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Preface

The subject of this book is a 33-chapter Arabic treatise on the description and
use of the celestial globe dhbat al-kursi. The treatise is preserved in at least twen-
ty-three manuscripts, three of which clearly attribute the treatise to Ptolemy in
their titles. In three other manuscripts, the treatise is attributed to Akhawayn
in their title or colophon. The celestial globe dhar al-kursi is similar to that de-
scribed in the work Introduction to the Phenomena of Geminus (1%c.BC). The
Arabic term dbat al-kursi — meaning ‘the (instrument) with stand’ — corre-
sponds to the Greek term xatactnollouéry (o@aipa), while the term al-kursi,
meaning chair or stand, corresponds to the Greek term oparpofijxn).

In the introduction of the work, there is a reference to the treatise of Qust
or Qusta; this is the 65-chapter treatise on the celestial globe by Qusta ibn
Liqa (9"-10"c. AD). There is a close relationship between the two treatises;
the treatise Dhat al-kursi is based on the treatise of Qusta. Its author mentions
that he has omitted the superfluities of Qusta’s treatise and added some new
uses. After a description of the instrument, an explanation of how to position
the globe is provided, and then various astronomical problems are discussed. In
some problems the globe is used as a model for clarifying certain phenomena,
and in other problems measurements and calculations are conducted making
use of the globe.

Although the celestial globe and its use were known in Ptolemy’s time, this
treatise also includes non-Ptolemaic elements such as: the determination of the
gibla, the domification (determination of the 12 astrological houses), the divi-
sion of the horizon into 360° that corresponds to the notion of the azimuth,
and the use of the coordinates ‘mediation’ and ‘difference of declination’ for
the stars. The treatise should be considered as a pseudepigraphon and not as a
genuine work of Ptolemy.

The treatise must have been compiled between the eleventh and the first
half of the sixteenth century AD, and the author remains unknown, since there
is not enough evidence to establish Akhawayn as the author of this treatise,
although his name is mentioned in three manuscripts.

This study was conducted within the project Prolemaens Arabus et Latinus
at the Bavarian Academy of Science and Humanities, in the context of deter-
mining whether some of the Arabic treatises attributed to Ptolemy, among
them the treatise Dhat al-kursi, are genuine Ptolemaic works or pseudepigra-
pha, and providing critical editions of those treatises. Throughout my research
in libraries, the study of the manuscripts and the compilation of the book,
I had the support of the director and the research leaders of the project, who
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advised me and facilitated the acquisition of the necessary manuscript scans.
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tion to the typesetting of the Arabic texts. I wish to thank my colleagues José
Bellver, Maria José¢ Parra Pérez and Dirk Grupe who helped me in discovering
and locating manuscripts, or by discussing subjects related to my research. I ex-
press my thanks to Benjamin Hallum, Johannes Thomann, Ahmed Chaouqui
Binebine, Victor de Castro Ledn, Ali Fikri Yavuz and Leonard Chiarelli who
helped me to reach some manuscripts important for my study. I am indebted
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1. Introduction

Over the centuries that have elapsed since the pinnacle of Hellenistic science,
many of the important scientific, philosophical and literary documents of the
era have been lost entirely or reduced to fragments, whilst others have been
preserved in their original language or in translation. Sometimes, later-com-
piled works were attributed to famous authors and wise men of the past.

The works of Claudius Ptolemy could not escape this destiny. Among his
works some were lost, some were preserved both in the original Greek and in
Arabic and/or Latin translations, some survived only through translation, and
there is a significant number of treatises attributed but not related to him, the
so called pseudepigrapha.

The astronomical treatise Dhat al-kursi, which deals with the description and
use of a celestial globe with stand, is amongst the works attributed to Claudi-
us Ptolemy. In the section ‘Ptolemaios, in volume V of Geschichte des arabischen
Schrifitums (GAS),' Fuat Sezgin mentions that the treatise Dhat al-kursi is includ-
ed in the manuscript Cairo, Dar al-kutub, Tal'at Miqat 189, adding that it is not
yet clear whether this is a translation of a genuine Ptolemaic work. Sezgin presents
the possibilities that the instrument is a version of a planispheric astrolabe or an
armillary sphere (dhat al-halag). David King, in an essay review of Sezgin’s GAS,*
mentions that the manuscript Tal’at Migat 189 on the armillary sphere is lost, but
‘there are six other copies of an anonymous treatise in 33 chapters in Cairo’

My research in the library Dar al-kutub in Cairo has shown that there are sev-
en manuscripts of a 33-chapter Arabic treatise on the description and use of the
celestial globe dhat al-kursi, two of which clearly attribute the treatise to Ptolemy
in their title. In MS Miqat Tal'at 189,1, the manuscript mentioned by Sezgin,
the title “Treatise Dhat al-kursi by Ptolemy’ is written in the same hand as the
rest of the treatise. In MS K 3844,1, the title “Treatise of Qust on the use of the
globe dhat al-kursi by Prolemy’ seems to be a later addition by another hand. In
MS Miqat Tal‘at 202,2, the reading of Prolemy’s name in the title is ambiguous.’

During my research, several more manuscripts of this treatise have been
found in various libraries. MS Istanbul, Siilleymaniye Library 1037,1, which
also contains this treatise, has the same title as the first of the above-mentioned
manuscripts. MS Istanbul, Stileymaniye Library, Bagdatli Vehbi 2124,6 attributes

' Sezgin, GAS, vol. V, p. 171.
* King, ‘Notes on the Sources), p. 454.

3 See the discussion in the presentation of the manuscripts below; a photograph of the title is

presented in Figure 1 on p.23.
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2 INTRODUCTION

the treatise to Akhawayn in the title on £ 105v,* while Ptolemy’s name is men-
tioned below its title in the table of contents (f. 1r). According to the library’s
catalogue, MS Rabat, Bibliothéque Nationale du Royaume du Maroc, D 162,4
attributes this treatise to Ptolemy in its title; however this title does not exist in
the manuscript.’ Ptolemy’s name appears in the title of manuscript Damascus,
Assad Library, 14621,8, according to the electronic catalogue of the library.

The present study starts with a survey of references to Ptolemaic works
in Greek and Arabic sources (Section 1.1). It aims to collect the titles of the
various works attributed to Ptolemy, and classify them, taking into consider-
ation whether they are preserved in the original Greek text or a translation,
are likely to now be lost, are authentic works or pseudepigrapha, or comprise
unknown or unidentified works. A discussion of the treatise Dhait al-kursi
(Section 1.2) and the corresponding instrument follows (Section 1.3); then
the manuscripts used for this study are presented (Section 1.4) and the in-
troduction ends with the results of a historical research on Akhawayn and
his works (Section 1.5). Then, I supply a critical edition of the treatise Dhar
al-kursi, based on eight of the twenty-three studied manuscripts, accompa-
nied with an English translation (Chapter 2). A commentary on the intro-
duction and each chapter of the treatise follows, with a parallel comparison
to the treatise on the celestial globe by Qusta ibn Luqa, which appears to
be the source treatise (Chapter 3). A final discussion is presented in Chap-
ter 4. Since Qusta’s treatise is widely discussed in Chapter 3, three appendi-
ces related to this treatise are included. In Appendix 1, the titles of the 65
chapters in English translation are presented. In Appendix 2, there is a corre-
spondence between the chapters of the various Arabic manuscripts of treatise
Q, the edition of its Latin translation by Lorch and Martinez Gdzquez, and
treatise P. A transcription of the Arabic text of the Treatise on the Use of the
Celestial Globe with Stand by Qusta ibn Laqa is presented in Appendix 3;
this text had not been previously published.

1.1 Prolemy’s authentic works and pseudepigrapha: Research on source materials

An essential step in studying the authenticity of works attributed to Ptolemy is
the identification of pertinent references in the works of scientists, historians,
encyclopaedists and bio-bibliographers. I have conducted this research across
both Greek and Arabic source material, and this yielded the following inter-
esting results.

* Also mentioned in King, ‘Notes on the Sources) p. 454.

> See Lévi-Provengal, Fibris al-makhtitit, 2™ ed., no. 449, pp. 141-44. For further discussion see
the description of the manuscript in Section 1.4 below.

¢ See additional information on this manuscript below, p. 32
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1.1 PTOLEMY’S AUTHENTIC WORKS AND PSEUDEPIGRAPHA 3

1. Greek sources’

1. Eutocius Ascalonius, 5%—6" century, in his commentary on Archimedes’
works, refers to two works by Ptolemy:

o Almagest (Meydn Xidvrab, p. 232, 1. 16-17 and MaOnuatixry Xdv-
tai, p. 260, 1.2-3)8

o On Weights® (I1eol gomaw, p.264, 1.7-8)"

2. Simplicius, 6 century, in his commentary on Aristotle’s De caelo," re-
fers to the following works by Ptolemy:

o On Weights (Ileol goméiw, p.710, 1. 14-15)
o On the Elements (I1eol Tow otoyelow, p. 20, 1. 10-11)
o Optics (Ontixd, p.20, 1. 11)
o On Dimension (Ilzol dactaoews, p.9, 1.21-22)
o Handy Tables (Kavdveg, p.33,1.1)
o Planetary Hypotheses ('Yroféoes, p. 456, 1.23)
o Almagest (Xhvtalis, p. 474, 1.26-27, p. 539, 1. 18)
o Geography (I"ewryoagia, p.549, 1. 10)
3. There are also early commentaries on Ptolemy’s works:

e Pappus and Theon (3*-4" century) wrote commentaries on the
Abmagest.?

e Theon wrote two commentaries on the Handy Tables (Y néuvnua
elg Tods mooyelpovs I toleualov xavdvag).”®

7 A comprehensive study of Ptolemy’s works and detailed discussion of their authenticity appears
in Alexander Jones, “The Ancient Prolemy’

8 Eutocius, Commentarius in dimensionem circuli, in Heiberg and Stamatis, Archimedis opera omnia
cum commentariis Eutocii, pp. 228—-60.

? The meaning of the word gost7) can be ‘weight), ‘downward momentum), ‘turn of the scale” accord-
ing to Liddell and Scott, 4 Greck-English Lexicon.

1 Eutocius, Commentarius in libros de planorum aequilibriis, in Heiberg and Stamatis, Archimedis
opera omnia cum commentariis Eutocii, pp. 264-318.

W Simplicius, Simplicii in Aristotelis De caelo commentaria (ed. Heiberg).

2 Pappus, Commentaria in Ptolemaei syntaxin mathematicam v—-vi, and Theon, Commentaria in
Prolemaei syntaxin mathematicam i-iv, in Rome, Commentaires de Pappus et de Théon; see also Ti-
hon, ‘Le Livre V retrouvé’

3 Tihon, Le Petit Commentaire, and Mogenet and Tihon, Le Grand Commentaire.
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4 INTRODUCTION

e Porphyrius (3" century) wrote a commentary on the Harmonics
(Eic ta agpovixa Htoleuaiov dmduvnua).*

o Paulus Alexandrinus (4™ century) in Elementa Apotelesmatica® and
Hephaestion Thebanus (5% century) in Apotelesmatica*® follow Prole-
my’s Tetrabiblos with many references to their source.

4. According to the Suda Lexicon,”” 10* century, in Greek, Claudius Ptole-
my wrote:

o Mechanics (Myyavixd) — 3 books.

o On the Appearances and Indications of the Fixed Stars (I1eol ¢pdoewy
xal dmonuactov aotéowy amiaviw) — 2 books; this corresponds
to the Phaseis.

o Unfolding the Surface of a Sphere (Aniwais émgaveias opaioac);
this corresponds to the Planisphaerium.

o Handy Tables (I1odyei005 Kavdw).

o The Great Astronomy or Syntaxis (Méyag dotoovduos #rov Xidvta-
&1c); this corresponds to the Almagest.

e Other works.

II. Arabic sources'®

1. Ahmad ibn Ishaq al-Ya'qubi (d.897) in his book 7z 7ikh al-Ya 'qithi"
(or Ta’rikh ibn Widib) mentions the following works by Ptolemy, giv-
ing details of their structure:

Porphyrios, Kommentar zur Harmonielehre des Ptolemaios (ed. Diiring).
Paulus Alexandrinus, Pauli Alexandyini Elementa apotelesmatica (ed. Boer).
Hephaestion Thebanus, Apotelesmatica (ed. Pingree).
7" Suda Lexicon (ed. Adler), vol. IV, p. 254 (no. 3033).
The current study cannot be considered a complete study of the Arabic sources, since there are
probably other unstudied or unpublished works. It is also possible that secondary references to
relevant Prolemaic works exist in works of other medieval Arab scholars. Further research on this
subject should be conducted. I have also searched in the following sources, which, however, do not
contain separate entries for Ptolemy or Ptolemaic works, but only incidentally mention the Almagest
and Tetrabiblos in entries on other authors:
1. Ibn Khallikan (1211-1282), Ibn Khallikan’s Biographical Dictionary (ed. de Slane).
2. Al-Maqqari (1577-1632), Analectes sur [’ bistoire et la littérature des Arabes d’Espagne (eds
Dozy etal.).
3. Al-Mubashshir ibn Fatik (11 c. AD), Mukhtir al-hikam wa mahaisin al-kalim (ed. Badawi).
4. Abi-1-Fida’ (1273-1331), Abulfedae Annales (ed. Adler and Reiske).
5. Ibn Abi Usaybi‘a (1203-1270), ‘Uyin al-anbi’ fi tabaqat al-atibba’ (ed. Miiller). It is also
available in English translation: Ibn Abi Usaybi‘a, History of Physicians (transl. Kopf).
¥ Al-Ya'qubi, 7z 7ikh, vol. I, pp. 133-43 and Klamroth, ‘Uber die Ausziige) pp. 17-27.
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1.1 PTOLEMY’S AUTHENTIC WORKS AND PSEUDEPIGRAPHA 5

o Almagest (_Jood) oLS): al-Ya'qibi presents the titles of the chap-

ters of books I-IV, mentioning that there are nine more books.

o Book on the Instrument Having Rings (i.c. the armillary sphere)
(@l @3 3 oLS): he presents a summary of the description of
this armillary sphere which contains 9 rings; then he mentions the
titles of the 39 chapters on solving various astronomical problems
using this armillary sphere.

o Book on the Instrument Having Plates, which is the Astrolabe
(VoY oy cmslawall w13 8 oLsS): he presents a summary of
the introduction, where the instrument is described, and the titles
of 20 chapters on solving various astronomical problems with the
astrolabe.

o Handy Tables (\g\lwy sl N JUSSIF < LS):2 he gives the titles
of the chapters. )

Klamroth, who translated the text of al-Ya'qubi into German, claims
that al-Ya’qabi had substituted the name of Ptolemy for that of Theon.
Among Klamroth’s arguments is the fact that the same four treatises are
mentioned in the Fibrist and by Bar-Hebraeus as works by Theon and
that a treatise on the armillary sphere is completely unknown from Greek
sources.”’ However, Pappus implies that Ptolemy had described the mete-
oroscopeion, that is an armillary sphere with 9 rings, in a distinct work.”
The instrument itself is mentioned as organon meteoroscopikon (Spyavov
LETEMROGKOTILXGY) Of meteoroscopion (petempooxndmiov) by Ptolemy in
Chapter 1.3 of his Geography.”® The same instrument is mentioned also
by Theon and Pappus® in their commentaries on Ptolemy’s Almagest.
Proclus explains that the astrolabe described in Almagest V.1 consists of
7 rings, while the meteoroscopeion (perempocromeiov) comprises 9 rings.”

An Arabic treatise on the armillary sphere, ascribed to Theon,
describes an armillary sphere with 9 rings and presents instructions
for solving various astronomical and geographical problems with this
instrument. My study on this treatise shows that the titles of the

2 lit. ‘Book of Tables on the Science of the Stars and Their Calculation’

2L See Klamroth, ‘Uber die Ausziige’, pp. 18-20.

2 See Jones, ‘The Ancient Ptolemy), p. 24. Pappus’ implication appears in Rome, Commentaires de
Pappus et de Théon, vol. 1, p. 4.

% Prolemy, Claudii Ptolemaei Geographia (ed. Miiller), vol. .1, Chapter 1.3, Sections 3-4.

* Rome, Commentaires de Pappus et de Théon; Pappus refers to the meteoroscopeion in vol. 1, pp. 4,
6,12, and Theon in vol. II, p. 419.

»  Proclus, Procli Diadochi Hypotyposis (ed. Manitius). Proclus’ commentary on the construction
and use of the astrolabe (1720l GoT002df00 ROTATKEVTG 20l YoVjoews) is in Chapter 6, pp. 198-211.
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6 INTRODUCTION

chapters are the same as those described by al-Ya'qubi. In particular,
two passages from chapters 25 and 26 that al-Ya'qubi quotes are almost
identical with the corresponding chapters of the treatise ascribed to
Theon.?

However, six palimpsest leaves from the manuscript Milan, Veneranda
Biblioteca Ambrosiana, L 99 Sup., contain a Greek text recently
identified as belonging to Ptolemy’s Treatise on the Meteoroscopion.”
The treatise is partially preserved. The description of the instrument
is similar to that in the Arabic treatise ascribed to Theon, but some
of the topics that appear in the recovered Greek text are not included
in either al-Ya'qabrs list or the Arabic treatise. Thus, it seems that
indeed al-Ya'qabi had preserved the titles of Theon’s treatise, although
he considers them to be Ptolemy’s. The work of decipherment and
interpretation on these palimpsest leaves is ongoing, and promising to
reveal a great part of Prolemy’s Treatise on the Meteoroscopion, which
had been considered as lost.

2. Abi al-Hasan ‘Ali ibn al-Husayn al-Mas‘adi (born before 893, died 956
in Egypt).”® In the last years of his life, he wrote Kitab al-Tanbih wa-I-
ishraf (The Book of Notification and Verification),” which was based in
part on his earlier historical-geographical works. In this book, he men-
tions the following works by Ptolemy:

26

The treatise is preserved in two manuscripts: Istanbul, Topkap: Saray, Ahmet III 3505,6, ff.
117r-133r, and Bombay, Cama Oriental Institute, Mulla Firuz 86, ff. 58r—72r. The titles preserved
by al-Ya'qabi are closer to those of the latter manuscript; in some cases in the former manuscript, two
successive and related chapters are incorporated under the same title.

¥ Gysembergh et al,, Prolemy’s treatise on the meteoroscope recovered. The authors provide a
preliminary discussion on the ongoing research and argue that Ptolemy is the author of the palimp-
sested text that has been recovered using multispectral imaging. The exact title of Ptolemy’s treatise is
unknown.

% See Pellat, ‘al-Mas'adr.

¥ Al-Mas‘udi, Kitab al-Tanbih wal-ishraf (ed. de Goeje) and al-Mas‘udi, A-Tanbih wa al-ishraf (ed.
al-$a); a translation into French is presented in Magoudi, Le livre de [ avertissement et de la revision
(transl. Carra de Vaux).
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1.1 PTOLEMY’S AUTHENTIC WORKS AND PSEUDEPIGRAPHA 7

Title Identification / Translation Pages (A) Pages (B)
M‘ oS Almagest 12/129 11/112+
Y Ve s Tetrabiblos 17 /129 15-16 /112
L) a- Geography 129 112
osld) Handy Tables 129 112
IV ety Book of Music 129 112
9‘;&\ ity Phaseis 17 /129 16/112
gl oS Planetary Hypotheses® 12 11
Sl g ools Book on the introduction to the
Mz <) PR spherical art/ mm.z.uﬁwture/ 69-70 61
sphaeropoiia

Table 1: Ptolemy’s works as mentioned by al-Mas'adi. (A) refers to the edition by de
Goceje in 1893, (B) to the edition by al-Saai in 1938.

The Book on the Introduction to the Spherical Art / Manufacture by Pto-
lemy is also mentioned by al-Birtni (c. 973-1048) in The Chronology
of Ancient Nations>* The Arabic term i SJ) Lsl.zll, translated above

0 The identification of the treatise ix¢)) 3 S (Book on the Structure (of the Universe)) is based
on the title plL2sVl Aol Lol 5 psalley LS (Book by Prolemy on the Structure of the
Universe) called ‘The Exposition’), as presented in the edition of the Arabic text of the Planetary
Hypotheses in Morelon, ‘La version arabe du Livre des Hypotheses), p. 15. The passage on Mercury
and Venus quoted by al-Mas'adi seems to correspond to the text of the Planetary Hypotheses on
pp- 6465 of the edition by Morelon.
3! The fragment of the Book on the Introduction to the Spherical Art given by al-Mas'adi s as follows:
Ls 093 o UU@.«J\ ) )\.LA [C L?J‘ Q\A)_.,J\ J_..» dbj—”‘ L5~3~—>‘-S‘ )LLA g,._>u ;)._.w\“ J9_>- ;)} o
umu.)a;uu L;J.zj\cﬂzaj.b) L;}..MJ’ (_QJ,.WJ\ L’-L)U.AL;!L u...vUJ j-’”dj LJ\A_M.”L;L» ;}..MIY\
Lc..:\ (A_:\ Jf:)) dUaJ.w.H e Y] c#«,&” uj.x».s\ U_S\ ] o) L?” Jladl iU U_S\ L;}"""M dj.w.‘..”
dJ’g;"W)f@‘))“‘}%u}"‘ fSJ\L;LQ\)L}\L@AWJAJJQJ\ s e Cisy
. ' ﬁ.AY\u.A_\L.Au_AJJ.fo)J\J.Ldﬁ MHJLAJ},@.&JAML&
The translation into French by Carra de Vaux, in Magoudi, Le livre de l'avertissement et de la révision,
pp- 102-03, is the following:
‘... derriére I’Equatcur, sous le cercle du Capricorne, habitent des négres semblables & ceux que I'on
voit sous le cercle du Cancer, en deca de I’Equateur du c6té du Nord, et que la mer Océan vient du
point ot le soleil se leve en hiver, cest-a-dire ou se leve le Capricorne, puis quelle s'infléchit vers le
Nord pour arriver ensuite au point ot le soleil se couche en été, Cest-a-dire o se couche le Cancer.
(I ajoute qu’) il a tiré ces renseignements des livres dans lesquels furent consignées les informations
sur les peuples au Sud de I'Egypte, livres composés par les soins des rois ' Egypte avec le concours des
explorateurs qu’ils envoyerent dans ces contrées pour connaitre les nations qui y habitaient’
32 See al-Birtni, The Chronology of Ancient Nations (ed. Sachau), p. 322 (Sachau translates the word
Lsls as art’), and the Arabic text in al-Biraini, Chronologic orientalischer Vilker von Albérini (ed.
Sachau), pp. 325-26. In this passage al-Biriini writes: ‘Ptolemy says, in his Introduction to the Spher-
ical Art, that the ancient Greeks fixed their beginnings (of the seasons) on the moments when the
sun enters the equinoctial and solstitial points, whilst the Chaldeans are said to have commenced the
seasons 8 degrees after the equinoxes and solstices.
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INTRODUCTION

as spherical art / manufacture, could be a translation of the Greek term
opotporotio. This term is used by Geminus and can indicate a branch
of applied mechanics for constructing models of the heavens, such as
celestial globes, armillary spheres and orreries, or describes the spher-
ical arrangement of the cosmos, probably including deferents and ep-
icycles.”® Proclus also uses this term to describe ‘the construction of
models representing the celestial motion, worked out also by Archime-
des’ ( coorpomotion xoto pipgmnoy TGV 0Dpaviey TEpLopdy, ofay %ol
Apyrundng empoypatedcato).’ The fragment preserved by al-Birani,
although containing geographic elements, does not belong to any of
the eight books of Ptolemy’s Geography. Perhaps it is related to his lost

work on Mechanics.

