s work, in 

his al-Tafhīm is not similar to the standard accounts in hayʾa works and does not contain the 

dimensions of the seas. Yāqūt Ḥamawī (d. 626/1229), the author of the great geographical 

dictionary, Muʿjam al-buldān, calls Bīrūnī’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 Qudāma, 

we could not find the standard account of the seas as it appears in hayʾa 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 hayʾat al-arḍ genre. At the same time, it should be 

noted that Shīrāzī himself found this account to be out of date and, thus, excluded it from his 

later hayʾa works, namely Ikhtiyārāt and al-Tuḥfa. 
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Table 2: 

  

Jacob of Edessa’s 

Hexaemeron 

Battānī’s 

Zīj/Qudāma, 

Kitāb al-kharāj 

 

Ibn Rusta, 

al-Aʿlāq 

Qaṭṭān’s 

Gayhān-

shinākht 

 

Kharaqī’s 

Muntahá 

Masʿūdī’s 

Jahān-i 

dānish 

 

Ṭūsī’s 

Muʿīniyya 

 

The Nihāya 

Account 

(arranged by the 

number of the 

seas)
193

 

 

3, 4, 5, 1, 2 

 

1, 2, 3, 4, 5 

(Account 1) 

 

1, 3, 2, 4, 5 

(Account 2) 

 

1, 3, 2, 5, 6 

 

1, 2, 3, 4, 5 

(Account 1) 

 

1, 2, 3, 6, 5 

 

1, 3, 6, 5 

 

1, 3, 2, 6, 4, 5 

(Account 2) 

Mentions 5 great 

seas? 

No No Yes No Yes No No Yes 

S
ea

/d
im

en
si

o
n

s 

1 8000×2700 miles 8000×2700 mīls 

(1900 of it below 

the equator) 

8000×2700 

mīls 

(1900 of it 

below the 

equator) 

2660×900 

farsangs (330 

of it above 

the equator) 

8000×2700 

mīls 

(1700 of it 

below the 

equator) 

2360×? 

farsangs (360 

of it above the 

equator) 

2660×900 

farsangs (330 

of it above the 

equator) 

2660×900 

farsangs (330 

or 360 of it 

above the 

equator) 

2 N/A N/A N/A N/A N/A N/A N/A N/A 

3 5000×~400 miles 5000×600 to 800 

mīls 

5000×600 to 

800 mīls 

1600×3 to (?) 

farsangs 

5000×600 to 

800 mīls 

1300×3 to 260 

farsangs 

1600×3 to 260 

farsangs 

1600×3 to 

260 farsangs 

4 ~1300×300 miles 1600×300 mīls 1300×300 

mīls 

N/A 1300×300 mīls N/A N/A 4033×? 

farsangs 

5 Circumference=~1800 

miles, width=~600 miles 

800×600 mīls 1800×600 

mīls 

260×200 

farsangs 

800×600 mīls 260×200 

farsangs 

260×200 

farsangs 

260×200 

farsangs 

6 N/A N/A N/A N/A N/A N/A N/A 100×33 

farsangs 
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Gulfs/dimensions 

of Sea 1 

Indian Ocean 

(8000×>2700 miles), Red 

Sea (1400×200 to 400 

miles); Persian Gulf 

(1400×700 miles) 

Gulf of Barbary 

(500×100 mīls); 

Red Sea 

(1400×200 to 700 

mīls); Persian Gulf 

(1400×150 to 500 

mīls); Gulf of India 

(1500 mīls) 

Barbary 

(500×100 

mīls); Red 

(1400×200 to 

700 mīls); 

Persian 

(1400×150 to 

500 mīls); 

India (1500 

mīls) 

Barbary 

(160×35 

farsangs); 

Red (460×60 

to 200 

farsangs); 

Persian 

(460×180 

farsangs); 

India (500 

farsangs) 

Barbary 

(500×100 

mīls); Red 

(1400×200 to 

700 mīls); 

Persian 

(1400×150 to 

500 mīls); 

India (1500 

mīls) 

Barbary 

(160×35 

farsangs); Red 

(460×60 to 

200 farsangs); 

Persian 

(460×180 

farsangs); 

India (500 

farsangs) 

Barbary 

(160×35 

farsangs); Red 

(460×60 to 

200 farsangs); 

Persian 

(460×180 

farsangs); 

India (500 

farsangs) 

Barbary 

(160×35 

farsangs); 

Red (460×60 

to 200 

farsangs); 

Persian 

(460×54 to 

180 

farsangs); 

India (500 

farsangs) 

Islands of Sea 2 the Islands of the 

Eternals (sex insulae in 

numero insularum 

Beatorum, quae 

appellantur), Γάδειραν 

(Gádeiran) 

the Islands of the 

Eternals; Ghadīra 

island; the Islands 

of Britannia 

the Islands of 

the Eternals; 

Ghadīra 

island; the 

Islands of 

Britannia 

the Islands of 

the Eternals 

the Islands of 

the Eternals; 

Ghadīra 

island; the 

Islands of 

Britannia 

the Islands of 

the Eternals 

N/A the Islands of 

the Eternals; 

Ghadīra 

island; the 

Islands of 

Britannia 

Reference to al-

masālik wa-al-

mamālik books 

N/A No N/A No Yes No Yes Yes 



72 
 

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)
194

 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.
195

 In the course of its evolution, this notion was gradually adapted to mean a set of 

parallels with a definite sequence of values of the longest daylight.
196

 As we will see later, in 

hayʾa 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 

included in zījes,
197

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

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 hayʾa 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.
198

  

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 

                                                             

194 
κλίμα (also ἔγκλιμα, 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 

ἔξαρμα πόλου, the ‘elevation of the pole.’” 

195 
HAMA, 333–334, 725. 

196 
HAMA, 334, 727.  

197 
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:
 199

 

 

Clime/parallel longest daylight 

(hours; 

minutes) 

passing through 

I 13 Meroe 

II 13;30 Syene 

III 14 Lower Egypt 

IV 14;30 Rhodes 

V 15 Hellespont 

VI 15;30 Mid-Pontus 

VII 16 Borysthenes 

Table 3 

 

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

associated with Babylonian arithmetical methods.
200

 

Ptolemy, in Alm. II.6 on general characteristics of the northern quarter of the Earth,
201

 

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. II.8, the 

rising times are given for 11 parallels with half-hour time intervals.
202

  

                                                             

199 
HAMA, 725. 

200 
Some 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. 

202 
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. II.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. VI.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.”
203

  

The geographical material in the Almagest is limited to general characteristics of the 33 

parallels discussed in Alm. II.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.”
204

 Ptolemy himself does not seem to 

have the same opinion and at the end of Alm. II.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.”
205

 Here, Ptolemy is referring to his later 

work, the Geography.
206

 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 

given place and the standard place.
207

 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). 

204
 Almagest, 82, fn. 20. 

205
 Almagest, 122, 130. 

206
 Original Greek title is “Γεωγραφικὴ ὑφήγησις,” meaning “guide to drawing a world map. See Berggren and 

Jones, Geography, 3–4; Sezgin, The contribution, 6. 

207
 Almagest, 130. 



75 
 

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 zījes 

and hayʾa 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.
208

 There is no particular mention of the 

seven climes in the Geography.  

Kh
w
ārazmī’s (fl. first decade of 3

rd
/9

th
 century) Ṣūrat al-arḍ starts immediately with the 

lists of names and geographical coordinates of principal cities of the seven iqlīms. 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 Suhrāb’s (2
nd

–3
rd

/9
th

–10
th

 centuries) al-Aqālīm 

al-sabʿa as well, which, has a rather thorough introduction, adapted from the introduction of 

Ptolemy’s Geography.
209

 Besides furnishing all kinds of corrections on the coordinates and 

measurements of the climes—as a direct result of Maʾmūnid 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 ¼ hours to the one with 15 ½ 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°. 

209
 For an English translation of this introduction, see E.S. Kennedy, “Suhrāb and the World-map of Maʾmūn,” 

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 hayʾa 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 zīj 

genre. Kitāb al-kharāj by Qudāma b. Jaʿfar (d. 337/948) contains the notion of seven climes, as 

used by Greeks, that is, seven parallels.  

Interestingly, hayʾa 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°.
210

 

Now the question is whether one can find the notion of parallels or climes in hayʾa works 

or not? The answer is yes. This notion is often present in hayʾa 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 hayʾa tradition is in Farghānī’s 

Jawāmiʿ.
211

 Farghānī in chapter 8 of the Jawāmiʿ, which is about the calculation of the area of 

                                                             

210
 See, for example Farghānī, Jawāmiʿ, 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 III, which deals with terrestrial realm. For the contents of Book III, see P. Martin, 

“L’Hexaméron de Jacques d’Edesse,” Journal Asiatique VIIIe sér. t. XI (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 Farghānī’s Jawāmiʿ 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, Farghānī 

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 mīl units.
212

 Since the final limit of each one of the climes I-VI is the same 

as the initial limit of the next clime, later hayʾa authors just mentioned the initial limit and 

middle line for each clime. Farghānī, 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.
213

 Later hayʾa authors combined the 

material of these two chapters and mentioned the names of important localities of each clime 

right after its technical description. 

 

Fig. 2 

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

                                                             

212
 Farghānī, Jawāmiʿ, 32–34 

213
 Farghānī, Jawāmiʿ, 35–39 

Hayʾa tradition 

7 Climes 

7 Climes 

Equator 

Greek tradition 
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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

  

Shīrāzī 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.”
215

 

In the last sentence above, Shīrāzī 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,” (thalāthata quṭūʿ duffiyya) and the two frigid sections as “the two timpani-

shaped sections” (qiṭʿatayn ṭabliyyatayn) (see figs. 3–5 below).
216

 We will discuss this further 

in the next chapter. 

                                                             

214
 Nihāya III.1[7e] 

215
 Nihāya III.1[7e] 

216
 Ibn Sīnā, Shifāʾ, Ṭabīʿiyyāt, al-maʿādin wa-al-āthār al-ʿilwiyya, ed. ʿAbd al-Ḥalīm Muntaṣir, Saʿīd Zāyid, 

and ʿAbd Allāh Ismāʿīl (Cairo: 1965) 26–27; Fakhr al-Dīn Rāzī, Sharḥ mushkilāt kitāb al-Qānūn, ed. Najafqulī 

Ḥabībī (Tehran: Kitābkhāna-yi Majlis Shūrā-yi Islāmī, 2018), 91. 
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Fig. 3 

 

 

 

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. III (New York: Harper, 1910), 393. Accessed January 6, 2019. 

https://babel.hathitrust.org/cgi/pt?id=uc1.31158001277093;view=1up;seq=52) 

 

South Pole 

North Pole 
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Fig. 5  

 

Shīrāzī 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 Kharaqī’s 

account in the Muntahá, Shīrāzī’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
th

 

clime in the Nihāya III.1[8g] is, to best of my knowledge, the only reference to this sea in the 

Frigid 

Frigid 

Torrid 

Tempearte 

Tempearte 

2 timpani- 

shaped  

sections 

3 tambourine-

shaped sections 
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known geographical sources of the pre-modern Islamic world.
217

 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.”
218

 

 

1.4.5 Temperate zone 

In the second chapter of Book III of the Nihāya, entitled “on the characteristics of the equator,” 

Shīrāzī 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 Sīnā, 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.
219

 That is why we find the discussion of the temperate zone in Ibn Sīnā’s Canon of 

Medicine in a chapter on the temperaments.  

                                                             

217
 This is where he says: “[the 7

th
 clime] then passes through [the region of] the Bulgarians, Russians and 

Slavs, and across the Sea of Germans and Slavs [Baḥr Alamān wa-al-Ṣaqāliba], 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 Nihāya, which was corrected by Shīrāzī himself, the name of this sea has been recorded as Baḥr 

al-Shām wa-al-Ṣaqāliba [Sea of Syria and Slavs], suggests that “Alamān” was not a widely-known name in the 

Arabic literature. So far, I could only find one other mention of Alamān in Muʿjam al-buldān where Yāqūt 

describes Rome (al-Rūmiyya) and says its king is the King of Germans (malik Alamān; see Yāqūt al-Ḥamawī, 

Muʿjam al-buldān, vol. 3 (Beirut: Dār Ṣādir, 1995), 100): 

 «و ملكها يقال له ملك أألمان... وهي اليوم بيد الأفرنج،»

218
 Nihāya III.1[8j] 

219
 F. Sanagustin, “Mizād̲j̲,” 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 Sīnā’s Canon and its commentaries, Shīrāzī 

tries to cover, as much as possible, different discussions related to the temperate zone question 

in his complex account in the Nihāya III.2[2–4]. Since, in his account, Shīrāzī brings up the 

arguments and counter arguments of various scholars such as Ibn Sīnā, Ṭūsī and Fakhr al-Dīn 

Rāzī, 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 Shīrāzī’s time. To 

provide such a history, we have consulted the Almagest; a text attributed to Thābit b. Qurra in 

the pseudo-Aristotelian Problemata tradition; Ibn Sīnā’s Shifāʾ and Canon of Medicine; Rāzī’s 

commentary on the Canon of Ibn Sīnā; and Ṭūsī’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 Sīnā mentions this division in a specific 

chapter of the first Book of the fifth section (on the mines and meteorology) of the Ṭabīʿiyyāt of 

the Shifāʾ. In this chapter, entitled fī aḥwāl al-maskūna wa-amzijat al-bilād (on the 

circumstances of the inhabited world and the temperament of the localities), Ibn Sīnā 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 

equator, like Sri Lanka.”
220

 Ibn Sīnā then argues that the equator is the most temperate zone.
221

 

Ibn Sīnā is not the first scholar to consider the equator temperate. Ptolemy in Alm. II.6, which is 

on the characteristics of different regions of the Earth parallel by parallel, where he discusses 

the equator, says:  

                                                             

220
 Ibn Sīnā, Shifāʾ, Ṭabīʿiyyāt, al-maʿādin wa-al-āthār al-ʿilwiyya, 27: 

نّ هاهنا بلّداً عروضها أأقلّ من الميل، والشمس تسامت الرؤوس فيها م» راراً، وهي عامرة. وقد وجدت بلّد تقرب فهذا قول قدماء المشائين، وليس التحقيق والوجود علی ما حكوه. فا 

 «من خطّ الاس تواء، بل قد دوّن الثقات أأحوال بلّد موضوعة في خطّ الاس تواء ومنها سرنديب.

 

221
 Ibn Sīnā, Shifāʾ, Ṭabīʿiyyāt, al-maʿādin wa-al-āthār al-ʿilwiyya, 27: 

 «والقياس يجوّز بل يوجب أأن تكون بقعة خطّ الاس تواء أأصلح المواضع للسكنی وأأولها بالعتدال.»
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“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 Sīnā’s argument about the equator being the most temperate zone, 

let us go back to Shīrāzī’s account. Shīrāzī 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.”
222

 He then points out that “there is disagreement on where the most temperate 

locality is.” After mentioning Ibn Sīnā’s position, Shīrāzī informs us that according to Fakhr al-

Dīn Rāzī the fourth clime is the most temperate zone. Before starting his analysis of these two 

arguments, Shīrāzī brings up an introduction, which had been originally put together by Rāzī in 

his commentary on Ibn Sīnā’s Canon of Medicine. One interesting point about this introduction 

is that it basically consists of the preliminaries used by Ibn Sīnā in favor of the equator being 

the most temperate, and Rāzī rephrased and rearranged them for his own argument. In the 

following tables (4–6) one can follow the rephrasings and rearrangements of Ibn Sīnā’s 

preliminaries by Rāzī and Shīrāzī. We could trace back some of these preliminaries to a treatise 

entitled Masāʾil qarībat al-maʾkhadh wa-jawābātuhā allafahā Thābit ibn Qurra al-Ḥarrānī wa-

jamaʿahā min aqāwīl Arisṭūṭālīs wa-ghayrihī. 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 Thābit’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 

Sīnā, Rāzī and Shīrāzī for their arguments; table 5 the limmī/propter quid proof of these 
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 Nihāya III.2[2a] 
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propositions; and table 6 their five innī/quia proofs. “Innī proofs” were meant to prove facts 

based upon observations and “limmī proofs” were meant to prove reasoned fact based on 

physical or metaphysical principles.
223

 

                                                             

223
 For a discussion of innī/limmī 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. 

 

Shīrāzī, Nihāya 

III.2[2a] 

 

Rāzī, Sharḥ mushkilāt 

kitāb al-Qānūn, 91–92 

 

Ibn Sīnā, al-Qānūn fī al-ṭibb, 

1:122  

Ibn Sīnā, Shifāʾ, 

Ṭabīʿiyyāt, al-maʿādin 

wa-al-āthār al-ʿilwiyya, 

28–29 

 

Thābit, f. 45b
224

 

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. 

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 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. 

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 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…  

هي أأنّ شدّة السخونة قد تكون لقوّة 

ن  المسخن وقد تكون لدوام ا سخانه وا 

 کان ضعيفاً. 

ن الشيء قد تكون  وهي أأنّ شدة تسخُّ

لقوّة المسخّن وقد تكون لدوام ا سخانه 

ن کان ضعيفاً.   وا 

وذلك أأن السبب السماوي المسخن هناك هو سبب 

واحد، هو مسامتة الشمس للرأأس، وهذه المسامتة 

نمّا تؤثر مداومة وحدها  ل تؤثر كثير أأثر، بل ا 

 المسامتة.

لكن ليس كّل ما یسخن الجوّ من 

نّها ل  نمّا هو بهذه المسامتة... فا  الشمس ا 

نمّا تؤثر بالمداومة.  تؤثر تأأثيراً كبيراً، وا 

... أأنّ الحرّ في الشيء الذي يحم  قد تكون قوّته 

لشدّة ا سخان الشيء المسخن له وقد تكون لدوام 

 انه أأیّام وطول لبثه في الحمي فا ن ]...[[ا سخ

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 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. 

 

                                                             

224
 Thābit, Masāʾil qarībat al-maʾkhadh wa-jawābātuhā allafahā Thābit ibn Qurra al-Ḥarrānī wa-jamaʿahā min aqāwīl Arisṭūṭālīs wa-ghayrihī, Microfilm 

no. 1559, University of Tehran, Yaḥyá Mahdawī’s collection. 
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والمؤثرّ الضعيف قد يصير أأثره أأقوى 

ذا کان زمانه أأكثر م ن زمان المؤثرّ ا 

 القوي. 

وقد يكون تأأثير القوي أأقلّ من تأأثير 

ذا کان الضعيف أأدوم.  الضعيف ا 
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Table 5: limmī/propter quid proof 

The limmī 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. 

Shīrāzī, Nihāya III.2[2a] Rāzī, Sharḥ mushkilāt kitāb al-Qānūn, 91–92 
(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. 

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. 

ليه في الزمان الثانّ أأثر أآخر ول شكّ أأنّ مجموع الأثرين ( هي أأنّ المؤثرّ في الزمان الأوّل يفيد أأثراً 1) وينضمّ ا 

ذا بقي ا لی الوقت الثانّ اش تدّ  (2أأقوى من أأثر واحد. ) أأو لأنّ المؤثرّ يفيد في الوقت الأوّل أأثراً فا 

 الاس تعداد، فكان الأثر أأقوى.

فاد أأثراً جديداً ومتّ کان ذلك السبب فهیي أأنّ السبب يفُيد في الوقت الأول أأثراً فا ذا بقي ا لی الوقت الثانّ أأ 

ومن وجه أآخر: وهو أأنّ السبب في الوقت  أأطول بقاءً کانت الآثار المجتمعة أأكثر؛ فلّ جرم کان الأثر أأقوی.

ذا أأفاد أأثراً انضمّ ذلك الأثر ا لی السبب، فصار المجموع مقتضياً لأثر أآخر؛ ول شكّ أأن تأأثير المجموع  الأول ا 

 ب وحده.أأقوی من تأأثير السب
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Table 6: innī/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. 

Shīrāzī, Nihāya 

III.2[2a] 

Rāzī, Sharḥ mushkilāt kitāb 

al-Qānūn, 91–92 
Ibn Sīnā, al-Qānūn fī al-ṭibb, 

1:122 
Ibn Sīnā, Shifāʾ, 

Ṭabīʿiyyāt, al-maʿādin 

wa-al-āthār al-

ʿilwiyya, 28–29 

Thābit, Risāla mā bāl, ff. 45b–

46a 

(1) The Sun’s heat 

being greater when it is 

in Leo, in spite of its 

being far from us, than 

its heat when it is in 

the summer solstice, 

despite its being close 

to us. 

(1) The heat produced by the 

Sun when it is in Cancer is 

weaker than its heat production 

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. 

(2) For this, the Sun’s heat when 

it is in the end of Cancer and 

beginning of Leo is less than [its 

heat] when it is in the maximum 

declination. 

Otherwise the heat 

would be greater when 

the Sun is in Cancer 

than when it is in Leo,
225

 

but this is not so. 

The weather is hotter in Tammūz 

when the Sun has started [its] 

depression and distancing from our 

zeniths, and [when] the daylight has 

been decreasing from its maximum 

length, compared to Ḥazirān when 

the Sun is in its maximum closeness 

to our zeniths and the day is in its 

maximum length. 

الأوّل زیادة حرّ الشمس عند كونها 

في الأسد مع بعدها عناّ عليه وهي في 

 المنقلب مع قربها مناّ. 

نها في السرطان الأوّل أأنّ تسخين الشمس عند كو 

أأضعف من تسخينها عند كونها في الأسد مع أأنّ 

قربها من سمت الرأأس حين ما تكون في السرطان 

لّ لأنّها حين ما تكون في الأسد  أأشدّ وما ذاك ا 

 تكون مدّة تسخينها أأطول.

آخر السرطان 2) ( ولهذا ما يكون الحرّ والشمس في أ

ذا کانت الشمس في غ وأأوائل الأسد أأشدّ  اية منه ا 

 الميل.

لّ لكان الحرّ والشمس في نقطة  وا 

السرطان أأشدّ منه وهي في نقطة 

 الأسد، وليس كذلك.

 

الجوّ في التموز، وقد أأخذت الشمس في الانحطاط والتباعد 

عن سمت رؤوس نا ونقص النهار عن منتهی  طوله، أأشدّ حرّاً 

منه في حزيران و الشمس في غاية قربها من سمت رؤوس نا 

 غاية طوله. والنهار في

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

(2) The Sun’s heat 

being greater when it is 

in Leo and Virgo than 

when it is in Taurus 

and Aries. 

(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. 

(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.  

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,
226

 but this is not 

the case. 

 

                                                             

225
 English translation from Lettinck, Aristotle’s Meteorology, 197. 

226
 English translation from Lettinck, Aristotle’s Meteorology, 197. 
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الثانّ زیادته عند كونها في الأسد 

 والسنبلة عليه وهي في الثور والحمل. 

الثانّ أأن الحرّ عند كون الشمس في الأسد 

والسنبلة أأقوی منه عند كونها في الجوزاء والثور مع 

لّ لما قلنا. يّان وما ذلك ا   أأن البعد من المسامتة س ِ

ذا انصرفت عن ر 3) أأس ( ولهذا تكون الشمس ا 

تسخيناً  السرطان ا لی حدّ ما هو دونه في الميل أأشدّ 

ذا کانت في مثل ذلك الحدّ  من الميل، ولم يبلغ  منها ا 

 بعد رأأس السرطان.

لّ لكان الحرّ والشمس في نقطة  وا 

الجوزاء مساویًا للحرّ وهي في نقطة 

الأسد، والحرّ وهي في نقطة الثور 

مساویًا للحرّ وهي في نقطة السنبلة، 

 الأمر كذلك. وليس

 

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. 

(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 after noon heat is 

greater than the before noon 

heat, even though 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. 

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. 

After noon, the weather is hotter than 

noon. 

الثالث زیادته بعد الزوال بساعتين 

عليه قبلّ بساعتين مع تساوي بعدها 

 عناّ في هاتين الصورتين. 

الرابع أأنّ الحرّ بعد الزوال أأشدّ منه قبل الزوال مع 

 أأنّ النس بة واحدة.

( ولهذا ما يكون الحرّ بعد الصلّة الوسط  أأشد 1)

 اء النهار.منه في وقت اس تو 

ولهذا ما تكون الحرارة بعد زوال 

الشمس في الصيف أأشدّ منها قبلّ، 

 .والنس بة واحدة

 ... أأنّ حرّ الجوّ بعد الزوال أأشدّ منه في ]وقت[[ الزوال.

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. 

(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. 

(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. 

 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. 

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. 

الرابع زیادة حرّ الجسم في نار ضعيفة 

 ساعة عليه وهو في نار قويةّ لحظة. 

ن الحديد في نار ليّنة مدّة طويلة  الثالث أأنّ تسخُّ

 لطيفة.أأشدّ من تسخّنه في نار قوية ساعة 

وهذا مثل النار التي تدخل بيتاً ما 

نمّا تؤثر  نّها ل تؤثر تأأثيراً كبيراً، وا  دفعة، فا 

 بالمداومة.

لو أأسخن الحديد مثلًّ في نار ليّنة مدّة صالحة لسخن أأكثر 

 من سخونته في نارٍ...

5. The cold in the early morning being greater than at midnight, even though the Sun is farther away at midnight. 

(5) The cold in the 

early morning being 

greater than at 

midnight, even though 

the Sun is farther away 

at midnight. 

(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.  

  … The cold in the early morning, 

when the Sun is about to rise, is more 

intense than at midnight, when the 

sunrise is later. 
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زیادة البرد في الأسحار عليه  الخامس

في نصف الليل مع أأنّ الشمس حينئذ 

 أأبعد. 

الخامس أأن البرد في الأسحار وهو قرب طلوع 

الشمس أأشدّ منه في نصف الليل مع أأنّها في ذلك 

 الوقت أأبعد من وتد السماء منها في وقت الصبح.

البرد في الأسحار وقد قرب طلوع الشمس، أأشدّ منه  ... أأنّ 

 في وقت نصف الليل وهو أأبعد.
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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 Shīrāzī, the limmī/propter quid proof is in favor of the first proposition while the 

innī/quia proofs 1, 4 and 5 in which we see the weak/strong influencing factor dichotomy, 

support the second proposition. Shīrāzī believes that innī/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 

Sīnā’s application of these two proofs in his Shifāʾ and Canon.  

Ibn Sīnā 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 Sīnā argues that neither the 

heat nor the cold becomes very extreme and it is always temperate at the equator.
227

  

Ibn Sīnā’s discussion of the temperate zone in the Kulliyyāt section of his Canon is more 

brief but very similar to the discussion in the Shifāʾ: 

“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 ʿaṣr 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.”
228

 

                                                             

227
 Ibn Sīnā, Shifāʾ, Ṭabīʿiyyāt, al-maʿādin wa-al-āthār al-ʿilwiyya, 29: 

نّ الشمس تبلغ المسامتة دفعة، لأنّ الميول هناك تكثر وتتفاوت تفاوتًا ل» لّ أأثر المسامتة والمغافصة، ثّم تبعد عن سمت الرؤوس بسرعة، ول تلحّ  وأأمّا فی خطّ الاس تواء، فا  يؤثرّ ا 

لی أأن يبعد الميل کلهّ،غير ملحّة ول لجوج، ويكون النهار مساویًا لليل فی الطول و القصر. ثّم ل  تعود ا لی سمت الرأأس عن قرب، بل ا لی نصف عليها،وتأأخذ كّل ساعة تزداد بعداً ا 

 «المسامتة خفيفة علی الجملة المذکورة. ثّم تأأخذ في البعد، فلّ یش تدّ الحرّ جدّاً، لما قلناه، ول یش تدّ أأيضاً البرد.الس نة. ثّم تكون 

228
 Ibn Sīnā, al-Qānūn fī al-ṭibb, 1:122: 
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With regard to Ibn Sīnā’s reasoning for the equator being the most temperate, Fakhr al-

Dīn Rāzī distinguishes two different aspects of temperateness: 1) a uniformity in climatic 

condition (tashābuh aḥwāl); and 2) general temperateness of the weather (iʿtidāl fī al-ḥarr wa-

al-bard).
229

 Rāzī 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.
230

 Still, Rāzī raises objections 

against Ibn Sīnā’s reasoning. Rāzī discusses this issue in a couple of other works. In his al-

Maṭālib al-ʿāliya min al-ʿilm al-ilāhī, Rāzī claims that the third and fourth climes are the most 

temperate with regard to temperament, due to their temperate weather.
231

 

In hayʾa works, Kharaqī simply states that the equator is extremely temperate with a brief 

reasoning similar to Ibn Sīnā’s main argument in the Shifāʾ that the Sun does not linger there 

long at the zenith. Ṭūsī briefly discusses both Ibn Sīnā and Rāzī’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.” Shīrāzī raises objections against 

both Ibn Sīnā and Rāzī, but at the end he seems satisfied with Ṭūsī’s judgement. 

 

  

                                                                                                                                                                                                  

المسخن هناك هو سبب واحد، هو مسامتة الشمس للرأأس،  ويجب أأن يصدق قول من يرى أأن البقعة التي تحت دائرة معدل النهار قريبة ا لی الاعتدال، وذلك أأن السبب السماوي»

نما تؤثر مداومة المسامتة. ولهذا ما يكون الحرّ بعد الصلّة الوسط  أأشد منه في وقت اس تو  آخر وهذه المسامتة وحدها ل تؤثر كثير أأثر، بل ا  اء النهار. ولهذا ما يكون الحرّ والشمس في أ

ذا کانت ذا کانت في  السرطان وأأوائل الأسد أأشد منه ا  ذا انصرفت عن رأأس السرطان ا لی حدّ ما هو دونه في الميل أأشدّ تسخيناً منها ا  الشمس في غاية الميل. ولهذا تكون الشمس ا 

نما تسامت فيها الشمس الرأأس أأیاماً قليلة، ثم بسرعة، لأن تزايد أأجزاء الميل عند تتباعد  مثل ذلك الحدّ من الميل، ولم يبلغ بعد رأأس السرطان. والبقعة المسامتة لخط الاس تواء، ا 

ن الشمس تبق  هناك في حين واحد متقارب مدة مديدة، العقدتين، أأعظم كثيراً من تزايدها عند المنقلبين، بل ربما لم يؤثر عند المنقلبين حركة أأیام ثلّثة وأأربعة وأأكثر أأثراً محسوساً، ثم  ا 

التي عروضها متقاربة للميل کله هي أأسخن البلّد، وبعدها ما يكون بعده عنه في الجانبين القطبيين مقاربًا لخمس عشرة درجة، ول فيمعن في ال سخان، فيجب أأن يعتقد من هذا أأن البلّد 

لی الشمالي أأكثر.عن هذا المدايكون الحرّ في خط الاس تواء بذلك المفرط الذي يوجبه المسامتة في قرب مدار رأأس السرطان في المعمورة، لكن البرد في البلّد المتباعدة   «ر ا 

229
 Rāzī, Sharḥ, 93. 

230
 Rāzī, Sharḥ, 95–96. 

231
 Fakhr al-Dīn Rāzī, al-Maṭālib al-ʿāliya min al-ʿilm al-ilāhī, ed. Aḥmad Ḥijāzī al-Saqqā (Beirut: Dār al-

Kutub al-ʿArabī, 1987), 338; see also Fakhr al-Dīn Rāzī, Asrār al-tanzīl wa-anwār al-taʾwīl, ed. ʿAbd al-Raḥmān 

ʿUmayra and ʿAbd al-Munʿim Faraj Darwīsh (Cairo: Dār Rikābī li-al-Nashr wa-al-Tawzīʿ, 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
th

 century that in some 

ways resembled the hayʾa 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 century.”
232

  

Sacrobosco composed the Sphere while he was teaching at the University of Paris. He 

was familiar with Farghānī’s Jawāmiʿ through its widely read Latin translations by John of 

Seville and Gerard of Cremona. Sacrobosco mentioned Farghānī’s name five times throughout 

the rather short text of the Sphere and referred to him by saying “dicit Alfraganus.”
233

 

References to Farghānī 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 Farghānī, and thus regarded Sacrobosco more as a 

“compiler.”
234

 Saccrobosco, like Farghānī and other hayʾa 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 Jawāmiʿ and became quite 

prevalent.
235

 

Compared to the Jawāmiʿ, the Sphere is even more condensed as Sacrobosco rearranged 

the contents of the Jawāmiʿ according to his pedagogical purposes.
236

 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 
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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 hayʾat al-arḍ 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, Farghānī and hayʾa 

scholars. Sacrobosco describes the Earth as “round” and the water as “approximately round” 

with a “bulge.”
237

 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.”
238

 This might be related to the 

difference between mustadīr and kuriyy, discussed in the previous chapter, and it seems that the 

rotundum (round) is the Latin equivalent of the Arabic mustadīr. 

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 
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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.
239

 

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,
240

 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.
241

  

Michael Scot, in his commentary on the Sphere, explains the contradiction between the 

Aristotelian 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 (niẓām al-kull) as Ibn Sīnā puts it, over the concentric order of the 

elements.
242

 According to both Ibn Sīnā 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.”
243

 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 
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emergence of land as the result of “a higher final cause providing living creatures with dry land 

to live on”
244

 Like Ibn Sīnā, Campanus relates this cause to Divine Providence.
245

 

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-rubʿ al-maskūn) of hayʾa 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.
246

 

Sacrobosco’s account of the division of the populated quarter into seven climes is very 

similar to that of Farghānī, 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 Farghānī’s values 

while disregarding the fact that these were calculated based on the Maʾmūnī 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.’
247

 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 
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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.”248 

As for the geographical details of climes, Sacrobosco does not follow Farghānī 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.
250

 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.
251

 

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 ½ 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 
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he sees the altitude of the pole at 27 ½ degrees and a quarter of one part, and so 

on continuously proceeding northward, he can know at what place on earth the 

climes begin.
253

 

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.
254

 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,
255

 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.”
256

 Then, 

referring to Farghānī, Sacrobosco adds “this is why Alfraganus says that for them summer and 

winter are of one and the same complexion.”
257

 Sacrobosco’s “of one and the same complexion 

(unius et eiusdem complexionis)
258

” is an equivalent of Farghānī’s “temperate in the sense of a 

uniformity in the conditions (muʿtadil fī al-mizāj).”
259

 Because of the importance of this 

paragraph in terms of the narration, we quote it here in full: 
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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…
260

 

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
261

 is nil because it is located on the equator.
262
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Robertus Angelicus then provides the reader with a nice summary of Ibn Sīnā’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 
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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.
263

 

Robertus then mentions counterarguments against Ibn Sīnā, 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.”
264

 

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 I say with Avicenna that there men are of a most 

temperate constitution.”
265

 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.
266

 

Reasons 2–4 are clearly from Ibn Sīnā and reason 5 is probably from the Shifāʾ where Ibn Sīnā 

argues that the sea can cool down the land next to it if the Sun rays are not intense.
267
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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.
268

 

What is most important about Robertus Angelicus’ discussions above is the 

strikingly similar delineation of the debate with Shīrāzī’s treatment of the issue in the 

Nihāya, which actually post-dates Robertus Angelicus’ commentary on the Sphere. We 
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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 hayʾat al-arḍ section of the Nihāya and 

presented, in table 1, a comparative analysis of the structure of the hayʾat al-arḍ sections of 

hayʾa works. A brief overview of our general definition of hayʾa and hayʾat al-arḍ, together 

with the contents of the aforementioned table, indicate that the following statements can be 

made regarding the hayʾat al-arḍ 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 hayʾat al-arḍ section of the 

Nihāya and comparison with similar material of other hayʾa 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 hayʾat al-arḍ 

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 hayʾat al-arḍ 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 Farghānī’s Jawāmiʿ and the standard account of the 

description of the seas in Battānī’s zīj. These two accounts were then transmitted to the masālik 

works and appeared together there. Starting from Gayhān-shinākht in the 5–6
th

/11–12
th

 

centuries, we see these two accounts presented together in hayʾa works. This means that, 

despite the reference to masālik works in later hayʾa works, these materials were probably first 

transmitted from astronomical works to masālik works. However, these two accounts of the 

climes and seas might have appeared ‘together’ in the masālik 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 hayʾat al-arḍ. 

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 hayʾat al-arḍ, 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 hayʾa authors. In the rather complex 

problem of the temperate zone, the influence of the Aristotelian Meteorologica tradition, the 

pseudo-Aristotelian Problemata tradition, Ibn Sīnā’s natural philosophy and medicine, and 

Fakhr al-Dīn Rāzī’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 hayʾat al-arḍ sections of later hayʾa 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 hayʾa 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 

hayʾat al-arḍ 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 hayʾat al-arḍ 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 
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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 hayʾa 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 hayʾat al-arḍ sections of hayʾa works, so that these 

sections could be identified as being similar. Such a dynamic concept of hayʾat al-arḍ 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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2.1 Editorial Procedures 

 

2.1.1 A history of the text 

We already mentioned that Shīrāzī revised the Nihāya several times and that parts of 

these revisions were done during the course of the composition of the Ikhtiyārāt, which was 

finished three months after the appearance of the first version of the Nihāya in mid Shaʿbān 

680/late November 1281. However, we know that revisions of the Nihāya continued after the 

completion of the Ikhtiyārāt on 9 Dhū al-Ḥijja 680/22–23 March 1282, since the latter was 

referred to in revised versions of the Nihāya. Since we know that Shīrāzī left Tabriz on 19 

Jumādá al-Ūlá 681/25–26 August 1282 for Egypt as a member of a diplomatic mission from the 

Ilkhan Aḥmad Tegüder to the Mamlūk Sulṭān of the time,
1
 his preliminary revisions of the 

Nihāya might have been done before his involvement in the mission, i.e., between mid Shaʿbān 

680/late November 1281, the date of composition of the first version of the Nihāya, and Rabīʿ al-

Thānī 681/ July 1282, considering the time Shīrāzī needed to arrive in Tabriz before his 

departure for Cairo on 19 Jumādá al-Ūlá 681/25–26 August. From one of the manuscripts of the 

Nihāya we know that Shīrazī 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). 

                                                           
1
 This mission was part of a series of measures taken by Aḥmad Tegüder right after his ascension to the throne in 

13 Rabīʿ al-Awwal 681/21–22 June 1282. He dispatched an army to Anatolia in 4 Rabīʿ al-Thānī 681/12–13 July 

1282 to safeguard its territory, especially from sporadic Mamlūk encroachments. He then decided to make peace 

with the Mamlūk Sulṭān, and dispatched his envoys to him. 
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Investigation of the earliest available manuscripts of the Nihāya, revealed that Shīrāzī 

was reading and discussing it with various scholars or his students in order to revise and improve 

the text. Shīrāzī was so committed to revising the Nihāya that he himself took care of it in 

several copies. To be clear, in most of the early manuscript witnesses of the Nihāya, the 

corrections and revisions were completely or partially done by Shīrāzī 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 Nihāya’s Book III, which is provided below. 

A thorough examination of the revisions of Book III 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 Nihāya each of which can be considered as representatives of 

various revision phases. Unfortunately, none of the extant manuscripts represents the first 

version of the Nihāya. Therefore, in order to understand what the very first version of the Nihāya 

looked like, we tried to produce a hypothetical first version of the Book III 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 III of the Nihāya and our historical analysis cannot be complete without a 

thorough examination of the rest of the text.  

2.1.2 Manuscripts of the Nihāya 

Despite its length, the Nihāya was being copied continuously from the appearance of its first 

version until the end of 14
th

/20
th

 century. So far, we could find the record of 49 witnesses of the 

Nihāya 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 Shīrāzī’s life time. These manuscript witnesses are: 

1. Berlin, Staatsbibliothek, MS Petermann I 674 

2. Istanbul, Topkapı Sarayı, MS Ahmed III 3336 

3. Istanbul, Köprülü, MS Fazıl Ahmed Paşa 957 
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4. Tehran, University of Tehran, MS 7070 

5. Istanbul, Süleymaniye, MS Laleli 2145 

6. Leiden, MS Or. 203 

7. Istanbul, Köprülü, MS Fazıl Ahmed Paşa 956 

8. Tabriz, Ḥusayn Nakhjavānī 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 Shīrāzī’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 Ikhtiyārāt (written in 9 Dhū al-Ḥijja 680/22–23 March 1282) in some versions 

of the Nihāya. In Book II, Chapter 8 of the Nihāya, where he discusses why the moon’s 

alignment point is not applicable to other planets, Shīrāzī refers the reader to the Ikhtiyārāt.
2
 

Thus, the completion of the Ikhtiyārāt occurred only after the completion of the first version of 

the Nihāya and while the latter was being revised. The existence of this reference to the 

Ikhtiyārāt in the manuscript witnesses of the Nihāya, whether within the body of the text or in 

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

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

II: 

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

note.  
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ذاةًفغیرًواردًلکونًالمحاذاةًنحوًالنقطةًالتيًبحس بهاًتتشابهًالحرکةًوفيًالتقریرًالذيًوأ ماًالذيًذکرًبحسبًاختلافًالمحا »

يماءًٌعلیًأ نهًغیرًواردًوهذاًأ یضا ًواضحًخفیًونزیدهًوضوحاً   «س بقًأ نفا ًفيًاتحادًالاختلافینًا 

The addition starts with the following phrase: 

لیهًفيًالمس تقبلًا ن» نًوقعًلناًالتفاتًا    «شاءًاللهًا 

In some manuscripts it is followed with the reference to the Ikhtiyārāt: 

کةًکرةًتتشابهًحرکةًمرکزهاًحولًنقطةًفبالضرورةًیحاذيًأ بدا ًقطرًمنًأ قطارًالکرةًالمتحرً ًکً ًوسببهًالحقیقيًالتشابهًل نً »

ًأ وًلم ًلمدارًمرکزها ًفيًتلکًالنقطةًسواءًکانتًتلکًالنقطةًمرکزا  فعلیکًًالاختیاراتًالمظفری ةًیکنًوقدًبی تتههًمفللا 

نًأ ردتًالاطلاعًعلیه لیهًا   «بالالتفاتًا 

Our oldest manuscript, MS Petermann I 674, Staatsbibliothek, Berlin (hereafter MS B), 

was copied by two copyists: an anonymous copyist (hereafter copyist x) and Shīrāzī himself. 

Chapter 8 of Book II of this manuscripts is entirely in Shīrāzī’s hand and on folio 84b, where in 

later manuscripts of the Nihāya the aforementioned reference to the Ikhtiyārāt has been added in 

the margin or exists within the text, there is a marginal note in Shīrāzī’s hand that only contains 

the first phrase (“in waqaʿa lanā iltifāt ilayhi fī al-mustaqbal in shāʾa Allāh”), and not the 

additional phrase (starting with “wa-sababuhū al-ḥaqīqī…”) where the Ikhtiyārāt is mentioned. 

This most likely indicates that this marginal note, which lacks the reference to the Ikhtiyārāt, 

must have been added to MS B before the composition of the Ikhtiyārāt. Therefore we can 

reasonably claim that the parts of MS B that are in Shīrāzī’s hand were copied between mid 

Shaʿbān 680/late November1281, the date of composition of the first version of the Nihāya, and 

9 Dhū al-Ḥijja 680/late March 1282, the date of composition of the Ikhtiyārāt.  

The next oldest MS Köprülü-957 (hereafter MS K), copied in 681, has the 

abovementioned reference to the Ikhtiyārāt in the margin on folio 72a in Shīrāzī’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 K and MS T, as it 

has the first part within its text but the part with the reference to the Ikhtiyārāt 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)
3
; and MS Tabriz-56 (f. 89a).  

Now that we have reviewed the manuscript evidence in order to ascertain the different 

phases of the Nihāya’s revisions, we are able to choose MSs B, K, L and R for establishing the 

edition of the Book III. 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 Jalāl al-Dīn Dawānī (d. 1502 CE) and Ghiyāth 

al-Dīn Manṣūr Dashtakī (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 III. Obviously, an edition of the entire Nihāya, taking into account 

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

The comparison of MSs B, K, L and R with our hypothetical first version of Book III of 

the Nihāya 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 Shīrāzī’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. 

  

                                                           
3
 Our images are produced from the microfilm 2278 of Jaber al-Ahmad Central Library, Kuwait University 

(http://library1.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, Jalāl al-Dīn Dawānī and Ghiyāth al-Dīn Manṣūr Dashtakī. 
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1. Preliminary phase (15 Shaʿbān–Dhū al-Qaʿda 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 

2 and 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 III. 

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 Shīrāzī. 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 Shīrāzī 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 Shīrāzī’s original manuscript and read to him. Therefore, it is safe to claim that 

Shīrāzī was content with its text and it can be considered a good representative of the final 

version of the Nihāya. Furthermore, we can assume that this is the Nihāya 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 ‡ 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 III. 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 III, except these post-final revisions. 

Given that Book III of the Nihāya contains almost 75% of Book III of the Tadhkira, we 

decided to distinguish the transmitted text of the Tadhkira within our critical edition of the Book 

III of the Nihāya using bold font. 

2.1.4 Technical Description of the Manuscripts Used for the Critical Edition 

MS B (ب): Berlin, Staatsbibliothek, Petermann I 674 

This manuscript is not dated but contains the oldest extant parts of the Nihāya in Shīrāzī’s hand. 

Most likely these parts were copied sometime between 15 Shaʿbān of 680 and 9 Dhū al-Ḥijja 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 Shīrāzī’s other important astronomical work, al-

Tuḥfat al-shāhiyya (see appendix 2).
4
 There are also revised parts added to MS K in copyist x’s 

hand. In Book III of MS B, Chapters 1–9 are in Shīrāzī’s hand and contain the first and second 

series of revisions in the margin, also in Shīrāzī’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. 

                                                           
4
 Paris, Bibliothèque 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-Dīn Ibrāhīm 

b. Muḥammad al-Ījī
5
 that says he read this manuscript of the Nihāya in the presence of Burhān 

al-Dīn al-ʿIbrī
6
 (d. 743/1343).

7
 This study must have taken place during Shīrāzī’s lifetime, as the 

manuscript’s title, which has been written in the same hand and ink, states:
8
 

 

 شیرازيًادامًاللهًظلالًجلالهرسالةًالهیئةًمنًكلامًمولاناًقطبًالدینً

A treatise on hayʾa consisting of the speech of our master, Quṭb al-Dīn Shīrāzī, 

may God prolong the shadows of his glory  

 

The prayer “adāma Allāh ẓilāl jalālih” (may God prolong the shadows of his glory) 

implies Shīrāzī was alive at the time. 

 

Incipit: 

ًانعمتًَفزد حيمًرب  حمنًالرَّ ًبسمًاللهًالرَّ

قدوةًالمحققینًسلطانًالعلماًفیًالعالمینًحجةً ناًافضلًالوریًعلامةًالعالمًس یدًفضلاءًبنيًأ دمذقالًمولاناًواس تا

                                                           
5
 According to Ziriklī (1: 29), Majd al-Dīn Ibrāhīm b. Muḥammad al-Ījī was a theologian from Īj who wrote a 

commentary on Ṭawāliʿ al-anwār of ʿAbd Allāh al-Bayḍāwī (d. ca. 685/1286). 

6
 For Burhān al-Dīn al-ʿIbrī’s biography and Shīrāzī’s certificate to him, see Gacek, Adam, “The Osler Codex of 

Nasīr al-Dīn al-Ṭūsī’s Commentary on Avicenna’s al-Ishārāt wa-al-tanbīhāt,” Journal of Islamic Manuscripts 1 

(2010) pp. 3-17; and Reza Pourjavady and Sabine Schmidtke, “Qutb al-Dīn al-Shīrāzī (d.710/1311) as a teacher: an 

analysis of his ijāzāt”, Journal Asiatique (2009): 297: 21–23.  

7
 The note says: 

ً«[ًابراهيمًبنًمحمدًالايجيین الدبرًمولاناًمعظمًافضلًالمحققینًبرهانًالحقًوًالدینًخواندهًشدًوًچهاردهًورقًماندًمجد]»

8
 Here I transcribe what is in the witnesses, without editing or following modern Arabic orthographic 

conventions. 
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الانامًملكًالقضاةًوالحكامًقطبًالملةًوالحقًوالدینًمحمودًبنًمسعودًالحقًعلیًالخلقًاجمعینًمفخرًافاضلً

 الشیرازيًادامًاللهًظلالًجلالهًومتعًاللهًالمسلمینًبفضلهًوافضالهًاماًبعد...

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, Maḥmūd b. 

Masʿūd al-Shīrāzī—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: 

فلنختمًالكتابًحامدینًللهًتعالیًعلیًال یةًالعظامًونعمائهًالجسامًومللینًعلیًزبدةًاللیاليًوال يامًمحمدًخیرًالانامً

رةًالكرامًملابیحًالظلامًومفاتیحًالكلام  وعلیًالهًالبَََ

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, 

Muḥammad, 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 (ك): Istanbul, Köprülü, MS 957 

This manuscript was copied in 681. There is a note on its title page in Shīrāzī’s hand that 

certifies a certain Muḥammad Jājarmī has studied it with him. It contains revisions in the hand of 

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

مامًالفاضلًقدوةًال ماثلً]...ًالـ[ـعلماءًملكًالحكماءًشرفًالمدرسینًمحمدًبنًمحمدًبنً بحثًمعيًهذاًالكتابًالا 

طلعًعلیًدقائقًهذاًالكتابًومقاصدهًوكتبً]...[ًمؤلفًالكتابًأ حوجًامحمدًالجاجرميًدامًفضلهًو]...[ًبحیثً

لیهًمحمودًبنًمسعودًالشیراز]يًختمًاللهًلهًبـ[ـالحس نیًوذلكًفيًشهرًاللهًال صمًال صبًرجبًس نةًخلقًاللهً ا 

]...[ 

The eminent Imām, the model of the models, [… of the] scholars, the king of 

the philosophers, the honor of the teachers, Muḥammad b. Muḥammad b. 

Muḥammad al-Jājarmī—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, Maḥmūd b. Masʿūd al-

Shīrāz[ī—may God make his end be] good—wrote […], and this occurred in 

the sacred and blessed month of God, Rajab, of the year […] 

 

Incipit: 

ًاَنعْمتًَفزَِدًْ حيمًرَب  حمنًالر  ًبِسمًاللهًالر 

اًبعَدَ... نَیًأ مَّ ًبالحهس ْ ًلَهه ًخَتَمًاللهه یَرازيُّ ودًٍالش  ًبنًمَسْعه لیهًمحمهوده ًخلقًاللهًا   یقَهولًاحوجه

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, Maḥmūd b. Masʿūd al-Shīrāzī—may God 

make his end be good—states… 

 

Colophon: 

ًللهًاولا ًوأ خراً وَفهرغًمنًكتابتهًیوَمًَالاربعاًعشرینً نةًاحدیًوثمانیَنًوَس تمائةًٍهجریةًوَالْحمده  جمادیًال ولیًس َ
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Its copying finished on Wedenesday 20
th

 of Jumādá al-Ūlá of the Hijrī year 

681—praise be solely to God. 

 

MS R (ر): Istanbul, Köprülü, MS 956 

The scribal colophon has been changed for an unknown reason. According to this newly 

rewritten colophon, the manuscript was copied from Shīrāzī’s original copy while being read to 

him. The copy date is the beginning of Muḥarram 683. There is also a collation note next to the 

colophon in the copyist’s hand that indicates the collation of the manuscript with Shīrāzī’s copy 

and that it was read to him, completed in 10 Shawwāl 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: 

ًسهلًوتم مًبالخیر حيمًرب  حمنًالر  ًبسمًاللهًالر 

قالًمولاناًواس تاذناًافضلًالوریًعلامةًالعالمً]س یدًفضلاءًبنيًأ دم:ًشا[ًقدوةًالمحققینًسلطانًالعلماًفیًالعالمینً

افاضلًالانامًمالكًالقضاةًوالحكامًقطبًالملةًوالحقًوالدینًمحمودًبنًمسعودًحجةًالحقًعلیًالخلقًاجمعینًمفخرً

 الشیرازيًادامًاللهًظلالًجلالهًومتعًاللهًالمسلمینًبطولًبقائهًاماًبعد...

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, 

Maḥmūd b. Masʿūd al-Shīrāzī—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: 

ًادَامًاللهًظلالًجَلالهًمنًتأ لیفهًلیلةًالنلفًمنًشعبانًس نةًثمانینًوس تمائةًوالكاتبً/احسَنًاللهً فرغًالمهلَن فه

مًس نةًثلثًوثمانینً خاتمةًاحوالهًمنًكتبهًلنفسهًنقلا ًمنًنسخةًالاصلًللملن فًومنًقرائتهًعلیهًفيًاوائلًمحر 

 هجری ةًبمدینةًس یواسًفيًالمدرسةًاللاحبیةًالشمس یة/ًوس تمائة

The author—may God prolong the shadows of his glory—completed its 

composition during the night of mid-Shaʿbān, 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 Muḥarram of the 

Hijrī year 683 in the city of Sīwās in the madrasa al-Ṣāḥibiyya al-Shamsiyya/. 

 

Collation note: 

وقعًالفراغًمنًالعراضًوالمقابلةًمعًالملنفًادامًاللهًظلهًبتسختهًوقرائتهًفيًعاشرًشوالًس نةًثلثًوثمانینًوقدً

 وس تمائةًهجریة

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
th

 of Shawwāl of the Hijrī year 683. 

 

MS L (ل): Istanbul, Süleymaniye, Laleli, MS 2145 

Copied by Muḥammad b. al-Shyakh Khalīl al-Sīwāsī, 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 Shīrāzī and all marginal revisions and in-text corrections are by Shīrāzī 

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 Nihāya since it was 

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

 

Note (on title page): 

انًاباًنصرًسعیدًبنًً[...]ًسعیدًسعدًانلاريًاخبَناًالش یخًابو[ً...]ًوجدتًمكتوبا ًعلیًظهر

خدر] [ًالاستراباذيًاخبَهمًاخبَناًابوًعبدًاللهًبنًاحمدًالقاضيًاخبَناًابوالفرجًمحمدًبنًاحمدً

ًبنًابيًطالبًٍرضيًاللهًعنهًً[...]ًبنًاحمدًبنًعليًبنًسلام ًالیًعلي  كنتًمعًً[...]مستندا 

ًفقراء ًان ًیذكر ًوکان ًفيًمسجد ًوسلم ًصلیًاللهًعلیه ً]الله[ ًقبلًًرسول ًالجنة اهمَّتيًیدخلون

ًالاغنیاًبنلفًیومًالقیامةًوهوًخمسمائةًعامًٍثمًقالًأ فیكمًمنًیتشدناًفقالًواحدًمنهم:ً

ًراقًًًًٍكبديًًالهویًًًحیَّةًًلسَْعَتًًًقد ًولا ًلها ًطبيب  فلا

ًوترياقيًًًبهًًشغفتًًًالذيًًًالحبيبًًًا لا قیتي ًره  فعنده

معهًحتیًسقطًردائهًعنًمنكبیهًوأ ویًکًواحدًفتواجدًرسولًاللهًصلعمًوتواجدًالاصحابً

ً لیًمكانهًقالًمعویةًماًأ حسنًلعبكمًفقالًرسولًاللهًصلعمًياًمعویةًليسًبكريمًمنًلمًيهتز  منهمًا 

ًرسولًاللهًصل ًرداء ًفقهطع ماع ًالسَّ ًوًعند ًبينهم ًواقسم ًقطعة ًباربعمائة بینًسائرهمًصدقًاللهًعم

وصدقتًرسولًالله
9

 

I found this written on the back of …: Al-Shaykh Abū Saʿīd Saʿd Anṣārī… has 

related to us that Abū Naṣr Saʿīd b. Khidr [?] al-Astarābādhī told them that 

                                                           
9
 Probably Shīrāzī is quoting from Suhrawardī’s ʿAwārif al-maʿārif, although their isnāds are different. 

However, this hadith was used by Ṣūfīs as a witness for permissibility of Samāʿ, in general. 
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Abū ʿAbd Allāh b. Aḥmad al-Qāḍī has related to us that Abū al-Faraj 

Muḥammad b. Aḥmad b. Aḥmad b. ʿAlī b. Sallām… on the authority of ʿAlī b. 

Abī Ṭālib—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 I 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. Muʿāwiya said: “How fun is your diversion!” The Messenger of 

God—may God bless him and give him peace—said: “O Muʿāwiya! 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.” 

 

Incipit: 

حِيمً حْمَنًِالرَّ ًثقتيًبالِلهًتعالیبِسمًاللهًالرَّ

نیًاماًبعد... لیهًِمحمودًبنًمسعودًالشیرازيًختمًاللهًلهًبالحهس ْ  یقولًأ حوجًخَلقًاِللهًا 

In the name of God the Beneficent, the Merciful 

In God, the Almighty, is my trust 

The neediest of God’s creation, Maḥmūd b. Masʿūd al-Shīrāzī—may God 
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make his end be good—states… 

 

Colophon: 

فرغًمنًتعلیقًهذاًالكتابًاحوجًخلقًاللهًالیًرحمةًربهًالجلیلًمحمدًبنًالش یخًخلیلًالس یواسيًغفرًاللهًلهً

 ولجمیعًالمسلمینًوالحمدًللهًوحدهًوصلیًاللهًعلیًنبیهًمحمدًوأ لهًالطیبینًالطاهرینًوسلمًتسليم ً

The neediest of God’s creation to his Lord’s majestical mercy, Muḥammad b. 

al-Shaykh Khalīl al-Sīwāsī—may God forgive him and all Muslims. Praise be 

to God and may God bless His Prophet, Muḥammad, 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 ي follows the rules used by printers in Syria and Lebanon. 