Muhammad bin Ishaq al-Nadim (10 century) wrote the Fibrist (The
Index) of the books of all kinds of Arabic literature in 377/987. In this

book, the following works are attributed to Ptolemy:*

Almagest M\ oS
Tetrabiblos & )g“ oS
Book of the Nativities Wl oS
Book of War and Bartle Judlly ol oS
Book for Extracting the Arrows /Lots el gl oS
Book of the Revolution of the World Years Bl e o LS
Book of the Revolution of the Years of Nativities Wlgedl e s S
Book of Illness and Drinking Medicine ol e el oS
Book on the Course of the Seven EPYUN| IS & oS
Book on the Captives and Prisoners ORREON | PR | R S P g

Book on Capturing Good Luck and its Synthesis?

Loty spdl ) 3 S

and Description of the Earth

Book of the Opponents, which one will succeed o leg) ool S
Book on the Comets (lit. those with Comae) el wlgs oS
Book known as the ‘Seventh’ el G oS
Book of the Lots, tabulated Jsdoes s @l S
Book of Planetary Hypotheses SIS Jlel plassl s
Centiloquinm 8l LS
Book on Geography of the Oecumene u'p)‘\“ Bisy jyenal S Llar ol

Table 2: Prolemy’s works as mentioned in the Fibrist.

3% Evans and Berggren, Geminos’s Introduction to the Phenomena, pp. 47, 53, 198, 293.
3 Proclus, Procli Diadochi In primum Euclidis Elementorum (ed. Friedlein), p. 41.
% Al-Nadim, Kitab al-Fibrist (eds Fliigel et al.), vol. I, Arabic pp. 267-68. The year of the Fibrist is

given by Fligel in the preface of vol. I, p. x1.
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1.1 PTOLEMY’S AUTHENTIC WORKS AND PSEUDEPIGRAPHA 9

4. $a'id al-Andalusi (1029-1070) in his work Exposition of the Generations
of Nations (o) olidas inadl) * written in 1068 mentions the follow-
ing works by Ptolemy:

o Almagest ( Jowoead) LIS

o Geography (Wl LLS)

o Optics (bl oLS)

o Tetrabiblos (pysd) f&"j & @‘Y\ PNty
o Book of Music ( i sedl S

o Phaseis (;\jJ;Y\ s

o Handy Tables (551 oS

Ot

‘Ali ibn Yasuf al-Qifti (1172-1248) in his work 7z rikh al-hukamai’
(The History of Learned Men),”® mentions Ptolemy and his works, but
he copies earlier authors, such as al-Nadim, al-Masadi or $a'id al-Anda-
lusi. In the list of Prolemy’s works, he repeats the list presented in the
Fibrist, in the same order, omitting four of the works mentioned by
al-Nadim® and changing some words in the titles of four other works
(see Table 4 and the corresponding notes).

6. Katip Celebi or Hajji Khalifa (1609-1657) was an Ottoman scholar;
among his works is the bibliographic encyclopedia Kashf al-zuniin
‘an asami al-kutub wa-al-funiin (The Removal of Doubt from the
Names of Books and the Arts), in which he lists thousands of books
arranged in alphabetical order.*® He mentions the following works

by Ptolemy:
Title Identification / Translation Vol. Page (A) Vol. Column (B)
5N s S Planisphaerium 11.288 / V.61-62 1.403 /11.1404
Ls ) s Interpretation of Dreams I1.311 1.417
CU IR
¢ & g
ol Fructus | Centiloguium 11.496 1.524
L) 2 Geography 11.602 1.590-91
g.ﬂﬂ\ ols dl, Treatise Dhait al-kursi II1.399 1.865

3¢ Sa'id 'Andalous, Kitab Tabaqar al-Umam (ed. Cheikho): the list of Ptolemy’s works is on p. 29,
while the passage on Claudius Prolemy is on pp. 29-31. A French translation with notes is also avail-
able: Blachere, $4 id al Andalusi (the passage on Ptolemy is on pp. 72-73, while Prolemy’s works are
listed on p. 72).

¥ For the identification see: Morelon, ‘Fragment arabe du premier livre du Phaseis’

3 Al-Qifti, 7z rip al-hukamai’ (eds Miiller and Lippert); the section on Prolemy is on pp. 95-98.
¥ The works omitted by al-Qifti are: Centiloquinm, Book on the Comets, Book Known as the ‘Sev-
enth’ ( el G oS, Book of the Revolution of the Years of Nativities.

0 Katip Celebi, Kashf al-zuniin (ed. Fliigel); Katip Celebi, Kegf-el-zunun (eds Yaltkaya and Bilge).
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10 INTRODUCTION

Title Identification / Translation Vol. Page (A) Vol. Column (B)
e Almagest V.385-89 11.1594-96
¥ oV s Tetrabiblos VIL.49 111781

Table 3: Ptolemy’s works as mentioned by Hajji Khalifa. (A) refers to the edition by
Fliigel in 1835, (B) to the edition by Yaltkaya and Bilge in 1941-1943.

Under the letter Dhal (3) of the aggregate lemma risila (treatise), Hajji
Khalifa mentions Risila Dhat al-kursi, giving three authors who wrote on
this instrument:*!

o ‘Treatise Dhat al-kursi by Prolemy. It consists of an introduction and a
number of chapters. Later scholars transformed it into Arabic. During
its transformation into Arabic it was abbreviated by some of them. It
was improved and revised by others (resulting in) an introduction and
38 chapters. Its beginning is: “Praise be to God, who created the high

heavens” etc.
e ‘And by Qusta ibn Laqa and it has 65 chapters’

e ‘And by ‘Abd al-Rahman ibn ‘Umar al-$ufi a great treatise in 3 books
containing 157 chapters; its beginning is: “Praise be to God, who raised
the heavens by His power” etc.

The above information is summarized in Table 4.

7] <
-2 2] [ 'l_a 'r:
S 2] = —_ A = | =
=288 =|Bl5| 252 gl 2
Title English title F 9| S| =& 3 el Sl 2|2 O~
SE R ES| S 2ESE T e
g M| == » < E'
5]
Mabnuatien
1 Xhvradis Albmagest ol ]+ |+
b)) S
Fcawylg ] Book on Geography
Y oL
) rynoe of the Oecumene + I O P O
o) B Wl US| and Description of
u”}y‘ 2, the Earth

4 Katip Celebi, Kegfel-zunun (eds Yaltkaya and Bilge), vol. I, col. 865 and Katip Celebi, Kashf’
al-zuniin (ed. Fligel), vol. IIL, p. 399 (with a phrase repeated in an incorrect position). The original
Arabic text of the lemma, as edited by Yaltkaya and Bilge, is as follows:
0,3y MW Ll,me o9 Q))}L,Q.H s u};‘ ey dadis e - e — gf"’Jg’H ol3 AJL.U
2 el Syl o (o0 S 2 L0 38 5 et Loy L
665 _ay ) ) ety
all sl Lg_lj‘ LU ey Ay Bla e dlazie Ve M 69(5;4.“—«') @}A\ﬂp o oAl sl
D sl L s )
2 Al-Qifti, Tz rib al-hukama’ (eds Miiller and Lippert), p. 98: o Bysenadl fOr ey jsamall.
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—_
—_

.8 2] Tt ,‘a Va ‘.‘g
=5 B 5|5 B3| 5|78 |
Title English title g 5 S| = 'S e 3| 5 '9:-8 o g
mEB ENOI N ZIE|:E el
g B3 == < 1)
Q eny
Amorelecuatind -
3 Tetodpiplos Tetrabiblos + ++ ]+ |+ |+
43(2’)&‘ YEJ oS
Arlwois émpavelog Unfolding the
4 opaloags Surface of a Sphere + +
80 pbaws ST | (Planisphaerium)
11 egl poeww On the Appearances
5 %ol ETUCTUATLODY and Indications n n n
aotéoqy amhavaw | of the Fixed Stars
sVl oS (Phaseis)
I ooyetoon xavdvaw
odraic xal
6 wngogoia Handy Tables + + |+ + |+ +
ol
Yroléoeg taw
AoV UEVQY Book of Planetary
7 s olasl oS Hypotheses + T +
AN
Movousd
8 : jfjlzlg Musica + +
9 Appovid Harmonics +
)0 r ¢ 7/
10 Juj‘n:% Optics + +
11| Ileol daotdoews On Dimension +
12 11l pomiw On Weights + | +
13 | Ileol taw otouyelow | On the Elements +
14 Muyavixd, Mechanics +
Book on the In-
15| & s "‘“{‘ &S duction to the +
P it Spherical Art
16 8l OlS Centiloquinm + +
[ els Dl Treatise
17 wﬂ ’ Dhait al-kursi +
18 Al s Book of Nativities + +
19| Judly ol ols Book of War and N N
Battle
Book for Extracting
20 ple! gl S e Arrows / Lots + +

© Al-Qifti, 7a 7ib al-hukama’ (eds Miiller and Lippert), p. 98: \sS’; al-Nadim, Kitab al-Fibrist
(eds Fliigel ez al.), p. 268: La, ¥ LS.
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12 INTRODUCTION

$ v | i &
Title English title ER § 22 “: ] 3 o é
HEIEIECEIZE R =B
I A I A I £
Book of 'the
21 | (W e o S | Revolution of the + +
World Years
. Book of the Revolu-
: ks
22 e fj:_ﬂy tion of the Years of +
) Nativities
iy ol O | Book of Illness and
23 g1yl Drinking Medicine + +
M o 5 s | Book on the Course
24 ) i of the Seven + +
25 Bl § s Book on the Cap- N N
JUEN tives and Prisoners
146 ) s ks Book on Capturing
26 o L@.@j\ja.j; = Good Luck and its + +
J Synthesis
i . Book of the Oppo-
| o) OLS” pp
27 bl e nents, which one + +
- will succeed
28 | el ey S| Book on the Comets +
; Book known as the
LIy & s
2| gt em e Seventh’ +
- Book of the Lots,
| oS >
30 | e Aot o tabulated + +
. Book on the Armil-
ol ol s
31| g e ¢ = lary Sphere +
- . Book on the
| el [ty
32 C’M s Astrolabe +
. . Interpretation of
L3 J)
33 5 e Dreams +

Table 4: Consolidated table of works attributed to Ptolemy, as mentioned in various
Greek and Arabic sources.

Taking into consideration the above study and the results of Alexander Jones
presented in “The Ancient Ptolemy, we can classify the multitude of the works
attributed to Ptolemy into the following five categories:

“ Al-Qifti, Ta rib al-hukama’ (eds Miiller and Lippert), p. 98 : . for .o &

 Al-Qifti, 7z rih al-hukamai’ (eds Miiller and Lippert), p. 98: )...:Y\ and al-Nadim, Kizib al-
Fibrist (eds Fligel etal.), p. 268: ¢),-.N! s for L_;J_.,;V\ -

o AL-Qifti, Ta rih al-hukama’ (eds Miiller and Lipper;), p- 98: ¢l zsl.
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1.1 PTOLEMY’S AUTHENTIC WORKS AND PSEUDEPIGRAPHA 13

1. Authentic works of Ptolemy that are preserved entirely or fragmentarily
in the original Greek language: 1. Almagest,”” 2. Geography,® 3. Tetra-
biblos,” 5. Phaseis,® 6. Handy Tables>' 7. Hypotheses,* 9. Harmonics® and
Meteoroscopion.”* In this category we should add Analemma,> Inscriptio
Canobi® and De judicandi facultate et animi principatu,”’ whose
authenticity is confirmed by Jones.

2. Authentic works of Ptolemy that are preserved entirely or fragmentarily
in Arabic translation: 1. Almagest, 2. Geography, 3. Tetrabiblos, 4. Plani-
sphaerium,® 5. Phaseis (fragment),” 7. Hypotheses.® The work 10. Op-
tics is preserved, although mutilated, in Latin translation.®!

3. Authentic works of Ptolemy that are apparently lost: 11. On Dimen-

sion, 12. On Weights, 13. On the Elements, 14. Mechanics, 15. Book on
the Introduction to the Spherical Art.*

¥ Prolemy, Syntaxis mathematica (ed. Heiberg).

#® Prolemy, Claudii Ptolemaci Geographia (ed. Miiller) and Prolemy, Claudii Ptolemaci Geographia
(ed. Nobbe); also Prolemy, Klaudios Ptolemaios. Handbuch der Geographie (eds Stiickelberger and
Grasshoff), with German translation.

¥ Prolemy, Aporelesmatica (eds Boll and Boer); Prolemy, Anotedeouatixnd (ed. Hiibner).

>0 Phaseis, in Prolemy, Opera astronomica minora (ed. Heiberg), pp. 3-67.

U I poyelpwn xavdvar ddtaic xal yngogogia in Prolemy, Opera astronomica minora (ed. Hei-
berg), pp. 159-85; Tihon, [1toleuaiov I1o6ycigot xavdveg; Mercier, I1toleuaiov I1pdyeiool
xavoves. English translation: Stahlman, The Astronomical Tables.

52 Only the first part of Book 1 (Part 1A) survives in Greek: Hypotheses, in Prolemy, Opera astro-
nomica minora (ed. Heiberg), pp. 70-106. An English translation of part 1A with commentary on
Book 1 appears in Hamm, Ptolemy’s Planetary Theory.

%3 Harmonica: Diiting, Die Harmonielehre des Klaudios Ptolemaios; an English translation and
commentary are presented in Solomon, Prolemy Harmonics.

> Gysembergh et al., ‘Prolemy’s treatise on the meteoroscope recovered’; preliminary discussion on
a recovered palimpsested text. This work is on the same subject as entry 31 of Table 4, the Book on
the Armillary Sphere, but according to the existing up to now evidence the two works present many
differences; see the discussion on pp. 5-6.

> De analemmate in Ptolemy, Opera astronomica minora (ed. Heiberg), pp. 194-216; also Ed-
wards, Prolemy’s Ileol qvalijpuatos.

56 Inscriptio Canobi, in Prolemy, Opera astronomica minora (ed. Heiberg), pp. 149-55.

57 De judicand; facultate et animi principatu (I1eol xournoiov xal 1jyeuovixod), in Prolemy, I7¢p!l
xortnpiov (ed. Lammert).

5% Anagnostakis, The Arabic Version; also Sidoli and Berggren, “The Arabic Version’

> Morelon, ‘Fragment arabe du premier livre du Phaseis.

% The whole text of Hypotheses (Books 1A-1B and 2) is preserved in Arabic translation. It has been
published as facsimile with an English translation of Book 1B in Goldstein, “The Arabic Version of
Prolemy’s Planetary Hypotheses. The Arabic text of Book 1(A-B) has been edited and translated
into French in Morelon, ‘La version arabe du Livre des Hypotheses. A full edition of the Arabic
text with English translation by Paul Hullmeine will soon appear in the series Prolemaens Arabus et
Latinus — Texts.

' Lejeune, LOptigue de Claude Prolémée; also Smith, Prolemy’s Theory.

6 According to Jones, ‘The Ancient Prolemy’, pp. 23-25, 28, the following works should also be
considered as authentic but lost works of Ptolemy: i. On Paradoxical Phases of Venus, ii. a treatise on
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14 INTRODUCTION

4.  Pseudepigrapha preserved in either Greek or Arabic: 8. Musica,”
16. Centiloquium (in both Greek and Arabic);* the treatise 17. Dhat
al-kursi can be classified in this category, according to the study pre-
sented below.

5. Unknown or unidentified works described in Arabic in nos 18-30 and
32-33 of Table 4, which need further investigation in terms of whether
they actually existed, if so in what form, and regarding their connection
to Prolemy. For example, no 28, The Book on the Comets may have a
connection with chapters I1.10 and II.14 of Ptolemy’s Tetrabiblos. This
treatise could be related to the Arabic treatise with the same title, which
is preserved in MS Cairo, Dar al-kutub, Miqat M 204,6 (ff. 75v-76r).

1.2 The treatise Dhat al-kursi

We focus now on the treatise Dhat al-kursi. As we have seen above, among
the sources studied, the only reference to this treatise as a work by Ptole-
my is that in Hajji Khalifa’s Kashf al-zunin, written in the middle of the
seventeenth century. Immediately after it, the treatise with the same title
by Qusta ibn Luqa is mentioned as well. It seems that Hajji Khalifa had
read at least the preface of the treatise, because he quotes the incipit and
some other information from the preface, concerning the abbreviation, im-
provement and revision of the treatise. He gives a number of 38 chapters,
although there are only 33 chapters in all the preserved manuscripts of the
treatise.®

The preface of the treatise Dhat al-kursi, written in a form of rhymed prose
(go=), refers to the treatise of Qusta, touching upon the superfluities, omis-
sions and defects in the latter. The author declares that he is going to improve
the treatise, omit the superfluities and add some new uses. Thus, he admits
that the source treatise is that of Qusta. The name of Ptolemy is not men-
tioned at all in the whole text of both treatises.

theory of stellar visibility, and iii. a work related to Euclid’s Elements.

& [1tolepaiov Movouxd in von Jan, Musici scriptores graeci, pp. 411-23.

¢ Pseudo-Ptolemy, Kagmds (ed. Boer). The Arabic text with an Italian translation is included in
Martorello and Bezza, Abmad ibn Yusif ibn al-Daya: Commento al Centiloguio, pp. 45-235.

®  The manuscript Istanbul, Siileymaniye Library, Ayasofya 2623 is not complete and includes only
20 chapters. The oldest dated manuscript (Princeton, University Library, IMNS 243,13) was pro-
duced almost a century before the compilation of Kashf al-zuniin. It is possible that either Hajji
Khalifa was acquainted with an extended version of this treatise (the last five chapters could corre-
spond to a lost folio at the end of the treatise), or, most probably, the number 33 (-3 135 / )
was somehow misunderstood and transmitted as 38 (-5 i3/ CJ)
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1.2 THE TREATISE DHAT AL-KURSI 15

Because reference to the treatise of Qusta is made in this way, [ have com-
pared the two treatises in detail in order to establish the relationship between
them, and I present the results below, in the commentary and comparison
(Chapter 3). Henceforward, Irefer to the treatise attributed to Ptolemy as
‘treatise P’ and that of Qusta as ‘treatise Q.

The 33 chapters of the treatise Dhat al-kursi attributed to Prolemy can be
arranged in 6 groups:

1. Positioning the globe, measuring the sun’s altitude and finding orienta-
tion (Chapters 1, 9, 28);

Day- and nighttime arc and time calculation (Chapters 2-7, 32);

W

Astrology: ascendant, four centres and domification (Chapters 8, 10-11);

4. Stars, moon, planets and degrees of the ecliptic: position, rising, culmi-
nating and setting (Chapters 12-21, 33);

5. Sun and shadow (Chapters 21-27);

6. ‘Longitude’ and ‘latitude’ of the moon, planets and stars not drawn on
the globe. Lunar and solar eclipses (Chapters 29-31).%

A transcription of the preface, the introduction, the titles of the chapters and
the explicit of MS Cairo, Miqat Talat 189, has been published by Celentano,
who examined the treatise Dhat al-kursi in order to check whether it has any
relation to the Book on the Instrument Having Rings that al-Ya'qubi attributed

to Prolemy; al-Ya'qabi preserved the chapter titles of this book in his work
10 'rikh al-Ya ‘qiabi®

Qusta ibn Laqa (d.c. 912 Ap) was a prominent translator and scientist
of Greek origin. He translated many works on mathematics and astronomy
from Greek into Arabic, among them works of Diophantus, Aristarchus,
Theodosius, Autolycus and Hypsicles. He also compiled works on medicine,
mathematics and astronomy in Arabic. Among his works on astronomy is the
Treatise on the Celestial Globe, which is the above-mentioned ‘treatise Q’. It
appears with various titles and is preserved in numerous manuscripts.®® The

% The terms ‘longitude’ and ‘latitude’ do not correspond to the ecliptic longitude and latitude; for
the meaning of these terms see the commentary on chapters P12 and P29 in Chapter 3.