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

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 

 Berlin, Staatsbibliothek, MS Petermann I 674 (B) ب

 Istanbul, Köprülü, MS Fazıl Ahmed Paşa 956 (R) ر

 Istanbul, Köprülü, MS Fazıl Ahmed Paşa 957 (K) ك

 Istanbul, Süleymaniye, MS Laleli 2145 (L) ل

 (under the line in) تحتًالسطرًفي  تا

 (crossed out in) مشطوبًفي  شا

 (.smudged, unreadable, etc) مطموس،ًغیرًمقروء،ًا لخ  طا

 (above the line in) فوقًالسطر  فا

  (in the margin in) فيًالهامش  ها
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2.2 Arabic Edition of Book III of the Nihāya 
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ًالمقالةًالثالثة

لیًالعامرًوالغامرًًفيًهیئةًال رض ًونحوهًوماًیلزمهاًبحسبًاختلافًأ وضاعًالعلوياتوقسمتهاًا 

 ثةًعشرًباباً وهيًأ یضا ًثلا

ً

 لًفيًجملةًمنًهیئةًال رضًوأ حوالهاًالبابًال وً 

ً  الاس تواءًًخط ًالبابًالثانيًفيًخواص 

ً ىًبال فاقًالمائلةًوفيًسعةًالمشرقًوالمغربًوتعدیلًيًوتسمً المواضعًالتيًلهاًعرضًعلیًوجهًك ًًالبابًالثالثًفيًخواص 

 النهارً

ً  يًالمواضعًالتيًعرضهاًلاًيجاوزًتمامًالمیلًالك ًًالبابًالرابعًفيًخواص 

ً  الدورًیبلغًربعًيًولاًالمواضعًالتيًيجاوزًعرضهاًعنًتمامًالمیلًالك ًًالبابًالخامسًفيًخواص 

ً ًالمواضعًالتيًیكونًعرضًًالبابًالسادسًفيًخواص   هاًربعا ًمنًالدورًسواء 

 البابًالسابعًفيًمطالعًالبَوجً

 مًبلیالهااًالبابًالثامنًفيًمقادیرًال ياً 

 البابًالتاسعًفيًاللبحًوالشفقً

قًبهاًمنًالكبيسةًمًوهيًالشهورًوالس نونًوماًیتعل ًبًمنًال ياً مًوهيًالساعاتًوماًیترك ًالبابًالعاشرًفيًمعرفةًأ جزاءًال ياً 

 والتأ ريخً

ًالكواكبًبنلفًالنهارًوطلوعهاًوغروبهاًًالباب  الحاديًعشرًفيًدرجاتًممر 

 البابًالثانيًعشرًفيًال ظلالًوأ حوالهاً

 الزوالًأ یضا ًوفيًسمتًالقبلةًًىًخط نلفًالنهارًويسمً ًالبابًالثالثًعشرًفيًمعرفةًخط 

ً  
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ًلال وً البابً

 منًهیئةًال رضًوأ حوالهاًـةفيًجملـ

ًالسطحًالظاهرًمنًال رضًمس تدیرًوقدًس بقًفيًصدرًالمقالةً[1ً] معهوًوًً،موازًٍلمقعرًالفلكالثانیةًأ ن 
1
السطحًً

ًالواقفًعلهااً،الظاهرًمنًالماءًبمنزلةًسطحًكرة أ سهًا لیًماًیليًالمحیطًوهوًالفوقًورجلهًا لیًماًیليًموضعًکانًرًفيًأ يً ًوأ ن 

ًوقتًجزءا ًأ خرًمنً.المركزًوهوًالتحت ولوًکانًالسیرًعلیًً.المحیطًوالسائرًعلیًال رضًيجبًأ نًیلیرًسمتًرأ سهًفيًک 

قًثلاً،ممكناً والماءًًال رضالسطحًالظاهرًمنًجمیعً فسارًأ حدهمًنحوًالمغربًوالثانيًنحوًً،ثةًأ شخاصًعنًموضعثم ًفرضًتفر 

ًدارًالسائرانًدوراً  لیًالغربًًورجعًالسائرًـــــًتاماً ًالمشرقًوأ قامًالثالثًحتی  لیهًمنًالشرقًوالسائرا  لیهًًا  لیًالشرقًا  منًا 

ًًالغرب وهاًجمیعاً نقصًمنًال ياً ـــــ زمانًیومًولیلةًللمغربيًأ كثرًمنهًًل نً واحدًـمشرقيًواحدًوزادًللــمغربيًللـًمًالتيًعد 

ًماًبینًنلفيًً.وللمقيمًأ كثرًمنهًللمشرقيًبقدرًحركتهً،للمقيمًبقدرًحركته ً،النهارینًللمغربيًأ كثرًمنهًللمقيمًبقدرًحركتهل ن 

ًللمشرقيًبقدرًحركته ،وللمقيمًأ كثرًمنه
2
ًموً ً ًبلیلته ًیكونًیوما  ًال ياً وتلكًالزياداتًفيًدور ًعلیًجمیع فینقصًمنًً،مزعا 

الس نةمًهلًيجوزًأ نًيختلفًعددًأ ياً ً:ویهقالً،اًيهسأ لًعنهوهذاًأ یضا ًممً ً.حسابًالمغربيًیومًویزیدًللمشرقيًیوم
3
الشمس یةًً

لیًثلا ًً،ثةًأ شخصبالتس بةًا  لیًأ حدهمًثلاحتی  ًوربعًیومثمائةًوخمسةًوس ت ًًیكونًبالتس بةًا  لیًالثانيًً،کالمقيمًمثلاً ،ًینًیوما  وا 

لیًالثالثًثلاً،کالمغربي،ًینًوربعًیومثمائةًوأ ربعةًوس ت ًثلا أ وًهلًيجوزًأ نًیكونً کالمشرقي،ًینًیوما ًوربعةًوس ت ًثمائةًوس ت ًوا 
4
ً

ً ًکالمقيمً،ًبالتس بةًا لیًشخصًالجمعةیومًمعین  لیًأ خرًالخميسً،مثلا  لیً،کالمغربيً،وا  أ وًهلًيجوزًً کالمشرقيً،ثالثًالسبتًوا 

دً  ًأ شخاصًأ ياً ًأ نًیعَه ًثلاثة ًمعین  ًمنًمبدأ  لیًمنتًهما  ًًییًا  ًأ ياً ً،معین  ً وللثالثًخمسةً،ول خرًثلاثةً،مفیكونًل حدهمًأ ربعة

مانًالدورًفيًمقدارًس نةًشمس یةًفرضًحركتهماًبحیثًیت ًتلًيجبًأ نًفيًالجوابًال وً ًولاًيخفیًأ نً ً.س تغربويهًفیهجابًبالجوازً
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فيًجوابًًفالواجبًالعامً ً.منهماًبكً ًهًیلحً وفيًالثانيًلاًيجبًشيءًمنهماًل ن ًً،ممانهًفيًأ ربعةًأ ياً وفيًالثالثًبحیثًیت ًً،للمقيم

ًأ نًیت ً ًذكرناًأ ن هًلوًفرضًحركتهماًمساویةًللحركةًًولا/ً.المقيمماًالدورًفيًمقدارًزمانًحس بهًالجمیع يخفىًبعدًالا حاطةًبما

ً ةماًالدورًیت ًالشرقیةًحتی 
5
وللمشرقيً،بلیلتهًکانًالزمانًالذيًمنًالافتراقًا لیًالاجتماعًللمقيمًیوماً ً،فيًمقدارًیومًبلیلتهً

6
ً

ًً،فقًفیهًالافتراقوللمغربيًالوقتًالذيًات ًً،ینیوم تًلوًکانحتی 
7
ذًالشمسًلاًً لیًالمقيمًا  لیًأ نًیللًا  وقتًالطلوعًکانًفیهًا 

ذًبمقدارًماًیتحرً  لیًالمترتفعًعنًأ فقهًا  غربكًالمغربيًا 
8
ًًكًالشمسًنحوهًأ یضاً تتحرً ً ًالوضعفلهذاًلاًیتغیر 

9
المفروضًبينهماًوكذاًً

وضعًفرضًبينهماًوهذاًأ عنيًكونًالشمسًعلیًأ فقًالشرقًلشخصًًٍأ يً 
10
لیًال بدًمقدارًیومًبلیلتهًبلًشًً ًأ وًس نةًأ وًا  هرا 

وأً كًهكذاًأ بدا ًغریبًأ یضا ًلوًتحرً 
11
قدركمًلاس تلزامهًكونًمقدارًیومینًعندًالمشرقيًاًتقدً أ غربًممً ً

12
عندًالمغربيًوهوًًأ نًًٍ

./ظاهر
 iً٭ً

ًال رضًتنقسمًبخطً [2ً] ذاًعرفتًذلكًفاعلمًأ ن  ًأ عنيًبالدائرةًالعظيمةًالحادثةًعلیًبس یطًال رضًـــــًًالاس تواءًوا 

ن ًًـــًلًالنهارًالعالمًقطعًسطحًمعدً منًتوهمً  نهااًالاس تواءًلاس تواءًاللیلًوالنهارًعندًسكاً ًماًسم یتًخط بنلفینًشماليًوجنوبيًوا 

لیًنلفینً.أ بداً  ةًبقطبيًال ولیًا  ./فوقًوأ سفل/ًوبعظيمةًأ خرىًعلیًبس یطهاًمار 
†ًii

أ حدًالشمالیینًً.ال رضًبهماًأ رباعاً سمًفتنقًً

ًً؛غیرًمعلومةًال حوالًوالباقیةً،هوًالربعًالمسكون ا ًغامرةًفيلاًأ نها  ا م  اًغیرًمعلومةًال حوالالبحرًًا  م  ًً،غیرًمسكونةًوا  ل ن 

ًفاسد ًفيًالماءً،التقس يم ًغامرة ا ًأ نها  ًقیلً،ولا ًك ًً،علیًما ًأ ن  لی ًا  ًمنهم ًفيًًیاتًالعناصرًلاملیرا  ًمتعادلة ًتكون ن ًوا  بد 

ًبال رباعً،الحجمیة ًرأ یناًلهمًفيًتقریرًهذهًالمقدً ً.یةًال رضبكثیرًمنًك ًًثةًلكانًأ قلً الثلاًولوًلمًیكنًالماءًمحیطا  ًما مةًل نا 

                                                           
i
ً[ًهاب،ًهاكظاهرًوهوًيخفى...ًولاً 

ii
ًفوقًوأ سفل[ًهاب،ًهاك،ًهالً 
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ًعنًحجً ً،ش بهة ًوبينهمًمنًً.ةفضلا  ًبیتنا لیناًخبَهمًلما فعلیًهذاًیحتلًأ نًیكونًفيًال رباعًالباقیةًعماراتًكثیرةًلمًیللًا 

ذاًتوهً ً.البحارًالمغرقةًوالجبالًالشاهقة ًا  ةًبأ قطابًال ولیً تًعظيمةًثالثةًثم  فتًالربعًالمسكونًً،ینعلیًبس یطًال رضًمار  نل 

/فيًالنلفًالفوقاني/ًوال ولیونقطةًالتقاطعًبینًالثالثةًً،ا لیًشرقيًوغربي
†ًiii

ً.ىًقب ةًال رضًوقب ةًأ رینًووسطًال رضتسمً ً

لاًً،وللثانیةًأ فقهماً،ةًووسطًال رضویهقالًللدائرةًالثالثةًنلفًنهاارًالقب ًً.منًتقاطعيًالثانیةًوال ولیًربعًالدورًةًوکً وبینًالقب ً

ًأ فقًخط ً.ماًفيًسطحهمابلًل نهاً ً،ماًهمال نهاً  اًفيًسطحًأ فقهً،وهوً،الاس تواءًویهقالًللثانیةًأ یضا  ًمنًحیثًأ نها  نًصح  هًلكن ًً،وا 

ًأ فقًخط ً،ینلاًیحسنًحسنًال ولیً  ماًلاًً،یوجدًدونهااأ يًً،منًالثانیةًالاس تواءًأ عً ًل ن  نها  بخلافًنلفًنهاارًالقب ةًوأ فقهاًفا 

ًوالثانیة ًالثالثة ًا لیًالقطبینًً.توجدانًدون ًوعرضا  ًالنهار ل ًمعد  ًبحسبًتجزئة ًتجزئةًسطحًال رضًطولا  ًأ نًیتوهم  ویتبغي

ًلتك نًامتیازً.بحسبًتجزئةًدوائرًالمیول ًبعینها ًللمداراتًالیومیة ًمداراتًمحاذیة ًعلیه وتتوهم 
13
ً.بعضًالمواضعًعنًبعضً

رًالمسافاتًوالمقادیرًكماًعلیًالفلك  .وتهقد 

ًالمعمورًربعًل ن ه[3ً] كمًبأ ن  ن ماًحه جدًًوا  مًوه ساعاتًالواغلینًفيًالمشرقًًفيفيًأ رصادًالحوادثًالفلكیةًکالخسوفاتًتقد 

لمًمنهًً.ولمًیوجدًأ كثرًمنهاً،اثتتيًعشرةًساعةــبًعلیًساعاتًالواغلینًفيًالمغرب ًطولًالمسكونًلاًیزیدًعلیًنلفًفعه أ ن 

ًساعةًخمسةًعشرًجزءاً ً،دورًالفلك ًک  ن ًً.أ عنيًنلفًدورًال رضًوهوًمائةًوثمانونًجزءا ًل ن  ًلا ًبطلمیوسًأ وً ًًحكمماوا  بأ ن 

ًالربعًشماليًل ن هً ًأ ن  ،فيًجمیعًالمسكونةًتقعًنحوًالشمالًالاعتدالینًأ نلافًنهااريسًفيًیًالمقاًأ ظلالثبتًعنده
14
ولاًیقعًً

ذًلمًیكنًمقدارًعرضًالمعمورً،المجسطيًوهذاًرأ یهًعندماًصن فً.نحوًالجنوبًشيءًمنها ا 
15
ًعندهًحینئذً ًبعدًً.معلوما  ثم 

ًبالعماراتًالتيًوراءًخط  لیًس ت ًًذلكًأ حاطًعلما  ًوربعًوسدسالاس تواءًمنًجهةًالجنوبًا  فقالًفيًكتابهًً.ةًعشرًجزءا 

                                                           
iii
ًفيًالنلفًالفوقاني[ًهاب،ًهاك،ًهالً 
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ًب ًالقطبًالجنوبيًس ت ًًجَغْرافیاـالموسوم ًارتفاع ًالجنوبًحیثًیكون ًمنًجهة ًعرضًالمعمورة ل ًأ و  ًوربعًأ ن  ًعشرًجزءا  ة

اًجنوبیةوهيًً،وسدس كيًأ نها  وأ خرهًفيًالشمالًحیثًیكونًارتفاعًالقطبًً.مساكنًعلیًأ طرافًالزنجًوالحبشةًوغیرهاًحه

ةًالبَدًاللازمًمنًبعدًالشمسًعنًسمتًالرأ سًهناكً،ینًجزءاً ةًوس ت ًالشماليًس ت ً ً.وماًبعدهًلاًيمكنًأ نًيهسكنًفیهًلشد 

ًوربعًوسدس كرًهناكًأ یضاً ً،وطولهً،فعرضًالمعمورةًعلیًهذاًاثنانًوثمانونًجزءا  مائةًوس بعةًوس بعونًجزءاً ً،علیًماًذه

ن ًً.وربع ًوا  ًوقالًفیهًأ یضا  ًدونًخط ًماًاختص  ًًما ًهوًال شهرًمنًالمساكنًوأ جل هاًالاس تواءًبالذكرًل ن  ًلما الربعًالشماليًحاوٍ

ًمنًال رض ًالمعمور ًهو ًکالحاصرًلما ًبینًطرفيًالعمارةً.فلار ًما ًالمشهورً،ول ن  ًهو ًغربتًفك ًً،نلفًدائرةً،علیًما ما

ًالمغرب ًالمشرقًطلعتًفيًأ قصىًعمارة ًفوًً،الشمسًفيًأ قصىًعمارة ًالقب ة ًالشمسًعنًنلفًنهاار قًوذلكًعندًمجاوزة

لا ًً،فأ فقًالقب ةًنلفًنهاارهماًوبالعكسً.وبالعكسًوذلكًعندًمجاوزتهاًعنهًتحتهاً،ال رض ًالنلفًالظاهرًمنًالفلكًومنًا  ًأ ن 

مًالمعدودةًلل شخاصًالمذكورةًرًتفاوتًال ياً ومنًههناًيسهلًتلوً ً.وبالعكسً،هوًالخفيًلل خرً،نلفًالنهارًأ یضا ًل حدهما

وعلیًطرفيًً،نًالطرفًال خرنًأ حدًالطرفینًمنتلبةًعلیًأ قدامًسكاً وکانتًلماًذكرناًأ یضا ًأ قدامًسكاً ً.فيًالسؤالًالمس تغرب

نًقامًشخلانًعلیًالنهایتینً.قطرًمنًأ قطارًالعالم نًقاماًعلیًمحیطًدائرةًفيمًدونًالنهایتینً،هذاًا  انًالخارجانًکانًالخطً ً،فا 

لیًأ قدامهما منًمركزًالعالمًا 
16
نًکانًالبعدًبينهماًأ كثرًمنًربعًدائرةً،جًالزاویةثًمنفرًكساقيًمثل ًً نًکانًالربعً،ا  ًً،وقائمهاًا  وحاد 

نًکانًأ قلً  سًال شخاصًالقائمةًعلیًال رضًوًلًالكتابًأ نًالبعدًبینًرؤرًماًقلناًفيًأ وً دًتلوً ومنًههناًیتأ ك ًً.منهًالزواياًا 

ن ًً،أ كثرًمنًالبعدًبینًقواعدها ًً.ا ًولاًیظهرًفيًمتقاربینًهذاجدً ماًیظهرًفيًشخلینًمتباعدینًلكنًهذاًا 

اًمنًجانبًالمغربًوالشمالًوأ كثرًالجنوبً.محیطًبأ كثرًجوانبًالقدرًالمذكورًمنًال رضفهوًًالبحراً[ًوأ مً 4] لاًً،أ م 

س ی ماًالشرقيًمنه
17
ًجنوبًالمغربً.فمعلومً، ا ًزادًً،وأ م  ًا لیًمواضع ًالسائرینًعلیًسمتًمنابعًنیلًمصرًانتهوا كرًأ ن  فقدًذه
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وشاهدواًالجبالًالبیضًمنًالثلجًالمتسوبةًا لیًالقمرًالتيًمنهاًمنابعًالنیلًفيًجنوبهمًً،الجنوبيًعلیًبضعًعشرةًدرجةعرضهاً

ًفيًجنوبًلكنهً ً،ليسًلناًعلیًالبحرًالذيًفيًشمالًالمشرقًوقوفًیقینيوكذلكًً.ولمًیللواًا لیًبحرً،منًبعید مًحدسواًأ ن 

/.سم واًهذاًالبحرًبالبحرًالمحیطًولهذا.ً/المغربًوشمالًالمشرقًبحرا ًأ یضاً 
ً†iv

ًً

ًأ 5ً] ًكثیرةًبعضهاًمت للًبالمحیط[ًواعلمًأ ن  للًبحرًفمنًالمت ًً.للًبهوبعضهاًغیرًمت ًًفيًالقدرًالمكشوفًللعمارةًبحارا 

ًواللینً،عمان ًالفارسًوالهند ًبحر ًله ًالجمیعً،ویقال ًأ عظم لیًأ قصىًأ رضًً،وهو ًا  ًأ قصىًأ رضًاللینًوالهند یبتدئًمن

لا/ًوالبَبرًبشةالًح/
‡ًv

ن هًلاًیلحً ً.علیًماًهوًالمشهور/ً،حیثًیكونًهناكًسودانًالمغربً ًهذاًالبَبرًهوًغیرًالبَبرًً،فا  ل ن 

فریقیة نًکانًالمرادًذلكً.الذيًفيًالمغربًمنًأ رضًا  /وهوً،اًات فقًعلیهلكانًطولهًأ كثرًممً ً،وا 
ً‡vi

ونًمائةًوس ت ًأ لفاًفرسخًوس ت ًً

ًفرسخً.فرسخاً  ًتسعمائة ًثلاً،وعرضه ًوس ت ًمنها ًثلاثمائة ًأ و ًفرسخا  ًفرسخاً ون ًالقولینً،ثون ًاختلاف ًخطً ً،علی ًعن ًشمالي

ًبأ كثرهًوخط ً.الاس تواءًوالباقيًجنوبيًعنه للًبالجانبًالشرقيًمنًالمحیطًويخرجًوهذاًهوًالبحرًالجنوبيًالمت ًً.الاس تواءًيمر 

لیًالمغربً،ونهًفيًحدودًبربرلًهوًالخلیجًالبَبريًلكال وً ً.منهًأ ربعًخلیجاتًا لیًوسطًالعمارة طولهًفيًجانبًً.وهوًأ قربهاًا 

طرفه/ًعندًوقیلًأ صلهً/عندًوعرضهً،ونًفرسخاً الشمالًمائةًوس ت ً
‡ًvii

،والثانيًالخلیجًال حمرً.ثونًفرسخاً خمسةًوثلاً
*ًviii

ً

ًً،وعرضهًعندًأ صلهًمائتاًفرسخً.ونًفرسخاً طولهًفيًالشمالًأ ربعمائةًوس ت ً وهناكًً.ونًفرسخاً س ت ًً،وهوًمنتهاهً،وحیثًيس تدق 

                                                           
iv
ًهالً[ًهاب،ًهاك،ولهذاًسم واًهذاًالبحرًبالبحرًالمحیطً 

v
ًطاك،ًطال(«:ًالمغرب)»ًبً:=ًالمغربًوالبَبرً،ًلكتن::ًالمفيًًمضافًالحبشةًوالبَبرًلا[ً 

vi
ً:ًبطوله=ًاًات فقًعلیهًوهو[ًهاك،ًهالًمم ًً...علیًماًهوًالمشهورً 

vii
ًهاك،ًهالب،ًً-عندًأ صلهًوقیلًعندًطرفه[ًً 

viii
:ًالخلیجً  ًشاب،ًشاكًال حمر[ً+ًوهوًقریبًمنًأ رضًأ بلة 
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ً ىًلسانًالبحرًأ یضاً ً،یهقالًلهًبحرًقلزمًل ن هًبلدًعلیًطرفهًالمس تدق  وعلیًً،عدنًويمنوعلیًجانبهًالشرقيًأ راضيًً.ويسم 

ونً،ً/ولهذاالغربيًأ رضًحبشة أ یضا ./ًالحبشةًوبحرًاليمنًببحرًالخلیجًهذاًيسم 
‡ًix

والثالثًخلیجًفارسًالذيًعلیًطرفهًً

وعرضًً،وعرضهًفيًال صلًمائةًوثمانونًفرسخاً ً،فرسخاً ًونطولهًفيًالشمالًأ ربعمائةًوس ت ًً.وكرمانًللًبهًفارسویت ًً،بصرة

ىً،ً/ولهذاوعلیًالغربيًفيًمقابلتهًفرضةًعمانً،وعلیًساحلهًالشرقيًنواحيًتيزًومكرانً.طرفهًأ ربعةًوخمسونًفرسخاً  ًيسم 

أ یضا ./ًعمانًببحر
‡ًx

وبینً
18
هًولایةًالعربًوأ رضًالحجازًك ًً،وهوًقریبًمنًخمسمائةًفرسخً،هذاًالخلیجًوالخلیجًال حمرً

،رومالًوفراتًالذيًأ صلهًمنًجبالًأ رزنً.واليمن
19
أ وًمنًجبالًالرومًً،للًعندًبصرةًبالدجلةًالتيًأ صلهاًمنًجبالهًأ یضاً یت ًً

ًیدخلًفيًهذاًالخلیجًعندًعبادانً،علیًماًقیلً،والشام لیًأ رضًالس ندً.ثم  ًهذاًالخلیجًا  ناكًیدخلًفیهًأ نهاارًوهًً،وحد 

ًمثلًنهارًمنلورًالذيًیتوجً  والخلیجًالرابعًالخلیجًال خضرً.وفیهًجزائرًكثیرةً.هًمنًهندًا لیًس ندكثیرة
20
ىًخلیجًً ويسم 

،/أ يًبحرًاللینًوالهند،ً/وفیهً.وقیلًفيًأ قلاهاًطولهًفيًالشمالًخمسمائةًفرسخً.الهندًل ن هًفيًبلادًالهند
‡ًxi

منًالجزائرًً

ًأ لفًوثلا ًوغیرًالعامرة ًالخلیجًمقابلًأ رضًالهندًمنًناحیةًً.ثمائةًوس بعونًجزیرةالعامرة ًجزیرةًضخمةًفيًأ قصىًهذا منها

،علیًماًقیل،ًهيًسرندیبليستًوً/ً.المشرقًعندًبلدًاللین
ً
/یحیطوً

‡ًxii
ً،فهااًجبالًعظامًوأ نهاارًكثیرةً.بهاًأ لفًفرسخً

ًكثیرةً.ومنهاًيخرجًالیاقوتًال حمرًولونًالسماء ومنهاًجزیرةًً.وحولًهذهًالجزیرةًتسعًعشرةًجزیرةًعامرةًفهااًمدائنًوقرى 

ً.وأ خرىًيجلبًمنهاًالكافورً،يجلبًمنهاًالرصاصًالقلعي

                                                           
ix
ونًهذاًالخلیجًببحرًاليمنًوبحرًالحبشةًأ یضا [ولهذاًً  ًهاك،ًهالًب،ً-ًيسم 

x
ًهاك،ًهالًب،ً-ولهذاًيسمىًببحرًعمانًأ یضا [ًً 

xi
ً،ًهاك،ًهالبً-أ يًبحرًاللینًوالهند[ًً 

xii
ًسَرندیبًیحیط:ًبًهيوً=ًك،ًلً:والهامشًتن:المفيًًمضافیحیط[ًوًًعلیًماًقیلسرندیبًًوليستًهيً 
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فریقیةللًبالمحیطًمنًجانبًالغربًبحرًيسمً ومنًالمت ًًب[5] طولهًمنًأ ندلسًنحوًً.ىًبحرًالرومًوالشامًومصرًوا 

ً،ثةًفراسخللًبالمحیطًثلاوعرضهًحیثًهوًمت ًً.ثةًمنازلثلاً،علیًالبًَ ً،وبینًطرفهًوبحرًالقلزمً،مائةًفرسخالمشرقًأ لفًوس ت ً

لیًنلفًالطولًکانًمائتيًفرسخ ذاًبعدًعنهًا  لیًحدً ً،وا  ذاًوصلًا  لیهًأ نهاارًكثیرةًً.ینًفرسخاً الشامًکانًمائتینًوس ت ًًوا  وتجريًا 

یحان/سً /یحانًونهارًمثلًنهارًجً
‡ًxiii

ًالبحرًخلیجانًا لیًً.وهذهًأ سماءًجبالًفيًحدودًالرومً،ونهارًیزدانً ويخرجًمنًهذا

لیًالمشرقً،أ حدهماً.الشمال هكذاًذكرهًً،للًبالمحیطوهوًلاًیت ًً.ونًفرسخاً طولهًمائةًوس ت ًً،خلیجًقسطنطیتیةً،وهوًأ قربًا 

لیًقسطنطیتیةًوقالًيمكنًالمسیرًعلیًالبًَ ً،ال س تاذًأ بوًریحانًفيًكتابه نًوقالًالمسعوديًأ ناًسمعتًممً ً.منًصقلابًوروسًا 

لیًقسطنطیتیةًعلیًالبًَ یهً ًسافرناًمنًروسًا  لیًالمغربً،وثانهاماً.عتدًعلیًقولهمًمنًالتجارًأ نا  غیر//ً،وهوًأ قربًا 
‡ًxiv

للًمت ً

ًعلیًاللحیح/ًبالمحیط /،أ یضا 
‡ًxv

/ا لیًشمالًالمغرب/طولهًً
‡ًxvi

ویدخلًً.ینًفيًهذاًالبحروجزائرًالیونانیً ً.س بعونًفرسخاً ً

 .وقسطنطیتیةًبینًهذینًالخلیجینًقریبًمنًالخلیجًالشرقيً.فیهًمنًجانبهًالجنوبيًنیلًمصر

ًبحرًالمغربًج[5] لا ًً.للًبهًبحرًالهندویت ًً،وهوًمعروفًبأ وقیانوسً،ومنهًأ یضا  ًفيًناحیةًالمغربًولاًیهعرفًمنهًا 

ًمح ًعند ًأ رضًالروسًواللقالبةوالشمال ًالسوسًً.اذاة ًعلیًحدود ا  ًمار  ًل رضًالسودان ًأ قصىًالجنوبًمحاذيا  ًمن فیأ خذ

ال قصىًوبلادًطنجة
21
ًیبتدئًمنًهناكًوراءًالجبالًغیرًالمسلوكةًوال راضيًالغیرًالمسكونةًنحوًالمشرقً،وأ ندلسً وهذاًً.ثم 

ن ماًتسلكًالسفنًبالقربًمنًساحلهً،لاًتجريًفیهًالسفنً،أ عنيًأ وقیانوسً،البحر جزائرًمقابلًأ رضًالحبشةًًوفیهًست ًً.وا 

                                                           
xiii

ً:ًك،ًل«س نجارً»منًمتغیرً،بً:س نجارًس یحان[ً 

xiv
ً«و»منً=ًمتغیرًب:ًو[ًغیرً 

xv
ً،ًهاك،ًهالبً-أ یضا ًعلیًاللحیح[ًً 

xvi
لیه:ًً،ًمتن:ًلً=هاكً:فيًمضافًا لیًشمالًالمغرب[ً  ً،ًطالبا 
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عَداءتسمً  یرةًمقابلًأ ندلسًعندًخلیجًيخرجًمنًهذاًالبحرًوعرضهًدىًغوجزیرةًأ خرىًتسمً ً،ىًجزائرًالخالداتًوجزائرًالسه

وهذاًالخلیجًً.سًْوال نًیهعرفًبالزقاقوهوًبینًال ندلسًوطنجةًوکانًیهعرفًفيًالقديمًبمعَبََةًهرقْلًًِ.حیثًيخرجًفرسخانًومیل

ًفيًبحرًالرومًوالشام ًماءًً،هكذاًقیل/،ًینلب  لیًالبحرًكماًأ ن  ًفيًالزقاقًا  ًماءًبحرًالرومًوالشامًینلب  لكنًاللحیحًأ ن 

لیًهذاًالبحر ًا  لیًخلیجًقسطنطیتیةًً،أ عنيًبحرًالرومًوالشامً،خلیجًقسطنطیتیةًینلب  ًا  وكذاًماءًبحرًطرابزندةًینلب 

ًعلی ./ًماًيشهدًبهًالحس 
‡ًxvii

ويخرجًمنهًخلیجًً.وهيًاثتتاًعشرةًجزیرةً،وفيًهذاًالبحرًمنًناحیةًالشمالًجزائرًبرطانیةً

ًببحرًالشامویت ًً،أ خرًفيًشمالًأ رضًأ ندلس ./لالهًببحرًالشامًلاًیلحً لكنًات ًً،هكذاًقیل،ً/للًأ یضا 
‡ًxviii

فیكونًطولًً

لیًالشامً،ىًبالزقاقالمسمً ً،بحرًالشامًمنًهذاًالموضع ًفيًجهةًالشرقًا  ً.ثمائةًفرسخوهذاًالطولًهوًأ لفًوثلاً،ويمتد 

ًوَرَنكْومنًالمت ًًد[5] ةًعلیًساحلهً،للًبالمحیطًفيًجانبًالشمالًبحر ًالبحرًفيًشمالًأ رضًًويمتدً ً.وهمًأ م  هذا

لیًأ رضًبلغار لیًالمغربًمائةًفرسخًوعرضهًثلاً.اللقالبةًا  للًبالمحیطًبحرًومنًالمت ًً.ثونًفرسخاً ثةًوثلاطولهًمنًالمشرقًا 

سنی ًعلیهً،ىًبحرًطرابزونويسمً ً،طه ًفرضة ًأ لافًً.خلفًقسطنطیتیةًفيًأ رضًالروسًواللقالبةًويمتدً ً.ل ن ه ًأ ربعة طوله

ًفيًبحرًمصرینًوینفجرًمنًبحرًً.ثونًفرسخاً ثةًوثلاوثلا ً.طسًعندًسورًقسطنطیتیةًخلیجًيجريًفیهًمائةًنهارًوینلب 

ًً،وعرضهًعندًقسطنطیتیةًفرسخ ًیقعًفيًبحرًمصرولاًیزالًیتضایقًحتی 
22
فریقیةًً والشامًالذيًعلیًجنوبی هًبلادًالمغربًوا 

                                                           
xvii

[ً...ًهكذاًقیلً  ًهالً،ًهاك،بً-علیًماًيشهدًبهًالحس 

xviii
ًهالً،ًهاك،بً-ً[لالهًببحرًالشامًلاًیلحً هكذاًقیلًلكنًات ًً 
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لیًأ نطاكیة لیًالا سكندریةًومصرًوبحذائهًفيًالشمالًأ رضًال ندلسًوالرومًوفرنجةًا  اًفيمًبینًجانبیَْهًِ/ویلهااًبلادًالشامًً.ا  ل نّ 

./الجنوبيًوالشماليًعندًانتهائهًفيًالشامًوفلسطین
‡ًxix

ًً

وببحرًً،ل ن هًعلیًفرضتهً،ىًببحرًأ بسكونًال نأ عظمهاًبحرًالخزرًالمسمً ً،للًبالمحیطومنًالبحارًالتيًلمًیت ًه[5ً]

لیًالمغربًمائتانًوس ت ًً.جرجانًوبحرًالبابًفيًالقديم للًببحرًولاًیت ًً.وعرضهًمائتاًفرسخً،ونًفرسخاً طولهًمنًالمشرقًا 

ًديارًالغهزیةمنًأ بسكونًا لیًطبَس تانًوالدیًأ خرًبلًيمتدً  ًنهارًأ تِلًثم  ًالخزرًعلیًملب  لمًوشروانًوبابًال بوابًثم 
23
ا لیًً

لیًأ بسكون ً؛ویدخلًفیهًأ نهاارًعظيمةًمثلًنهارًأَرَسًْالذيًهوًمنًأ رضًأ رمینیةً.بقعةًحاذاهاًىًباسمًکً ويسمً ً.أ نًیعودًا 

وغیرهاًمنًال نهاارًالتيًأ صولهاًمنًجبالًً؛عرفًبسپِیذروذونهارًأ خرًیهًً؛وهوًأ عظمًمنًجیحونً،ونهارًأ تلًالذيًهوًمنًبلغار

ً.الشامًوالتيًمنًجنوبًهذاًالبحرًکالتيًأ صولهاًمنًجبالًكیلانًودیلمانًوطبَس تان

ًالعظامًو[5] ًالخمسًهيًالبحور ًفبحیراتًوبطائحًومغایضوأ مً ً،فهذه ًغیرها ًوكبحیرةًً،ا ًبأ رضًالشام ًطبَیة كبحیرة

ًمائة ًالتيًدورها خوارزم
24
ًوبینً،فرسخً ًأ بسكونًمسافةًعشرینًیوماً ًوبينها اًأ مً ً.وجیحونًوس یحونًیدخلانًفهااً،بحر

ًمنًشرقيًأ رضًتهًً،منًشرقيًبلخًمنًاجتماعًخمسةًأ نهاارًعظيمةًفيمتدً ً،جیحون ؛تًْبهًأ عظمها
25
وشعبةًأ خرىًمنًأ رضًً

وهذهًالبحیرةًً.فأ صلهًمنًأ قصىًالمشرقًوبلادًالتركً،وهوًنهارًفرغانةً،اًس یحونوأ مً ً.والبواقيًمنًجبالًطخرس تانً؛خرخيز

ً.وفيًال رمینیةًبحیرةًفيًحدودًملازجِرْدً.كبحیرةًطبَیةًأ وًأ عظمًمنها

كیلًلهاًز[5] ًبحرًأ وقیانوسًمحیطًبال رضًبمنزلةًا  ن هًینفتحًمنهًخلیجًفيًناحیةًً.وقدًحكيًعنًأ رسطوطاليسًأ ن  وا 

ىًبمعبََةًهرقلًِ ًنحوًالمشرقً،سالمغربًفيًالموضعًالمسم  ا  ًمار  لیًالمعمورة فریقیةًوالشامً،فیدخلًا  ً.وهوًبحرًمصرًوالرومًوا 

                                                           
xix

اًفيمًبینًجانبیَْهًِالجنوبيًوًً  ًهالًهاك،ًبً=:ًوفلسطینًلسطین[الشماليًعندًانتهائهًفيًالشامًوفًل نّ 
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ا ًنحوًالمغرب لیًالمعمورةًمار  ً.وهوًبحرًاللینًوالهندًوفارسًوالقلزمًوبرَبرًَ،وینفتحًمنهًأ یضا ًفيًناحیةًالمشرقًخلیجًفیدخلًا 

ًأ نموذجًفيًأ حوالًالبحارًعلیًماًحكاهاًالجهاانيًوغیرهًمنًالعلماءًبمواقعًالبحورًوامتداداتها اًتفاصیلهاًفكثیرةًً.فهذا ذكرًتوأ م 

ًوً.فمنًأ رادًالاس تقلاءًفیهًفلیراجعًتلكًالكتبً،أ كثرهاًفيًكتبًالمسالكًوالممالك كثیرةًغیرًالبحارًمنًموانعًالعمارةًأ یضا 

منًالبواديًكبادیةًالعربًومعبدلتلالًوالرمالًوال جامًوغیرهاًکالبَاريًوالجبالًوا
26
ًأ هلًالعلمًبالمسالكًً،وخوارزمً یعرفها

فيوهذهًالجملةًً.والس ی احًوغیرهم
27
ًً.حسابًالربعًالمسكونً

ًسببًانكشافًالناحیةًالشمالیةأ 6ً] ونحوهاًلالاتًالكوكبیةًکالات ًً،بعدًالعنایةًالالهیةًوال س بابًالسماویةً،[ًواعلمًأ ن 

ًمنًالناحیةًالشمالیةً،منًال مورًال حكامیة لیًالناحیةًالجنوبیةًلكونهااًأ حر  ًمنًشأ نًالحرارةًً،هوًانجذابًأ كثرًالمیاهًا  معًأ ن 

اًك ًً،كماًيهشاهدًفيًالسراجً،جذبًالرطوبات ًکانتًأ جذبوأ نها  ًلقربًالشمسًمنهاًً.ماًکانتًأ شد  ن ماًکانتًالجنوبیةًأ حر  وا 

شعاعا ًمنًكونهااًفيًًلكونًحضیضًالشمسًفيًالبَوجًالجنوبیةًوأ وجهاًفيًالشمالیةًوكونهااًفيًالقربًأ شدً ًوبعدهاًمنًالشمالیة

ًمنًاللازمةًمنًال ضعفًالبعدًوكونًالحرارةًاللازمةًمنًالشعاعًال شدً  لیًتتتقلًالعمارةًعلیًهذاًوً.أ قوىًوأ حد  منًالشمالًا 

لیًال خرًانتقالًال وجسببًـبالجنوبًوبالعكسً .منًأ حدهماًا 
ً §xx

وجودًالبحارًفيًشمالًالعمارةًینافيًهذاًوقولًمنًقالًً

                                                           
xx

النكایةًًا لیًحدً ًفیبلغًالحرً ً،ومنًال رضً،قربًالشمسًمنًسمتًالرأ سً،حیثًأ وجًالشمسًلئلاًيجتعًالقربانًفيًاللیفًال خر[ً+ًوتكونًالعمارةًدائماً ً 

مینًصیفًالمتقدً ًبكثیرًمنًحرً ًصیفناًوال وجًفيًالسرطانًأ قلً ًحرً ًعلمًأ نً ومنًههناًیهًً.النكایةًوالتفجیجًفیبلغًالبَدًا لیًحدً ً،ولاًالبعدانًفيًالش تاءً،والا حراق

دمانصحً مینًك بقراطًوجالینوسًوغیرهماًیأ مرونًال ًاءًالمتقدً اقًمنًال طب ًولهذاًکانًالحذً ً.وال وجًفيًعشرًمنًالجوزاء ویعالجونًً،ةتناولًالترياقاتًالحارً ًاءًبا 

ذاًکانًأ حرً ًأ نً ًولاًیظننًظانً ً.لزادًفهااً،ةولوًاعتدهًالناسًفيًهذاًالزمانًفيًمعالجةًال مراضًالحارً ً.حانًنفعهًعلیًغیرهرجً یةًبالعسلًوًال مراضًالحارً  ًصیفهمًا 

ن ًًفا نً »ً،اةًمن ًلل دویةًالحارً ًاحتمالاً ًکانواًأ قلً ً،منًصیفنا الهندًیواظبونًعلیًتناولًماًتنبتهمًأ رضهمًمنًًولهذاًفا نً ً«.هًلاًعنًش بههماًینفعلًعنًضدً الشيءًا 

فا نًقیلًالمسافةًالتيًبینًالشمسًوال رضًً.وأ هلًأ ذربیجانًیغتذونًبلحمًالبقرًوالبطیخًال خضرًفيًش تائهم،ًوهمًیرونًذلكًأ حدًأ س بابًدوامًصحتهمً،ال فاویه

ذاًکانتًفيًال وج ذاًتجاوزتًال وجًبنحوًعشرینًدرجةلاًتخالفًالًمً،ا  قلناًهذاًً،منًصیفناًمخالفةًمحسوسةًتؤثرًفيًكونًصیفًمنًقبلناًأ حرً ً،سافةًالتيًبينهماًا 
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ًالمنافيًلهًكونًالبحارًفيًشمالًالعمارةًأ كثرًلاًأ قلً ً،ممنوعًالحكم وليسًالسببًً.واعترفًهذاًالقائلًبه ،علیًماًهوًالواقعً،ل ن 

ًالشمسً ًكون ًأ حر  ًالجنوبیة ًجرماً فيًكون ًهناكًأ عظم ًحضیضهاً،فيًالرؤیة ًمنًمدار ًً،لقربها ًال عظم ًشعاعاً وكون ًأ شد 

شراقا ، وا 
28
ن هًباطلً،علیًماًقیلً ًالتفاوتًبینًصغرًالشمسًمنًجهةًكونهااًفيًال وجًوكبَهاًمنًجهةًلاًلماًقیلًمنًً،فا  أ ن 

ً ًًفيًكونهااًفيًالحضیضًليسًببین  ًیلیرًأ حدًموضعینًمتساویینًفيً،الحس  ًالوضعًبالقیاسًفمنًالبعیدًأ نًیبلغًتأ ثیرهاًا لیًحد 

نًکانًً.مسكونا ًوال خرًغیرًمسكونً،أ عنيًالجنوبيًوالشماليًمنًنلفيًال رضً،ا لیًالسماويات سل مناهًلكنًهذاًالتعلیلًوا 

ً،فلاًیكونًمقنعا ًفيًاختلاصهاًبأ حدًالربعینًالشمالیینًدونًال خرً،مقنعا ًفيًاختلاصًالعمارةًبالنلفًالشماليًدونًالجنوبي

لیً ًتساويًوضعًنلفيًال رضًالجنوبيًوالشماليًبالقیاسًا  هسلم  ًلاًن ،/لماًمرً ،ً/السماوياتل نا 
xxi٭ً

ولاًاختلاصًالعمارةًبأ حدًً

مً،الربعینًالشمالیینًدونًال خرًلجوازًأ نًیكونًال خرًمسكوناً  لیناًخبَهمًلماًتقد  ًالتفاوتًبینًصغرًجرمهاًً.ولاًیللًا  ولاًأ ن 

ًً،وكبَه لیًالحدً ً،لوًکانًبي نا ًفيًالحس  ذًالمؤث ًً،المطلوبًأ مكنًأ نًیبلغًتأ ثیرهاًا  ًعلیهًس یاقًالكلامًا  رًهوًالعظمًفيًعلیًماًدل 

ًً،نفسًال مر ًالنارً.لاًبحسبًالحس  ن  ًفا  نًکانتًتهرىًفيًاللیلًمنًبعیدًأ عظمًممً ً،ولهذا كونًتسخینهاًتلاًً،اًهيًعلیهوا 

ًالمعتبًَهوًالعظمًفيًنفسًال مرً،أ شدً  ماكً،بلًل ن 
29
والظاهرًأ نًسببًعدمًالعمارةًفيًالناحیةًالجنوبیةًهوًأ یضا ًكونهااًً.ذكرناً

لیهًأ حرً  ً.علیًالوجهًالذيًذهبناًا 

ضهاًعلیًغایةًالمیلًوزیدًعرتًًلوًکانًالسببًذلكًلكانًماًجاوزهًفيًالجنوبًمنًالمساكنًالتيًقولًمنًقالًوًب[6]

ًالمنعً،معمورا ً منًانجذابًالمیاهًا لیًتلكًالمواضعًأ وًكونهااًفيًغایةً/ذكرناًوس ندهًلاًيخفیًعلیًالفطنًبعدًالا حاطةًبماًً،فيًحيز 

                                                                                                                                                                                           
کًً،ثةًأ لافًومائةًوثمانینًفرسخاً مینًأ قربًا لیًال رضًمنهاًفيًصیفناًبثلاال وجًیوجبًأ نًتكونًالشمسًفيًصیفًالمذكورینًمنًالمتقدً  القدرًمنًالبعدًعن

ًهالً:ًهاب،ًهار،ًهاك، اًینكرًالعقلاءًأ ثرهًفيًالسخونةفهلًهذهًالزيادةًفيًقربًالشمسًعلیًعظمهاًمم ًً.سخًاثناًعشرًأ لفًذراعفر

xxi
ً،ًهاكبً-[ًلماًمرً ً 
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./السخونة
xxii٭ً

نعمًلوًقیلً
30
تحتًالمداراتًالجنوبیةًالتيًتقعًبینًهبوطيًالسببًماًذكرهًال حكامیونًفيًخرافاتهمًمنًكونهااًً

لیًثلاً،ینالنیرً  ًماًذكروهًمنًً.لوردًعلیهًماًذكرهً،ثًدرجًمنًالعقربأ عنيًفيمًبینًتسعةًعشرًجزءا ًمنًالميزانًا  هذاًمعًأ ن 

باطلًبماًً،غیرًمسكونةًبالطریقةًالمحترقةعندهمًً،هيًوماًیحاذيهاًمنًالفلكً،اةالمذكورةًالمسمً ًالمواضعًالتيًتحتًالمداراتكونً

ًالحرارةًعندًكونًالشمسًفيًالمنقلبًأ وًقریبا ًمنهً،ولاًیبطلًماًذكرناًبهً.ونقلناًعنهً،جغرافیاذكرهًبطلمیوسًفيً ًً،ل ن  أ شد 

اًلوًکانتًبعیدا ًمنهممً 
31
علیًماًيجيءً

32
نًشاءًاللهًالعزیزًـــــتحقیقهًً  .ا 

ً،یعنيًبهًالمواضعًالتيًتحتًمدارًحضیضًالشمسًوماًیقربًمنهً،«وهذاًالموضعًمنًال رض»ًقالًالخرقيًج[6]

ذاًتوهً يسمً » ًا  لیًمركزًالشمسناًخطً ىًالطریقةًالمحترقةًل نا  ن هًیلقیًسطحًال رضًعلیًنقطةً،ا ًيخرجًمنًمركزًالعالمًا  ذاًً،فا  فا 

لیًمبدأ هًتحدثًدائرةًعلیًسطحًال رضًدارتًالشمسًودارًالخط  لیًأ نًیعودًا  تلكًالدائرةًبالحقیقةًهيًالطریقةًً،بدورانهااًا 

ًعلیًسطحًمخروطًلاًیقطعًال رضًًفالخط ً،المحترقةًوهيًليستًبدائرةًعظيمة ا  الراسمًللدائرةًعلیًسطحًال رضًیكونًمار 

ًالطریقةًالمحترقةًعندًالجمهورًهوًالمشهورًالمذكورًمنًاًأ وً أ مً ً.وفیهًنظرً،منتهیىًالا دراكهذاًلفظهًفيًً.«بنلفین ن  قبلًلاًلا ًفل 

ًلتسمیتهاًبالطریقةًالمحترقةوأ مً ً.ماًذكره ًماًذكرهًلاًیللحًتعلیلا  ن  ًفل  ًلفظهًصريحًفيًذلكً،اًثانیا  وك ن هًأ رادًأ نًیقولًً.معًأ ن 

ن ماًسمً  بوطيًالنیرً وا  اًمواضعًمنهاًتحاذيًماًبینًهه وليسًالمرادًً.ینًمنًالفلكیتًتلكًالمواضعًمنًال رضًالطریقةًالمحترقةًل نها 

اذاتهامنًمح
33
ًبینًدائرتینًحادثتینًعلیًبس یطًال رضًمنًتوهمً ً ًمنًكونًتلكًالمواضع لیًالفهم ًيس بقًا  ًمداريًما ًقطع

ذًليسًکً ً،ینًال رضهبوطيًالنیرً  بلًالمرادًمنًالمحاذاةًكونًتلكًالمواضعًبینًدائرتینًً.مدارًیوميًیقطعًال رضًولوًبالتوهمً ًا 

لیًمركزًالشمسًخطً صغیرتینًحادثتینًعلیًبس یطًال رضًمنًتوهمً  ًا  ًالعالم ًفيًً،ینًيخرجانًمنًمركز ًعندًكونهاا أ حدهما

                                                           
xxii

ًهاكب،ًً-منًانجذابًالمیاهًا لیًتلكًالمواضعًأ وًكونهااًفيًغایةًالسخونة[ًً 
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وهوًالتاسعةًعشرً،هبوطها
34
لیًأ نًً.وهوًالثالثةًمنًالعقربً،وال خرًعندًكونهااًفيًهبوطًالقمرً،منًالميزانً ویدورانًمعهاًا 

لیًموضعهما وهذاًهوًً.وًالطریقةًالمحترقةًبالحقیقةوعلیًبس یطًال رضًدائرتینًماًبينهماًهً،فیرسمانًكماًذكرًمخروطینً.عاداًا 

لیهًالمحق ً ًفيًالكلامً،والظاهرًأ ن هًأ رادًتقریرًذلكًأ یضاً ً.قونًمنًأ هلًاللناعةالذيًذهبًا  ً.فوقعًفيمًوقعً،لكنًحدثًلهًعي 

لیًالفهمً،واعتبًَماًذكرناهًفيًكونًال قاليمًوالمساكنًتحتًالمداراتًالیومیة لیًماًيس بقًا  ن هًلاًطائلًتحتهً،ولاًتلتفتًا  ًً.فا 

ًالیونانیً أ 7ً] ًأ ن  ًواعلم لهام[ ًا  ًالعمارة ًأ قربًنهاایتي ًل ن ه ًالجانبًالغربي ًالطول ًفي ًالعمارة ًمبدأ  ًعندًً،ینًجعلوا وهو

ًالخالداتبطلمیوسً لی ًا  ًمتسوبة ًالدهرً،جزائر ًقديم ًفي ًالمسمً ً،کانتًمعمورة ًالغربي ًالبحر ًأ وقیانوسفي ًغیرًً،ى وال ن

وبعضًالهندًجعلواًً.وهيًقریبةًمنًمائتيًوعشرینًفرسخاً ً،وبينهماًعشرًدرجاتً،وعندًبعضهمًساحلًالبحرًالغربيً؛معمورة

مًتوهً ًـــــل ن هًأ شرفًلكونهًيمینًالفلكًً،مبدأ ًالعمارةًالجانبًالشرقي رأ سهًالقطبًً،واًالفلكًعلیًصورةًانسانًمس تلقيل نها 

ً.الش یاطینًعلیًزعمهمًوهوًمس تقرً ً،ىًكَنكًدزوهوًعندًعلمائهمًموضعًيسمً ًـــــوالباقيًواضحًعلیًماًهوًالمشهورً،الجنوبي

ًرصدًعلماءًالهندًکانًهناكً.وطولهًمنًساحلًبحرًالمغربًمائةًوس بعونًجزءاً  كيًأ ن  ًخط ًً،العمارةًفيًالعرضًمبدأً وً.وحه

ًً،الاس تواء ً.وماًکانًفيًالشمالًعرضهًشماليً،ماًکانًمنهاًفيًالجنوبًیقالًعرضهًجنوبيًثمً ً.ًبالطبعًدونًماًعداهل ن هًمتعین 

ن ماًهوًبالطولًوالعرضًب[7] ًتعریفًمواضعًالبلادًا  لًالنهارًبینًنلفًنهاارًفطولًالبلدًقوسًمنًمعدً ً.واعلمًأ ن 

ًالعمارةًوبینًنلفًنهاارًذلكًالبلد لیًالا سكندریةًمنًجهةًاً.مبدأ  لهااًمنًجهةًولم اًکانًالواصلونًا  لمغربًأ كثرًمنًالواصلینًا 

ًمنًبعدًالطرفًالشرقيعًَالمشرقًکانًبهً الطولًمنًجانبًالغربًًءفجعلًبدً،دًالطرفًالغربيًعندًبطلمیوسًأ كثرًتحقیقا 

ًبهً،لذلك یا  لاً ً،لیكونًازديادًعددًالطولًفيًجهةًتواليًالبَوجو،ًوتابعهًالجمهورًفيًذلكًتأ س   ًبطلمیوسًوبعضًأ هلًا  ًأ ن 

ًیوجدًفيًال طوالًاختلافًفيًالكتبًـــــالعلمًیأ خذونًالابتداءًمنًالجزائرًوالباقونًمنًالساحلً بينهماًعشرًًـــــًولهذا
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ًً.لیكونًالبعدًفيًجهةًالحركةًال ولیً،الطولًمنًجهةًالشرقًءومنهمًمنًجعلًبدً.درجات ماًبینًالنهایتینًوقدًعرفتًأ ن 

ً.فیلزمهاًالاختلافًبسببًالاختلافًفیهً،ةًال رضقب ًىًيسمً ً،وهوًعلیًبعدًربعًدورًمنًالمبدأ ًالغربيً،الاس تواءًعلیًخط ً

ًقب ً لیًأ ن  ثلاثوعرضهًً،وهوًموضعًطولهًربعًالدورً،ةًال رضًهيًوسطًعمارةًالعالمًفيًالطولًوالعرضوذهبًبعضهمًا 
35
ً

ثونًدرجةًوكسروثلا
36
علًأ صلاً ً.ةًفيًال سامينلفًتمامًعرضًالمعمورًولاًمشاحً ًـــــً ً،ولم اًکانًهذاًالموضعًوسطًالعمارةًجه

منًعرضهًفهوًًبلدًعرضهًأ قلً ًوکً ً؛وماًزادًعلیهًفهوًشرقيً؛فهوًغربيً،أ عنيًمنًالربعً،منًطولهًبلدًطولهًأ قلً ًوقیلًکً 

ًکً ً.فهوًشماليً،وماًزادًعلیهً؛جنوبي اًليستًً،ةةًفهوًعلیًالقب ًبلدًیكونًتحتًنلفًنهاارًالقب ًًوذهبًأ خرونًا لیًأ ن  ل نها 

ًمعی ناً  موضعًبلًکً ً،موضعا 
37
ًمعنیًكونًالبلدًعلیًالقب ًً؛ةطولهًتسعونًفهوًالقب ًً لیًأ ن  نهًهوًأ نًیكونًسكاً ً،ةوأ خرونًا 

ذًعلیًهذاًلاًيًخً،وهوًاللحیحً،الاس تواءًأ عنيًماًبینًنهاایتيًالعمارةًعلیًخطً ً،ةساكنيًالقب ً لًوعلیًال وً ً،تلفًطالعًالعالما 

اًعرضًالبلدً.ةًطالعًأ خرًللعالمبلدًتحتًنلفًنهاارًالقب ًًیكونًلكً  ةًبسمتًذلكًً،وأ م  فهوًقوسًمنًدائرةًنلفًالنهارًالمار 

وتسامتهاً.لًالنهارًوالسمتالبلدًفيمًبینًمعدً 
38
ً،الاس تواءًووسطًالبلدًقوسًمنًدائرةًعظيمةًعلیًال رضًفيمًبینًخط ً

ذاًعهًً.لًا لیًجهةًالقطبًالخفيومثلًمیلًالمعدً ً،وهوًمثلًارتفاعًالقطبًالظاهر لًالنهارًفيًالبلدًبأ لةًرفًارتفاعًمعدً ولهذاًا 

،تللحًلها
39
هًً وهذهًطریقةًثالثةً.للًعرضًالبلدحهًً،قصًذلكًمنًتسعینون

§ًxxiii
ً.فيًمعرفةًعرضًالبلدً

ذاًعرفتًالطولًوالعرضًج[7] ًماًبینًالطولینًقوسًمنًمعدً ً،وا  ً.البلدیننلفًنهاارًلًالنهارًبینًدائرتيًفاعلمًأ ن 

/ً ذاًعلمًالطالعًفيًأ حدهماًعلمًفيًال خروبذلكًالقدرًیكونًالبعدًبینًأ فقهماًحتی  ./ًا 
‡ًxxiv

وماًبینًالعرضینًقوسًمنًنلفًً

                                                           
xxiii

ًر،ًك،ًل«(:ًثالثة»ثالثة[ًذكرتً)متغیرًمنًً 

xxiv
 ًً ذاًعلمًالطالعًفيًأ حدهماًعلمًفيًال خر[ًهاب،ًهاك،ًهالوبذلكًالقدرًیكونًالبعدًبینًأ فقهماًحتی  ًًا 
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لًببعدًالمخطوطةًعلیًالقطبًالظاهرًمنًقطبيًالمعدً النهارًماًبینًسمتًرأ سًأ حدًالبلدینًوبینًتقاطعًنلفًنهاارهًمعًالدائرةً

وتعدیلًالطولًقوسًمنًدائرةًً.والبعدًبینًالبلدینًقوسًمنًدائرةًالارتفاعًبینًسمتيًرؤوسهماً.وترًتمامًعرضًالبلدًال خر

لًوتعدیلًالعرضًقوسًمنًدائرةًنلفًالنهارًماًبینًدائرةًتعدیلًالطولًوبینًمعدً ً.بمطلعًاعتدالناًوسمتًرؤوسًأ ولئكًتمرً 

عرضوًً.النهار
40
لًقوسًمنًدائرةًنلفًالنهارالبلدًالمعدً ً

41
ًً.بینًسمتًرؤوس ناًوبینًدائرةًتعدیلًالطولً

لیًأ حكامًللثوابتد[7ً] مً،ولتشرًههناًا  نًذكرهاًفيًخلالًماًتقد  فنقولًً.طولًوالعرضفهاًعلیًمعرفةًاللتوق ًً،لمًیحسه

ذاًاختلفتًال طوالًدونًالعروض ً،تطلعًعلهامًمعا ًولاًیغربًكذلكًفالثوابتًلاً،أ يًیكونًالجمیعًتحتًمدارًیوميًبعینهً،ا 

مًغروبهاًعنهم مًطلوعهاًعلیًالمشرقیینًكمقدارًتقد  ذاًاختلفتًالعروضًدونًال طوالً.ویكونًمقدارًتقد  یكونًالجمیعًًأ يً ً،وا 

اًتقيمًلًتقيمًفوقًالشمالیینًمنهمًأ كثرًممً ةًالظهورًوبینًالمعدً یفالثوابتًالتيًمداراتهاًبینًأ عظمًال بدً،ینهتحتًنلفًنهاارًبعً

ًیتقدً ً،فوقًالجنوبیین ًما ًعنهموبقدر رًغروبها ًعلیًالشمالیینًیتأ خ  ًطلوعها ًوبینًً؛م ًالخفاء ًال بدیة ًبینًأ عظم والتيًمداراتها

اًتقيمًفوقًالجنوبیینًأ كثرًممً ً،بالعكسًمنًذلكً،لالمعدً  مًطلوعهاًعلیًالجنوبیینًوبقدرًماًیتقدً ً،اًتقيمًفوقًالشمالیینأ عنيًأ نها 

ًوتغربًمعاً والكواكبًالتيًعلیًالمعدً ً؛رًغروبهاًعنهمیتأ خً  تقيمًالثوابتًالتيًً،والمختلفةًال طوالًوالعروضً.لًتطلعًعلهامًمعا 

ً،لًوبینًأ عظمًال بدیةًالخفاءوالتيًمداراتهاًبینًالمعدً ً،لًفوقًالشمالیینًمنهمًأ كثرلمعدً مداراتهاًبینًأ عظمًال بدیةًالظهورًوبینًا

اًتقيمًفوقًالجنوبیینًأ كثرً،بالعكسًمنًذلك ً.أ عنيًأ نها 
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ًًه[7] أ هلًوً.معظمًالعمارةًفيًطرفًالشمالًیقعًبینًماًيجاوزًعشرًدرجاتًفيًالعرضًا لیًحدودًالخمسینواعلمًأ ن 

طولا ًلیكونًکً مواًمعظمًالمعمورًمنًالربعًالمسكونًس بعةًأ قسامًقسً اللناعةً
§ًxxv

قليمًتحتًمدارً تشابهًأ حوالًالبقاعًتفًًً،ا 

قليم ًًوسم واًکً ً،مًالمعمورًكذلكومنهمًمنًقسً ً.التيًفیه محلورةً،وهوًقطعةًمنًال رضًحاصرةًلبعضًالبلادً،قسمًمنهاًا 
42
ً

،/عدًس نذكرهبينهماًبهً،ً/متوازیتینفيمًبینًنلفيًدائرتینً
xxvi٭ً

ن/،ًالاس تواءًوموازیتینًلخطً ً حدًتكنًلمًا  هو./ًهمااا 
xxvii٭ً

فا ذنًً

ًيمتدً ًکً  قليم ًً،بینًالخافقینًطولاً ًا  ف  ًالطرفًال خرً،علیًشكًنلفًده ًمن ًأ ضیق ًطرفیه ًمتفاوتةًً،أ حد ًال قاليم ل ن 

فیكونًطولًالا قليمًالواحدًمنًجهتهًالجنوبیةًأ كثرًمنًطولهًمنًً.الاس تواءًأ طولًمنًالذيًبعدهًفالذيًعلیًخط ً.ال طوال

ًالشمالیة ًفیهً.جهته ًعمارة ًالجانبًالذيًیليًالشكًالطبليًالذيًلا ًطولا  ًوأ قل ها ًللمعدً ًل نً /، ًالموازیة ًبلًلخطً الدوائر ًل

ًك ً ًبعداً الاس تواء ًعنه ًأ زداد ./أ زدادتًصغراً ًما
ً xxviii٭

ًدرجاتًً ًمقادیر ًأ ن  ًهذا ًمن ًخط ویظهر ًعن ًبالبعد ًتقل  ًالطول

وماًیليًالطبليًبهاًأ ربعةًأ لافًوثمانونًً،الاس تواءًبال میالًعشرةًأ لافًومائتاًمیلًولهذاًفا نًطولًماًیليًخط ً.الاس تواء

ًدوائرًأ نلافًالنهارًبمنزلةًدائرةًواحدةً،فقًفيًجمیعًالمواضعفیت ًً،اًمقادیرًدرجاتًالعرضوأ مً ً.میلا ًتقریباً  ًکً ًاًعرضوأ مً ً.ل ن 

قليم وربعًساعةًفيمًبینًً،فيًأ وساطًال قاليمًوهوًماًیوجبًتفاضلًنلفًساعةًفيًمقدارًالنهارًال طولً،فهوًقدرًقلیلً،ا 

ًأ وً ً،وبینًال وسطًوال خرً،لًوال وسطال وً  لا  ًالقدرًلتفرً ً،لًوأ خرًالا قليمًال خرلًالا قليمًال وً ا  ن هًیكونًأ كثرًمنًهذا قًفا 

ًً.العمارةًفهاما

                                                           
xxv

ً:ًهار،ًهاك،ًهالی[ً+ًقسمًاکً ً 

xxvi
ًعدًس نذكره[ًهاب،ًهاكبينهماًبهًً 

xxvii
ًهماًهو[ًهاب،ًهاكاا نًلمًتكنًا حدًً 

xxviii
ًأ زدادتًصغرا [ًهاب،ًهاكًبعداً ًماًأ زدادًعنهالاس تواءًك ًًلًبلًلخط ًالدوائرًالموازیةًللمعدً ًل نً ً 
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فمبدؤهً،لال وً ًالا قليماًأ مً ً:ـمبادئًال قاليمًوأ وساطهاًبحسبًالعرضًوساعاتًالنهارًال طولًهيًهذه[ًفـأ 8ً]
43
حیثًً

ًساعةًونلفًوربع ًعشرة ًال طولًاثتتا ًدرجةً،النهار ًوثلثا ًدرجة ًعشرة ًاثتتا ًثلاً،وعرضه ثًعشرةًووسطهًحیثًالنهار

ًعلیًبحارًاللینفیأ خذًفيًالطولًمنً/ً.عشرةًدرجةًونلفًوثمنًـعرضًستً الـو وهيًأ نّارًً،المشرقًوأ رضًاللینًويمر 

لیًالفرضة ثم ًً،وبعضًالبلادًالجنوبیةًفيًالهندًوالس ندً،ثم ًعلیًسواحلًالبحرًالجنوبيً،عظيمةًیلعدًمنهاًالسفنًمنًالبحرًا 

ًًـــــفيًالبحرًعلیًجزیرةًكركً علیًخلیجًفارسًًثمً ًـــــًعلیهاالتيًوالیهاًمنًقبلًملكًاليمنًویأ خذًالعشرًمنًالمراكبًالتيًتمر 

ًوحضرموتًً،علیًالطرفًالجنوبيًفيًأ رضًالحجازًوعلیًأ كثرًبلادًاليمنًثمً ً،وجزیرةًالعرب عَلا  مثلًالمیدًومدینةًالطیبًومه

ًیعلیًالخلیجًال حمرًوبلادًحبشةًوالسودانًوالنوبةًمثلًجَرْمًثمً ً،وعدنً]كذا[ًوصنعاًوماراًوزَبیدًوقلَهْاتًوظفارًوشِهْر

ًودهً ًملكًالحبشة ًالنوبةنقهًدار ًومدینة ًالمغربً،وغانةً،لة ًسودان ًبلاد ًالذهبًمن ًالمحیطًً،معدن لی ًا  ًالبَبر ًعلیًبلاد ثم 

./المغربي
†ًxxix

ًً

فمبدؤهً،اًالثانيوأ مً ب[8ً]
44
ووسطهًحیثًالنهارًً،والعرضًعشرونًوربعًوخمسً،ثًعشرةًوربعحیثًالنهارًثلاً

ًبمعظمًبلادًالهندًثمً ًثمً ً،فیأ خذًفيًالطولًمنًبلادًاللینً.ثلاثًعشرةًونلفًوالعرضًأ ربعًوعشرونًونلفًوسدس ًيمر 

بالطائفًًویللًا لیًعمانًویقطعًجزیرةًالعربًمنًأ رضًنجدًوتهامةًَويمرً ً،ببلادًالس ندًثمً ً،بشمالًجبالًمعروفةًفيًديارهم

فریقیةًویأ خذًفيًأ رضًالمغربًويم ًً،قطعًالقلزمًویللًا لیًصعیدًمصرًویقطعًالنیلویً،ةًومدینةًویثربومك ً رًبأ وساطًبلادًا 

لیًالمحیطًثمً  ًً.ببلادًالبَبرًویللًا 

                                                           
xxix

ومنًبلادهًسودانًالمغربًوبعضًمنًلً=ًمتن:ًوهامشًك،ًهامشًً:فيًمضافعلیًبلادًالبَبرًا لیًالمحیطًالمغربي[ًًثمً ً...فیأ خذًفيًالطولًمنًالمشرقًً 

ًً،ًشاك،ًطال:ًبولاياتًالبَبرًواليمنًوبلادًحبشةًوالزنجًوجزائرًالهنودًا لیًحدًاللین



142 

 

فمبدؤهً،اًالثالثوأ مً ج[8ً]
45
ووسطهًً،وعشرونًونلفًـةس بعـوالعرضًً،ثًعشرةًونلفًوربعحیثًالنهارًثلاً

ًوالعرضًثلا ًعشرة ًأ ربع ًملكهمً،أ رضًاللینًفیأ خذًمنًشرقيً.لثانثونًوثهًحیثًالنهار ًداره ًالهندً،وفیه ًمملكة ً،ووسطه

ًالهند ًبلاد ًمنًعظام ًالذيًهو صفهانًً،ومولتانًمنًأ رضًالس ندً،وقنَدْهار وزابلًوبستًوسيس تانًوكرمانًوفارسًوا 

ًفیهوال نبارًوهیتًك ًًذوأ هوازًوعسكرًوالكوفةًوبصرةًوواسطًوبغدا ًالبلادً.ها ًجاوزًهذه ذا ببلادًجزیرةًوالشامًًمرً ً،وا 

ضَرًودمشقًوحمصًواللوریةًوطبَیةًوقيساریةًوبيتًالمقدسًوعَسقلانًوالمدین ًمنًأ رضًً.وديارًربیعةًومه ویقطعًطرفا 

سكندریة فریقیةًثمً ً،مصرًفیهًدمیاطًوفهسطاطًوا  ًببلادًا  ًبقبائلً،وفیهًبلدًقیروانًوالسوسً،يمر  ثم 
46
البَبرًفيًأ رضًالمغربًً

لیًالمحیط ًً.وببلادًطنجةًویتتهیيًا 

فمبدؤهً،اًالرابعوأ مً د[8ً]
47
وهوًـــــًًووسطهً.والعرضًثلاثًوثلاثونًونلفًوثمنً،حیثًالنهارًأ ربعًعشرةًوربعً

ًمنًغیرها ًوالخامسًأ كثرًعمارة ًالا قليمًالثالثًوالرابع ذ ًا  ًالعالم ًعمارة ًعشرةًًحیثًالنهارً،وسطًال قاليمًووسطًمعظم أ ربع

ًوثلاثونًوخمسًوسدســـــًًونلف ًببلادًتهبتًوخرخيزً.والعرضًست  فیبتدئًمنًشمالًبلادًاللینًويمر 
48
وخطاًوختن:ًً

ًبطخارس تانًوبلخًوهراةًومروشاهجانًومروروذًوسرخسًوباوردًونساًً،وبجبالًكشمیرًوبلورًوبذخشانًوکابلًوغور ثم 

سفرایینًوقهس تانًوقومسًوالد یلمًوجرجانًوطبَس تانًوقمًوهذانوطوسًونيسابورًوا 
49
وأ ذربیجانًوقزوینًونهااوندًودینورًً

وحلوانًوشهرزورًوالموصلًوسامرةًونلیبینًورأ سًالعینًوقالیقلا
50
يساطًوملطیةًوحلبًوقت ًً سرینًوأ نطاكیةًوطرابلسًوسمه

ًقبَسًوروذسً،وطرسوس ًعلیًجزیرة ًالشام فرنجةً،وببحر ًا  لیًالمحیطًعلیًً،وبأ رضًالمغربًعلیًبلاد ًویتتهیيًا  وطنجة

ًً.الزقاقًبینًال ندلسًوبلادًالمغرب
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[8ً ًالخامسوأ مً ه[ فمبدؤهً،ا
51
ًونلفًوربعً ًعشرة ًأ ربع ًعهشرً،حیثًالنهار لا  ًا  ًوثلاثون ووسطهًً،والعرضًتسع

والعرضًا حدیً،حیثًالنهارًخمسًعشرة
52
ًعلیًأ جناسًالتركًالمعروفینًً.وأ ربعونًوربعً فیبتدئًمنًأ قصىًبلادًالتركًويمر 

سً ًکاشغرًوبلاساغونًوفرغانةًوطرازًوا  ًا لیًحد  یجابپًبقبائلهم
53
ًوخوارزمًوبحرًً وچاچًوأ سروش نةًوسمرقندًوسغدًوبخارا

افارقینخزرًوديارًأ رمینیةًوبردعةًومی ً
54
ًبساحلًبحرًالشامًوبلادًالرومًوبلادًأ ندلً،ودروبًالرومً لیًأ نًیتتهیيًا لیًثم  سًا 

ً.المحیط

فمبدؤهً،اًالسادسوأ مً ًو[8]
55
ووسطهًحیثًً،والعرضًثلاثًوأ ربعونًوربعًوثمنً،حیثًالنهارًخمسًعشرةًوربعً

النهار
56
ًونلفً ًوعهشرً،خمسًعشرة ًالرومً.والعرضًخمسًوأ ربعونًوربع ًمعظم ًوالتركس تانًوولایةًً،ومنًبلاده والخزر

ًبمساكنًأ تراكًالمشرقًوقبائلهمً.أ صنافًطوائفهم ًعلیًخزرًوموقانًً،فیبتدئًمنًالمشرقًويمر  ویقطعًوسطًبحرًجرجانًويمر 

لیًالمحیط نًوبابًال بوابًوالروسًثم ًببلادًالرومًمثلًقسطنطیتیةًوشمالًال ندلسًویتتهیيًا  ً.وعلیًاللقالبةًوأ لا 

ًالسابعوأ مً ًز[8] فمبدؤهً،ا
57
ًونلفًوربعً ،حیثًالنهارًخمسًعشرة

58
ًوأ ربعونًوخمسً ووسطهًً،والعرضًس بع

ًعشرة والعرضًً،عشرةًوربعًوأ خرهًحیثًالنهارًستً ً.وأ ربعونًونلفًوربعًوثمنً]كذا[ًـيوالعرضًثمانـً،حیثًالنهارًست 

قليمًماًعداهًأ وً ًوأ خرًکً ً.لثخمسونًوثهً ًمنًالمشرقً.لًالذيًیلیها  ًبنهاياتًأ تراكًالشرقًوقبائلهمًً،وهوًیبتدئًأ یضا  ويمر 

لهااًأ تراكًکالوحوش ویقطعًبحرًً،ثم ًعلیًبلغارًوالروسًواللقالبةً،وبشمالًبلادًیأ جوجًومأ جوجًثم ًعلیًغیاضًوجبالًیأ ويًا 

لمَاناًَ
59
لیًالمحیطً،واللقالبةً ًً.ةًالبَداماتًلشدً ةًأ شهرًفيًالحمً وأ هلًبعضًهذهًالبلادًيسكنونًمدةًس ت ًً.ویتتهیيًا 

ًعندًً،أ قاليمًوماًوراءًهذهًالمواضعًوماًدونهااًلاًیهعدً ح[8ً] لا  حیثًًـــــًالاس تواءًلًخط ًقومًجعلواًمبدأ ًالا قليمًال وً ا 