& Celentano, Lepistola di al-Kind sulla sfera armillare; the text is in Appendix I, pp. 54-57, and
the comments on the comparison on p. 6. For 1z 7ikh al-Ya ‘qiabi sce pp. 4—6 above.

@ See Sezgin, GAS, vol. VI, pp. 180-82. Sezgin mentions 36 manuscripts, but the manuscripts C, F,
L, R, Sand T are not included in his list. He presents the following titles for this treatise: 1. Treatise
on the Astronomical Globe (iS04 5,1 3 A\)), 2. Book on Working with the Astronomical Globe
(LS 8, S anll b US), 3. Treatise on Working with the Globe (3,0 |aall 5 UL,), 4. Book
on Working with the Star Globe (s 5,504 |aall 3 O\S), and 5. Treatise on Working with the
Globe with Stand ( s S 15 5,53 Joard) 3 L),
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16 INTRODUCTION

treatise contains 65 chapters in most manuscripts, but there are problems in
their enumeration. An English translation of the chapter titles is included in
Appendix 1, the correspondence between the chapters in the manuscripts is
presented in Appendix 2, and a transcription of the Arabic text is provided
in Appendix 3.

Qusta ibn Laqa used the knowledge included in the astronomical treatises
he had translated to compile his treatise on the celestial globe. This will be
discussed below, in the commentary and comparison between the two treatises
(Chapter 3).

The treatise of Qusta on the celestial globe was translated into Latin, He-
brew, Spanish and Italian.” There is an English translation of the introduction
and first 14 chapters, along with the titles of the rest of the 65 chapters, by
W. H. Worrell” A Latin translation (thirteenth century) of this treatise was
edited by R.Lorch and ]. Martinez Gdzquez.”! Julio Samsé presented a com-
parison between the treatise of Qusta ibn Liaqga and the Alfonsine treatise Li-
bro de la faycon dell espera.”

For the present research, eighteen manuscripts of this treatise have been ex-

amined:
A: Cairo, Dar al-kutub, Migat Halim ‘arabi 7, ff 1r-11r, ¢ 1250H/
AD 1834.7
B: Cairo, Dar al-kutub, K ‘arabi 3824,13, ff. 107r—122r, 1170 H / AD 1756—
7 .74

C: London, British Library, Stowe Orient 10,6, ff. 67r=75v, 16 ¢.”
D: London, British Library, Add. 9598,10, ff. 139r—157v; western Arabic

origin.”®

@ See Sezgin, GAS, vol. VI, p. 181.

7 Worrell, ‘Qusta ibn Luga’ The translation of the titles does not always reflect the correct meaning
of the chapter.

7t Lorch and Martinez Gdzquez, ‘Qusta ben Luca. De sphera uolubili’

72 Sams6, ‘Qusta ibn Laqa’

73 King, A Catalogue of the Cairo Scientific Manuscripts, Part I, p. 651.

7 King, A Catalogue of the Cairo Scientific Manuscripts, Part I, p. 318. The date is according to
GAS, vol. VI, p. 181.

7> Rieu, Supplement to the Catalogue, pp. 511-12, entry 753. I am thankful to Bink Hallum for
providing me with access to the three manuscripts (C, D, E) at the British Library.

76 Cureton and Rieu, Catalogus Codicum Manuscriptorum Orientalium, pp. 192-94, CCCCVIL.
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1.2 THE TREATISE DHAT AL-KURSI 17

E: London, British Library, Add. 7490,7, ff. 170v-185v, c. 1058 H / AD 1648.”

F: Philadelphia, University of Pennsylvania (Lawrence J. Schoenberg Col-
lection), LJS 412,1, ff. 1v—10v, 950 H / AD 1543. This manuscript orig-
inates from Cairo.

H: Istanbul, Stleymaniye Library, Esad Efendi 2015,1, ff. 1v=27v, 11811/
AD 1767-8.
I: Istanbul, Sileymaniye Library, Esad Efendi 2015,3, ff.33v-58r. The
chapters in this manuscript are not numbered.

K: Damascus, National Library, al-Zahiriya 4494, pp. 20-67.

L: Cairo, Central Library of Islamic Manuscripts, 3071,7 (12 unnumbered
folios, previously: Library al-Dardiri 417), 11 Shawwal 1118 H/ 16 Jan-
uary AD 1707.

M: Princeton, University Library, Garrett 3168Y,1, ff. 2v—12v, 12%¢c. H.”®

N: Istanbul, Topkapi Saray, AhmetIII 3505,5, ff.95r—116r, 661H/
AD 1263.7°

O: Istanbul, Topkapi Saray, Ahmet III, 3475,1, (ff. 1v—78v), undated.®

Paris, Bibliothéque nationale de France, arabe 7244,1, ff.1v-18v, 2
Jumada al-Thani 1188 H /10 August AD 1774, in western Arabic hand-

writing.*!

7

77 Cureton and Rieu, Catalogus Codicum Manuscriptorum Orientalium, pp. 197-98, CCCCXV.
78 Mach, Catalogue of Avabic Manuscripts, no. 4901, p. 423. The manuscript is online available at:
https://dpul.princeton.edu/islamicmss/catalog/st74cv08m (accessed on 30.1.2021).

7 The manuscript bears the almond-shaped secal of Sultan BayazitII on ff. Ir and 218y, and
the round seal of Sultan Ahmet III on f. Ir. It was included in the library inventory of Bayazit II
(1502/3-1503/4) preserved in MS Budapest, Library of the Hungarian Academy of Sciences, Ori-
ental Collection, Térdk . 59; see Necipoglu et al., Treasures of Knowledge, vol. 11, pp. 209, 405. The
table of contents on f. Ir of MS N, except for Qusta’s name, is listed on p-319 (lines 18-19) and
p- 320 (lines 1-3) of the manuscript containing the inventory, which is presented in this volume
both as facsimile and as transliteration. It is remarkable that neither the table of contents on f. 1r nor
the inventory mentions the sixth treatise in the manuscript, Book of Interpretation of the Armillary
Sphere that Theon of Alexandria mentions, which is on ff. 117r-133r.

8 The manuscript bears the almond-shaped seal of Sultan Bayazit II (r. 1481-1512) on ff. Irand 97v,
and the round seal of Sultan Ahmet III (r. 1703-1730) on f. 11, so the manuscript cannot be dated to
the 10%c. H (AD 1591-1688) as mentioned in GAS, vol. VI, p. 181. For the seals of the above-men-
tioned sultans see Necipoglu, Appendix Il in Treasures of Knowledge, vol. 1, in particular pp. 1025-50.
81 In MS R, f. 17, which contains the text of chapter 22 (without its title) followed by chapters 23~
26 and the beginning of chapter 27, is misplaced; its correct position is between f. 8 and £. 9. There
are two successive pairs of folios numbered as 6 and 7; then £. 8 follows and the numbering contin-
ues normally. The manuscript is online available through gallica.bnf.fr/ Bibliothé¢que nationale de
France: hetps://gallica.bnf.fr/ark:/12148/btv1b10031259s (accessed on 06.11.2021).
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18 INTRODUCTION

S: Paris, Bibliotheéque nationale de France, arabe 2544,11, ff. 79v—83v.®

T: Tirana, National Library of Albania, Dr 6/23E,11, ff. 151r-176v,
1082(2) H /AD 1671.%

U: Hydarabad, Salar Jung, kalam 136,2, ff. 94v-117v.%
Z: Meshhed, Holy Shrine, 5595,1, ff. 1v-8r.

1.3 The instrument dhat al-kursi

The treatise Dhat al-kursi describes an astronomical instrument and gives
instructions on how to use it for solving some astronomical and astrological
problems. The meaning of the title Dhar al-kursi is the following: kursi s
in Arabic means ‘chair, throne, stand’ and dhat <13 is the feminine form of dhi
45 and means ‘endowed with, having), so the term dhar al-kursi means ‘having a
stand. Here dhart al-kursi refers to al-kura (551), the globe; so, al-kura dbat al-
kursi means ‘the globe with stand’. The constellation of Cassiopeia is also called
in Arabic Dhat al-kursi, because Cassiopeia is sitting on a throne.

A detailed description of the instrument is presented in the introduction of
treatise P and the first chapter of treatise Q, while a discussion of its design is
included in my commentary on the introduction.

This type of celestial globe is described in the work Introduction to the Phe-
nomena of Geminus (1%c.BC),*> approximately two centuries before Ptolemy.
The Arabic term dhat al-kursi corresponds to the Greek term xatacthollouévy
(oqaipa), while the term al-kursi corresponds to the Greek term ogaipolijxn.

82 MS S contains only 25 chapters of Qusta ibn Liiqa’s treatise; their correspondence to the chapters
of the complete version is presented in Appendix 2. The manuscript is online available through galli-
ca.bnf.fr/ Bibliotheque nationale de France: https://gallica.bnf.fr/ark:/12148/btv1b100375232
(accessed on 20.9.2021).

8 Mentioned as manuscript An VIII/21E in al-Halwaji and ‘Azimi, Catalogne of Islamic Manu-
seripts, no. 354, pp. 272-73. The authors of the catalogue consider the third (ff. 25v-30r, On the
Quadrant) and the fourth (ff. 30v—42v, Oz the Astrolabe) treatises of the manuscript as one. The
folio numbering is not systematic; after f. 39, few folios bear numbers, usually at the beginning or the
end of the treatises. Two folios are not included in the numbering, one between f. 36 and f. 37, and
one between f. 125 and f. 149. The treatise is on ff. 151r—176v, according to the folio numbers ex-
isting in the manuscript. No date is mentioned at the end of Qustd’s treatise. The date of the second
treatise is 1082 H on f. 24v, while the sixth and tenth treatises, written in Turkish, mention 182 as
year of copying (1082 or 1182 H?) on ff. 112v and 148v respectively. Since the handwriting in these
three treatises is similar, I think that the year 1082 H is more probable.

8 Tam thankful to Leonard Chiarelli, University of Utah, for providing me with this manuscript.
% Aujac, Géminos. Introduction aux Phénoménes, also Evans and Berggren, Geminos's Introduction
to the Phenomena and Manitius, Gemini Elementa astronomiae; the description of the celestial globe

is in Chapter 5: “The Circles on the Sphere’
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1.3 THE INSTRUMENT DHAT AL-KURSI 19

Ptolemy describes the construction of a celestial globe with stand in Chap-
ter VIIL3 of his Almagest.*® This globe can be used eternally because the pre-
cession of the equinoxes has been taken into consideration at its conception.
Thus, only two circles are drawn on this globe: the ecliptic (divided into 360°)
and a great circle through the poles of the ecliptic; the location of the Milky
Way is also marked on the globe. There are two rotatable rings around the
globe: one of them represents the solstitial colure and is mounted through the
poles of the ecliptic; the other ring represents the meridian and is mounted to
the ring of the solstitial colure at the positions of the two poles of the equator.
Sirius is positioned on the great circle through the poles of the ecliptic, accord-
ing to its latitude; the point of intersection of the ecliptic with the semicircle
through the poles of the ecliptic and Sirius is considered as the beginning of
the graduation on the ecliptic. The system that comprises the globe with the
two attached rings is placed on a stand (o), the upper horizontal ring of
which represents the horizon. The globe can be adjusted to the desired lati-
tude by elevating the north celestial pole above the horizon according to the
latitude.

The precession globe described by Ptolemy differs significantly from the
globe dhar al-kursi described in treatises P and Q. Thus, the mention of Ptole-
my in the title “The treatise Dhat al-kursi by Prolemy’ must be understood as
referring to the treatise, rather than the instrument. This is also confirmed by
Hajji Khalifa, who clearly refers to three authors who wrote on the instrument
dhat al-kursi: Prolemy, Qusta ibn Luqa and al-Safl.

Leontius (7%c.), in his partially preserved treatise On the Construction of
the Aratean Sphere (1lepl xartaoxevtic Apatelag coalpnc),” describes the con-
struction of a globe with stand similar to that described by Geminus. Both
Geminus and Leontius put the arctic and antarctic circles on the globe.® The
presence of these circles on the globe shows that the celestial poles were not
adjustable to the latitude of the locality; Geminus™ globe corresponds to the
latitude of Rhodes (¢=36°), whilst Leontius corresponds to that of Constan-
tinople (9=41°). This is the most significant difference between these globes

86

Prolemy, Syntaxis mathematica (ed. Heiberg), part II, pp. 179-85, and Toomer, Prolemy’s Al-
magest, pp.404-07.

87 Leontius, ‘De sphaerae Arateae constructione, in Maass, Commentariorum in Aratum relz'quiﬂe,
pp- 559-67.

8 According to Geminus, ‘the arctic circle is the largest of the always-visible circles touching the
horizon at one point and situated wholly above the Earth. The stars lying within it neither rise nor
set, but are seen through the whole night turning around the pole, while ‘the antarctic circle is equal
[in size], and parallel to, the arctic circle, being tangent to the horizon at one point and situated
wholly beneath the Earth. The stars lying within it are always invisible to us’ (see Evans and Berg-
gren, Geminoss Introduction to the Phenomena, pp. 149, 151). These definitions denote that for a
given terrestrial laticude @, the arctic circle is the circle of north latitude 90°—¢, and the antarctic
circle is the circle of south latitude 90°—¢.
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20 INTRODUCTION

and the globe described in treatises P and Q, where the celestial poles are ad-
justable to the local latitude.

The above descriptions of a celestial globe with stand are preserved in the
original Greek texts.* There are also descriptions coming from Arabic sources,”
such as that in the Book on the Sphere and its Use, written by Habash al-Hasib
in the ninth century, with a description of the celestial globe and 14 chapters
on its use,”! and in the treatise On the Use of the Celestial Globe by al-Sufi,”
written between AD 983 and 986. The latter contains 157 chapters arranged
in three books; the description of the globe with stand is included in Chap-
ters 1-2 of the first book. The celestial globe described by al-Saff is similar to
that of treatises P and Q.

1.4 Presentation of the manuscripts

For the edition of the treatise Dhar al-kursi attributed to Ptolemy, seven man-
uscripts coming from the Egyptian National Library (Dar al-kutub) in Cairo
and one from the Siileymaniye Library in Istanbul have been used. The manu-
scripts are the following:

1. Cairo, Dar al-kutub, Miqat Talat ‘arabi 189,1 (MS A /).

Mentioned in Sezgin, GAS, vol. V.> The manuscript consists of 7 fo-
lios and is paginated. The title of the treatise qypakle] o SI =15 DL,
(Treatise on the {Globe) with Stand by Ptolemy) appears on p. 1, and
the text of the treatise is on pp.2-11 (27 lines per page). In the mar-
gins of pp.2, 3 and 5 there are some glosses in Arabic and Ottoman
Turkish. On pp. 12-14 there is the first part of a treatise on the astro-
labe in Turkish. There is no date written in the manuscript.

2. Cairo, Dar al-kutub, K ‘arabi 3844.

Mentioned in King’s catalogue.”* This manuscript consists of 96 foli-
os and is foliated. It contains two copies of the treatise: on ff. 1r—14r

% For a more detailed discussion on the globes described in Greek sources see Vafea, ‘From the
Celestial Globe’.

% An excellent presentation of celestial globes of Arabic origin, with or without stand, can be found
in Savage-Smith, Islamicate Celestial Globes.

I Lorch and Kunitzsch, ‘Habash al-Hasib’s Book on the Sphere’ The stand is not mentioned in
this treatise.

%2 MS Istanbul, Topkapi Saray, Ahmet III 3505,1 ff. 1-62, also Kennedy, ‘Al-Sufi on the Celestial
Globe’ In the appendix of this article, Kennedy presents the titles of the 157 chapters in English
translation and a short summary of the content of most of the chapters.

% Sezgin, GAS, vol. V, p. 171.

% King, A Catalogue of the Cairo Scientific Manuscripts, Part I, pp. 320-21.
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1.4 PRESENTATION OF THE MANUSCRIPTS 21

(MSB/<) and on ff.59v-69v (MS] /), both of them copied from

the same exemplar.”

1. MSB/c: f. 1r contains only the title of the treatise:

el e SIls 5, S ) 5 L)) D, (Treatise of Qust
on the Use of the Globe with Stand by Prolemy). The MSis dat-
ed 1149 H (aD 1736-7) on f. 14r. There are no glosses at all. The
numbers of the chapters and the abjad numbers within the text are
written in red colour; red is also used to separate the paragraphs in
the introduction. There are 17 lines per page (16 on f.12v). On
f. 15r there is a table presenting the geographical longitudes and
latitudes of 43 cities.

2. MS]/z: On £59v, above the text of the treatise, the title
L&) diw, (Treatise of Qust) appears. The MSis dated 1144 H
(aD 1731-2) on f. 69v. There are numerous interlinear and margin-
al glosses, some of them in Ottoman Turkish. Only a few import-
ant glosses are mentioned in the apparatus of the critical edition
below. The numbers of the chapters and the abjad numbers within
the text are written in red colour; red is also used to separate the
paragraphs in the introduction. There are 19 lines per page.

The titles of both treatises are written in the same hand, different from
that of the treatises, and seem to be later additions. The title T7reatise of
Qust is probably taken from the introduction of the treatise, where the
reference to the treatise of Qusta ibn Luqga appears.

Cairo, Dar al-kutub, Migat M ‘arabi 101 (MS D /).

Mentioned in the Khedive catalogue of the Dar al-kutub,” and in King’s
catalogue.” The manuscript consists of 12 numbered folios. There is no
prominent title in the treatise, while the phrase ¢ Las)l ., (‘“Treatises
altitude’) written on f. 1r is misleading; the name of the author is not
mentioned. The treatise is written on ff. 1v—12r, with 19 lines per page.
The manuscript is dated 1159 H (AD 1746)* on f. 12r. There are several
marginal glosses, most of them making comparisons with the treatise of
Qusta ibn Luaga. Red is used as in the manuscripts B and J. On f. 12v

% Manuscripts B, J and H were copied within a period of seven years (1142~1149 H) and have
several variants in common; there are also some differences, which exclude the possibility that one

of them was copied from one of the other two.

% Vollers et al., Fibrist al-kutub, vol. V, p. 249.

77 King, A Catalogue of the Cairo Scientific Manuscripts, Part 1, p. 385.

% The month Dha al-Qa‘dah 1159, mentioned in the colophon, corresponds to 15 November—14
December D 1746 (Gregorian).
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there is a table presenting the geographical longitudes and latitudes of
36 cities, but for two of them the coordinates were omitted.

Cairo, Dar al-kutub, Riyadiyat Taymir ‘arabi 106,11 (MS H /.»).

Mentioned in King’s catalogue.” The whole manuscript consists
of 132 folios and is paginated (pp.1-264). The treatise appears
on pp.232-52, with 19 lines per page. There is neither title nor
author name. The manuscript is dated 1142 H (aDp 1729-30) on
p. 252.' There are only two marginal notes. On p. 253 there is a
table presenting the geographical longitudes and latitudes of 118
cities.'”” This manuscript was copied from the same exemplar as
manuscripts B and J.

Cairo, Dar al-kutub, Miqat Talat ‘arabi 202,2 (MS U / ).

Mentioned in King’s catalogue.'” This manuscript consists of 81 foli-
os, 80 of which are numbered; one additional unnumbered folio fol-
lows f.65 and contains the title of the second treatise on its recto.
After the title there are two empty opposite pages and the treatise on
the celestial globe appears on ff. 66v—74v (21 lines per page). The title
is written in four lines (Figure 1). In the first two lines we read #L.,
slowd) 195 U Jpis (‘An acceptable treatise on the globe called...”),
while the next two lines seem to have no connection to the previous:
) bl ) ) adll L (‘God bless the one who has approached to
His knowledge’). Probably the copyist misunderstood the handwrit-
ing in the exemplar; it could be yyalld o SII wls as in the title
of MS B, or_psadld . SIl wliy; both of them mean ‘having a stand
by Ptolemy’ The phrase .S ol skl 3,1 appears in the first
lines of the treatise, and in the title of manuscript O /¢ (see below).
The manuscript is dated 1160 H (AD 1747) on f. 74v. There are some
glosses on ff. 66v—69v.

#  The manuscript is described in King, 4 Catalogue of the Cairo Scientific Manuscripts, Part 1,
pp- 581-83; the treatise Dhir al-kursi appears on p. 582.

1% The date is erroneously given as 1150 H in King, 4 Catalogue of the Cairo Scientific Manuscripts,
Part I, p. 582.

10 The geographical tables that appear in manuscripts B, D and H include different groups of cities;
only a few of these, such as Mecca, Medina and Baghdad, appear in all three manuscripts. Taking

into consideration that such tables are included after the treatise in only 3 out of the 23 manuscripts

and that the problems discussed in this treatise do not require the knowledge of the coordinates of
distant cities, it can be concluded that these tables do not belong to the treatise Dhar al-kursi itself.
192 King, A Catalogue of the Cairo Scientific Manuscripts, Part I, p. 490.

103 5 I should be written as 3, SU.
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1.4 PRESENTATION OF THE MANUSCRIPTS 23

Figure 1: The title of the treatise in MS U.

6. Cairo, Dar al-kutub, Miqat M ‘arabi 106,2 (MSZ/ ;).

Mentioned in the Khedive catalogue of the Dar al-kutub, in King’s cata-
logue, in Osmanls Astronomi, and in MAOSIC!** The whole manu-
script consists of 12 numbered folios. On ff. 1v—7r there is a treatise of
Muhammad ibn Ali al-Hamidi (or al-Humaidi) on the celestial globe.!™
The treatise of interest here is the second one, on ff. 7v=12r (21 lines per
page). The title 5,53V (The Globe) is written in red in the upper margin of
f.7v, above the text of the treatise. The manuscript is dated on f. 12r, but
only 3 digits of the year are written: \yA (118), which could be read as
1118 1 (AD 1706-7).!% Folio 8 was cut vertically after it had been writ-

1% Vollers et al., Fibrist al-kutub,vol. V, pp. 297-98; King, A Catalogue of the Cairo Scientific Man-
uscripts, Part 1, p. 386; Ihsanoglu, Osmanly Astronomi, no 31, p. 65; and Rosenfeld and ihsanoglu,
MAOSIC, no. 893, p. 303.

1% A comparison of al-Hamidi’s treatise with that attributed to Ptolemy shows that they have
different structure and wording, and thus al-Hamidi cannot be the author of the latter. The fact that
al-Hamidi’s name is mentioned in a note near the colophon of treatise P in manuscript U (see the
Arabic text and corresponding translation) could raise suspicion that he is the author of this treatise.
1% Both treatises in the manuscript are written in the same hand. There are at least four more
manuscripts containing the treatise of al-Famidi in the Dar al-kutub in Cairo, two of which are
dated: Miqat Tal'at ‘arabi 164, in 1250 H (aD 1790-1), and Mujami‘a Tal‘at ‘arabi 925, in 1172 H
(aD 1758-9). The manuscript 306 TE 28 of the Basagi¢ collection of Islamic manuscripts in the
University Library in Bratislava, contains the same treatise of Muhammad ibn ‘Ali al-Hamidi on
the celestial globe and is dated 1118 H / AD 17006, see Basagi¢, Popis orijentalnib rukopisa, p. 332 and
http://retrobib.ulib.sk/Basagic/EN/306.htm. This shows that this work existed in manuscript form
in 1118 H, and supports the reading of 118 as 1118 H. The reading of this date as 1018 1 (AD 1609-
10) in Vollers et al., Fibrist al-kutub, vol. V, p. 297 cannot be correct, since al-Famidi died on 26
Jumada 11179 1 (10 November 1765), as mentioned on pp. 279 and 299 in the same volume, thus
he was not yet born in 1018 H. The date of the manuscript is given as 1118 1 in King, 4 Caralogne
of the Cairo Scientific Manuscripts, p. 386.
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ten, and then reconnected; thus one or two letters were lost in every line
on both sides of the cut. The scribe of this manuscript was not careful;
there are many spelling errors and omissions of single words.

7. Istanbul, Siileymaniye Library, Laleli 2135,4 (MS K /5.1

The whole manuscript consists of 166 numbered folios. The treatise is
on ff. 133v—138r and is dated 4 Shawwal 1158 H (30 October AD 1745
Gregorian) in the colophon on f 138r. There are several notes in the
margins or between the lines, in particular on ff. 133v—134yv, that correct,
complete or explain the main text, many of them written in the hand of
the copyist. The treatise, either in its main text or the notes, includes some
elements that are not included in the manuscripts from the Dar al-kutub
in Cairo. The handwriting in these marginal notes seems to be that of the
copyist and not of a later reader. It is possible that he had either copied the
notes from the exemplar, or attempted to correct or update the text using
information from other sources.'”™ The manuscript bears the round wagf
seal of Sultan MustafaIIl (r. 1757-1774) on f. 1r.'” Manuscripts D from
the Dar al-kutub and K have a common antecedent manuscript.'

Fifteen more manuscripts were examined but not included in the critical edi-
tion. The details of these manuscripts are as follows:

1. Riyadh, University Library, MS 1007, Falak 520 RB (MSH /).

The title, later added on the first page of the manuscript, is e g U,
S\ (Treatise on Astronomy), while on the information sheet of the
manuscript the following information is given: “Treatise of Qust on using
the globe hstving a stand, authorship Prolemy?’ (5,50 |aall Lol dL,
sl il ¢ o S <13), estimated date: thirteenth century H,'""? ‘edi-
tion of the Egyptian Dar al-kutub 1: 428" (£yA:l ciypaedl < =SJI 15 5,55).

197 Mentioned in Thsanoglu, Osmanls Astronomi, no 31, p. 65, and Rosenfeld and Thsanoglu, MAO-
SIC, no. 893, p.303,asa work ofAkhawayn, although the manuscript is anonymous.

1% For example, the addition of the number 47 (- jj ixw) in Chapter 31 could have been made
after comparison with the corresponding Chapter 61 from the treatise of Qusta ibn Luqga, while the
addition of the number 66;25 (+5" s..) in Chapters 24 and 25 may have been to ‘update’ the crude
approximation of (the complementary of ) the obliquity of the ecliptic.

19" For the identification of the seal of Sultan Mustafa III, see Necipoglu, Appendix Il in T7easures
of Knowledge, vol. 1, p. 1056.

19 At the beginning of Chapter 30 in both manuscripts D and K, there is a redundant addition of
the same passage of 3—4 lines coming from the beginning of Chapter 33. This fact attests that man-
uscripts D and K stem from the same manuscript that contained this additional text. Manuscript D
was copied approximately 13 months after manuscript K.

"1 The manuscript is online available at
https://al-mostafa.info/data/arabic/depot/gap.php?file=m010551.pdf (accessed on 31.1.2021).

112 The thirteenth century H corresponds to AD 1785-1882.
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It consists of 9 folios (19 lines per page). The text of the manuscript is
very similar to that of manuscript U from the Dar al-kutub.

2. Tirana, National Library of Albania, MS 523.11 Dr 6/23D (MS T / L).'*?

The manuscript consists of 9 folios. The title of the treatise 55 I, (T7ea-
tise {on they Globe) appears on p. 1 in a statement of ownership by Sharifi
Mustafa Pasha, governor of Shkodra in ‘the year 240° (probably 1240 H, ie.
AD 1824-5), and the text of the treatise is on pp.2-18 (19 lines per page).
The manuscript is stamped with a mark of Mugtafa Pasha that bears the
date 1251 H (1835-1836). Probably, the owner was Mustafa Pasha Bushat-
lliu (1797-1860), the last ruler of the Bushatlliu dynasty, who reigned over
the Pashalik of Scutari (Shkodra) from 1815 to 1831.""% The text of the
manuscript follows the pattern of manuscript U from the Dar al-kutub.

3. Istanbul, Siileymaniye Library, Haci Mahmud Efendi 5688,6 (MS1/ L“;).

Mentioned in Osmanli Astronomi and MAOSIC as a work of Akha-
wayn, although it is anonymous.'”® The whole manuscript consists of
124 numbered folios. The treatise appears on ff. 74r-82r. The title
S s A, (Treatise on the {Globe) with Stand) is written on the
upper left corner of f.74r by another hand, and it is not included in
the table of contents listed on the inside front cover. There is no date
written at the end of the treatise, but on f. 91v there is a date (March
1682) expressed in five calendars, while on the opposite f. 92r the cor-
responding date 1093 H is mentioned.'® This evidence suggests an ap-
proximate date 1093 H /AD 1682 for the manuscript.'"”

4. Istanbul, Siileymaniye Library, Pertevniyal 971-980,1 (MSL/J).

This is a collection of separate treatises ‘il o Blu) Legames I4n” ac-
cording to the title on f. 1r; each treatise has its own number, thus the

"3 Mentioned as manuscript An VIII/31F in al-Halwaji and ‘Azimi, Cazalogue of Islamic Manu-
scripts, no. 347, p. 267.

114 Some details about his life can be found in Elsie, 4 Biographical Dictionary of Albanian History,
pp- 63-64.

115 ihsanoglu, Osmanls Astronomi, no 31, p. 65, and Rosenfeld and Ihsanoglu, MAOSIC, no. 893, p. 303.
"¢ The treatise wl)LzsY1 3 (On the Selections) starts on f. 91v. The dates in various calendars
mentioned on this folio are the following: Yazdegerd Shahrivar 1051, Roman March 1993, Coptic
Paremhat 1398, Jalali Farvardin 604, Christian March 1682. All of them correspond to the period
between 10 and 25 March 1682 (Julian). On f. 100v of the same treatise, there is a note where “Tiit,
the beginning of the Coptic year 1399’ (1 Tttt 1399 corresponds to 8 September AD 1682 Gregori-
an) is written above ‘Farvardin mah of the gadim (i.e. the old Persian calendar) 1052’; the beginning
of this month corresponds to 7 October Ap 1682 Gregorian).

"7 This manuscript has some variants in common with manuscripts B, J, H, U and Z used in the
critical edition; there are also some omissions and copying errors that appear only here.
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manuscript is denoted by the numbers of these ten treatises, Pertevniyal
971-980. The whole manuscript consists of 163 numbered folios plus
a blank folio after the first treatise, and two folios at the beginning and
end of the manuscript. The treatise Dhat al-kursi is on ff. 1v—11v, cor-
responding to Pertevniyal 971, and is untitled. The last six lines of the
treatise are scribbled slanting in the lower margin without a date. The
manuscript may be dated between approximately Ap 1735 and 1739, ac-
cording to the date 1151 H (AD 1738-9) written on ff. 40v and 64r, at
the end of the treatises in Pertevniyal 973 and 975 respectively, and the
date 1148 1 (AD 1735-6) written on f. 128v, at the end of the treatise
in Pertevniyal 978.""% The stamp of Pertevniyal on ff. 1r and 164r bears
the date 1279 H (aD 1862-3). The text of the treatise follows the pat-
tern of manuscripts B, J and H, and the manuscript is contemporary
with these. There are many glosses written in the margins and even
between the lines on ff. 1v—-7r, 10v and 11v.

Istanbul, Stilleymaniye Library, Stileymaniye 1037,1 (MS M /).

The whole manuscript consists of 318 numbered folios plus two
folios at the beginning and end, and an unnumbered blank folio
within the volume. The treatise is on ff. 1v—12r and the title L.,
rseedad o SU ol (Treatise on the (Globe)y with Stand by Ptolemy)
appears twice, on f. Ir and on the first unnumbered folio, which
contains the table of contents. Although there is no date at the end
of the treatise, the dates 1182 1 (AD 1768-9) and 1178 H (AD 1764~
5) that appear on ff. 75r and 93r, at the end of the fourth and fifth
treatises respectively, give an approximate date for the manuscript.
The text of the treatise closely follows the pattern of manuscript
A; even the colophon and several of the glosses that appear in the
margins of ff. 2v, 3r, Sr, 9v and 11r are the same. The second trea-
tise of the manuscript is the same as the unfinished treatise on the
astrolabe in manuscript A, but here it is complete. The differences
between the two manuscripts show that they were copied from the
same exemplar, not one from the other.

Istanbul, Siilleymaniye Library, Ayasofya 2623,1 (MSN /).

This manuscript consists of 92 numbered folios plus an unnumbered
one at the beginning of the volume; the recto of this folio contains
the table of contents. The manuscript contains five treatises, written by
various hands on different qualities of paper. The almond-shaped seal

The handwriting is similar in manuscripts Pertevniyal 971, 978, 979 and 980.
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of Sultan Bayazit II (r. 1481-1512) appears at the beginning of the 2",
3 and 4% treatises (ff. 14r, 34r and 85r respectively) and at the end
of the 2, 3 and 5% treatises (ff. 33v, 84v and 92v respectively); the
round seal of Sultan Mahmud I (r. 1730-1754) appears only on f. Ir.!”
The 2™ treatise is dated Dhit al-Qa‘'dah 834 H (between 11 July and 9
August AD 1431 Julian) on f. 33v, and the 3" treatise 863 H (aD 1458-
9) on f. 84v. The rest of the treatises are undated. The treatise of our
interest appears on ff. 1v—13v, while its title 5,0\ ., (Treatise on the
Globe) is written only in the table of contents. The treatise contains
only 20 chapters; Chapters 11, 13-20, 29-31 and 33 of treatise P have
been omitted, while Chapter 9 has been placed as Chapter 2. Most of
the preface has been omitted and the introduction has been completely
modified. There are also minor modifications in the chapters included
in the treatise. There are some glosses on ff. 3v—6v, 8v, 10v, 11r and
13v. On f. Ir, there is a statement mentioning that the treatise had been
abbreviated and corrected according to the shar iya for Sultan Mah-
mud by Ahmad Sheikh Zade.” The handwriting of this statement is
similar to that of the treatise in question and the oval seal on f. 1r that
contains the name Ahmad; thus the part of the manuscript containing
this treatise was most probably written for Sultan Mahmud I, as his seal
attests, and can be dated within his reign.

Princeton, University Library, Garrett 3168Y,2 (MS O / C)'

The manuscript consists of 17 numbered folios, and contains the treatise
of Qusta ibn Liqa on the celestial globe (ff. 2v-12v), the anonymous
treatise Sl ol sbwd) 5,50V 5 D, Treatise on the Globe which is
called ‘with Stand’ (ff. 12v-16v) and another short passage on f. 17r.
The titles of both treatises written on f. 2r seem to be a later addition
by a different hand. There is no date on the manuscript; according
to the library’s online catalogue, the manuscript is ‘between 17-2 and
18-2,"2! while in the printed catalogue it is approximately dated 11%-

""" For the seals of the above-mentioned sultans see Necipoglu, Appendix IIl in Treasures of Knowledge,
vol. I; for Sultan Bayazit II see pp. 1025-75; for Sultan Mahmud I see pp. 1060, 1062 and 1074. On
ff. 84v and 85r, the seals of Sultan Bayazit Il are on a folded corner of the manuscript. This fact shows that
the original size of the folios of some treatises was probably larger; later the margins of these folios were cut
— leaving only the seals with the original margin —, so that the five treatises could be bound in one volume.
120 The chapters dealing with stars have been removed, as well the chapter on the domification.

21 https://dpul.princeton.edu/islamicmss/catalog/st74cv08m, accessed on  30.1.2021. The
manuscript is online available at the Princeton Digital Library of Islamic Manuscripts through the

above link.
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12%c.H (AD 1592-1786)." The text has many variants in common
with manuscripts B, J and H used in the critical edition.

8. Princeton, University Library, Garrett 1066Y,3 (MS F / 3).!%

The manuscript consists of 111 numbered folios. The title of the treatise
is o S 213 3,5 Ay (Treatise (on they Globe with Stand) and ap-
pears on f. 201, and the text of the treatise is on ff. 20v—28v. Although
there is neither colophon, nor date at the end of this treatise, the manu-
script can be dated 1131 H (AD 1718-9) according to the date men-
tioned in three other treatises on ff. 13r, 57v and 69v. There is an error
in chapter enumeration after Chapter 8: There is no Chapter 9, and
Chapters P9-P33 are numbered from 10 to 34. At the beginning of
Chapter 31, which corresponds to P30, the same redundant addition
from Chapter P33 appears as in manuscripts D and K. However, MS F
has more variants in common with MS K. These three manuscripts be-
long to the same family.

9. Berlin, Staatsbibliothek PreufSischer Kulturbesitz, Landberg 131,2
(MS$/ ).

The manuscript consists of 167 numbered folios, and the treatise appears
on ff. 16v—-25v. A title 5 Il 4l (Treatise on the Globe) is only found in
the table of contents on f. 2r, written by a different hand. The colophon
is undated. However, three other treatises in the same manuscript are
dated 1136 1 (£ 39v), 1141 H (£.76r) and 1140 H (f. 79v); also according
to the library’s data, the manuscript is dated 1136 H/aD 1723-4." It
has several variants in common with manuscripts B, J and H used in the
critical edition, and does not present any significant differences. There
are some glosses on ff. 18r, 18v and 20r.

10. Istanbul, Siileymaniye Library, Bagdatli Vehbi 2063,3 (MS Sh /‘_jﬂ).126

122 See Mach, Catalogue of Arabic Manuscripts, no. 4967, p. 428. For the first treatise of the manu-
script, only the 12%¢. H (AD 1689-1786) is mentioned (no. 4901, p. 423); however, both treatises
are written in the same hand. The reference to a manuscript from al-Azhar Library in Cairo allegedly
containing the same treatise, mentioned in entry no. 4967, corresponds to the manuscript Halim,
Falak wa miqat 328, which only contains the anonymous T7reatise on the Globe with Stand with 13
chapters. The two treatises only have the first five words of the incipit in common.

12 Mach, Catalogue of Arabic Manuscripts, no. 4967, p. 428. The manuscript is in the Princeton
Digital Library of Islamic Manuscripts, and online available at https://dpul.princeton.edu/islam-
icmss/catalog/rv042x35s (accessed on 30.1.2021).

124 Ahlwardt, Verzeichnis der arabischen Handschriften, vol. V, no. 5869, p. 269.

12 htep://resolver.staatsbibliothek-berlin.de/SBB000306D800000000, accessed 10.3.2024, gives
the date as 1136 H/AD 1723-24.

126 Mentioned as a work of Akhawayn, although the treatise is anonymous, in Ihsanoglu, Osmanly
Astronomi, no. 31, p. 65, and Rosenfeld and ihsanoglu, MAOSIC, no. 893, p. 303; however, in both
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The manuscript consists of 39 numbered folios. The treatise on the
celestial globe dhar al-kursi appears on ff. 30v—39r without a title. In a
short colophon on f. 391, the manuscript is dated 1158 H (AD 1745-6).
There are various interlinear or marginal glosses on almost every folio.
It has several variants in common with manuscripts B, ] and H used in
the critical edition.

Istanbul, Siilleymaniye Library, Yazma Bagislar 1353,4 (MS Th/&).

Mentioned in Osmanly Astronomi and MAOSIC as a work of Akha-
wayn, although the treatise is anonymous."” The manuscript consists
of 85 numbered folios. The treatise on the celestial globe appears on
ff. 40r-48r; on f.40r there are only the title Treatise (on) the Globe
3,5 4., and a stamp with the manuscript’s data. The title on f.40v
is Treatise on the Knowledge of the Globe 3,5\ e 3 dL..,. In the col-
ophon (f. 48r), it is mentioned that the treatise was completed on 29
Ramadan 1155H (27.11.1742) at Constantinople / Istanbul iala w3
by the copyist ‘Abd-Allah ibn Muhammad. The treatise consists of 32
chapters, instead of 33; chapter 22 has been omitted. There are vari-
ants in common with all of the manuscripts used in the critical edition,
mostly with B, J, H, Z. The 8 glosses in the introduction, in the mar-
gins of ff. 36v—37v, are not in common with those in the other manu-
scripts.

Rabat, Biblioth¢que Nationale du Royaume du Maroc,'”® D 1624
(MSKh/#).

The manuscript consists of 248 folios, both foliated and paginated, and
was copied at the beginning of Jumada al-Thania 1273 H (this month
began on 27 January aD 1857); the style of the script is western Ara-
bic (Maghrebi). It is mentioned in the second edition of the catalogue
by Lévi-Provengal, where the treatise in question appears with the title
Treatise on the Globe which is called ‘with Stand’ by the Wise Astron-
omer Prolemy the Roman / Greek .S\ oldy slewd) 5,80 3 dl,

k) (,_:§.>J\ 9, osellad, ' although there is no such title in the

sources the manuscript number is erroneously written as 2023 instead of 2063.
127 1hsanoglu, Osmanly Astronomi, no. 31, p. 65, and Rosenfeld and 1hsanoglu, MAOSIC, no. 893,

p.303.

128 This library was previously called a/-Khizina al- Amma.

129 See Lévi-Provencal, Fibris al-makbtitat, 2" ed., no. 449, pp. 141-44; the fourth treatise is de-
scribed on p. 142. In Lévi-Provengal, Les manuscrits arabes de Rabat, 1 ed., no. 449, pp. 172-75,
the treatise is not mentioned. It seems that the title was added by Salah al-Tadli and Said al-Mraby,
who made the revision of the 1* edition. I am grateful to Ahmed Chaouqui Binebine and Victor
de Castro Leén for providing me with the manuscript scans, and to José Bellver who also hclped in
acquiring the scans and noted the omission of the treatise in the first edition of the catalogue.
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manuscript. There are two treatises on the celestial globe in the manu-
script; on pp. 1-21 the Tvreatise of al-Hamidi on the Globe, and on
pp- 147-70 the Treatise on the Globe; these titles are quoted only in
the table of contents (f. 1r). The treatise stems from the same exemplar
as MSD from the Dar al-kutub used in the critical edition, and be-
longs to the family of manuscripts D, F, K."** However, manuscript Kh
includes several additional variants.

There are also three manuscripts that attribute the treatise to Muhyi al-Din
Muhammad ibn Qasim, known as Akhawayn (15%c. AD)."*! These manuscripts
are the following:

1. Princeton, University Library, Islamic Manuscripts New Series 243,13
(MSR/,).132

The manuscript consists of 136 numbered folios, and includes astro-
nomical treatises in Arabic, Ottoman Turkish and Persian copied in
different times between the sixteenth and seventeenth century ap. The
treatise in question appears on ff. 132r-136r. There is no title at the
beginning of the treatise, but in the table of contents on f. 1r, two
35 A, (Treatise (on the)y Globe) are mentioned. The first one is a dis-
torted version of Qusta ibn Luga’s treatise on the globe, and appears on
ff. 100v—131v; the second one corresponds to treatise P. The text of the
treatise has several variants in common with manuscripts B, J and H
used in the critical edition. In Chapters 11-28, empty spaces had been
left for the enumeration of the chapters and the abjad numbers within

the chapters, probably to be filled later with red colour. The colophon,

130 The part of the redundant addition at the beginning of Chapter 30 that appears in manuscripts
K and F, and was crossed out in MS D, has been omitted in MS Kh, leaving only the word 4l that
was not crossed out in D. However, MS Kh does not stem from D, because MS Kh contains some
variants that had been omitted or altered in MS D, e.g. - 5,01 ¢ls in Kh omitted in D (P5),
eSS By lie g da) D ma 2 in Kh omitted in D (P13), s in Kh instead of s» in D (P24), and
othcrs For similar reasons, none of the manuscripts K, D, Kh stems from F, which is the oldest of
the family; e.g. manuscripts K, D, Kh contain the correct variants 4" (24) and L% jﬁu instead of the
erroneous — (12) and L2;Ss in F (P24 and P25 respectively), they also contain the term ¢, in
the title of P20 omitted in F, and others Also, manuscripts D, Kh do not stem from K, because some
variants omitted in K, such as O_NV el s in P13, 4z 2 &gy in P20, and £l in P23, appear in
D and Kh.
1 T am grateful to my colleague José Bellver (at the time: Ptolemaeus Arabus et Latinus), who
noticed the attribution to Akhawayn in these manuscripts.
132 Mentioned as a work of Akhawayn in Mach and Ormsby, Handlist of Arabic Manuscripts (New
Series), no. 1227, p. 287; in Thsanoglu, Osmanly Astronomi, no. 31, p. 65; and in Rosenfeld and Ih-
sanoglu, MAOSIC, no. 893, p. 303. The manuscript is in the Princeton Digital Library of Islamic
Manuscripts, and online available at https://dpul.princeton.edu/islamicmss/catalog/j9602390r
(accessed on 30.1.2021).
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in red colour, includes elements of the colophons of manuscripts A, K
and M, and an attribution of the last three treatises to Muhammad,
known as Akhawayn."** The date is mentioned as ‘the beginnings of the
month Rajab of the year 965 H’ and corresponds to April 1558. Thus,
this is the oldest copy of the treatise found so far. Since the preceding
treatise in the manuscript was copied in 1018 H (AD 1609-10), we may
conclude that the initial volume containing the three treatises had been
dismantled, and this volume had been bound later. Only the anony-
mous and undated third treatise of the manuscript (ff. 32v—40r), which
deals with the sine quadrant, seems to have the same handwriting as
the treatise attributed to Akhawayn. This treatise consists of 10 num-
bered chapters and the beginning is missing, although f. 32r is empty.