عشرةًًوالعرضًستً ً،ثًعشرةًساعةأ عنيًحیثًالنهارًال طولًثلاً،علیًماًکانً،ووسطهً،النهارًال طولًاثتتاًعشرةًساعة
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درجةًونلف
60
ن ماًجهًً.السابعًمنتهییًالعمارةأ خرًجعلواًوًـــــًوثمنً لًووسطهًأ كثرًمنًوسطهًا لیًلًال وً زًكونًماًبینًأ وً وً وا 

ً.منًوسطهًا لیًأ خرهًلًال خرًووسطهًأ قلً زًكونًماًبینًأ وً وً ولذلكًأ یضا ًجهًً،كماًمرً ً،قًالعمارةأ خرهًلتفرً 

ًببلادًاللینًممً ً،جمكوتهااًالهنودًعلیًجزیرةًيسمً ًالاس تواءًمنًشرقيًأ رضًاللینًفيمرً ًویبتدئًخط ًط[8] اًثم 

ًعلیًجزائرًزاوةً،حسابًاللین/منًالذيًهوًً،یليًالجنوبًوعلیًدزكنك وعلیًجنوبًً،ىًأ رضًالذهبالتيًتسمً ً،ثم 

ذاًجاوزًً.وعلیًشمالًجزائرًالزنجًوشمالًمعظمًبلادهمً،وفيًوسطًجزائرًدیوةً،ةبزًةًوسربینًجزیرتيًك ًً،جزیرةًسرندیب وا 

ًالزنج لیًالبحرًًبلحاريًالسودانًوبواديهمًثمً ًمرً ً،حدود لیًأ نًیللًا  علیًشمالًجبالًالقمرًوجنوبًسودانًالمغربًا 

./ىًأ وقیانوسالمحیطًالمسمً 
†ًxxx

ًً

لیًبعضًبلدانًال قاليمًتشویقا ًللمتعل ًی[8ً] ًً.مینفهذاًتلويحًا 

[9ً ویبلغًثمانيًعشرةًحیثًً؛وكسرالنهارًال طولًیبلغًس بعًعشرةًساعةًحیثًالعرضًأ ربعًوخمسونًدرجةً[ًواعلمًأ ن 

ًحیثًالعرضًا حدىًوس ت ًً؛العرضًثمانًوخمسون ًتسعًعشرة ـــــًًونثًوس ت ًویبلغًعشرینًحیثًالعرضًثلاً؛ونویبلغ

ًأ هلهاًيسكنونًالحمً ًیوهناكًجزیرةًتسمً  ونًویبلغًا حدىًوعشرینًحیثًالعرضًأ ربعًوس ت ًًـــــةًبردهااماتًلشدً توليًیقالًأ ن 

ویبلغًً؛ونوس ت ًًثا ًوعشرینًحیثًالعرضًستً ویبلغًثلاً؛ونًوكسروعشرینًحیثًالعرضًخمسًوس ت ًًینتاثنًویبلغًً؛ونلف

                                                           
xxx

وعلیًًحسابهلً=ًًالمتن::ًفيًمضاف[ًهاك،ًىًأ وقیانوسوجنوبًسودانًالمغربًا لیًأ نًیللًا لیًالبحرًالمحیطًالمسمً ً...علیًجزائرًزاوةًثمً حسابًاللینًً 

ًزیرةًكركًالتيًوالیهاًبلادًالس ندًثمًفيًالبحرًعلیًجًثمعلیًبلادًالهندًوجزیرةًسرندیبًًثمسواحلًبحرًالجنوبًوعلیًال نّارًالتيًمنهاًیلعدًالسفنًمنًالبحرً

لیًاليمنًفیقعًفیهًمنًبلادًاليمنًماًکان مثلًصنعاًوظفارًًجنوبیاً ًمنًقبلًملكًاليمنًویأ خذًالعشرًمنًالمراكبًالتيًتمرًعلیهاًثمًیقطعًالبحرًا لیًجزیرةًالعربًوا 

واسقوطرةًثمًيمرًفيًالمغربًعلیًبلادًالبَبرًا لیًأ نًیتتهیيًا لیًًوحضرموتًوالعدنًثمًیقطعًخلیجًالبحرًال خضرًفيمرًببلادًالحبشةًوالسودانًوفیهًمدینةًالنوبة

ً،ًطال:ًشاك(«حسابه») :ًب،ًكالبحرًالمحیط
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ًالمیلًك ً ًتمام ًوعشرینًحیثًالعرضًمثل ًوس ت ًً.هأ ربعا  ًحیثًالعرضًس بع ًشهرا  وشهرینًحیثًالعرضًً،ونًوربعویبلغ

ًربع لا  وس بعونًً]كذا[ًـيوأ ربعةًأ شهرًحیثًالعرضًثمانـً،وثلاثةًأ شهرًحیثًالعرضًثلاثًوس بعونًونلفً،س بعونًا 

ًً.حیثًالعرضًربعًالدورًتقریباً ونلفًالس نةًً،وخمسةًأ شهرًحیثًالعرضًأ ربعًوثمانونً،ونلف

[10ً بعونًاللهًًـــــلًوالقطبینًالیومیةًوماًيجريًمجراهاًکالمعدً ًالمداراتالبقاعًالتيًتحتًً[ًولتشرعًال نًفيًخواص 

 ً.وحسنًتوفیقه
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ًالثانيًًالباب

ً  الاس تواءًخط ًًفيًخواص 

مًفيًً،لًالنهارًبسمتًرؤوسهمًفیقطعًأ فاقهمًعلیًقوائممعدً ًيمرً الاس تواءًًالبقاعًالتيًتكونًعلیًخط [1ً] ًتقد  لما

61.ه
مًفيًً،وقطباهًعلیًنقطتيًالشمالًوالجنوبًمنًال فقً،للًالسموتًهوًالمعدً ویكونًأ وً ً 62.دلماًتقد 

فلاًیكونًهناكًً

ن هًیكونًأ بدا ًً،كوكبًأ بديًالظهورًولاًأ بديًالخفاء ًماًکانًعلیًنفسًالقطبینًفا  لا  بلًیكونًلجمیعًالكواكبًطلوعًوغروبًا 

ًبمركزًالدائرةًینل ًً.نلفًمنهًلاًبعینهًظاهرا ًونلفهًال خرًخفیاً  ًالسطحًالمار  ةًبقطبيًمعدً وأ فاقهمًً،فهاول ن  بلًً،لًالنهارمار 

ًً،تنلفًجمیعًالمداراتًالیومیةًـأ فاقهمفـً،علیًالمحورًالذيًعلیهًمراكزًالمداراتًالیومیة ًیكونًالظاهرًمنهاحتی 
63
ً،أ بدا ًنلفهاً

ًزمانًظهورًکً وكذاًً.فلذلكًیكونًالنهارًواللیلًفيًجمیعًالس نةًمتساویینً.وكذاًالخفيًوهوًقوسًاللیلً،وهوًقوسًالنهار

ً مثلًسرعةًً،فا نًکانًتفاوتًکانًبسببًاختلافًالسیرًبالحركةًالثانیةًفيًالنلفینً؛لزمانًخفائهنقطةًعلیًالفلكًمساويا 

ذاًکانتًفوقًال رضًأ سرعًکانًمكثهاًهناكًأ عظمًوالنهارًً:حركةًالشمسًفيمًبینًمكثهاًفوقًال رضًومكثهاًتحتًال رض فا 

نًکانتًتحتهاًأ سرعًکانًالمكثًهناكًأ عظمًواللیلًأً ً؛أ طولًمنًاللیل ًً.ذلكًلاًیكونًمحسوساً لكنًً،طولًمنًالنهاروا  وتمر 

المنبسطًًأ عنيًالظلً ً،ولاًیكونًلهاًظلً ً.وذلكًعندًكونهااًفيًنقطتيًالاعتدالینً،تینًبسمتًرؤوسهمالشمسًفيًالس نةًمرً 

،وقتًانتلافًالنهارً،علیًسطحًال فق
64
ًالظلً ً ن هًالمرادًواعتبًَهذاًحیثًأ طلقنا ویكونًارتفاعًالشمسًفيًالیومینًً.فا 

ًبقدرًغایةًمیلًفلكًالبَوجًعنًمعدً الشمسًًولاًتبعدً.الارتفاعًالذيًلاًسمتًَله لا  فلاًتنقصًً،لًالنهارعنًسمتًرؤوسهمًا 

/تقریبا /ًوتكونًالشمسًنلفًالس نةً.هغایةًارتفاعهاًعنًتمامًالمیلًك ً
†ًi

جهةًوظلًنلفًالنهارًا لیًخلافًتلكًًفيًکً ً

                                                           
i
ً[ًهاب،ًهاك،ًهالتقریباً ً 
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ًً.الجهة ًالمقیاسًس ت ًًوغایتهًست ًً،لًاللیفًوالش تاءًمتساویینًأ وً ویكونًظلا  ًونلفًعلیًأ ن  ً.ونًجزءاً وعشرونًجزءا 

ـأ فقًالـًالبَوجفلكًًوهناكًیكونًقطعً،السمتًوقطباًالبَوجًیكونانًعلیًال فقًعندًكونًا حدیًنقطتيًالاعتدالینًعلی

مًفيًً،علیًقوائم 65،دلماًتقد 
مًفيًً،النلفًالظاهرًمنًفلكًالبَوجفًحینئذًنلفًالنهارًوینل ًً 66.حلماًتقد 

فا نًکانً
67
ماًً

وال خرًعلیًأ فقًً،کانًالقطبًالشماليًمنًقطبيًالبَوجًعلیًأ فقًالغربًیهریدًالغروبً،علیًالسمتًالاعتدالًالربیعي

نًکانً؛الشرقًیریدًالطلوع وا 
68
ةًمرورًالنلفًالشماليًمنًالمنطقةًعلیًنــفً.کانًبالعكسً،الخریفيً لفًالنهارًیكونًفيًمد 

ولاًانحطاطهماًًولاًیزیدًارتفاعهماً؛ةًمرورًالنلفًالجنوبيًیكونًالظاهرًشمالهاماوفيًمدً ً،الظاهرًمنًقطبيًالبَوجًجنوبهاما

ًالمیلًالك ً ًعنًال فقً.يعلیًقدر ًوانحطاطهما ًارتفاعهما ًانحطاطًً.فيس تويًغایتا ًالقطبًالشماليًوغایة ًارتفاع ویكونًغایة

ًکانًالمنقلبًالجنوبيًعلیًنلفًالنهار ذا نًکانًعلیًنلفًالنهارًالمنقلبًالشماليًکانًغایةًانحطاطًالشماليًً؛الجنوبيًا  فا 

ًاللیفًالوقتًالذيًتكونًفیهًالشمسً.وغایةًارتفاعًالجنوبي ًالًولكونًمبدأ  ًالش تاء وقتًا لیًسمتًالرأ سًأ قربًومبدأ 

ً.یكونًوقتًكونهااًفيًنقطتيًالاعتدالًمبدأ ًصیفهمًووقتًكونهااًفيًنقطتيًالانقلابًمبدأ ًش تائهمً،الذيًتكونًفیهًمنهًأ بعد

ًالربیعًأ واسطًال سدًوالدلوً؛ال رباعًأ واسطوتكونًمبادئًالفللینًال خرینً ًالخریفًأ واسطًالثورًوالعقربً،فمبدأ  ً.ومبدأ 

ًسطوحًجمیعًالمداراتً.ثمانیةًفلولًفیلزمًعلیًذلكًأ نًیكونًلهمًفيًس نة تقطعًالیومیةًًویكونًدورًالفلكًهناكًدولابیا ًل ن 

مًفيًً،سطحًال فقًعلیًقوائم ًتقد  69،دلما
ًبأ فاقًالفلكًالمس تقيمسمی تًًولذلكً ًالمنتلبةًأ فاقها ولكونًدائرةًً.وأ فاقًالكرة

وهيًالقوسًالتيًتكونًمنًال فقًً،نقطةًمشرقًکً تكونًسعةًً،للمرورهاًبقطبيًالمعدً ً،ا حدىًدوائرًالمیولهناكًًال فق

 ً.وكذلكًسعةًالمغربً؛بقدرًمیلهاً،بینًمطلعهاًومطلعًمعدلًالنهار
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ًالبقاعًصیفا ًهيًالتيات فقواًعلیًًوهوًأ نًالكً ً،وههناًبحثً[أ 2ً] ًأ حر  عروضهاًأ عنيًالتيًً،تحتًمداريًالمنقلبینًأ ن 

ذاًلمًتعارضهاًأ س بابًأ رضیةًتنقصًمنًحرارتهاً،يمساویةًللمیلًالك ً ًأ عدلًالبقاعًماًهيً،ا  الش یخًفذهبًً.واختلفواًفيًأ ن 

لیًأ ن هًخط ًعليًبنًسيناًالرئيسًأ بو ًًالا ماموً؛الاس تواءًا  لیًأ ن هًالا قليمًالرابعًفخرًالدینًالرازيمةًأ فضلًالمتأ خرینًالعلا  ً.ا 

ًمقدً  ًقبلًالخوضًفیه م ًشدً ولنقد  ًالسخمةًهيًأ ن  ًقدًتكونًلقوً ة نًکانًضعیفاً ونة ًوا  ًا سخانه ًالمسخنًوقدًتكونًلدوام ً،ة

ذاًکانًزمانهًأ كثرًمنًزمانًالمؤث ًوالمؤث ً ًالمؤث ًیةًلم ًبحجً ً؛رًالقويرًالضعیفًقدًیلیرًأ ثرهًأ قوىًا  فیدًلًیهًرًفيًالزمانًال وً ةًهيًأ ن 

لیهًفيًالزمانًالثانيًأ ثرًأ خرًولاًشكً ًأ ثرا ًوینضمً  ًمجموعًال ثرینًأ قوىًمنًأ ثرًواحدًا  لًرًیفیدًفيًالوقتًال وً المؤث ًًأ وًل نً ً،أ ن 

ًالاس تعداد ذاًبقيًا لیًالوقتًالثانيًاش تد  ًفا  ن یاتً؛فكانًال ثرًأ قوىً،أ ثرا  ًالشمسًعندًكونهااًفيًً:وخمسًا  لًزيادةًحر  ال و 

ًمن ا ًقربها ًعلیهًوهيًفيًالمنقلبًمع ًعن ا ًبعدها ًفيًال سدًوالستبلةًعلیهًوهيًفيًالثورًالثانيًزيادتً؛ال سدًمع هًعندًكونهاا

ًً؛الثالثًزيادتهًبعدًالزوالًبساعتینًعلیهًقبلهًبساعتینًمعًتساويًبعدهاًعن اًفيًهاتینًاللورتینً؛والحمل الرابعًزيادةًحر 

ًالشمسًالخامسًزيادةًالبَدًفيًال سحارًعلیهًفيًنلفًً؛ةًلحظةضعیفةًساعةًعلیهًوهوًفيًنارًقویًالجسمًفيًنار اللیلًمعًأ ن 

یًأ نً ًيخفیًلاًلكنًالمشهورًهوً.ً/هذاحینئذًأ بعد ن ماًةاللم  ةًأ نً ًعلیًتدلً ًا  نًالمسخنًا سخانًلدوامًتكونًقدًالسخونةًشد  ًوا 

لًضعیفا ؛ًکان ذاًأ قوىًأ ثرهًیلیرًقدًالضعیفًالمؤث رًأ نً ًعلیًوالخامسًوالرابعًوال و  ً؛القويًرالمؤث ًًزمانًمنًأ كثرًزمانهًکانًا 

ا نًفلاًوالثالثًالثانيًوأ م  نًمنهماًشيءًعلیًیدلا  فاعرفه./ًالثانیةًالقضیةًلبیانًالس ت ةًیهذكرًالمشهورًفيًکانًوا 
†ًii

ً 

[2ً ًعرفتًَذلكب[ ذا ًالكً ً،وا  ًالبقاعًفاعلمًأ ن  ًعلیًكونًالبقاعًالتيًتحتًمداريًالمنقلبینًأ حر  ًبـً،اس تدل وا ـأ ن 

مًفيًً،قریبا ًمنًشهرینالشمسًتسامتهاًوتلبثًفيًقربًمسامتتهاً ،يبلتناقصًتفاضلًازديادًالمیولًلماًتقد 
70
ولهذاًلاًیظهرًً

                                                           
ii
ًك،ًهاللبیانًالقضیةًالثانیةًفاعرفه[ًهاب،ًهاً...هذاًهوًالمشهورً 
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ًً،ةًالمذكورةما ًعندًالمنقلبینًفتكونًالشمسًکالواقفًعلیًسمتًرؤوسهمًالمدً لهاًحركةًفيًالمیلًأ ياً  یطولًاللیفیةًًنهاارهاوبأ ن 

ًالتسخینًفهااًأ كثرًممً ً؛ولیلهاًیقصر ًهاتینًالعل تینًلاًتجتعانًفيًغیرهااًفيًوعلیًالتقدیرینًيش تد  .غیرهاًمنًالبقاعًل ن 
71
وقولًً

ًمنًالمعلومًً،معارضًبحلولًأ س بابًالبَدًفيمًقبلًذلكًمنًالس نةًلبعدًالشمسًعنًسمتًرؤوسهمً،لمنًقالًال وً  معًأ ن 

نًغیره نًالباردًأ ضعفًبكثیرًمنًتسخ  ًتسخ  ًطولًلیالهامًالش تویةًیوجبًزيادةًالبَدًفالمقابلةًحاصلةًبينهماًً؛أ ن  والثانيًبأ ن 

ًً.لماًس یظهرًفيًخلالًماًنذكرهً،مدفوع

عاهًبـًج[2] ًالش یخًعلیًمد  ًبهًوقتيًاجتیازهاًًـأ نً واحتج  ن ماًتمر  الشمسًلاًتلبثًعلیًسمتًالرؤوسًهناكًكثیرا ًبلًا 

مًفيًً،حركتهاًفيًالمیلًأ سرعًماًتكونوتكونًهناكًًیعنًا حدىًالجهتینًا لیًال خر لًً،يبلماًتقد  اًهناكًتبعدًعنًالمعد  نها  فا 

ًوعشرینًدقیقةًفيًکً  ًدوامً،فلاًتكونًلذلكًحرارةًصیفهمًشدیدةً،یومًخمسا  حكم/ًفيًهوً/ماًل ن 
†ًiii

المسامتةًأ بلغًفيًً

ًً.مةرًفيًالمقدً لماًتقرً ً،التسخینًمنًنفسًالمسامتة ًخط ولقائلًأ نًیقولًهذاًیدل  ًمنًالبقاعًالتيًًعلیًأ ن  الاس تواءًليسًأ حر 

ًمنًالا قليمًالرابعًوغیرهًالذيًهوًالمطلوبً،تحتًمداريًالمنقلبین ًًأ یضاً وً؛لاًعلیًأ ن هًليسًأ حر  ًنهاارهمًولیلهمًتساويبأ ن 

بخلافًغیرهمًلطولًنهارهمـــــًًواحدةًمنًالكیفیتینًالحادثتینًمنهماًبال خرًسریعاً ًکً ةًسَوریوجبًاعتدالًالزمانًلانكسارً
72
ً

ًالهواءًلاًیتضادً ـــــًًوقصرًلیالهام ًالشمسًحینًتسامتهمًلاًتسامتهمعلهامًتضادً ًول ن  ،ا ًمحسوسا ًل ن 
73
وقدًبعدتًعنهمًكثیرا ًً

لیًماًيهش بههافك نهاً ً،نًکانتًعلیًقربًمسامتتهمأً بلًبعدً ًمنًحالًا  مًکالمنتقلینًمنً،مًمنتقلونًدائما  نها  ًضدً ًبخلافًغیرهمًفا 

ًحیثًالنهارًس ت ًومنًقالًطولًالنهارًلاًیؤث ًً؛لغایةًتباعدًالشمسًعنهمًا لیًضدً  ًکانًالحر  لا  ًوا  ةًأ شهرًكثیراً رًفيًزيادةًالحر 

ًطولًالنهارًصیفاً ً،والوجودًبخلافه ًفلاًیتأ ث رونًبحر  ًالبَدًيس تحكمًفهامًبسببًطولًاللیلًش تاء  خطاءً،ول ن  ً،لاًال وً أ مً ً.ا 

                                                           
iii
ًماًهوًفيًحكم[ًهاب،ًهاك،ًهالً 
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هسلمً  ًلاًن نا  ذًالمعلومًعدمًالعمارةًثم ةفل  ًالوجودًبخلافهًا  مً ً،ًأ ن  ن هًلشدً ا  ًا  ًفغیرًمعلومةًالبَدًأ وًلشدً ا لكنًلاًً؛سل مناهً،ةًالحر 

ًهناكًكثیرا ً ًلزومًكونًالحر  هسلم  نً ً.ن ًليستًهيًطولًالنهارًفقطًفا  لتكاثفً،بلًهوًمعًقربًالشمسًمنًالسمتً،العلة 
74
ً

ةال شعً 
§ًiv

ا ًفیقوىًالتسخینلانعكاسهاًعلیًزواياًحادً ً ًفيًالجزءًالطبیعيًمنًالفلسفةً،ةًجد  ً،وفيًعرضًتسعینً،علیًماًبهین 

ةًبلًفلاًتتكاثفًال شعً ً،بلًعلیًزواياًمنفرجةً،اً ةًجدً تهاًعلیًزواياًحادً لاًتنعكسًأ شعً ً،لغایةًبعدًالشمسًعنًالسمت

ً/والوضعینتتخلخلًوتسخفًفیضعفًالتسخ لًعلیًالملازمةًمنعًلكونهًالمنعًهذاًمقدًَّیهًًأ نًالمأ لوفًوالنظمًعيیالطبًً. ًال و 

المعنی./ًات ضاحًبعدًتفاوتًولاًوقعًكذاًلكنًالتالي،ًنفيًمنعًلكونه
‡ًv

ًالمزاجًالذيًاس تحكمًالبَدًفیهًهوًً،اًالثانيوأ مً ً ن  فل 

ًمنًالذيًلمًيس تحكمًفیه ًمنًالحر  ًتأ ثرا  ًمنًالذيًاعتادًالحرً ً،أ شد  ًالمغافصًمنًخارجًش تاءً ً.فضلا  ن  ًفا  فيًالبيتًًولهذا

لیهًيس تبَدهاًوالمغافصًمنًالبيتًالحارً ً،امًيستسخنًهواؤهالمعتدلًمنًالحمً  ًأ لفًکً ً،ا  ذًأ لفوهًً،منهماًساعةًمعًأ ن  فكیفًا 

.مدةًأ كثر
75
ًً

[3ً ًالا مامًالعلا  يًكتسخینهاًفيًتسخینًالشمسًفيًالبلدةًالتيًعرضهاًضعفًالمیلًالك ًًقائلا ًأ نً مةًعلیًالش یخً[ًورد 

ذاًکانتًفيًغایةًالمیلًخط  ا ًفكذاًفيًخط ً،الاس تواءًا  ًً؛الاس تواءًبلًأ شدً ًلكنًتسخینهاًفيًالبلدةًالمفروضةًشدیدًجد  ل ن 

نًکانًقلیلاً ًـــــالاس تواءًًلبثًالشمسًفيًخط  اًلاًتبعدًكثیرا ًعنًالًمًـــــوا  ً،فهیيًطولًالس نةًفيًحكمًالمسامتةً،سامتةلكنه 

اًتبعدًعنهاًكثیراً  نها  ًش تاءً،بخلافًالبلدةًالمفروضةًفا  ذاًکانًحالًحر  وا 
76
ًصیفهمًخط ً فثبتًً،الاس تواءًذلكًفماًظن كًبحر 

اً  ًهناكًعظيمًجد  ًالحر  ًأ عدلًالبقاعًالا قليمًالرابعًثمً ً.أ ن  ًًواس تهدلً ً.حكمًبأ ن  توف رًالعماراتًوكثرةًالتوالدًوالتناسلًفيًلهًبأ ن 

                                                           
iv
ًة[ً+ًحینئذ:ًهار،ًهاك،ًهالال شعً ً 

v
ً،ًهاك،ًهالبً-ضاحًالمعنی[ًبعدًات ًً...عيیوالوضعًالطبًً 
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ًعلیًكونهااًأ عدلًمنًغیرها وماًیقربًمنًوسطهاًیكونًلاًمحالةًً.ال قاليمًالس بعةًدونًسائرًالمواضعًالمنكشفةًمنًال رضًیدل 

ًالاحتراقًوالفجَاجةًاللازمینًمنًالكیفیتینًظاهرانًفيًالطرفینً،مم اًعلیًأ طرافهاا لیًالاعتدالًًأ قرب ًعلیًالا مامًرهًوًً.فا ن  د 

المذكورًبأ ناً 
77
ًخطً ً ًفيًالبلدةًالمفروضةًوقتًكونًالشمسًفيًالمنقلبًكحر  ًأ نًالحر  ًفيًالبلدةًًلاًنسلم  الاس تواءًبلًالحر 

ًأ كثرًلطولًنهاارهمًوقصرًلیلهم ًیهؤثِرً،الاس تواءًبخلافًمنًعلیًخط ً،المفروضة ًالمأ لوفًلا ًلا لفًمزاجهمًفلعل ًً،ول ن  هم

لفًمزاجهمًبالحرارةً،يس تبَدونًالهواءًوالشمسًفيًالمنقلبً،بالحرارة ونًالهواءًً؛بخلافًالبلدةًالمفروضةًلعدمًا  ولاًيس تحر 

ً.بخلافًالبلدةًالمذكورةًلعدمهً،وهيًفيًسمتًرؤوسهمًللا لف

نًعهنيًبالاعتدالًتشابهًال حوالًفلاًشكً ًوالحق ً[4ً] ً.قليمًالرابعبخلافًالاً ًالاس تواءًأ بلغًأ ن هًفيًخط ًفيًذلكًأ ن هًا 

ًأ ن ً نًعهنيًبهًتكافؤًالكیفیتینًفلاًشك  نهًـــــًًالاس تواءًهًفيًالا قليمًالرابعًأ بلغًبخلافًخط ــوا  ةًسوادًلونًسكا  ًعلیهًشد  یدل 

عودةًشعورهمًوغیرًذلكًمم ً ةًجه وأ ضدادًذلكًفيًأ هلً.اًتقتضیهًحرارةًالهواءمنًأ هلًالزنجًوالحبشةًوشد 
78
ًالا قليمًالرابعًتدلً ً

 .علیًكونًهوائهًأ عدل
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ًالثالثالبابً

ًالمواضعًالتيًلهاًعرض ىًبال فاقًالمائلةيًعلیًوجهًك ًًفيًخواص  ًوتهسم 

ًوفيًسعةًالمشرقًوالمغربًوتعدیلًالنهار

ًیكونًتحتًأ حدًالمداراتًالیومیةًبینًخط ًبلًً،لًالنهارًولاًتحتًأ حدًقطبیهلاًیكونًتحتًمعدً ًموضعًکً [1ً]

لًعلیًال فقًفيًجهةًالقطبًالخفيًومیلًال فقًلمیلًالمعدً ً،یكونًدورًالفلكًهناكًحمائلیاً ً،الاس تواءًوأ حدًقطبيًالحركة

ن هًلاًیناس بهًظاهراً ً،علیًماًقیلً،لًعنًالسمتلاًلمیلًالمعدً ً،ولهذاًسمه یتًبال فاقًالمائلةً،عنهًفيًجهةًالقطبًالظاهر ً.فا 

ًالعرضًاً ً،وهيًخمسةًأ قسام ًمنًالمیلًالك ًل ن  اًأ قل  ًمنًتمامًالمیلً؛أ وًمساوًٍلهً؛يم  أ وًً؛أ وًمساوًٍلتمامهً؛أ وًأ كثرًمنهًوأ قل 

لهااًبقدرًعرضًالبلدوعلیًال قسامًً.منًالربعًأ كثرًمنهًوأ قلً  ً،یكونًارتفاعًالقطبًالذيًیكونًفيًالجهةًالتيًمالًالموضعًا 

لًالنهارًأ كثرًمنًتمامًعرضًالبلدبهعدًالمداراتًال بدیةًالظهورًوال بدیةًالخفاءًیكونًو لا ً/ً،عنًمعد  الذيًوهوًًبهعدًأ عظمهاًا 

ًال فق ن هًمساوًٍلتمامًالعرضًيماس  /وتكونً،فا 
*ًi

لیًالتقاطعًالفوقانيًبینًمدارهًً غایةًارتفاعًالكوكبًال بديًالظهورًأ نًیللًا 

ًال خرً،ونلفًالنهار ًالتقاطع لی ًا  ًیلل ًأ ن ًانحطاطه .وغایة
*ًii

ًالمداراتً ًعرضًتمامًمنًأ قلً ًبعدهاًالتيً/وهيً،وسائر

البلد،/
*iii

جهته،/ً/وفيًأ عظمهماًالظاهرًفيمًهوًا لیًالقطبًالظاهرًأ قربً،ینقسمًبال فقًا لیًمختلفینً
*ًiv

فيمًهوًا لیًًوالخفيً

جهته،/ً/وفيًالقطبًالخفيًأ قرب
*ًv

ن هًلاًیلحً ً،علیًماًقیلً،منًالقطبًالظاهرًفيمًهوًأ بعدلاًالخفيًً لا ًًفا  ًبماًیهقی دًأ نً/ا 

                                                           
i
لا ًً  ن هًمساوًٍلتمامًالعرضًوتكون[ًهاب،ًهاكًا  ًال فقًفا  ًًبهعدًأ عظمهاًوهوًالذيًيماس 

ii
ًال فقًمساويا ًلتمامًالعرض:ًشاب،ًشاكال خرً  ً[ً+ًویكونًبعدًأ عظمهاًوهوًالذيًيماس 

iii
ًهاب،ًهاك[ًمنًتمامًعرضًالبلدًوهيًالتيًبعدهاًأ قلً ً 

iv
ًهاكًً،هابً[وفيًجهتهً 

v
ًهاب،ًهاكً[وفيًجهتهً 
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قلنا./
*ًvi

مدارینًمتساوييًویتساويًالقسمانًعلیًالتبادلًفيًکً ً
79
لًالنهارً مدارینًفيًجهةًًوکً ً.فيًجهتیهًالبعدًعنًمعد 

لیًالمعدً  /ظاهر/لًأ صغرًمنًیكونًالظاهرًمنًال قربًا 
*ًvii

نًکانًفيًجهةًالقطبًالظاهرً نًکانًً،ال بعدًمنهًا  وبالعكسًا 

لًفيًجهةًالقطبًالظاهرًکانتًزيادةًالنهارًولهذاًك ماًبعدتًالشمسًعنًالمعدً ً.والخفيًفهاماًبالضدً ً؛فيًجهةًالقطبًالخفي

ًالقطبًالخفي ،علیًاللیلًأ كثرًوبالعكسًفيًجهة
80
ًاللیلًأ كثرً ًعن ًالنهار ًنقلان ًالنلفًالذيًً.لكون ًأ قصرًأ يام وکان

طهیتوسً 
81
ماًوك ًً.وأ طولًأ يامًالنلفًال خرًأ قصرًمنًأ قصرًلیالهااً؛المنقلبًالذيًیليًالقطبًالظاهرًأ طولًمنًأ طولًلیالهااً

لازديادًارتفاعًالقطبًالظاهرًوالمداراتًالتيًتلیهًوازديادًً،کانًمقدارًالتفاوتًبینًاللیلًوالنهارًأ كثرً،کانًعرضًالبلدًأ كثر

ًوالمداراتًالتيًعنده ًالقطبًالخفي ًانحطاط ًوازدياد ًعلیًالخفیة ًالظاهرة ًقس هاا ًً،فضل ًعلیًفيزداد ًالخفیة ًقس هاا فضل

لیًرأ سًالمنقلبًالذيًیليًالقطبًالظاهرًوتناقصوتناقصًاللیلًًالنهارًتزایدًیكونوً.الظاهرة لیًرأ سالنهارًوتزایدًاللیلًًا  ًا 

ًللیلًنظیرهًوبالعكسًویكونًنهاارًکً ً.المنقلبًال خر /وبالعكس./لًالجديلًالسرطانًللیلًأ وً كنهارًأ وً ً،جزءًمساويا 
‡ًviii

ً

ًً.نهاارهماًولیلهماًيلًالثورًوالستبلةًیتساوًلًفيًجهةًك وً جزئینًیتساويًبعدهماًعنًالمعدً ًوکً  لا  ولاًیكونًالنهارًمساويا ًللیلًا 

ذاًطلعتً.عندًطلوعهاًأ وًغروبهاًعندًكونًالشمسًفيًنقطتيًالاعتدالین اًا  نها  ،ً/وهي/فا 
*ًix

لًسائرةًمنًالمنقلبًعلیًالمعدً ً

نً؛فلیلةًذلكًالطلوعًمساویةًلنهارهً،اللیفيًمثلاً  وا 
82
،ً/وهي/غربتً

*ًx
ًللیلتهً،لعلیًالمعدً ً ذاًً؛کانًیومًالغروبًمساويا  وا 

                                                           
vi
لا ًً  ً[ًهاب،ًهاكقلناًبماًیهقی دًأ نًا 

vii
ًظاهر[ًهاب،ًهاكً 

viii
ًك،ًهالً-ب،ًً-[ًبالعكسوً 

ix
ً[ًهاب،ًفاكوهيً 

x
ً[ًهاب،ًفاكوهيً 
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،طلعتًوغربتًفيًیومًوکانًبعدهاًفيًالوقتینًمنًأ حدًالمنقلبینًمتساوياً 
83
کانتً

84
نًلمًً؛فيًالمنقلبًعندًانتلافًالنهارً وا 

هاًفيًالوقتینًلمًتنزلًالانقلابًعً ةًبقطبيوتقومًالدوائرًالمارً ً.ندًانتلافًالنهاریتساوًَبعده
85
ًعلیًال فقًعلیًقوائمًفيًکً ًالكً ً

ًمرً  ًمنطقةًالبَوجًعلیًنلفًالنهارً،تیندورة ذاًکانًقطبًال فقًبینًالقطبًالظاهرًومدارًًولاً.وكذا تقومًعلیًال فقًا 

ذاًکانًقطبهًعلیًأ حدًدورةًمرً ًوقامتًعلیهًفيًکً ً؛المنقلبًالذيًیلیه نًکانًالقطبًبينهماومرً ً؛مداريًالمنقلبینةًا  ً.تینًا 

ًظل ًالاس تواءًا لیًعرضًيساويًالمیلًالك ًًومنًخط  لیًًأ يًیقعًظلً ً،ینيًیكونًذا ًا  لیًالشمالًوتارة ًا  نلفًالنهارًتارة

؛/ًالنهارًنلفًفيًیكونًلاًقدًالعرضًهذاً؛ً/وفيالجنوب ظل 
‡ًxi

ً،واحدًومنًهذاًالعرضًا لیًعرضًتسعینًیكونًذاًظلً ً

ًً.وهوًا لیًجهةًالقطبًالظاهر

مدارًیكونًبعدهًوکً [2ً]
86
لًالنهارً الرأ سًًبسمتًمرً ً،فيًجهةًالقطبًالظاهرفا نًکانًً،مثلًعرضًالبلدًعنًمعد 

ًو نًکانًفيًجهةًالقطبًالخفيً؛لًالسموتًفوقًال رضدائرةًأ وً ماس  ًأ یضاً ً،وا  ها ًبسمتًالرجلًوماس  ماًیكونًًوکً ً.مر 

ًأ وً  ًأ كثرًمنًذلكًفهوًلاًیلاقيًدائرة ًعنًسمتًالرأ سًفيًجهةًالقطبًالظاهربلًًلًالسموتبهعده وأ ًً،يمر 
87
عنًسمتًً

ًالقطبًالخفي ًأ وً ًوکً ً؛الرجلًفيًجهة ًیقطع ًذلكًفهو ًمن ًأ قل  ًبهعده ًیكون حدما ًالسموتًعلیًنقطتینًا  ًشرقیةًال هما

عنًًفيًجهةًالقطبًالخفيً،لوالمعدً لًالسموتًأ وً فيًالقوسًمنًمدارهًالتيًتقعًبینًًویكونًالكوكبًماًدامً.غربیةًیوال خر

نًکانًالمدارًفيًجهةًالقطبًالظاهرً،لًالسموتأ وً  نًکانًالمدارًفيًجهةًً،لًالسموتوفيًجهةًالقطبًالظاهرًعنًأ وً ً؛ا  ا 

لًالسموتًفيًجهةًالنقطتینًعنًدائرةًأ وً ویكونًالكوكبًماًدامًبینًقولًمنًقالًًومنًهذاًیظهرًأ ن هًلاًیلحً ً.القطبًالخفي

ًً.القطبًالخفي

                                                           
xi
ًلهاك،ًً-ب،ًً-وفيًهذاًالعرضًقدًلاًیكونًفيًنلفًالنهارًظل[ًً 
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انًبالنقطتینًاللتینًعلهاماًیتقاطعًمدارًالشمسًأ وًكوكبًمنًالكواكبًوال فق3] ذاًفهرضتًدائرتاًمیلًتمر  حدثًً،[ًوا 

لًالنهار عدلشمسًأ وًبهًواحدًمنهماًمیلًاًأ حدًأ ضلاعًکً ً.أ حدهماًشرقيًوال خرًغربيً،مثل ثانًبینًالدائرتینًوال فقًومعد 
88
ً

لًالنهارًوهوًالذيًیكونًمنًدائرةًالمیل وثانهااًسعةًمشرقًالشمسًأ وًالكوكبًوهوًالذيًیكونًمنًً،الكوكبًعنًمعد 

لًالنهارً،دائرةًال فق فيًجانبًالقطبًًـانثـویكونًالمثل ًً.وثالثهاًتعدیلًنهاارًالشمسًأ وًالكوكبًوهوًالذيًیكونًمنًمعد 

ًً:وهذهًصورتهً.قطبًالخفيًفوقهاالظاهرًتحتًال رضًوفيًجانبًال

ً
ً[1]شكً

 القطبًالظاهر

 الخفيالقطبً

لًالنهار  معد 

 مدارًجانبًالقطبًالظاهر
تعدیلً

 النهار

 میلًالشمسًأ وًبعدًالكوكب
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ًبمطلعًالاعتدالًومغیبه[4ً] ً،ثانمدارًمثل ًًفیحدثًمنهاًومنًال فقًومنًکً ً.ومنهمًمنًیفرضًدائرةًمیلًواحدةًتمر 

وسعةًالمشرقًوالمیلًً.ویكونانًفوقًال فقًفيًجانبًالقطبًالظاهرًوتحتهًفيًالجانبًال خرً.أ حدهماًشرقيًوال خرًغربي

لا ً ًتعدیلًالنهاربحالهماًا  الفرض،/ًهذاً،ً/علیًأ ن 
†ًxii

/کان/ًلوفيًالفرضًال وً ً؛یكونًمنًالمدارً
†ًxiii

وأ ضلاعًً.لمنًالمعدً ً

ولاًيختلفًً.وعلیًالثانيًتعدیلًالنهارًمنًدائرةًصغیرةًوالباقیانًمنًالعظامً،الدوائرًالعظامًعلیًالفرضًال ولهاًمنًثًك ًالمثل ً

ًالقوسًمنًاللغیرةًشبهاةًبتلكًالقوسًمنًالمعدً ًالحكمًل نً  حدهذه ًا  هماالًلكونهاماًبینًدائرتيًمیلًتمر 
89
بمطلعًالاعتدالًً

ً:هًصورتهوهذً.بمطلعًالمدارًأ وًمغیبهًیومغیبهًوال خر

ً  

                                                           
xii

ًهاك،ًهالعلیًهذاًالفرض[ًهاب،ًً 

xiii
ًفالك،ًً-ب،ًً-[ًکانً 
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ً

ً
ً[2]شكً

ابمفقدًظهرً[5ً]
90
سعةًمشرقًالكوكبًأ وًالجزءًمنًفلكًالبَوجًهيًقوسًمنًال فقًبینًمدارًالكوكبًًذكرناًأ نً ً

نًکانًالكوكبًً؛وسعةًالمغربًهيًقوسًمنًال فقًبینًالمدارًومغیبًالاعتدالً؛أ وًالجزءًوبینًمطلعًالاعتدال وهيًشمالیةًا 

نًکانًجنوبیاً ً،أ وًالجزءًشمالیاً  كوكبًتساويًسعةًًلًالنهارًکانتًسعةًمشرقًکً اًکانتًالمداراتًموازیةًلمعدً ولم ًً.وجنوبیةًا 

ًعلیًماًً،مغربه ًلحركةًً،طلقًالقولًفیهأً لاًتحقیقا  .الكواكببلًتقریبا 
91
ماًکانتًحركتهًأ سرعًکانًالتفاوتًبینًسعةًًفكً ً

ًً؛مشرقهًومغربهًأ كثرًكماًفيًالقمر نًکانتًأ بطأ  ًكماًفيًالشمسًوا  اممً وقدًعلمتًً.وقسًعلهاماًباقيًالكواكبً؛کانًأ قل 
92
ً

ًسعةًمشرقًکً  ً.يالمیلًالك ًساويًتًفتكونًغایةًسعةًمشرقًالشمسًفیهًً،الاس تواءًتساويًمیلهًجزءًفيًخط ًس بقًأ ن 

 القطبًالظاهر

 الخفيالقطبً

لًالنهار  معد 

 مدارًجانبًالقطبًالظاهر

تعدیلً

 النهار

 تعدیلًالنهار
 تعدیلًالنهار
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ًتًزاًفيًغیرهًمنًال فاقًفوأ مً  ذاًساوىًالعرضًتمامًالمیلًالك ًیدًبازديادًعرضًالبلدًحتی  لًاللیفًيًکانتًسعةًمشرقًأ وً ًا 

ًمنًالدور نًشاءًاللهًالعزیزـــــًًكماًس یجيءًتحقیقهً،ربعا  وغایةًسعةًمشرقًالشمسًفيًالشمالًهيًسعةًمشرقًرأ سًً.ا 

ربعًمنًالفلكًتساويًسعةًمشرقًًوسعةًمشرقًکً ً.وكذاًسعةًمغربهاً؛شرقًرأ سًالجديوفيًالجنوبًسعةًمًً،السرطان

ً؛وسعةًمشرقًالربعینًالشمالیینًمثلًسعةًمشرقًالربعینًال خرینً؛الربعًال خرًأ حدهماًعلیًالولاءًوال خرًلاًعلیًالولاء

ًکً ً.جزءًمثلًسعةًمغربًنظیرهًوسعةًمشرقًکً  مً ً،لًعنًالمعدً جزئینًیتساويًبعدهماًفالحاصلًأ ن  اًمنًجهةًواحدةًأ وًا 

ًسعةًمشرقهماًومغربهماًواحدةً،منًجهتین ن   ً.فا 

ًتعدیلًنهاارًالكوكبًأ وًالجزءًقوسًمنًمعدً [6ً] ًأ ن  لًالنهارًبینًمطلعهًأ وًمغیبهًوبینًدائرةًالمیلًوقدًظهرًأ یضا 

ًبمقطعًال فقًومدارًالكوكبًأ وًالجزءالمارً  ًالمیلًالمارً ً؛ة ًال فقًودائرة ةًبمطلعًأ وًقوسًمنًمدارًالكوكبًأ وًالجزءًبینًدائرة

اًقوسًمنًمعدً وبالاعتبارًال وً ً.الاعتدالًومغیبه ًبأ نها  حدلًیهعرفًأ یضا  انًبالكوكبًأ وًالجزءًا  هماًمنًالًالنهارًبینًدائرتینًتمر 

وقدًیهعرفًتعدیلًنهاارًالجزءًبأ ن هًالفضلًبینًً،قًوالمیللًیعنونًبهماًدائرةًال فمنًقطبًالمعدً ًیلًالسموتًوال خرقطبًأ وً 

لًالنهارًبینًرأ سًالحملًوالجزءًالذيًیطلعًوالمرادًمنًمطالعًالجزءًقوسًمنًمعدً ً.الاس تواءًوبینًمطالعهًبالبلدًمطالعهًبخطً 

ذاًکانًرأ سًالجوزاءًممً ً:فنقولً،لًلذلكًمثالاً ولنمث ًً.منهًمعًذلكًالجزء وفرضناًً،الاس تواءًغیرًخط ًاًیليًالمشرقًفيًأ فقا 

ًبهًوتقاطعًمعدً  والضلعانًال خرانًقوسانًً.أ حدًأ ضلاعهًمیلًرأ سًالجوزاءً.ثحدثًمثل ًً،لًالنهاردائرةًمنًدوائرًالمیولًتمر 

حدً،بینًدائرةًالمیلًوبینًنقطةًالاعتدالًالربیعیة لًالنهارًوهوًمنًمعدً ًیىًبدرجًالسواءًوال خرهماًمنًفلكًالبَوجًوتسمً اا 

ًبأ فقًخط  ًالمثل ًوأ فقًالبلدًیقسً ً.الاس تواءًمطالعًرأ سًالجوزاء لیًمثلثینمًهذا أ حدهماًتحتًال رضًوتحیطًبهًسعةًً.ثًا 
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وهوًالفضلًبینًمطالعهًً،هوًتعدیلًنهاارًرأ سًالجوزاءًفيًذلكًالبلدً،لًالنهارالمشرقًومیلًرأ سًالجوزاءًوقوسًمنًمعدً 

لیًنقطةًالاعتداللتيًفوقًال رضًمنًالمعدً وهوًالقوسًاً،الاس تواءًومطالعهًبالبلدًبخط  اًکانتًال فاقًتختلفًقطعهاًولم ًً.لًا 

نًشاءًاللهًًـــــوس یجيءًتفلیلهًً.ثًباختلافًعروضًالبلدانًوجبًأ نًتختلفًالمطالعًباختلافًالعروضلمثلًهذاًالمثل ً ا 

ًً.العزیز

ًتعدیلًالنهارًهوًنلفًالفضلً[7ً] بینًنهاارًالشمسًأ وًالكوكبًفيًالبلدًوبینًولاًيخفیًبعدًالا حاطةًبماًذكرناًأ ن 

ًقوسًنهاارًکً ً،أ عنيًالنهارًالمعتدلً،الاس تواءًأ وًنهاارًنقطةًالاعتدالًنهاارًخط  الاس تواءًمثلًقوسًنهاارًًجزءًفيًخط ًل ن 

.نقطةًالاعتدال
93
/فا ذن/ً

†ًxiv
فيًال فاقًالمائلةً

94
/زید/تً

†ًxv
قوسًنهاارًالجزءًعلیًقوسًنهاارًنقطةًالاعتدالًبضعفًتعدیلًً

نًکانًالجزءًفيًجهةًالقطبًالظاهر نًکانًفيًجهةًالقطبًالخفيً]كذا[ًوتنقصًمنهً؛النهارًا  ًا  ًیهزادًً.بالضعفًأ یضا  ولهذا

ً.ةًالقطبًالخفيوینقصًمنهًلتحلیلهًفيًجهً،تعدیلًالنهارًعلیًربعًالدورًلتحلیلًنلفًقوسًالنهارًفيًجهةًالقطبًالظاهر

ونلفًقوسًنهاارًالكوكبًً.هاتسمیةًهذهًالقوسًبتعدیلًالنهارًمجازًل ن هًتعدیلًلنلفًقوسًالنهارًلاًلك ًًومنًهذاًیظهرًأ نً 

ونلفًً،لًیطلعًفيًنلفًزمانًظهورًذلكًالكوكبًأ وًالجزءًأ وًنلفًالقطعةًالظاهرةًمنًمدارهأ وًالجزءًقوسًمنًالمعدً 

هذاًهوًالمشهورًوفیهًً.معرفةًقوسيًالنهارًواللیلًبعدًمعرفةًأ نلافهماًیولاًيخفً.لیًنلفًالدورقوسًاللیلًتمامًهذهًالقوسًاً 

نًشاءًاللهًالعزیزًـــــتحقیقًس یجيءًفيًموضعهً ًً.ا 

                                                           
xiv

ًك،ًل«:ًمااوً»=ًمتغیرًمنًًبما:ًافا ذن[ًوًً 

xv
ًلً«:يزیدف»منًمتغیرًیزید،ً=ًً،ًك:ًب[ًفيزیدزیدتً 
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ًالرابعالبابً

ً ًيجاوزًتمامًالمیلًالك ًــتًضهاًلاوالمواضعًالتيًعرًفيًخواص 

لماً،[ًوهيًتنقسمًأ ربعةًأ قسام1]
95
ًً:عرفتً

ًال وً 2] ًالمیلًالك ي[ ًمن ًأ قل  ًیكونًعرضها ًما ًالشمسًبسمتًالرأ سًفيًنقطتینًمیلهماًً.ل ًتمر  فيًتلكًالمواضع

ًالقطبًالظاهر ًيساويًعرضًالبلدًفيًجهة حدىًمرورًوعندً.ظلً ًحینئذًالنهارًانتلافًفيًلل شخاصًیكونًولا/؛ ًا 

بالسمت/ًالنقطتین
*ًi

ًً ًعلیًال فق ًالبَوج ًمنطقة ًعلیًال فقتقوم ًقطباها ًویكون ًارتفاعًًعلیًقوائم ًدائرة ًحینئذ فتكون

نًوالكواكبًالتيًعلهااًفوقًال رضً،الشمس حدىًعلیًوالكوكبًالشمسًتكنًلمً/ا  النقطتین./ًا 
*ًii

وك ماًزادًعرضًالبلدًً

حدىًالنقطتینًمنًال خر ًالشمسوماًدامتًً.ویكونًلقطبيًالبَوجًطلوعًوغروبً.وصغرتًالقوسًالتيًبينهماً،یقربتًا 

/حینئذ/ًویكونًا لیًجهةًالقطبًالخفيًفيًالقوسًالتيًبینًالنقطتینًفيًجهةًالقطبًالظاهرًیقعًالظلً 
†iii

القطبًالظاهرً
96
ً

ًدامتًً؛والخفيًهوًالذيًیليًالقطبًالظاهرً،لًالنهارمنًقطبيًفلكًالبَوجًهوًالذيًیليًالقطبًالخفيًمنًمعدً  وما

ًالقطبًالخفيً،یالشمسًفيًالقوسًال خر ًبینًالنقطتینًفيًجهة ًالظلً ً،أ عنيًالتيًتكون ًالقطبًالظاهرًًیقع ا لیًجهة

/حینئذ/ًویكون
†ًiv

والخفيًهوًالذيًً،لًالنهارالقطبًالظاهرًمنًقطبيًفلكًالبَوجًهوًالذيًیليًالقطبًالظاهرًمنًمعدً ً

حدً،وتكونًللشمسًفيًارتفاعهاًغایتانًفيًالنقلانً.یليًالخفي فيًجهةًًیوال خرً؛وهيًأ عظمً،القطبًالظاهرهماًفيًجهةًاا 

                                                           
i
ًًهاب،ًهاكوعندًمرورًا حدىًالنقطتینًبالسمت[ًًولاًیكونًلل شخاصًفيًانتلافًالنهارًحینئذًظلً ً 

ii
ً:ًشاب،ًشاكولاًیكونًلل شخاصًفيًانتلافًالنهارًظلً=ً+ًهاب،ًهاكا نًلمًتكنًالشمسًوالكوكبًعلیًا حدىًالنقطتین[ًً 

iii
ًك،ًهال-حینئذ[ًفاب،ًً 

iv
ًل-ك،ً-ر،ً-حینئذ[ًفابً،ًً 
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ً.ولاًيخفیًمقدارًالغایتینًولاًمقدارًغایةًارتفاعًقطبيًالبَوجًوانحطاطهماًبعدًالا حاطةًبماًسلفً.وهيًأ صغرً،القطبًالخفي

ًفيًتلكًال فاقًمتساویة ًالس نة ًتكونًفلول ًبسببًوصولًالشمسًا لیًسمتًً،ولا ًأ طولًمنًغیره ًیكون ًصیفهم ل ن 

الرأ س
97
وفيًوسطهًیكونًفتورًللسخونةً،تینمرً ً

98
نعبسببًبعدًالشمسًً

99
نًزادتًً.سمتًالرأ سًعلیًقدرًالبعدً وا 

ًوكونهااًالاس تواءًخط ًبخلافًالجهتینًفيًالسمتًعنًالشمسًبعدًغایتيً/لاختلافًلعدمًانضباطهاًال ربعةًلمًتكنًمتشابهة

علیه./ًزادًوماًالمیلًعرضهًساوىًماًبخلافًقربًغایتيًذات
†ًv

ًً

ًللمیلًالك ً[3ً] ةًواحدةًبسمتًً.يالقسمًالثانيًماًیكونًعرضهاًمساويا  ًالشمسًفيًالس نةًمر  وفيًتلكًالمواضعًتمر 

/مساويا /ًنقطةًالاعتدالًفهااًویكونًظلً ً.الرأ س
†ًvi

/ظلً /لً
†ًvii

/ظلً لوً/ً؛الاس تواءًقدراً ًنقطتيًالانقلابًفيًخط ً
†ًviii

ً

حد ً،ویلیرًأ حدًقطبيًفلكًالبَوجًأ بديًالظهورًوالثانيًأ بديًالخفاءً.جهةًأ یضاً هماًوهيًالتيًفيًخلافًجهةًعرضًالبلدًاا 

انًال فقًفيًدورتهماًمرً  ً،ةًواحدةًوذلكًعندًانتهاءًنقطةًالمنقلبًالذيًیكونًفيًجهةًالقطبًالظاهرًا لیًسمتًالرأ سويماس 

وتكونًالشمسًدائما ًفيًً.لًالسموتةًأ وً وتكونًدائرةًالبَوجًحینئذًدائرًً،وحینئذًتقطعًمنطقةًالبَوجًال فقًعلیًقوائمًفقط

لا ًً،وال ظلالًفيًجمیعًالس نةًا لیًجهةًالقطبًالظاهرً،جهةًالقطبًالخفي لیًالمنقلبا  ً/الذيًًفيًیومًواحدًتللًالشمسًا 

/.الظاهرًالقطبًجهةًفي
‡ًix

ًفيًنلفًنهاارًذلكًالیومًلاًیكونًظلً ً ن  ًعلیًبلً،الخفيًالقطبًجهةًفيًالشمسً/ولاًفا 

                                                           
v
ًهاب،ًهاك،ًهالً[وماًزادًعلیهً...لاختلافًغایتيً 

vi
ًك،ًتال-مساويا [ًتاب،ًً 

vii
ًكظل:ًكًبً=«:ًظلك»منً[ًمتغیرًظلً لً 

viii
ًهاكًً:كظلوً=ًبً«:ًظلكوً»منً[ًمتغیرًلظلً وًً 

ix
ًلالظاهر:ًب،ًها[ًالظاهرًالقطبالذيًفيًجهةًً 
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السمت./
*ًx

ًالك ًً ًضعفًالمیل ًبقدر ًالبَوج ًقطبي ًمن ًالخفي ًانحطاط ًوغایة ًالقطبًالظاهر ًارتفاع ًغایة ًثمً ً،يوتكون

لیًأ نًتفنیا لیهًثمً ً،وارتفاعاتًالشمسًتتزایدًمنًأ حدًالانقلابینًا لیًال خرً.تتناقلانًا  وتلیرًً.ترجعًوتتناقصًا لیًأ نًتعودًا 

ًً.فلولًالس نةًأ ربعةًلاًغیر ًعامً ًوهذهًالخواص  ًأ یضا  ویكونًاللیفًوالش تاءًلهماًعلیًً.ةًللمساكنًالشمالیةًوالجنوبیةوغیرها

ذاًکانًفيًجانبًالشمالًاللیفًکانًفيًالجنوبًالش تاءًوبالعكسً،التبادل والذيًعرضهًً.وكذلكًالفللانًال خرانً.یعنيًا 

ًمنًالذيًعرضهًمساوللمیلًالك ًًمساوًٍ يًفيًالجنوبًیكونًأ حر 
100
مً،لمكانًال وجًوالحضیضً،لهًفيًالشمالً وفيًً.كماًتقد 

لیًدائرةًأ وً  ،ًلًالسموتًفوقًال رضهذاًالقسمًوالذيًقبلهًیوجدًللشمسًالارتفاعًالذيًلاًسمتًلهًوذلكًعندًوصولهاًا 

لیًأ فقهًفوقًالشمسًتللًموضعًکً ًفيً/وكذا لًدائرةًا  السموت./ًأ و 
‡ًxi

ًً

ًعلیًالمیلًًالقسم[ًو4] ًزائدا  ًیكونًعرضها ًمنًتمامهالك ًالثالثًما وهناكًلاًتتتهیيًالشمسًا لیًسمتًً.يًوناقلا 

وأ سفلًوهوًیكونًبقدرًفضلًتمامًً،يًوتمامًعرضًالبلدأ علیًوهوًیكونًبقدرًمجموعًالمیلًالك ًً:ویكونًلهاًارتفاعانً،الرأ س

ًً.يعرضًالبلدًعلیًالمیلًالك ً ً:ویكونًللقطبًالظاهرًارتفاعانً.ال فقًولاًیكونًلقطبيًالبَوجًطلوعًوغروبًولاًتمَاس 

لیًنلفًالنهار لیهً؛أ حدهماًأ علیًوذلكًعندًوصولًمنقلبًالقطبًالخفيًا  ً.وال خرًأ سفلًوذلكًعندًوصولًالمنقلبًال خرًا 

سائرًال حوالًوً.ال ظلالًفيًجمیعًالس نةًا لیًجهةًالقطبًالظاهرویكونًً.ویكونًللقطبًالخفيًانحطاطانًعلیًهذاًالقیاس

لیًأ نًکً وذهبًبعضًال حكامی ًً.كماًبي ناً،وقصرهًوغیرًذلكًمنًطولًالنهار ثینًلاًثةًوثلابلدةًیكونًعرضهاًأ كثرًمنًثلاًینًا 

ًشيءًمنًالس یً  ذاًلاًيمر  ًا  ًأ نً ً.اراتًبسمتًرؤوسهميخرجًمنهاًنبي  ًبعضهاًبسمتًرأ سهمًثةًوثلافيًعرضًثلاًوظن  ثینًيمر 

                                                           
x
ًولاًالشمسًفيًجهةًالقطبًالخفيًبلًعلیًالسمت[ًهاب،ًهاكً 

xi
ًهالً،هاكب،ًً-لًالسموت[ًموضعًتللًالشمسًفوقًأ فقهًا لیًدائرةًأ وً ًوكذاًفيًکً ً 
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لیًأ نً  ًمنهًا  ثینًثةًوثلايًیزیدًعلیًثلالفًوال خرًقریبًمنًس بعةًوهماًمعًالمیلًالك ًأ حدًعرضهااًجزءانًونًکالزهرةًملیرا 

ًالزهرةًبسمتًرأ سهم ًماًظن ًً،عرضهااًمتبادلانًوذهبًعلیهًأ نً ً.فتر  ًلاًیزیدبلدًًفال ولیًأ نًیقالًکً ً.هفلاًيجتعانًلیلح 

/فضل/
†ًxii

/علی/يًعلیًالمیلًالك ًعرضهًً
†ًxiii

ًمنهاًبسمتًًعروضً تینًماًزادًعرضهًعلیًفضلًسائرًالس ی ارةًمر  الرأ سًمر 

ًالفضلً،يعرضًالبلدًعلیًالمیلًالك ً ًساوىًعرضه ًما ة ًالكوكبًذيًً.ومر  لیًاشتراطًكونًدرجة ًالحكمًا  تاجًفيًهذا ویحه

لًفيً/لاًالعرضًنقطةًالانقلابًالتيًفيًجهةًعرضًالبلد أ یضا ،/ًال و 
*ًxiv

كماًاشترطهً
101
ن هًبعضهمً المطلوب./ًینافيً/فا 

*ًxv
ً

ذًلازديادهاً،ضوالعروضًیزدادًتعدیلًالنهارًوسعةًالمشرقًوالمغربًبازديادًالعرًوفيًهذه ا 
102
یزدادًعظمًالمداراتًال بدیةًً

ًًَ،الظهورًوالخفاءًوانحطاطًمدارًالشمسًعنًسمتًالرأ سًا لیًجهةًالقطبًالخفي ً.السرطانًعنًمطلعًالاعتدالًدًمطلعهًعهًوب

لیًأ نًیلیرًأ عظمًالمداراتًال بدیةًالظهورًمدارً وزادًفضلًنهاارهًعلیًنهاارًالاعتدالًفتكثرًسعةًالمشرقًوتعدیلًالنهارًا 

ًً.المنقلبًالذيًفيًجهةًالقطبًالظاهر

ًلتمامًالمیلًالك ً[5ً] وهناكًیلیرًمدارًالمنقلبًالذيًیكونًفيًجهةًالقطبًً.يالقسمًالرابعًماًیكونًعرضهًمساويا 

ة/بدیالً ً/أ عظمًرالظاه
‡ًxvi

ة/بدی/أ عظمًالً ًالظهورًومدارًالمنقلبًال خرً
‡ًxvii

ًمدارًقطبًفلكًالبَوجًالظاهرًً.الخفاءً ويمر 

ةًَال فقً.بسمتًالرأ سًومدارًالقطبًال خرًبمقابله ًمماس  ًالظاهره ذاًوافیًالمنقلبه ًعلیًنقطةًقطبًأ وً ً،فا  هه لًالسموتًالتيًماسَّ

                                                           
xii

ًفضل[ًفاب،ًهالً 

xiii
ًب،ًل«:ًقدرب»منًعلی[ًمتغیرًً 

xiv
ًهاكهاب،ًًلًأ یضا [لاًفيًال وً ً 

xv
ن هًینافيًالمطلوب[ًهاب،ًهاكً  ًفا 

xvi
ً=ًابدی:ًب،ًطاك،ًطالًك،ًلمضافًفيًالمتن:ًوالهامش:ً[ًبدیةالً ًعظمأ ًً 

xvii
ً=ًابدی:ًب،ًطاك،ًطالًك،ًلمضافًفيًالمتن:ًوالهامش:ً[ًبدیةالً ًعظمأ ًً 
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ًً،فيًجهةًالقطبًالظاهر وماس 
103
وانطبقتًً،وصارًالقطبانًعلیًسمتًالرأ سًومقابلهً،المنقلبًالخفيًعلیًالقطبًال خرً

لًالسرطانًلًالميزانًفيًالمغربًوأ وً لًالحملًفيًالمشرقًوأ وً فا نًکانًالقطبًالظاهرًشمالیا ًیكونًأ وً ً.منطقةًالبَوجًعلیًال فق

ًالشمالًوأ وً  ًالجديًمنًالمعدً فيًنقطة لًعلیًنلفًالنهارًفيًجهةًالجنوبًفوقًال رضًلًالجديًفيًنقطةًالجنوبًونظیرة

ذاومنهًیهعلمًكیفیةًوضعًالمنطقتینًمنًال فقًاً ً.ونظیرةًالسرطانًمنهًعلیهًفيًالشمالًتحتها
104
ًثمً ً.کانًالقطبًالظاهرًجنوبیاً ً

ذاًزالًالقطبًعنًسمتًالرأ س ً،ال فقًدفعةارتفعًالنلفًالشرقيًمنًالمنطقةًعنًً،وارتفعًالمنقلبًالظاهرًعنهنحوًالمغربًًا 

قریبتینًمن/وً/وتتقاطعًدائرتاًالبَوجًوال فقًعلیًنقطتینًقریبتینًمنًالمنقلبینًً.وانخفضًالنلفًال خرًمنهاًعنهًكذلك
*ًxviii

ً

ًالمماسً ً.الشمالًوالجنوب ذاًکانتًبینًهذهًال ربعًفالتقاطعًلاًیكونًعلهااًوهوًمعًوضوحهًدقیقل ن  فیكونًالجزءًالتاليًً.ةًا 

/قریبة/ًللمنقلبًالخفيًعلی
*ًxix

/قریبة/ًوالجزءًالتاليًللمنقلبًالظاهرًعلیً،لًالسموتًیهریدًالغروبقطبًأ وً ً
*ًxx

قطبهًً

نًکانًالقطبًالظاهرًً،ویكونًالنلفًالظاهرًماًبينهماً.ال خرًیریدًالطلوع طهًالاعتدالًالربیعيًا  أ عنيًالنلفًالذيًیتوس 

نًکانًجنوبیاً  ًأ وًالخریفيًا  ًبعدًجزءًفيًجمیعًأ جزاءًً.فًال خروالنلفًالخفيًهوًالنلً؛شمالیا  ثمًیطلعًالنلفًالخفيًجزءا 

فیطلعًالسرطانًوال سدًوالستبلةًمنًالربعًالشرقيًالشماليًوالميزانًوالعقربًوالقوسًمنًالربعًالشرقيًً.نلفًال فقًالشرقي

نًکانًالقطبًالظاهرًشمالیاً  نًکانًجنوبیاً ً،الجنوبيًا  ًً.وقسًعلیهًا  أ يًفيًً،بعدًجزءًكذلكویغیبًالنلفًالظاهرًجزءا 

فیغیبًالجديًوالدلوًوالحوتًفيًالربعًالغربيًالجنوبيًوالحملًوالثورًوالجوزاءًفيًالربعًالغربيًً.جمیعًأ جزاءًنلفًال فقًالغربي

نًکانًالقطبًالظاهرًما نًکانًالظاهرًال خرً،ذكرناًالشماليًا  ن ًً.ولاًيخفیًالحكمًا  ًا  وحینئذًًةًالیومًبلیلتهفيًمدً ًماًیتمً وهذا

                                                           
xviii

ً=ًو:ًبًقریبتینًمن[ًهاكوًً 

xix
ًقریبة[ًهاب،ًفاكً 

xx
ًقریبة[ًهاب،ًفاكً 
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/الك ي/ًواحدًمنًسعةًالمشرقًوتعدیلًالنهارًویكونًهناكًکً ً.یعودًوضعًالفلكًا لیًحالهًال ولی
‡ًxxi

ًمنًالدورً اًأ مً ً؛ربعا 

ًبینًمطلعًالمنقلبًالظاهرًوبینًمطلعًالاعتدالًربعًمنًال فقال وً  ًنلفًفضلًنهاارهًال طولوأ مً ً،لًفل ن  وهوًً،اًالثانيًفل ن 