Istanbul, Beyazit State Library, Veliyiddin Efendi 31949 (MSS/ _.)."**

The title of the treatise S0 o\ yos) WNgs D, (Treatise of our
master Akhawayn for the {Globe)y with Stand), on f. 88r, attributes the
treatise to Akhawayn. The text of the treatise is on ff. 88v—94v and has
no significant differences from that of the rest of the manuscripts ex-
amined; there are several variants in common with manuscripts B, J,
H, U and Z used in the critical edition. In the margins, the enumera-
tion of the chapters with the beginning of each title is repeated. There
are also some glosses on ff. 88-90. In the lower margin of f. 90v, there
are three astrological diagrams. At the end of the treatise is mentioned
V108 dw cdases oy = (Al )l 5 (“The treatise has been complet-
ed, Hasan ibn Muhammad, year 1154°); thus the treatise was copied in
11541 (aD 1741-2).

Istanbul, Siilleymaniye Library, Bagdatli Vehbi 2124,6 (MS T / &).!%

The manuscript consists of 134 partially numbered folios plus an un-
numbered folio with the table of contents at the beginning. The trea-
tise appears on ff. 105v—114v; however, only f. 110 is numbered. There
are 19 lines per page on ff. 105v—113v, while f. 114 is more densely
written, presumably in the same hand, containing 30-31 lines per page.
The title in the table of contents is S <3 5, S A, (Treatise on
the Globe with Stand) and below it the name of Prolemy (_ssoll) is

13 For the Arabic text of the colophon and an English translation, see the critical edition below,
pp- 94-95.

1% Mentioned as a work of Akhawayn in Thsanoglu, Osmanls Astronomi, no. 31, p. 65; and in Ros-
enfeld and Thsanoglu, MAOSIC, no. 893, p. 303.

135 Mentioned as a work of Akhawayn in Thsanoglu, Osmanli Astronomi, no. 31, p. 65, and Rosen-
feld and ihsanoglu, MAOSIC, no. 893, p. 303; however, in both sources the manuscript number is
erroneously written as 2123 instead of 2124.
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written in another hand, while on the top of f. 105v it is stated in red
colour that ‘this is the Treatise of our master Akhawayn for the { Globe)
with Stand’ .S )3 ) WYse Il sds. The manuscript is dated
1191H (ap 1777-8) on f. 114v. Various glosses appear on f. 106r be-
tween the lines, and on ff. 107r-108r, 109r and 113r in the margins.
In the right margin of f. 109z, three astrological diagrams are drawn,
almost identical to those on ff. 63v and 90v of manuscripts J and S,
respectively. There are many variants in common with manuscript S,
and additional ones that appear only in this manuscript.

Lastly, Ptolemy’s name appears in the title of a manuscript that probably con-
tains treatise P, but has not been examined. According to the electronic cata-
logue of the Assad Library in Damascus, the manuscript 14621,8 of the library
contains the Explanation of the Treatise on the (Globe) with Stand by Ptolemy
(Lrseclad e SUols Al - -23) on f£ 80-90. The treatise comprises 33 chap-
ters and the extended incipit and explicit provided are in accordance with the
corresponding passages of treatise P. The date of the manuscript is not men-
tioned. The manuscript previously belonged to the Library of the Madrasa al-
Ahmadiyain Aleppo.'*

As for the various glosses that appear in the manuscripts, there are groups of
manuscripts that include the same or slightly modified glosses:

1. Manuscripts J, L, S, Sh, S and T, e.g. in Chapters P1, P2, P3, P4, P9.
Some of these glosses appear in the modified manuscript N, in the
chapters corresponding to P2, P3 and P9. The same three astrological
diagrams appear in manuscripts J, S and T in Chapters P10 and P11.%"

2. Manuscripts U and T, e.g. in Chapters P3, P4, P6 and P9. The glosses
in P4 and P9 are the same as in the first group.

3. Manuscripts A and M: there are four glosses in common in the intro-
duction and Chapters P1 and P9.

The manuscripts from Istanbul can be approximately dated between 1682 and
1778, while the dates of the six dated manuscripts from the Dar al-kutub in
Cairo are between 1706 and 1747. At that time Egypt was part of the Otto-
man Empire; this fact explains the glosses in Ottoman Turkish on manuscripts
A, ], D and U. Two of the manuscripts from Cairo, J and H, were copied
during the government of Egypt by Képriili Abdullah Pasha, of Albanian ori-

3¢ In 1988 the wagf Libraries of Aleppo merged with the Assad Library in Damascus; see as-
Sawwas, ‘Syria, in Roger, World Survey of Islamic Manuscripts, p. 192.

37 One of the diagrams is slightly modified in T. Manuscript D also contains an astrological
diagram in these chapters, but it is a different one.
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1.4PRESENTATION OF THE MANUSCRIPTS 33
gin (provincial governor of Egypt from July 1729 to July 1731)." Kopriilii was
appointed by Sultan AhmetIII (r. 1703-1730), who had established a library
in Istanbul in 1719. The manuscripts Z, F and § were also copied during the
reign of Sultan Ahmet III. Four other manuscripts (D, U, Sh and K) were cop-
ied while Koca Ragib Pasha was provincial governor of Egypt (1744-1748);'¥
he was a scholar, poet and manuscript collector, and had established the Ragib
Pasha Library in Istanbul when he was Grand Vizier (1757-1763). There is
a possibility that he had brought the carefully written manuscript Laleli 2135
(MSK) from Cairo to Istanbul. On f. Ir of MS K appears the seal of Sultan
Mustafa III (r. 1757-1774), whose sister Saliha Sultan married Koca Ragib Pa-
sha after he became Grand Vizier.'*

These Ottoman authorities may have had a special interest in copying cer-
tain Arabic manuscripts, perhaps reflecting broader societal engagement at this
time with scientific writings. We must take in consideration that the eigh-
teenth century follows the era of Galileo and Kepler, which brought new de-
velopments to astronomy, and thus an increased interest in this field. In that
century, many celestial globes were constructed, as the exhibits in various mu-
seums attest. A manual for their use was necessary, and the treatise Dhbar al-
kursi could have played this role. Reflecting the global trend towards engage-
ment with science, new libraries were established in Istanbul and this caused
an increased demand for scientific manuscripts.'*' Some manuscripts may have
been ordered and brought from various parts of the Ottoman Empire, among
them Cairo.

Table 5 summarises the principal information on the manuscripts of the
treatise Dhat al-kursi presented above.

siglum | manuscript pag./fol. date 1 date AD title
Cairo, r,lja_.& JQ\ ols Al
- - . e )
A | Miqat Talat | pp.1-11 - - Treatise on the {Globe)
189,1 with Stand by Ptolemy

138 QOztuna, Biiyiik Osmanly Taribi, pp. 412—16; Mehmed Siireyya, Sicill-i Osmani (eds Akbayar
and Kahraman), vol. I, p. 81; and al-Jabarti, Merveilles biographiques et historiques (ed. Mansour
etal.), vol. IL, pp. 5-9.

' Ogztuna, Biyiik Osmanly Taribi, pp. 412—16; Mehmed Siireyya, Sicill-i Osmani (eds Akbayar
and Kahraman), vol. IV, pp. 1340—41; also al-Jabarti, ‘Abd al-Rabmain al-Jabarti's History of Egypt
(eds Philipp and Perlmann), pp. 248-51 and al-Jabarti, Merveilles biographiques et historiques (ed.
Mansour et al.), vol. II, pp. 26-29.

140 Mehmed Siireyya, Sicill-i Osmani (eds Akbayar and Kahraman), vol. IV, p. 1340.

141 An epigraph on the main gate of the Enderin building, constructed by Sultan Ahmet III for his
library, cxplains that ‘this dwclling, destined to collect books, was built at his own expense as a good
deed to serve the lofty ideal of encouraging the learning of science’.
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siglum | manuscript pag./fol. date 1 date AD title
55U Jaall 3 Lol By
Cairo, riyeatlad fﬂ‘ =l
B K 38441 ff. 1r-14r 1149 1736-7 Treatise of Qust on the
Use of the Globe with
Stand by Ptolemy
Cairo, Lol Jls,)
T Koeige | fEsv-eov | 1144 | 17312 Treare of Ot
Cairo, ¢yl Pl
D Miqat M ff. 1r-12r 1159 1746 Treatises Alticude
101
Cairo,
Riyadiyat
H Taymir pp- 232-52 1142 1729-30 -
106,11
Slownad! 3,50 Uguie Al
_— el o
airo, Miqat 3 n Acceptable Treatise
U Tal'at 202,2 ff. 66v—74v 1160 1747 on the Globe called
(Dhat al-kursi by
Ptolemy )
Cairo, i
Z | Migat M | ff7v-12r 1118 1706-7 5
The Globe
106,2
University of
po(Rydh 10070 13%c. |1785-1882| ke Gy
alak 520 Treatise on Astronomy
RB
National
Library of o
T | Albania, ff1-9 1240 1824-5 a8 Al
523.11 Treatise {on the) Globe
Dr 6/23D
Istanbul,
Haci S els Dl
I Mahmud ff 741‘—821‘ C. 1093 C. 1682 Trg;;;g on ;‘hg <Gljobg>
Efendi with Stand
5688,6
g |, Bswnbul h s 1age | 11ss 1745
Laleli 21354 | 27V 17%F B
Istanbul
L c. 1148- ..
L Pcrt;:;nlnyal ff. Iv—-11v 1151 1735-1739 -
Istanbul, £ 1178 : rseedla] g;“‘)ghj‘ 0‘51 :‘2\"”)
M | Siileymaniye | ff. Iv—12r ' - i Treatise on the {Globe)
1037,1 1182 1764-1769 with Stand by Prolemy
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siglum | manuscript pag./fol. date H date AD title
Istanbul, i )
N | Ayasofya | ff1v-13v | 1143-1168 |1730-1754 e Al
2623.1 Treatise on the Globe
Istanbul,
S Vcliyiiddin ff. 88r—94v 1154 1741-2 Treatise ofour mas-
3194,9 ter Akhawayn for the
(Globey with Stand
Istanbul,
sho | Basdadi | gao s | 115 | 17456 -
Vehbi )
2063,3
Istanbul, Ol el BYe Al
T B{‘}%ﬂﬁh f£.105v-114v | 1191 1777-8 Treatisé of our mas-
21246 ter Akhawayn for the
’ (Globey with Stand
e . ey
Th Basisl ff. 40r-48r Ramadan |27.11.1742 | Treatise on the Knowl-
agislar 1155
1353,4 edge of the Globe
Sl Bl 31 3 By
Princeton, i
O Garrett ff. 12v-16v - - Treatise on the Globe
3168Y,2 which is called ‘with
Stand’
Princeton, | old S e
F Garrett ff. 20r-28v 1131 1718-9 Tr%;fgj {on t;ef) Gl;be
1066Y,3 with Stand
Princeton, nd of
R IMNS | £ 1326-136r | Rajab 965 | , “° 1"558 -
243,13 pr
Berlin, i i
S | Landberg | fE16v-25v | (1136) | (1723-4) 359 Al
1312 Treatise on the Globe
Rabat, 1 end of i .
Kh | BNRM, | pp.147-70 J“Tz“da T fanuary 55 B Al
D 1624 73 1857 Treatise on the Globe

Table 5: List of manuscripts of the treatise Dhar al-kursi attributed to Ptolemy.

1.5 Who was Akhawayn?

Muhammad, known as Akhawayn, is mentioned as the author in the colo-
phon of the oldest preserved manuscript of the treatise Dhat al-kursi (MS R);
Malana Akhawayn is stated as the author in the titles of manuscripts S and T.
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Who was Akhawayn? Is there any early bio-bibliographical reference to Akha-
wayn as author of Dhat al-kursi?

Taskopriizade (901-968 H / AD 1495-1561), in his biographic encyclopedia
al-Shaqi’iq al-nu ‘maniyya fi "Ulama’ al-Dawla al-"Uthmaniyya (Anemones,
on the Scholars of the Ottoman Era), mentions that Akhawayn studied with
some scholars of Rim (i.e. the area of the Byzantine Empire) and he learned
many things from science. He became professor in some madrasas and later on
he was transferred to one of the Eight Colleges (probably one of the Sabn-i
Thaman madrasas founded by Sultan Mehmet II at the great Fatih mosque).'*?
He died at the end of the ninth century H. Tagskopriizade preserves the titles
of three works by Akhawayn:

i. Notes on the note of the Sharh al-tajrid’ 2 oA RS Je gl
ii. Epistle on the Judgment of the Heretic 3.5 sS>1 3 il
iii. Treatise explaining the Sine Quadrant d) o)) =& 3 UL, ®

Muhyi al-Din Muhammad ibn Qasim, known as Akhawayn, is mentioned
repeatedly by Hajji Khalifa in his book Kashf al-zunin, where Akhawayn’s
death is placed in 904 H (AD 1498-9) or at the end of 900 H (D 1495)."* Fur-
thermore, Akhawayn is mentioned as the author of

i. A comment on the interpretation of the Quran by al-Bidawi under the
title Lol 1y Lzl 1ol e dadas 1
ii. A note on Islamic Theology r)’&&\ Ao Je Lal- 146

iti. An Epistle on the Judgment of the Heretic 3,3 (L§_>i = UL, which
is also presented under the short title The Famous Sword |4 s\ (i)

2 In Uzungarsilt, Osmanls Devletinin lmiye Teskilats, p. 14, we read the following information:
“The director of the sixth madrasa (the sixth of the Sz/7» Madrasas) was Sinin Kirmasti, and for the
first time, while his daily wages were fifty silver coins, Mevla Ahaveyn (i.e. Akhawayn) became a
miiderris / professor with eighty silver coins in 894/1489..

5 Taskopriizade, al-Shaqa 'iq al-nu ‘maniyya, p. 116.

14 Katip Celebi, Kashf al-zuniin (ed. Fligel); 904 H is stated in vol. IL, p. 197 and vol. IIL, p. 645,
while the end of 900 H is mentioned in vol. IIT p. 363.

1 Katip Celebi, Kashf al-zuniin (ed. Fliigel), vol. I, p. 478. It is a note —concerning the suras II
and III (-zs1,25)1) of the Quran— on the work of al-Bidawi, The Lights of Quran and the Secrets of the
Meaning, mentioned as no. 1402 in vol. I, p. 469.

146 Katip Celebi, Kashf al-zuniin (ed. Fliigel), vol. II, pp. 196-97. According to Hajji Khalifa, al-
Sayyid al-Sharif ‘Ali ibn Muhammad al-Jurjani (d. 816) wrote a commentary on the work of Nasir
al-Din Abi Ja'far al-Tasi (d. 672 H) Tajrid al-kalim, mentioned as no. 2448 in vol. II, pp. 193-95.
Then, among other authors, Akhawayn wrote a note on that commentary.
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1.5 WHO WAS AKHAWAYN? 37

and the extended one The Famous Sword on the Heretic and Curser of
the Prophet Jsu)) o5lay 5203 Jo jygidl G 1Y

iv. A Treatise on the Sine Quadrant, which is a commentary on the treatise
of ‘Ata’ Allah al-‘Ajami (15%c. Ap)."*

Also, Hajji Khalifa, in his work The Ladder of Elevation to the Lives of the
Great and Famous by Generation Jy=i) olib JI Jyos)l o, Written in 1651-2,
a biographical dictionary of 8561 scholars, includes Akhawayn in the entry
no. 4486, presenting the following information: Akhawayn died in Constan-
tinople / Istanbul ({ukda ) in the month Rabi' al-’Awwal of the year 904 H
(17 October—15 November 1498 Julian). He studied the scientists of his era,
then he became a professor in several madrasas and later on at the Sazhn ma-
drasa. His works are notes on the Sharh al-tajrid and the principles (|51sf) of
interpretation (tafsir /,..s) of al-Bidawi, an Epistle on the Judgment of the
Heretic that he wrote for the heresy of Mulla Lutfi, and a Treatise on the Sine
Quadyant. The author of a/-Shaqa ig mentions him.'*

Ibn al-‘Imad (1032-1089 H/AaD 1622/3-1678/9), in his work Nuggets
of Gold in the Chronicles of Those Who Have Passed Away 5 sl ol ds
3 s L) 0 classifies Akhawayn among the prominent scholars, and re-
peats that he was teaching in one of the Thaman madrasas, adding that he
was a hanafi (i.e. follower of the Islamic Hanafi juridical school), gives 899 H
(AD 1493—4) as the year of his death, and cites three works by Muhyi al-Din,
known as Akhawayn: Note on the ‘Sharh al-tajrid’ of al-Sharif al-Jurjani, Epis-
tle on the Judgment of the Heretic and Treatise explaining the Sine Quadrant.

The information preserved by the historians of the sixteenth and seven-
teenth centuries is recurring in the works of several authors of the nineteenth
and twentieth centuries, sometimes with certain modifications.””" None of the

147 Katip Celebi, Kashf al-zuniin (ed. Fliigel), vol. IIT, pp. 363, 408 and 644-45. Akhawayn wrote
this treatise to show why Malla Lutfi was deserving of death.

148 Katip Celebi, Kashf al-zuniin (ed. Fh'igcl), vol. I11, p. 402.

9 Katip Celebi, Sullam al-wisil ili tabaqit (ed. ihsanoglu etal.), vol. ITI, no. 4486, p. 223.

50 Tbn al-Tmad, Shadbarit al-dbahab fi akhbir man dhababa (ed. al-Arnat’ut and al-Arnat’ir)
vol. IX, p. 549.

51 Mehmed Siireyya (1845-1909), in Sicill-i Osmani (ed. Akbayar and Kahraman), vol. IV,
p. 1105, presents the information that Akhawayn was professor at the Sab» madrasas and died in
Bursa (Hajji Khalifa in Sullam al-wisil states that he died in Istanbul) in 900 H / AD 1494-5; he is
buried in the Zeyniye cemetery. He only presents two titles of his work, the notes on the Sharh al-taj-
rid and the Epistle on the Judgment of the Heretic. Al-Baghdadi (d. 1920), in Hadiyya al- ‘arifin,
mentions the three works of Akhawayn from vols II and III of Kashf al-zuniin and states that he died
in 904 1 (pp. 831-32). Kahhala (1905-1987) in his 15-volume work Mu jam al-mu allifin pres-
ents the information given by Taskdpriizade (a/-Shaga iq al-nu ‘maniyya) in vol. IX, p. 31, by Hajjt
Khalifa (Kashf al-zuniin) in vol. X1, p. 136, by Ibn al-Tmad (Shadharat) in vol. XIL, p. 206, and by
the more recent al-Baghdadi in vol. VIII, p. 118. Al-Zirikli (1893-1976), in al-A lim . Qimiis tara-
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aforementioned authors cites the treatises Dhat al-kursi and Problems in the Sci-
ence of Astronomy. However, Suter (1848-1922) refers to two works of Akha-
wayn: Treatise on the Sine Quadrant according to Taskopriizade, and Problems
in the Science of Astronomy written for Sinan Pasha and preserved in the Vienna
manuscript 1422."5* The latter is attributed to ‘Muhammad famous as Akha-
wayn’ on f.3v of the manuscript of the Osterreichische Nationalbibliothek in
Vienna (now Cod. A. E. 418),'53 within the text of the treatise. This work is dis-
cussed by Saliba in Islamic Science and in Arabic Planetary Theories> The same
treatise is mentioned by Brockelmann (1868-1956) together with the notes on
the interpretation of the Quran by Akhawayn and The Famous Sword.'>

Only in contemporary studies the Treatise Dhat al-kursi is presented as a
work of Akhawayn, probably due to the attribution in three manuscripts. Ihsa-
noglu, studying the history of astronomy literature during the Ottoman peri-
od, presents the following works of Akhawayn:'>¢

i. A note on the Sharh al-tajrid of al-Sayyid al-Sharif;

ii. Epistle on the Judgment of the Heretic;

iii. Problems (Ishkalat) in the Science of Astronomy;

iv. A treatise on the quadrant. The title first appears as sslonl o) AL,
which could be translated as Treatise of the Universal Sine; then it is
written as T7reatise explaining the Sine Quadrant;

v. Treatise on the Globe called Dhat al-kursi;

vi. Notes on the Commentary on the Mulakbkhas by Qadi Zade.

The last four works are also mentioned by Rosenfeld and 1hsanoglu in MAO-
SIC,>” where the treatise on the quadrant is described as ‘Commentary on
Treatise of ‘Ataallah al-‘Ajami on the Sine Quadrant’ (sic), with a reference to
Kashf al-zuniin and al-'Ajami, but without providing any further information.
However, in Osmanli Astronomi, which is an earlier work of 1hsanoglu, the

jim,vol. VIL, p. 5, claims that Akhawayn was a Damascene noble, and only lists the comment on the
interpretation of the Quran as a work of Akhawayn (from vol. I of Kashf al-zuniin).

152 Suter, Die Mathematiker und Astronomen, p. 185; section 448 deals with Akhawayn. Sinan Pa-
sha (d. 891 H / AD 1486), mentioned on f. 4v (line 7) in the Vienna manuscript, was a scholar and
vezir of Sultan Mehmet II; Suter presents him in section 443, p. 180.

153 Flugel, Die arabischen, persischen und turkischen Handschriften, no. 1422, pp. 488-89. The
same treatise exists in two other manuscripts: Manisa, Provincial Public Library 1698/5, ff. 78-92
(79v-93a in the library’s database), and Kiitahya, Vahit Pasha Library 793, according to 1hsanoglu,
Osmanly Astronomi, p. 64, and Rosenfeld and Ihsanoglu, MAOSIC, no. 893, p. 303.

154 Saliba, Islamic Science, pp. 111-12,274,289; and Saliba, “Arabic Planetary Theories’, pp. 59-61.
155 Brockelmann, Geschichte der Arabischen Litteratur, p.230; and Brockelmann, Geschichte der
Arabischen Litteratur. Zweiter Supplement Band, p.322.

156 Thsanoglu, Osmanls Astronomi, no. 31, pp. 64-66. In Turkish bibliography the name Akhawayn
appears as Ahaveyn, Ahavayn, or al-Akhwin.

157 Rosenfeld and Ihsanoglu, MAOSIC, no. 893, p. 303.
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1.5 WHO WAS AKHAWAYN? 39

treatise is described as consisting of an introduction and 16 chapters, the incip-
it is quoted and a list of seven manuscripts containing the treatise is given. The
incipit is very similar to that of the treatise of Mirim Chelebi (1475-1525),
having the same title and the same number of chapters, and quoted on p. 93
of the same book. The treatise of Mirim Chelebi was written in 1494 and
dedicated to Sultan Bayazit IT (r. 1481-1512)."% At the first look, it is unclear
whether these are two different treatises, and who the real author is in case
they are identical, Akhawayn or Mirim Chelebi. For example, the colophon of
Risalat al-jayb al-jami in manuscript Princeton, University Library, Garrett
317Y4, ff. 48v—55v, attributes the treatise to Akhawayn, while, as Mach states,
the same text in manuscripts Berlin, SBPK, Or. oct. 34 (Ahlwardt 5855) and
Garrett 2006,20 is ascribed to Mirim Chelebi; however, this name is not men-
tioned in the Berlin manuscript.’” Probably, the information stated in Osmanis
Astronomi was not included in MAOSIC because of the above contradiction.

Table 6 summarises the information on the works attributed to Akhawayn,
as presented above.

(5] I e — o)
e EREE E =15 | Bl
Ti . SlS |5 B 2288|358
itle Subject S =] 2l = Q| B 2| §
2| = SR 22| el 2
g« 13 _g - ? = —
I_‘ E — [ ~
" . | Comment on
1 Sl ‘_}4)...5\ 9| the interpre- 4 + |4 +
o) tation of the
Quran
; il Note on
2 | ©T ,)@’:; s Islamic o s N S +
f v theology
optedl Cied) Epistle on the
3| @y wll Ao | Judgmentof | + | + | + | + | + | + + |+
Jy ) the Heretic
N -5 s W\, | Treatise on
4 ey “-i 2| the Sine + 0+ |+ + |+ + +
il Quadyant
e s sy Problems in
5 T i " | the Science of + |+ |+
i Astronomy

158 Rosenfeld and Hlsanoglu, MAOSIC, no. 940, A4, p. 317; Ihsanoglu, Osmanly Astronomi, no. 47
(2), p- 93; Ahlwardt, Verzeichnis der arabischen Handschriften, vol. V, no. 5855, p. 262.

39 Mach, Catalogue of Arabic Manuscripts, no. 4939, p. 426; Hitti et al., Descriptive Catalog of the
Garrett Collection, no. 2006,20, pp. 599-600; Ahlwardt, Verzeichnis der arabischen Handschriften,
vol. V; no. 5855, p. 262.
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6 gﬂ;g‘ ol3 Dhait al-kursi +

. N Notes on the
& e Sl commentary

7 e o3l ‘;'PB on Mulakh- +
skl khas by Qddr
Zide

Table 6: List of the works attributed to Akhawayn.

We will examine the astronomical works no.4, S and 7 of the above table,
which appear in IThsanoglus works, trying to shed light on the complicated
problem of their authorship. It is necessary to take into consideration some
information about Mirim Chelebi. Tagkdpriizade attests that Mirim Chelebi
was a prominent scholar with wide knowledge on science, history and both
Arabic and Persian poetry. Sultan Bayazit II had appointed him as his instruc-
tor and studied with him mathematical sciences.'®® Hajji Khalifa, in his book
Kashf al-zuniin, mentions several works of Mirim Chelebi, among them the
following works on the quadrant; all of the quadrant treatises were ordered by
Sultan Bayazit IL:'!

i. A Treatise on the Universal Quadyant (Risalat al-rub" al-jami‘a) consist-
ing of an introduction and 21 chapters;

ii. A Treatise on the (Universal) Quadrant al-Shakkaziya finished by 913 1/
AD 1507-8 and consisting of an introduction and 21 chapters;

iii. A Treatise on the Work with the (Universal) Quadrant al-Shakkaiziya consisting
of an introduction and 29 chapters;

iv. A Treatise on the Almucantar Quadrant written in Persian and contain-
ing 20 chapters;

v. A Treatise on the Sine Quadrant written in Persian.

The first of the above treatises is the closest to the Risilat al-jayb al-jami ‘(a)
that appears in the above-mentioned manuscripts. It is written in Arabic, but
it consists of 21 instead of 16 chapters in the existing manuscripts and the title
slightly diverges.

Considering the above information we may conclude that Mirim Chelebi
should have mentioned Sultan BayazitIl in his treatise, while Akhawayn
should have written that this work is a commentary on the treatise of ‘Ata’
Allah al-‘Ajami. Icompared the incipit, the explicit and the titles of the 16
chapters of the anonymous manuscript Berlin, Or. oct. 34 as they are presented
by Ahlwardt,'* who attributes this work to Mirim Chelebi, with three other
manuscripts:

160

Taskoprizade, al-Shaqa 'ig al-nu ‘maniyya, p. 198.
1el Katip Celebi, Kashf al-zuniin (ed. Fliigel), vol. III, nos 6142-43, p. 401, and no. 6147, p. 402.
' Ahlwardt, Verzeichnis der arabischen Handschriften, vol. V, no. 5855, p. 262.
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1.5 WHO WAS AKHAWAYN? 41

i. Manisa, Provincial Public Library 6591,6, ff. 87v—96r, anonymous, attri-
buted to Mirim Chelebi by Rosenfeld and ihsanoglu;

ii. Istanbul, Siileymaniye Library, Asir Efendi 470,9, ff. 109v—120v/80v—
91v (there is a double foliation), (c. 989 H), attributed to Akhawayn in
its title;'%

iii. Istanbul, Millet Library, Feyzullah Efendi 2178,2, ff. 7v-23yv, attributed
to Akhawayn in its title.

The three manuscripts examined contain the same text that is in agreement
with the description of the manuscript Berlin, Or. oct. 34 in the catalogue.
Thus, it is confirmed that this is a unique treatise that appears in some manu-
scripts attributed to Akhawayn (e.g. Asir Efendi 470,9; Feyzullah Efendi
2178,2; Garrett 317Y,4) and in some others it is anonymous (e.g. Manisa
6591,6; Berlin, Or. oct. 34).!* It is not clear whether there are manuscripts
where the name of Mirim Chelebi is stated.

In the text of the treatise, almost half of the preface is dedicated to Sultan
Bayazit, son of Sultan Muhammad (i.e. Mehmet II the Conqueror), where the
author clarifies that this work was written for him. There is no reference to
‘Ata’ Allah al-"Ajami and his treatise on the sine quadrant. Hence, the attribu-
tion of the treatise to Mirim Chelebi by Ahlwardt stands to reason, inasmuch as
he was teaching Bayazit, and Hajji Khalifa mentions a similar treatise by him
in Arabic. However, we cannot absolutely exclude the possibility that Akha-
wayn dedicated a treatise on the sine quadrant to the Sultan, and this treatise
was different from his commentary on the work of al-‘Ajami mentioned by
Hajji Khalifa.

The doubts on the authenticity of the titles and colophons that attribute
the Risilat al-rub" al-jami‘(a) to Akhawayn can also be extended to those of
the Treatise Dhat al-kursi.

The Notes on the Commentary on the Mulakhkhas by Qadi Zade, according
to Osmanly Astronomi and MAOSIC, appear in the manuscript Manisa, Pro-
vincial Public Library 1697. The examination of the manuscript shows that
the attribution is according to a dedication, or a statement of ownership, on
f. 2r: ‘these are the notes of our master Akhawayn on the commentary of Qadi
Zade on the astronomy of al-Jaghmint. At the end of the note we read that

'3 In the same manuscript another work by Mirim Chelebi is included: the Treatise on the (Uni-
versal) Quadrant al-Shakkaziya in 21 chapters (ff. 93v—107r / 64v—78r), written in Persian and ded-
icated to the Sultan Bayazit.

164 Manuscript Ziirich, Zentralbibliothek, Or. 4,5 (ff. 122v—142v) contains the same anonymous
treatise, which is attributed to Mirim Chelebi after comparison with MS Berlin, Or. oct. 34 (Ahl-
wardt 5855); see Niinlist et al., Katalog der Handschriften der Zentralbibliothek Ziirich, pp. 19-20.
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42 INTRODUCTION

the authors are “Yasuf and Muhammad both famous as Akhawayn /the two
brothers’'®> This work is dedicated to the vizier Mahmiid Pasha.!®

As for the preserved manuscripts of the treatise Problems (Ishkalat) in the
Science of Astronomy, a comparison of its first part between the manuscripts
Vienna, Cod. A.F. 418 (shortly MS V), which is ascribed to Akhawayn, and
the anonymous manuscript Kiitahya, Vahidpasa Library 793 (shortly MS K)
gives interesting results. The text of the first part in MSK (f. 1v) is only a
fragment of that in MSV (ff. 3v=5v); f. Iv of MS K contains half of the text
of f. 3v, some fragments from f. 5r and few words from the colophon on f. 5v
of MS V. Among the omissions are the name of Akhawayn with the phrases
before and after it, and the name of Sinin Pasha. The whole text on f. 4 of
MSV has been omitted. These omissions seem to be deliberate. On the other
hand, the beginning of the second part on f. 6v of MS V appears to be almost
complete on .2 of MSK.

A question difficult to answer is raised: Who and for what reason added (or
removed) the name of Akhawayn to (or from) these treatises? It is known that
Akhawayn was one of the judges in the trial of Malld Lutfi (or Molla Lictfl),
prominent scholar, mathematician and theologian, who was accused of being
heretic, sentenced to death and beheaded. Akhawayn wrote an epistle about
this (The Famous Sword on the Heretic and Curser of the Propher). Mulla Lutfi’s
execution was being discussed for many years afterwards and the historians ex-
press doubts whether the accusation was well grounded.'®” Perhaps the defend-
ers of Malla Lutfi and opponents of Akhawayn tried to remove his name from
some of his works in that polarised period. It is also possible that Akhawayn’s
students at the Szhn madrasa added his name on the manuscripts they were
using during their study with him, even if he was not the real author.

16 Hajji Khalifa in Kashf al-zuniin (ed. Fligel, vol. V1, pp. 113-14) cites four persons who wrote
notes on the Commentary on the Mulakhkhas by Qad: Zide in the total of 14 commentaries on the
Mulakhkhas. However, none of them was called Akhawayn. According to the library’s data base the
author of those notes is Yasuf ibn Muhammad Akhawayn.

166 Perhaps this person was Mahmiid Pasha (1420-1474), a vizier during the reign of Mehmet
IT the Conqueror, who had established a mosque and a madrasa in Istanbul. He was a patron of
scholars and poets and had a rich personal library; see Stavrides, The Sultan of Vezirs. Akhawayn and
Mahmud Pasha could have met in Istanbul during their lifespan.

7 Molla Lutfi, in Jones, Censorship, vol. 111, p. 1471; Ocak, Osmanls Toplumunda Zindiklar,
pp- 205-27; Maras, “Tokatli Molla Litfi} in DIVAN [lmi Arastirmalar.
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2. The Arabic text and translation of the treatise

Dhat al-kursi attributed to Prolemy

List of abbreviations in the critical edition

Meaning Symbol
addition n
addition of the word Ii» above the line aT+
addition of the word Ii» below the line s L+
the word s is written above the word Iis ST s
the word :53 is written below the word \ia u’l I
omitted ] T
written twice ¥
the word 14» is struck through

one word or phrase, now unidentifiable, has been struck through or deleted =
change of page /folio in MS » /s/
£.9r s
£.9v “q

In the edition of the Arabic text and the translation I use various types of brackets:

{...y to complete an omission in the Arabic text and the corresponding

translation;

(-..) to complete the text of the translation with a word or phrase not existing

in the Arabic text, but necessary for correct rendering;

[...] to denote the translation of an Arabic word or phrase that is superfluous in

the English text and could be omitted.

In the figures included in the commentary, the following notation is used:

terrestrial latitude

P

3 declination

h altitude

Z zenith

P and P’ north and south celestial poles

IT and 11’ north and south poles of the ecliptic

cand ¢ points of summer and winter solstices

v and ' points of vernal and autumnal equinoxes
circle yovy's’ ecliptic (in red colour in the colour figures)
circle YEy'W equator (in green colour in the colour figures)
circle ENWS horizon (in blue colour in the colour figures)
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ARABIC TEXT AND TRANSLATION 45

Treatise on ‘the (globe) with stand’ by Ptolemy !

In the name of God the Merciful the Compassionate.

Praise be to God, who created the high heavens and embellished them with
lanterns shining in the darkness, and prayers upon His Messenger, who is the
pole of the circle of the pious people, and upon his family and his companions,
who are the stars of the right guidance; [and then:]

The globe called dhar al-kursi (with stand) is an astonishing globe and an
unusual instrument having many functions and easy outcomes. All practical
instruments rely on the mathematical sciences, but ‘the (globe) with stand;
although similar in use, is distinct from the others in the assistance (that it
offers). Since the treatise of Qusta is imbalanced,? requires reduction’ of super-
fluities, omits certain uses (of the globe), is flawed by carelessness, and in fact
is full of laxity, I wished to remove the superfluities, include further uses, leave
aside the laxity introduced by previous (scholars) and mention the conclusions
of the later (scholars).* I hope that whoever studies it will perceive my time’
and excuse my blunders, and God is the Helper and all reliance is upon Him.

The treatise consists of an introduction and a number of chapters.

The variants of the title, both in Arabic and English, are presented in Table 5 in the Introduction.
The author puns on Qusta’s name here.

lit. ‘folding’

lit. ‘what the views of later (scholars) settled on’.

The meaning is somewhat unclear here. It is possible that the corresponding Arabic term has
not been correctly transmitted, since there are several variants in the manuscripts that do not give

4
5

sense to the sentence. I have chosen the term é_iléj, i.e. ‘my times, as the best solution among the
offered possibilities. This term appears in manuscripts U, H, T and K. The variant __&ls, i.c. ‘my
difficulties, that appears only in manuscript Kh could also be acceptable. Another solution is to read
the term as uj.:g ) i.e. ‘to be paticnt’, which has several common characters with some variants; in this
case the translation would be ‘pay attention and be patient’ instead of ‘perceive my time’
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ARABIC TEXT AND TRANSLATION 47

Introduction
On the presentation of the drawings which are on the globe and presentation
of their names:

The globe, also called ‘the (globe) with stand; is an instrument consisting of
the globe itself, the fixed ring on it, which is the meridian ring, and the stand
that supports it.

As for the drawings:

[Among them is] the eciptic: This is the circle which is drawn on the globe
itself, divided into 360 equal parts. Written on it are the names of the 12
zodiacal signs; on each of the signs, the number corresponding to its degrees
is inscribed.

[Among them are] the circles passing through the first points of the signs:
These are the six circles that intersect (each other) at the two poles of the
ecliptic. One of them also passes through the two poles of the equator, and
so is called the one which passes through the four poles. These circles and the
ecliptic are drawn in red on the instrument.

[Among them is] zhe equator: This is the circle that intersects the circle of
the ecliptic at the first point of Aries and the first point of Libra. It is also
divided into 360 equal parts; the numbers are written on it starting from 1 up
to 360.
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ARABIC TEXT AND TRANSLATION 49

[Among them is] the meridian circle: This is the fixed ring on the globe.
The globe moves inside it, and it moves on the globe as well. It is also divided
into 360 equal parts.

[Among them is] zhe horizon circle: This is the ring of the stand on which
the globe is installed and it is likewise divided into 360 equal parts. The num-
bers corresponding to the (sun) risings in summer, the (sun) risings in winter,
the (sun) settings in winter and the (sun) settings in summer are marked on it.

[Among them is] the East-West line: This is the line with the terms ‘East’
and “West” written at its two extremities, and which divides the horizon circle.

[Among them is] the meridian line: This is the line with the terms ‘North’
and ‘South’ written at its two extremities, and which divides the horizon.

[Among them are] the two poles of the equator: These are the two holes with
pegs inside them, by which the ring is fixed on the globe, and on which the
ring rotates on the globe and the globe in the ring. These two (poles) are fixed
and their distances from all degrees of the equator circle are equal.

[Among them are] the two poles of the ecliptic: These are the two points on
which the six aforementioned circles intersect each other. They are of equal
distance from all degrees of the ecliptic.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



45

50

55

50 ARABIC TEXT AND TRANSLATION

ool g Lkl cmg ) () Jlkeall LWL gy [ el il Lesay

/'v o/

cl e aald) o sally Lildl (SIS ST clend Lede C‘sj;ux aally [yre s

5 A S el e A e Sl oy sl Ly
Y e s

Jw‘sbubcbw /;/ u-“J‘ A o 'J”“J\;’)’ Le-'«v
JS:L» g&)ww,ﬁu} c\.@...a.au 69;:

S sy Byne b 1Y L)
oy colbopdly o) 7] St o W Lzlye Sl S0 c,'aj j Iy
WJ\ J)} )LG.J‘ -3 5;\.3 R J.?—.b /.3/ Eoy LSMJQ\ oj.ij\
upj.c« ),u; d’y‘ o ‘55\.4.«.«.5\ ;,,144.5\ Ce}: u\) ‘LS“JQ\ J.cz.w\ 4.@.‘>— L;\.G A.Gj,..pjaj‘
\.@_.,'4&,5 bRV AffJ\ \j coj:.kw JWY\ Q\; e g_,dj M\g}\ A 6.0\ .LU\

:).ij MM\ OJAUQJ\ 4§J_>J\ U} um.ixj\.: \-@«4&5) ujx«}\ Ql OJ&-AM e
sda g log) ol AW b i dauly B35 (o] Bos S L Ay
oo L;e Jaxad) a5 Y @ajd\ o &@b\j.d\ Vsl o) ks iS5

ij,}\ llde 1y Gl CJJ’” lyaed) s T ! Cf’” <yl [C)A‘.‘.C)\)L\J\ 41
oAl el bl Gkl o ol Gl ol Gkl
Lo 1S v 1[4 43 Soball algll 3‘*5 (S 44, a5k 42
(Yl a5 Glaallff [leall  —ag ol D - [ il 44
[CEU.:: - [L;"J\ 8505 e [Slss 46 ‘YJJ:.JY\ 5 cu\ljla.@m Scu
oy pedl 1 15 [pger ) on oMTxfpfm47 JMAJMMJ s s o
[t e ipag o [mlye 50 hom 48 g 12 [
B ia [ ru [J5 Y UML@J\ S [ B asl sl Gpins 1
[Leands 54 leans 1) [gand 53 2 e [ B RIE
— S gz o [858055 BJaUaS\;:)’ [alall  Lan o pamy i S g7 o
It Y [cali=s 56 SN i1 i [l — 1 [ 56...45 .5
ap T+ 1S [;;; cﬁ'pj}\:g [cﬁ'pr\ - [@’pjaj\gp Yx s [OMasl (il tyg

© BREPOLS & PUBLISHERS

This is an open access publication distributed under a CC BY-NC-ND 4.0
International License

/‘*TV;/

<1>

My gl

'y s/

[=y &/

[Yyon/



ARABIC TEXT AND TRANSLATION 51

[Among them are] the lunar mansions: These are the small houses on the
zodiacal signs, of varying size;® they bear inscriptions of the names of the 28
stars located on the ecliptic or on its two sides.

[Among them are] some of the fixed (stars): These are the small circles on
which the names of the stars are inscribed, which are placed on the astrolabe’s
grid.

[Among them are] the circles of declination: These are the circles that inter-
sect each other at the two poles of the equator.

You must know that some of these drawings are not drawn on some dhar
al-kursi, on some others there is more than what has been mentioned, and
most (instruments) are restricted to what has been mentioned.

Chapter one: To know how to position the globe.