ًکً ً،ساعاتًالتيًهيًمقدارًربعًالدورًهوًست ًً،وهوًاثتتاًعشرةًساعةً،علیًالنهارًالمعتدلً،أ ربعًوعشرونًساعة ساعةًًل ن 

ًدرجة ًعنًالمعدً ً.خمسًعشرة ًالتيًبعدها ًمنًال جزاءًوأ مً ً،يًطلوعًوغروبمنًالمیلًالك ًًلًأ قلً ویكونًلل جزاء ًغیرها ا

الفلكیةًفلاًیكونًلهاًطلوعًو
105

ًك ًزيادةًالنهارًا لیتكونًوً.غروب وذلكًحینًوصولًً،هًأ نًیلیرًمقدارًیومًبلیلتهًنهاارا 

لیًالمنقلبًالظاهر لیًال فقً،الشمسًا  نًاعتهبًَابتداءًالنهارًمنًوصولًمركزًالشمسًا  نًاعتهبًَابتداؤهًمنًظهورًً.هذاًا  فا 

ًبي نهًثاوذوس یوسًفيً ًعلیًما ًواحدا  ًالثوابتًکانًنهاارهمًشهرا  یحدثًلیلًویزیدًا لیًأ نًیلیرًًثمً ً.مساكنهالضوءًواختفاء

لیًأ نًیبلغًضعفًالمیلًالك ًً.همقدارًیومًبلیلتهًلیلةًك ً ً،یأ خذًفيًالتناقصًویتناقصًا لیًأ نًیفنیًثمً ً؛يویزیدًارتفاعًالشمسًا 

ًالشمسًال فق ًل نً یًوتكونًأ ظلالًالمقاً.وتماس  ًحولها ًطلعتًعلیًقطبًأ وً ًيسًدائرة ذا وهيًفيًً،لًالسموتالشمسًا 

لیًمسامتةًخط ً،لظاهرالمنقلبًا لیًأ نًتللًا  تلیرًفيًالجهةًًثمً ً؛المشرقًوالمغربًأ خذتًفيًالارتفاعًفيًجهةًالمشرقًا 

لیًنلفًالنهارًیال خر ًًثمً ً؛عنهًوتبلغًغایةًارتفاعهاًعندًوصولهاًا  لیًأ نًتماس  ً.لًالسموتال فقًبقطبًأ وً ًیتناقصًارتفاعهاًا 

لیًقطبًأ وً ً،كماًقلناً،تفعلًدورا ًأ خرًثمً  لیًال فقًقبلًوصولهاًا  دورا ًًثمً ً.فیغربًمركزهاًدونًتمامًجرمهاً،لًالسموتفتبلغًا 

لیًأ نًیغربًتمامًالجرمًویحدثًاللیل ا لیًًوقتًالطلوعًیكونًا لیًناحیةًالقطبًالخفيًثمً ًظلً ًولاًيخفیًأ نً ً.أ خرًأ وًدورینًا 

ًفيًالمغربًثمً  لیًثمً ً.ًالجهةًالمقابلةًلجهةًالشمسا لیًناحیةًالقطبًالظاهرًوعلیًهذاًیكونًدائما  ًتتزایدًقوسًاللیلًبالتدريجًا 

لیًنقطةًالاعتدال ذاًوصلتًالشمسًا لیًالمنقلبًالخفيًیكونًال مرًً.یزیدًاللیلًثمً ً،اللیلًوالنهارًيفیتساوًً،أ نًتللًا  وا 

                                                           
xxi

ًهالًك،ً-ً،بً-ً[يالك ًً 
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مداره/ًبلً/مركزهاًبالعكسًل نً 
*ًxxii

ًًلفيًالدورًال وً ً تماس 
106
لیًال فقًقبلًوصولهًً؛ال فقًتحتًال رضً وفيًالثانيًتللًا 

لیًقطبًأ وً  بعدًذلكًًثمً ً،وفيًالثالثًأ وًالرابعًیظهرًتمامًجرمهاًوتغربًسریعاً ً؛لًالسموتًفیطلعًمركزهاًدونًتمامًجرمهاا 

لیًنقطةًالاعتدالًفیتساوً لیًأ نًتللًا  ًوتتزایدًقوسًالنهارًبالتدريجًا  ًقلیلا  كماًً،یزیدًالنهارًثمً ً.اللیلًوالنهارًيترتفعًقلیلا 

ًًویكونً.قلنا ًدورًمنًمعدً ًالبَوجًفلكًطلوعًنلفًدورًمنهناكًأ یضا  وطلوعًالنلفًال خرًمنًمنطقةًً؛لًالنهارمع

مً،ةًالبَدوهذاًالموضعًهوًنهاایةًالعمارةًفيًجانبًالشمالًولاًيمكنًالعمارةًبعدهًلشدً ً.البَوجًلاًفيًزمان ًً.كماًتقد 

                                                           
xxii

ً[ًهاب،ًهاكمدارهًبلًمركزهاً 
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ًالخامسالبابً

ً ًيًولاًیبلغًربعًالدورتمامًالمیلًالك ًعنًًالمواضعًالتيًيجاوزًعرضهاًفيًخواص 

/مدار/ًیكونًفيًهذهًالمواضع[1ً]
*ًi

ًعنًسمتًالرأ سً الخفي/ًالقطبًجهةً/فيًقطبًالبَوجًمائلا 
*ًii

بقدرًزيادةًً

له/ًلالمیًالمساویةً/ولاًلًعلیًتمامًالعرضیفلاًیكونًلل جزاءًالزائدةًالًمً.لیالعرضًعلیًتمامًالًم
*ًiii

ویكونًً.طلوعًوغروبً

ًمنًمدارًالمنقلبین ًأ عظم ًالظهور ًال بدیة ًالبَوجًعلیًنقطتینًلاًمحالةًًیكونــًفً.الدائرة ًلمنطقة ًالظهورًقاطعا  ًال بدیة أ عظم

ًلهاًعلیًنقطتینًً؛یتساويًمیلهماًفيًجهةًالقطبًالظاهر لهماًفيًجهةًالقطبًًمقابلتینوأ عظمًالمداراتًال بدیةًالخفاءًقاطعا 

من/ً/کً ً/ومیل.ًالخفي
†ًiv

البلد./ًعرضًلتمامًمساوًًٍال ربعً
*ًv

حدً:وتنقسمًمنطقةًالبَوجًا لیًأ ربعًقسً ً ً،هاًأ بدیةًالظهوراا 

مًصیفهمًهوًزمانًكونًولذلكًیكونًطولًیومًواحدًمنًأ ياً ً،طهاًالمنقلبًالذيًیكونًفيًجهةًالقطبًالظاهروهيًالتيًیتوسً 

ولذلكًیكونًطولًلیلةًواحدةًمنًلیاليًش تائهمًهوًً،طهاًالمنقلبًال خروهيًالتيًیتوسً ً،والثانیةًأ بدیةًالخفاءً؛الشمسًفهاا

انًال فقًدورًبحركةًالكً ًفيًکً ًوطرفاًالقوسًال ولیً.زمانًكونًالشمسًفهاا لًالسموتًالذيًفيًجهةًعلیًقطبًأ وً ًيماس 

ًً؛ولاًیغیبانً،القطبًالظاهر ًالقوسًالثانیة انهوطرفا ًالقوسانًالباقیتانًفالتيًوأ مً ً.ولاًیطلعانً،علیًالقطبًال خرًيماس  ا

نًکانًالقطبًً،لهاًقبلًأ خرهاأ يًیغربًأ وً ً،وتغربًمس تویةً،لهاأ يًیطلعًأ خرهاًقبلًأ وً ً،لًالحملًتطلعًمعكوسةطهاًأ وً یتوسً  ا 

نًکانًالقطبًً،لهاأ يًیغربًأ خرهاًقبلًأ وً ً،وتغربًمعكوسةً،لهاًقبلًأ خرهاأ يًیطلعًأ وً ً،وتطلعًمس تویةً؛الظاهرًشمالیاً  ا 

                                                           
i
ًمدار[ًهاب،ًهاكً 

ii
ً[ًهاب،ًهاكالخفيًالقطبًجهةًفيً 

iii
ً[ًهاب،ًهاكلهًالمیلًالمساویةًولاً 

iv
ًهالًً،كهاً،بهاکًمن[ًً 

v
ًومیلًال ربعًمساوًٍلتمامًعرضًالبلد[ًهاب،ًهاكً 
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ًمنًذلكطهاًأ وً والتيًیتوسً ً.الظاهرًجنوبیاً  ًوبالعكسً،لًالميزانًتكونًبالضد  ًیغربًمس تويا  ن ماًکانًماًیطلعًمنكوسا  ًً.وا  ل ن 

ًك خرًالًً،الغاربًمقابلًللطالع ستبلةفماًیطلعًمنكوسا 
§ًvi

ًیغربًمقابلهًك خرًالحً وتمثلا 
§ًvii

ًوبالضدً ً ذنًالطلوعًً.منكوسا  فا 

حدیًالقطعتینًیوافقًالغروبًفيًالثانیةًفيًالاس تواءًوعدمه فیلزمًأ نًیكونًً.هًيخالفًطلوعًالثانیةًفيًالاس تواءلكن ًً،فيًا 

ًوبالعكسً،قطعةًيخالفًغروبهاًطلوعًکً  ً،أ علیأ حدهماًً:ویكونًللمنقلبًالظاهرًارتفاعانً.فماًیطلعًمنكوسا ًیغربًمس تويا 

وهوًً،أ سفلًال خروً؛يًوتمامًعرضًالبلدًعلیًدائرةًنلفًالنهارًفيًجهةًالقطبًالخفيیكونًبقدرًمجموعًالمیلًالك ًًوهو

ًالمیلًالك ً ًالقطبًالظاهریكونًبقدرًفضلًعرضًالبلدًعلیًتمام ًنلفًالنهارًفيًجهة ویكونًلقطبًفلكًً.يًعلیًدائرة

ًارتفاعان ًالمیلًالك ًوهوًیكونًبقدرًمجموعًً،أ علیً:البَوجًأ یضا  ًعرضًالبلدًوتمام ً؛وذلكًفيًجانبًالقطبًالخفيً،يتمام

ویكونًالقطبًمعًالمنقلبًً.وذلكًفيًجانبًالقطبًالظاهرً،يوهوًیكونًبقدرًفضلًعرضًالبلدًعلیًالمیلًالك ًً،وأ سفل

ًولكنً  وقِسًعلیهًحالًالمنقلبًالخفيًً.ًالمتقابلتینًعنًسمتًالرأ سًوالارتفاعینًالمتبادلینینفيًالجهتًعلیًنلفًالنهارًمعا 

نًشاءًاللهًالعزًـــــًًلماًس یظهرًعندًوصفهماً،وفيًهذهًال فاقًیطولًاللبحًوالشفقً.والقطبًالخفي فيًًویقعًالظلً ًـــــزیا 

ًوقوعهًفيًجانبًالقطبًالخفيًیكونًأ طولً،جمیعًالجوانب ًأ ن  لا  ًً.ا 

رتلوً نًًولكي[2ً]
107
ًالعروضًنمث لًلهًمثالاً ًال وضاعً والقوسًال بدیةًً:ولیكنًالعرضًفيًالشمالًس بعینً.فيًهذه

لًوالقوسًالتيًتطلعًمعكوسةًوتغربًمس تویةًمنًأ وً ً؛والقوسًال بدیةًالخفاءًالقوسًوالجديً،الظهورًالجوزاءًوالسرطان

لیًأ خرًالثور لیًأ خرًوالتيًتطلعًمس تویةًوتغربًمعكوسةًمنًأ وً ً،الدلوًا  لًالسرطانًعلیًً.العقربلًال سدًا  ذاًکانًأ و  فا 

                                                           
vi
ًستبلةالًً  ًك،ًر،ًلً«:ًوتالح»ا لیًً[ًمتغیر 

vii
ًوتالحً   ك،ًر،ًلً«:ًستبلةالً»ا لیًً[ًمتغیر 
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ًوهوًثلا کانًقطبًفلكًالبَوجًً،لثًوربعثًوأ ربعونًدرجةًوثهًنلفًالنهارًمنًجانبًالجنوبًوارتفاعهًفيًغایةًالزيادة

ًوارتفاعهًفيًغایةًالنقلانًوهوًستً  ویكونًً.وأ ربعونًدرجةًوربعًوسدسًالظاهرًمنًجانبًالشمالًعلیًنلفًالنهارًأ یضا 

ونلفًفلكًالبَوجًالظاهرًمنًالمغربًً.لًالحملًیریدًالغروبوعلیًمغیبهًأ وً ً،لًالميزانًیریدًالطلوععتدالًأ وً علیًمطلعًالا

ً:ـهصورتـًهذهوً.ا لیًالمشرقًفيًالجنوب

ً
ً[3]شكً

لًالسرطانًفيًانحطاطًنحوًالمغربًوقطبًفلكًالبَوجًفيًارتفاعًـیأ خذًأ وً فـً:كًالفلكًبالحركةًال ولیثمًلیتحرً [3ً]

ویتزایدًبعدًمطلعًکً ً؛للتانًبهماویغربًالاعتدالًالربیعيًویطلعًالخریفيًوكذاًالقوسانًالمت ًً؛نحوًالمشرق
108
جزءًومغیبًً

 البَوجقطبًً

 الجنوب

 الشمال

لًالنهارقطبً  معد 

 سمتًالرأ سً
 الميزانرأ سً رأ سًالحمل المغرب المشرق

 نقطةًالشمالً

 الجنوبنقطةًً

لًالسرطان  أ و 
ً

رً
دا
م

بً
قط

وج
بَ
ًال
لك
ف
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ًتتتًه ًأ ن لی ًا  ًومغیبه ًالاعتدال ًمطلع ًمن ًال فقًولایغربًیينظیره ًأ حدهما ًيماس  لیًالجزئینًاللذین ًا  ًيماسًًُّ،النوبة هًوال خر

الحملًوالثورًأ یضا ًًغربوً؛الربعًالشرقيًالجنوبيًسعةًمشرقهماًيس تغرقینًوالميزانًوالعقربًمس توی ًًفیكونًقدًطلع.ًولایطلع

ًًلًالقوسأ وً ًویكونً.الربعًالغربيًالشماليًسعةًمغربهماًيس تغرقینًومس توی ً هًلًالجوزاءًال فقًعلیًنقطةًالجنوبًوأ وً ًيماس  يماس 

لًالسموتًونظیرهًلیًوال سفلًعلیًدائرةًأ وً وقطبًفلكًالبَوجًالظاهرًفيًجهةًالشرقًبینًارتفاعیهًال عً،علیًنقطةًالشمال

فیكونًً.والخفيًفيًمقابلتهً،ویلیرًالنلفًالظاهرًمنًمنطقةًالبَوجًفيًالجانبًالغربيًمنًالجنوبًا لیًالشمالً.فيًمقابلته

ً:ـهصورتـًهذهوً.تقاطعًالبَوجًوال فقًعلیًنقطتيًالشمالًوالجنوب

ً
ً[4]شكً

 الجنوب

 الشمال

لقطبًً  المعد 

 سمتًالرأ سً
 المغرب المشرق

لً  الميزانًأ و 

 نقطةًالشمالً

 الجنوبنقطةًً

لًالسرطان  أ و 

ً
رً
دا
م

بً
قط

وج
بَ
ال

 

 قطبًالبَوج 
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ًبعدًشيءلًالجوزاءًفيًالارتفاعًنحوًالمشرقًویطلعًأ خرًالثورًالمت ًفیأ خذًأ وً ً:كًالفلكثمًلیتحرً [4ً] ً،للًبهًشيئا 

لیًمطلعًالاعتدالًمنًمطلعًالجزءًالمقدً ًبحیثًیكونًمطلعًکً  یطلعًًثمً.ا لیًأ نًیطلعًالثورً،مًعلیهًفيًالطلوعجزءًأ قربًا 

له لیًأ و  لیًمطلعهأ وً ًیيویتتًهً،ويس تغرقًالربعًالشماليًالشرقيًسعةًمشرقًهذینًالبَجینً،أ خرًالحملًا  زاءًً.لًالحملًا  ویأ خذًبا 

لیًأ نًیغیبًالعقربلًالقوسًفيًالانحطاطًتحتًال فقًویغربًأ خرًالعقربًالمت ًذلكًأ وً  ًبعدًشيءًا  ثمًیغربًً.للًبهًشيئا 

ًالجنوبيًالغربيًسعةً،لهأ خرًالميزانًا لیًأ وً  لیًمغیبهأ وً ًیيویتتًهً،مغربهماًويس تغرقًالربع فتكونًقدًانتهتًنوبةًً.لًالميزانًا 

لیًنقطتيًالاعتدالین لًالسرطانًا لیًدائرةًنلفًالنهارًفيًجانبًالشمالًویكونًفيًأ وً ًییانتًهوً،الطلوعًوالغروبًالمعكوسینًا 

وثمانونًًارتفاعهًال علیًفيًجانبًالجنوبًوهوًستً ًفيوقطبًفلكًالبَوجًً،لثًوربعثًدرجاتًوثهًارتفاعهًال سفلًوهوًثلا

ویكونًالنلفًمنًفلكًالبَوجًالظاهرًفيًجانبًالشمالًبینًمطلعًالاعتدالًومغیبهًعلیًتواليً.درجةًوربعًوسدس
109
ً

ً:علیًهذهًاللورةً،ویكونًتقاطعًالبَوجًوال فقًعلیًنقطتيًالمشرقًوالمغربً.والخفيًمقابلهً،مخالفًللمعهود
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ً
ً[5]شكً

لیًأ وً ً:كًالفلكثمًلیتحرً [5ً] لیًأ وً ً،لهفیطلعًأ خرًالحوتًا  ويس تغرقًالربعًالشرقيًالجنوبيًسعةًً،لهثمًأ خرًالدلوًا 

زائهماًأ خرًالستبلةًا لیًأ وً ً.مشرقهما ویلیرًً.ويس تغرقًالربعًالغربيًالشماليًسعةًمغربهماً،لهلهاًثمًأ خرًال سدًا لیًأ وً ویغیبًبا 

فقأ وً  ا ًلل  ونلفًدائرةًالبَوجًالظاهرًفيمًبينهماًً،ا ًلل فقدًعلیًنقطةًالشمالًمماسً لًال سوأ وً ً،لًالدلوًعلیًنقطةًالجنوبًمماس 

وقدًوصلًً.والقطبًقدًأ خذًفيًالانحطاطًفيًجانبًالمغربً،وأ ولًالسرطانًقدًارتفعًفيًجانبًالمشرقً.منًجهةًالمشرق

لیًدائرةًأ وً  ،لًالسموتًفيًجهةًالغربا 
110
ً:علیًهذهًاللورةً

 وجالبًَقطبًً

 الجنوب

 الشمال

لًالنهارقطبً  معد 

 سمتًالرأ سً
لًالميزان المغرب المشرق لًالحملً أ و   أ و 

 الجنوبنقطةًً

لًالسرطان  أ و 
ً

رً
دا
م

بً
قط

وج
بَ
ال
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ً
ً[6]شكً

لًال سدًعنأ وً لیرتفعًوً:كًالفلكثمًلیتحرً [ًأ 6ً]
111
فتطلعًأ جزاءًال سدًعلیًالتواليًً،ال فقًأ خذا ًنحوًالنلفًالشرقيً

زاءًذلكًینخفضًأ وً ً.ويس تغرقًالربعًالشماليًالشرقيًسعةًمشرقهماً،كذلكثمًأ جزاءًالستبلةًً،ا لیًأ خره لًالدلوًعنًال فقًوبا 

لیًأ وً وً.ويس تغرقًالربعًالجنوبيًالغربيًسعةًمغربهماً،فیغربًالدلوًثمًالحوتًعلیًالتواليً،ا لیًتحتًال رض لًیتتهیيًالطلوعًا 

لًالسرطانًویلیرًحینئذًٍأ وً ً.لازديادًقربًمطلعًال جزاءًومغیبهاًمنًمطلعًالاعتدالًومغیبهً،لًالحملالميزانًوالغروبًا لیًأ وً 

ًال علی ًوارتفاعه ًنلفًالنهار ًدائرة ًنلفًالنهارواً،ا لی ًمن ًال سفل ًا لیًارتفاعه ًمنًفلكًالبَوج ویلیرًً.لقطبًالظاهر

ًً.فیتم ًالدورًویت ضحًماًوصفناهً،ویعودًالوضعًا لیًماًفرضناهًمبدأ ًً،النلفًالظاهرًمنًفلكًالبَوجًفيًجانبًالجنوب

 الجنوب

 الشمال

لقطبًً  المعد 

 سمتًالرأ سً
 المغرب المشرق

لً  الحملًأ و 

لًالسرطان  أ و 

 قطبًالبَوج 
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لیًالبَوجًالشرقیةًتحتًال فقً:والضابطب[6ً] لیًال فقًً؛أ نًننظرًا  منًأ وائلهاًفطلوعهاًفا نًکانتًأ واخرهاًأ قربًا 

لیًال فقًمنًأ واخرهاًطلعتًمس تویةً؛یكونًمنكوساً  نًکانًأ وائلهاًأ قربًا  لیًالبَوجًالغربیةًفوقًال رضً.وا  فا نًً؛وننظرًا 

لیًال فقًمنًأ وائلهاًغربتًمنكوسة لیهًغربتًمس تویةً؛کانتًأ واخرهاًأ قربًا  نًکانتًأ وائلهاًأ قربًا  ضحًفيًعلیًماًات ًً،وا 

ن ماًیطلعًمنكوسا ًماًکانًمت للا ًبالجزءًال بديًالظهورًممً ً.ال مثلة ،اًیليًالاعتدالًالربیعيأ وًنقولًا 
112
ویغربًمنكوسا ًماًکانًً

،اًیليًالخریفيمتللا ًبال بديًالخفاءًممً 
113
ًکانًبالعكسً لا  نًکانًالقطبًالظاهرًشمالیا ًوا  ذاًوصلتًً.ا  ًالشمسًا  ولاًيخفیًأ ن 

ًاللیلًوً ًالنهارًً،النهارا لیًالاعتدالینًاعتدل ًیزداد ًومنًالميزانًفيًالجنوبیة ًالشمالیة ًجاوزتًمنًالحملًفيًالمساكن ذا ًا  ثم

لیًأ نًیفنیًاللیلًویلیرًك ً ثمًیبتدئًاللیلًً،ویبقیًكذلكًمدةًكونًالشمسًفيًالقوسًال بدیةًالظهورً.هًنهااراً وینقصًاللیلًا 

لیًأ نً لیًأ نًیفنیًالنهارًویلیرًك ًثمًیً.فیتساويانً،لیرًا لیًالاعتدالًال خرتویتزایدًا  ویبقیًً.هًلیلاً زیدًاللیلًعلیًالنهارًا 

لیًأ نًیتقابلاً،كذلكًمدةًكونًالشمسًفيًالقوسًال بدیةًالخفاء ً.ثمًیحدثًالنهارًویتزایدًا 

ذاًقربًعرضًالبلدًمنًالنهایةًوصارًارتفاعًمعدلًالنهارًمنًال فقًقلیلاً [7ً] فرب ماًیتتقلًكوكبًً،وفيًهذهًال فاقًا 

ب یقَره
114
ًا لیًمدارًأ خرًبحركتهًالثانیةمدارهًمنًال فقًجدً ً ًوهوًفيًالنلفًالشرقيًأ وًیظهرًً،ا  فیغیبًبعدًماًکانًظاهرا 

ًً.وهذاًأ یضا ًمنًالمسائلًالمس تغربةً.فیكونًقدًغربًفيًالمشرقًأ وًطلعًمنًالمغربً.بعدًماًکانًخفیا ًوهوًفيًالنلفًالغربي
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ًالسادسالبابً

ًفيً ًالمواضعًالتيًیكونًعرضهاًربعا ًمنًالدورًسواءً ًخواص 

لا 1ً] وتلیرًدائرةًً.لًالنهارًعلیًسمتًالرأ سًهناكًعندًنقطتینًیكونًأ حدًقطبيًمعدً [ًوذلكًلاًیكونًعلیًال رضًا 

بلًً،ینمتيز ًًَویةًولاًیبقیًفيًال فقًمشرقًولاًمغربحًَرًَدورةًًویدورًالفلكًبالحركةًال ولیً،لًالنهارًمنطبقةًعلیًال فقمعدً 

بلًفيًجمیعًالجهاتًيمكنًأ نًتبلغًالشمسًوغیرهاًمنًً،ولاًنلفًالنهارًأ یضاً ً.فيًجمیعًالجهاتًيمكنًأ نًیكونًطلوعًوغروب

ًغایةًانحطاطهاً،يوغایةًارتفاعًالشمسًهيًبقدرًالمیلًالك ًً.اراتًغایةًالارتفاعالس یً  سًتفعلًدوائرًيیًوأ ظلالًالمقاً.وكذا

ذاًکانتًالشمسًفيًالمنقلبًالذيًً،بعضهاًداخلًبعضً،ریبًعلیًمركزًواحدًهوًأ صلًالمقیاسةًمتوازیةًبالتقتامً  وأ صغرهاًا 

ذاًصارتًقریبةًمنًال فقًبقربًأ حدًالاعتدالینً،فيًجهةًالقطبًالظاهر یكونًالنلفًمنًالفلكًالذيًیكونًوً.وأ عظمهاًا 

ًً.أ بديًالخفاءلًالنهارًفيًجهةًالقطبًالظاهرًأ بديًالظهورًوالنلفًال خرًمنًمعدً 

دامتًفيًالنلفًالخفيًمنهًیكونًًوماً،[ًوالشمسًماًدامتًفيًالنلفًالظاهرًمنًفلكًالبَوجًیكونًنهاارا 2ً]

ًفتكونًستتهاًك ًً؛لیلاً  فیكونًتحتًالقطبًالشماليًً.حركتهاًوسرعتهاًبطوءویفضلًأ حدهماًعلیًال خرًمنًجهةًًولیلةهاًیوما 

وذلكًلكونًأ وجًالشمسًفيًأ واخرًالجوزاءًوحضیضهاًً،منامًبلیالهااًمنًأ ياً بس بعةًأ ياً ًفيًهذاًالتأ ريخًنهاارهمًأ كثرًمنًلیلهم

لیًال فقً.فيًأ واخرًالقوس نًاعتهبًَابتداءًالنهارًمنًوصولًمركزًالشمسًا  نًاعتهبًَابتداؤهًمنًظهورًالضوءًوأ مً ً،هذاًا  اًا 

ًالثوابت ً/وانتهاؤهواختفاء الثوابت،/ًوظهورًالضوءًاختفاءًمنً،
*ًi

ًأ شهرً ًس بعة ًمن ًأ كثر ًنهاارهم یكون
115
بالس بعةً/ً

                                                           
i
ًوانتهاؤهًمنًاختفاءًالضوءًوظهورًالثوابت[ًهاب،ًهاكً 
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/،مال ياً 
‡ii

ًأ شهرً ًمنًخمسة ًقریبا  ًحق ًً،ولیلهم ً/فا نالمساكنقهًثاوذوس یوسًفيًعلیًما قلت:ً.
116
/
*ًiii

ًوً ًغروبًمدً ل ن  ة

الشفقًأ و
117
ًمنًأ ياً یكونًًطلوعًاللبحًلهمً ًعلیًماًیًً،منافيًخمسینًیوما  نًشاءًاللهًًـــــًًعندًوصفهماًفيمًبعدتبین  ًالعزیزا 

ًـــــ
*ًiv

ةس بعل ن هًعلیًهذاًیكونًً،قهاًحق ًیلزمًأ نًیكونًالتفاوتًبينهماًأ كثرًممً ً
§ًv

أ شهرًوأ ربعینً
§ًvi

ن ًً،منایوما ًمنًأ ياً ً ماًقلتًا 

.رًعنهًوبينهماًقریبًمنًعشرینًیوماً یلزمًذلكًلوًکانًاختفاءًالثوابتًمعًطلوعًاللبحًوليسًكذلكًبلًهوًمتأ خً 
§ًvii

ً/وكذاً

مًالثوابتًظهور بمثله./ًالشفقًغروبًعلیًیتقد 
*ًviii

ویكونًطلوعًً.ولایطلعًولایغیبًبالحركةًال ولیًجزءًمنًأ جزاءًالفلكً

ً ًلاًفيًموضع ًوغروبها ًالثانیة ًالشمسًوالكواكبًبالحركة معین 
118
ًال فقً ًاثتتاً.من ًیكون والكوكبًالذيًلاًعرضًله

119
ً

120عشرة
ًً.أ لفًس نةًفوقًال رضًومثلهًتحتهاً

تاًالظهورًوالخفاءًبحسبًبهعدًً؛طلوعًوغروبيًالك ًًمنًالمیلأ نقصًًالتيًعرضهاویكونًللكواكبً[3ً] وتختلفًمد 

لیهالعرضيًًمدارها ًال فقًفيًدورًواحدًٍمنًالحركةًالثانیةًمرة ًوالتيًعرضهاًمساوًٍللمیلًك ًً؛عنًفلكًالبَوجًوقربهاًا  هًتماس 

مً ًغروبولوعًطهًك ًًلییزیدًعرضهاًعلیًالًمًالتيًولاًیكونًلهاًولاً؛واحدة مً بلًتكونًا  رًماًولیتذك ًً.اًخفیةًأ بدا ًاًظاهرةًوا 

ًً.ولیحكمًهاهناًبحسبًذلك،ًقلناًفيًأ وضاعًالفلكًبسببًالحركتینًال ولیین
                                                           

ii
ً،ًهالكً-ب،ًً-م[ًال ياً بالس بعةًً 

iii
ًفا نًقلت[ًفاب،ًهاكًً 

iv
ًشاب،ًشاكً:فا نًقلتً+[ًالعزیزًاللهًشاءًا نً 

v
ًًس بعة[ً  ً:ًر،ًك،ًل«سعةتً»ا لیًًمتغیر 

vi
ًأ ربعین[ًً  ًلًك،ًر،«:ًس بعةًعشرً»ا لیًًمتغیر 

vii
 ًً ًر،ًكً=ً«:ًشهرًوثمانیةًأ يام»ًا لیًًعشرینًیوما [ًمتغیر  لً=ً+ًیوماًا ذًبینًالاختفاءًوطلوعًالشمسًخمسةًعشرًیوماًعلیًماً«:ًخمسةًوثلثون»ا لیًًمتغیر 

ًحققهًأ یضا:ًهال

viii
ًمًعلیًغروبًالشفقًبمثله[ًهاب،ًهاكوكذاًظهورًالثوابتًیتقدً ً 
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اوهذ[4ً]
121
ًًأ خرً ًً.واللهًأ علمًباللوابـــــًًلمداراتًالیومیةًوماًيجريًمجراهاــالمسامتةًلًالبقاعًخواص 
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ًالسابعالبابً

ًمطالعًالبَوجفيً

والمطالعًفيًً.هذهًدرجًالسواءًیوتسمً ً،لًالنهارًتطلعًمعًأ جزاءًمفروضةًمنًفلكًالبَوج[ًالمطالعًأ جزاءًمنًمعدً 1]

ًأ فقهًمنًدوائرًالمیولًأ یضاً ً،الاس تواءًیكونًلاًمحالةًمحلورةًبینًدائرتینًمنًدوائرًالمیولًخط  أ عنيًیكونًماًبینًً.ل ن 

یًبمطالعًالفلكًالمس تقيمًومطالعًالكرةًالمنتلبةًومطالعًوتسمً ً،ارًمطالعًلماًبينهماًمنًفلكًالبَوجلًالنهدائرتيًالمیلًمنًمعدً 

انًالسموتًلأ وً ًقطبًمنًتخرجانًدائرتینًبینً/محلورةًوفيًال فاقًالمائلةً.الاس تواءًخط  ًمنًالقوسًتلكًبطرفيًوتمر 

البَوج،/
†ًi

/لا/ 
†ًii

ًبینًدائرتيًال فقًوالمیلً //ً،محلورة  حتی 
‡ًiii

لًالنهارًمطالعًلقوسًمنًالبَوجًیكونًماًبينهماًمنًمعدً ً

ن هًالملن فات،ًبعضًفيًیوجدًماً،ً/علیمبدؤهاًعلیًدائرةًالمیلًومنتهاهاًعلیًال فق .ًلاًفا  ًودرجًالمطالعًأ نً ًفیهًوالسرً ًیلح 

دیهًًلاًالسواء لا ًًیتبغي،ًماًعلیًحدوثهماًتوهمً یهًًولاًحدودهماًتحد  ةًالسموتًلأ وً ًقطبيًعلیًلل فقًمقاطعةًدائرةًبفرضًا  ًمار 

نًالبَوجًمنًالقوسًتلكًبأ خر لهاًال فق،ًتحتًفهرضتًا  نًوبأ و  ًًفوقه،ًفهرضتًا  ذاًحتی  كتًا  ًالیومیةًبالحركةًالدائرةًهذهًتحر 

لیًدفعةًالسواءًودرجًالمطالعًقوسيًنهاایتاًانتهت لًمنًبينهماًماًفیكونًال فق.ًا  ًأ نًويس تحیلًالبَوج.ًمنًبينهماًلماًمطالعًالمعد 

لًمنًالمائلةًال فاقًفيًوالمیلًال فقًدائرتيًبینًماًیكون لا ًًأ للهمًالبَوج،ًمنًبينهماًلماًمطالعًالمعد  ذاًا  ًنلفًالمیلًدائرةًکانتًا 

نً ًالنهار، فأ عرفه./ًالسموت،ًلأ وً ًقطبيًعلیًال فقًمعًتقاطعهًوهوًالمذكور،ًللسرً ًبينهماًلماًمطالعًبينهماًماًفا 
†ًiv

یًبمطالعًوتسمً ً

                                                           
i
ًتلكًالقوسًمنًالبَوج[ًهاب،ًهاك،ًهالً...محلورةًبینًدائرتینً 

ii
ًل،ًكًالمتن::ًفيمضافًً[ًفاب،لاً 

iii
 ًً ًلًفيً«أ عني»متغیرًمنًًب،ًك،[ًأ عني:ًحتی 

iv
ً[ًهاب،ًهاك،ًهالفأ عرفه...ًفاتعلیًماًیوجدًفيًبعضًالملن ًً 
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ًتسمً  ًالمائلة ًال فاق ًل ن  ًالمائلة ًال فلاك ًومطالع ًالمائلة ًالمائلةال فاق ًبال فلاك ًال فاقًً،ی ًلها ًیهقال ًالتي ًالمس تقيمة کال فلاك

ًً.المس تقيمة

لیًالمغربًعلیًقطبیهاًکانًفلكًالبَوجًغیرًمخطوطةًعلیًقطبيًالمعدً [ًولم ًأ 2ً] هاًمنًالمشرقًا  اس تحالًً،لًوکانًدوره

ًفيًأ زمانًمتساویةًبلًمختلفةأً  ًال جزاءًالمتساویةًمنًفلكًالبَوجًفيًال فلاكًالمس تقيمةًوالمائلةًجمیعا  ولهذاًً.نًيجوزًجمیع

المطالعًمعًاختلافهاًفيًنفسهاًتختلفًباختلافًال فاقًلاختلافًقطعهاًًثمً ً.يخالفًمطالعًبعضًالبَوجًمطالعًالبعضًال خر

.مثًالمذكورًفيمًتقدً المثل ً
122
ًالمطالعًیأ خذونهًمنًالاعتدالًالربیعيومًً ًالانقلابًالش تويًلغرضًً،بدأ  ومنهمًمنًيجعلًالمبدأ 

ًفيًالعمل ًتحق ًً.یظهر ذا ًً،قًذلكوا  ًفيًخط أ مً فنقول ًفكً ًا ًالنقطًال ربعًالاس تواء ًبنقطتینًمن د ًیتحد  الاعتدالینًً،ربع

يًً،والانقلابین ًنقطةًالاعتدالًالتيًهيًأ حدًحد  ًانتهتًا لیًسمتًالرأ سًیطلعًمعًربعًل ن  ذا ًا  الربعینًمنًالمنطقتینًمعا 

ةًبال قطابًال ربعةًعلیًال فق انًال خرانًللربعینًكونــفیً؛انطبقتًالدائرةًالمار  وهماًنقطةًالانقلابًاللیفيًونظیرتهاًً،الحد 

ًعلیًال فقلًمنًالمعدً  ًالمنطقتینًال فقً؛معا  ویكونًقطع
123
ًبرجًیليًً.وقسًعلیهًسائرًال رباعً.علیًقوائمً ًمع ولاًیطلع

ًأ عنيًنلفًسدسًمعدً ثلاً،وهوًنلفًسدسًمنطقةًالبَوجً،ا حدیًنقطًال رباع البَجًا نًًوذلكًل نً ً؛لًالنهارثونًزمانا 

ًوهوًتلكًالنقطةکانًمم ً يهماًمشترکا  لیًال فقًحدثًمنًً.اًیليًنقطةًالاعتدالًکانًأ حدًحد  ًال خرًللبَجًا  ًانتهییًالحد  ذا وا 

لًالنهارًثًزاویتهًالتيًیحیطًبهاًمعدً اًیقعًبينهماًمنًال فقًمثل ًومم ًً،أ عنيًمطالعهً،لًالنهارالبَجًوالقوسًالطالعةًمعهًمنًمعدً 

لماًبي نهًمانالاؤسًً،مًمنًمطالعهیكونًالبَجًأ عظً،ةالبَجًوترًقائمةًومطالعهًوترًحادً ًلكونوً.وال فقًقائمةًوالباقیتانًحاد تان

ًةًلنفيًالجزءًبأ نًیقالًلوًکانومنًهاهناًيمكنًتركیبًحجً ً.وكذلكًالقولًفيًبرجینًیلیانًنقطةًالاعتدالًومطالعهماً؛تهكرياً فيً
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لكان/ًحق اً ً/الجزء
†ًv

البَوج/ًدائرةً/وكذاًلالمعدً ً
†ًvi

هذا/ً.ً/وعلیئبا ًمنًال جزاءًالتيًلاًتتجزً مرك ًً
†vii

ذاًطلعًمنًالمعدً ً لًفا 

ًجزءا ًمنًال جزاءًالمذكورةًفماًیطلعًمعهًمنًالبَوجًیكونًأ كثرًمنهربعًأ وً  لا  درجًالسواءًأ كثرًمنًًل نً ً،لهًالاعتدالًالربیعيًا 

،معًأ نًالفرضًعدمًانقسامهً،لًالسرطانفیلزمًانقسامًالجزءًالملاصقًل وً ً.الربعًیطلعًمعًالربعًل نً ً،منًالربعًالمطالعًوأ قلً 
†ًviii

ً

نًلمًتناسبًماًنحنًفیهًبحسبًاللورةً،وهذهًالنكتةً.هذاًخلف فلذلكًولغرابتهاًذكرتهاًههناًً،ةاًتناس بهًبحسبًالمادً لكنهً ً،وا 

ً.هذا

نأ مً وًب[2] ًا  ًأ عظمًمنهکانًالبَجًمم ًًا ًیليًنقطةًالانقلابًفیكونًمطالعه ًالربعًمنًً،ا ًا لیًتمام ًالباقیة وذلكًل ن 

مطالعًالبَجینًالتيًهيًأ صغرًمنًسدسًالدورًتكونًأ عظمًمنًنلف
124
وً،سدسًالدورً

125
ً.هيًتطلعًمعًالبَجًالباقي

لًعلیًالتسقًالذيًفيًالربعًتطلعًمعًالقسًالمتساویةًمنًالبَوجًالقسًالمختلفةًمنًالمعدً ًثمً ً.وتكونًزيادةًهذاًكنقلانًذاك

ًمطالعًأ جزاءًالسرطانًعلیًالولاءًتكونًمثلًمطالعًاجزاءًالجوزاءًعلیًخلافًالولاءً،لال وً  ًأ ن  لا  لیًأ نًیطلعًالربعًال خرًً،ا  ا 

لیًال فقًیيویتتًه ًا  ًالخریفي ًالربعینًال خرینً.الاعتدال ًمطالع ًفـً.وقسًعلیه ًظهر ًونقلانهااًممً ـقد ًالمطالع ًمنًزيادة ًذكرنا ا

ًوالنقلانً ًکً وتساويًمقداريًالزيادة ًقوسینًمتساویتینًمتساویتيًالبعدًعنًا حدیًالنقطًال ربعًفمطالعهماًفيًخط ًًأ ن 

اًتساويًمطالعًالمتساویةًالبعدًعنًالاعتدالینًفلتساويًالمثل ًً.الاس تواءًمتساویة ثاتًال ربعًالحاصلةًعنًجنبتهاماًأ وًنقولًأ م 

ًمتساویینثینًتكونًزاویتانًمنهماًقائمتینًوزاویتانًمثل ًًکً ًل نً  ًفا نً ً،متساویتینًغیرًقائمتینًوضلعانًهماًوترًالقائمتینًأ یضا 

                                                           
v
ًالجزءًحقا ًلكان[ًهاب،ًهاك،ًهالً 

vi
ًلًفيًافًبعدًالتحریرضوكذاًدائرةًالبَوج[ًهاب،ًهاك،ًمً 

vii
ًهاب،ًفالً[وعلیًهذاً 

viii
ًشاك،ًشالً+ًایضا:ًب،[ًانقسامهً 
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ًمانالاؤسًفيًًالضلعینًوالزاویةًالباقیةًمنهماًمتساویةًکً  ذاًنقصًمنًوأ مً ً.ال شكالًالكریةلنظیرهًلماًبین  ن هًا  اًعنًالانقلابینًفل 

حدیًجنبتيًالمعدً وهماًمطالعاًالقوسینًاللًً،لًمتساويانوهماًربعاًالمعدً ً،المتساویین تبقیًمنهماًً،لتینًتلیانًالاعتدالینًمنًا 

،متساويان
126
ًمطالعاً وهما

127
ًتكونًمبادئهاًً.القوسینًاللتینًعنًجنبتيًالانقلابینً ًقطع ًالبَوجًتنفللًا لیًأ ربع ومنطقة

ًکً ً.أ واسطًال رباع ًمطالعهاًویكون ًمن ًأ حدًالاعتدالینًأ عظم ًفيًوسطها ًیقع ًفيًوسطًًوکً ً،قطعة ًیقع ًأ حدًقطعة ها

ًغایةًالتفاوتًفيًکً ً،وغایةًالتفاوتًبینًطلوعًربعًوربعًعشرةًأ جزاءً.الانقلابینًأ صغرًمنًمطالعها ًل ن هًعهلمًبالاس تقراءًأ ن 

ًخمسةًوأ ربعینًدرجةًمنًفلكًالبَوجً.ثهمنًدرجتانًونلف تطلعًمعًاثنینًوأ ربعینًً،التيًابتداؤهاًمنًنقطةًالاعتدالً،ل ن 

ل ًسدسالتيًهيًثلاً،درجةًونلفًمنًالمعد  لا  تطلعًمعًس بعًً،التيًانتهاؤهاًالانقلابً،وخمسةًوأ ربعونًدرجةً.ثًساعاتًا 

ًساعاتًفيًربعًیومًً.ثًساعاتًوسدسالتيًهيًثلاً،وأ ربعینًدرجةًونلف ًهوًست  ًمعًربعًتام  فیكونًقدًطلعًربعًتام 

لًوهوًخمسةًوأ ربعونًدرجةًمنًالبَوجًًل نً ً.والربعًال خرًالذيًمبدؤهًالانقلابًیكونًبعكسًهذاًالترتيبً.بلیلته الثمنًال و 

ًاثنینً.یطلعًمعًس بعًوأ ربعینًدرجةًونلف والثمنًال خرًالذيًمنتهاهًالاعتدالًال خرًیطلعًمع
128
ً.وأ ربعینًدرجةًونلفً

ربعًًوکً ً،لطهًأ حدًالاعتدالینًیطلعًمعًخمسًوثمانینًدرجةًمنًالمعدً ربعًیتوسً ًفا ذنًکً ً.وقسًعلیهًحالًالربعینًال خرین

ًً.فالتفاوتًبينهماًعشرًدرجاتًعلیًماًقلناً.طهًأ حدًالانقلابینًیطلعًمعًخمسًوتسعینًدرجةیتوسً 

[3ً ًمعدً [ ًكطلوعهماومرور ًیكون ًالبقاع ًفيًجمیع ًأ نلافًالنهار ًعلیًدوائر ًالبَوج ًومنطقة ًالنهار ل
129
ًفيًخط ًً

ًکً  ًل ن  ًأ فاقًخط ًًالاس تواء ًأ فقًمن ًمنها ًبقطبيًالكً ًالاس تواءًواحدة ًدواً؛لمرورها ًالمیولئوكذلكًالحكمًفيًجمیع ً.ر

ًمطالعًکً ً؛والمغاربًکالمطالعًفيًتلكًال فاق ًً،برجًكمطالعًنظیرهًهناكًل ن  ومطالعًنظیرًالبَجًكمغاربًالبَجًفيًً،علیًماًتهبین 
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ًطلوعًکً ً.جمیعًال فاق برجًًفیكونًمغاربًکً ً.غربجزءًمنًفلكًالبَوجًفيًالمشرقًیكونًمعًغروبًنظیرهًفيًالمًل ن 

ذاًعلمًمطالعًربعًهناكًولاً.كمطالعهًهناك ذاًعرفًمطالعًً.عهلمًمطالعًال رباعًالباقیةً،يخفیًبعدًالا حاطةًبماًذكرناًأ ن هًا  ل ن هًا 

ومطالعًً؛لًالسرطانومطالعًالستبلةًلتساويًبعدهماًمنًأ وً ً؛لًالحملعرفًمطالعًالحوتًلتساويًبعدهماًمنًأ وً ً،الحملًمثلاً 

مً  ویهعرفًمنًمعرفةًمطالعًالثورًً.لًالميزانأ وًمنًمطالعًالستبلةًلتساويًبعدهماًعنًأ وً ً،اًمنًمطالعًالحملًلكونهًنظیرهالميزانًا 

مطالعًأ ربعة
§ًix

ومنًمطالعًالجوزاءًمطالعًال ربعةً،أ خریً
§ًx

ًً.الباقیةً

اًفيًال فاقًالمائلةً[4ً] دفـوأ م  ذاًکاناًمتحد  ًًولایطلعًربعًمعًربعً؛ینًبنقطتيًالاعتدالینـیطلعًنلفًمعًنلفًا  ل ن 

ذاًطلعًبلًً.الاس تواءًلیلزمًذلكًكماًفيًخط ًلًالنهارًغیرًقائمًعلیًسطحًال فقسطحًمعدً  نقطةًالاعتدالًوکانًًليــیًربعا 

وترًًَهــمنفرجةًٍومطالعكونًوترًَــیثًالمذكورًفيًالمثل ًًهــل ن ًًهــأ عظمًمنًمطالعکانًً،لًالنهارًفيًجهةًالقطبًالظاهرمنًمعدً 

ةًٍ نوً.حاد  ًماًکانًهــأ عظمًمنًهــلًالنهارًفيًجهةًالقطبًالخفيًفمطالعکانًمنًمعدً ًا  ًالحكمًیلیرًبضد  وغایةًالتفاوتًفيًً.ل ن 

یًبتعدیلًالنهارًالك يًکً  فكً ً.ربعًهوًبقدرًتعدیلًنهاارًالمنقلبینًالمسم 
130
لهًالاعتدالًالربیعيًیطلعًمعًقوسًمنًً ربعًأ و 

لالمعدً 
131
لًیزیدًعلیًً.ینقصًعنًربعهًبمقدارًتعدیلًالنهارً والربعًال خرًالمنتهیيًا لیًالاعتدالًال خرًیطلعًمعًقوسًمنًالمعد 

ذنً.ربعهًبالمقدارًالمذكور فا 
§ًxi

طهًالاعتدالًالربیعيًتنقصًعنالنلفًالذيًیتوسً ً
§ًxii

مثالًتعدیلًالنلفًال خرًبأ ربعةًأً ً

حدً:ا لیًقطعتینفلكًالبَوجًینقسمًوبهذاًالاعتبارًً.النهار ذاًجاوزهًالكوكبًصارًفيًهماًالتيًیتوسً اا  طهاًالاعتدالًالذيًا 

                                                           
ix
ًرًفي«ًثلثه»متغیرًا لیًأ ربعة[ًً 

x
ًرًفي«ًالثلثه»متغیرًا لیًال ربعة[ًً 

xi
ًفا ذن[ً+ًمطالع:ًر،ًهاك،ًهالً 

xii
ًعن[ً+ًمطالع:ًهار،ًفاك،ًهالً 
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ً.بماًذكرناً،وال ولیًتكونًأ عظمًمنًمطالعهاًوال خریًأ صغرً.طهاًالاعتدالًال خروال خریًالتيًیتوسً ً،جهةًالقطبًالظاهر

دینًبالاعتدالینًفواحدًلكنًفيًأ حدًالنلفینًعلیًالولاءًاًحكمًالنلفینًالمتحدً وأ مً ً.دینًبالانقلابینهذاًحكمًالنلفینًالمتحدً 

ولهذاًتكونًمطالعًالقسًالمتساویةًالمتساویةً.وفيًال خرًلاًعلیًالولاء
132
مً ً،ال بعادًعنًأ حدًالاعتدالینًمتساویةً اًزائدةًا 

.كماًعرفتً،علیًمطالعهاًفيًالمس تقيمًأ وًناقلةًعنها
133
فالتيًتليًالحملًتنقصًمطالعهاًفيًً؛اًعنًالانقلابینًفتختلفوأ مً ً

ًالمس تقيم ًفي ًمطالعها ًعن ًالمائل ًبالعكسً،الفلك ًالميزان ًتلي ًتلكً.والتي ًكنقلان ًهذه ًکً ً.وزيادة ن  ًفا  برجینًًولهذا

متساويي
134
ًجمهًً،کالحملًوالستبلةً،البعدًعنًجنبتيًأ حدًالانقلابینً ذا ًمطالعهماًفيًالبلدًا  ًلمطالعهماًفيًخط ع ًکانًمساويا 

ًکً ً؛كذلكً،کالحملًوالميزانً،برجینًمتقابلینًویلزمًمنهًأ نًتكونًمطالعًکً ً.الاس تواء برجینًبعدهماًعنًأ حدًالمنقلبینًًل ن 

ًفیلزمًأ نً.ومطالعهًمساویةًلمطالعهً،فالبَجًالمقابلًل حدهماًیكونًبعدهًعنًأ حدًالاعتدالینًكبعدًالبَجًال خرًعنهً،واحد

ًلمطالعهماًفيًالمس تقيم فتكونًمطالعًالمتقابلینًفيًً.وهماًمتساويانًهناكً،تكونًمطالعًالحملًوالميزانًفيًالفلكًالمائلًمساويا 

ًأ حدهماًفيًالمس تقيم ًالمتساویتيً،المائلًضعفًَمطالع ًمطالع وكذا
135
ًذكرناً،البعدًعنًأ حدًالانقلابینً ًأ نًً.لما ًأ یضا  ویلزم

ًوً مغاربهًفيتكونًمطالعًالحملًمثلا 
136
ًمغاربًالحملًكمطالعًنظیرهً ًلماًعرفتًمنًأ نً ً،المائلًضعفًمطالعهًفيًالمس تقيمًل ن 

ًکً  ًوبالعكسًفيًکً ًمطالع .أ فقًبرجًكمغاربًنظیره
137
برجًولكونًمطالعًکً ً

138
ًفيًال فاقًالمائلةًتخً ًنظیره الفًمطالع

برج/ً/لكً ًوالمطالعً.الفًمغاربهتخبرجًفهااًًكونًمطالعًکً ،ًتالمساویةًلمغاربًذلكًالبَج
†ًxiii

ًفيًال فاقًالجنوبیةًکالمغاربً

البَج/ً/لذلك
†ًxiv

/وبالعكس،/ًفيًالشمالیةً
†ًxv139

ذاًتساويًعرضاًال فقینً مطالعًالقسًالشمالیةًفيًال فاقًالشمالیةًكذاًوً.ا 

                                                           
xiii

ًبرج[ًهاب،ًهاك،ًهالًلكً ً 

xiv
ًلذلكًالبَج[ًهاب،ًهاك،ًفالً 
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الجنوبیة/ًفيً/وكذلك.ًكمطالعًنظائرهاًمنًالجنوبیةًفيًال فاقًالجنوبیة
†ًxvi

ًً.بالشرطًالمذكورً ولاًيخفیًبعدًالا حاطةًبماًذكرناًأ نا 

للًلناًمطالعًالباقي ًعرفناًمطالعًربعًمنًالبَوجًیحه ذا ًعرفناًمطالعًالحملًفيًالبلدًعرفناًمطالعًالحوتًفیهً؛ا  ذا ًا  اًل نهاً ً،ل نا 

ًاً؛مثلها ًالباقيًمطالع ًیكون ًالستبلةًفيًالفلكًالمس تقيم ًومطالع ًمطالعه ًالحملًمنًمجموع ًمطالع ًنقلنا ذا لستبلةًفيًالبلدًوا 

.المساویةًلمطالعًالميزانًفیه
140
ومنًمطالعًالجوزاءًمطالعًً،وبهذاًالتدبیرًیهعرفًمنًمطالعًالثورًمطالعًالدلوًوال سدًوالعقربً

ًً.الجديًوالسرطانًوالقوس

اًفيًال فاقًالتيًیكونًفهااوأ مً [5ً]
141
ًًس بقفقدًً،مداراًنقطتيًالانقلابینًأ عظمًالمداراتًال بدیةًالظهورًوالخفاءً أ ن 

ًً.وفيًالغروبًیتبادلًالنلفانً؛لاًفيًزمانًیظهرلًالنهارًوالنلفًال خرًنلفا ًمنًفلكًالبَوجًیطلعًمعًجمیعًمعدً 

ًوأ مً أ 6ً] ًفيًال فاقًالتي[ ا
142
ًقسًمنًفلكً تكونًفهاا

143
ًالظهورًوالخفاءً ًالمعدً ً،البَوجًأ بدیة لًبقسمینًینقسم

ال خرًمعأ حدهماًیطلعًمعًالبَوجًالتيًتطلعًمعكوسةًوً
144
یكونًلهاًحظ ًمنًًوالتيًلاًتطلعًولاًتغربًلاً.التيًتطلعًمس تویةً

ًبهًمنًال فاقًالشمالیةً.المطالعًولاًمنًالمغارب ًتمث لنا والجوزاءًوالسرطانًفیهًً،وهوًأ فقًعرضهًس بعونً،ولیكنًال فقًما

ًمنًال خرًا لیًً.والقوسًوالجديًأ بدياًالخفاءً،أ بدياًالظهور ذاًطلعتًنقطةًالاعتدالًالربیعيًطلعًبعَدهاًالحوتًمعكوسا  فا 

لیًال وً ًثمً ً،لال وً  ًمنًال خرًا  العقربًًثمً ً،الميزانًثمً ً،الستبلةًثمً ً،لهًمس توياً یبتدئًطلوعًال سدًمنًأ وً ًثمً ً؛لالدلوًمعكوسا 

ذاًانتهییًا لیًأ وً ً.كذلك ًأ خرًالثورًبالطلوعًالمعكوًفا  فتعودًنقطةًالاعتدالًً،سًویطلعًالثورًوالحملًمعكوسینلًالقوسًابتدأ 

                                                                                                                                                                                           
xv

ًتاك،ًهالًتاب،ًوبالعكس[ً 

xvi
ًهاك،ًهالهاب،ًًوكذلكًفيًالجنوبیة[ً 
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ًا لیًال فق ًال فاقً.الربیعي ًفيًسائر ًولاًً.والغروبًعلیًالطلوعً،وقِسًعلیه ًمطالع ًللبَوج ًیكون وفيًعرضًتسعینًلا

ذمغارب غروب./ًولاًطلوعًلهاًیكونًلاً،ً/ا 
†ًxvii

ًً

ذاًعرفتًماًعرفتوًب[6ً] ًًفاعلمًأ نً ً،ا  ًيجتعًأ وًتعدیلًالمطالعًهوًماًیزادًأ وًینقصًمنًمطالعًالفلكًالمس تقيمًحتی 

لا ًًوتعدیلهاًمساوًًٍ.ةومغاربًالقوسًكمطالعهاًثم ًً.وهوًتعدیلًالنهارًكماًعرفتً،یحللًمطالعًالبلدًالمفروض هًًأ ن ًلتعدیلًالمطالعًا 

ذاًزیدًعلیًمطالعًالفلكًالمس تقيمًنقصًمنًمغاربه نًنقصًمنًمطالعهًزیدًعلیًمغاربهً،ا  لًومطالعًالسمتًقوسًمنًالمعدً ً.وا 

ةًبجزءًمفروض والقطعةًمنًقوسًالنهارًبینًدائرةًارتفاعًالشمسًودائرةًال فقًمنًً.تقعًبینًال فقًوبینًدائرةًالارتفاعًالمار 

ًبينهًوًً؛ناحیةًالمشرقًهوًالدائر لًهوًقوسًمنًمدارًالشمسًماًبینًقاوقدًیهًً.بینًدائرةًنلفًالنهارًهوًفضلًالدائروما

ًوأ فقًالمشرقًبالنهار ًوأ فقًالمشرقًباللیلًمنًمدارًنظیرًجزئهاً،جزئها ًبینًنظیرًجزئها ًمنًًومقدارًکً ً.وما منهماًشبهاتها

علیًوالذيًً.والغاربًمقابلهًعلیًأ فقًالمغربً،اًیليًالمشرقوالطالعًهوًالجزءًالموافيًلل فقًمنًفلكًالبَوجًممً ً.لًالنهارمعدً 

یًجزءًوتدًويسمً ً،والذيًعلیهًتحتًال رضًهوًالرابعً.یًجزءًوسطًالسماءويسمً ً،نلفًالنهارًفوقًال رضًهوًالعاشر

.واللهًأ علمـــــًًیًال وتادًال ربعةوهذهًالنقطًال ربعًتسمً ً.ال رض
145
ًً

                                                           
xvii

ًا ذًلاًیكونًلهاًطلوعًولاًغروب[ًهاب،ًهاك،ًهالً 
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ًالثامنالبابً

 مًبلیالهاافيًمقادیرًال ياً 

النهار/ًبنلفًمرورهاً/أ وًبینًطلوعًالشمسًأ وًغروبهاًلزمانًیتخل ًًالیومًبلیلته[ًأ 1ً]
†ًi

ًوبینًطلوعهاًأ وًغروبهاً

/مرورهاً/أ و
†ًii

.ثانیاً ً
*ًiii

اًعلیًهًأ ن ًًوهولاًماًهوًالمشهورًً م  اًعلیًال فقًطالعةًأ وًغاربةًوا  م  الزمانًالذيًیقعًبینًكونًالشمسًا 

ةًبالحركة لیًهناكًبعدًدورةًواحدةًتام  لًالنهارًمعًزيادةًتطلعًومقدارهًدورةًمنًأ دوارًمعدً ً؛ال ولیًنلفًالنهارًوبینًعودهاًا 

ذًبقیدًالواحدةًيخرجًالیومًبلیلتهًفيًعرضًتسعینًً.منهًمعًالقوسًالتيًتقطعهاًالشمسًفيًذلكًالیومًبلیلته ل ن هًغیرًجامعًا 

لیًماًیهًً،ونحوه ًعودةًالشمسًا  مًبلیالهااًوتعیینًمقدارهًبعضًال ياً ةًوبقیدًالتامً ً؛فرضًمبدأ ًتكونًهناكًبعدًدورتینًوأ كثرل ن 

ًالعودًهناكًعلیًماًلاًيخفیًبعدًتلوً ً،حیثًتطلعًالبَوجًمنكوسةًوماًیقربًمنه منًًرًتلكًال وضاعًقدًیكونًبأ قلً ل ن 

دورةًبمقدار
146
نً مسیرًالشمسًیقتضيً/ماً لًمنًالنقطةً.ًفا  العاشرةًفيًولتكنًالشمس،ًمعًال فقًعلیًتكونًالتيًالمعد 

§ًiv
ً

لیًمعهاًتعودًلاًمثلا ، لیًالشمسًلانتقالًال فقًا  لیًتتتهیيًأ خریًنقطةًبلً،العاشرةًقبلًوطلوعهاًعشرةًالحادیةًا  ًمعًال فقًا 

لًمنًالنقطتینًبینًفماً.عشرةًالحادیة ولوًدورته.ًمنًنقصًماًهيًالمعد 
§ًv

ًتطلعًبالتيًمعكوسةًتطلعًالتيًالقوسًات لالًأ مكنً

ًالشمسًعودتاًیتساويًالقوسین،ًبینًالمشتركًالفللًعلیًهيًالتيًللدرجةًقاطعةًماًیومًفيًالشمسًوفهرضتًمس تویة

                                                           
i
 هاك،ًهالب،ًً-أ وًمرورهاًبنلفًالنهار[ًً 

ii
 هاك،ًهالب،ًً-أ وًمرورها[ًً 

iii
 شاكً:ًب،بالحركةًالیومیة+ً[ًثانیاً ً 

iv
 هاك،ًهالهامنًالحمل:ًهار،ًالعاشرة[ً+ًً 

v
 ك،ًهالمتن:ًًر،ًمتن:ً:فيًمضاف:ًلوًوليسولو[ًً 
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ل. والمعد 
§ًvi

ً// ل ن 
§ًvii

نًمس توياً ًیطلعًفيمًحركتهاً ل،ًدورًعلیًالزيادةًاقتضتًوا  اًالمعد  ًیقتضيًمعكوساً ًیطلعًفيمًلكنه 

/العودةًویكونًفیتساقطان.ًالزيادة،ًتلكًبقدرًدورةًمنًالنقلان
*viii

ًفقطً ًالمعدً ً،بدورة ًمن ًنقطة ًعنًوهيًمفارقة ل

مسامتةًنقطة
147
لهااً ًا  ًتامً والزمانًالذيًیتخل ًً.وعودها .ةًللفلكًال علیلًبینًالمفارقةًوالعودًهوًزمانًدورة

§ًix
ًذكرناهًً وما

ذاًأ طلقواًالیومً.جامعًمانع مً،أ رادواًبهًالیومًبلیلتهً،وا  ً.وكذلكًال يا 

ذاًعرفتًًَب[1] /فيًالمعمورة/ًالیومًبلیلتهًفاعلمًأ نً ً،ذلكًوا 
*x
یً،ینقسمًا لیًحقیقيًووسطیً ًالوسطًالیومً/ويسم 

أ یضا ./
†ًxi

لیهلًبینًمفارقةًالشمسًنلفًدائرةًعظيمةًتتوهمً اًالحقیقيًفهوًزمانًیتخل ًأ مً ً ةًوهوًدورةًتامً ً،ًثابتةًوبینًعودهاًا 

ةًفيًالزمانًالذيًتعودًفیهًا لیًذلكًبحركتهاًالخاصً لًوماًيجوزًمنهًعلیًذلكًالنلفًمعًالقوسًالتيًتقطعهاًالشمسًللمعدً 

ن ًً.النلف نًجعلًالمبدأ ًالطلوعً«نلفا ًمنًدائرةًعظيمة»ماًقلناًوا  نًجعلًالغروبً،ليشملًنلفًال فقًالشرقيًا  ً،والغربيًا 

ًالمرورًبه نًجعلًالمبدأ  ن ماًقلناًً.ونلفًالنهارًا  ليشملًالطلوعًً،رعلیًماًهوًالمشهوًً،«ماًیطلعًمنه»دونًً«ماًيجوزًمنه»وا 

.والغروبًوالمرورًبنلفًالنهار
148
ًالشمسًلوًکانتًساكنةًلاًتتحرً ً ن ماًکانًالزمانًأ كثرًمنًزمانًدورةًل ن  لكانًزمانًً،كوا 

                                                           
vi
ل[ً+ًً  ًعلی:ًهار،ًهاكالمعد   هالً،بناء 

vii
 ً]  ك،ًهالمتن:ًًر،ً:ًمتن:فيًمضافبً=ً:ًانًل ن 

viii
 هاكً،هابً[ویكونًالعودةًالشمس...ًمسیرًیقتضيًماً 

ix
ن ماًیظهرًفيًالیومًبلیلتهًلاًفيًبعضهًنعمًلوًأ مكنًلكانًعودتاًالفلكًً  ًهذاًالتفاوتًا  ینًلعودتینًمنًالمعدلًتالشمسًفيًیومینًمتتالیینًمتساویًال علی[ً+ًل ن 

 هار،ًهاك،ًهالًعلیًماًلاًيخفی:

x
 فيًالمعمورة[ًهاب،ًهاكً 

xi
 :ًب،ًطاك،ًطالً=ًمضافًفيًالمتن:ًوالهامش:ًك،ًلوغیرهمایًالیومًالوسطًأ یضا [ًويسمً ً 
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لیًنقطةًمفروضةًجعلتًمبدأ ًحركتها ،عودتهاًا 
§ًxii

ًلزمانًعودةًمعدً ً لمساويا 
149
ً.كًبخلافًحركةًالكً اًتتحرً لكنهً ً،النهارً

ذاًفرضناهاًعلیًدائرةًنلفًالنهار لیًأ نًعادتًتلكًالنقطةًا لیًً.لًمعهاًعلهااکانتًنقطةًماًمنًالمعدً ً،فا  ذاًدارًالفلكًا  فا 

لیهعهًلمًتًًَ،نلفًالنهار ًً؛دًمعهاًالشمسًا  ًمنًفلكًالبَوجًبسیرهاًالخاص  اًقدًسارتًقوسا  ذاًتحرً ً.بهاًل نها  لیًأ نًفا  كًالفلكًا 

لیه ًأ خریًمنًالمعدً فتكونًقدًً،عادتًالشمسًا  ًنقطة لیًنلفًالنهار ًعلیًدورًً.لانتهتًا  ًالزيادة ًبینًالنقطتینًهو فما