(To do) this, you place the stand in front of you facing to what is between
the risings of Capricorn and Cancer and place the globe on the stand, so that
a part of the meridian circle enters the aperture of the wood situated at the
lower part of the stand, and elevate the north pole from the horizon as many
degrees as the latitude of the city that you want to review.” You should be
aware that the orbs are circular and that the proper motion for some of them
is from the East to the West, and for some others the opposite; and that the
perceived apparent motion for each one of them is a transverse motion from
the East through the motion of the celestial sphere;® and that the modes of this
motion differ as location varies; in the place where the equator is on the zenith,

¢ lit. ‘various in greatness and smallness.
7 lit. ‘its judgment’

8 lit. ‘the sphere of the spheres.
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ARABIC TEXT AND TRANSLATION 53

the motion will be upright rotational, like a wheel; in the place where the
equator is inclined to the zenith, the motion will be oblique diagonal, like
a baldric;’ in the place where the pole is on the zenith, the motion will be
rotational like a millstone. If you want to see this, put the two poles of the
globe on the horizon circle and rotate the globe and you will see its right
rolling rotation; then raise the north pole by any distance from the horizon
and rotate the globe and you will see its oblique rotation; then raise the pole
so that it falls on the zenith and the equator coincides with the horizon and
you will see its rotary like a millstone motion, and God knows best.

Chapter two: To know the equality of night and day on the (terrestrial)
equator line.
If you want this, place the pole on the horizon and place any degree you
want, among the degrees of the zodiacal signs, on the horizon. Put a mark
on the degree of the equator that falls on the east horizon and on the degree
thereof that falls on the west horizon. Then rotate the globe until this degree
of the ecliptic arrives at the horizon from the other direction, so you find the
degree that has been marked on the horizon on the other side. In this way, it
is understood that the two arcs, of the night and of the day, are equal.
Another way is that you place the given degree of the zodiacal signs on
the east horizon and mark the degree of the equator that falls on this hori-
zon with it. You rotate the globe until

° baldric: a diagonal belt for carrying a sword.
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the two degrees come together on the west horizon, and count from that de-
gree on the equator back to the East, so you find 180 degrees. These are the
degrees that have risen during daytime and, without any doubt, the same quan-
tity of degrees has set during daytime. Thus, the equality of night and day can
certainly be understood.

Chapter three: To know the longest and shortest daytime at the oblique
horizons.

The way to do this is to raise the north pole from the horizon by any number
you want. You put the first point of Cancer, Capricorn and any other degree'
on the east horizon and put a mark on the degree of the equator that arrives at
the horizon with the degree that has been placed (on it). Then you rotate the
globe until this degree arrives at the meridian circle or at the circle of the west
horizon and put a mark on the degree of the equator that simultancously falls
on the cast horizon. You count (the degrees) between the two marks, so you
find that the longest daylight (corresponds to) the duration of the daytime at
the first point of Cancer and the shortest one to the duration of the daytime at
the first point of Capricorn. You find the daytime at the first point of Aries to
be equal to its nighttime. The days of the northern signs are longer in duration
than their nights; the opposite (happens) with the southern signs.

1 lit. ‘any other of the points in time’
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Chapter four: To know the difference between the (lengths of) daylight
of two days in one city.
The way to do this is that you place the two degrees on the east horizon and
mark the two degrees of the equator that are with them simultaneously on the
horizon. You rotate the globe so that the two degrees fall on the west horizon
and mark the degree'" of the equator that falls on the east horizon. You count
(the degrees) between the two marks and subtract the lesser of what is between
the two marks from the greater one; the result will be the excess of one day
over the other, and God knows best.

Chapter five: To know the daytime arc of the sun and of the rest of the
stars and its division into seasonal and equal hours.'

The way to do this is to raise the north pole as many degrees as the latitude,
and place the star on the ecast horizon, then to mark the degree of the
equator that (falls) on this horizon with it. You rotate the globe until the
star arrives at the west horizon. Then you mark the degree of the equator
that falls on the east horizon; what is between the two marks is the daytime
arc of that star on that day at that city. The remainder, (taken) from 360
degrees, will be the nighttime arc. When you obtain the daytime arc, take
for every 15 degrees an equal hour; any excess degrees that do not complete
an hour will be part of an hour. If you divide the degrees of the daytime
arc into 12, you will obtain the number of degrees of the seasonal hour.

" Tt is necessary to mark the positions of zwo degrees of the equator corresponding to the two de-

grees of the ecliptic that have reached the west horizon.

12 In manuscript K, there are some marginal notes explaining the meaning of the scasonal and equal
hours and their difference. They are written by the copyist’s hand with the indication = =l and
were taken from al-JaghminTs al-Mulakhkhas fi al-hay 'a al-basita.
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Chapter six: To know the difference between the daytime (lengths) of
the same day in two cities with different latitudes.
The way to do this is to raise the north pole as many degrees as the latitude
of one of the two cities and mark the degree of the equator that is on the east
horizon, together with the degree of the sun. You rotate the globe and mark
the degree of the equator that arrives at the east (horizon) when the degree
of the sun is at the west horizon, and note the distance between the two
marks. Then you place the pole at the latitude of the other city, complete the
aforementioned process, and subtract the lesser from the greater; the remainder
will be the required difference.

Chapter seven: To know the time that has elapsed since sunrise'’ in equal
and unequal hours.

The way to do this is to place the degree of the sun at the altitude of the
required hour' and mark the degree of the equator that falls on the east
horizon. You rotate the globe, so that the degree of the sun comes to this
horizon, and you mark the degree of the equator that falls simultaneously
on the horizon; the number of degrees between the two marks will be
the daytime that has elapsed. Divide it by (the degrees of) the equal and

unequal hour after you determine its degrees” in the aforementioned way.

3 lit. ‘what has passed from the daytime’
4 lit. ‘which its passed hour requires.
15 The degrees of the unequal hour are meant here; the way to calculate them is explained in

Chapter 5. The degrees of the equal hour are always 15.
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Chapter eight: To know the ascendant, if the elapsed time since sunrise'®
in equal or unequal hours is known.
The way to do this is that you place the degree of the sun at the east horizon
and rotate the globe, counting the degrees of the equator that rise from the
horizon, until (the number of) degrees corresponding to the known hour is
reached; the degree of the zodiac that falls on this horizon at this moment will
be the ascendant.

Chapter nine: On the method of obtaining the altitude of the sun on the
globe.

The way to do this is that you take a quadrant of a circle, equal to a quarter of
the ring, divide it into 90 equal parts and write the numbers on it, as on the ring.
You install the globe on flat ground with the well-known instrument,"” installed
upright with a plumb hanging from the two edges of the stand, so that the sun is
visible on it. Then you install, on the degree of the sun, a measuring gnomon, a
needle or another object, attached with wax. You raise the pole as many degrees
as the latitude of the city, and rotate the globe and the stand in turn, until the
gnomon casts its shadow upon itself and there is absolutely no shadow from it.
Then you cut the gnomon and mark its position, and place the aforementioned
quadrant on the globe in such a way that its end, where the numbering begins,

¢ lit. ‘what has passed of the daytime’
7" This should be a leveling instrument used to make sure the ground is flat.
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falls on the horizon, that it passes through the degree of the sun and that it
ends at the point of the zenith. Observe which number is on the degree of
the sun; this number will be the measurement of the altitude (at that) time.

I suppose it is necessary for the west altitude (to use) another quadrant, or
for the two poles to be exchanged and the gnomon installed at the diametri-
cally opposite degree.

Chapter ten: To know the four centres.

The way to do this is that you find the altitude of the sun. Then observe
which, amongst the degrees of the zodiac, falls on the east horizon; this will
be the ascendant. What falls below the ring of the meridian above the earth
will be the midheaven; what falls on the west horizon will be the descendant;
and what falls below the meridian,'® below the earth, will be the centre of the
carth. And you are well-acquainted with this: if you know one of the four
centres, you (can) determine the rest of them by placing the known one at its
position and observing (the degrees) that fall at the positions of the remaining
(centres).

Chapter eleven: To know the rest of the houses.

The way to do this is that you rotate the globe following the order of the
zodiacal signs as many degrees as those of two seasonal (unequal) hours; the
degree, among the degrees of the ecliptic, that falls on the meridian above the
horizon will be the (cusp of the) ninth (house) and its diametrically opposite
(degree) the (cusp of the) third one. Then you rotate

'8 Tt is actually above the meridian ring, since the meridian ring is below the globe at the part of the
globe that sits under the horizon.
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the globe following the order of the zodiacal signs the same amount of degrees;
what falls on the meridian will be the (cusp of the) eighth (house) and its
diametrically opposite (degree) the (cusp of the) second one. Then you place
the specified ascendant at its initial position and rotate the globe following
the opposite order of the zodiacal signs by the aforementioned number of
degrees; what falls on the meridian will be the (cusp of the) eleventh (house)
and its diametrically opposite (degree) the (cusp of the) fifth. Then you
rotate the globe (following the opposite order of the zodiacal signs) by the
aforementioned number of degrees; what falls on the meridian will be the
{cusp of the) twelfth (house) and its diametrically opposite (degree) the (cusp
of the) sixth one.

Chapter twelve: To find the degree of any of the stars that are on the
globe, to know its ‘latitude’, to know its declination from the equator and
its deviation from the zenith, to know its maximum altitude and to know
the declination of a degree of the zodiac from the equator.

The way to do this is that you rotate the globe so that the star and a degree of
the ecliptic reach the face of the meridian ring from the easterly direction; the
degree (of the ecliptic) that reaches that face with it will be the degree of that
star and this does not change with the latitude.

The degrees of the ring that are between the star and the aforementioned
degree will be the ‘latitude’ of that star, and this does not change with the
terrestrial latitude. This (however) is not correct, because the latitude is solely
taken on the circle of the latitude.

The degrees of the ring that are between the star and the equator will be the
declination of that star from the equator, and this declination never changes.

The degrees between it and the zenith, namely 90 degrees from the horizon,
will be its deviation from the zenith; the remaining degrees correspond to its
maximum altitude. This deviation and the maximum (altitude) change accord-
ing to variations
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in the latitudes of the regions.”” The pole must be placed at the latitude for
which the certain knowledge is required.

The degrees that are between the degree of the zodiac and the equator cor-
respond to its declination from it (the equator), and this does not change at all.

Chapter thirteen: To know the ortive amplitude of every star among the
stars drawn (on the globe), or a degree among the degrees of the zodiac.
To know the distance between the risings of two stars and to know the
distance between these two stars.

The way to do this is that you rotate the globe so that the star or the degree
arrives at the east horizon; the number of degrees of the horizon between the
star or degree and the East point will be the ortive / eastern amplitude, which
is equal to the occiduous / western amplitude for that star or that degree of the
zodiac. This changes as latitude varies.

For this (reason) it is necessary to place the pole at the latitude of the city
and put a mark at (each of) the two points of transit of the two stars on the
degrees of the horizon. The number of degrees of the horizon between the
two marks will be the distance between the risings of these two stars. This is
something that varies.

If you put the mark at (cach of)) the two points of transit of the two stars
among the degrees of the meridian circle, the number of degrees between the
two marks will be the distance between the two stars, and this never changes.

Y ljt. “places of residence’.
P
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ARABIC TEXT AND TRANSLATION 69

Chapter fourteen: To know the stars that rise simultaneously, culminate
simultaneously, and set simultaneously.
Be aware that the stars that rise simultaneously do not culminate simultaneously
and do not set simultaneously, and those that culminate simultaneously do not
set simultancously unless (we are) on the line of the (terrestrial) equator. If you
wish to be certain of this, place the pole on the horizon and rotate the globe until
the two stars rise simultancously. Then rotate (the globe) until they are located
simultaneously at the middle of the sky and simultaneously on the west horizon.
Then elevate the pole any number (of degrees you want)* and rotate the
globe until one of them falls at the middle of the sky*' or the west horizon,
and you will find the other star passing beyond it, or not (yet) arriving at it.
Then look at the east horizon; if there are two stars on it, then they rise si-
multaneously. Similarly look at the middle of the sky; if there are two stars on
it, these two culminate simultaneously. The same situation occurs at the west
horizon.

Chapter fifteen: To know the degree of rising of any star, among the stars
drawn (on the globe), the degree of its meridian transit and the degree of
its setting at the (various) latitudes.

The way to do this is to place the pole at the latitude of the city and
rotate the globe. The degree that falls on the east horizon with this star
is the degree of its rising; (the degree) that falls on the meridian with it is

2 In all manuscripts, what I have translated as ‘any number’ is written Ls; this could mean 41 (dc-

grees), but in that case L should be overlined. In the margin of MS D there is a note by a reader: s
O el 2l a4 J_e\ ol (‘or more or less than it, equal to the measure of the latitude’) that im-
plies that L was understood as 41. In the corresponding chapter Q28 of the treatise of Qusta we read
el o o e/ oS (‘as many degrees as you want').

2! If two stars culminate simultaneously for an observer on the terrestrial equator, as presented
above, then they culminate simultancously in every latitude. The phrase ‘the middle of the sky” has
to be changed to ‘the east horizon’ in order to be astronomically correct. See the discussion in the

Commentary.
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ARABIC TEXT AND TRANSLATION 71

the degree of its meridian transit; and (the degree) that falls on the west
horizon with it is the degree of its setting. Be aware that the degree of rising
and the degree of setting change as the latitude varies; as for the degree of
meridian transit, this never changes.

Chapter sixteen: To know the ascension (rising times) of the zodiacal signs
and to know the ascension of a degree in the right sphere and elsewhere.”
The way to do this is that you place the pole on the horizon and rotate the
globe until the first point of the sign, for which the ascension is required,
arrives at the east horizon. You mark the degree of the equator that has reached
that horizon with it; then you rotate the globe until this sign rises entirely
and mark the degree of the equator that has reached that horizon with it. The
number of degrees between the two marks will be the ascension of this sign.

If you want the ascension in the oblique horizons, place the pole at any
latitude you want, then do the same operation. Be aware that if you take the
ascension of a sign at any latitude on (i.c. using) the meridian line, you obtain
the ascension of that sign in the right sphere.

The way to know the ascension of a degree of the ecliptic is that you place
the degree for which the ascension is wanted on the east horizon; the degrees
of the equator between the first point of Aries and the degree of the equator
that has reached (the east horizon) simultaneously with that degree will be the
ascension of that degree.

> This means that also the ascension in the oblique sphere is examined.
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ARABIC TEXT AND TRANSLATION 73

Chapter seventeen: To know the stars of perpetual apparition,” perpetual
occultation,” and those that rise and set, among the stars drawn on the
globe.

The way to do this is that you place the pole on the horizon and rotate the
globe so that the star arrives at the meridian. You count its distance from the
pole in degrees of the meridian ring. (The star) that is in a distance from the
north pole equal to or less than the latitude of the city will be in perpetual
apparition. (The star) that is in a distance from the south pole equal to the
latitude of the city arrives at the horizon and vanishes immediately; (when
the distance) is less than that, (the star) will be in perpetual occultation; and
(when the distance) is greater than that, (the star) rises and sets. (The star
that) is closer to the north pole, spends a longer time above the earth; for (the
star that) is closer to the south pole, the time spent above the earth is shorter
in the northern regions, and God knows best.

Chapter eighteen: To know the stars that set after the sun and rise before
it in one night, and to know the stars that are above the earth during the
whole night.

The way to do this is to rotate the globe until you find the distances
of the stars and the degree of the sun from the north pole. Those stars
that are significantly closer to the north pole than the degree of the sun
is,”> and lie close to (but above) the west horizon at sunset, will set after
the sun and rise before it. The stars that are closer to the north pole than

the degree of the sun is,* and are close to the east horizon at sunset,

» ie. stars that are always visible.

i.c. stars that are always invisible.
lit. “Those whose distance is less than the distance of the degree of the sun by a significant
reduction’.

24

25

26 lit. “Those whose distances are less than the distance of the degree’
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ARABIC TEXT AND TRANSLATION 75

will be above the earth during the entire night. The greater the latitude, the

greater the difference in the advance and delay of the rising and setting, and
God knows best.

Chapter nineteen: To know at what time the stars drawn on the globe rise
and set.

The way to do this is that you place the pole at the latitude of the city, rotate
the globe until the degree of the sun arrives at the west horizon, and mark
the degree of the equator that has reached the east horizon with it. Then you
rotate (the globe) until the star, for which the time of its rising is required,
arrives at the east horizon and the star, for which the time of its setting is
required, (arrives) at the west horizon, and place a mark on the degree of the
equator that has reached the east horizon with it. Divide the degrees of the
equator between the two marks by the degrees of an equal or a seasonal hour
and the time of rising or setting is obtained.

Chapter twenty: To know the time” of rising of the moon and the planets
and the time® of their setting.

The way to do this is that you place the pole at the latitude of the city; then
you find the degree of the moon and (that of) the specified planets on the
zodiac circle (i.e. the ecliptic) by the z7j or in another way, its ‘latitude’ and
the direction of this ‘latitude’ You rotate the globe until the degree arrives at
the meridian circle, count from this position along the degrees of the meridian
as many degrees as the ‘latitude’ of the moon or the planet in the direction of
its ‘latitude} and mark the position where the number finishes on the globe;
that mark will be the position of the moon or the planet. Then you rotate

7 lit. ‘hours’.

2 lit. hours’.
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ARABIC TEXT AND TRANSLATION 77

the globe so that the degree of the sun arrives at the west horizon, and put a
mark on the degree of the equator that has reached the east horizon with it.
(Then you rotate the globe so that the mark of the moon or planet arrives at
the west or east horizon, and put a mark on the degree of the equator that has
reached the east horizon with it.)? Then you divide (the number of) degrees
of the equator between the two marks by the (degrees of the) equal or seasonal
hour; the result will be the time® of rising, if the mark was on the east horizon,
or the time of setting, if it was at the west horizon.

This rule is not in accordance with reality and its origin does not take into
consideration the difference between the degree of the planet and the degree
of its transit (mediation).

Chapter twenty-one: To know the midday altitude (of the sun) on every
day and to (know) the maximum altitude of any of the stars drawn on the
globe.

The way to do this is that you place the north pole according to the degree
of the latitude and put a mark on the degree of the sun on that day. You
rotate the globe until the mark or the star arrives at the meridian, and observe
which direction it is closer to: the north or south horizon. The degrees of the
meridian that are between the mark or the star and the closest side of the
horizon will be the midday altitude {of the sun) or the highest altitude of the

star; this changes as the region varies.

# This addition is necessary in order that the procedure described be correct. A similar proposition
exists in each of the corresponding chapters Q40 (for rising) and Q41 (for setting) in the treatise
of Qusta.

3 lit. ‘hours’.
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Chapter twenty-two: To know the difference between the greatest altitude
of the sun on the same day in two cities with different latitudes.

The way to do this is that you place the pole according to [the amount of]
the latitude of one of the two cities and you obtain the greatest altitude of the
degree of the sun by the aforementioned method. Then you place (the pole)
on the latitude of the other city and obtain the greatest altitude of that degree.
The resulting difference between the two numbers will be the difference
between the greatest altitude of the sun in these two cities.

Chapter twenty-three: To know the place in which the year is one day and
where no star rises from the horizon and no (star) ever sets with the mo-
tion of the celestial sphere.”!

The way to do this is that you place the pole at the zenith; in that (position),
the northern or southern zodiacal signs will be above the horizon and the rest
of them below the horizon. Thus, there are six months of daytime and six
months of nighttime, with some of the fixed stars in perpetual apparition and
some of the fixed stars in perpetual occultation.

Chapter twenty-four: To know the place where the daylight is 24 equal
hours.

The way to do this is to place the pole at the latitude of 66 degrees® and
rotate the globe a complete rotation. You will then find that the first point of
Cancer never sets and the first point of Capricorn does not rise. Thus, when
the sun is at the first point

31

lit. ‘the sphere of the spheres.
In the right margin of manuscript K, this is corrected as 66;25, both in 4bjad numbers and in
words.

32
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of Cancer, there is a unique rotation that produces 24 hours of daylight, and
when it is at the first point of Capricorn, the whole rotation will produce night.

Chapter twenty-five: To know the place where some of the zodiacal signs
rise in inverted order and set in regular order and some of them the other
way around.”

The way to do this is that you place the pole at a latitude exceeding 66 degrees.?
Then you find that the arc which has Aries at the middle, and is located
between the arc of perpetual apparition and the arc of perpetual occultation,
rises inverted and sets regularly, and the arc that is opposite to it rises regularly
and sets inverted.

4

Chapter twenty-six: To know the cities where the sun reaches the zenith
once or twice a year.
The way to do this is that you place the pole at the latitude of 24 (degrees).
When the sun is at the first point of Cancer, it rises high over the heads of
the inhabitants and it only reaches the zenith at this time. There is no shadow
when the sun arrives at the zenith.

If you place the pole at a magnitude of latitude less than 24 (degrees), then
the sun rises high over the heads of the inhabitants twice in a year, in the way
that it rises high over the heads of the inhabitants of the terrestrial equator twice.

3 ie. some of the zodiacal signs rise in regular order and set in inverted order.

3 Corrected as 66;25 in the right margin of manuscript K.
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For a demonstration, you count from the horizon on the meridian line 90
degrees and put a mark at the degree where the numbering ends; that mark
will be the zenith. Then you rotate the globe, after placing the pole at the
aforementioned positions, and you will find that one of the degrees of the
zodiac traverses under the mark. If the sun is at that degree, it rises high over
the heads of the inhabitants when arriving at the meridian line.

Chapter twenty-seven: To know the cities where the shadows are in one
direction and those where they are in both directions.
Be aware that if the latitude of the city is less than 24 (degrees), the shadow
there®® will be in both directions; if not, the shadow there will be in one
direction. For a demonstration, you place the pole at a latitude less than 24
(degrees) and rotate the globe, then you will see that some degrees of the zodiac
traverse to the south of the zenith and some of them to the north of it. When
the sun is located amongst the degrees that (traverse) south of the zenith, the
shadow will be to the north. When the sun is located amongst the degrees that
(traverse) north of the zenith, the shadow there will be to the south.