ًللمعدً وأ مً ً.لالمعدً  ًالیومًالوسطًفهوًزمانًدورة سطیًوهيًً،لا وهذاًً.نط ح ك oوقوسًمنهًمساویةًلحركةًالشمسًالوه

ذًلوًوضعتًعلیًالحقیقیةً،الیومًهوًالذيًیوضعًعلیهًفيًالزيجاتًأ وساطًالكواكبًوغیرهاًمنًالحرکاتًالتيًلاًتختلف ا 
150
ً

رًتركیبًالجداولًلاختلافًالحقیقیة ًأ وًتعذ  .لتعسر 
151
ًً

[1ً ًال وً ج[ ًسم ي ن ما ًالشمسًالحقیقيوا  ًمسیر ًلاعتبار ًبالحقیقي ًالعاً،ل لیًمركز ًا  ًبالتس بة ًمسیرها والثانيًً؛لموهو

ًذكرهًالخرقيً؛بالوسطًلاعتبارًمسیرًوسطًالشمس لیًنقطةًبعینهاًمنًفلكًالبَوجًفيً»ً:وهوً،لاًلما ًعودةًالشمسًا  أ ن 

ذاًجمهًً.لًبقوسًصغیرةیومًعلیًعودةًالمعدً ًلًالنهارًبعودةًواحدةًلزيادةًعودتهاًکً زیدًعلیًعوداتًمعدً تالس نةًالواحدةً عتًا 

ذاًقهًً.واحدةًعودةتلكًالقسًفيًالس نةًساوتً نطحoیومًًمتًتلكًالعودةًالزائدةًعلیًأ يامًس نةًالشمسًأ صابًکً سً فا 

لًفعوداتًالمعدً ً،وبتقدیرًصلاحیتهًلهً،هذاًلاًیللحًللتعلیلًل نً ً.«شسنطحك.ًفكانًمقدارًالیومًبلیلتهًالوسطًك

ًکً ً.كرلاًبالعكسًكماًذهًً،تزیدًعلیًعوداتًالشمس لیًنلفًالنهارًمثلاً ًل ن  لًاًکانتًأ زیدًمنًعودةًالمعدً لم ًً،عودةًالشمسًا 

لیه ًالشمسًلوًکانتًتقطعًً.للًزائدةًعلیًعوداتًالشمسًفيًالس نةًبعودةًمنًالمعدً فتكونًعوداتًالمعدً ً،ا  أ لاًتریًأ ن 

                                                           
xii

 ر،ًك،ًل«:ًالیومًبلیلته»ا لیًحركتها[ًمتغیرًً 
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ً لیًنقطةًمنًالبَوجًبعینهاًبأ ربعًبسیرهاًالخاص  ًلكانتًتعودًا  ًمنًالبَوجًمثلا  لیًنلفًالنهارًالمساویةًًفيًیومًربعا  عوداتهاًا 

ًعودةًالشمسًعلیًهذاًالً للخمسًعوداتًمنًالمعدً  ًً.لًبربعهارضًتزیدًعلیًعودةًالمعدً فل ن 

ًغیرهماًکال ياً وأ مً ً،فهذانًالیومانًهماًالمس تعملانًعندًأ هلًاللناعةد[1ً] ًفهااًا مًبلیالهااًفيًالعروضًالتيًلاًعمارة

ًً.فبمعزلًِعنًنظرهم

ًوأ مً 2] سببًاختلافًالحقیقیةًا[
152
ًاختلافًً:فشيئانً ًالشمسأ حدهما ًتقطعها ًًما ًالخاص  ًفيًًبسیرها ًتقطع ا نها  فا 

ًأ صغرًوفيًالنلفًالقریبًقس یً النلفًالبعیدًقس ی ً ًأ كبَا  لًالنهارًمعًالقسًمنًفلكًماًیطلعًمنًمعدً وثانهاماًاختلافًً؛ا 

ن هًتارةًیكونًأ صغرًمنهاًوتارةًأ كبَ ال ول،/ًفيً،ً/فیندرجوليسًهذاًلاختلافًمسیرهاً.البَوجًفا 
†ًxiii

اًلوًکانتًتقطعًفيًً ل نها 

اًً،وزًعلیًالدوائرًفيًأ زمانًمتساویةتجاًلاًل نهاً ً؛ا ًمتساویةًلزمًذلكًأ یضاً مًقس یً ال ياً  وزًعلیًال فقًالشرقيًبمطالعًالبلدًتجل نها 

ً ها/نظیًر/وعلیًالغربيًبمطالع
*ًxiv

ًالفلكًً ًبمطالع ًمنًأ ینًأ خذتً،المس تقيموعلیًنلفًالنهار ًمختلفة ًالمطالع فلهذینًً.وهذه

یكونًال زمانًالزائدةًعلیًمقدارًدورة
153
للفلكً

154
لكنًاختلافهاًغیرًمحسوسًفيًیومًأ وًً؛مًبلیالهااًمختلفةمقادیرًال ياً بلًً،

ًبهًفيًأ يامًكثیرةً،یومینًللغرًالتفاوت واًً.ویحس  ا لیًاس تعمالًأ يامًبلیالهااًمتساویةًال قدارًًلماًقلناوأ هلًالحسابًلم اًاضطر 

ًمقدارًحركةًالشمسًالوسطیًفيًیومًبلیلتهً،لمعرفةًحرکاتًال وساطًوغیرها ًتلكًالزيادة ًمنًً،لمنًالمعدً ًأ خذوا ًمر  لما

مً ً،وهذانًالیومانًقدًیتساويانًوقدًيختلفانً.العلة ًالمطالعًا  ً،وًزائدةًعلیهأ ًً،أ يًللتقويمً،اًأ نًیكونًمساویةًلدرجًالسواءل ن 

مً ًوعلیًکً ً.أ وًناقلةًمنه والحقیقيًً.فال قسامًتسعةًلاًغیرً.أ وًناقصًمنهً،أ وًزائدًعلیهً،للوسطًاًمساوًٍتقدیرًفالتقويمًا 
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 هاك،ًهالًفیندرجًفيًال ول[ًهاب،ً 

xiv
 ك«:ًنظیره»=ًمتغیرًمنًبً[ًنظیره:ًانظیرهً 
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ًالحقیقيًزائدًعلیًالوسطیًعلیًالرابعًً.وناقصًمنهًعلیًالثالثً،وزائدًعلیهًعلیًالثانيً،للوسطیًعلیًال ولًمساوًٍ وأ یضا 

نًکانتًزيادةًالمطالعًعلیًالتقويمًأ كثرًمنًزيادةًالوسطًعلیه نًکانًبالعكسً،وعلیًالخامسًوعلیًالسادسًا  ً،وناقصًمنهًا 

نًتساوتا نًکانًنقلانًالمطالعًمنًالتقويمًً.وتساوياًا  ًالحقیقيًینقصًمنًالوسطیًعلیًالسابعًوعلیًالثامنًا  أ كثرًمنًوأ یضا 

نًکانًبالعكسً،نقلانًالوسطًمنه نًتساوياً،ویزیدًعلیهًا  هذاًبالنظرًالمطلقًً؛وهوًظاهرً،وعلیًالتاسعًأ یضاً ً.وتساوياًا 

لیًنفسًال مر ًً.واحدًمنًالتفاوتینًجًا لیًمعرفةًجملةًکً اًالتحقیقًفمحوً وأ مً ً،وبالتس بةًا 

ةًالتيًتسیرًالشمسًمنًال وجًا لیًالبعدًً:اًالتفاوتًالذيًیكونًبسببًاختلافًسیرًالشمسأ مً [3ً] فیكونًفيًالمد 

ةًالتيًمنًالبعدًال وسطًوفيًالمدً ً،وهيًدرجتانً،ال وسطًالذيًیلیهًزيادةًوسطًالشمسًعلیًتقويمهاًبقدرًغایةًالاختلاف

ًعلیًأ نً ً.ال خرًا لیًال وجًمثلًتلك ذاًصعدتًمنًالبعدًالً ً،الوسطًزائدًعلیًالتقويمًفا نًقیلًهذاًیدل  لیًال وجا  ً،وسطًا 

ً،التقويمًزائدًعلیًالوسطًهناكًعلیًأ نً ًیدلً ً«والتعدیلًیزادًعلیًالوسطًماًدامتًصاعدة»وقولكمًفيًهیئةًأ فلاكًالشمسً

ذًلاًمنافاةًبینًأ نًتكونًالقوسًالتقويمیةًزائدةًعلیًالقوسًالوسطیةً،وهوًتناقض وبینًً،كماًقلناًهناكً،قلناًلاًتناقضًفیهًا 

ًهاهناً،تقويمیةًناقلةًمنًالحركةًالوسطیةأ نًتكونًالحركةًالً ذنًفـً.كماًقلنا ًالوسطًعلیًالتقويمًفيًالقطعةًـا  تكونًزيادة

وتكونًفيًالقطعةًالقریبةًزيادةًالتقويمًعلیًالوسطًأ یضا ًبمثلًً؛البعیدةًمنًال رضًمنًفلكًالشمسًبقدرًضعفًالاختلاف

ًً.ویكونًالفضلًبینًالقطعتینًبأ ربعةًأ مثالًالاختلافً.ذلك

علًمبادئًال ياً ً:اًالتفاوتًالذيًیكونًبسببًالمطالعوأ مً ً[أ 4ً] لیًال فقًاختلفًذلكًالتفاوتًفا نًجه مًانتهاءًالشمسًا 

ًبعینهًال فاقولمًیكنًفيًجمیعًً،بحسبًاختلافًال فاق ًواحدا  ًانتهاوًً؛شيئا  نًکانًالمبدأ  اًا لیًال فقًالشرقيًئهیكونًذلكًا 
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بًتفاوتًسیرًالشمسًمعًتفاوتًمطالعوحینئذًیترك ًً،اًفيًذلكًالموضعبحسبًالتفاوتًبینًدرجًالسواءًومطالعه
155
البلدًً

وتفاوتًالمطالعًً.أ ربعةًأ جزاءًيوتفاوتًسیرًالشمسًفيًالنلفًال وجيًأ وًالحضیضيًمعًالنلفًالوسطً.فيًال فقًالمطلوب

ضعفًيفيًالنلفًالحمليًأ وًالميزانيًمعًالنلفًالوسط
156
ً،ال وجًقریبا ًمنًالانقلابًاللیفياًکانًولم ًً.تعدیلًالنهارًالك يً

وفيًالربعًاللیفيًتزیدًبقدرًً؛ففيًالربعًالربیعيًتنقصًالحقیقیةًعنًالوسطیًبقدرًمجموعًاختلافًٍواحدًوتعدیلًنهاارًواحدًٍ

ًعلیًاختلافًٍ وفيًالربعًالش تويًتنقصًبفضلًً؛وفيًالربعًالخریفيًتزیدًبمجموعًاختلافًوتعدیلًنهاارً؛فضلًتعدیلًنهاارٍ

تعدیل
157
ولوًجعلًالمبدأ ًأ فقًً.ركًهذاًالاعتبارتهًً،وبسببًاختلافًمقادیرًتعدیلًالنهارًبحسبًالبقاعً.نهاارًعلیًاختلافًًٍ

مً،ً/لمامًللنلفًالحمليًوالميزانيًفيًالزيادةًوالنقلانًبخلافًماًفيًال فقًالشرقيالغربًیكونًتفاوتًتعدیلًال ياً  ًأ نً ًمنًتقد 

ًالمأ خوذًمال ياً ًتعدیلًتفاوتًأ عنيًیكونًوأ یضاً ًوالنقلان.ًبالزيادةًمختلفةًالنظائرًالعمطًوأ نً ًنظائرهاًكمطالعًالقسًمغارب

ذاًالشرقًأ فقًمنًمهاأ ياً ًمبادئًالمأ خوذةًالجنوبیةًالبقاعًفيًماًمثلًالشمالیةًالبلادًفيًالغربًأ فقًمنًمبادئها ًفيًتساوياًا 

مًلماًالعرض، وبالعكس./ًالمذكورًبالشرطًالجنوبیةًفيًكمطالعهاًالشمالیةًفيًالقسًمغاربًأ نً ًأ یضاً ًتقد 
*ًxv

وقسًالتركیباتًً

ًً.علیًماًذكرنا

نًجهًب[4ً] ویكونًذلكًبحسبًمطالعًً،اًا لیًنلفًالنهارًات فقًالتفاوتًفيًجمیعًال فاقئهمًانتهاعلًمبادئًال ياً وا 

ًالذینًجعلواًمبادئًأ ياً ً.لفاختارواًذلكًدونًالوجهًال وً ً؛الاس تواءًخط ً لیهًفمبادئهاًفيًالبلدانًواعلمًأ ن  مهمًمنًنلفًالنهارًا 

والمختلفةًفيًالطولًً،اًاختلافًمبادئهاًفيًالبلادًالمختلفةًفيًالطولًفقطوأ مً ً.فقةًفيًالطولًلاًیكونًبينهاًاختلافًأ صلاً المت ً

ن ًً،والعرضًمعاً  منًنلفًالنهارًالحقیقیةًمنهاًًمًالمأ خوذةًمبادئهافا ذنًلاًيخالفًال ياً ً.ماًیكونًبقدرًالتفاوتًفيًالطولینًفقطفا 
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ًمغاربًالقسلماًتقدً ً   :ًشاب،ًشاكویكونًمثلًماًفيًالبقاعًالجنوبیةً=ً+ًكمطالعهاًفيًالجنوبیةًبالشرطًالمذكورًوبالعكس[ًهاب،ًهاك...ًمًمنًأ ن 
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س لا ًالوه يخالف/ً/ماًًبقدرطیًا 
*ًxvi

ًالوسطیًفقطًمًمسیرًالشمسًبخط مطالعًمقوً ً وغایتهًنلفًساعةًً،الاس تواءًلحركتها

ًمس تویة ًساعة ًال ياً وأ مً ً.ونلفًتسع ًمنًال فقًالشرقيًأ وا علتًمبادئها ًالتيًجه م
158
ًفيًالمت ًً فقةًالغربيًفاختلافًمبادئها

ً ًیكون ًالطولینالعرض ًبین ًما ًالعرضً؛بقدر ًالمختلفة /فقط/ًوفي
*xvii

ًالمبادئً ًفي ًكذلك ًالاختلاف  ًیكون

العرض،/ًتفاوتًیقتضیهًماً/بقدر
*ًxviii

لیًالشمالًقبلًطلوعهاًً ًالشمسًتطلعًعلیًالمتساویةًفيًالطولًالتيًهيًأ میلًا  ن  فا 

ذاًمیلاً ًعلیًالتيًهيًأ قلً  مًكماًال فقین،ًتقاطعًعنًالشمالًفيًکانتً/ا  الكتاب،/ًأ وائلًفيًتقد 
*ًxix

وفيًالمقدارًأ یضا ًلاختلافًً

أ نفا ./ً/المذكورةًثةبا ًمنًالاختلافاتًالثلاوفيًالمختلفةًطولا ًوعرضا ًیكونًمرك ًً؛مطالعًمسیرًالشمس
*ًxx

ًً

ًأ نً [5ً] ًاللتانًیتوسً ً:فلكًالبَوجًینقسمًا لیًأ ربعًقطعًوقدًمر  ً،طهماًالاعتدالانًتزیدانًعلیًمطالعهامااثتتانًمنها

ًأ واسطًالعقرب ًا لی ًأ واسطًال سد ًومن ًأ واسطًالثور ًا لی ًأ واسطًالدلو ًمن ًکً ً؛وهما ًزيادة ًعلیًًومقدار ًمنهما واحدة

مطالعها
159
وهماًً،طهماًالانقلابانًتنقلانًعنًمطالعهاماوالقطعتانًال خريانًوهماًاللتانًیتوسً ً.الاس تواءًخمسًدرجاتًبخط ً

واحدةًمنهماًمنًمطالعهاًومقدارًنقلانًکً ً؛طًالعقربًا لیًأ واسطًالدلومنًأ واسطًالثورًا لیًأ واسطًال سدًومنًأ واس
160
ً

ًً.الاس تواءًأ یضا ًخمسًدرجاتًبخط 

                                                           
xvi

 ماًيخالف[ًهاب،ًهاكً 

xvii
 فقط[ًهاب،ًفاكً 

xviii
 بقدرًماًیقتضیهًتفاوتًالعرض[ًهاب،ًهاكً 

xix
مًفيًأ وائلًالكتاب[ًهاب،ًهاكً  ذاًکانتًفيًالشمالًعنًتقاطعًال فقینًكماًتقد   ا 

xx
 المذكورةًأ نفا [ًهاب،ًهاكً 
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ذاًاختلفا[6ً] ذاًکاناًزائدینًمعا ًأ وًناقلینًمعا ًأ وًبالتفریقًا  ذاًترك بًالتفاوتانًبالجمعًا  حللًمقدارًالتفاوتًبینًً،وا 

سطیًوال ياً ال ياً  یًهذاًالتفاوتًتعدیلًال ياً ً.لس نةمًالحقیقیةًجملةًفيًامًالوه التفاوتًًل نً ً،وغایتهًتسعًدرجاتً.مًبلیالهااويسم 

ًالتعدیل ًضعف ًبقدر ًالوسطی ًالحضیضيًوالنلف ًأ و ًال وجي ًالنلف ًدرجاتً،بین ًأ ربع ًالاعتداليًً؛وهو ًالربع وبین

ًالوسطیًبخمسًدرجات ًالتفاوتًبینًال ياً ً.والانقلابيًوالربع ًغایة ذن ًفا  ًالناقلة ًوالوسطیًبسببًم ًالزائدة ًأ و والوسطی

ًدرجاتًٍ ًال ياً ً.الاختلافینًتسع ًالتفاوتًبین ًوالزائدةویكون ًالناقلة /الحقیقیتین/ًم
*xxi

ًدرجةً ًوصلتًً.بثمانيًعشرة ذا وا 

لیًموضعهاًال وً الشمسًبحركتهاًالخاصً  ًالدورةًا  انتفیًذلكًالتفاوتًوسقطًهذاًالاعتبارًویتساويًمجموعًالوسطیًمعًً،لًوتم 

لا ًمجم ًً.ًالقدرًالذيًیكونًبسببًحركةًأ وجًالشمسوعًالحقیقیةًبالتقریبًا 

[7ً ًویهً[ ًیفرضًمبدأ   ًیهوم ًمن ًبد  ًال ياً ولا لیهقاسًسائر ًا  ياً ً؛م ًلل  ًمبدأ   ًذلكًالیوم ًنلفًنهاار ًالوسطیًفیكون م

والحقیقیةمًالماضیةًالوسطیًیومًمنًالس نةًیفرضًمبدأ  ًیكونًالتفاوتًبینًال ياً ًوکً ً.والحقیقیةًجمیعاً 
161
الماضیةًمنًذلكًً

لاً  ًا  علًأ واخرًالدلوًکانتًال ياً ً؛ًأ واخرًالدلوًوأ وائلًالعقربالیومًتارةًزائدا ًوتارةًناقلا  ذاًجه ًالمبدأ ًا  ن  مًالحقیقیةًدائما ًناقلةًفا 

ًجهًً،لاجتماعًالزيادتینًهناكًمنًالوسطی ذا ًزائدةًعلیًالوًعلًأ وائلًالعقربًکانتًال ياً وا  وبیانهًعلیًً.سطیمًالحقیقیةًدائما 

لًفياًکانًال وجًفيًالجوزاءًکانًنقلانًالمرئيًمنًالوسطیًبحسبًالتفاوتًال وً هًلم ًسبیلًالتفلیلًهوًأ ن ً
162
النلفًالذيًً

لیًالستبلة ذاًترك ًً.وزيادتهًعلیهًفيًالنلفًال خرً،منًالحوتًا  لیًأ واسطًالثورًوا  بًالتفاوتانًاجتعًفيمًبینًأ وائلًالحوتًا 

لیًً،مریننقلانانًبحسبًالً  /أ واسط/ومنهاًا 
†ًxxii

لحقًالزيادةًبحسبًالمطالعًبقدرًماًلحقهًالنقلانًبحس بهاًأ یضا ًتال سدًً

                                                           
xxi

 الحقیقیتین[ًهاب،ًهاكً 

xxii
 ك،ًل«:ًوسط»أ واسط[ًوسط:ًبً=ًمتغیرًمنًً 
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لیًأ وائلًالستبلةًثمً ً.لًبحالهویبقیًالنقلانًالمجتعًبحسبًالتفاوتًال وً ً.فيًالربعًالذيًقبله ویأ خذًاختلافًً.يجتعًالنقلانانًا 

ًالميزان ًأ خر ًعند لیًأ نًیتكافیا ًا  ًناقلة ًكونًالمطالع ًمع ًالزيادتانًثمً ً.الشمسًفيًالزيادة ًوتجتع تغلبًالزيادة
163
فيمًبینًً

ویحللًمنًذلكًانقسامًدائرةًالبَوجًبحسبًهذاً.یحدثًالنقلانًبحسبًالمطالعًثمً ً.أ واسطًالعقربًوأ واسطًالدلو
164
ً

لیًقسمًیظهرًفیهًا وهوًماًً،وقسمًیظهرًفیهًالزيادةًمطلقاً ً،وهوًماًبینًوسطًالدلوًوأ خرًالميزانً،لنقلانًمطلقاً الائتلافًا 

لا ًً.لًالعقربًووسطًالدلوبینًأ وً  ًا  ًذكرناه ًات ًًأ هلًاللناعةًًأ نً ویظهرًمنهًما ًیكونًأ بدا ًً.علیًجعلهًأ واخرًالدلوفقوا ولهذا

ًمثلا ،ًالجديًكعاشرةًاللغری،ًالقطعةًفيًوالشمسًالوسطیًعلیًالحقیقيًالیومً.ً/وزيادةمًالحقیقیةًناقلةًعنًالوسطیال ياً 

مًكونًینافي لا لیًالدلوًأ واخرًمنًالحقیقیةًالماضیةًال يا  مًعنًناقلةًالجديًعاشرًا  ًالنقلاناتًل نً ًبينهما،ًالتيًالوسطیًال يا 

لا ًًتنجبًَلاًالكبَیًالقطعةًفيًالحاصلة ذاًا  لیًووصلتًاللغریًالشمسًقطعتًا  الدلو./ًأ واخرًأ عنيًالمبدأ ،ًا 
*ًxxiii

وهذهًً

ًال وجًفيًأ خرًالجوزاء ً:صورةًالقطعًعلیًأ ن 

                                                           
xxiii

 أ عنيًأ واخرًالدلو[ًهاب،ًهاكا لیًالمبدأ ً...ًوزيادةًالیومًالحقیقيًعلیًالوسطیً 
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ً
ً[7شكً]

ً ًفيًمدً ویتغیر  ًً.ةًطویلةًتفاوتًالاختلافًبسببًحركةًال وجًولكن 

ًبیانًالتفاوتًفيًمقادیرًال ياً [8ً] فال ولیًأ نًنتركًبیانهااًً،وقتًیتعل قًبكتبًالعملًووجودًالمقادیرًفيًکً ً.مفهذا

لهاا .واللهًأ علمً،ا 
165
ًً

لًالجدي حضیضًالشمس  أ و 

 أ وجًالشمس

لًالميزان لًالحملً أ و   أ و 

لًالسرطان  أ و 

 الحقیقیةًیزیدًعلیًالوسطیًبسببًالطالع

 الوسطیًبسببًالطالعًالحقیقیةًیزیدًعلی

ً
ةً
یقی
لحق
ا

ص
ینق

ً
ًمن

الع
لط
بًا

سب
ب یً
سط
الو

 
 

صً
نق یةًی یق الحق

من
ً

بًالطالع
ب س
الوسطیًب

 
 الاختلافالوسطیًبسببًًمنالحقیقیةًینقصً 

 القطعةًالبعیدة

 القریبةالقطعةً

 الوسطیًبسببًالاختلافًعلیًیزیدالحقیقیةً 
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ًالتاسعالبابً

ًفيًاللبحًوالشفق

ًاللبحأ 1ً] ن  قبالًالشمسًفيًال فقًالشرقيًولا دبارهاًفيًالغربيً[ًا  وهماًمتشابهانًً.والشفقًاستنارةًفيًكرةًالبخارًلا 

/،وضعاً ً/ومتقابلانًشكلاً 
*ًi

ًهیئةً ل/ًل ن  /أ و 
*ًii

/أ خر/ًطلوعًالفجرًمثلً
*ًiii

ً/كیفیةًومختلفانًلونا ًلاختلافً.غروبًالشفقً

هواء/
*ًiv

ًوماًيس تضيءًمنًالجوً ً،وكذاًشعاعهاً،واختلافًلونًالشمسًعندًالطلوعًوالغروبً،ال فقًالذيًیظهرانًفیهً

لاختلافًلونً،بضیائها
166
لیًاللفاءًوالبیاضًللرطوبةًالمكتس بةًً.البخارًفيًكتيًالجهتینً ذًلونًالبخارًفيًالمشرقًیكونًا  ا 

لیًاللفرةًلغلبةًالجزءًالدخانيًالمكتس بةًمنًحرارةًالنهارً،منًبرودةًاللیل الجسمًمعًأ نً ً.وفيًالمغربًا 
§ًv

ماًکانًأ كثرًصفاء ًك ًً

وکان/ًأ ضوأ ًًکان/ً،وبیاضاً 
*ًvi

ًمنًالشعاعًالمنعكسًمنًغیرهً ولهذاًماًتهریً.الشعاعًالمنعكسًمنهًأ قویًضیاء 
167
اءًیال شً ً

ًً.ال حمرًوال صفرًوهماًقبلًال دكنًوال غبَالمتساویةًالعظمًوالبعدًال بیضًمنهاًقبلً

اًكرةًالبخارًفهیيًعبارةًعنًالهواءًالمتكاثفًبماًفیهًمنًال جزاءًال رضیةًوالمائیةًالمتلاعدةًمنًكهرَتهَاماًبتبخیرًوأ مً ب[1ً]

ها يا  ةًارتفاعهاًلسطحهاًلتساويًغایًوشكًهذاًالهواءًشكًكرةًمحیطةًبال رضًعلیًمركزهاًوسطحًموازًًٍ.الشمسًوغیرهاًا 

لیًال رضًفهوًأ كثفًممً لكنهً ً.عنًمركزًال رضًفيًجمیعًالنواحيًالمس تلزمًلكریتها ًماًکانًمنهاًأ قربًا  اًبعدًاًمختلفةًالقوامًل ن 

                                                           
i
ًومتقابلانًوضعا [ًهاب،ًهاكً 

ii
ًل[ًفاب،ًفاكأ وً ً 

iii
ًكًً،بًفيًأ خر[ًمضافًبعدًالتحریرً 

iv
ًكیفیةًهواء[ًهاب،ًهاكًً 

v
ًالجسم[ً+ًالكثیف:ًهاب،ًهار،ًهاك،ًهالً 

vi
ً[ًوکانًأ ضوأً ًکانً  ًفيًمتن:ًوهامشًب،ًك«ًکان»ًمنًمتغیرَّ
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/ورائه./لكنًلاًیبلغًفيًالتكاثفًبحیثًیحجبًماًًـــــًوهوًواضحً،ال لطفًیتلاعدًویتباعدًأ كثرًمنًال كثفًل نً ًـــــ
†ًvii

ً

ًا لیًحدً وهيًتتتهیيًفيًا ًً،لاًتتجاوزهًرتفاعها ًس نبین  ًوكسرًعلیًما ًفيًال بعادًوهوًمنًسطحًال رضًأ حدًوخمسونًمیلا 

نًشاءًاللهًالعزیزًـــــوال جرامً یوكرةًالبخارًتسمً ً.ا 
168
ًعالمًالتس يمً ًالرياحً،أ یضا  ذًماًً،یعنيًمهب  فوقهاًمنًالهواءًاللافيًا 

هااً/وبعضهمً.تًوال بخرةًوال دخنةًساكنًلاًیضطربءاعنًالهبا ذًوالنهارًاللیلًكرةًيسم  ًماًدونً،والظلمةًللنورًالقابلةًهيًا 

اًالناسًیظنً ًالتيًوالزرقةً،اللافيًالهواءًمنًعداها ًأ قلً ًالبخارًكرةًسطحًمنًالقریبةًال جزاءًل نً ًفهاا.ًتظهرًالسماءًلونًأ نها 

لیًبالتس بةًکالمظلمةًیكونًفلهذاًال رض،ًمنًالقریبةًال جزاءًمنًواللطافةًالبعدًلكثرةًللضوءًقبولاً  ذاًال جزاء.ًهذهًا  ًنفذًوا 

لیًالكواكبًبأ شعةًالمس تتیرةًال جزاءًمنًالبصرًنور ًمنًيمازجهًبماًالمظلمًالجوً ًمنًفوقهًماًالناظرًرأ یًکالمظلمة،ًهيًالتيًا 

ذاًكماًاللاژوردي.ًاللونًوهوًوالضیاء،ًالظلامًبینًمتوسطاً ًلوناً ًالكوكبيًوالضیاءًال رضيًالضیاء ًجسمًوراءًمنًنظرًا 

ً لیًمثلاً ًأ حمرًمشف  ن هًأ خضرًجسمًا  والخضرة./ًالحمرةًمنًمرك بًلونًلهًیظهرًفا 
‡ًviii

ًً

ًأ وً ج[1ً] ن ماًیوجدانًوانحطاطًالشمسًعنًال فقًثمانيًعشرةًدرجةًأ وًتسعًعشرةول ن  ً،لًالفجرًوأ خرًالشفقًا 

ًیهرًشيءًمنًالضیاءًفیه ًمنًال فقًأ كثرًمنًذلكًلم ًکانًبعدها ذا ًالضیاءًمنًقبلًالشمسً،وا  لمًأ ن  لا ًً.فعه ًأ ث رًقربهاًوا  ًلما

مظلم،/ًیعدً ً،ً/ل ن هلاًمنًضیائهاًالواقعًعلیًسطحًظاهرًال رضًولكنً ً وبهعدهاًفیه
*ًix

ذًالشمسًعلیًهذاًتحتًال فقًً ا 

ً ذً/بكثیر،ًالحس  /ًمعًبالانعكاس،ًلاًبالاس تقامةًلاًالظاهرًسطحهًعلیًشعاعهاًیقعًفلاًذاكًوا  أ ن 
*ًx

ن ماًیدركًماًفوقهًً البصرًا 

                                                           
vii

ًخلفه:ًبً=ًورائه[ًً  ًك،ًل«:ًخلفه»منًًمتغیرَّ

viii
ًهاك،ًهالب،ًً-[ًوالخضرةًالحمرةًمنًمركبًلونًلهًیظهر...ًوبعضهمًيسمیهاًكرةًاللیلًوالنهارً 

ix
ًمظلم[ًهاب،ًهاكًهًیعدً ل ن ًً 

x
ذًذاكًفلاًیقعًشعاعهاًعلیًسطحهًالظاهرًلاًبالاس تقامةًلاًبالانعكاسًمعًأ نً ً  ً[ًهاب،ًهاكبكثیرًوا 
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بلًمنًضیائهاًالواقعًعلی
169
من/ًوكثفًخشنً/ماً

xi
ًشعاعًالشمسًمحیطًً.یًباللیلال رضًالمسمً ًسطحًمخروطًظلً ً ل ن 

ًیحویهًمخروطًظلً  ًال فلاكًسویًما ًفيًجمیع ًجرمهاًبالمخروطًومنبث  وهوًمقدارًيسیرًمنًفلكيًالقمرًً،ال رضًلكثافة

ًبضیاءًالشمسً.وعطارد .فماًخلاًهذاًالقدرًمنًالفلكًیكونًمس تضیئا 
§ًxii

اًمشف ةًفيًالغایةًینفذًفهااًالنورًومنًأ جلًأ نهاً ً

ًالبخارًالخاليًعنًالهباأ تً،فلذلكًلمًنرهاًمضیئةً ً،فلاًینعكسًعنها ًالهواءًالمحیطًبكرة ًاوأ مً ً.وكذا ً/وهوًلمختلطًبالهباأ تا

ال رض،/ًظلً ًمخروطًسطحًمنًالكثیفًالخشن
*ًxiii

ًً شاهدًیًلكونًال جزاءًال رضیةًالمس تتیرةًبضیاءًالشمسًفیهًكماًيهًفیره

ةًفيًبيتًا لیًظلمة عندًدخولًالشعاعًمنًكو 
170
ًً.ماًهوً

ًأ حوالًالفجرًوالشفقًمتماثلةد[1ً] ًًأً غیرًأ نًالفجرًیبدً،ول ن  ًثمً ً،المس تطیلًمنًضیاءًضعیفًهوًالبیاضًالمس تدق 

ذًبعدًالغروبًیكونًحمرةً؛الحمرةًثمً ً،البیاضًالعریضًالمنبسط ً،البیاضًالعریضًالمنبسطًثمً ً،والشفقًیكونًبعكسًذلكًا 

ثمً 
171
البیاضً

172
ًً لیًأ نًيخفیًالمس تدق  ًماًیدركًخفاءًهذاًالبیاضًلكونهًوقتًالنومًوتفرُّغً.المس تطیلًا  لكنًقل 

173
الناسًً

ًأ كنافهم لی ًا  ًً،للسكون ًللملالحل ن ًً،لال وً ًبخلافًالبیاضًالمس تدق  ًوالاس تعداد ًالراحة ًوقتًاس تكمال ًالناسًً،ه فكان

ذنًلتماثلًأ حوالهماً.یتتظرونًفیهًطلیعةًالنهارًلطلوعًالفجرًلیأ خذواًفيًالانتشارًلحوائجهم ذاًبي ناًأ مرًأ حدهماًاكتفیناًبهًفيًً،فا  ا 

ًالفجرًً،ال خر مناًذكرهً،أ شرفًوالاعتناءًبهًأ شدً ول ن  .قد 
174
ًفنقولًً ذاًقربتًالشمسًمنًال فقًالشرقيًمالًمخروطًظل  ا 

منه،/ًبالكثیفً/أ عنيً،فیكونًالمرئيًمنًالشعاعًالمحیطًبهً،ال رضًنحوًالمغرب
*ًxiv

ًماًهوًأ قربًا لیًالبصرأ وً ً وهوًماًً،لا 

                                                           
xi
ًماًخشنًوكثفًمن[ًهاب،ًهاكً 

xii
لیهًشعاعها:ًهار،ًهاك،ًهالً  ًالشمس[ً+ًأ يًواصلا ًا 

xiii
ًال رض[ًهاب،ًهاكًوهوًالخشنًالكثیفًمنًسطحًمخروطًظلً ً 

xiv
ًأ عنيًبالكثیفًمنه[ًهاب،ًهاكً 
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ًبقربًال رض ًعنده لمیلًً،المخروطًا لیًالبصرًهوًالجانبًالذيًیليًالشمسال قربًمنًجوانبًًل نً ً؛فوقًال فقًلاًما

لیًالبصرًهوًماًذكرنا ًً.المخروطًا لیًجهةًالغربًوال قربًمنًهذاًالجانبًا 

[1ً ًالمخروطًيمرً ًسطحًلبیانًذلكًولیتوهمً ه[ ًمثل ًً،بمركزيًالشمسًوال رضًوبسهم ًالزواياًولیحدثًمنه ثًحاد 

ًال قربًمنًالضلعًالذيًیليًيخفیولاًً.قاعدتهًعلیًال فقًوضلعاهًعلیًسطحًالمخروط الشمسًا لیًالناظرًیكونًموقعًًأ ن 

هًأ طولًمنًالعمودًلكونهًوترًقائمةًوالعمودًل ن ًً؛لالًالضلعًبال فقلاًموضعًات ًً،العمودًالخارجًمنًالنظرًالواقعًعلیًذلكًالضلع

ن ًً.ةوترًحادً  ًالات ًوا  ًالعمودًعلیًموضع ًلاًیقع ًحادً ما ذاًلنظیرتهاً/ومساویةًةلالًلكونًتلكًالزاویة ًوتدًفيًالشمسًکانتًا 

لیًيس بقًماًعلیًال وضاعًجمیعًفيًمتساویتینًوليس تاًات ساعا ،ًوالمغربیةًةحدً ًالمشرقیةًتزیدًمنهًانتقالهاًوبعدًال رض. ًالوهم.ًا 

ن ما ًًال فقًقطرًأ عنيًث،المثل ًًقاعدةًکانًلوًذلكًیلزمًوا  ةًأ عنيًفلذلك،ًكذلك.ًوليسًالمثل ث،ًبحركةًكةمتحرً ً،الحس  ًلحد 

الات لال/ًموضعًعلیًالعمودًیقعًلاًالمشرقیة،
*ًxv

/أ یضا ؛/ًولاًتحتًال فقًعلیًالضلعًالمذكورً
*ًxvi

لا ًً ثًقائمةًهيًًلزمًفيًمثل ًوا 

ًً،الحادثةًمنًالعمود الزاویةًالفوقانیةًمنًًل نً ً،ًوالضلعًالمذكورومنفرجةًتحتًال فقًهيًالحادثةًمنًتقاطعًقطرًال فقًالحس 

ًلًماًیهریًنورًالشمسًیهریًفوقًال فقًكخط فا ذنًأ وً ً.ةًفبالضرورةًیقعًالعمودًعلیًالضلعًالمذكورًفوقًال فقتقاطعهماًحادً 

ًمظلما ًًال رضویكونًماًیقربًمنًً،مس تقيمًمنطبقًعلیًالضلعًالمذكور هًل ن ًً،فلذلكًيسم یًذلكًالنورًباللبحًال ولً.بعده

                                                           
xv

ًهاب،ًهاكً[لاللاًیقعًالعمودًعلیًموضعًالات ً...ًومساویةًلنظیرتهاًً 

xvi
ًأ یضا [ًفاب،ًهاكً 
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قًأ ن هًً،لكونًال فقًمظلما ًوباللبحًالكاذبًً؛تهًواس تطالتهًتشبهاا ًلهًبهوبذنبًالسرحانًلدق ًً؛هرلًنورًیظًأ وً  أ يًلوًکانًیلده

.ماًیبعدًمنهًلاًالشمسًمنًیقربنورًالشمسًلكانًالمنیرًماً
§ xvii

ً
175
ً

ا ًانبسطًالنورأ 2ً] ذاًقربتًالشمسًجد  فلارًال فقًمنیرا ًً،[ًثمًا 
§xviii

ذاًبیاضًعریضًًٍ
176
ًً؛صادقاً ویلیرًاللبحًً ل ن 

ضیائه
177
ن ًً،لاًل ن هًلاًتعقبهًظلمةًبخلافًالكاذبً،لأ صدقًمنًالضیاءًال وً ً بهًعلیًماًزعًبعضهمفا  ًل نً ً.هًیعقبهًظلمةًتكذ 

ً/علیاللحیح ،/ًماً، س نبین 
*xix

ن ًال وً ًأ نً ً ًوا  ًموجودا  ًیكون ًالطارئًعلیهل ًالشدید ًالضوء ًلغلبة ًيخفی ًيخفیًضوءًً،ما كما

ذاًوصلًنورًالشمسًا لیًسطحًمجاورًلل فقًظهرتًالحمرةً.الشمسًأ ضواءًالمشاعلًوالنیرانًوالكواكب والشفقًیكونًً.وا 

ذكرنا.كماًً،بعكسًاللبح
178
ً:ثًوالعمودًوالشمسًوال رضوهذهًصورةًال فقًوالمثل ًً

                                                           
xvii

ًل«:ًامنه»ا لیًمنه[ًمتغیرًً 

xviii
ًلً«:ًالمنیر»ا لیًمنیرا [ًمتغیرًً 

xix
 ًً ً[ًهاب،ًهاكعلیًماًس نبین 
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ً
ً[8]شك

ًً.هذاًهوًالمشهورًعندًالجمهورًفيًهذاًالمقام

ذلكًالوقتًلًوالشفقًال خیرًالمس تطیلینًوقوعًالشعاعًمنًالشمسًفيًمنًالفجرًال وً ًوقالًقومًسببًکً ب[2ً]

لیناًمنًسطحًالماءًفیحللًالاستنارةًثمً ً.علیًالبحرًمنًجهتيًالمشرقًوالمغرب للًینقطعًالشعاعًالمت ًًثمً ً.ینعكسًالشعاعًا 

لیناًزمانًماًبینًالفجرینً،منًالشمسًالواقعًعلیًالبحرًویقعًعلیًبس یطًال رض ًا  یظهرًشعاعًًثمً ً.فيمتنعًانعكاسهًونفوذه

 الشمس

 رأ سًالمخروط

ط
رو
المخ
ثً
مثل

 

 ال رض

 قاعدةًالمخروط

 سطحًال فقًالمرئيً
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ًوأ مثالهًأ مورًتخمیتیةًً.وكذلكًفيًمغیبًالشفقًعلیًنحوًذلكً.لس تتیرًبالسببًال وً فيًً،الشمسًمنًنواحيًال فق وهذا

ًً.تقریبیةًلاًتحقیقًفهاا

نًکانتًليستًعظيمةًلماًً،ال رضًهيًدائرةًعلهااًتكادًتكونًعظيمةًقاعدةًمخروطًظلً ًونحنًنقولًول نً ج[2ً] وا 

مًفيً ،كطتقد 
179
ً.وهوًالمظلمًالمقابلًللجهةًالمس تتیرةً،وال خرًأ صغرً،وهوًالمس تتیرً،ینقسمًال رضًبهاًبقسمینًأ حدهماًأ كبًَ

ًبلیلتهًدورةکانًعلیًسطحًال رضًفيًامتحرً ً،أ عنيًالضیاءًوالظلمةً،ضانوهذانًالعرًَ ًالضیاءًفمنًأ مً ً.واحدةًلیوم ًحركة ا

لیًالمغرب لیًالمشرقوأ مً ً،المشرقًا  ًمخروطًالظلً ً.اًحركةًالظلمةًفمنًالمغربًا  ًمركز/وسهمهًقائمًعلیًً،رةًالبخارقطعًكًول ن 

،/هقاعدت
*ًxx

فالفللً
180
/المشترك/ً

*ًxxi
كةًبحركةًالشمسًالحركةًالیومیةًلحركةًبينهماًیكونًدائرةًموازیةًلقاعدةًالمخروطًمتحرً ً

نً ً،سهمها هاًخط ًکً ًفا  يس تضيءًًوهيًالفاصلةًبینًالهواءًالذيًلا،ًهاًدائرةًالمخروطولتسمً ً.قائمًعلیًمركزًدائرةًیقالًلهًسهمه

أ عنيًماًبينهاًوبینًالشمسًً،وهوًماًتحتهاً،بینًماًیقبلًالضیاءوًً،وراءًمحیطهاًوهوًماً،ا ًفيًالغایةبضیاءًالشمسًلكونهًمشف ً

أ بدا ./ًالظلً ًمخروطًداخلًلكونهًمنهاًفوقهاًماً،ً/لامنًكرةًالبخار
*ًxxii

فتكونًالقطعةًالمحیطةًبالمخروطًالمنفللةًبهًمنًكرةًً

ذاًتوهمً ً.البخارًبینًسطحًهذهًالدائرةًوقاعدةًالمخروطًمس تضیئةًبضیاءًالشمسًلكونهااًمشحونةًبال جزاءًال رضیة ًسطحًوا 

ً ًالبخارال فقًالحس  ًلكرة ًدائرةًثابتةًل نهاً ً،ًقاطعا  ًبسمتًًوسهمهاًالخطً ً،اًلاًتفارقًسطحًال فقحدثًعلیًسطحها المار 

ًً.ریًمنًكرةًالبخارًوهوًماًفوقهاًوبینًماًلاًیهریًمنهاًوهوًماًتحتهاوهيًتفللًبینًماًیهًً،هاًدائرةًالبخارولتسمً ً.الرأ س

                                                           
xx

ًك«:ًمركزها»منً=ًمتغیرًًب:ًمركزها[ًقاعدتهًمركزً 

xxi
ًهاكًب،ً-[ًالمشتركً 

xxii
ًهاكب،ًً-أ بدا [ًًلاًماًفوقهاًمنهاًلكونهًداخلًمخروطًالظلً ً 
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[2ً ًالمخروطد[ ًدائرة ًمن ًأ صغر ًالبخار ًدائرة ًً،ولكون ًس نبین  ًفيًعامً ً،لما ًفوقًدائرةًفتكون ًالبخار ًدائرة ًاللیل ة

ریًشيءًمنًالهواءًفلذلكًلاًیعَلوًفوقًدائرةًالبخارًشيءًمنًالقطعةًالمضیئةًالمحیطةًبالمخروطًمنًكرةًالبخارًولاًیهًً.المخروط

يًلتكونًالدائرةًالسمتیةًفيًذلكًالبلدًوقتًمرورًدائرةًفيًبلٍدًلاًیكونًعرضهًأ كثرًمنًالمیلًالك ًً:لًلذلكًمثالاً ولنمث ًً.مضیئاً 

رًماًنقولً،البَوجالبَوجًعلیًسمتهمًهيًدائرةً أ عنيًدائرةًً،ًدائرةًالسمتفلیكنًالوقتًنلفًاللیلًونتوهمً ً.فيسهلًتلو 

علیًً؛ًولمخروطًالظلً ده؛ًولكرةًالبخارًعلیًدائرةًا؛ًولكرةًالشمسًعلیًدائرةًبجقاطعةًلكرةًال رضًعلیًدائرةًً،البَوج

181زمثلثً
ًقطر،ًبجًلخط ًأ بداً ًموازًًٍوهو،ً/حطًخط .ًولیكنًالفللًالمشتركًبینًدائرتيًالسمتًوالمخروطًبجً

/حركته؛ًمعًوبحركتهماًأ بداً ًعلهاماًالمخروطًسهمًلقیامًالمخروط،ًقاعدة
*ًxxiii

ً.ًوظاهرًأ نً كلًبینًدائرتيًالسمتًوالبخارًخط وًً

المس تتیرًمنًكرةًالبخارًهوًالقطعةًالمضیئةًًوأ نً ً،قطرانًلدائرتيًالمخروطًوالبخارًلمرورًالدائرةًالسمتیةًبمركزهماًكل،ًًطح

،اًیليًجهةًالشمسوماًبينهماًممً ً،طهج،ًبدحالمحیطةًبالمخروطًوهيً
182

./فبجدعهًقطعةً/وهو
*ًxxiv

ومركزًً

ًً،س،ًنبنقطتيًًمنًالبصرًهوًالمارً ًوالسطحًالممتدً ً.موهوًموضعًالبصرًً،ال فق فلاًیریًالبصرًشيئا ًًوهماًفيًالهواءًالمشف 

ذاًتحرً ً.منهًيس تضيء ،شرقكًالشمسًنحوًالًمفا 
183
غربنحوًالمًمالًالظلً ً

184
لیًً وارتفعًالجانبًالشرقيًمنًدائرةًالمخروطًا 

لیًنقطةًًحأ نًتللًنقطةً ةمشتركةًبینًمحیطيًدائرًًك،ًفتلیرًكا 
185
اً لًالفجرًمس تدق ًفلذلكًیلوحًأ وً ً.المخروطًوالبخارً

ً ضیاؤهًفيمتدً ً.یقطعًأ حدهماًمنًال خرًجزءا ًصغیراً ًثمً ً.علیًنقطةالدائرتینًًخفیا ًلتماس 
186
علیًالفللًًفيًطولًمخروطًالظلً ً

ماًأ زدادًمیلًالمخروطًأ زدادًارتفاعًالجانبًالشرقيًمنًوك ًً.المشتركًبینًالضیاءًالمحیطًبالمخروطًوبینًالظلمةًالتيًفيًداخله

                                                           
xxiii

ًهاكب،ًً-[ًحركتهًمعًوبحركتهماًبداً أ ًًعلیهماًالمخروطًسهمًلقیامًالمخروطًقاعدةًقطرًبجًلخط ًبدا ًأ ًًموازًًٍوهوً 

xxiv
ًهاكب،ًً-[ًفبجدعهوهوًقطعةًً 
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فیظهرًً،سعًالضیاءًفيًالمشرقًویعترضفلذلكًیت ًً.لشيءًأ كثرًمنًال وً ًبدحفحللًفوقًدائرةًالبخارًمنًقطعةًً.دائرته

ًبي ناً  ًاللبحًاللادقً،ظهورا  ًویلیرًك ًًثمً ً.وهو ًبعدًشيء ًبالمخروطًشيء ًالمحیطة ًالمضیئة ًالقطعة ًمن ًفوقًدائرةًیرتفع ها

ًالشمسً،البخار ًطلوع ًحین ًا لی ًویزداد ًالضیاء ًالمخرًً.فیقوي ًدائرة ًتقوم ًالطلوع ًقرب ًالبخاروعند ًدائرة ًعلی وط
187
ً

و
xxvً*/،صً/وهوً،مركزهاًل نً ً،منًنلفهاًفوقهاًوباقهااًتحتهاًیكونًأ قلً 188

xxviً*/.موهوً،ً/تحتًمركزًدائرةًالبخارً
ًثمً ً

ًثمً ً.فیكونًحالهاًكماًکانًعندًالطلوعً،ماًارتفعتًالشمسًعنًال فقًا لیًحینًوصولهاًأ فقًالغربجانبهاًنحوًالمغربًك ًًینحط 

لیًأ نًتنحطً  ًً،جزءاً ًيطالشمسًًتمیلًنحوًالمغربًا  ًتنحط ًثمً ً.دائرةًالمخروطًدائرةًالبخارًعلیًنقطةًمنًجهةًالمغربًفتماس 

لیًأ نًً.دائرةًالمخروطًتحتًدائرةًالبخارًعنهاًفیلیرًکً  ویعودًال مرًمنًً،هاًبجانبهاًالشرقيًقبیلًالفجراسً تمفیخفیًالضیاءًا 

ً.الرأ س

                                                           
xxv

ًهاكًب،ً-ً[صوهوًً 

xxvi
ًهاكب،ًً-[ًموهوًً 
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ً
ً[9]شكً

نهاً /فً،دائرةًالمخروطًأ عظمًمنًدائرةًالبخارًاًأ نً وأ مً ًه[2] /ال 
‡ًxxvii

ًً ذاًماس   تهاًانطبقتًلوًکانتًمساویةًلهاًلكانتًا 

ً حدًکً ًل نً ًـــــعلهاا تًا  ًمتیًماس  ًتقاطعتاادائرتینًمتساویتینًفيًكرة ًأ ن ًال خریًبعد هما
189
فكانتًًـــــانطبقتًعلهااً

هاًعنًال فقً ًاس تضاءًال فقًمنًجمیعًجهاتهًيطالشمسًمتیًصارًبعده لا ًً،جزءا  ً؛ًوقدًطلعًالفجرولمًیكنًیغیبًالشفقًا 

تزالًهيًًولذلكًلاً.فهیيًأ عظمًمنهاً.والوجودًبخلافهً،لكانًفيًأ كثرًال وقاتًال فاقًمس تتیرةًكضوءًاللبحً،ولوًکانتًأ صغر

                                                           
xxvii

ًًب،ًكا[ًلانّا:ًل نًّ فً  ًل«:ًلانّا»منًً=ًمتغیرَّ

 ا

 ع
 ف

 ب د
 ه ج

 ح
 ك ن

 ط ص
 ل س

 م

 ز
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لا ًالبخارًبك ًتحتًدائرةً ًا  فهذاًهوًالسببًً،لماًمرً ً،ًقطعةًمنهاًأ صغرًمنًنلفهاهاًأ وًبجل هاًولاًتطابقهاًولاًتلیرًفوقهاًأ بدا 

هًلِمًَن أً وًًً،لًوتناقصًضوءًالثانيوتزایدًنورًال وً ً،الحقیقيًفيًطلوعًالفجرًومغیبًالشفق
190
ً.ریًقبلًالوقتًالمحدودلاًیهًً

ذاًعرفتًذلكًو[2] ًانحطاطًالشمسًمنًال فقًعندًأ وً قدًعهًهًفاعلمًأ ن ًً،وا  لًطلوعًاللبحًوأ خرًرفًبالتجربةًأ ن 

لكنًلاختلافًمطالعًقوسًالانحطاطًتختلفًً.ةًبمركزًالشمسمنًدائرةًالارتفاعًالمارً ًغروبًالشفقًیكونًثمانیةًعشرًجزءاً 

أ عنيًالساعاتًالتيًبینًطلوعيً،ساعاتًاللبحًوالشفق
191
اًفيًأ مً ً.اللبحًوالشمسًوالتيًبینًغروبيًالشمسًوالشفقً

ًالقدرًمنًحركةًمعدً ًخط  ذاًکانتًالشمسًفيًالاس تواءًفهذهًالدرجاتًالثمانيًعشرةًالتيًللانحطاطًتنقطعًبهذا لًالنهارًا 

حدیًنقطتيًالاعتدالینًلاتحً  ذًذاكًتكونًساعاتًاللبحًوالشفً.ادًدائرةًالارتفاعًومعدلًالنهارًحینئذا  سًقًساعةًوخمهًوا 

ذاًکانتًً.منًهذاًولاًیكونًفيًموضعًمنًسطحًال رضًزمانًاللبحًوالشفقًأ قلً ً.اًمقدارًثمانيًعشرةًدرجةساعةًل نهاً  وا 

علیًماًً،فتزیدًساعاتًاللبحًوالشفقً،کانتًدائرةًالارتفاعًغیرًالمدارًالیوميًللشمسً،الشمسًهناكًفيًغیرًالاعتدالین

ً.ً/وذلكوذلكًيختلفًباختلافًالمداراتً.لهذهًالثمانيًعشرًدرجةًوماًیطلعًمعهاًمنًالمعدً ًبقدرًماًیقعًالتفاوتًبینً،قلنا

ًعندًاللتانًزاویتاهًمثل ثًومنهً،ال فقًتحتًوهيًمركزها،ًعلیًالمتقاطعتینًمدارهاًومنًالشمسًارتفاعًدائرةًمنًیحدثًل ن ه

ًثمانيًمنًأ كثرًالمدارًمنًالذيًفیكونًمنها،ًدرجةًعشرةًثمانيًالارتفاعًدائرةًمنًالذيًلكنًمتساويان،ًفوتراهماًقائمتانًال فق

لًمنًیطلعًفا ذنًعظيمة.ًوالارتفاعًصغیرةًلكونهًمنه،ًدرجةًعشرة ًالاعتدالینًغیرًفيًوالشمسًالانحطاطًقوسًمعًالمعد 

لًعنًبالبعدًتتلاغرًالمداراتًول نً ًوالغروب.ًالطلوعًفيًلوالمعدً ًالمدارًأ حكامًلتساويًعشرةًثمانيًمنًأ كثر ًیكونًالمعد 
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ذاًالتفاوتًهذاًأ كثر حدیًفيًالشمسًکانتًا  ن هًفاعرفهًالمنقلبین.ًا  اللطائف./ًمنًفا 
*xxviii

جزئینًیتساويًًولاًيخفیًأ نًکً ً

وهذاً.بعدهماًعنًأ حدًالاعتدالینًتتساويًساعاتًصبحهماًوشفقهما
192
ًً الاس تواءًخط ًأ یضا ًمنًخواص 

193
ذًلاًیوجدًفيًً ا 

ً.غیره

ماًکانًارتفاعًالقطبًالظاهرًمنًفلكًالبَوجًأ كثرًوالزاویةًالحادثةًمنًتقاطعًال فقًال فاقًالمائلةًفك ًاًفيًوأ مً ز[2ً]

ه/ارتفاع/ماًکانًوك ًً؛کانتًساعاتًاللبحًوالشفقًأ كثرً،والبَوجًأ حدً 
*ًxxix

./کانتًأ قلً /ًأ قلً ً
*ًxxx

ذاًًوذلكًل نً ً الزاویةًا 

ًکانًماًبینًمركزًالشمسًوال فقًمنًدائرةً ذاًکانتًأ قلً ممً ً،البَوجًأ كثرکانتًأ حد  ةًاًا  ً.لتساويًقوسًالانحطاطًفهاماً،حد 

ذاًکانتًالقوسًمنًالبَوجًأ كثرًکانًمطالعهاًبلًالساعاتًأ كثر نًکانتًأ قلً ً؛وا  درجةًًانحطاطًکً ًفلهذاًول نً ً.کانتًأ قلً ًوا 

ًیكونًفيًال فاقًالمائلةًمدً  والشفقًفيًنلفًالبَوجًالذيًمیلهًفيًجهةًةًاللبحًتحتًال رضًمثلًارتفاعًنظیرتهاًفوقهاًأ یضا 

ًمدةًاللبحًوالشفقًفيًالا قليمًالرابعً.تهماًفيًالنلفًال خرالعرضًأ كثرًمنًمدً  ً،والشمسًفيًأ وائلًالسرطانً،أ لاًتریًأ ن 

،ساعتان
194
 ً.لثوفيًأ وائلًالجديًساعةًوثهًً

[2ً ًکانتًالشمسًفيًالمنقلبًاللیفيًالمواضعوفيًح[ ذا ًا  ًوأ ربعینًونلفا  ًثمانیة ًعروضها التيًتكون
§ًxxxi

للًیت ًً

قوسًانحطاطهاًمنًًل نً ً،ولاًتوجدًظلمةًاللیلًعندًوصولًالشمسًعلیًدائرةًنلفًالنهارًتحتًال رضً.الشفقًباللبح

فال نًالذيًیكونًأ خرًغروبًالشفقًیكونًهوًبعینهًً.دائرةًنلفًالنهارًحینئذًعلیًهذاًالوضعًتكونًثمانیةًعشرًجزءاً 

                                                           
xxviii

ن ًً...هًیحدثًمنًدائرةًارتفاعًالشمسًوذلكًل ن ًً  ًهاكًب،ًً-هًمنًاللطائف[ًفاعرفهًفا 

xxix
ًب[ًارتفاع:ًهارتفاعً 

xxx
ًًبکانتًالساعاتًأ قل:ً=ً[ًهاكًکانتًأ قلً ً 

xxxi
ًللً=ً+ًفيًجهةًالعرض:ًها«:ًالذي»ًا لیًاللیفي[ًمتغیرًً 
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ًیكونًذلكً.لًطلوعًاللبحأ وً  ًذلكًالمقدار فيًزمانًأ كثرًبحسبًً،لالًاللبحًبالشفقأ عنيًات ًً،وفيمًجاوزتًعروضها

ذًعلیًهذاًالوضعًیكونًطلوعًاللبحًقبلًتمامًغروبًالشفقًتناقصًانحطاطًالشمسًعنًال فقًالقدرًالمذكور بخلافًً،ا 

ًً.ویكثرًهذاًالزمانًلماًذكرناً،فیكونًزمانًماًمنًساعاتًالشفقًوساعاتًاللبحًأ یضاً ً.لال وً الوضعً

تًالشمسًال فقًفيًأ وً وفيًالمواضعًالتيًتكونًعروضهاًمساویةًلتمامًالمیلًالك ًط[2ً] ًماس  ذا لًالجدييًا 
§ًxxxii

ً

ًتكونًساعاتًالشفقًتكونًساعاتًاللبحًخمسًساعاتًوثهًً،ولاتطلع ًومثلها والباقيًمنًأ ربعةًوعشرینًساعةًیكونًلثا 

ذاًالش تويًالمنقلبًمدارًفيًالشمسًل نً ً.ً/وذلكساعاتًالظلمة ًال فقًمنًبهعدهاًکانًالاعتدالًمطلعًمحاذاةًا لیًوصلتًا 

ذاًال عظم،ًالمیلًمثل ًاللبحًفیظهرًدرجة.ًعشرةًثمانيًال فقًعنًبهعدهاًصارًتقریبا ،ًدرجاتًعشرًمحاذاتهاًعنًجاوزتًوا 

لیًویدوم ًًأ نًا  لیًمدارهًمنًالباقيًتقطعًماًبقدرًوهوًال فقًالشمسًتماس  ة،ًا  ًساعاتًخمسًأ عنيًدرجةًثمانونًوهوًالمماس 

ذًوثهلثا ، لیًالمحاذاةًمنًا  علیه./ًالشفقًساعاتًوقسًجزءا .ًتسعونًةالمماسً ًا 
*ًxxxiii

ًً

ًوثمانینًدرجةيًا لیًحیثًیكونًعرضهًوفيًالمواضعًالتيًتزیدًعروضهاًعلیًتمامًالمیلًالك ًي[2ً] أ ربعا 
195
ً،ونلفاً ً

ذايًوالثمانيًعشرةًدرجةیکونًمجموعًتمامًالمیلًالك ً الضوء/ًیكونًالخفاءًال بدیةًالقوسًفيًالشمسًکانتً.ً/ا 
*xxxiv

فيًمقدارًً

ال عظم،/ًللفلكًدورةًمقدارًفيً،ً/أ يیومًبلیلتهًکً 
*ًxxxv

یظهرً
*ًxxxvi

ًعلیًالجنوبًوًًمنًطرفً يخفیًمشرقًالجنوبًويمر 

                                                           
xxxii

ًأ وً ً  ًلً=ً+ًخلافًجهةًالعرض:ًهال«:ًالمنقلبًالذيًفي»ا لیًًلًالجدي[ًمتغیر 

xxxiii
ًهاكب،ًً-وقسًساعاتًالشفقًعلیه[ًً...الشمسًفيًمدارًالمنقلبًالش تويًًوذلكًل نً ً 

xxxiv
ذاًکانتًالشمسًفيًالقوسًال بدیةًالخفاءًیكونًالضوء[ًً  ًهاكب،ًً-ا 

xxxv
ًهاكب،ًً-أ يًفيًمقدارًدورةًللفلكًال عظم[ًً 

xxxvi
ًشاكً:ًب،الضوء+ً[ًیظهرً 
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ذاًحینئذًالعروضًتلكًفيًال فقًعنًالشمسًبعدً.ً/ل نً الغربيفيًالطرفً لیًال رضًتحتًمدارهاًفيًوصلتًا  ًحواليًا 

لا ًًيخفی؛ًلاًماًعلیًدرجةًعشرةًثمانيًمنًأ قلً ًیكونًالجنوبًطرفًمنًالنهارًنلف نً ًال خیرًالعرضًفيًا  ًعندًمنهًبعدهاًفا 

ةًاختلافًيخفیًولاًأ كثر.ًال وضاعًباقيًوفيًعشرة؛ًثمانيًیكونًالنهارًنلفًا لیًوصولها ًالمداراتًباختلافًالضوءًظهورًمد 

ةًکانتًأ عظمًکانًك ماًالمدارًأ نً ًولاًالخفاءًال بدیة ًفيًمنهًأ قدمًفیهًالضوءًوظهورًال فقًمنًأ قربًال عظمًل نً ًأ كثر.ًالمد 

لا ًًفهاما،ًالاختفاءًعكسًال صغر، ًساعاتًهوًمنهاًالضوءًساعاتًنقلانًبعدًساعةًوعشرینًأ ربعةًمنًالباقيًأ نً ًا 

الظلمة./
*xxxvii

هًماًدامًفيًالطرفًالشرقيًیكونًمنًحسابًاللبحًل ن ًً،للا ًأ حدهماًبال خروهذاًاللبحًوالشفقًیكونًمت ًً

ً.وماًدامًفيًالطرفًالغربيًیكونًمنًحسابًالشفق

ذاًزادًالعرضًثمً ك[2ً] ظهرًفيًیًنقلبًالش تويًوًبًالشمسًمنًالًمةًتقرً فلاًیظهرًذلكًالضوءًفيًمدً ً،علیًماًقلناً،ا 

ًالسالفًالتقریرًمنًیلوحًلماًدرجةًعشرةًثمانيًمنًأ كثرًیكونًال فقًمنًمنهًیقربًماًوبعدًبعدهً،ً/ل نً جانبيًتلكًالمدة

أ نفا ./
*xxxviii

ًل نً ً،منهماًخمسینًیوما ًبلیلتهًوحیثًالعرضًتسعونًوالقطبًعلیًسمتًالرأ سًیكونًزمانًاللبحًوالشفقًکً ً

ذاًکانتًفيًجزءًمیلهًثمانيًعشرةًدرجةً.دائرةًالارتفاعًهناكًهيًدائرةًالمیل ً،لًاللبحًوأ خرًالشفقیكونًأ وً ً،فالشمسًا 

بیانه./ًوعدناًماً/علیًفلذلكًیكونًالزمانًماًذكرناً،منًالاعتدالینًفيًالجهتینًوذلكًالجزءًهوًالخمسونًمنًکً 
*ًxxxix

وفيًً

ًساعةًیكونًنورًاللبحًعلیًنلفًال فقًالشرقيًفرضا ًًمقدارًکً  ًالنورًعلیًال فقًوبقدرًاثتتيًعشرة ًبلیلتهًیدور یوم

                                                           
xxxvii

ًهاكًب،ً-ًهوًساعاتًالظلمة[ً...بعدًالشمسًعنًال فقًًل نً ً 

xxxviii
ًهاكب،ًً-بعدًماًیقربًمنهًمنًال فقًیكونًأ كثرًمنًثمانيًعشرةًدرجةًلماًیلوحًمنًالتقریرًالسالفًأ نفا [ًبعدهًوًًل نً ً 

xxxix
ًهاكب،ًً-علیًماًوعدناًبیانه[ًً 
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/العلم./ًوهذاًمنًنوادرًنكتًهذاً.والشفقًعلیًهذاًالقیاسً،وبقدرًاثتتيًعشرةًساعةًعلیًنلفًال فقًالغربيًكذلك
*ًxl

ً

ذاًنهاایةوهً.ولایزیدًاللبحًوالشفقًفيًموضعًمنًوجهًال رضًعلیًهذا
196
ًوهوًـــــالكلامًعلیًاللبحًوالشفقًوأ حوالهماًً

نعمائه.ًعلیًالمشكور
197
ًً

                                                           
xl
ً،ًهاكبً-ًالعلم[ً 
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198
ًالعاشرالبابً

ًمًوهيًالساعاتفيًمعرفةًأ جزاءًال ياً 

ًقًبهاًمنًالكبيسةًوالتأ ريخوماًیتعل ًًمًوهيًالشهورًوالس نونبًمنًال ياً وماًیترك ً

جةًوقیاس یةًوتسمً ً،وزمانیةً؛معتدلةًواس توائیةًواعتدالیةًأ یضاً یًوتسمً ً،مس تویةً:[ًالساعاتًعلیًقسمینأ 1ً] یًمعو 

فيزیدًعددًالنهاریةًواللیلیةًمنهاًبطولًالنهارًواللیلًوینقصًً.منًأ ربعةًوعشرینًجزءا ًمنًزمانًیومًبلیلتهًءفالمس تویةًجزًً.أ یضاً 

ًً.بقصرهما ًمنًالمعدً ولاًیتغیر  هذاًبالقولًً.منًقسمةًدورةًعلیًأ ربعةًوعشرینلًالحاصلةًًأ جزاؤهاًبلًهيًخمسةًعشرًزمانا 

ًأ كثرًمنًذلكالمطلقًوأ مً  ًفيًالتحقیقًفأ جزاؤها ًربعًسدسًزمانًالیومل نهاً ً؛ا ا
199
اًمً ا ًً،لوهوًأ كثرًمنًدورًالمعدً ً،بلیلتهً

ن ً هًدورالوسطیًفل 
200
ًودقیقتانًوحل ًً،معًقوسًمنهًيساويًوسطًالشمسً ةًساعةًٍمس تویةًعلیًهذاًخمسةًعشرًجزءا 

ن هًدورمً ا وًًً؛تقریباً ونلفً اًالحقیقيًفل 
201
اًةًالساعةًعلیًهذاًلاًتنضبطًل نهاً وحل ًً،مًالشمسًفيًذلكًالیوممعًمطالعًمقوً ً

نًزادًالحقیقيًعلیًالوسطیً،علیًماًقلناً،قدًتزید نًکانًبالعكسً،ا  لكنًهذهًالزيادةًلمًتعتبَواً.وبالعكسًا 
202
فيًقسمةًً

الساعات
203
مً ً اًلقل تهاًأ وًلهاًوا 

204
لًولهذاًأ جزاءًالمس تویةًأ بدا ًخمسةًعشرًزمانا ًمنًالمعدً ًوأ طلقواًالقولًبأ نً ً،طهالعدمًانضبا

مً وأ مً ً.سمه یتًمس تویةًومعتدلة لیًمساكنًخط اًتسمیتهاًبالاس توائیةًوالاعتدالیةًفا  ً،الاس تواءًاًلتساويًال جزاءًأ وًلتسبتهاًا 

نً  جةًوتبقیًالمس تویةعندًاس تواءًالملوًًَوقیلًل نً ً؛الساعاتًهناكًلاًتختلفًأ جزاؤهاًولاًعددهاًفا  مونًوالمنجً .ًینًْتبطلًالمعو 

يسمً ساعةًمس تویةًبس ت ًًیقسمونًکً  ً.ینًعلیًقیاسًماًفيًالدرجقسمًدقیقةًثمًالدقیقةًبس ت ًًیًکً ینًقسماً 

ًولاًینقصًب[1] ًبطولهما ًاللیلًفلاًیزیدًعددها ًأ و ًمنًقوسًالنهار ًمنًاثنيًعشرًجزءا  ؛والزمانیةًجزء
205
ًنعمً

ًواللیلًوقصرهماًفتكثرًوتقلً ً،تلفًأ جزاؤهاتًخ ًالنهار ولهذاً،بطول
206
جةسمً ً نهاً وأ مً ً.یتًمعو  ًفل  ًبالزمانیة ًتسمیتها ًنلفًا ا
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لیًك ًتهًسدسًزمانًالنهارًأ وًاللیلًوبهاً وكماًً.اًبالقیاس یةًفلكونهااًمخطوطةًعلیًال لاتًالقیاس یةوأ مً ً،هماعرفًأ بعاضهماًبالتس بةًا 

قوسًرفتًولهذاًعهًً.لًفيًقسمةًالساعاتًالمس تویةًكذلكًلمًیعتبَوهاًفيًقسمةًالزمانیةالزيادةًعلیًدورًالمعدً مًلمًیعتبَواًأ نهاً 

نًکانفيًالمشهورًبأ نهاً ًالنهار نًلمًیكنًتعدیلًنهاارًأ وًهوًمعًضعفهًأ وًدونهًا  هوًماًیدورًمنًاًبالحقیقةًل نهاً ً.اًنلفًالدورًا 

بقدرًمطالعًًالمشهوروهوًأ زیدًمنًً؛هــنًال فقًا لیًوقتًغروبًنلفهًفیلًالنهارًمنًوقتًطلوعًنلفًجرمًالشمسًممعدً 

ً ًالشمسه ًتسیره أ جزاءًالمس تویةًوعددًًل نً وً.حسبًذلكًعلیوقوسًاللیلًً.فيًذلكًالیومًلتلكًالبقعةًمبالمسیرًالمقوً ما

جةًلاًيختلفان ًطولًال يامًواللیاليًوقصرهماًیكونانًبعددًالسقیلًًالمعو  جةالفرقًبينهماًأ ن  رفتًوعهًً.اعاتًالمس تویةًوأ جزاءًالمعو 

ةًمساویتانًساعتینًزمانیتینًنهااریةًولیلیًکً ًكمًبأ نً وحهًً.جةًبعكسًذلكاًالتيًيختلفًعددهاًدونًأ زمانهااًوالمعوً المعتدلةًبأ نهاً 

ذًبمقدارًماًتزیدًأ جزاءًأ حدهما لساعتینًمس تویتینًا 
207
علیًأ جزاءًالمس تویةًنقلتًأ جزاءً

208
ذاًقهًً.ال خریًعنهاً ًسمولهذاًا 

جزءاً ًللتًخمسةًعشرًخمسةًعشرقوسًاللیلًعلیًخمسةًعشرًأ يًفهً
209
وتمامهاًً.کانًماًيخرجًعددًالمس تویةًلتلكًاللیلةً

ًالمس تویة ًوعشرینًهيًساعاتًالنهار نًقهسمتًعلیًاثنيًعشرًأ يًفهًً.منًأ ربعة ًکانًوا  ًمتساویة للتًاثنیًعشرًقسما 

،قسمًأ عنيًأ جزاءًکً ً،الخارج
210
ًهوًوتمامهاًمنًثلاً.یًأ زمانًالساعاتوتسمً ً،أ زمانًالساعةًالزمانیةًلتلكًاللیلةً ثینًزمانا 

كلاًمنًقوسيًالنهارًًیكونًبینًالساعتینًفرقًل نً ًالاس تواءًوعندًاس تواءًالملوینًلاًوفيًخط ً.أ زمانًالساعةًالزمانیةًللنهار

ًوثمانون ًمائة ًقهًً،واللیلًعلیًالجلیلًمنًالنظر ذا ًعلیفا  ًًسم ًفتتساويًأ جزاءًاثنيًعشرًکانًک  ًقسمًخمسةًعشرًزمانا 

جةًولاًیبقیًبينهماًفرق ً.المس تویةًوالمعو 
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ًالنهارًفيًعرفًالمنجً ًج[1] ًالطبیعيً،مینًوالفرسًوالرومًمنًطلوعًالشمسومبدأ  وفيًعرفًأ هلًً؛وهوًالوضع

وهوًماًً،نًمنًاللیلًمعلومًالمقدارًمحدودًالمبدأً لًبزمافزمانًالنهارًعلیًهذاًیزیدًعلیًال وً ً.الشرعًمنًطلوعًاللبحًاللادق

ًوالشمس ًالفجر .بینًطلوعي
211
ًاللیلًفيًعرفًال وً ً ًَومبدأ  ًغروبًالشمسل ًمجاوزةًً؛ینًعند ًمن وفيًعرفًالمتشرعة

لا ًفيًأ خرًبابًال ظلال .الشمسًعنًال فقًالغربيًبحیثًتظهرًالظلمةًفيًجانبًالشرقًونزولًالحمرةًكماًس یجيءًمفل 
212
ً

ًذكوممً  ًمقدارا ًیظهر رنا
213
ًالطائفتینً ًواللیلًعند ًمنًوصولًوأ مً ً.زمانيًالنهار ًفأ هلًالحسابًیأ خذونه ًبلیلته ًالیوم ًمبدأ  ا

لیًدائرةًنلفًالنهارًلاًال فق لیًتعدیلًال ياً ً،الشمسًا  جمیعًنقطًًلاًل نً ً،مًكماًس بقًمشروحاً لئلاًینضافًتفاوتًالمطالعًا 

ن ً لیًال فقًفا  .لتعلیلًافيهًلاًیحسنًالفلكًلاًتعودًا 
214
اًالمشارقةًفمنًنلفًاًالمغاربةًوأ هلًهذهًال قاليمًفمنًنلفًالنهارًوأ مً أ مً ً

لیًال فقً.اللیل ابًیأ خذونًالمبدأ ًمنًوصولًالشمسًا  وغیرًالحهس 
215
اًالعربًوأ كثرًأ صحابًالشرائعًفمنًأ مً ً.أ وًمجاوزتهاًعنهً

ن ًً،لًاللیلًلكونًمبادئًشهورهمًمنًرؤیةًالهلالأ وً  الظلمةًأ صلًًوقیلًل نً ً.ماًیكونًبعدًغروبًالشمسوهيًفيًالغالبًا 

ًأ ولیفيًالرً ًال صل ًمن ًوالابتداء ًعلهاا ًطار ًوالنور ًأ وً وأ مً ً.تبة ًغیرهمًفمن ًالنهارا وقیلً،ل
216
ًعلیًً ًمبنیة ًشهورهم لكون

لًالنهارًوال ولیالحسابًوهوًمنًأ وً 
217
ً.النورًوجوديًوالظلمةًعدميًوالابتداءًمنًالوجودًأ ولیًل نً ً

ًأ 2ً] ذا اعتبًَأ كثرًال ممًفيًوضعًشهورهمًوستهامًً،یناًکانًأ شهرًال جرامًالسماویةًالنیرً هًلم ًن أًً فاعلمًً،عرفتًذلك[ًوا 

ًلم ًوً.دورًأ حدهماًأ وًكهاما ًًاً الشهرًمأ خوذاًکانًأ یضا  ً،ثینًیوماً فيًقریبًمنًثلاًوکانًدورهًیتمً ً،تًالقمرًالنوریةمنًتشكلا 

ًمنهًتقریباً وفيًمدً  لیًموضعهاًــالالس نةًًتتمً ًةًاثنيًعشرًدورا  فلكًالبَوجًالمقتضيًلعودًحالًًمنمأ خوذةًمنًعودًالشمسًا 

ًومدارًالشهرًعلیًثلاًالس نةًبحسبًالفلول ًتقریباً صارًمدارًالس نةًعلیًاثنيًعشرًشهرا  مً ًثمً ً.ثینًیوما  اًشمس یةًالس نةًا 
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مً  ًقمریةوا  مً ًوکً ً،ا ًا  ًوتسمً منهما ًحقیقیة ًوتسمً ا ًاصطلاحیة ًأ و ًطبیعیة ًی مً ً.وضعیةی ًا  ًالشهر ًأ وًوكذا ًطبیعي ًحقیقي ا

لیًموضعهاًمنًفلكًالبَوجنًیهًاً فالس نةًالشمس یةًالحقیقیةًً.اصطلاحيًوضعي مًلاًعددًال ياً ً،عتبًَدورًالشمسًوعودهاًا 

ًوربعثمائةًوخمسةًوس ت ًذلكًفيًثلاًویتمً ً.والشهور ًمنًثلاالا ًًینًیوما  ائةًثمسًجزءًمنًثلاوهوًجزءًوخمهًً،ثمائةًمنًیومًجزءا 

ًمنًیوموس ت ً هذاًً.مسینًبخهًثمائةًوس ت ًثمائةًیكونًأ كثرًمنًالجزءًمنًثلاثمائةًفالجزءًمنًثلاسًثلاینًخمهًالس ت ًًل نً ً،ینًجزءا 

ةاًعندًغیرهًمنًأ صحابًال رصادًفالكسرًالزائدًعلیًال ياً وأ مً ً،عندًبطلمیوس ً،یًبفضلًالدورالناقصًمنًالربعًالمسمً ً،مًالتام 

كماًس یجيءًً،لطلحًعلیًمقدارًقریبًمنًمقدارًالحقیقیةنًیهًاً والشمس یةًالاصطلاحیةًً.مختلفًفیهًكماًهوًمذكورًفيًكتبهم

لا ً نًشاءًاللهًالعزیزًـــــمفل  .ا 
218
ًً

ینًمبدأً علًوضعًماًمنًأ وضاعًالنیرً اًالقمریةًالحقیقیةًفا نًيجهًوأ مً ب[2ً]
219
لیًأ نً ةًا  لیهًاثتتيًعشرةًمر  ًعادًالقمرًا 

لیًلیلتًـمنكـ لیًمثلهًهــیومًالاجتماعًا لیًیومهًأ وًلیلةًالهلالًا  ًأ خرًا  لا ًً.أ وًمنًتشك  اًکانًأ بینًأ وضاعهًمنهاًوأ قربهاًهًلم ًًأ ن ًا 

لیًالا دراكًالهلال ًلحركتهًً،القمرًفيًهذاًالوضعًيش بهًالموجودًبعدًالعدمًوالمولودًالخارجًمنًالظلمًمعًأ نً ً،ا  کانًجعلهًمبدأ 

ًالشهورًمنًأ هلًالظاهر لیهًمس تعملوا ً.عودةًمنًهذهًالعوداتًهوًشهرًقمريًحقیقيًطبیعيًوکً ً.أ ولیًعلیًماًذهبًا 

ًصارًفضلًحركةًالقمرًعلیًحركةًالشمسًالحقیقیتینًدورا ًًویتمً  ذا ًا  ًمتعذً ً؛دوره ًتعذً ووجوده رهًمختلفًلاختلافًرًومع

ذاًکانًكذلكًفلاً.حركتهما فلاًيمكنًضبطًالدورًً.یكونًفضلًحركةًالقمرًالحقیقیةًعلیًحركةًالشمسًالحقیقیةًمضبوطاً ًوا 

ًالوضعً.به ًممً ً،فلذلكًولكونًهذا ًليسًأ عنيًالرؤیة ذ ًمنًالشمسًا  ًيختلفًباختلافًأ وضاعًالمساكنًوباختلافًأ بعاده ا
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اهلرؤیةًال هلة ً ًلاًیتعد  لیًاعتبارًالرؤیةًفيمًً،ًحد  ابًا  ًالشهرًوقتًقًلهًبال مورًالشرعیلاًتعل ًلمًیلتفتًالحس  ةًوجعلواًمبدأ 

 ً.الاجتماعًوزمانًالشهرًماًبینًالاجتماعینًبالمسیرًال وسط

[2ً ًتهًج[ ًأ ن ًالاصطلاحیة ًال ياً والقمریة ًوال شهرعتبَ ًال هلة ًً،م ًورؤیة ًالحقیقي ًالقمر ًسیر ًوأ هلًکالمنجً ً،لا مین

نً ً.الحساب ًوخمهًثمائةًوأ ربعةًس نةًالقمرًعندهمًثلاًفا  ًالشهرًمًلم ًوالسببًفیهًأ نهاً ً.دسًیومسًوسهًوخمسونًیوما  اًجعلواًمبدأ 

ًذكرناً،الاجتماع ًبینًالاجتماعینًـــــرًعلهامًأ خذًالدورًوتعذً ً،لما ًبینًحركتيًالنیرً ًـــــًوهوًما ً،تینینًالحقیقیًمنًفضلًما

یًبس بقًوسطًالقمرًفبقيًالمقدارًالمسمً ًتینًبأ نًأ سقطواًوسطًالشمسًمنأ خذواًالدورًمنًالفضلًبینًحركتهاماًالوسطی ً

ًساكنةالقمرًوصارتًالشمسًك نهاً  ًال ياً لم ًًثمً ً.ا لیًقوسًالس بقًكتس بة ًالواحدًا  ًالیوم ًکانتًنس بة لیًالدورا ًا  ًالمطلوبة ً،م

ً هًعنًحالهًلكونهًواحداً ً،لًفيًالرابعبًال وً ضه وعشرینًیوما ًمًماًبینًالاجتماعینًتسعةًفخرجًأ ياً ً،مًعلیًالس بقسً وقهًً،وماًغیر 

ًوكسراً  ًًثمً ً.ثونًدقیقةًوخمسونًثانیةًمنًیوممجموعهماًأ حدًوثلاً،ونلفا  ً،عددًأ شهرًالس نةً،بًهذاًالمقدارًفيًاثنیًعشرضه

اصطلحًأ هلًً،شهرینًمتوالیینًتسعةًوخمسینًیوماً ًاًکانًمجموعًکً لم ًًثمً ً.مًالس نةًالقمریةًالاصطلاحیةًماًذكرنافحللًأ ياً 

واًعلیًهذاًً،والثانيًتسعةًوعشرینًیوماً ً،ثینًیوماً ثلاً،موهوًالمحرً ً،لًمنًالس نةواًالشهرًال وً الحسابًعلیًأ نًجعل واس تر 

لیًأ خرًالس نة ًوخمسًوسدسًیومًأ عنيًاثنتینًوعشرینًدقیقةًمنًیومًفلارًذوً،الترتيبًا  ةًتسعةًوعشرینًیوما  ً،الحج 

وهيًالحاصلةًمنًضبًدقیقة
220
ةًً.وخمسینًثانیةًالزائدًعلیًنلفًیومًفيًاثنیًعشرً وفيًس نةًالكبيسةًیلیرًذوًالحج 

ًمنًثلاولم ًً.یًكبيسةًوتلكًالس نةًستتهاوذلكًالیومًيسمً ً،ثینًیوماً ثلا صارًدورًً،ثیناًکانًالكسرًالزائدًأ حدًعشرًجزءا 

سا ًس ت ًثلاًل نً ً؛والكبسًفهااًأ حدًعشرًیوماً ً،ثینس نيًالكبسًثلا دسا ًخمسةًأ ياموثلاً،أ يامًةثینًخمه وس نواًالكبسًً.ثینًسه
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ًاللناعةًعلیًترتيبًحروفًبهزًيجوحًادوط وطًٍكبائسًالعربً،عندًأ هلًهذه ًاَده ًقیلًبَهَزًيَجهوحه فيًالس نةًًل نً ً؛ولهذا

ال ولیًلاًیبلغًالكسرًالنلف
221
وبعضًالجماعةًیكبسًً.كبسًفهااًوقسًالباقيًعلیهكبسًفهااًوفيًالثانیةًیتجاوزهًفیًفلاًیًً

الس نةًالخامسةًعشرة
222
؛بدلًالسادسةًعشرةً

223
ذاًل نهاً ً مًلاًیعتبَونًفيًالكبسًمجاوزةًالكسرًالنلفًبلًیكبسونًأ یضا ًا 

وفيًالخامسةًعشرةً،بلغًالنلف
224
ًیظهرًبالاعتبارً ةًأ یضا ًةًوتسمیًوسطیوهذهًالشهورًقمریةًاصطلاحیً.كذلكًعلیًما

ینًفهاا ةالكبيسةًیومًيجتعًمنًالكسورًالزائدةًعلیًال ياً ًاًذكرناًأ نً رًممً وظهً.لاعتبارًوسطًالنیر  .مًالتام 
225
ًً

ًالتأ ريخًفهوًفيًاللغةًتعریفًالوقتوأ مً [3ً] لیهًزمانًیأ تيًعلیهوأ مً ً،ا ً؛اًفيًالاصطلاحًفقیلًتعیینًوقتًلیتسبًا 

لیهًزمانًیأ تيًعلیه لیًأ وً ً؛وقیلًیومًمعلومًیتسبًا  س نادهًا  حدوثًأ مرًشائعًكظهورًملةًأ وًدولةًأ وًلًوقیلًتعریفًالوقتًبا 

ةًمعلومةًبینًحدوثًً؛ةل ياتًالسماویةًوالعلاماتًال رضیوقوعًحادثةًهائلةًمنًطوفانًأ وًزلزلةًعظيمةًونحوهماًمنًا د  وقیلًمه

اًوجهًلاختلافًالاعتباراتًلا طلاقهمًالتأ ريخًعلیًمعانًٍمختلفةًعلیًماًيشعرًبهًولكً ً.أ مرًظاهرًوبینًأ وقاتًحوادثًأ خر

ابًأ باًموسیًال شعريًكتبًا لیًعمرًبنًالخطً ًوال صلًفیهًأ نً ً.روزًبةًمأ خوذةًمنًماهولفظةًالتأ ريخًمعرً ً.التعریفاتًالمذكورة

اًنعملأ ن ًًـــــًرضيًاللهًعنهماًـــــ ًشعبانًقدًقرأ ناًصكا  ًً؛هًیأ تيناًمنًقبلًأ میرًالمؤمنینًكتبًلاًندريًعلیًأ يه  فماًندريًً،محله 

ًشعبانًهذاًهوًالذيًنحنًفیههًرهًوقیلًأ ن ًً.هوًالماضيًأ وًال تيً،الشعبانینًأ يً  ًشعبانًفقالًأ ي  ًمحله  أ وًً،فعًا لیًعمرًصك 

لیًماًیضبطًبهًً،ال موالًقدًكثرتًوماًقسمناهًغیرًموقتًجمعًوجوهًاللحابةًوقالًأ نً ًثمً ً.الذيًهوًأ ت لًا  فكیفًالتوص 

فقالً.ذلك
226
لًا لیًعمرًوأ سلمًعلیًیدهًوهوًملكًال هوازًوقدًأ سرًعندً،الهرمزانً للعجمًحسابا ًًأ نً ً،فتوحًفارسًوحمه

لیًمنًغلبًعلهامًمنًال کاسرةيسمً  خًوجعلواًمَلدَرَهًالتأ ريخًواس تعملوهًً.ونهًماهًروزًويهس ندونهًا  بواًلفظةًماهًروزًبمهؤرَّ فعر 
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ضعواًللناسًتأ ريخا ًیتعاملونًًـــــًاللهًعنهرضيًًـــــفقالًعمرًً.ةًاس تعمالًذلكشرحًلهمًالهرمزانًكیفیًثمً ً.فيًوجوهًالتصریف

فقالًلهًبعضًمنًحضرًمنًمسلميًالهاودًلناًحسابًمثلهًنس ندهًً.علیهًوتلیرًأ وقاتهمًمضبوطةًفيمًیتعاطونهًمنًمعاملاتهم

لیًالا سكندر ضاهترًافماًً،ا 
227
مستندةًًتواريخهمًغیرًفقیلًأ نً ً،وقالًقومًنكتبًعلیًتأ ريخًالفرسً.ال خرونًلماًفیهًمنًالطولً

ًبلًك ً لیًمبدأ ًمعین  فقواًعلیًأ نًيجعلواًتأ ريخًدولةًالا سلامًفات ًً.ماًقامًفهامًملكًابتدؤواًالتأ ريخًمنًلدنًقیامهًوطرحواًماًقبلها 

لیًالمدینةمنًمك ًًـــــًعلیهًالسلامًـــــمنًلدنًهجرةًالنبيً ن ًً،وقتًالهجرةًلمًيختلفًفیهًأ حدًل نً ً،ةًا  هًبخلافًوقتًمبعثهًفا 

ًً،فیهًوكذاًوقتًولادتهًمختلف ً.وقیلًلیلةًالثالثًعشرًمنهً؛وقیلًلیلةًالثامنً؛لدًلیلةًالثانيًمنًربیعًال خرهًوهًقیلًأ ن ًًحتی 

ًفقیلًس نةًأ ربعینًمنًملكًنوشروانوكذلكًاختلفواًفيًالس نةًالتيًوهً وقیلًس نةًاثنتینً؛لدًفهاا
228
وقیلًس نةًً؛وأ ربعینً

ثثلا
229
ًاًوقتًوفاتهًوأ مً ً.وأ ربعینًمنهً نًکانًمتعیً ًـــــًعلیهًالسلامـــــ ًفلمًیحسنًأ نًيجهًوا  ًالتأ ريخنا  ًجعلهًً،علًمبدأ  ن  فا 

ًغیرًمس تحسنًعقلاً  لكونهًوقتًاس تقامةً،جعلًوقتًالهجرةًول نً ً،أ صلا 
230
ًالا سلامًوتواليًالفتوحًوترادفًالوفودًً ملة 

ًأ ولیًل ن ًً،واستیلاءًالمسلمینًعلیًرقابًالمشركین ًیتبًَ هًممً أ صلا  وکانتًالهجرةًیومًالثلثاءًً.عظمًموقعهًفيًالنفوسبهًویهًكًا

مً،لًالس نةوأ وً ً؛للثمانًخلونًمنًشهرًربیعًال وً  ً،هوًیومًالخميسًبحسبًال مرًال وسطًوعلیًقولًأ هلًالحدیثً،أ عنيًالمحر 

خًمنهاًفيًمس تأ نفًالزمانفعهًً.اًبحسبًالرؤیةًوحسابًالاجتماعاتًفهوًیومًالجمعةوأ مً  فاقهمًعلیًهذاًنًات ًوکاً.ملًعلیهًوأ ر 

لیًهذهًالس نةًکانواًيسمً ً.ال مرًفيًس نةًس بعًعشرةًمنًالهجرة ً،خونًبهاس نةًباسمًالحادثةًالتيًوقعتًفهااًویؤرً ًونًکً وا 

ًالنبيً یتًالس نةًال ولیًمنًس نيًمقام م  لامًـــــفسه ًالس  ًالا ذنًبالرحیلًأ يً ًـــــًعلیه لیًالمدینةمنًمك ًًبالمدینةًس نة ًا  ً،ة

وهذاًالتأ ريخًیعرفًبتأ ريخًً.بعدًذلكًتركواًتسمیةًالس نینًبالحوادثًوالتأ ريخًبهاًثمً ً.وعلیًهذاً،س نةًال مرًبالقتالوالثانیةً

ًً.الهجرة
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ذاًعرفتًمعنیًالتأ ريخًفاعلمًأ نًالتواريخًالمشهورةًفيًزمانناًس ت ً[4ً] ً؛والملكيً؛والفرسً؛والهجرةً؛تأ ريخًالرومً:ةوا 

ًً.والتركً؛والهاود

س نةالًًل نً ً،فس نوهًشمس یةًاصطلاحیةً،تأ ريخًالروماًأ مً [5ً]
231
ًوربعًیومًتامً ثمائةًوخمسةًوس ت ًعندهمًثلاً ًونًیوما 

.منًغیرًزيادةًونقلان
232
ًوثلثینوكذاًشهورهمًالاثناًعشرًاصطلاحیةًل نهاً ً ًوثلثینًأ حدا  وأ ربعةًً،مًجعلواًس بعةًمنهاًأ حدا 

ًثمانیةًوعشرینً،ثلثینًثلثین ًال وضاعًمستندً.وواحدا  .وليسًلهذه
233
أ ربعًس نینًيجعلونًالشهرًالذيًهوًثمانیةًًوفيًکً ً

وتفلیلًأ ساميًً.وتلكًالس نةًستتهاً،ویكونًذلكًالیومًكبيسةً،تسعةًوعشرینًبسببًاجتماعًال رباعًالمذكورةً،وعشرون

مهاشهورهمًوعددًأ ياً 
234
ً؛كحً،ش باطً؛لاً،کانونًال خرً؛لاً،کانونًال ولً؛لً،تشرینًال خرً؛لاً،لتشرینًال وً ً:هوًهذهً

،أ ذار
235
لًووقتهًقریبًمنًلًستتهمًتشرینًال وً فأ وً ً.لً،أ یلولً؛لاً،أ بً؛لاً،تموزً؛لً،حزیرانً؛لاً،أ يارً؛لً،نيسانً؛لاً

ًوالتأ خیر ًعلیًالتقديم طًالشمسًالميزان ًهوًل نً ً،وقتًتوسُّ ًربعا  الكسرًالذيًیأ خذونه
236
ًبقلیلًأ قلً ً ًالربع فلذلكًً.من

ًستهام لا ًً.مبدأ  ًلفلحًالهاودًبحسابًیعلمونهًليسًهاهناًًأ نهاً وحسابًالنلاریًعلیًهذهًالشهورًا  مًيجعلونًعیدهمًموافقا 

سكندرًبنًفیلقوسًالروميًالذيًالاثنینًبعدًاثتتيًعشرةًس نةًشمس یلًهذاًالتأ ريخًهوًیومًوأ وً ً.موضعًبیانه ةًمنًس نةًوفاةًا 

ًً.ال قاليمًالس بعةاس تولیًعلیًممالكً

ن ًً.فس نوهًقمریةًحقیقیةًوكذاًشهورهً،اًتأ ريخًالهجرةوأ مً [6ً] ً،یناًلمًیكنًللعربًدربةًبمراعاةًحسابًحرکاتًالنیرً هًلم ًل 

ًیقعًبینًکً  اً فرب ًً.هلالینًجعلتًمبادئًالشهورًمنًرؤیةًالهلالًوزمانًالشهرًبحسبًما أ عنيًً،ماًکانًبعضًالشهورًتام 

ًأ ربعةورب ًً.أ عنيًتسعةًوعشرینًیوماً ً،ماًکانًناقلاً ورب ًً،ثینًیوماً ثلا ًأ كثرها ة ماًکانتًأ شهرًورب ًً،ماًکانتًأ شهرًمتوالیةًتام 
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ًثلا ًأ كثرها نًاعتهًً.ثةمتوالیةًناقلة ًا  نًاعتهًبَتًالرؤیةًوأ مً هذا ًا  ًقمریةًبًَالاجتماعًبحسبًال مرًالً ا ًوشهوره وسطًفس نوه

ًوقدًعرفتًً.ةاصطلاحی ًهذا ًمبدأ  ًتقدً ةًكبيس تهًممً التأ ريخًوكیفیذلكًوكذا العربًفيًالجاهلیةًکانتًتس تعملًًواعلمًأ نً ً.ما

براهيمًهمًحینئذًعاشرًذيًالحجً وکانًحجً ًةًللحجً ًوتقلدًمك ًشهورًال هلة ً اًکانًلاًیقعًفيًلكنًلم ًً.علیهًالسلامًـــــةًكماًرسمهًا 

فللًواحدًمنًفلولًالس نةًبلًيختلفًویقع
237
وأ رادواً،فيًاللیفًتارةًوفيًالش تاءًأ خریًوكذاًفيًالفللینًال خرینً

238
ً

ً ًً،أ نًیقعًفيًزمانًواحدًلاًیتغیر  دراكًالفواكهًوالغلا  ًوالبَدوهوًوقتًا  ليسهلًعلهامًالمسافرةًً،تًواعتدالًالهواءًفيًالحر 

قبً،واًبماًمعهمًمنًالبضائعًوال زوادًمعًقضاءًمناسكهمویتجرً  فحمدًاللهًً،مكانًخطیبًالًالعربًمنًکً قامًفيًالموسمًعندًا 

أ يًأ زیدهً،لكمًفيًهذهًالس نةًشهراً ًنسئوأ ثنیًعلیهًوقالًلهمًأ ناًأً 
239
ًثلاًوكذلكًأ فعلًفيًکً ً،فهااً كمًًیأ تيًحج ًثًس نینًحتی 

ً دراكًالفواكهًوالغلا  ًمعكمًمنهاوقتًا  ًبما ًعلیًذلكًومضً ً.تًفیقلدوننا ًلسبیلهمفوافقوه كبسا ًًمًوجعلهشهرًالمحرً ًءفتسً.وا

لیًربیعًال وً  مًا لیًصفرًوصفرًا  رًالمحر  ةًوهوًذوًالحجً ً،مفيًالس نةًالثانیةًفيًعاشرًالمحرً ًفوقعًالحجً ً.لًوكذلكًبقی ةًالشهوروأ خ 

ةًوأ خرًالس نةیلیرًالمحرً ً،لًالس نةمًوجعلوهًأ وً اًسم واًصفرًبالمحرً مًلم ًعندهمًل نهاً  ً:مانویقعًفيًالس نةًال ولیًمحرً ً.مًال تيًذاًالحج 

ثمًً،مثًس نینًمتوالیةًفيًالمحرً همًثلاوعلیًهذاًیبقیًحجً ً.ثةًعشروشهورهاًثلاً،لًهوًرأ سًالس نةًوال خرًهوًالتسَِءهًال وً 

لیًأ خرًال شهرً،ثًس نینیتتقلًا لیًصفرًویبقیًفیهًثلا ثینًس نةًقمریةًاثنیًعشرًةًوثلاس ت ًًوتكونًكبيسةًستهامًفيًکً ً.ا 

ًقمرياً  لیًأ نًیكونًفلولًالس نةًموافقةًلفلولًس نةًالشمسًممنًفعلًًومنًفعلًهذاًفيًكبيسةً.شهرا  ستتهًفهوًأ قربًا 

ودورًالتسءًالمشهورً،العربًکانتًتكبسًأ ربعا ًوعشرینًس نةًقمریةًبأ ثنيًعشرًشهرا ًقمرياً ًوهوًأ نً ً،خلافه
240
فيًالجاهلیةًً

لیًمرادهمهوًهذاًدونًال وً  نًکانًهوًأ قربًا  ثًس نینًوانتهاءًنوبةًالكبسًوعلیًالتقدیرینًفبعدًانقضاءًس نتینًأ وًثلاً.لًوا 

لیًالشهرًالذيًکانًیقعًفیهًالحجً  لیًالشهرًالذيًبعدهًا  ناً »ً:یقولًثمً ً،مًبماًأ رادقامًفهامًخطیبًویتك ًً،وانتقالهًا  ًجعلناًاسمًا 
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ًالذيًبعده ًللشهر ًالداخلة ًالس نة ًالفلانيًمن ًباً،«الشهر ًالتسء ًفهسر  ًأ یضاً ولهذا ًبالزائدً،لتأ خیر ًفهسر  ًکانواًول نهاً ً.كما م

ً ًفيًس نةًمحرً یدیرونًالتسءًعلیًجمیعًالشهورًبالنوبةًحتی  ذاًات ًً،مانًوفيًأ خریًصفرانًوعلیًهذاًیكونًلهمًمثلا  فقًأ نًفا 

موهيًرجبًوذوًالقعدةًوذوًالحجً ًـــــرًشهرًمنًال ربعةًالحرمًیتكرً  دًٌولهذاًقیلًثلاً،ةًوالمحر  قامًلهمًًـــــوواحدًفرَْدًًٌثةًسَرْ

مًعلهامًواحدا ًمنهماًبحسبًرأ یهًوعلیًمقتضیًمللحتهمهذهًالس نةًقدًتكرً ًئهمًأ نً خطیبًفیهنب ً اًفلمً ً.رًفهااًالشهرًالحرامًفیهحر 

ةًوتمً ًـــــًعلیهًالسلامًـــــمًالنبيًانتهتًالنوبةًفيًأ ياً  وهيًً،فيًتلكًالس نةًحً ً،دورًالتسءًعلیًجمیعًالشهورًا لیًذيًالحج 

ولهذاًلمًیحججًفيًالس نةً.ةفهااًعاشرًذيًالحجً ًلوقوعًالحجً ً،العاشرةًمنًالهجرة
241
لوقوعهًً،أ بوًبكرًبالناسًحینًحً ً،منهاً

الزمانًقدًاس تدارًًنً اً لاًأ ً»ً:خطبًوأ مرًالناسًبماًشاءًاللهًأ نًیأ مرًبهًوقالًفيًجملةًماًخطبًبهًثمً ً.فيًعاشرًذيًالقعدة

ًخًتهكهیئً ًالسمواتًوال رضیوم ًال وً ًیعنيًرجوعًالحجً ً،«لقًاللهه لیًالوضع ًا  ًالشهور ثمًتلاًقولهً.لواسماء
242
نً ﴿ً ةًًا  عد 

]...[﴾ًالشهورًعندًاللهًاثناًعشرًشهرا ًفيًكتابًاللهًیومًخلقًالسمواتًوال رضًمنهاًأ ربعةًحرمًذلكًالدینًالقيمً 
i
لیًقولهًً ا 

ن ً﴿ مًاللهًًماًالتسءًزيادةًفيًالكفرًیضلً ا  مًاللهًفیحل واًماًحر  ةًماًحر  ًلیواطئواًعد  مونهًعاما  ًویحر  بهًالذینًكفرواًیحل ونهًعاما 

ًأ عمالهمًواللهًلاًيهديًالقومًالكافرینزی ً ﴾نًلهمًسوء
ii
ًالحسابً ًالعربًعنًهذا نع فلارتًس نوهمًوشهورهمًدائرةًفيًً.ومه

ًًالفلولًال ربعةًوالحجً  براهيمًًًزمانًیأ تيًمنهاًمثلواقعا ًفيًک  وقدًرأ یتًفيًبعضًتعالیقًً.علیهًالسلامًـــــماًکانًفيًزمانًا 

ًًمنًیوثقًَبقولهًأ نً  ًتلیرًتسعًعشرةًس نةًالعربًفيًالجاهلیةًکانتًتكبسًتسعًعشرةًس نةًقمریةًبس بعةًأ شهرًقمریةًحتی 

ًعلیًترتيبًبهزًيجوحًكً.شمس یة ًثمًفيًالخامسةًشهرا  ويمكنًأ نًیكونًً.ماًتفعلهًالهاودفكانواًیزیدونًفيًالس نةًالثانیةًشهرا 

                                                           
i
9ً:36ًًًقرأ نً 

ii
9ً:37ًًًقرأ نً 
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ًأ وًفيًکً ًمًکانواًیكبسونًفيًکً هذاًهوًسببًاختلافًالرواياتًعنهمًفيًأ نهاً  ًثلاًس نتینًشهرا  واللهًًـــــثًس نینًشهرا 

ً.أ علم

ً،وكذاًشهورهمًالاثناًعشرً.ونًیوماً ثمائةًوخمسةًوس ت ًوهيًثلاً،فس نوهًشمس یةًاصطلاحیةً،اًتأ ريخًالفهرسوأ مً [7ً]

،أ بانً،مهرً،شهریورً،مرداذً،تیرً،خرداذً،وهيًفروردینًاردیبهشت
243
اًل نهاً ً؛اصطلاحیةً،اسفندارمذً،بهمنً،دیً،أ ذرً

.لًوضعًهذاًالتأ ريخًکانًفيًزمانًجمش یذوأ وً ً.ثونثونًثلاثلا
244
دونًفيًزمانًکً ً سلطانًعظيمًلهمًكماًیفعلهًًثمًکانواًيجد 

ًیحفظونًالكسرًالزائدًعلیًالًً.الروم ًتامً وکانوا ًربعا  ًویأ خذونه ًتقریبا  ًالربع ًالذيًهو ًکالرومی ینًویزیدونًفيًکً س نة مائةًًا 

ن ًً.وعشرینًس نةًشهرا ًلیتوافقًس نوهمًبهذهًالكبيسةًمعًس نيًالروم ًبعدًتمامًأ ربعًس نینًعلیًالخمسةًالزائدةًوا  ماًلمًیزیدواًیوما 

الفرسًماًکانتًلهمًال سابیعًبلًًل نً ً؛علیًأ خرًشهرًمنًالشهوراةًبالخمسةًالمسترقةًواللواحقًأ وًینًالمسمً ثمائةًوس ت ًعلیًثلا

وهذهًال سماءًوكذاًأ سماءًالشهورًهيًأ سماءًالملائكةًبزعمهمًً،وكذاًللخمسةًالزائدةً،همًالشهرًاسمًيخل ًیومًمنًأ ياً ًکانًلكً 

یومًباسمًملكًذلكًالیومًوعلیًهذاًلاًتلحً ًوکانًلهمًزمزمةًفيًکً 
245
زمزمتهمً

246
ذاًزیدًفيً وأ سماءًً.مًالشهرًبزعمهمأ ياً ًا 

ً؛جوشً؛تیرً؛ماهً؛خورً؛بانأ ًً؛أ ذرً؛دیباذرً؛مرداذً؛خرداذً؛سفندارمذا ًً؛شهریورً؛ردیبهشتأ ًً؛بهمنً؛ورمزدأ ًً:مًهذهال ياً 

وأ سماءًً.نیرانأ ًً؛سفنداً مارًً؛زامیاذً؛سمانأ ًً؛ش تاذأ ًً؛ردأ ًً؛دینً؛دیبدینً؛باذً؛رامً؛بهرامً؛فروردینً؛رَشً؛سروشً؛مهرً؛دیبمهر

رًديًبعدًکً ً.هش تويشً؛وهشتً؛سفندمذا ًً؛ش توذأ ًً؛هْنوَذأ ًً:المسترقةًهذه دونهًباسمًالیومًالذيًویقی ًً،س بعةًأ يامًویتكر 

نهاً ًثمً ً.وكذلكًدیباذرًودیبمهرً،أ يًديًالذيًبعدهًدینً،فیقولونًدیبدینً،بعده ًینقلونًالشهرًالزائدًمنًشهرًا لیًا  مًکانوا

ًتكرً ً.شهر ذا ًفا  ًیتكرً رًفيًس نة ًوعشرینًس نة ًمائة ًفروردینًفبعد ًال شهرمثلا  لیًأ خر ًا  ًاردیبهشتًوعلیًهذا وکانواًً.ر
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ًیأ خذونًالخمسةًالمسترقةًمعًذلكًالشهرًالذيًتكرً  ویأ منواًً.ظًالنوبةًولاًيشتبهًعلهامًال مرًعندًتطاولًالزمانًتتحف ًرًحتی 

ذًکانواًلاًيسمً  ًفيًالس نةًالمس تأ نفةةًولاًیكرً ًحدً ونهًباسمًعلیعنًالغلطًفيًتعیینًالشهرًالمكبوسًا  ًواحدا  بلًً،رونًاسما 

ً ونًأ ياً یحفظونًالشهرًالمكبوسًعلیًنوبًمتوالیةًحتی  ذاًکانًالكبسًعلیًفروردینًماهًکانواًیعد  ثینًیوما ًوکانًمهًخمسا ًوثلاًا 

ًالس نةًأ ردیبهشتًماهًويسمً  لیًانقضاءًمائةًوعشرینًس نةًوعلیًهذاًالتًرمبدأ  لیًأ نًتلیرًالنوبةًا لیًونهًفروردینًماهًا  تيبًا 

سفندارمذماه ،ا 
247
ًوثلافتلیرًأ ياً ً ًالس نةًفروردینًوذلكًفيًأ لفًوأ ربعمائةًوأ ربعینًس نةًعلیًالجلیلًمنًمهًخمسا  ثینًومبدأ 

ًالكبيسةالحسابًوتسمً  ًبنًكسریًالمعروفًولم ًً.یًدورة ًبنًشهريار لیًیزدجرد ًا  ًوانتهییًالزمان ًقلنا ًکانًال مرًعلیًما ا

دواًالتأ ريخًلهوجً،بالعادل ذًکانًقدًمضیًمنًدورًالكبيسةً،د  لیًأ بانًماهًا  کانًقدًانتهییًالشهرًالزائدًا 
248
حینئذًتسعمائةًً

انًوقتًمحاربةًالعربًلهًاًذهبتًالدولةًعلیًیدیهًفيًزمانًعثمانًبنًعف ًفلمً ً.وکانتًالخمسةًالمسترقةًفيًأ خرهً،ونًس نةوس ت ً

بقیتًالخمسةًاللواحقًتابعةًللشهرًالثامنًمنًغیرًنقلًوكبسًً،بمروًالشاهجانانًوانهازامهًمنًبینًأ یديهمًوقتلهًفيًبيتًطحً 

سفندارمذماهًل ن ًًبانأً ولهذاًیزیدًبعضهمًالخمسةًدائما ًفيًأ خرً لیًأ خرًا  بقاءا ًعلیًحالهًوبعضهمًینقلونهًا  لًوأ وً ً.هًأ خرًالس نةماهًا 

ًالثلثاءًوهوًأ وً  ًالتأ ريخًیوم ًیزدهذا ًأ خرًملوكًالفرسلًیومًمنًالس نةًالتيًملكًفهاا ًالثانيًً،جردًبنًشهريار وهوًالیوم

حدیًعشرةًمنًالهجرةوالعشرونًمنًربیعًال وً  ن ًً.لًس نةًا  ماًاش تهرًالتأ ريخًبهًمنًبینًسائرًملوكًالفرسًلذهابًالدولةًعلیًوا 

مینًلهًارًاس تعمالًالمنجً س نيًهذاًالتأ ريخًوشهورهًعنًالكسرًصًولخلوً ً.دًلهًالتأ ريخًقائما ًمقامهوعدمًمَنًيجدً ً،كماًقلناً،یدیه

ًً.هاًمبنیا ًعلیهال زياجًبلًك ًًأ كثرًمنًغیرهًوکانًجلً 
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لیًالسلطانًجلالًالدولةًملكًشاهًبنًأ لبًأ رسلانًالسلجوقيً،اًالتأ ريخًالملكيوأ مً [8ً] والسببًفیهًً.فهوًمتسوبًا 

ًابتداؤهًنزولًً.وهمًثمانیةً،وغیرهماامًوالحكيمًاللوكريًهًقدًاجتعًفيًحضرتهًجماعةًمنًالحكماءًمنهمًعمرًالخیً أ ن ً فوضعواًتأ ريخا 

ًأ وً وأ وً ً،الشمسًالحمل ًهو ًمنًالس نة ًفيًالحمللًیوم ًبالنیروزًويسمً ً،لًیومًتكونًالشمسًفيًنلفًنهااره یًذلكًالیوم

،اًشهورهوأ مً ً.فس نوهًشمس یةًحقیقیةً.السلطاني
249
وائلًفقًحلولًالشمسًأ وائلًالبَوجًمعًأً مهاًبحیثًیت ًفبعضهمًيجعلًأ ياً ً

وأ سماءًشهورهً.وفلولًالس نةًحقیقیةً.الشهورًوعلیًهذاًیكونًالشهورًأ یضا ًشمس یةًحقیقیة
250
لاً ً ًهيًأ سماءًشهورًالفرسًا 

ًفروردینًالقديمًوفروردینًالجلاليً،دًبالقديمًوهذهًبالجلالیةشهورًالفرسًیقی ًًأ نً  وکانًقدًانتهییًفيًذلكًالوقتًً.فیقالًمثلا 

ًمنًفروردینًالقديمنزولًالحملًفيًثمانیةًعشرًیوً ًأ وً ً،ما  ًالثمانیةًعشرًكبيسةً،لًفروردینًالجلاليفهمًجعلوه ًهذه ً.وجعلوا

ًالتأ ر مًشهورهًيجعلونًأ ياً ً،مینوهمًأ كثرًالمنجً ً،وبعضهمً.ةًأ وًالجلالیةيخًالجلاليًهوًالكبيسةًالملكشاهیولذلكًیقولونًمبدأ 

ًثینًثلاثلا سفندارمذً،التقويممًفيًأ وراقًًلاًيختلفًعددًال ياً ثینًحتی  وعلیًهذاًتكونًً،ویزیدونًالخمسةًالمسترقةًفيًأ خرًا 

منًًالكسرًالزائدًأ قلً ًول نً ً.ینةًوس ت ًثمائةًوس ت ًأ ربعًس نینًیكبسونًیوما ًوتلیرًأ يامًالس نةًثلاًوفيًکً ً،شهورهًاصطلاحیة

ًأ قلً ًربعًبقلیلًفتكونًالكبيسةًالتيًيجعلونهااًفيًکً  فقًفيًبعضًال وقاتًأ نًتكونًت ًتئذًقدًیهًفحیًً.منًیومًأ ربعًس نینًیوما 

ًبعدًخمسًس نین ن ًً،الكبيسة ًیت ًوذلكًا  ًمرً ما ًس نینًس بع ًأ ربع ًیكبسًبعد ًأ ن ًمرً فقًبعد ًثمان ن ًً.اتاتًأ و ًا  ًیهًوهذا عرفًما

وكذاًمعرفةًأ وائلًس نيً،بالاس تقراء
251
ًامًفيًزيجهًالذيًوضعهًحیثًذكرًأ نً عرفًخطأ ًعمرًالخیً اًذكرناًیهًوممً ً.هذاًالتأ ريخً

هًبماً.لًالحملأ ربعًس نینًتكونًكبيسةًدائما ًوتوافقًنزولًالشمسًأ وً  فاحشًسببهًعدمًتتبه  وهوًخطأً 
252
ناكًعلیهًً واللهًًـــــنبه 

ًً.قًلللوابالموف ً
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[9ً ًتأ ريخًالهاودوأ مً [ ًقمریةً،ا ًوشهوره ًشمس یة ًأ نً ً.فس نوه ًهو ًهكذا موسیًوکانًسببًوضعه
253
ًبنيًً خرجًمع

فقالًلهًعظماءًبنيًا سرائیلًً،ا سرائیلًمنًمصرًلیلةًالخميسًخامسًعشرًنيسنًوکانتًالشمسًفيًالحملًوالقمرًفيًالميزان

ًلاًتللحانًللسفر ًاللیلةًوصبیحتها لیًسبیلهً،هذه فسكتًومضیًا 
254
ًأ كواًً ًوضیقًوقد ة ًفيًشد  ًالبحرًوکانوا وجاوزوا

لیًأ خً،الفطیر ًا  هفاتبعهمًفرعونًوجنوده ًبهً»ً:فاس تبشرًموسیًبذلكًالیومًوقالً.رًالحكایةًمنًنجاتهًوغرقًعدو  احتفظوا

ًکً  واًوضعهًمنًزمانهًواذكرواًهذاًالوقتًفيًجمیعًزمانكمًواجعلوهًلكمًعیدا  وکانًفيًذلكًً«.س نةًفيًهذاًالوقتًولاًتغیر 

ًیفركونًستبلةًالحنطةًبأ یديهمًفیأ كً،الوقتًطلوعًالقمرًمعًغروبًالشمس ًالوقتًفيًمصرًیكونًبقربًً،ونهااوکانوا وهذا

ًً.نزولًالشمسًالحمل لیًاس تعمالًس نيًالشمسًوشهورًالقمرًوكبسًبعضًالس نینًبشهرًزائدًحتی  ابهمًا  س  ًلاًفاحتاجًحه

ًوقتًعبادتهم ً.وشهورًهذهًاثناًعشرًوشهورًتلكًثلثةًعشرً،والتيًلاًتهكبسًبس یطةً،وسَم واًس نةًالكبسًعَبُّوراً ً.یتغیر 

بواًس نيًالكبائسًمعًالبسائطًعلیًنحوًترتيبًكبائسًالعربًفيًالجاهلیةًورت ًً.رًس نيًالكبسًتسعًعشرةًس نةوجعلواًدوً

العربًکانتًتهدیرًالشهرًالزائدًعلیًجمیعًالشهورًوالهاودًلاًیدیرونهًعلیًالجمیعًًوالفرقًبينهماًأ نً ً.التيًعلیًترتيبًبهزًيجوح

لیًالسابعویؤخً ً،وهوًأ ذرً،رونًالشهرًالسادسًفقطكذلكًبلًیكرً  لًأ ذرًال وً ً:ویلیرًفيًالس نةًأ ذرانً.رونًالسادسًا 

ورأ سًستهامًً.ثمًیتلوهماًنيسنً،ونهًمنًأ صلًالس نةوالثانيًأ ذرًال صلًوهوًالذيًیعدً ً؛ونهًزائداً وهوًالذيًیعدً ً،الكبس

ویترد دًمدخلًنيسنًً.تقریباً مًعلیًرأ سًس نةًالرومًبشهرًفمداخلًستهامًمتقدً ً.دًبینًأ واخريًأ بًوأ یلولًمنًس نةًالروممتردً 

ًــــفيًأ يامًموسیًًواعلمًأ نً ً.منًشهورهمًبینًأ ذارًونيسانًمنًس نةًالروم کانًابتداءًالشهورًمنًرؤیةًًـــــًعلیهًالسلامـ

قًالهاودً.ال هلة ً لیًالتفاوتًالواقعًفيًال قاليمًکالًماؤونًیعتبَونًرؤیةًال هلة ًفالقرً ً،ثمًمنًبعدًذلكًتفر  ً؛سلمینًولاًیلتفتونًا 

ًالهاودً،نونوالرباً  ًثلاً،وهمًمعظم ًيجعلونًشهرا  ًتسعةًوعشرینًعلیًترتيبًأ هلًالحسابًحتی  ًثینًوشهرا  ًابتداءًًلاًیتغیر 
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ًالعالم لا ًً.الشهورًفيًجمیع ًالعربیةًبحسبًال مرًال وسطًا  ًکالشهور ًکً ًأ نهاً فشهورهمًعلیًهذا ًمنًالس نینًًمًجعلوا واحدة

یًوالزائدةًوتسمً ً؛والمعتدلةًش ندًیوماً ً؛فالبس یطةًالناقلةًش نجًیوماً ً.وزائدً؛ومعتدلً؛ناقصً:ثةًأ نواعالبس یطةًوالكبيسةًثلا

ًش نهًیوماً  ًتأ ريخهمًمنًً.والكاملةًشفهًیوماً ً؛والمعتدلةًشفدًیوماً ً؛والكبيسةًالناقلةًشفجًیوماً ً.الكاملةًأ یضا  وهمًيجعلونًمبدأ 

ماعلهاـًــــهًوزمانًموسیًویزعمونًأ نًبینًهبوطًـــــًعلیهًالسلامـًــــأ دمً
255
ً،أ لفینًوأ ربعمائةًوثمانيًوأ ربعینًس نةًـــــًالسلامً

ً؛نيسنً؛أ ذرً؛شفطً؛طیبتً؛كسلیوً؛مرحشوانً؛تشريً:وأ سماءًشهورهمًهذهً.وبینًموسیًوالا سكندرًأ لفًس نةًأ خری

ًً.یلهلا ًً؛وبأ ًً؛زتم ًً؛س یونً؛ری اًً 

لا ًً،اًتأ ريخًالتركوأ مً [10ً] ًالشهورًیأ خذونًمنًًًأ نً فمثلًتأ ريخًالهاودًفيًكونًالس نینًشمس یةًوالشهورًقمریةًا  مبدأ 

فلاًیقعًفيًموضعًً،فقًبحسبًحسابًاجتماعاتهموالشهرًالزائدًحیثًیت ًً،الاجتماعًالحقیقيًالذيًیقتضيًحسابًتقويمهم

ًً.موضعًمنهاًواحدًبعینهًمنًالس نةًبلًیقعًفيًکً 

ًأ نموذجًمنً[11ً] ًوهذا ذًمعرفةًکً ًالتواريخًوهوًکافٍ  ًالفنًا  علیًماًهوًعلیهًواس تخراجًبعضهاًمنًًبحسبًهذا

ًً.فلیطلبًمنًهناكًمنًأ رادًذاكً،قًبكتبًالعملاًیتعل ًقةًبالتواريخًممً بعضًوغیرهًمنًال عمالًالمتعل ً
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ًالحاديًعشرالبابً

ًالكواكبًبنلفًالنهارًوطلوعهاًوغروبها ًفيًدرجاتًممر 

ًأ مً 1] ًالكوكب[ ًدرجةًممر  ا
256
ًيمرً ً فهیيًما

257
ًالبَوجًبدائرةًنلفًالنهارًمعًمرورًالكوكبًبهاً هاًً.منًدائرة وتحد 

ًالعرضً،المیل ًدائرة ها ًتحد  ًالطول ًدرجة ًعرفتًأ ن ًاتحً ً،وقد ًالمارً ً،دتًالدائرتانفا ن ًالكوكبًعلیًالدائرة ًکان ذا ًا  ةًكما

نًکانًالكوكبًعديمًالعرضً.درجةًالطولًهيًدرجةًالممرً ًدتًالدرجتانًفتكوناتحً ً،بال قطابًال ربعة هًً،وكذاًا  ًدرجةًممر  ل ن 

وفيًغیرًهذینًالوضعینً.تكونًموضعهًمنًالبَوجًوهوًدرجةًطوله
258
ویكونًأ كثرًهذاًالاختلافًفيمًً،تختلفًالدرجتانً

وأ قله ًً،لًالحملًوالميزانیقربًمنًأ وً 
259
قالًویهًً.قالًلهًاختلافًالممرً الدرجتینًیهًًوماًبینً.لًالسرطانًوالجديفيمًیقربًمنًأ وً ً

لًالتيللقوسًمنًالمعدً 
260
ًالممرً ً ًمیلًالكوكبًتعدیلًدرجة ًدائرة ًمع ًعرضًالكوكبًوتقاطعه ًدائرة ًمع ذاًً.بینًتقاطعه وا 

ًنلفًالنهارًعرفتًذلكًفنقولً ًالبَوجًعلیًدائرة ًکانًقطبا ذا ًكونًنقطتيًًـــــا  ًأ یضا ًوذلكًیكونًعند الانقلابینًعلهاا

ًالكواكبًـــــًونقطتيًالاعتدالینًعلیًال فق فمرور
261
ًدرجاتهاً حینئذًمع

262
ًً ًتكونًدائرةًالطولیة ًنلفًالنهار ًدائرة ل ن 

ذاًکانًالقطبًالظاهرًمنً.عرضها ن ًًوذلكًـــــالبَوجًشرقیا ًعنًنلفًالنهارًًقطبيًوا  یكونًعندًمرورًالنلفًمنًفلكًًماا 

نًکانًالقطبًالظاهرًشمالیاً طهًالاعتدالًالخریفيًوطالبَوجًالذيًیتوسً  أ وًمرورًالنلفًال خرًً،لوعًالنلفًالجنوبيًمنهًا 

نًکانًجنوبیاً  ًعلیًدائرةًنلفًالنهارًبعدًًـــــوطلوعًالنلفًال خرًا  فالكوكبًالذيًیكونًعرضهًفيًجهةًالقطبًالظاهرًيمر 

ًدائرةًعرضهًالخارج تًًثمً ً،لاً ارًأ وً وهوًفيًنلفًالنهً،تلاقيًالكوكبًال قربمنًالقطبًًةدرجتهًل ن  تلاقيًدرجتهًوقدًمر 

والكوكبًالذيًیكونًعرضهًً.بعَدهًًعنهشرقیا ًالكوكبًیكونًالنهارًدرجتهًنلفًًافاةوًفعندًمً.ةًعنًنلفًالنهاروصارتًغربی

ًدائرةًالعرضًالمذكورةًتلاقيًدرجةًالكوكبًالكائنةًعلیًنلفًالنهارً ًعلهااًقبلًدرجتهًل ن  فيًخلافًجهةًالقطبًالظاهرًيمر 
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ًقبلًذلكً،لاً أ وً  ًوصارًغربیا  ذاًکانًالقطبًالظاهرًغربیً.ثمًتلاقيًالكوكبًوقدًمر  ًوا  وذلكًیكونًعندًمرورًالنلفًًـــــا 

نًکانًالقطبًشمالیاً البَوجًالذيًیتوسً ًمنًفلك أ وًمرورًالنلفًال خرًً،طهًالاعتدالًالربیعيًوطلوعًالنلفًالشماليًمنهًا 

ًقبلًدرجتهًوالذيًیكونًًـــــوطلوعًالنلفًال خرًا نًکانًجنوبیاً  فالكوكبًالذيًیكونًعرضهًفيًجهةًالقطبًالظاهرًيمر 

ًبعدهاًلماًذكرناًبً ًً.عینهعرضهًفيًخلافًتلكًالجهةًيمر 

ًیطلعًویغربًمنًدائرةًالبَوجًمعًالكوكبوأ مً [2ً] نًکانًالكوكبًعديمًً.اًدرجةًطلوعًالكوكبًوغروبهًفهیيًما فا 

العرضًکانتًدرجةًطوله
263
نًکانًالكوكبًیوافيًال فقًمعًقطبًالبَوجًلكونًال فقًً،هيًدرجةًالطلوعًوالغروبً وكذاًا 

ًبالكوكبًوقطبًالبَوج ن ًً.دائرةًعرضهًحینئذًلمرورها ًکانتًدرجةًوًرًمتلوً ماًتهًوا  ذا ًعلیًال فقًا  ًالقطبًوالكوكبًمعا  افاة

ًبینًأ وً ً،الاس تواءًالكوكبًأ حدًالانقلابینًفيًخط  ًما نًکانتًالمومنًأ جزاء ًالقوسًا  ًفيوًلًالميزانًوأ خر افاة
264
ناحیةًً

نًکانتًالمومنًأ جزاءًماًبینًأ وً ً،الشرق اكنًالتيًلاًتزیدًعروضهاًعلیًافاةًفيًجهةًالغربًفيًالمسوًلًالجديًوأ خرًالحوتًا 

لًالجديًویغربًبعدهًوفيًغیرًهذینًالوضعینًتكونًدرجةًالطلوعًقطبًالبَوجًالشماليًیطلعًقبلًأ وً ًل نً ً.يالمیلًالك ً

مً ً.والغروبًغیرًدرجةًالطول ً،الاس تواءًك فاقًخط ً،فا نًلمًیكنً.اًأ نًلاًیكونًلهًعرضًأ وًکانوعندًهذاًنقولًال فقًا 

یوافیهًالانقلابًًفالكوكبًالذيًیوافيًال فقًمعً.سائرًال فاقالنهارًفيًكمرورهاًعلیًنلفًًـهاالكواكبًوغروبهاًفیـًـطلوعفـ

ًذكرناً،یطلعًأ وًیغربًمعًدرجتهوًأ یضاً ًالقطبًمع یطلعًقبلًًمنًقطبيًالبَوجوالذيًیكونًفيًجهةًالقطبًالظاهرًً،لما

دائرةًالعرضًالخارجةًمنًًل نً ً.یطلعًبعدًدرجتهًویغیبًقبلهاًمنهمافيًوالذيًیكونًفيًجهةًالقطبًالخً،درجتهًویغیبًبعدها

لیًالدرجةًعلیًال فقًوالكوكبًبعدً لیًالكوكبًعلیًال فقًقبلًدرجتهًفيًالشماليًوفيًالجنوبيًتتتهیيًا  القطبًالظاهرًتتتهیيًا 
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ًالنلفًالذيًیتوسً ً.تحتًال رض ًطلوع ًمدة ًالقطبًالشماليًظاهرا  ًهناك ًالاعتداویكون ًالنلفًطه ًالربیعيًومرور ل

مدةًطلوعًالنلفًال خرًومرورًالنلفًال خرً،الجنوبيًعلیًنلفًالنهارًمنًفوق ًً.والقطبًالجنوبيًظاهراً 

ًالـ3] ًلل فقًعرضًکانًحكم ًکان ن ًوا  ًفيًخط ًًـغروبالـوًـطلوع[ لاً ًكما ًا  ًال نلافًوطلوعًالاس تواء ًفيًمرور

ًذلكًيختلفً؛ال نلافًمنًفلكًالبَوج ةًأ وًالطالعةًقوسًأ صغرًمنًالنلفًأ وًماًیكونًأ حدًالقطبینًظاهرا ًوالمارً ـرب ًفـً،فا ن 

عرضًال فقًثمً ً.أ كبَ
265
مً ً نًیكونًأ كثرًمنًالمیلًالك ًا  ًا  ًأ وًأ قلً ا فا نًکانًأ كثرًکانًالاختلافًعلیًوتیرةًً.يًأ وًمساويا 

الظاهرًیطلعًقبلًدرجتهًویغربًفالكوكبًالذيًعرضهًفيًجهةًالقطبًً،أ حدًقطبيًالبَوجًیكونًأ بديًالظهورًواحدةًل نً 

ًهوًبالخلافًفعلیًالخلافً،بعدها مً ً.وما مً ویكونًأ كثرًهذاًالاختلافًا  ًعندًالطلوعًففيًالحملًوا  ًعندًالغروبًففيًا ا

نًکانًعرضًال فقًشمالیاً ً،الميزان ًتقدً ً،ا  ًلمثلًما نًکانًجنوبیا  موبالعكسًا 
266
لًفا نًکانًالكوكبًفيًأ وً ً.فيًدرجةًالممرً ً

ً؛ةلكونهاماًالمارً ً،لكونًدائرةًالعرضًهيًدائرةًالمیلًحینئذً،والجديًکانًالاختلافًفيًالطلوعًوالغروبًمتساویینالسرطانً

نً  ًللمیلًالك ًً.الاختلافینًلاًيس تويانًبخلافًماًلوًلمًیكنًالكوكبًفيًأ حدهماًفا  نًکانًالعرضًمساويا  يوا 
267
فلاًيخفیًً

ًمنهًکانًالاختلافًعلیًوجهً.حكمه نًکانًأ قل  ً.قطبًالبَوجًلاًیكونًأ بديًالظهورًبلًیكونًلهًطلوعًوغروبًینًل نً وا 

نًکانًعرضًال فقًشمالیاً ویكونًطلوعهًقبلًأ وً  ًا  نًکانًجنوبیاً ً،لًالجديًوغروبهًبعده ویكونًبعدًدرجتيًً.وبالعكسًا 

ًفالكوكبًالذيًً.لًالجديًبمقدارًواحدًلمثلًماًذكرناطلوعًالقطبًوغروبهًمنًأ وً  نًکانًظاهرا  ذاًکانًكذلكًفالقطبًا  وا 

نًکانًعرضهًفيًخلافًجهتهًفبالعكسً،یكونًعرضهًفيًجهتهًیطلعًقبلًدرجتهًویغربًبعدها نًکانًالقطبًخفیاً ً.وا  وا 

نًکانًعرضهًفيًجهتهً،فعلیًالعكسًفهاما نًکاً،أ عنيًیطلعًالكوكبًبعدًدرجتهًویغربًقبلهاًا  نًویطلعًقبلهاًویغربًبعدهاًا 
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نًکانتًبینًالشمسًونظیرهاًطلعًالكوكبًنهااراً ًولاًيخفیًأ نً ً.فيًخلافها نًکانتًبینًالنظیرًوالشمسًطلعًً،درجةًالطلوعًا  وا 

نًکانتًبینًالنظیرًوالشمسًغربًالكوكبًنهااراً ً.لیلاً  نًکانتًبینًالشمسًوالنظیرًغربًلیلاً ً،ودرجةًالغروبًا  نًً.وا  ولاًا 

ًویغربًً،ةًقاطعةًل عظمًال بدیةًالظهورماًکانًمنًالكواكبًعلیًدائرةًعظيم فأ قربهاًمنًالقطبًالظاهرًیطلعًقبلًأ بعدها

یظهرً،اًبینًدرجتيًال بعدًمنهولهذاًیكونًالتفاوتًبینًدرجتيًالطولًوالطلوعًلل قربًمنًالقطبًأ كثرًممً ً؛بعده
268
لًً بالتأ م 

نًشاءًاللهًالعزیزًـــــ ًً.ا 
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ًالبابًالثانيًعشر

ًال ظلالًوأ حوالهافيً

ًالتيًلاًیتوق ً[1ً] ًأ نًالضوءًهوًالكیفیة لا  ًأ خرواعلمًأ و  بلارًشيء ًعلیًا  بلارها لیًأ وً ً.فًا  ًا  ً.لًوثانوهوًینقسم

مثلا ًضوءًكرةًالبخارًعندًالا سفارًً؛والثانيًهوًالضوءًالحاصلًمنًالمضيءًلغیرهً،لًهوًالضوءًالحاصلًمنًالمضيءًلذاتهفال وً 

لا ًل نهاً ـــًــهًليسًمنًالشمسًوضوءًوجهًال رضًحینئذًهوًالثانيًل ن ًً،الشمسهًمنًلًل ن ًهوًال وً  بلًًـــــًًالمقابلاًلاًتضيءًا 

نً ً.منًالبخارًالمس تضيءًبضیائهاًالمضيءًلوجهًال رضًبالانعكاس ذاًلاقیًكثیفا ًانعكسًعنهًفا  الشعاعًالمنعكسًًثمً ً،الشعاعًا 

ًأ خرًانعكسًعنهًثانیا ًشعاعًأ ضعفًمنًال وً  ذاًلاقیًكثیفا  لیًأ نًینعدمً،لا  ماًهًیضعفًك ًل ن ًً،وكذاًالقولًفيًالثالثًوالرابعًا 

لیًأ نًیفنی ًا  ًعنًالمبدأ  دَ ًالضوءًعمً ل نهاً ً،فتحدثًالظلمةً،بعَه ًعنًعدم ًعبارة ًمنًشأ نهًأ نًيس تضيءا ًا هوًالضوءًًوالظلً .

ً.وطرفاهًاللذانًفيًغایةًالتباعدًعنهًالنورًوالظلمةً،ةًوالضعفیقبلًالشدً وهوًً،الثاني

مً ً[2] ًأ نًالمقیاسًهوًشخصًمس توًٍقائمًعلیًزواياًقائمةًا  اًعلیًسطحًموازًٍلسطحًال فقًكخشبًیغرزًفيًوثانیا 

مً ً،ال رضًعلیًسطحًمس تو ًً.لهًفقًوالثانيًموازًٍلًقائمًعلیًالً فال وً ً.اًعلیًسطحًقائمًعلیًسطحًال فقًكوتدًفيًحائطوا 

مًفیهًهوالذيًنحنًنتك ًًالظلً ًوثالثا ًأ نً [3ً]
269
وهوًالفللًالمشتركًبینًالسطحًً،ضوءًثانًٍيخرجًمنًأ صلًالمقیاسً

ًبالشمسًوبالمقیاسل نهاً ً،الذيًعلیهًالمقیاسًوبینًسطحًدائرةًالارتفاع ًتمر  ًأ بدا  ًالسطحًالقائمًهوًعلیهتفًً،ا وطرفًً.قطع

برأ سًالمقیاسًا لیًذلكًًالمخرجًمنًمركزًالشمسًالمارً ًهيًنقطةًالتقاطعًبینًالسطحًالذيًعلیهًالمقیاسًوبینًالخط ًالظلً 

ًظلً ً.السطح ًسمً ً،طرفًالمقیاسًوهيًبالحقیقة ًأ نً ًالطرفًیكونًطرفًالظلً ًظلً ًل نً ً،يًطرفًالظلً ولهذا ًظلً ًكما

فیحدثًمنًارتفاعًً.المذكورًمنًالخط ًأ سًالمقیاسًوطرفًالظلً الواصلًبینًرًًهوًالخطً ًوقطرًالظلً ً.وسطًالظلً ً،الوسط
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هيًقوسًالارتفاعًالذيًیكونًًوقوسًالظلً ً.ثًقائمًالزاویةًوهيًالتيًبینًالمقیاسًوالظلً ًوقطرهًمثل ًشخصًومنًظله ًًکً 

بحس به
270
ذًلكً ً،الظلً ً ًالنهایةًا  نهاایةًارتفاعًالشمسًفيًالتباعدًعنًال رضًًوكماًأ نً ً.ظلً ً،أ عنيًتسعینً،ارتفاعًلمًیبلغ

ًوبدایتهًحیثًالشمسًعلیًال فق ً.حیثًلاًنهاایةًوبدایتهًحیثًلاًظلً ًفنهایةًالظلً ً،تسعونًدرجة 

ًلل فقًثمً ً[4] نًکانًموازيا  الارتفاع،/ًدائرةًسطحًفيًالشمسًمعً،ً/وکانالمقیاسًا 
†ًi

وهوًً،الحادثًمنهًفالظلً ً

ًأ وً ًیيسمً ً،لجیبًالارتفاعًموازًٍ ًل نً ً؛لًماًیظهرًیكونًوقتًطلوعًالشمسأ وً ًل نً ً،لاً ظلا  ًومنكوسا  رأ سهًمنًًومعكوسا 

مً ً؛اًیليًال فقتحتًممً  ًا  ًعلیهًأ وًلكونًمقیاسهًمنلوبا ًعلیًوجهًالشمسومنتلبا  نًً.اًلكونهًمنتلبا ًعلیًال فقًلاًمنبسطا  وا 

ً يسمً ً،لجیبًتمامًالارتفاعًوهوًموازًًٍ،الحادثًمنهًکانًالمقیاسًقائما ًعلیًال فقًفالظلً  ً،ًثانیا ًومس تويا ًقیاسا ًعلیًال خریًظلا 

لا ًومعكوساً هًيسمً ل ن ً ًً؛یًأ و  ًالذيً.ً/والسطحیًبالمس تويولهذاًأ یضا ًيسمً ً،وأ یضا ًمبسوطا ًلانبساطهًعلیًسطحًال فقًالحس 

لًالظلً ًعلیهًیقعًالذيًبخلافًثابتًالظلً ًهذاًعلیهًیقع ن هًال و  كًفا  ًال فقًسطحيًعلیًقائماً ًأ بداً ًیكونًبحیثًدائماً ًیتحر 

/.الارتفاعًودائرة
†ًii

ًيهًًوالظلً ً ًال وقاتالثاني ًس نقولهً،س تعملًفيًمعرفة ًالنجومیوال وً ً،كما ًفيًال عمال ًهيًً،ةل علیًما

ذاًأ طلقًالظلً ً.مشهورةًفيًكتبًالعمل نًأ طلقًفيًهذاًالفنً ً،لفيًكتبًالعملًأ ریدًبهًال وً ًوا  أ ریدًبهًالثانيًفيًنلفًًوا 

ً.النهارًومنًجهتیهًجهةًالشمالًوالجنوب

لًونهاایةًعندًكونًالشمسًعلیًال فقًتكونًبدایةًال وً ًل نً ً،ینًكنهایةًال خرًوبالعكسبدایةًأ حدًالظل ًًول نً [5ً]

ًیزالًیتزایدًال وً ًلاًثمً ً،الثاني ذاًوصلتًالشمسًا لیًسملًویتناقصًالثانيًبحسبًارتفاعًالشمسًحتی  تًالرأ سًکانتًنهاایةًًا 

                                                           
i
ًوکانًمعًالشمسًفيًسطحًدائرةًالارتفاع[ًهاك،ًهالً 

ii
ًهاك،ًهالً[الارتفاعًودائرةًال فقًسطحيًعلیً...ًالظلً ًهذاًعلیهًیقعًالذيًوالسطحً 
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ًال وً  ًالثاني ًوبدایة ًعلیهًـــــل ًال خر ًـًوقسًالربع ًالظلً ــــ ًلكً ال وً ًیكون ًالظلً ًل ًهو ًذلكًالارتفاعًًارتفاع ًلتمام الثاني

ذاًانطبقًالظلً ً.يساويًالمقیاسً،لا ًکانًأ وًثانیاً أ وً ً،ثمنًالدورًوظلً ً.وبالعكس المشرقًوالمغربًیكونًالارتفاعًًعلیًخط ًوا 

نًانطبقًعلیًخط ً،عديمًالسمت ًً.نلفًالنهارًکانتًالشمسًفيًنلفًالنهارًوا 

رًواعلمًأ نًالظلً [6ً] ًقد  رًبما ًیقد  أ بدا 
271
ًأ جزاءًفهًً.بهًالمقیاسً ًالظلً والمقیاسًبأ ي  لكنًً.رضتًيمكنًأ نًیؤخذًبها

،وبعضهمًیأ خذهًدرجةًواحدةً،ینًجزءاً لًس ت ًال وً ًجرتًالعادةًبأ نًیؤخذًمقیاسًالظلً 
272
نًیقسمًمقیاسًالثانيًتارةًباثنيًأ وًًً

منًأ رادًأ نًینلبًعمودا ًًأ وًل نً ً.ومقدارهًاثناًعشرًاصبعاً ً،لًماًیقدرًبهًالانسانًشبَهأ وً ًل نً ً،یًأ صابعوتسمً ً،عشرًجزءاً 

ن ً ًفا  ًعلیه ًعلیًسطحًقائم ًفيًالغالبعلیًسطحًال فقًأ و ًیكونًشبَا  ًأ ن ًیتوخيًفيًمقداره ًس ت ًً،ه ًأ و ةًوأ خریًبس بعة

ذاًأ رادًأ نًً،ةًأ قدامًونلفًأ وًس بعةطولًالشخصًالمعتدلًالقامةًهوًس ت ًًل نً ً،یًأ قداماً وتسمً ً،ونلف ًالانسانًا  معًأ ن 

ن ًًکً ًیعرفًصیرورةًظلً  ًمقیاسهًبس ت ًوقدًیهًً.بأ قدامهًثمً ً،هًیعتبًَذلكًبقامتهشيءًمثلهًفا  لًوال وً ً.یًأ جزاءینًوتسمً قسمًأ یضا 

ً.ينيالس ت ًًوالثالثًالظلً ً،ال قدامًوالثانيًظلً ً،الاصابعًیًظلً يسمً 

وتمامًعرضًً،تكونًبقدرًمیلًدرجةًالشمسً،مةعلیًماًعلمتًمنًالفلولًالمتقدً ً،غایةًارتفاعًالشمسًول نً ً[7]

نًکانتًالشمسًفيًجهةًالقطبًالظاهرًمنًالمعدً  وبقدرًفضلً،لالبلدًا 
273
نًکانتًفيًالجهً ةًتمامًعرضًالبلدًعلیًالمیلًا 

ًالظلً ً،ال خری ًیكون ًما ًأ طول ًذواتًالظلً ًفیكون ًالشمالیة ًظلً ًفيًالمساكن ًأ صغرًًل نً ً،رأ سًالجديًالواحد ارتفاعه

ًأ طولًال ظلالً،الارتفاعات ذًارتفاعهًأ عظمًالارتفاعاتً،رأ سًالسرطانًوأ قصرهاًظلً ً؛فیكونًظله  طًبینًالظل ًً؛ا  ینًوالمتوس 

 ً.ینةًوذواتًالظل ًلیهًأ حوالًأ ظلالًالمساكنًالجنوبیوقسًعًً.الارتفاعینطًارتفاعهماًبینًلتوسً ً،الاعتدالینًظلً 
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[8ً]ً فنقولًً.نموذجا ًمنًأ حوالًطرفهأً فاسمعًال نًً،ماًفیهًمقنعًوكفایةًال فاقًمنًأ حوالًالظلً ًوقدًعرفتًفيًخواص 

ًأ طرافًأ ظلالًالمقاأً  ً،لزائدًوالناقصًوالمكافياً،أ عنيًمحیطاتًالقطوعًالثلثةً،يسًتفعلًالخطوطًالخمسةًذواتًالنظامیًن 

ذًليسًفيًالخطوطًماًلهًنظامًغیرًهذهًالخمسةًأ وًماًیترك ًً،المس تقيمًوالدائرةًوالخط  ةًعلیهًهوًأ ن ًً.بًمنهاا  هًلاًيخفیًوالحهجَّ

ًس بقًمنًالفلولًالمتقدً  ًبالتس بةًا لیًفلكًً،رأ سًالمقیاسًبمنزلةًمركزًال رضًمةًأ نً علیكًبعدًالا حاطةًبما ذًلاًقدرًلها ا 

ًًوأ نً ً؛الشمس ًهوًكسطحًتحتًمركزًالعالمال فقًالحس  الشمسًتفعلًفيًأ ربعةًوعشرینًساعةًمس تویةًًوأ نً ً؛ًعلیًهذا

نًکانً،لًالنهاردائرةًموازیةًلمعدً  وا 
274
ً،أ عنيًمنًمحیطًمدارهاًالیوميً،الخارجًمنًمركزًالشمسًالخط ًوأ نً ً؛تقریبا ًلاًتحقیقاً ً

لیًنظیرًالمدارًالمذكورًالمارً  ذاًأ نفذًفيًالجهةًال خریًانتهییًا  ذاً.ً/وذلكلكونًرأ سًالمقیاسًبمنزلةًالمركزً،برأ سًالمقیاسًا  ًکانًا 

لًغیرًالمدار لا ًًالمعد  لیًال خریًالجهةًفيًالمذكورًالخط ًانتهییًوا  لًا  ًوبینًبينهًالمشتركًالفللًعلیًبالضرورةًويمرً ًأ یضاً ًالمعد 

ن كًفاحفظهًال فق؛ نًـــــًبهًس تتتفعًفا  العزیز./ًاللهًشاءًا 
†ًiii

ةًیفعلًمخروطینًرأ سهماًًالخط ًوأ نً ً المذكورًبدورانهًدورةًتام 

ًللمعدً  ًالموازيان ًالمتساويان ًالمداران ًالعالمرأ سًالمقیاسًوقاعدتهما ًمحور ًوسهمهما ًجهتیه ًمن ًعلیًبس یطهًً،ل ًالذي أ حدهما

ًال وً ً.قیاسطرفًالًمًالشعاعًوال خرًالذيًعلیًبس یطهًظلً  وال خرًً،مخروطًالشعاعً،وهوًالذيًیليًالشمسً،لفلتسم 

ًبسهمهماًنً أ وًًً.مخروطًالظلً  دًًِ،وهوًمحورًالكً ً،سطحًنلفًالنهارًلمروره ًمثل ًیحه تقاطعًال فقًمعًنلفًًنً أ وًًً.ثینثًفهاما

ً.هوًعلیًقوائمً،لكونهاماًفيًسطحًنلفًالنهارً،ثینالنهارًبلًمعًالمثل ً

[9]ًً ذاًکانًكذلكًفال فقًالحس  مً وا  ًأ نًیقطعًالمثل ًًالمنلوبًعلیهًالمقیاسًالمفروضًك ن هًتحتًمركزًالعالمًا  ثینًأ وًا

ثینًوبینًالسطحًمنًالمثل ًًلًأ حدثًفيًالمخروطینًقطعینًزائدینًلكونًالفللًالمشتركًبینًکً فا نًکانًال وً ً.أ حدهماًفقط

                                                           
iii
ذاًکانًالمدارًغیرًالمعدً ً  ًل،ًها«(العزیز»ا نًشاءًاللهًالعزیز[ًهاكً)بدونً...ًلًوذلكًا 
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ًل حدًضلعهاً،أ عنيًال فقً،القائمًعلیه ًلل خرًمنًجهةًرأ سًالمثل ًقاطعا  ًویكونًقطرهماًالمجانبًقطعةًمنًخطً ً،ثماًوملاقیا 

ًالمثل ً ًال فقًوضلعي ًبینًنقطتيًتقاطع ًالقطرً.ثیننلفًالنهار ًمنتلفًهذا ًالقطعینًهو ًالثانيًفالفللًً.ومركز ًکان ن وا 

مً ً،ثأ عنيًبینًال فقًوالمثل ًً،المشتركًبينهما ذًلاًاحتمالًلقطعهًً،یقطعهًمنًجهةًالقاعدةاًأ نًیوازيًالضلعًال خرًأ وًلاًيخلوًا  ا 

ياً  ًالفرضهًمنًجهةًرأ سًالمثل ًا  لا ًً،ثًعلیًهذا ًللمثل ًوا  لًأ حدثًفيًالمخروطًفا نًکانًال وً ً.والتقدیرًبخلافهً،ثینًکانًقاطعا 

ًلكونًالفللًالمشتركًبینًمثل ً ًمكافیا  ًلل خرقطعا  ًل حدًضلعیهًوموازيا  نًکانًالثانيًفلاًً.ثهًوالسطحًالقائمًعلیهًملاقیا  وا 

مً  ًأ نًیكونًالفللًالمشتركًبینًالمثل ًيخلوًا  ًالمثل ًا ًلقاعدة لًأ حدثًفيًفا نًکانًال وً ً.ثًأ وًلاثًوالسطحًالقائمًعلیهًموازيا 

نًکانًالثانيًأ حدثًفیهًقطعا ًناقلا ًلكونًالفللًالمشتركًبینًالمثل ًً.لطمًفيًلماًتقدً ً،المخروطًدائرة ثًوالسطحًالقائمًعلیهًوا 

ًلضلعيًالمثل ًق ًل نً ً،ولاًيمكنًأ نًیقعًمخالفًالوضعً.ثًمنًجهةًالقاعدةًوغیرًموازًٍلهااطعا  المخروطًمتساويًًفیهحدثًدائرة 

ن ًً،الساقین ًفيًالمخروطًالمختلفًال ضلاعوذلكًا  ًيمكنًحدوثه ًمنًخطً ً.ما ًقطعة ًال طول ًقطره ًبینًًویكون نلفًالنهار

ً.ثهتقاطعيًال فقًوضلعيًمثل ً

مً ً[10] ذاًعرفتًذلكًفنقولًالشمسًلاًتخلوًا  ًأ نًتكونًفيًأ حدًالاعتدالینًأ وًفيًغیرهوا  ًلًفا نً فا نًکانًال وً ً.ا

ًال فاقًغیرًعرضًتسعینًطرفًظلً  ًطرفًظلً ً،المقیاسًیفعلًفيًجمیع ًهذه ًوالحالة ًهناكًلشيء ًیكون ًلا ذ ا ًخطً ً،ا 

ًمعًالشيءًالمس تضيءًل نً ً.مس تقيم ً الشمسًأ بدا 
275
ذاًکانًالساترًنقطةًأ وًخطً والساترًفيًسطً سطحًیقعًعلیهًًفكً ً.اً حًا 
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وًفلاًبدً ً،رأ سًالمقیاسًظلً 
276

مس تقيم،/ًخط ًوهو/ً،یقعًعلیًالفللًالمشتركًبينهماًوالظلً ً،لأ نًیقطعًسطحًالمعدً 
§ًiv

ً

/و/
§ًv

ًطرفًالظلً ً ًً.ا ًمس تقيم ًفیرسمًخطً ً،یكونًعلیهًممر 

نًکانتًالشمسًفيًغیر[11ً] هًالاس تواءًا لیًعرضًتمامًالمیلًك ًًيسًمنًخطً یًأ ظلالًالمقاًًالاعتدالینًفأ طرافوا 

هذهًال فاقًتقطعًًل نً ً.أ يًالتيًتفعلهاًوهيًفيًالشمالًتكونًمقابلةًللتيًتفعلهاًوهيًفيًالجنوبً،تفعلًالقطوعًالزائدةًالمتقابلة

ًمداراتًالشمسًالیومیة ًطلوعًوغروبًفيًتلكًالبقاعً،جمیع ذًلجمیعها ًالمثل ًً.ا  ًأ فاقها ًذكرنافتقطع ًکً ًل نً ً،ثینًویحدثًما

ن ً ًبرأ س هاماًفا  لا ًدًِهًیحهًسطحًیقطعًمخروطینًمتقابلینًمنًغیرًأ نًيمر  ثًفهاماًقطعینًزائدینًا 
§ًvi

نهاً ً افيًیوميًالاعتدالینًفا 
§ًvii

ً

الذيًیقعًفيمًًأ عنيًالخط ً،انبالمس تقيمًوهوًالسهمًالقائمًللقطوعًالمذكورةًلمرورهًبمركزهاًوهوًمنتلفًالمجًتفعلًفهاماًالخط 

ًً.مفيًأ وقاتًنلفًالنهارًفيًتلكًال ياً ًبینًموضعيًطرفًالظلً 

[ًو12]
§ًviii

وهوًً،كرأ سًالسرطانًفيًالشمالًفيًهذاًالعرضً،فيًرأ سًالمنقلبًالذيًیكونًفيًجهةًالقطبًالظاهرً

ًالمیلًك ً نهاً ً،هعرضًتمام ًالمكافيفا  ًتفعلًالقطع ًالشمالً،الخارجًمنًمركزًالشمسًالخط ًل نً ً.ا برأ سًًالمارً ً،وهيًفيًنقطة

                                                           
iv
خطً ًفيًمنطبقًمس تقيمًخط ًًوهوًوال فقًلالمعدً ًبینًالمشتركًالفللًعلیًيمرًالشعاعيًالخط ًًأ نًمنًمتقدً ًلما=ً+ً،ًشاك،ًشالًبً-مس تقيم[ًًوهوًخط ًً 

لا ًًالوهمًا لیًس بقًماًعلیًبهًمارًلاًالجنوبیةًفيًعنهًوجنوبيًالشمالیةًالبلادًفيًالمقیاسًأ صلًعنًشماليًلهًموازًًٍغیرهًوفيًالمقیاسًبأ صلًمارًعلیهًالاس تواء ًوا 

ًهار،ًهاك،ًهال:ًب،ًبخلافهًوالوجودًغیرهًفيًالنهارًانتلافًوقتً]الاعتدالین [ًینالاس توائیًظلًحدوثًامتنع

v
ًلًفيًكًوًمضافًبعدًالتحریرًن:ًلاولان:ًب،ًرً=ً+ًو[ً 

vi
لاً ً  ًر،ًك،ًل«:ًمااوً»ا لیًبً=ًمتغیرًً:ماا[ًوًا 

vii
ًا[ً+ًكماًعلمت:ًب،ًفار،ًهاك،ًفالفا نًّ ً 

viii
ن ًً+=ًًلب،ًشار،ًشاك،ًشاً-[ًوً  المس تقيمًالسهمًالقائمًلهاًلوًکانتًحدباتًالقطوعًالشمالیةًا لیًالشمالًوالجنوبیةًا لیًالجنوبًمعًًماًیكونًالخط ًفا نًقیلًا 

مً ًكونًالجمیعًفيًشمالًالمقیاسًلكونًالسهمًالمذكورًشمالیا ًعنهًفيًهذهًالعروضًكماًبيناًقلناًهوًكذلكًل نً  اًأ نًتللًا لیًسمتًالرأ سًأ مًلاًفا نًالشمسًا 
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لیًنقطةًالجنوبًیوازيًالسطحًالقائمًمقامًال فق فالفللًالمشتركًبینًهذاًً.وهوًالذيًنلبًفیهًالمقیاسً،المقیاسًالمنتهیيًا 

ًال ًًیوازيًالخط ً،ثل حدًضلعيًالمثل ًًوهوًملاقًًٍ،السطحًوسطحًنلفًالنهار ًالضلع ًالذيًهو ًمنًالمثل ًالمذكور ً.ثخر

ًطرفًظلً  ًویكونًممر  ًمكافیا  نًکانتًالشمسًفيًالمنقلبًالذيًفيًجهةًًفیحدثًال فقًقطعا  ًا  المقیاسًعلیًمحیطهًهذا

نًکانتًفيًال خرًفلاًیقعًلشيءًظلً ً.القطبًالظاهر ً.لكونهااًتحتًال رضًحینئذًوا 

حديهاً[13] لیًأ ربعًقطعًا  لیًالربعًحیثًینفللًفلكًالبَوجًا  ،وفيمًجاوزًهذاًالعرضًولمًیتتهًا 
277
وهيًالتيًًـــــً

ًالمنقلبًالذيًفيًجهةًالقطبًالظاهریتوسً  ًً،ةًالظهوریأ بدًـــــ طها ًمقابلتها ًـوثانيتها ًال خرــــ ةًیأ بدًـــــوهيًالتيًیتوسطها

اسًیفعلًالقطوعًالزائدةًمتیًکانتًالشمسًفيًالقوسًالتيًلهاًطلوعًیالمقًًطرفًظلً فً،والباقیتانًلهماًطلوعًوغروبً،الخفاء

ً،ةًالظهوریوالقطوعًالمكافیةًمتیًکانتًفيًطرفيًالقوسًال بدً؛عًمداراتًأ جزاءًتلكًالقوسیال فقًیقطعًجًمًل نً ً،وغروب

ً عًیال فقًیقطعًجًمًل نً ً،ةًالظهوریوالقطوعًالناقلةًمتیًکانتًفيًباقيًالقوسًال بدً؛ینمنًالنقطتًمدارًکً ًل نًال فقًيماس 

ویكونًقطرهًال طولًً.ثًالقطعًالناقصحدًِسًعلیًسمتًالرأ سًفیهًيالقطبًلًًل نً ً،ولاًیوازيًقاعدتهًأ ضلاعًمخروطًالظلً 

ًکانتًالشمسًفيًنلفًالنهارًفيًذلكًالیومًومركزًالقطعًًمنًنلفًالنهارًوطرفاهًهماًاللذانًیقعًعلهاماًطرفًالظلً  ذا ا 

                                                                                                                                                                                           
لیهًکانتًحدبةًالق لا ًًطعًحینئذًعلیًأ صلًالمقیاسًلانطباقهًعلیًسطحًمخروطًالظلً وصلتًا  ذاًوا  لیًجهةًالقطبًالظاهرًا  ًکانتًالحدباتًفيًشمالًالمقیاسًوا 

لیًکانتًالشمسًفيًالمداراتًالشمالیةًلكونًالمقیاسًداخلًمخروطًالظلً  ذاًکانتًفيًالجنوبیوانقطاعًماًیليًالشمالًمنهًبال فقًوا  المقیاسًةًلكونًًجهةًالخفيًا 

بهاًوالبعدًبینًرؤ ذاًوًخارجا ًعنهًوانقطاعًماًیليًالجنوبًمنهًبال فقًولاًيخفیًأ نًالقطوعًتتزایدًتحد  سهاًوالسهمًبحسبًتزایدًالبعدًبینًقاعدتيًالمخروطینًوغایتهًا 

ذاًکانتًفيًالمدارًالذيًیتتقلًمنه لًلكونًمحیطًالقطعًحینئذًقریبا ًمنًا لیًالمعدً ًکانتًالشمسًفيًالمنقلبًویتناقلانًبحسبًتناقصًالبعدًبينهماًوغایتهًا 

ً لیهًانطبقتًالقاعدتانًعلیهًوصارًماًکانًمحیطًالقطعًخطً الاس تقامةًحتی  ذاًانتقلتًا  لماًتقدً ًا  ن ًا ًمس تقيمً  راتًهًمنًالتلوً مًولبطلانًالمخروطینًأ یضا ًفاعرفهًفا 

ًا:ًب،ًهار،ًهاك،ًهالاللطیفةًهذاًوأ مً 
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نًکانتًفيًمقابلًالقوسًال بدوأ مً ً.منتلفًهذاًالقطر ذًلاًظلً ًةًالظهورًفطرفًالظلً یاًا  اءًیءًمنًال شً لشيًلاًیفعلًشيئا ًا 

ًً.حینئذ

مًوذلكًًحیثًیكونًالنهارًس ت ًینوفيًعرضًتسع[14ً] ً،بیقعحًیوما ًوربعًبالتقرًا ًواللیلًیومًقفزةًأ شهرًوس بعةًأ يا 

ًبالتقرًیفعلًطرفًالظ ًمتوازیة  ة  ًدوائرًتام  اسًوبعضعهاًداخلًبعضًوأ صغرهاًیعلیًمركزًواحدًهوًمركزًأ صلًالمقًًهابًك ًیل 

ذاًصارتًقریبًال فقًفوقًال رض ذاًکانتًالشمسًفيًالمنقلبًالظاهرًوأ عظمهاًماًا  ن ًً.ماًا  ال فقًیقطعًًماًیرسمًدائرةًل نً وا 

ًلقاعدتهًلكونًسهمهًقائما ًعلیًسطحًال فقًظلً مخروطًال ًطرفًالظلً ًول نً ً.موازيا  یكونًعلیًالخطوطًالخمسةًالمذكورةًًممر 

وهذاًً.يمالمس تقًواتًالنظامًال ربعةًوالخط یفعلًال شكالًذًطرفًالظلً ًنً أ ًًصحً ً،ًوالدائرةًوالقطوعًالثلثةيمالمس تقًمنًالخط 

ً.ةًالكلامًفيًهذاینهاا

ً،وقتًصلوةًالظهرًهوًبعدًالزوالًولوًبدقیقةًفقواًعلیًأ نً ات ًًالكً ًفاعلمًأ نً ً،انهاایمعرفةًال وقاتًالموعودًبًاًوأ مً [15ً]

ن ًً.لاًحیثًکانتًالشمسًعلیًنلفًالنهار ً.نلفًالنهارًا لیًجهةًالشرقًعنًخط ًعرفًذلكًالوقتًبأ نًيمیلًالظلً ماًیهًوا 

نًلمًیكنًخطً  ًفبحدوثًالظلً ًوا  نًلمًیبقًمنهًشيءًوقتًانتلافًالنهارًنلفًالنهارًمس تخرجا  أ وًبازديادهًعلیًماًکانًً،ا 

نًبقيًمنهًشيءًحینئذ نًأ زدادًالظلً ًثمً ً.ا  نًلمًیبقًمنهًشيءًفهوًأ وً یبقدرًالمقًًا  لًوقتًاسًعلیًماًبقيًمنهًأ وًحدثًمثلهًا 

ن.ًرضيًاللهًعنهــًـــوهوًمذهبًالشافعيًً،العصرًعندًأ ئمةًالحجاز لًوقتهًعندًاسًفهوًأ وً یًالمقًحدثًأ وًزادًبقدرًمثليًوا 

دًالرأ سًمخروطيًووجهًمعرفتهًبأ سهلًطریقًأ نًیهًً.رضيًاللهًعنهــــًـوهوًمذهبًأ بيًحنیفةًً،ةًالعراقأ ئم ً نلبًمقیاسًمحد 

أ وًبس بعةًأ قسام ًًَفماًدامًالظلً ً.الشكًعلیًسطحًال فقًعلیًقوائمًویقسمًباثنيًعشرًقسماً  لیًًعدهًیتناقصًفالشمسًب لمًتتتهًا 
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ذاًوقفًالظلً ً.النهارنلفً لیًنلفًالنهارًفا  ذاًأ خذًالظلً ً.ولمًیزدًشيءًفتكونًالشمسًقدًانتهتًا  فيًأ دنیًزيادةًفهوًًفا 

ًعلیًرأ سًالظلً ً.لًوقتًالظهرأ وً  لیًأ نًیلیرًالظلً ً.یًذلكًقدرًالزوالبعلامةًونسمً ًفنعلم  منًموقعًالعلامةًمثلًًثمًنتتظرًا 

ًأ وً یالمقً ًفیكون ًمثلیه ًالعصرًعلیاسًأ و ًأ وً وأ مً ً.المذهبینًل ًفيًا ًكما ًغروبها ًظهر ن ًالشمسًا  ًفبغروب ًوقتًالمغرب ل

حاري نًلمًیظهرًكماًفيًخلالًالجبالًوالعمرانًفبأ نًلاًیبقیًعلیًرؤوسًالجدرانًوقهللًالجبالًشيءًمنًالشعاعً،اللَّ ً،وا 

.ویهقبلًالظلمةًوالسوادًمنًطرفًالشرق
278
ًأ وً وأ مً ً رةًالتيًتليًالشمسًعندًوهوًالحمً،لًوقتًالعشاءًفبغروبًالشفقا

ًًالشافعيًوالبیاضًعندًأ بيًحنیفة ًأ وً وأ مً .ًرضيًاللهًعنهماـــــ ًاللبحًفبطلوعًاللبحًالثانيًاللادقا وهوًً،لًوقتًصلوة

ًیوهوًالبیاضًالمس تطًً،لًالكاذبلاًال وً ً،ضیالبیاضًالمنبسطًالعرً ً.لًالمس تدق 

ًً.قًبهوماًیتعل ًًانًأ حوالًالظلً یفهذاًماًأ ردناًمنًبًً[16]
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ًعشرالبابًالثالثً

الزوالًأ یضاً ًنلفًالنهارًفيًمعرفةًخط  یًبخطً  ًالمسم 

ًسمتًالقبلةفيًو

حة.ًونضعًأ 1ً] ًبأ نًنأ خذًمسطرةًملح  يًمكانا  لیًالسطحًالموزون.ًوطریقًتحلیلهًأ نًنسو  [ًیحتاجًفيًهذاًالبابًا 

ًوسطهاًعلیًنقطةًفيًوسطًذلكًالمكانًوندیرًالمسطرةًعلیهًا لیً أ نًيماس 
279
ًبينهماًضوء.ًثمً ً ًالمسطرةًفيًجمیعًالدورًولاًیبَینه

یًبالگونیاًأ یضا ،ًوهذهًصورها،ًبأ نًنضعًقاعدة اًحأ ًً،نزنًهذاًالوجهًاللحیحًبال فاذینًويسم  علیًذلكًالوجهًونعتبًًَ،ضريه 

لیًأ نًیلً.ثمطابقةًخیطًالشاقولًلعمودًالمثل ً يًماًارتفعًا  لًماًانخفضًمنًالسطحًونسو  ذاًماًدارتًقاعدةًونعد  یرًبحیثًا 

ادًوأ هلًً،یًبالسطحًالموزونفهذاًهوًالمسمً ً.طًعنًالعمودیثًعلیًجمیعًالسطحًلاًيمیلًالًخالمثل ً ص  وهوًالمعتدًعلیهًعندًالره

ذاًأً ً،اًماءًسالًمنًجمیعًالجهاتًبالسویةفهاًبً یًأ رضا ًبحیثًلوًصهًلاًماًهوًالمشهورًوهوًأ نًنسوً ً،العمل لقيًفيًموضعًأ وًا 

ا ًمرتعدا ًلاًيمیلًا لیًجهةًماً،کالبندقةًمثلاً ً،نهاًشيءًمتدحرجم ن ًً؛وقفًمهتز  السطحًًثمً ً.ديًبطائلًعلیًماًلاًيخفیهًلاًيجهًفا 

نًلمًیكنًعلیًال رضًبلًکانًعلیًحجرًونحوه ًً،الموزونًا   .ًوضعهًولاًوزنهنثبتهًبحیثًلاًیتغیر 

ً

ً[10]شكً
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ًأ صغرًمنًأ عظمًدائرةًًب[1] ًعلیًالسطحًالموزونًدائرة ًموضعًدخولًالظلً اً فیهًبمقدارًًط تخهًونخط  ًلنتبین  ًصبع

ًً.وخروجه ًبالشِهرًمس تدق  ًمنًنحاسًأ وًخشبًمخروطا  ًًونعملًمقیاسا  ویتبغيًأ نًلاًتكونًً.غلیظاً ًًیكونًالظلً الرأ سًلئلا 

ًدق ً ًعلیهًغیرًمتزلزلً.ًيخفیًظله ًتهًفيًالغایةًلئلا  ذاًوضعناهًعلیًالسطحًثبتًقائما  بأ نًنحفرًفيًً،ونجعلًسعةًقاعدتهًبحیثًا 

نًکانًمنًخشبًلاًمنًنحاسًونحوهً،وسطًقاعدته طولًًوالمشهورًأ نً ً.حفرا ًونقلبًفیهًشيئا ًمنًرصاصًلیثقلًفیثبتً،ا 

لیًنلفًالقطرالمقیاسًیتبغيًأ نًیكونًربعًقطرًالدائرةًالمرسومةًعلیًالسطحًأ وًأ كثرًبشًر ن ًً.طًأ نًلاًیللًا  ماًاشترطًوا 

ذاًکانًالارتفاعًخمسةًوأ ربعینًکً ًطولهًلوًکانًمثلًنلفًالقطرًوظلً ًذلكًل نً  مناًفيًبابًالظلً ً،شيءًمثلهًا  أ نًًلماًقد 

لیًًا لیًمحیطًالدائرةًفيًالبلادًوال وقاتًالتيًلاًیللًالارتفاعًاًوصلًطرفًالظلً لم ًً،نًالدورًيساويًالمقیاسثمهًًظلً  فهااًا 

ًتمً ولم ًً،خمسةًوأ ربعین ًالوجهًا ًیقصرًظله ًيجقالًوال ولیًأ نًیهًً.العملًبهذا ًعنًمحیطًبًأ نًیكونًطولًالمقیاسًبمقدارًما

ً.الدائرةًوقتًنلفًالنهارًویتجاوزًعنهًفيًجنبتيًنلفًالنهار

ًعلهااًًثمً ًج[1] ًالقاعدة ًوضعنا ذا ًبقلیلًبحیثًا  ًالمقیاسًأ وًأ كبًَمنها ًمساویةًلقاعدة ندیرًعلیًالمركزًالمذكورًدائرة

ًأ وًنراهاًمحیطةًبالقاعدةًمنًجمیعًالجهاتًوموازیةًلها ًعلیًمركزًً.انطبقتًعلهاا ویكونًحینئذًمركزًقاعدةًالمقیاسًمنطبقا 

ًلاًامتحانهًبالشاقولًوهذاًهوً.الدائرةًوالمقیاسًقائما ًعلیًالسطح رًماًقدًَّولاًبأ نًیهًً،المعتبًَالمعمولًعلیهًفيًكونًالمقیاسًقائما 

نًاش تهرابینًرأ سًالمقیاسًوالمحیطًبمقدارًواحدًمنًثلا ًنرصدًقبلًنلفًالنهارًوصولًطرفًالظلً ًثمً ً.ثًنقطًمنًالمحیطًوا 

لیهًقبلًدخولهًفهااًً.ا لیًمحیطًالدائرةًمنًجهةًالمغرب فًعرضًالظلً فعندًوصولهًا  ًعلیهًننل  نً ً.ونعلم  منتلفهًهوًنقطةًًفا 

نً ً.وكذاًنعملًفيًالطرفًال خرً.الدخول حدوننل ًً.منتلفهًنقطةًخروجًالظلً ًفا  حدیًالقوسینًونللًبینًمنتلفًا  هماًافًا 



241 

 

ن ًً.مس تقيمًوالمركزًبخط  ینًالظل ًًل نً ًوذلك.ًأ عنيًالفللًالمشتركًبینًدائرتيًال فقًونلفًالنهارً،نلفًالنهارًهًیكونًخط فا 

ن ًً،متساويانًلكونهاماًمساویینًلنلفًقطرًدائرةًواحدة نًبهرهنًً.ماًیكونًلارتفاعاتًمتساویةوال ظلالًالمتساویةًا  وهذاًوا 

ًلكن ً لیاتًعندًمنًتلوً علیه ًلاًیتقاصرًعنًال و  ًالظلً ه ًزيادة ًهذینًً.ونقلانهًبحسبًنقلانًالارتفاعًوزيادتهًر فارتفاعا

ًمتساويانً،ینًمتساويانالظل ً ًتمامهما ًالظل ًوهماًمساويانًللخطً ً،فجیبا ًً،ینینًالخارجینًمنًمركزًالمقیاسًعلیًاس تقامة ل ن 

ینًهماًمسقطاًحجريًونهاایتاًهذینًالخطً ً.انًالمذكورانوكذاًالخطً ً،الظلینًعلیًالفللًالمشتركًبینًدائرتيًالارتفاعًوال فق

والخطً ً.أ عنيًجیبهماً،الارتفاعین
280
لوترًالدائرًمنًالفلكًبینًوقتيًالارتفاعینًفيًًتینًالنهایتینًهوًمساوًٍالواصلًبینًهاً

کالجیبینًفيًمثالناًلتساويهماًوتوازيهماًلكونهاماًً،الخطوطًالواصلةًبینًأ طرافًالخطوطًالمتساویةًالمتوازیةًل نً ً.المدارًوموازًٍله

ً.متساویةًمتوازیةً،عمودینًعلیًال فق

ًبعديهماًً،احدًمتساویتيًمقدارًالارتفاعًمختلفتيًجهتیهًمنًالمشرقًوالمغربنقطتینًفيًمدارًوًًکً ًول نً ًد[1] ن  فا 

ذًلتساويً.عنًنلفًالنهارًمتساويانًلتنلیفًنلفًالنهارًالقطعةًمنًالمدارًالتيًبینًالنقطتین ا 
281
ارتفاعهماًتكونًمقنطرةًً

فًقِطَعَههماً،ولتقاطعهماًومرورًنلفًالنهارًبقطبهاماً.ارتفاعهماًالمقاطعةًللمدارًواحدة مًفيًً،یهنل  فسطحًنلفًالنهارًً.حلماًتقد 

فًأ یضا ًً.الموازيًلهًالواصلًبینًنهاایتيًجیبيًتماميًالارتفاعینًوالخطً ً،فًوترًالدائرًمنًالفلكًبینًالارتفاعینینل ً فینل 

ويًزاویةًالرأ سًفهاماًوكونهاماًلتساً،علیًماًیظهرًبالتطبیقً،ثینًلتوازيًقاعدتهماینًلتشابهًالمثل ًالواصلًبینًطرفيًالظل ًًالخط 

ً متساويي 
282
ًکانًنلفًالنهارًینل ًً.الساقینً ذا الواصلًبینًمنتلفهًومركزًًینًفالخط الواصلًبینًطرفيًالظل ًًفًالخط وا 
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ًالمطلوبً.المقیاسًیكونًفيًسطحًنلفًالنهار ن ًً،وهو ًا  ًنل ًونحن ًالقوسما ًلال ن ًً،فنا ه
283
بخلافًً.یحتاجًا لیًعملًأ خرً

خراجهالواصلًفأ ن ًًتنلیفًالخط  لیًا  ً.هًیحتاجًا 

ًأ خرًه[1] ًالمطلوبًبوجه ر ًنقر  ًأ ن ًالتيًبینًدائرتيًً.ولنا ًالمقنطرة ًمن فًالقطعة ًینل  ًنلفًالنهار ًفل ن  ونقول

مافینفللًفيمًبينهً؛ینتًبقطبيًال فقًوالمقنطرةًالمتوازی ًونلفًالنهارًودائرتاًالارتفاعًمرً ً،مًتقریرهكماًتقدً ً،الارتفاع
284
منًً

ًبهًً،متشابهةًتوازیةًقسً الًم ًفيًلما كرین  ًً؛فتكونًالقوسانًمنًالمقنطرةًالمتساویتانًشبهاتینًبنظیرتهاماًمنًال فقً.الاه فهماًأ یضا 

ًللدائرةًالمرسومةًعلیًالسطحًالموزونًلكونًمركزهماوًً.متساویتان ً،واحداً ً،وهوًأ صلًالمقیاسً،لتساويهماًوكونًال فقًموازيا 

ًوصلًبینًالمركزًوط ذا ًمنًرفيا  ک 
285
القوسینً

286
ًقوسینًً،ینًمس تقيمینمنًال فقًبخطً ً ًالمرسومة یفللانًمنًالدائرة

ًمتشابهةً ًل نً ً.متساویتین فا ذنًنلفًالنهارًً.الخطوطًالخارجةًمنًمركزًالدوائرًالمتوازیةًتفللًفيمًبينهاًمنًمحیطاتهاًقس ی ا 

ً،هبالمركزًالمنتلفًللقوسًالمذكورةًیكونًفيًسطحًنلفًالنهارًوخطً ًالمارً ًینًفالخط فًالقوسًالتيًبینًطرفيًالظل ًینل ً

ًً.وهوًالمطلوب

ًأ نً أ 2ً] ًذكرنا ًبما ًولاًيخفیًبعدًالا حاطة ًوصلًطرفًالظلً ً،طولًالمقیاسًلوًکانًنلفًالقطرً[ ا لیًمحیطًًفا ذا

نًکانًغایةًالارتفاعًثمنًالدورًکانًالظلً ً،الدائرة المرسومةًوفيًبمركزًالدائرةًًالمارً ًلخط واً.ملماًتقدً ً،فيًسطحًنلفًالنهارًا 

ًعلیًخط  ً.الاعتدالًوخط ًخطًالمشرقًوالمغربوهوًً،لًالسموتیكونًفيًسمتًدائرةًأ وً ً،نلفًالنهارًسطحهاًعمودا 

ًلتعرفًمقادیرًالسموتًمنًخطوطًالظلً ًیهقسمًکًًُّثمً ً،ویهرب عانًالدائرةًَ متساویة  ًماًًربعًتسعینًقسماً  الواقعةًعلیًالمحیطًل ن 

ًً.وهذهًالدائرةًتهعرفًبالهندیةً.الظلًمنًتلكًال قسامًسمتًبینًنقطتيًالمشرقًوالمغربًوخط 
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ًمنًال فقل نهاً ً.ینمحًَرهًًأ نًیكونًارتفاعًالشمسًقیدًواعلمًأ نًأ صلحًال وقاتًل خذًالظلً ب[2ً] ذاًکانتًقریبة  ًا  ً،ا

ًتحق ًلاًتهًفً،تةًال طرافکانتًال ظلالًطوالا ًمتشت ً ذاًکانتًقریبةًمنًنلفًالنهارً.قًأ طرافهاًعندًالحس  ً،یكونًال ظلالً،وا 

ًدخولًالظلً تحق ًفلاًیهًً،بطیئةًالتقل صً،عةًفيًالظلمةش بً معًكونهااًمهً ًخروجهًقًأ نه قًتساويًزمانيًالبعدًعنًفلاًیتحق ًً.ولاًأ نه

اًال مرًالمتوسً ً.نلفًالنهارًنلفًالنهارًولاًخطً  ًعنًتشتُّتًطرفًالظلً ًسرعةًالحركةًوصبغًالظلً طًفیجتعًفیهًوأ م  ًويسَلَمه

ًمنهً.وبطوءًحركته ًالشمسًفيًالانقلابًاللیفيًأ وًقریبا  ًً.وأ نًیكونًأ یضا  لًفيًزمانًًیكونًلمیلهاًعنًالموازیةًللمعدً لئلا 

ًبهًسیرهاًفيمًبینًدخولًالظلً  ًبالمقلودً،وخروجهًقدَرًٌیهعتد  الشمسًتدورًفيًالیومًالواحدًًلابتناءًالبَهانًعلیًأ نً ً؛فیهخل 

ًعلیًدائرةًموازیةًللمعدً  ًمنًضیائهاًفيًالجديًول نً ً.لًفيًالحس  مًمنًاجتماعًال شع ةًفيًاللیفًلماًتقدً ً،ضیائهاًحینئذًأ شد 

ذاًکانًالضوءًأ كثرًکانًالفللًبینًالشعاعًوالظلً ً.دونًالش تاء ً.أ ظهرًوا 

كذلكًتكونًللارتفاعاتًً،لل ظلالًالمتساویةًارتفاعاتًمتساویةهًكماًتكونًويجبًأ نًتعلمًمعًماًقدًعلمتًأ ن ًًج[2]

ذاًکانًكذلكً.المتساویةًأ ظلالًمتساویة صدًفيًیومًواحدًارتفاعانًمتساويانًللشمسًعنًجنبتيًغایةًارتفاعهاًفلوًرهًً،وا 

ًظل ً ًعلیًسطحًموزونًسمتا ط  فيًسطحًًکانًذلكًالخطً ً،فًالزاویةًالحادثةًبينهماًبخطً نلًَّتهًًثمً ً،هاماًعنًمقیاسًٍواحدًٍويخه

مممً ًولمی تهًمعلومةً،نلفًالنهار مقدارانًمتساويانًمنًأ صلًالمقیاسًویوصلًًفرزًمنًالظلً فبأ نًیهًً،اًتنلیفًالزاویةوأ مً ً.اًتقد 

ًوتهًوال سهلًأ نًتجهًً.ویوصلًبینًالمنتلفًوالزاویةًبخط ًفًذلكًالخط نل ًیهًًثمً ً،بينهماًبخط  ًرسمًدائرةعلًنقطةًالزاویةًمركزا 

فًالقوسًالتيًبينهماًویوصلتقطعًالظل ً ً.كماًمرً ً،ینًوتنل 
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ً»ً:قالًكوش یارًد[2] يًموضعا ًمنًال رضًحتی  هسَو  ًونن برَةغًیلیرًسطحهًموازيا ًلل فقًوندیرًفیهًدائرة  ًرزًفيًالمركزًا 

رًقیامهاًعلیًالسطحًمنًثلا ذاًکانًًثمً ً.ثةًمواضعًمتباعدةًعلیًمحیطًالدائرةمس تویةًالقامةًونقد  بالقربًمنًنلفًالنهارًا 

برةًأ خریجدً ًعلاماتًٍمتقاربةً ً،كماًتدورً،ًعلیًمواقعهبأ نًنعلمً ًص،وهوًمتناقً،الا برةًرصدناًرأ سًظلً  ونس تقصيًً،ا ًبرأ سًا 

ً ً.نلفًالنهارًمس تقيمًفیكونًخط ًنللًبینًأ قربًالعلاماتًمنًالمركزًوبینًالمركزًبخط ًثمً ً.فيًالزيادةًًیأ خذًالظلً فیهًحتی 

لا ًً،كماًقلناً،يًال رضًوالدائرةًوالشخصوجهًأ خرًوهوًأ نًنسوً  الدائرةًتكونًمساویةًلدائرةًالارتفاعًالتيًعلیًظهرًًًأ نً ا 

نس تخرجًسمتًًثمً ً.ًعنًمحیطًالدائرةًعندًنلفًالنهاروطولًالشخصًبحیثًلاًینقصًظله ًً.منًاسطرلابًیحضرًال مً 

ًعندًوًً،ارتفاعًعنًأ حدًجنبتيًنلفًالنهار ونأ خذًمنًً.منًمحیطًالدائرةًعلامةًجودًذلكًالارتفاعًعلیًموقعًالظلً ونعلم 

ونضعًأ حدًرجليًالبَکارًعلیًالعلامةًوالرجلًال خرًحیثًوقعًً،دائرةًالارتفاعًعلیًالاسطرلابًبالبَکارًمثلًتمامًالسمت

ًکانًأ وًغربیاً ً،منًمحیطًالدائرةًفيًجهةًالارتفاع لیًمركونخرجًمنًموقعهًخطً ً،شرقیا  ًا  ً.نلفًالنهارًزًالدائرةًفیكونًخط ا 

ًالذيًلاًسمتًله الخارجًمنًمنتلفًًوالخط ً،المشرقًوالمغربًخط ًکانًسمتًالظلً ً،فا نًکانًالارتفاعًهوًالارتفاع

هینهاایتً
287
ًخط ً ًالدائرة لیًمركز ًالخط ً.نلفًالنهارًا  ًهذا لا ًًولاس تخراج ًا  ًكثیرة ًالوجهینًفيًك ًًًأ نً وجوه ًهذین ًدون ها

ًأ خذناهًمنًحیثًالعملًفأ مً ً،والقربًمنًاللوابالاس تقلاءً ذا هًلفظهًهذاًك ًً«.هاًصحیحةًمبَهنةاًمنًحیثًالعلمًفك ًا 

ن ً ذًالظاهرًأ نهاً ً.ماًقالهًأ مًلاًهًهلًیلحً ماًنقلتهًعلیًماًهوًعلیهًلنعتبًَأ ن ًوا  ماًلاًیكونانًفيًالقربًمنًاللوابًمثلًالوجهینًا 

مین ف قًیهًً،المتقد  ًً.لهظهرًبالاعتبارًلمنًوه
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ةًبسمتيًرأ سيً،اًسمتًالقبلة[ًوأ مً أ 3ً] ًوالخطً ً.البلدًومك ةًفهیيًنقطةًتقاطعًأ فقًالبلدًالمفروضًوالدائرةًالسمتیةًالمار 

ًً.فًلهاوهوًسهمًلقوسًیهبنیًأ ساسًالمحرابًعلهااًومنل ًً،سمتًالقبلةًالواصلًبینًمركزًال فقًوتلكًالنقطةًهوًخط  ًفالمللي 

ًعً ًجعلهًبینًرجلیهًساجدا  ذا ًا  ًبینًقدمیهًلیهًیكونًقدًصلی  ًوما ًبموضعًجووده ة  ًعلیًمحیطًدائرةًعلیًبس یطًال رضًمار 

اةًأ وًیكونًقدًاس تقبلًالخط ً،ووسطًالبيت الواصلًبینًالبيتًوالنقطةًالتيًتسامتهًمنًالسماءًالمسم 
288
بسمتًرأ سًً

ةًیكونًتحتًأ فقًمك ًًل نً ً،المس تقيمًالخارجًمنًبصرهًیقعًعلیًالبيتًالخط ًهًیكونًقدًاس تقبلًالبيتًبمعنیًأ نً لاًأ ن ًً.ةمك ً

ً ذاًلعًعلیًفسادًتفسیرًسمتًالقبلةًبأ نهاً طً تومنهًً.المذكورًفلاًيسامتًنظرهًالبيتًبلًالخط ً،أ فقًالمللي  اًنقطةًفيًال فقًا 

ًللكعبة لا ًالل ًً.واجَهَهاًالا نسانًکانًمواجها  لًالمواجهةًوتهنز لًعلیهمًا  اةًبقوسًاًسمتًالقبلةًعنًالبلدًالمسمً وأ مً ً.ماًقلناًًأ نًتهأ و 

ًأ عنيًالمغربًوالمشرقًً،الانحرافًأ یضاً  حدیًالنقطًال ربع ًوبینًا  ًالمذكورة ًالسمتیة ًمع ًال فقًبینًتقاطعه ًقوسًمن فهو

ًینحرفً.والجنوبًوالشمال ًيجبًأ ن ًما ًمقدار وهو
289
ًً ًذكرناالمللي  ًالبيتًكما حدیًالنقطًلتواجه ًا  امًوتمً.ًعنًمواجهة

حدیًالنقط ً.الانحرافًهوًقوسًمنهًأ یضا ًبینًنقطةًسمتًالقبلةًوا 

ذاًعرفتًذلكًفاعلمًأ ن ًًب[3] ةًوعرضهاًوطولًفيًمعرفةًسمتًالقبلةًوسمتهاًعنًبلدًأ خرًمنًمعرفةًطولًمك ًًهًلابدً وا 

ًوسدسًجزءًجزائرًالخالداتًس بعًوس بعونًعنــفـــــًًحماهاًاللهـــــًًةطولًمك ًًاأ مً ً.البلدًالمفروضًوعرضه وعنًً،جزءا 

ًوثهًً.ونًجزءا ًوسدسًجزءساحلًالبحرًالغربيًس بعًوس ت ً بلدةًیكونًفكً ً.لثاًجزءوعرضهاًأ حدًوعشرونًجزءا 
290
طولهاًً

.ةًغربیةًعنهاةًفمك ًبلدةًیكونًطولهاًأ كثرًمنًطولًمك ًًوکً ً؛ةًشرقیةًعنهاةًفمك ًمنًطولًمك ًًأ قلً 
291
نًکانًعرضهاًأ قلً ً ًوا 

نًکانًأ كثرًمنهًفجنوبیةً،شمالیةًعنهاةًةًفمك ًمنًعرضًمك ً ةًلاًيخلوًمنالبلدةًالمفروضةًمعًمك ًًثمً ً.وا 
292
ینتكوناًمختلفًتأ نًً

293
ً
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مً  هماًسمتًاکانتاًتحتًنلفًنهاارًبعینهًولاًیكونًلا حدً،لفا نًکانًال وً ً.اًفيًالعرضًفقطًأ وًفيًالطولًفقطًأ وًفيًكهاماا 

هفتً.نلفًالنهارًعنًال خریًبلًیكونًسمتهماًعلیًخط  وج 
294
ًً نًکانًعرضًمك ًالمللي  ونقطةًالشمالًً،ةًأ قلً ًنقطةًالجنوبًا 

نًکانًأ كثر ً.ا 

نًکانًج[3] ً،وقدًصر حًبهًفيًمواضعًقومًومنهمًكوش یارًوقدًظنً ً.تحتًمدارًواحدًیوميًاــکانتً،الثانيً]كذا[ًتوا 

ًالسمتًبينهماًیكونًعلیًخط  نًزادًطولًمك ًً،المشرقًوالمغربًأ ن  لیًحقیقةًالمشرقًا  نًً،ةوالقبلةًا  لیًحقیقةًالمغربًا  وا 

ذًلاختلافًطولهاماًیكونًأ وً ًوهوًظنً ً.نقص ًالًالسموتًلا حدباطلًوخطأ ًفاحشًا  المدارًالمذكورًعلیًنقطةًغیرًًهماًيماس 

ليًالسموتًللمعدً ً،لًالسموتًلل خریهاًأ وً التيًيماسً  لاًالسموتًلهماًعلیًغیرًفیتقاطعًأ وً ً.لًعلیًنقطتینًمختلفتینلقطعًأ و 

ولاًالقبلةًا لیًحقیقةًالمشرقًأ وًً؛ولاًالسمتًبينهماًذلكً؛مشرقهماًومغربهماًواحداً ًفلاًیكونًخط ً.نقطتيًالمشرقًوالمغرب

نًکانًطولهاًأ قلً بلًکانتًً،المغرب عنًيمینًمغربًالاعتدالًا نًوً،ةمنًطولًمك ًًعنًيسارًمشرقًالاعتدالًلتلكًالبلدةًا 

لا ًً؛لًالسموتًللبلدةًالمفروضةةًيس تحیلًأ نًیكونًعلیًدائرةًأ وً سمتًرأ سًمك ًًل نً ً.نًطولهاًأ كثرکا ًًلكانًعرضهاًأ قلً وا 

ذًکً ً،منًعرضًتلكًالبلدة ًأ قلً ً،غیرًسمتًالرأ سً،نقطةًعلهااًا  ًأ وً أ وًًً.عرضها ً،للًالسموتًوالمعدً نًیكونًبینًدائرة

ًعنًأ وً ةًبالضرورةًفیقعًسمتًرأ سًمك ًً،بطریقًال ولی ن ًً:ویلزمًماًذكرناًنعمًماًظنً ً.لًالسموتخارجا  ًفيًمساكنًا  ماًیلح 

نًاختلفتًفيًالطولً،الاس تواءًخط  ًً،وا  ًللمشرقی ًصارًنلفًنهاارًالقب ًًحتی  لاًلكونًخطوطًمشرقهمًً؛ینًوالمغربی ینةًأ فقا 

ًفيًسطحًمعدً  لیًالوهمًل ن ًً،لًالنهارومغربهمًجمیعا  سمتًرؤوسًًبلًل نً ً،س تواءًكذلكالاًهًفيًغیرًخط علیًماًيس بقًا 

ذًهوًبمنزلةًأ وً الجمیعًعلیًالمعدً  ًً.لًالسموتًلهملًا 
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نًکانًالثالثأ 4ً] لیًمعرفةًقوسًً.فلاًیكونانًلاًتحتًنلفًنهاارًولاًمدارًیوميًبعینهماً،[ًوا  ویحتاجًفیهًوفيًالثانيًا 

یرادهاًهاهناالانحرافًولهاً ًالشمسًتكونًمارً ًمنهاً،سَهلةًٍوجوهًفلنقتصرًعلیًً.طرقًكثیرةًلاًیلیقًا  ةًعندًةًبسمتًمك ًأ ن 

ًوالعشرینًمنًالسرطانًوقتًانتلافًالنهارًهناك ًوالثالثة ًمنًالجوزاء ًالثامنة ًفيًالدرجة میلًهذینًالجزئینًًل نً ً،كونهاا

ًالمذكوريساويًعرضًمك ً ًالتفاوتًبینًالطً.ة ًالبلدانًیكونًبقدر ًوبینًنلفًنهاارًسائر ً.ولینوالفضلًبینًنلفًنهاارها

ًساعةًولكً ًفلیؤخذًالتفاوتًوتؤخذًلكً  ًدقائقًخمسةًعشرًجزءا  ًأ ربع ًاجتعًساعاتًالبعدًعنًنلفًً؛جزء فیكونًما

صدًفيًذلكًالیومًذلكًالوقتًقبلًنلفًالنهارًا نًکانتًمك ًً.النهار نًکانتًغربیةولیره ًا  ًفسمتًالظلً ً.ةًشرقیةًأ وًبعَده

ًً.ساعتئذًیكونًسمتًالقبلة

ً،منًالسرطانًكب لطمنًالجوزاءًوًز كاوهماًً،ةًمنًالبَوجنضعًأ حدًالجزئینًاللذینًيسامتانًمك ًومنهاًأ نًب[4ً]

نًکانًبلدناًًثمً ً.ريً ًعلیًالمهًونعلمً ً،علیًوسطًالسماءًفيًاسطرلابًبلدنا لیًالمغربًا  ندیرًالعنكبوتًبقدرًماًبینًالطولینًا 

نًکانًغربیا ًمنهاشرقیا ًمنًمك ً لیهًونلبناًً،ال جزاءًمنًمقنطراتًالارتفاعًفحیثًانتهتً.ةًوبالخلافًا  رصدناًبلوغًالشمسًا 

ًبینًالطولینًوالعرضینًمنً.ًلوهوًقریبًمنًال وً ً،ًفيًذلكًالوقتًهوًسمتًالقبلةفظله ًً.مقیاساً  ًأ جزاءًما ًأ نًنعد  ومنها

فیتقاطعانًً.المشرقًوالمغربًینًیوازيًأ حدهماًلنلفًالنهارًوال خرًلخطً أ جزاءًالدائرةًالهندیةًونخرجًمنًمنتهییًال جزاءًخطً 

ن ًذوننفً،مس تقيمًونللًبینًالمركزًونقطةًالتقاطعًبخط ً.لاًمحالة لیًالمحیطًفا  ً.سمتًالقبلةًهًیكونًخط هًا 

ةًمعًكسرًنلفًالنهارًبأ قسامًمتساویةًونأ خذًمنهاًبقدرًتفاضلًماًبینًعرضًالبلدًومك ًًومنهاًأ نًنقسمًخط ًج[4]

ًعلیًطرفهً نًکانًونقيمًعمودا  نًکانًعرضًالبلدًأ قلً ً،الشماليا  نًکانًأ كثرً؛ةمنًعرضًمك ًًا  وفيًجهةًً؛وعلیًالجنوبيًا 
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نًکانًطولًمك ً نًکانًأ قلً ً؛ةًأ كثرالمشرقًا  نأ خذًمنهًبمقدارًماًًثمً ً.لال وً ًثلًماًقسمناًبهًالخط بًمونقسمهًً.وفيًجهةًالمغربًا 

نًکان ًكسرًا  ًومع ًال جزاء ًانتهییً،بینًالطولینًمنًهذه ًال خریًمنًنلفًالنهارًبخط ًونللًبینًما ًوبینًالنقطة لیه ً.ا 

وهذهًالطریقةًوماًقبلهاًتقریبیةًولاًً.الثالثًالذيًهوًوترًالقائمةًثًقائمًالزاویةًویكونًسمتًالقبلةًعلیًالخط حللًمثل ًفیهً

ًفيًالبلدًالذيًيساويًعرضهًعرضًمك ً .لعرضینلابتنائهماًعلیًتفاضلًماًبینًالطولینًواً،ةًولاًطولهًطولهایتشي 
295
ًً

  ا ب جینًجزءا ًبمنزلةًأ فقًالبلدًوهيًثمائةًوس ت ًومنهاًأ نًنأ خذًكرةًصحیحةًالاس تدارةًعلهااًعظيمةًمقسومةًبثلاد[4ً]

بقدرًعرضًالبلدًبأ نًنأ خذًبالبَکارًمنًًح  جونفللًمنهًً.سمتًرأ سًالبلدً هوً ج  ا ه.ًونقيمًعلهااًنلفًَنلفًِالنهارًوهوًد

ًلل فقًعلیًًب ز دفنرسمًعلیهًعظيمةًً.لقطبًالمعدً ًحًفًً،أ جزاءًال فقًمنًنقطةًالشمالًمثلًالعرض المغربً،ًد بقاطعا 

لا ًً،العملًفقدًصحً ً،مثلًارتفاعًالقطبً،سمتًالرأ س،ً هوًزفا نًوجدناًماًبینًً.زولنلفًالنهارًعلیًً،والمشرق ًثمً ً.ًفلاوا 

نًاختلفاًعرضا ًفقط ًمنهًفيًجمیعًالوجوهً.سمتًالقبلةًنلفًالنهارًهوًخطً ًفخط ً،البلدانًا  نًً.فتس تخرجهًوهوًالذيًلاًبد  وا 

ًبسمتًرأ سًمك ًً.ع ص  هموازیةًً هًعدبهًبوًًًحفنرسمًعلیًً،اختلفاًطولا ًفقط لًمنًعندًنلفًالنهارًونفللًمنًالمعدً ً.ةفترُّ

نًکانًطولًمك ًً.ةًفهااالتيًمك ًمقدارًماًبینًالطولینًفيًالجهةً لا ًز طةًأ كثرًمثلًفیكونًشرقيًنلفًالنهارًا  نً،ًوا  ًغربیةًا 

ًبنقطتيًً.منًطولًالبلدًکانًأ قلً  ونرسمًً.ةسمتًرأ سًمك ًًعًفًً،ح ع طوهيًً،دلوقطبهاًعلیًالمعً ًح طونرسمًعظيمةًتمر 

ًبسمتيًالرأ سًوهماً ًفوً،قوسًالسمتًوهيًمعلومةًمنًاجزاءًال فقًالمقسومًافًفًً.فوتقطعًال فقًعلیًًع  هعظيمةًتمر 

نً ً،المشرقًوالمغربًفلاًیكونًسمتًالقبلةًعلیًخط ًب صدونًًفاًقطعتًال فقًعلیًول نهاً ً.نقطةًالسمت ً،علیًماًظه

ًفلیكنًفضلًماًبینًالطولینًً.ولاًعلیًالفللًالمشتركًبینًالموازیةًوال فق ًوعرضا  نًاختلفاًطولا  ً.ز كةًعرضًمك ًوًًز لوا 
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قوسًالسمتًًاسًفًً.م س  هثمًنرسمًعظيمةًً.ةسمتًرأ سًمك ًًمًفً،ًح م لوعظيمةًًك م نموازیةًًك عدبهًبوًًًحونرسمًعلیً

ًال فق مً ً.وهيًمعلومةًمنًأ جزاء ًفا  ًصارتًقوسًالسمتًمعلومة ذا ًأ نوا  ًالهندیًا ًمنًالدائرة ًخطً ًةًونخط نفللًمقدارها

ًًنقطةًالسمتًونخط ةًفنعلمً وسمتًالرجلًمنهاًعلیًمركزًالهندینلفًالنهارًًأ وًنوضعًنلفًنهاارًالكرةًعلیًخط ً،السمت

ن ًً.وهوًظاهرً،الخط  نًکانًیوهمًأ نً وا  هًلاًیتقاصرًعنًغیرهًفيًالسهولةًیظهرًول ن ًً،فیهًصعوبةًلغرابتهًماًأ وردتًهذاًالوجهًوا 

ً.ًواهبًالعقلًوباسطًالجودًوالفضلوالحمدًللهـــــًًوهذاًأ خرًالمقالةًالثالثةً.لمنًلهًأ دنیًدربةًبأ عمالًالید
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Apparatus 

                                                           
1
ًوهوًمع[ًومع:ًرً
2
ًماًبینًنلفيًالنهارینًللمغربيًأ كثرًمنهًللمقيمًبقدرًحركته،ًوللمقيمًأ كثرًمنهًللمشرقيًبقدرًحركته[ًهابلً ً ًن 
3
ً[ًهابالس نةً
4
ًأ نًیكون[ًهارً
5
ًالدورة[ًالدور:ًبً
6
ًوللمشرقي[ً+ًفي:ًرً
7
ًکانت[ًکان:ًب،ًكً
8
ًالمغرب[ًالغرب:ًب،ًكً
9
ًالوضع[ًالموضع:ًبً
10
ًلشخص[ً+ًمقدار:ًشالً
11
ًأ و[ًو:ًبً
12
ًمضافًبعدًالتحریرً=ًقدر:ًب،ًك«ًكـ»كقدر[ًل،ًً
13
ًامتیاز[ًهالً
14
حدیًالاعتدالین:ًهابً ذاًکانتًالشمسًفيًا  ًالشمال[ً+ًأ يًفيًأ نلافًالنهارًا 
15
ًالمعمور[ًهالً
16
ًأ قدامهما[ًقدمیهما:ًبً
17
ًمنه[ًهار،ًفالً
18
ًبین[ًهار،ًتاك،ًتالً
19
ًارزنًالروم[ًأ رزنروم:ًبً=ًً  ل«:ًرومارزن»منًًمتغیر 
20
ًال خضر[ًال دخضر:ًلً
21
 «خ»خلنجة:ًهاب،ًمعًرمزً+ًطنجة[ًً
22
ًً ًًیقعًفيًبحرًمصر[ًهار،ًهالوعرضهًعندًقسطنطیتیةًفرسخًولاًیزالًیتضایقًحتی 
23
 الغزىه:ًب،ًل=ًالغزَْى ةِ:ًكً=ًالغزنه:ًرالغهزیة[ًً
24
 «خ»خمسمائة:ًهاب،ًمعًرمزً+ًمائة[ًً
25
 :ًلتبَت:ًكً=ًتىٮً[تهبهتًًْ
26
 معبد[ًمعهد:ًبً
27
 في[ًمن:ًبً
28
 :ًبا شراقا [ًأ ثراً ً
29
 كما[ًلما:ًبً
30
 :ًبکان[ًقیلً
31
لیًال رض...ً)ً  (:ًهابغیرًمقروءمنه[ً+ًفیكونًلحرارةًبكًالمواضعًسببانًكونًالشمسًفيًالمنقلبًوكونهااًأ قربًا 
32
 يجيء[ًس یجيء:ًبً
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33
ًمحاذاتها[ًمحاذاتهما:ًك،ًلً
34
ًالتاسعةًعشر[ًالتاسعةًعشرة:ًب،ًكً
35
ًثلاث[ًثلثة:ًر،ًلً
36
ًكسر[ً+ًعلیًتقدیرًعدمًاعتبارًالعمارةًالتيًفيًناحیةًالجنوب:ًهابً
37
ًموضع[ًموضعه:ًكً=ًً ًل«:ًموضعه»منًًمتغیر 
38
ًوتسامتها[ًويسامتها:ًبً
39
نمً ذاًکانتًفيًا حدیًالاعتدالین:ًهابلها[ً+ًا  ًاًیعرفًارتفاعًمنطقةًالمعدلًمنًمعرفةًارتفاعًالشمسًا 
40
ًب،ًك،ًلعرض[ًعرض:ًوًً
41
ًنلفًالنهار[ً+ًما:ًبً
42
ًمحلورة[ًمحلور:ًبً=ًً ًك«:ًمحلور»منًًمتغیر 
43
ًفمبدأ ه[ًومبدأ ه:ًلً
44
ًفمبدأ ه[ًومبدأ ه:ًلً
45
ًفمبدأ ه[ًومبدأ ه:ًلً
46
ًبقبائل[ًً ًر،ًك،ًل«:ًىقاىل»منًًمتغیر 
47
ًفمبدأ ه[ًومبدأ ه:ًلً
48
ًخرخيز[ًجرجیر:ًبً
49
ًهذان[ًهدان:ًبً
50
ًقالیقلا[ًشالً
51
ًومبدأ ه:ًلفمبدأ ه[ًً
52
حدی[ًاحد)ی:ًشا(:ًلً ًا 
53
سپیجاب[ًاسبیجاب:ًب،ًكً ًا 
54
ًافارقین[ًشالمی ًً
55
ًفمبدأ ه[ًومبدأ ه:ًلً
56
ًخمسًعشرةًوربعًوالعرضًثلاثًوأ ربعونًوربعًوثمنًووسطهًحیثًالنهار[ًهال،ًعلیًیدًقً
57
ًفمبدأ ه[ًومبدأ ه:ًلً
58
ًونلفًوربع:ًشالًوربع[ً+ًوالعرضًس بعًوأ ربعونً
59
ً،ًر،ًكً=ًاَلمَان[ًالشام:ًبً ًل«:ًاالشام»منًًمتغیر 
60
ًوثلث:ًهابًونلف[ً+ً
61
ً[ًبیاض:ًبهً
62
ً[ًبیاض:ًبدً
63
ًلً-ر،ًً-منها[ًً
64
ًالنهار[ً+ًنحترزًعنًالظلًالذيًیحللًحینئذًعلیًسطحًالجدارًمنًنحوًوتد:ًهابً
65
ً[ًبیاض:ًبدً
66
ً[ًبیاض:ًبحً
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67
ًکان[ًکانت:ًك،ًلً
68
ًکان[ًکانت:ًب،ًك،ًلً
69
ًك:ًه[ًبیاض:ًبً=ًدً
70
ً[ًبیاض:ًبیبً
71
ًهالًهاك،ًهار،ًغیرها[ًفيًتجتعانًلاًالعل تینًهاتینًل نً ًالبقاعًمنً
72
ًنّرهم[ًنّارهم:ًبً
73
ًتسامتهم[ًهاللاًً
74
ًلتكاثف[ًلتتكاثف:ًبً=ًً ًك،ًل«:ًلتتكاثف»منًًمتغیر 
75
ًأ كثر[ًكثیرة:ًرً
76
ًش تاء[ً+في:ًرً
77
ً=ًًب،ًكن:ً[ًبابأ ناً ًل«:ًبان»منًًمتغیر 
78
ًر-أ هل[ًً
79
ً:ًب،ًك،ًلىىىمتساوًًمتساويي[ً
80
ًالخفي[ًهاكً
81
ًیتوسطه[ًیتوسط:ًكً
82
ذا:ًرً ن[ًوا  ًوا 
83
ًمتساويا [ًمساويا :ًر،ًلً=ًً ًك«:ًمساوياً »منًًمتغیر 
84
ًکانت[ًکان:ًب،ًر،ًكً=ًً ًل«:ًکان»منًًمتغیر 
85
ًبقطبي[ً+ًالمعدلًوهماًقطبا:ًهابً
86
ًبعده[ًهاب،ًفاكً
87
ًب،ًك،ًلو[ًو:ًأ ًً
88
ًبعد[ًهار،ًفاك،ًهالً
89
حدً ًهما[ًاحدهما:ًراا 
90
ًبا:ًمما[ًبمً
91
ًالكواكب[ًالكوكب:ًرً
92
ًب:ًفيما[ًمم ًً
93
ًقوسًنّارًکًجزءًفيًخطًالاس تواءًمثلًقوسًنّارًنقطةًالاعتدال[ًهار،ًهالً ًأ عنيًالنهارًالمعتدلًل ن 
94
ًالمائلة[ًفاب،ًهاكً
95
ًلما[ًكما:ًرً
96
ًالظاهر[ًفالً
97
ًالرأ س[ًالرؤس:ًبً=ًً ًك«:ًالرؤس»منًًمتغیر 
98
ًللسخونة[ًً ًك«:ًالسخونة»منًًمتغیر 
99
ًبن:ًمن[ًعً
100
ًمنًالذيًعرضهًمساو[ًهالً ًللمیلًالكيًفيًالجنوبًیكونًأ حر 
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101
ًاشترطه[ًً ًر،ًلً=ًاشترط:ًك«:ًاشترط»منًًمتغیر 
102
ًلازديادها[ًلازدياده:ًب،ًر،ًكً=ًً ًلً«:ًلازديادهً»ًمنًًمتغیر 
103
[ًوماست:ًبً ًوماس 
104
ًك،ًب:ًن[ًاً ذاا ًً
105
ً+لا:ًب[ًوً
106
ًً] ً،ًكبًفيًىماس:ًمضافًبعدًالتحریرتماس 
107
رً ر:ًلىهً=ًًبًلور:ىى[ًنتلو  ر:ًر،ًكً=ًهتلوَّ ًتلو 
108
ًبً-[ًکً ًً
109
ً[ًتوالٍ:ًب،ًکً=ًتوال:ًرً=ًتواليً ًل«:ًتوالًٍ»منًًمتغیر 
110
ًك،ًبغرب:ًالغرب[ًالمً
111
ًعن[ًمن:ًر،ًك،ًلً
112
لیًأ ولًالحمل:ًهاكً  الربیعي[ً+ًوهوًمنًأ خرًالثورًا 
113
لیًأ ولًالميزان:ًتاكً  الخریفي[ً+ًوهوًمنًأ خرًالعقربًا 
114
ب[ً ب:ًرً=ًىقرب:ًب یقَره ًً=ًىقره لیًًمتغیر  ًً=كً:ً«یقَرب»ا  لیًًمتغیر  ب»ا   ل:ً«یقَره
115
ًأ شهر[ًهاب،ًهاكً
116
ًفال[ًقلتً
117
ًأ و[ًو:ًر،ًلً
118
ًً ًب[ًبعینه:ًمعین 
119
 اثتتا[ًاىنا:ًبً
120
ًً  ك«:ًعشر»ًمنًعشرة[ًعشر:ًرً=ًمتغیر 
121
ًًب:ًه[ًهذاهذً ًك«:ًههذ»ًمنً=ًمتغیر 
122
أ يًفيًبابًالثالثًفيًخواصًالمواضعًالتيًلهاًعرضًكيًوالمرادًبالمثلثًالمذكورًهوًالذيًأ حدًأ ضلاعهً)تاک(ًمیلًالجزءًًم[ً+تقدً ً

لًالنهارًوالضلعانًأ خرانًقوسانًبینًدائرةًالمیلًوبینًنقطةًالاعتدالًالربیعیةًأ حدهماًمنًفلكًالبَوجًوهوًدرجًالسواءًوال خرًمنًمعد

 مطالعًالجزء:ًهاك وهو
123
 ال فق[ًلل فق:ًبً
124
ًنلف[ًهالًً
125
ًو[ًمضافًبعدًالتحریر:ًلً
126
 متساويان[ًمتساویین:ًبً
127
ًً ًل«:ًمطالع »ًمنًمطالعا[ًمتغیر 
128
ًاثنین[ًً ًل«:ًاثنتین »منًًمتغیر 
129
ًكطلوعهما[ًً ًر،ًكً=ًكطلوعها:ًل«:ًكطلوعها»منًًمتغیر 
130
ً[ًوک:ًر،ًلً=ًفكً ً ًك«:ًوک»منًًمتغیر 
131
ًكً=ً+ًمنًمعدلًالنهار:ًهاكً=ًمنًمعدلًالنهار:ًر،ًل-ل[ًمنًالمعدً ً
132
ًالمتساویة[ًفابً
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133
 ل نًمطالعهاًههناًضلعًالزاویةًالمنفرجةًوثمةًضلعًالقائمةًوال ولًأ صغر:ًهاكًعرفت[ً+ً
134
ًمتساويي[ًمتساویتي:ًب،ًر،ًلً
135
ًتساویتي[ًالمتساويي:ًرً=ًمتساویتي:ًب،ًكً=ًالًمً ًل«ًمتساویتي»منًًمتغیر 
136
المائلًضعفًمطالعًأ حدهماًفيًالمس تقيمًوكذاًمطالعًالمتساویتيًالبعدًعنًأ حدًالانقلابینًلماًذكرناًویلزمًأ یضا ًأ نًیكونًمطالعًًفي[ً+ً

ًلالحملًمثلا ًومغاربهًفي:ًشا
137
 بيناًفكذاًمعًمغاربه:ًهاكومطالعًالبَجًمعًمطالعًنظیرهًفيًالمائلًضعفًمطالعًالبَجًفيًالمس تقيمًلماًً+ًأ فق[ً
138
ًلكمغاربًنظیرهًوبالعكسًفيًکًأ فقًولكونًمطالعًکًبرج[ًهاً
139
ل نًمطالعًالبَجًفيًال فاقًالجنوبیةًمساویةًلمطالعًنظیرهًفيًال فاقًالشمالیةًبالشرطًالمذكورًومطالعًنظیرهًفيًتلكًال فاقًًالشمالیة[ً+ً

 وب:ًهاكمساویةًلمغاربهًفيًتلكًال فاقًویلزمًمنهًالمطل
140
ًعلیًماًبين اًأ نًمجموعًمطالعًالحملًوالستبلةًفيًالبلدًمساوًٍلمجموعهماًفيًالفلك:ًهاكً+ًفیه[ً  بناء 
141
ًلً-فیها[ًً
142
ًالتي[ًهالً
143
ًفلك[ًهاك،ًهالً
144
ًمع[ًفالًً
145
ًأ علم[ً+ًواحكم:ًک،ًلً
146
 بمقدار[ًبمقدا:ًبً
147
 نقطة[ً+ًمنًال فقًمثلا :ًهابً
148
 النهار[ًمضافًبعدًالتحریر:ًكً
149
 ل[ًهاكمعدً ً
150
ًالحقیقیة[ًً  ب،ًك«:ًالحقیقة»منًًمتغیر 
151
ًالحقیقیة[ًً  ب،ًك«:ًالحقیقة»منًًمتغیر 
152
ًالحقیقیة[ًً  بً=ًالحقیقة:ًك«:ًالحقیقة»منًًمتغیر 
153
ًدورة[ًً ًر«:ًدور»منًًمتغیر 
154
ًللفلك[ًً ًر،ًل«:ًالفلک»منًًمتغیر 
155
ًمطالع[ًهالً
156
ًضعف[ًهالً
157
ًتعدیل[ًهالً
158
ًأ و[ًو:ًلً
159
ًمطالعها[ًً ًب،ًكً=ًمطالعهما:ًر،ًل«:ًمطالعهما»منًًمتغیر 
160
ًمطالعها[ًً ًب،ًكً=ًمطالعهما:ًر«:ًمطالعهما»منًًمتغیر 
161
یكونًالتفاوتًبینًال ياً ً  ً ًمًالماضیةًالوسطیًوالحقیقیة[ًهالجمیعا ًوکًیومًمنًالس نةًیفرضًمبدأ 
162
ًفي[ًمن:ًب،ًكً
163
ًالزيادتان[ًً ًل«:ًالزيادة»منًًمتغیر 
164
ًذه:ًكً=ًهذا[ًهً ًل«:ًهذه»منًًمتغیر 



256 

 

                                                                                                                                                                                           
165
ًل-واللهًأ علم[ًً
166
ًلون[ًً ًب،ًك«:ًالكیفیة »منًًمتغیر 
167
ًتهری[ًنری:ًبً
168
ًی[ًهالتسمً ً
169
ًعلی[ًفالً
170
ً=ًلظلمة:ًلًب،ًكً:ظلمة[ًالظلمةً
171
ًثم[ًمضافًبعدًالتحریر:ًلًً
172
ًالبیاض[ًهار،ًهالً
173
ًتفرُّغ[ًلً=ًىفرع:ًبً=ًتفر ع:ًرً=ًىفَْرغه:ًكً
174
ذاًقدمناًذكره:ًشالًذكره[ً+ًفنقولً ًا 
175

ًر:ًعنه[ًمنه
176
ًعریضٍ[ًعریضا :ًكً
177
ًضیائه[ًضیاؤه:ًبً
178
ًبذكرنا[ًقلنا:ًً
179
ًًب:ًبیاض[ًكطً
180
ًفالفلل[ًً ًلً«:ًالفلل»منًًمتغیر 
181
ً[ًا:ًبزً
182
ًالشمس[ًهالًً
183
ًك،ًبشرق[ًالشرق:ًالًمً
184
ًك،ًبغرب[ًالغرب:ًالمً
185
ًك،ًب:ًتی[ًدائرةدائرًً
186
ًمضافًبعدًالتحریر:ًلً«ًە»ضیاؤه[ًً
187
لیًال فقًً نماًیكونًعندًوصولًالشمسًا  البخار[+ًأ عنيًسطحهاًعلیًسطحهاًلاًمحیطهاًعلیًمحیطهاًعلیًماًظنًل نًقیامًالسطحینًا 

لیهًهوًبعدًتماسًالمحیطینًوكیفًکانًیكون:ًهاك ًالحقیقيًفيًجهةًالشرقًالمعتبًَعنهًبقربًالطلوعًووصولهاًا 
188
ًكً-و[ًً
189
ًتقاطعتا[ًتتقاطعا:ًبً=ًً ًك«:ًتقاطعا»منًًمتغیر 
190
ًبً-لِمَ[ًً
191
ًطلوعي[ًً ًل«:ًطلوع»منًًمتغیر 
192
ًهذا[ًهذه:ًبً=ًً ًر،ًلً=ًهذ:ًك«:ًهذه»منًًمتغیر 
193
ًالاس تواء[ً+ًأ یضا:ًب،ًشاكً
194
ًمضافًبعدًالتحریر:ًل«ًن»ساعتان[ًً
195
ًبً:[ًدرجادرجةً
196
ًمنً[ًنّایةً ًك«:ًتمام»متغیر 
197
ًبً:علماواللهًًوهوًالمشكورًعلیًنعمائه[ً
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198
ًر(نسخةًخطًکاتبًًًطبًالدینتغییرًالخطً)خطًقً
199
ًالیوم[ًیوم:ًر،ًكً
200
ًدور[ًً ًك«:ًدورة»منًًمتغیر 
201
ً=ًدورة:ًكًلً:ًر،هدور[ًدورً
202
ًتعتبَوا[ًىعتىر:ًكً
203
اًلقلتها:ًشاكً ًالساعات[ً+ًام 
204
ًكً-لهاًو[ًً
205
ًینقص[ً+بقصرهما:ًك،ًلً
206
ًوهما:ًبولهذا[ًً
207
ًأ حدهما[ًاحدىهما:ًكً
208
ًأ جزاء[ًمضافًبعدًالتحریر:ًلً
209
ًبً-جزءا [ًً
210
ًأ عنيًأ جزاءًکًقسم[:ًهالً
211
ًالفجرًوالشمس[ًالشمسًوالفجر:ًبً
212
لا ًفيًأ خرًبابًال ظلال[ًهالً ًكماًس یجيءًمفل 
213
ًمقدار[ًهالً
214
ًبً:فيًالتعلیل[ًللتعلیلً
215
لیًال فق[ًهالً ابًیأ خذونًالمبدأ ًمنًوصولًالشمسًا  ًوغیرًالحهس 
216
ًوقیل[ًقیل:ًر،ًهاك،ًفالً
217
ًوال ولی[ًهالً
218
لا ًً نًشاءًاللهًالعزیز[ًهالــًـــكماًس یجيءًمفل  ًا 
219
ًمبدأ [ًهالً
220
ًً،دقیقة[ًدقیقتین:ًبً=ًدقیقةًًٍ ًر«:ًدقیقتین»منًًمتغیر 
221
ًالنلف[ًنلفا :ًبً
222
ًعشرة[ًعشر:ًبً
223
ًعشر:ًبعشرة[ًً
224
ًعشرة[ًعشر:ًب،ًرً
225
ة[ً+ً ًلس نة:ًك،ًلًالتام 
226
ًله:ًك،ًلًفقال[ً+ً
227
ًر،ًبارتضاه[ًارضاه:ًً
228
ًاثنتین[ًاثنین:ًر،ًلً
229
ًث[ًثلثة:ًر،ًلثلاً
230
ًاس تقامة[ً+ًأ مر:ًكً
231
ًبالس نة[ًس نةًالشمس:ًً
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232
ًبً:نقلانً[ًولانقلانوًً
233
ًمستند[ًمستندة:ًبً
234
ًمها[ًأ يامهم:ًبً=ًأ ياً ً ًل«:ًايامهم»منًًمتغیر 
235
ًأ ذار[ًاذار:ًب،ًك،ًلً
236
ًهو[ًاو:ًبً
237
ًویقع[ًفیقع:ًكً
238
ًوأ رادوا[ًفأ رادوا:ًكً
239
ًأ زیده[ًأ زید:ًب،ًرً
240
ًالمشهور[ً+ًعنًالعرب:ًك،ًلً
241
ًالس نة[ً+ًالتاسعة:ًك،ًلً
242
ًقوله[ً+ًتعالی:ًكً
243
ًابان[ًأ بان:ًلً
244
ًجمش یذ[ًجمش ید:ًلً
245
ًتلح[ًكً=ًىلح:ًب،ًرً=ًیلح:ًلً
246
ًزمزمتهم[ًً ًل«:ًزمزمهم»منًًمتغیر 
247
سفندارمذماه[ًلا سفندارمذماه:ًك،ًلً لیًا  ًا 
248
ًالكبيسة[ًالكبس:ًكً
249
ًشهوره[ًشهورهم:ًبً
250
ًشهوره[ًالشهور:ًكً
251
ًكً-س ني[ًً
252
ًبما[ًلما:ًر،ًك،ًلً
253
ًموسی[ً+ًعلیهًالسلم:ًكً=ً+ًعلسلم:ًفالً
254
ًا لیًسبیله[ًلسبیله:ًر،ًك،ًلً
255
ًك،ًب[ًعلیه:ًماعلیهً
256
ًالكوكب[ًً ًك«:ًالكواكب»منًًمتغیر 
257
:ًب،ًكً=ًتمر:ًر،ًلً ًيمر[ًىمر 
258
ًبً:الوضعین[ًالموضعینً
259
ًأ قله[ًأ قل:ًبً=ًً ًك«:ًأ قل»منًًمتغیر 
260
ًب-التي[ًً
261
ًالكواكب[ًالكوكب:ًبً
262
ًدرجاتها[ًدرجتها:ًبً
263
ًطوله[ًطلوعه:ًبً
264
ًفي[ًمن:ًر،ًك،ًلً
265
ًثمًعرضًال فق[ًً ًك،ًل«:ً »منًًمتغیر 
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266
:ًكتقدً ً ًم[ًمر 
267
ًل-ك،ً-ر،ً-الكي[ًً
268
ًیظهر[ًیظهران:ًر،ًلً
269
ًبًً-هو[ًً
270
ًیكونًبحس به[ًبحس بهًیكون:ًب،ًرً
271
ر:ًبً=ًً ر[ًىقد  ًقد  ر»منًًمتغیر  ًر«:ًىقد 
272
ًواحدة[ًواحدا:ًبً
273
ًفضل[ًهالً
274
نًکانت:ًك،ًللمعدً ً نًکان[ًللمعدلًوا  ًلًالنهارًوا 
275
ًالمس تضيء[ًً ًك،ًل«:ًالمضی»منًًمتغیر 
276
ًلً-ك،ًً-و[ًً
277
حديها[ًاحدىهما:ًبً=ًً ًا  حدىهما»منًًمتغیر  ًر،ًك«:ًا 
278
ًل،ًبشرق:ًالشرق[ًالًمً
279

[ًىماسه:ًك،ًلً   يماس 
280

ینًهماًمسقطاًحجريًالارتفاعین،ًأ عنيًجیبهما.ًوالخط [ًهالً  ًالمذكوران.ًونّایتاًهذینًالخط 
281

 ًً ذًلتساوي[ًولتساوي:ًلً=ًمتغیر   ر،ًك«:ًولتساوي»منًًا 
282

[ًمتساوىىی:ًكً   متساويي 
283

 لا[ًفالً 
284

ًمابينهً   لًك،ًر،«:ًبينها»ًمنً[ًمتغیر 
285

ً=ًمضافًبعدًالتحریر:ًلًهاكًهار،ًمن[ًکً ً 
286

ًً[القوسینً  ًر،ًك،ًل«:ًالقوس»ًمنًمتغیر 
287

ًً[نّایتیهً  ًر،ًل«:ًنّایته»ًمنًنّاىته:ًكً=ًمتغیر 
288

اةً  ًهالً[المسم 
289

ً+ًبه:ًكً[ینحرفً 
290

ًفالً[یكونً 
291

ًهالً[عنهاًغربیةًفمك ةًمك ةًطولًمنًأ كثرًطولهاًیكونًبلدةًوکً ً 
292

ًاما:ًبً[منً 
293

ًً[مختلفتینً  ًر،ًل«:ًمختلفین»ًمنًمختلفین:ًب،ًكً=ًمتغیر 
294

هً  ًىواجه:ًلٯًفىواجه:ًكً=ًً[فتوج 
295

ًالعرضینًوالطولین:ًك،ًلً[والعرضینًالطولینً 
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BOOK III 

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 II]:  

 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 qibla 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 II 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 



263 

 

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./
* i 

[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./
†ii

 Therefore the Earth will be divided by them into fourths. One of the two 
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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/
† iii

 is called the cupola of the Earth, the cupola of Arīn, 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 
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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-Ḥabasha], 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 



266 

 

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./
† iv 

[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 [ʿUmān], 

which is called the Sea of Persia, India and China [Baḥr al-Fārs wa-al-Hind wa-al-Ṣīn]; 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/
‡ v

 where western Sudan 

[region] is, /according to what is commonly thought. Indeed, it is not correct, because this 
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Barbary is not the Barbary that is in western Ifrīqiyya region. If that [Barbary] was meant, then 

the length of [Sea of Oman] would be greater than what is agreed upon,/
‡ vi

 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-Khalīj al-Barbarī], inasmuch as it borders Barbary [region], and this 

[gulf] 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/
‡ vii

 is 35 farsakhs. The second gulf is the 

Red Gulf
* viii

 [al-Khalīj al-Aḥmar], 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 Lisān al-baḥr [the tongue of the sea/ Lingua Maris]. On its eastern side lie the regions of 

Aden [ʿAdan] 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./
‡ ix

 The third is the Persian 

Gulf [Khalīj Fārs], on whose extremity is Basra [Baṣra], and Fārs and Kirmān [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 Tīz and Mukrān, and on 

its western coast on the opposite side, the port of ʿUmān; /therefore, it is also called the Sea of 

Oman./
‡ x

 Between this gulf and the Red Gulf, which is close to 500 farsakhs, in its entirety lie 

the Arab province [wilāyat al-ʿArab], the regions of Hijaz [Ḥijāz] and Yemen. The Euphrates 

[Furāt], whose source is from the mountains of Erzerum [Arzan al-rūm], connects to the Tigris 

[Dijla] near Basra, whose source is also from the same mountains or from the mountains of 

Anatolia [al-Rūm] and Syria [al-Shām] according to what is said, then discharges into this gulf 

near Ābādān [ʿAbbādān]. The boundary of this gulf is the Sind region, where many rivers, like 

the Manṣūr River flowing from India to Sind, discharge into it. There are many islands in this 

gulf. The fourth gulf is the Green Gulf [al-Khalīj al-Akhḍar], 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 
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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./
‡ xi

 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 [Sarandīb], according to what is said, and is encompassed/
‡ xii

 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 Rūm, Syria, Egypt and Ifrīqiyya [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 Jayḥān River and /Sayḥān/
‡ xiii

 River and Yazdān 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 

[Qusṭanṭīniyya] whose length is 160 farsakhs. It is not connected to the Encompassing [Ocean], 

as mentioned by the master Abū Rayḥān in his book, who said it is possible to reach 

Constantinople by land from [the regions of] Slavs and Russians. Masʿūdī 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/
‡ xiv

 connected to 

the Encompassing [Ocean], /again, being accurate;/
‡ xv

 its length /toward the north-west/
‡ xvi

 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.  
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[5c] Also among those [connected to the Encompassing Ocean] is the Sea of al-Maghrib, 

which is known as the [Atlantic] Ocean [Uqiyānūs], 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-Sūs al-Aqsá] and regions of Tangier [Ṭanja] and Andalusia, 

then commences from there, behind the impassable mountains and uninhabited lands towards the 

east. In this sea, I 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 

[Jazāʾir al-Khālidāt] and the Islands of the Fortunates [Jazāʾir al-Suʿadāʾ]. [There is] another 

island in it, called Ghadīra, that faces Andalusia at a gulf that extends from this sea whose width 

where it extends is 2 farsakhs and one mīl. This [gulf] is between Andalusia and Tangier and was 

known as the passage of Hercules [maʿbarat Hiraqlis] in olden times and is now known as al-

Zuqāq. This gulf flows into the Mediterranean Sea, /so it is claimed, but in fact the water of the 

Mediterranean Sea discharges into this sea in al-Zuqāq, just as the water of the Gulf of 

Constantinople discharges into this sea, I mean the Mediterranean Sea; similarly, the water of the 

Sea of Trebizond [Ṭarābizanda] discharges into the Gulf of Constantinople, as is confirmed by 

the senses./
‡ xvii

 In this sea [i.e., the Ocean] in the north there are the Islands of Britannia [Jazāʾir 

Birṭāniya] 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/
‡ xviii

. The length of the Mediterranean 

Sea [starts] from this place called al-Zuqāq, 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 [Bulghār]. 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 [Nīṭus] which is called the Sea of Trebizond [Ṭarābizun], 

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 

[Baḥr Miṣr]. The width of this gulf near Constantinople is one farsakh, and it keeps becoming 

narrower until it opens into the Mediterranean Sea [Baḥr Miṣr wa-al-Shām] to the south of which 

lie the regions of the Maghrib and Ifrīqiyya 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 [Anṭākiya]. 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 

[Filasṭīn]/
‡ xix

.  

[5e] Among those [bodies of water] that are unconnected [to the Encompassing Ocean], the 

largest is the Caspian Sea [baḥr al-Khazar], nowadays called the Sea of Ābiskūn, since it is 

above the harbor [of Ābiskūn], and used to be called the Sea of Jurjān and the Sea of Bāb [al-

Abwāb (?)] 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 Ābiskūn towards Ṭabaristān, 

Daylam, Shirwān, Bāb al-Abwāb, then Khazar on the mouth of Volga River [Ātil/Itil], then the 

region of Ghuzz [Diyār al-Ghuziyya], till it returns to Ābiskūn. 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 [Armīniyya]; the Volga which comes from Bulgaria, and is larger than the 

Oxus [Jayḥūn]; another river known as Sipīdh-rūdh; 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 Gīlān, Daylamān and Ṭabaristān.  

[5f] These five are the largest seas; others are lakes, channels and basins, such as the Lake 

of Tiberias [Ṭabariyya] in the region of Syria, and the Aral Sea [Kh
w
ārazm], the circumference 

of which is 100 farsakhs. The distance between the latter and the Caspian Sea is 20 days; the 

Oxus and Jaxartes [Sayḥūn] 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 Tüpüt; also read as Tubbat)]; another branch comes from the region of 

Kyrgyz/Qirghiz [Khirkhīz]; and the others are from the Ṭukharistān region. As for the Jaxartes 

River, or the river of Farghāna, its source is from the farthest regions of the east, and the region 
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of the Turks. This lake [i.e., Kh
w
ārazm] is like the Lake of Tiberias, or larger. In Armenia there is 

a lake near Manzikert [Malāzjird].  

[5g] It is reported from Aristotle 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 [Baḥr Miṣr wa-al-Rūm wa-Ifrīqiyya wa-al-Shām]. A gulf also opens from it 

in the eastern region and penetrates into the inhabited region passing towards the west. This 

[gulf] 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 Jayhānī, 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-masālik wa-al-mamālik], 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 [bādiyat al-ʿArab], Maʿbad and Kh
w
ārazm, 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.
§ xx

 The statement of he who has claimed that “the 
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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,/
* xxi

 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-muʾaththir] 

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. 
xxi
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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./
* xxii

 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.  

[6c] Al-Kharaqī 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 Muntahá al-idrāk, 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 
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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
§ xxiii

 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./
‡ xxiv

 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 
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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
§ xxv

 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,/
* xxvi

 that are [also] parallel to the equator, /if [the equator] is 

not one of them./
* xxvii

 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./
*xxviii

. 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 mīl, 10200 mīls, and 

the [length of the] one next to the timpani-shaped [uninhabited zone] is 4080 mīls, 

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 

                                                             
xxv

 each] + division namely: margins of L, K, and R. 
xxvi

 between which there is a distance that we will mention later] margins of B and K. 
xxvii

 if it is not one of them] margins of B and K. 
xxviii

 because the farther … the smaller they get] margins of B and K. 



278 

 

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 + ½ + ¼) hours and its latitude is 12 2/3 degrees. Its middle [line] is where 

the day is 13 [hours] and the latitude is (16 + ½ + 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 [Jazīrat al-ʿArab], then across the southern edge [of the 

Arab peninsula], through the Ḥijāz region and most towns of Yemen such as al-Mīd, Madīnat al-

Ṭīb/al-Ṭayb, Muʿallā, Ḥaḍramawt, Ṣanʿā, Mārā, Zabīd, Qalhāt, Ẓafār, Shihr, and Aden. It then 

passes across the Red Gulf and the towns of Abyssinia, Sudan [Sūdān] and al-Nūba regions, 

such as Jarmá, the capital of Abyssinia, Dunqula, madīnat al-Nūba, Ghāna the gold mine of 

western Sudan region [bilād Sūdān al-Maghrib], then the Barbary region until it reaches the 

western Ocean./
† xxix

 

[8b] The initial limit of the second is where the day is 13 ¼ [hours], and the latitude is 

(20 + ¼ + 1/5) degrees, its middle [line] is where the day is 13 ½ and the latitude is (24 + ½ + 

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 Tihāma and passes 

Ṭāʾif, Mecca [Makka], Medina [Madīna] and Yathrib, then across the Red Sea [Qulzum], then 

reaches the Ṣaʿīd [region] of Egypt and passes across the Nile, then begins [its passage] through 
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the region of the Maghrib and passes through the middle parts of Ifrīqiyya, then the Barbary 

region, and [finally] reaches the Ocean.  

[8c] The initial limit of the third is where the day is (13 + ½ + ¼) [hours] and the 

latitude is 27 ½ 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; Qandahār, which is one of the largest cities of India; Mūltān in the land of 

Sind; Zābul; Bust; Sīstān; Kirmān; Fārs; Iṣfahān; Ahwāz; ʿAskar; Kūfa; Baṣra; Wāsiṭ; Baghdād; 

Anbār; and Hīt. When it goes past these towns, it passes through the towns of Jazīra and Syria, 

[such as] Diyār Rabīʿa, [Diyār] Muḍar, Damascus [Dimashq], Homs [Ḥimṣ], Ṣūriyya, Tiberias, 

Qaysāriyya, Bayt al-Maqdis, ʿAsqalān, and Madyan. It then passes across an area of Egypt 

within which are Dimyāṭ, Fusṭāṭ, and Alexandria, then passes through Ifrīqiyya within which are 

the towns of Qayrawān and Sūs, 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 ¼ [hours], and the latitude is 

(33 + ½ + 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 ½ [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; Qitāy [Khiṭā]; Khutan; the 

mountains of Kashmir [Kashmīr]; Bulūr; Badhakhshān; Kabul [Kābul]; and Ghūr. Then [it 

passes] through Ṭukhāristān; Balkh; Herat [Harāt]; Marv-i Shāhjān; Marvarūdh; Sarakhs; 

Bāvard; Nisā; Ṭūs; Nīsābūr; Isfarāyīn; Quhistān; Qūmis; Daylam; Jurjān; Ṭabaristān; Qum; 

Hamadhān; Āzarbījān; Qazvīn; Nahāvand; Dīnavar; Ḥulwān; Shahrazūr; Mosul [Mawṣil]; 

Sāmira; Niṣībīn; Raʾs al-ʿAyn; Erzerum [Qālīqalā]; Sumaysāṭ; Malaṭiyya; Aleppo [Ḥalab]; 

Qinnasrīn; Antioch; Tripoli [Ṭarābulus]; and Ṭarsūs. [It then passes] across the Mediterranean 

Sea [Baḥr al-Shām], through the islands of Cyprus [Qubrus] and Rhodes [Rūdhus], and through 

the western land across the region of the Franks [Ifranja] and Tangier, and finally reaches the 

Ocean through the [strait of] Zuqāq between Andalusia and the Maghrib region.  

[8e] The initial limit of the fifth is where the day is (14 + ½ + ¼) [hours], and the 

latitude is 39 less 1/10 degrees; its middle [line] is where the day is 15 and the latitude is 41 

¼. 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 Kāshghar, [then 

passes] through Balāsāghūn, Farghāna, Talas/Ulugh Talas [Ṭarāz], Ispījāb, Tashkent [Chāch], 

Usrūshana, Samarkand [Samarqand], Soghd [Sughd], Bukhara [Bukhārā], Kh
w
ārazam, the 

Caspian Sea [Baḥr Khazar], Armenia region, Bardaʿa; Mayyāfāriqīn, and through narrow 

mountain-passes [durūb] 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 ¼ [hours], and the latitude is (43 

+ ¼ + 1/8) degrees; its middle [line] is where the day is 15 ½ and the latitude is (45 + ¼ + 

1/10). Among its localities are: most of the Roman region, [the region of] the Khazars, Turkistān 

[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 [Baḥr Jurjān], then passes through [the region of] the Khazars, Mūqān, [the 

region of] the Slavs, Allān; Bāb al-Abwāb, 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 + ½ + ¼) [hours], and the 

latitude is 47 1/5 degrees, its middle [line] is where the day is 16 and the latitude is (48 + ½ + 

¼ + 1/8); its endpoint is where the day is 16 ¼ 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 [Baḥr Alamān wa-al-

Ṣaqāliba], 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 + ½ + 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 Jamkūt; 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 [Zāwa] 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 Dīwa islands; and north of the Zanzibar islands [Jazāʾir 

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 Uqiyānūs./
† xxx

 

[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 [Tūlī], whose inhabitants are said to be living in bathhouses due to its severe cold—

it reaches 21 where the latitude is 64 ½; 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 ¼, 2 months 

where the latitude is 70 less ¼, 3 months where the latitude is 73 ½, 4 months where the 
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it> is crossed out in K) = effaced in L. 
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latitude is 78 ½, 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/
† i

 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 ½ units, according to the gnomon being 60 units. The zodiacal poles are at 
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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 Abū ʿAlī ibn Sīnā believed it to be the equator. The most eminent of the Moderns, the 

polymath Imām Fakhr al-Dīn al-Rāzī, 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 limmī/propter quid proof [and five innī/quia proofs]. The limmī 

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 innī 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 limmī 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 innī 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 innī 

proofs do not convey any of the two [aforementioned] significations, although conventionally the 

six [limmī and innī proofs] are mentioned for the explanation of the second proposition, so be 

aware of this./
† ii

  

[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 
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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/
† iii

 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 
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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
§ iv

 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./
‡v

 

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 Imām Fakhr al-Dīn al-Rāzī 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 
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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 

Imām 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./
* i

 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.
* ii

 The remaining day-circles, /whose distance [from the equinoctial] is 

smaller than the local colatitude,/
* iii

 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,/
* iv

 the [largest] invisible one being along the closest to the invisible pole /and in the 

same direction,/
* v

 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./
* vi

 The two parts are conversely equal 

for any two day-circles equidistant from the equinoctial in two [opposite] directions. For any 
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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/
* vii

 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./
‡ viii

 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/
* ix

 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/
*
 
x
 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. 
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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/
‡ xi

 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 
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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: 

 
[Figure 1] 

[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,/
† xii

 is along the day-circle, while /it was/
† xiii

 along the 
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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: 

 
[Figure 2] 

[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 
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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,/
†xiv

 in the oblique horizons the daylight arc of the part /will be greater/
† xv

 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 
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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, /
* i

  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./
*ii

 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,/
† iii

 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,/
† iv

 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 
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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./
† v 

[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/
† vi

 /to the [noon] shadow/
† vii

 during the solstices at the 

equator, with regard to the amount [of the length]; /and [equivalent] to the [noon] shadow/
† viii

 

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./
‡ ix

 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./
* x

 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 
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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./
‡ xi 

[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/
† xii

 the latitude over the obliquity does not go /beyond/
† 

xiii
 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 
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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 /
* xiv

 [statement] as was conditioned by one of [the astrologers] 

/because it negates what is desired./
* xv

 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 

/the greatest permanently/
‡ xvi

 visible [day-circle] there, while the day-circle of the other 

solstice is /the greatest permanently/
‡ xvii

 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 
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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/
* xviii

 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/
* xix

 the pole of the prime vertical, being about to set, and the point 

subsequent to the visible solstice will be /close to/
* xx

 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/
‡ xxi

 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 [Masākin]. Night will thereafter 
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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,]/
* xxii

 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. 
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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/
* i

 the zodiacal pole is inclined away from the 

zenith /toward the direction of the invisible pole/
* ii

 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/
* iii

 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/
† iv

 the four [points] is equal to the local colatitude./
* v

 

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], 
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whatever rises in reverse order, like for example the end of Virgo,
§ vi

 its diametrically opposite 

[part], like [in this example] the end of Pisces,
§ vii

 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 + ¼), 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 + ¼ + 1/6). At the rising place of the equinox is the first of 
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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: 

 
[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: 

 
[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], 
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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 + ¼) degrees, and the pole of the 

zodiacal orb is at its highest altitude [on the meridian] on the southern side, and this is (86 + 

¼ + 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: 

 
[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: 

 
[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,/
* i

 their daylight would be 

longer than seven months /by the seven [nychthemerons]/
‡ ii

 and their night around five months, 

based on what Theodosius has verified in his On Habitations. /If you say that/
* iii

 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 

                                                             
i
 and its end be the disappearance of the light and appearance of the stars] margins of B and K. 

ii
 by the seven nychthemerons] - B; - K; margin of L. 

iii
 If you say that] above the line in B; margin of K. 
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willing—
*iv

 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 

daylight] will be seven
§ v

 months and forty
§ vi

 of our days. I 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
§ vii

 between them. /Likewise for the 

appearance of the stars that precede the setting of dusk by the same amount./
* viii

 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. 

                                                             
iv
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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],/
† i

 

/not/
† ii

 between the circles of the horizon and declination /such that/
‡ iii

 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./
† iv

 [This co-ascension] is called the co-ascension of the oblique horizons or the co-
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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 

quarters. 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 [Kuriyyātihi]. 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/
† v

 the equinoctial /and 

similarly the zodiacal equator/
†vi

 would be composed of indivisible [minimal] parts. /Based on 

this,/
† vii

 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
† viii

 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-Ashkāl al-kuriyya]. 

Now, [for equidistance from] the two solstices, this is because if one subtracts from two equal 
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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 ½ degrees. This is because 45 degrees of the zodiacal orb, beginning from the 

equinox point, rise with 42 ½ 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 ½ [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 ½ [equinoctial] degrees. The 

other one-eighth, whose termination is the other equinox, rises with 42 ½ [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
§ ix

 

other [signs] will be known, and from the co-ascension of Gemini, the co-ascensions of the 

remaining four
§ x

 [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,
§ xi

 the half at the midpart of which falls the vernal 

equinox will be less than
§ xii

 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 
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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-

descension. The co-ascension /of any zodiacal sign/
† xiii

 in the southern horizons is like the co-
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descension /of that zodiacal sign/
† xiv

 in the northern ones, /and vice versa/
† xv

 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. /It will be the same in the southern/
† xvi

 

[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 

Aries 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 
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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./
† xvii

  

[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-

dāʾir] 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-arḍ, 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/
† i

 until another
* ii

 sunrise, sunset, /or Sun’s 

passage./
† iii

 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 [wāḥida]” 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 [tāmma]” 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—let it be in the tenth
§ iv

 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
§ v

 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].
§ vi

 /This is because,/
§ vii

 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] 
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will happen/
* viii

 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.
§ ix

 [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/
* x

 is subdivided into a true [nychthemeron] and a mean [nychthemeron], /which 

is also called the mean day./
† xi

 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
§ xii

 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 
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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 

zījes; 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 Kharaqī, 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],/
† xiii

 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]/
*xiv

 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. 

                                                             
xiii

 for it has been included in the first] margins of B, K and L. 
xiv

 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 (-hā) in K. 



325 

 

[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 

condition, and vice versa./
* xv

 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/
* xvi

 from its mean motion, and its maximum is (½ + ½ 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/
* xvii

 different latitudes, the difference will 

be likewise in the beginnings /in the same amount that the difference of the latitudes 
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necessitates;/
* xviii

 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,/
* xix

 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/
* xx

 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/
* xxi

 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 
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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/
† xxii

 

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 
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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./
*xxiii

 This is an illustration of the segments, the apogee being in the end of Gemini: 

 

[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. 
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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,/
* i

 since the state of /the beginning of/
* ii

 the rising of dawn is like /the end of/
* iii

 the 

setting of dusk. They are different in color, due to the difference of /the quality of the air/
* iv

 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
§ v

 body is, /the brighter it is, and also/
* vi

 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./
†vii

 The altitude of [the vapor sphere] 

reaches a limit, which is 51 mīls and a fraction from the surface of the Earth, and does not exceed 

it, as will be explained in [book IV 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, 
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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./
‡ viii

  

[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]/
* ix

 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/
* x

 the eye only perceives what is 

above [the horizon]—rather [that light] is the sunlight falling on /the rough and thick part of/
* xi

 

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.
§ xii

 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 
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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,/
* xiii

 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]/
* xiv

 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, 
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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-arḍ]. 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 

eastern [angle], the perpendicular does not fall on the intersection point/
* xv

 nor beneath the 

horizon on the above-mentioned side /either;/
* xvi

 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.
§ xvii 

  

[2a] Then when the Sun comes quite near, the light will spread; the horizon will then 

become lighted,
§ xviii

 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,/
* xix

 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: 
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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,/
*xx

 their /common/
*xxi

 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./
* xxii

 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, 
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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;/
* xxiii

 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, CEI, and [2] [the spherical segment] between the two [sections] in the direction 

of the Sun, /which is the segment DPECQB./
* xxiv

 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 

[the vapor circle] and the rest of it beneath it, because its center, /which is R,/
* xxv

 is below the 
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center of the vapor circle, /which is M./
* xxvi

 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/
‡xxvii

 

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 
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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./
* xxviii

 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,/
* xxix

 /the fewer/
* xxx

 [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 ½, dusk will be continuous with dawn when the 

Sun is at the summer solstice.
§ xxxi

 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 
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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
§ xxxii

 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./
* xxxiii

  

[2j] In the localities whose latitude exceeds the complement of the obliquity until where 

the latitude is 84½ 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/
* xxxiv

 appear
 

during the period of each nychthemeron, /i.e., during a revolution of the greatest orb./
* xxxv

 [The 

light]
* xxxvi

 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., 84½ 

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 
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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./
* xxxvii

 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. 

[2k] 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./
* xxxviii

 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./
* xxxix

 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./
* xl

 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. 
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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 

[muʿtadila], equatorial [istiwāʾiyya], or equinoctial [iʿtidāliyya]; and seasonal [zamāniyya; lit. 

temporal], which is also called unequal [muʿawwaja; lit. distorted] or gnomonic [qiyāsiyya]. 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 [ḥaqīqiyya], which is called natural [ṭabīʿiyya], or conventional 

[iṣṭilāḥiyya], which is called customary [waḍʿiyya]. 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 ¼ 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 ¼ 

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—like 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-qamar, 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 [qaws 

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 Muḥarram, at 30 days, the 

second 29 days, and continued this arrangement till the end of the year so that Dhū al-Ḥijja 

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, Dhū al-Ḥijja 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-ḥ a-d-w-ṭ [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 yajūḥ adūṭ. Because in the first year 

[of the intercalary cycle] the fraction [that exceeds a half day] does not reach ½, they do not 
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intercalate [that year], but in the second [year] it exceeds ½, 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 ½ for the intercalation; rather, they intercalate even when it reaches ½, 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, taʾrīkh 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-taʾrīkh for different meanings. The word al-

taʿrīkh is an Arabized [word] derived from [the Persian word] māh-rūz. Its origin is that Abū 

Mūsá Ashʿarī wrote to ʿUmar b. al-Khaṭṭāb—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 Shaʿbān but we did not know which Shaʿbān, the 

last or the coming.” Or it has been said that a check, dated Shaʿbān, was handed to ʿUmar, then 

he said “which Shaʿbān, 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, Hurmuzān, who had been the ruler of Ahwāz and was captured 

during the Fārs conquests and taken to ʿUmar and converted to Islām through him, said that 

Persians have a [time] reckoning [system] called māh-rūz and they relate it to the Chosroe who is 

victorious over them. Thus, they arabized the word māh-rūz into muʾarrakh and took its 

infinitive to be al-taʿrīkh and conjugated it in different forms. Then Hurmuzān described the 

usage of it for them. After that, ʿUmar—may God be pleased with him—said: “Set a taʿrīkh [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
nd

 of Rabīʿ al-Ākhir, or the night of 8
th

, or the 

night of 13
th

 of it. Similarly, people disagree on the year he was born, so it has been said the year 

40 of the Anūshīravān’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 Rabīʿ al-Awwal, and the beginning of the year, i.e., Muḥarram, was a Thursday, based on 

the average [synodic period] and according to the statement of the scholars of ḥadīth; 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-taʾrīkh [calendar], you should 

know that there are six well-known calendars in our time: the Byzantine, Hijra, Persian, Malikī, 

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: Tishrīn al-Awwal, 31 [days]; Tishrīn al-Ākhir, 30; Kānūn al-Awwal, 31; 

Kānūn al-Ākhir, 31; Shubāṭ, 28; Ādhār, 31; Nīsān, 30; Ayār, 31; Ḥazīrān, 30; Tamūz, 31; Āb, 

31; and Aylūl, 30. The beginning of their year is Tishrīn 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 Fīlqūs [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 [Jāhiliyya 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
th

 of Dhū al-Ḥijja, 

as it was laid down by Abraham—peace be upon him. However, since it [i.e., Dhū al-Ḥijja, 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 I 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 Muḥarram and considered it intercalary, and deferred Muḥarram to 

Ṣafar, and Ṣafar to Rabīʿ al-Awwal, and the same for the rest of the months. Thus the pilgrimage 

of the next year was in the 10
th

 of Muḥarram, which was Dhū al-Ḥijja for them, because since 

they called Ṣafar, Muḥarram and made it the beginning of the year, the next Muḥarram became 

Dhū al-Ḥijja and the end of the year. Thus the first year had two Muḥarrams: 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 Muḥarram, then it 

moved to Ṣafar 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 Jāhiliyya 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-

nasīʾ is translated to “postponement [taʾkhīr]” just as it was translated to “additional [zāʾid].”  

Because they moved around the additional [month] through all months in order, until for 

example in one years they had 2 Muḥarrams and in the other two Ṣafars and so on and so forth, 
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when they agreed on repeating one of the sacred months—which are Rajab, Dhū al-Qaʿda, Dhū 

al-Ḥijja and Muḥarram, which is why it has been said three, one after another [i.e., Dhū al-Qaʿda, 

Dhū al-Ḥijja and Muḥarram, 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 Dhū al-Ḥijja 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
th

 of Dhū al-Ḥijja. That is why he did not perform the pilgrimage 

in one [particular] year after Hijra during which Abū Bakr performed pilgrimage with people, 

because the pilgrimage season fell on the 10
th

 of Dhū al-Qaʿda. 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 Allāh is 

twelve [lunar] months in the register of Allāh [from] the day He created the heavens and the 

earth; of these, four are sacred […],”
clxviii

 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 Allāh and [thus] make lawful what Allāh has made unlawful. Made pleasing 

to them is the evil of their deeds; and Allāh does not guide the disbelieving people.”
clxix

 

[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. I have seen in some of the 

glosses of a trustworthy individual that in the Jāhiliyya 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 

                                                             
clxviii

 Quran 9: 36 

clxix
 Quran 9: 37 
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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., Farvardīn, Urdībihisht, Khurdādh, Tīr, Murdādh, Shahrīvar, 

Mihr, Abān, Ādhar, Day, Bahman, Isfandārmadh, are conventional, because they are all 30 

[days]. This calendar originated at the time of Jamshīdh. 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—like 

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: Ūrmazd; 

Bahman; Urdībihisht; Shahrīvar; Isfandārmadh; Khurdādh; Murdādh; Day-b-ādhar; Ādhar; 

Abān; Khur; Māh; Tīr; Jūsh; Day-ba-mihr; Mihr; Surūsh; Rash; Farvardīn; Bahrām; Rām; Bādh; 

Day-ba-Dīn; Dīn; Ard; Ashtādh; Asmān; Zāmyādh; Mār-isfand; and Anīrān.  The names of the 

stolen [five days] are: Ahnavadh; Ushtavadh; Isfandmadh; Vahasht; and Hashtvīsh. Every 7 

days, [the word] “Day” repeats, specified by the name of the next day, thus they say Day-ba-Dīn, 

i.e., the Day that follows by Dīn, same for Day-b-ādhar and Day-ba-mihr. They moved the 

additional month from month to month. Thus, if in a year [a month] is repeated, for example 

Farvardīn, after 120 years Urdībihisht 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 Farvardīn, they reckon its days to 

be 35 and the beginning of the year will be Urdībihisht, which they call Farvardīn, till the end of 

120 years, and they continue in the same manner till it comes to Isfandārmadh-māh. So it will be 
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35 days and the beginning of the year will be Farvardīn. 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 Shahryār son of Kasrá, known as the Just [al-ʿĀdil], 

[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 Abān-māh, to the end of which the stolen 

five [days] were [added]. When, at the time of Uthmān b. ʿAffān, 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-Shāhjān, 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 Abān-māh, keeping it in its 

state, and some moved it to the end of Isfandārmadh-māh, 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 Shahryār, became king, which is 22
nd

 of Rabīʿ 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 

zījes, or rather all of them, are based on this calendar. 

[8] Malikī calendar. It is named after the Seljuk Sulṭān Jalāl al-Dawla Malik-Shāh b. Alb 

Arsalan. The reason for this was that a group of scholars like ʿUmar al-Khayyām, al-Ḥakīm al-

Lawkarī 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-Nayrūz al-Sulṭānī, 

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-qadīm], and the months of this calendar by “Jalālī,” thus for 

example one says old Farvardīn and Jalālī Farvardīn. At that time [when the Malikī calendar 

was set], the arrival [of the Sun] at Aries was in the 18
th

 of the old Farvardīn, so they made it the 

beginning of the Jalālī Farvardīn and took these 18 [days] as intercalary [days]. That is why 
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people say that the beginning of the Jalālī calendar is the Malik-Shāhī or Jalālī intercalation. 

Some others, who are the majority of the astronomers, consider the [number of] days of each of 

the [Jalālī] 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 Isfandārmadh, 

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 ʿUmar Khayyām’s mistake in his zīj, 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 I 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
th

 

of Nīsan, 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 “ʿAbbūr,” 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 Jāhiliyya 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 Ādhar, and postpone the sixth [month] to the seventh. Thus there will be two Ādhars in 

the year: first, the intercalary Ādhar, which is the one they reckon as additional; and second, the 

original Ādhar, which is the one they reckon within the original year, then Nīsan follows them. 

The beginning of their years moves back and forth between the ends of Āb and Aylūl of the 

Byzantine year. Therefore, the beginning of their years precedes the beginning of the Byzantine 

year by about a month. The beginning of Nīsan, one of their month, moves back and forth 

between Ādhār and Nīsān 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: Tishrī; Marḥishwān; Kislīw; Ṭībat; Shifaṭ; Ādhar; Nīsan; Iyyar; 

Sīwan; Tammuz; Awb; and Īlul. 

[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,/
† i

 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./
† ii

 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 

                                                             
i
 and is with the Sun in the plane of the altitude circle] margins of K and L. 

ii
 The surface on which this shadow is cast… to the planes of the horizon and the altitude circle] margins of K and L. 
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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 [aṣābiʿ], 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 ½, called feet [aqdām], because the height of an average person is 6 

½ 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-sittīnī] 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./
† iii

 [It 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 

                                                             
iii

 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,/
§ iv

 /and/
§ v

 upon which 

the shadow’s endpoint traverses, hence it describes a straight line. 

                                                             
iv
 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
§ vi

 in 

the equinox days wherein [the endpoints]
§ vii

 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
§ viii 

in the head of the solstice that is in the direction of the visible pole—like 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. 
v
 and] and because: B and R = +because: added later within the text of K and L. 

vi
 except] but: B = has been changed to “but:” K, L and R. 

vii
 that they] + as you know: B; above the line in K; margins of L and R. 

viii
 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. 
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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 ¼, 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 ẓuhr 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 ʿaṣr time according to the Ḥijāz authorities, on 

the school of al-Shāfiʿī—may God be pleased with him. According to ʿIrāq authorities, if it 

forms or grows by the amount of twice the gnomon’s [length], it is the beginning of ʿaṣr time on 

the school of Abū Ḥanīfa—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 ẓuhr 

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 ʿaṣr 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 ʿishāʾ time is [determined] by the setting of dusk, which is 

the redness—according to al-Shāfiʿī—or whiteness—according to Abū Ḥanīfa, may God be 

pleased with both—that follows the Sun. The beginning of the ṣubḥ 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-afādhayn], 

which is also called a set square [al-gūniyā]—its illustrations follow—by 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 

will not change. 

 

 

[Figure 10] 

[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., 45º which is 1/8 of 360º] 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—like 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., 45º], 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] Kūshyār 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 qibla 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 qibla direction, 

which is the axis and bisector of the arc based on which the prayer niche [miḥrāb] 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 Kaʿba]; [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 qibla direction as a 

point on the horizon to which if the person faces, he will be facing the Kaʿba. At best, the 

meaning of facing [al-muwājaha] should be interpreted differently, in order to conform to what 

we have said. Now, the qibla 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 qibla direction and one of the [four] points. 

[3b] Now that you have learnt that, you should know that in determining the qibla 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 Kūshyār, 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 qibla 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 qibla 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 



376 

 

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 qibla 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 qibla 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 qibla 

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 qibla 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 qibla 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 GI, 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 qibla 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. I 

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 III—praise be to God, the Giver of reason, Who makes ample generosity 

and graciousness. 
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 City Library Collection MS 

No. 

Copy place Copy date 

1.  Berlin 

(siglum 

B/ب) 

Staatsbibliothek Petermann I 674 [Sivas] [15 Shaʿbān–9 

Dhū al-Ḥijja 680] 

2.  Istanbul Topkapı Sarayı  Ahmed III 3336  [680?] 

3.  Istanbul 

(siglum 

K/ك) 

Köprülü  Fazıl 

Ahmed 

Paşa 

957 [Sivas] 681 

4.  Tehran University of 

Tehran 

 7070 [Sivas] [681, missing 

beginning and 

end]  

5.  Istanbul 

(siglum 

L/ل) 

Süleymaniye  Laleli 2145 [Sivas] [681] 

6.  Leiden  Or. 203 Suburbs of 

Erzincan 

(Arzinjān) 

682 [incomplete: 

missing the 

beginning and 

other parts; torn 

pages and other 

damage] 

7.  Istanbul 

(siglum 

R/ر) 

Köprülü  Fazıl 

Ahmed 

Paşa 

956 Sivas, Madrasa 

al-Ṣāḥibiyya 

al-Shamsiyya 

683 [the colophon 

has been 

changed] 

8.  Tabriz Ḥusayn  56  19 Ramaḍān 683 
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Nakhjavānī 

9.  Istanbul Millet  Feyzullah 

Efendi 

1349  685 

10.  Patna Khuda Bakhsh 

Oriental Public 

Library 

 2452 

 

 689 [Incomplete. 

Microfilm no. 

2278 of Jaber al-

Ahmad Central 

Library, Kuwait 

University] 

11.  Patna Khuda Bakhsh 

Oriental Public 

Library 

 2453  During Shīrāzī’s 

life 

12.  Tehran University of 

Tehran 

 2118  7
th

–8
th

 century 

13.  Yazd Shaykh ʿAlī 

ʿUlūmī 

 78  7
th

–8
th

 century 

14.  Istanbul Süleymaniye  Pertev Paşa 381  735 

15.  Istanbul Topkapı Sarayı  Ahmed III 3333 Tukat 738 

16.  Bursa  Bursa Bölge 

Yazmalar 

Kütüphanesi 

Hüseyin 

Çelebi 

189  742 

17.  Tehran Malik  3409  1 Ramaḍān 744 

18.  Oxford Bodleian Marsh 133  794 

19.  Baku Azerbaijan 

National 

 225  8
th

 century 
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Academy of 

Sciences 

20.  Tehran University of 

Tehran 

 2696  834 

21.  Qum Marʿashī   Samarqand, 

Madrasa-yi 

Ulugh Beg, 

while Qāḍīzāda 

was teaching it 

844 

22.  London British Library  ADD 

7482 

 872 

23.  Tehran Sipahsālār  596  9
th

 century 

24.  Medina ʿĀrif Ḥikmat Falak 11  924 

25.  Tehran Malik  3506  10
th

 century 

26.  Istanbul Süleymaniye  Damad 

İbrahim 

851  Ownership notes: 

1058, 1071 

27.  Mashhad Ilāhiyāt  656 Shiraz, 

Madrasa-yi 

Laṭīfiyya 

1013 

28.  Tehran Asghar Mahdavī  706  1101 

29.  Tehran  Majlis Library  16008  1120 

30.  London British Library  IO ISL 

707 

 1185 

31.  Paris Bibliothèque 

nationale de 

Arabe 2518  1200 
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France 

32.  Istanbul Topkapı Sarayı  Ahmed III  3334  1365 

33.  Istanbul Süleymaniye İzmir 487   

34.  Istanbul Süleymaniye  Turhan V. 

Sultan/ 

Yeni Cami? 

221   

35.  Paris Bibliothèque 

nationale de 

France 

Arabe 2517   

36.  Aligarh   626/3   

37.  Aligarh   634/11   

38.  Bagdad Tawfīq Wahbī  2981   

39.  Tabriz Millī  3389   

40.  Cairo Dār al-kutub  56   

41.  Cairo Dār al-kutub Muṣṭafỳ 

Fāḍil hayʾa 

7/1   

42.  Cairo Dār al-kutub Ṭalʿat  45   

43.  Hyderabad Salar Jung 

Museum 

Hayʾa 26   

44.  Manchester   751   

45.  Mosul   363/71   

46.  Oxford Bodleian  924   
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47.  Utrecht   22   

48.  Istanbul Süleymaniye Carullah 1347   

49.  Tashkent   3756/4   
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al-Mughnī li-al-Nashr wa-al-Tawzīʿ, 1998. 
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wa-al-tanbīhāt,” Journal of Islamic Manuscripts 1 (2010): 3–17. 
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Leiser, Gary. “al-Aqsarāyī, Karīm al-Dīn.” In Encyclopaedia of Islam, THREE. Edited by Kate 

Fleet, Gudrun Krämer, 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 Bājja’s Commentary on the Physics. Leiden; New York; Köln: 

E.J. Brill, 1994. 

Lettinck, Paul. Aristotle’s Meteorology and Its Reception in the Arab World: With an Edition and 

Translation of Ibn Suwār’s Treatise on Meteorological Phenomena and Ibn Bājja’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. VIIIe sér. XI (1888): 155-219, 

401–490. 
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Mudarrisī, Muḥammad. Sargudhasht va ʿaqāyid-i falsafī-yi Kh
v
āja Naṣīr al-Dīn Ṭūsī: bih inḍimām-
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al-taj and its sources (Studies on Quṭb al-Dīn al-Shīrāzī, I).” Journal Asiatique 292.1-2 
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Beirut: Dār al-Kutub al-ʿArabī, 1987. 
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Shirkat-i Nisbī Ḥājj Muḥammad Ḥusayn Iqbāl va Shurakāʾ, 1959. 

Ritter, Hellmut. “Autographs in Turkish Libraries,” Oriens 6, no. 1 (1953): 63–90. 

doi:10.2307/1579235. 



398 

 

Sabra, A.I. “Science and Philosophy in Medieval Islamic Theology: The Evidence of the 

Fourteenth Century,” Zeitschrift für Geschichte der Arabisch-Islamischen Wissenschaften 

(1994): 1–42. 
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Tibbetts, Gerald R. “The Balkhī 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: Ṣadr al-Dīn al-Qunawī’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 Mžik, Hans. Das Kitāb ʿaǧāʾib al-aḳālīm as-sabʿa des Suhrāb. Leipzig: Otto Harrassowitz, 

1930. 
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