If you place the pole at a latitude of 24 or more (degrees), then you will not
find any degree of the zodiac north (of the zenith); thus the shadow in these
places of residence can only be to the north, and God knows best.

3 ‘the shadow there: lit. ‘its shadow’.
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Chapter twenty-eight: To know the meridian.

The way to do this is that you take the altitude in the aforementioned way,*
and you draw on the earth a line that follows the alignment of the diameter of
the meridian ring; this line will be the meridian line in that location, because
the position of the globe at that time is like the position of the celestial sphere
itself.

If you want to know the gibla, find out the difference in longitude between
the city and Mecca and observe in which direction it is. Count the amount of
these degrees (starting) from the meridian line in that direction, in degrees of
the ring of the horizon, and put a mark at the position where the numbering
ends. Draw a line on the earth from the centre of the inferior ring of the stand
in the same direction as this mark; that line will be the line of the gibla.

This method is undoubtedly fake and it fails to provide coverage for all of
the regions, in particular when the determining (is conducted) using the in-
strument which is found in these territories. It is better to get results by the
methods that will be mentioned in the treatise on the quadrant, God Highest
willing, and God knows best.

3¢ As mentioned in Chapter 9.
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Chapter twenty-nine: To know the ‘longitude’ of the moon and any
planet or fixed star you want, at its greatest altitude.

The way to do this is that you observe the moon or the planet /star at its
greatest altitude with the astrolabe, with the quadrant, or in a different way.
Then you immediately take the altitude of any one of the stars drawn on the
globe, and put a mark on the number of its altitude among the degrees of the
ring of the quadrant. You place the endpoint of the quadrant, where 90 has
been inscribed, at the point of the zenith, and the other endpoint on the ring
of the horizon. You rotate the globe and the lower endpoint of the quadrant,
until the aforementioned star drawn (on the globe) falls under the mark on
the quadrant and observe which degree of the zodiac circle (i.e. the ecliptic)
falls under the meridian line. This will be the longitude’ of the moon or the
planet / star.

Chapter thirty: To know the ‘latitude’ of the moon and a star, among the
planets and the fixed stars which are not drawn on the globe, during a
night when it is possible to take its complete (i.e. highest) altitude, and to
know its distance from the equator and its distance from the zenith.

The way to do this is that you find its degree in the aforementioned way, and
you put a mark on it. You find out its maximum altitude and its direction
(to the south or to the north of the zenith). You count as many degrees as
its altitude in that direction, in degrees of the meridian ring, and put a mark’’
where the numbering finishes. Then you rotate the globe, until the degree of
the moon or star arrives at the meridian. If this degree falls under the degree
you marked on the

37 This mark is put on the meridian ring and corresponds to the maximum altitude of the moon

or the star.
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ARABIC TEXT AND TRANSLATION 89

meridian, there is no latitude at that time. If it falls in a position beyond it*®
you must count the degrees of the meridian circle that fall in between the
degree and the mark; these degrees will be the ‘latitude’ of the moon or the
specified star. You know well that there is a dispute over (the claim that) there
is no difference between the degree of transit (i.e. mediation) of the star and
its degree (ic. longitude). The degrees that are between the mark (on the
meridian) and the equator will be its distance (i.e. declination) from it (the
equator). The degrees that are between the mark and the zenith will be its
distance from it (i.e. its minimum zenithal distance).

Chapter thirty-one: To know if the lunar eclipse and the solar eclipse
occur in the current month.

The way to do this is that you find out (the latitude of) the moon in night
13 (of the lunar month). If the latitude of the moon in its maximum altitude
is greater than one degree and four minutes, the moon will not be eclipsed; if
it is less than this or it has no latitude, then it will be eclipsed.

If the north latitude of the moon on the 27* day at its maximum altitude
is greater than one degree and 37 minutes, or its south latitude is greater than
(forty-seven )*’ minutes, then the sun will not be eclipsed; otherwise it will be
eclipsed. And so it is, but consider whether you can take its highest altitude on
the specified day.

% “in a position beyond it’ lit. ‘on any side of it.

% ‘Forty-seven’ minutes exists only in manuscript K as a marginal note. It is also present in the

corresponding chapter Q61 of the treatise of Qusta on the celestial globe.
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ARABIC TEXT AND TRANSLATION 91

Chapter thirty-two: To know the difference of daylight (length) on the
same day in two different latitudes, while the sun is at the same degree.
The way to do this is to place the pole in one of the two latitudes and the
given degree on the east horizon, and mark the degree of the equator that has
reached that horizon with it. Then you place the pole in the other latitude and
the degree on the same horizon and you mark the degree of the equator that
is in that horizon with it. The degrees which are in between the two marks
correspond to the difference in daylight of one of them over the other.

Chapter thirty-three: To know the latitude of the city from the highest al-
titude of a star, among the stars of the globe, and from its longest daytime.
The way to do this is to place the specified star at its highest altitude (counting)
in degrees of the meridian ring and then the latitude is obtained.

You place the pole on the horizon and the first point of Cancer on the east
horizon and subtract the daytime (arc) on the (terrestrial) equator — that is
90 degrees® — from the given daytime; the remainder will be the excess of the
daytime arc over the daytime of the (terrestrial) equator. You take half of this
and count this number of degrees along the equator, starting from the horizon,
and put a mark on the final degree. Then you raise the north pole once and
you lower it again.”! The latitude of that city will be the number (of degrees of
elevation of the pole) at which the rising of the first point of Cancer coincides
with the rising of the mark.

It is possible (to use) the first point of Capricorn, and other (points of
the ecliptic), while performing this method, by placing the pole on the hori-
zon and the first point of Capricorn, for example, on the east horizon; you
put a mark on the degree of the equator that arrived simultancously with it

4 The correct number is 180.
4 This is a trial and error method for finding the proper position of the globe.
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(at the east horizon). You subtract the given daytime from the daytime of the
(terrestrial) equator and take half of the remainder. Then you raise the pole
and lower it, so that the first point of the Capricorn is placed on the horizon
and the mark is elevated from the horizon by the amount of this half and ac-
cording to this analogy.

Colophons and notes after the text of the treatise

1. (A) Praise be to God for the completion, and blessings upon Muham-
mad, the most superior of the prophets, peace upon him and upon his
family and his noble companions.

2. (B) The book was completed with the help of God the King the Be-
stower. Year 1149.

By the hand of the poor slave Ahmad ibn “Alj, called Qabuji, may God
increase the forgiveness for him and his parents and be charitable to
them and to him.

If someone works so hard on this science, his heart becomes cruel, but
by the time passing he must be unsurpassed (?).

3. (J) The book was completed with the help of God the King the Be-
stower, year 1144.

4. (D) The treatise was completed with the guidance of God the Highest,
in the year nine and fifty and hundred and thousand (1159 H) in the
blessed (month) Dh al-Qa'dah.*

5. (H) Completed in forty-two after thousand and hundred (1142 ).
The books have been completed and the company charge to the copy-
ist is required.”

# je. between 14 November and 13 December Ap 1746 (Gregorian).

“  The last sentence is written in Ottoman Turkish. The transliteration in modern Turkish is
‘Temam oldu kiitiibiin intihasi, gerekdir katibe sirket behast. I am thankful to Ali Fikri Yavuz for
translating this sentence.
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(U) Year 1160.
Explanation of the astrolabe by Humaidi / Hamidi Effendi, God’s mer-

Cy upon hlm, great mercy.

(Z) Completed in year 118 on 29 Muharram. Mustafa Effendi.

(K) The writing of this treatise has been finished in the morning of the
fourth of the blessed (month) Shawwal of the year 1158, by the hand
of ‘Umar ibn Husayn al-Amda, who is in need of Him, the Glorified
and Exalted, may God pardon both of them* and all believers, men
and women; amen.

(R) Praise be to God for the completion, and blessings upon Muham-
mad, the most superior of the noble prophets, and upon his family and
his venerable companions.

The writing of these three treatises attributed to Muhammad, famous
as Akhawayn, was completed at the beginning of the month Rajab, the
respected, of the year 965.%

i.c. ‘Umar and his father Husayn.

% ie. the second half of April 1558.
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3. Commentary on the treatise Dhat al-kursi
attributed to Ptolemy (treatise P) and comparison

with the treatise on the celestial globe
by Qusta ibn Liqa (treatise Q)

In this chapter, a commentary on the introduction and each chapter of the treatise
Dhat al-kursi (in short, treatise P) is presented with additional figures to facilitate
the understanding of the text, to illustrate the method applied, to discuss possible
influences and to shed light on some omissions and erroneous statements in the
text. In parallel, there is a comparison to the treatise on the celestial globe by Qusta
ibn Liqa (in short, treatise Q), to show the close dependence of treatise P on trea-
tise Q, and to prove that the latter is the source treatise of the former.'

P Introduction

In the introduction of treatise P, there is a detailed description of the instru-
ment called dhar al-kursi. It is a celestial globe with stand, similar to the instru-
ment depicted in Figure 2.

The instrument includes a horizontal ring
resting on the stand which represents the
horizon, and another ring perpendicular to
the horizon ring and bisecting it, which rep-
resents the meridian. Both of the rings have
the same internal diameter.

A globe is situated within the internal
space of the two rings and it can rotate
round the axis that connects the globe with
the meridian ring. On the globe, the fol-
lowing elements are depicted (Figures 2-3):

e The ecliptic, divided into 360° and
12 zodiacal signs.

o The six great circles through the
first points of the signs and per-
pendicular to the ecliptic; these cir-
cles intersect each other at the two
poles of the ecliptic. One of them )
(through the first points of Cancer  Figure 2: Celestial globe. © History
and Capricorn) also passes through  of Science Museum, University of

Oxford, inv.40716.

! For an introductory presentation of these two treatises see Section 1.2 of this book. For the full

Arabic text of treatise Q, see Appendix 3.
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98 COMMENTARY ON THE TREATISE DHAT AL-KURSI

the two celestial poles; this is the solstitial colure. It is mentioned that
these circles are drawn in red.

e The equator, also divided into 360°, intersects the ecliptic at the two
equinoctial points, i.e. the first point of Aries and the first point of Libra.

e The two poles of the equator are marked by holes with pegs inside.
They connect the globe to the meridian ring and permit the rotation
of the globe.

e Some of the fixed stars are also depicted on the globe. It is mentioned
that the names of the stars usually represented on the spider of the as-
trolabes are also inscribed on the globe.”

- irough the

the two poles of the ‘of the signs

Figure 3: The elements of a celestial globe indicated on the globe dated 764 H/ AD
1362-3. © History of Science Museum, University of Oxford, inv.44790.

The above elements had already been described by Geminus (1% c. Bc), while
describing the circles on the sphere in his treatise Introduction to Phaenomena,’
but Geminus describes only two of the circles through the poles of the ecliptic:

> For a complete presentation of the stars depicted on the astrolabes according to the Arabic

tradition see Kunitzsch, Arabische Sternnamen, pp.58-96.

3 Avujac, Géminos. Introduction aux Phénoménes, also Evans and Berggren, Geminos’s Introduction
to the Phenomena, and Manitius, Gemini Elementa astronomiae; the ‘circles on the sphere’ are de-
scribed in Chapter S.
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the solstitial and equinoctial colures. In treatise P, some additional elements are

described:

o the 28 lunar mansions,* which are stars or groups of stars situated on
the ecliptic, or on its two sides, i.c. to the north or to the south of it
(depicted in Figure 4), and

o the circles of declination, which are great circles perpendicular to the
equator and intersect each other at the two poles of the equator.

Figure 4: Celestial globe dated 718 H / AD 1318-9.
The 17%-22" lunar mansions: klil, Qalb al-Aqrab, Shaula al-Aqrab,
al-Naaim, al-Balda and al-Sad al-Dhabib can be seen on the globe.
© History of Science Museum, University of Oxford, inv.54471.

As for the two rings that surround the globe, treatise P states that the horizon
circle is the ring of the stand, divided into 360 equal degrees, and that the me-
ridian ring is fixed and also divided into 360 degrees.

On the horizon ring (Figure 5), the meridian line and the East-West line are
drawn; at the extremities of the meridian line the terms ‘North’ and ‘South’
are written, while at the extremities of the East-West line, the terms ‘East’ and

# For a presentation of the lunar mansions see Kunitzsch, Arabische Sternnamen, pp. 53-57, and
al-Birani, The Chronology of Ancient Nations, pp. 335-65.
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“West’ are written. Each of these lines bisects the horizon circle. The positions
of summer and winter risings and settings of the Sun are also indicated on the
horizon. Their amplitude depends on the latitude of the locality.

The division of the horizon into 360° is used for measuring the azimuths.
Geminus and Leontius’ do not mention this division, since the azimuth was
invented later by the Arabs.

east- west line

Winfgr = BHWn®
r r/s,ngs rnsﬁu\_s‘)

meridian line

S

Figure 5: The horizon ring of the celestial globe.

Comparison with treatise Q

The introduction of treatise P corresponds to Chapter Q1. In general, the word-
ing of the two treatises is similar, although there are some remarkable differences:

5
6

1.

In the description of the celestial globe in the treatise attributed to
Ptolemy (treatise P), there are three additional elements in compari-
son with the treatise of Qusta ibn Laqa (treatise Q): the east-west line
(er2ally Grtwll Ls) and the meridian (north-south) line
(¢! Cinas =) on the horizon ring of the stand, and the circles of
declination () ,51ys) through the two celestial poles on the globe.

In Chapter Q1, 12 circles through the poles of the ecliptic are men-
tioned, which separate the zodiacal signs on the ecliptic, while in the
introduction of P, six such circles are mentioned and described in a
more elaborate way.® The correct number of circles is six, since each
one of the circles through the poles of the ecliptic intersects the ecliptic

Leontius, De sphaeme Avrateae constructione, in Maass, Commentariorum, pp. 561-67.
Q: Loy e ) o Jats KB e 31 (‘twelve circles separating twelve zodiacal signs’),

Pzl J;\;L 8)LJ) jlsll (‘the circles passing through the beginnings of the zodiacal signs’).
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at two points. There are thus 12 points of intersection that define the
division of the zodiacal signs on the ecliptic. The red colour of these
circles is mentioned only in treatise P.

3. The ecliptic is mentioned in QI as the ‘circle through the middle of
the zodiacal signs’ (@ )\ Loy 2ls), a translation of the Ptolemaic 6 Sua
véowv 1oV Lwdtomv xixhog, while in P the more common designation

‘circle of the zodiacal signs’ (C) ) &) s used.

Chapter P1: To know how to position the globe

The celestial globe must be positioned correctly in order to give results accord-
ing to the chosen locality. The user must face the eastern horizon and place
the meridian ring in its position into the aperture of the stand.” The globe
should be surrounded by the meridian ring and attached to it through its axis,
so that the north pole is elevated from the horizon as many degrees as the lati-
tude of the chosen locality. At this position, the rotation of the globe simulates
the diurnal motion at that locality.

The diurnal motion, as simulated through the celestial globe, is compared
to the motion or shape of everyday-life objects. In the place where the equa-
tor is on the zenith (¢=0°), the rotation will be upright, like the motion of
a wheel (Vy3), as in Figure 6. In the place where the pole is on the zenith
(9=90°), the rotation will be horizontal (uvioeidic), like the motion of a
millstone (_>,), as in Figure7. In the place where the equator is oblique
(0°<9<90°), as in Figure 8, the rotation will be oblique diagonal (L),
like a baldric (‘_}JA;- S / 8l>), a diagonal belt for carrying a sword.

o
Figure 6: ¢=0° Figure 7: =90° Figure 8: 0°<p<90°.

Figures 6-8: The diurnal motion at various latitudes.

7 Depcnding on the type of the globe, it can be adjusted to the local latitude either by sliding the
meridian ring through the two small apertures on the horizon ring, or by fixing the poles of the globe
on the appropriate holes of the meridian ring. This is not discussed in the treatises P and Q.
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Comparison with treatise Q

Chapter P1 includes the most important points of Chapters Q2-4, adding
some new similes. The description of the diurnal motion as viewed from
the poles of the Earth is described in both treatises as similar to the rotation
of a millstone: in the introduction of Q in some manuscripts (e.g. B, N)
= s LS, in Q4 =)l o)suS and in P2 ijy-, iS5~ For the diur-
nal motion as viewed from the terrestrial equator the term s icow ol
(straight-up rotation) is used in Q4, while in P2 the term &V dodirons S~
(straight-up motion, like a wheel) is used. For places between the terrestrial
equator and the poles the term |5l ljss (inclined / oblique rotation) is
used in Q4, while the term ill> i3> iS> (oblique motion like a bal-
dric) is used in PI.

Chapter P2: To know the equality of night and day on the (terrestrial)
equator line

This chapter has the didactic purpose to show that the durations of day- and
nighttime are equal on the terrestrial equator, for any day of the year. The
poles of the globe are placed on the horizon, thus the globe models the celes-
tial sphere as seen from the terrestrial equator. Two methods are presented in

Chapter P2:

1. Any desired degree of the ecliptic is placed on the horizon (east or
west) and the two degrees of the equator that intersect the horizon are
marked; these two degrees of the equator correspond to the right as-
cension and descension of the chosen degree of the ecliptic. Then the
globe is rotated and both degrees of the equator arrive simultaneously
at the opposite point of the horizon.

2. Any degree of the ecliptic is placed on the east horizon and the degree
of the equator that rises simultaneously is marked; this is the right as-
cension of the chosen degree of the ecliptic. The globe is rotated and
the two degrees come simultaneously onto the west horizon. This cor-
responds to a rotation of 180° of the globe. During this rotation, 180°
of the equator have risen and 180° of the equator have set.

According to the results of both methods, the durations of the day- and night-
time are equal for any degree of the ecliptic, thus for any day of the year. The
equality of day- and nighttime at the terrestrial equator is discussed by Gemi-
nus® and Ptolemy.’

8 Evans and Berggren, Geminos’s Introduction to the Phenomena, Section 6.23, p. 165.
? Prolemy, Syntaxis mathematica (ed. Heiberg), part I, Section IL6.1, p. 101, and Toomer, Ptolemy s
Albmagest, p. 82.
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Comparison with treatise Q

Chapter P2 contains the same two procedures as QS5, put in the opposite order
and presented in a different wording.

Chapter P3: To know the longest and shortest daytime at the oblique

horizons

This chapter has the didactic purpose to show that, for any place outside the
terrestrial equator, the longest daytime occurs when the Sun is at the first point
of Cancer and the shortest one when the Sun is at the first point of Capricorn.

The north pole of the globe is raised by an arbitrary number ¢ of degrees
above the horizon (0°<9<90°), thus the globe models the celestial sphere as
seen from any place on earth having latitude ¢ to the north of the terrestrial
equator.

The first points of Cancer, Capricorn and any other degree of the eclip-
tic are placed on the east horizon and the rising degree of the equator is
marked; this degree corresponds to the oblique ascension of the respective
degree of the ecliptic for the latitude ¢. Then the globe is rotated so that
the degree of the ecliptic arrives at the meridian, or the west horizon, and
the number of the degrees of the equator that have risen is counted; in the
former case this number corresponds to the half daytime arc, whereas in the
latter case to the daytime arc of the degree of the ecliptic. Always, the day-
time arc of the first point of Cancer will be greater than the daytime arc of
any other degree, while the daytime arc of the first point of Capricorn will
be less than the daytime arc of any other degree of the ecliptic. Thus the
longest daytime corresponds to the day when the Sun is at the first point of
Cancer, and the shortest one to the day when the Sun is at the first point
of Capricorn.

According to Chapter P3, by the same procedure it can be verified that:

1. when the Sun is at the equinoctial points, the daytime length is equal
to that of nighttime;

2. when the Sun is among the northern zodiacal signs, the daytime is lon-
ger than the nighttime, and

3. when the Sun is among the southern zodiacal signs, the daytime is
shorter than the nighttime.

Comparison with treatise Q

Chapter P3 contains the procedure described in Q8, but in a concise and more
general form. The author of treatise P presents two possibilities for compar-
ing daytime lengths, measuring the half daytime arc or the entire daytime arc,
while in Q8 only the whole daytime arc is used.
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Chapter P3 also presents the results of Q7 and partially those of Q6.

Chapter Q6 deals with the difference between day- and nighttime lengths
for northern and southern zodiacal signs and examines how this difference
changes according to terrestrial latitude: the north pole of the globe is raised
above the horizon. Any degree of the ecliptic is then placed on the east hori-
zon and the degree of the equator rising on the east horizon is marked (this
degree of the equator corresponds to the oblique ascension of the degree of
the ecliptic in that latitude). The globe is rotated, so that the degree of the
ecliptic comes onto the west horizon. If the degree of the ecliptic belongs
to a northern zodiacal sign, then it will set after the corresponding degree
of the equator, meaning that the daytime arc will be greater than 180° this
implies that the daytime will be longer than 12 hours, which is the daytime
at the terrestrial equator. If the degree of the ecliptic belongs to a southern
zodiacal sign, then this degree will set before the corresponding degree of
the equator, thus the daytime arc is less than 180° this means that the day-
time will be shorter than the daytime on the terrestrial equator. In a similar
procedure, the duration of the nighttime can be studied. The difference be-
tween the day- and nighttime on the same day varies with latitude; when the
clevation of the north pole is greater, the difference between the day- and
nighttime will also be greater.

The results of Chapter Q6 concerning the duration of daytime when the Sun
is at the southern and northern zodiacal signs are included in Chapter P3 (in
the above-mentioned points 2 and 3). This subject is discussed in Proposition
1.4 of the treatise On Days and Nights by Theodosius;' the translation of this
treatise into Arabic is attributed to Qusta ibn Luga.

Chapter Q7 describes a procedure to verify the equality of day- and night-
time lengths when the Sun is at the equinoctial points. The north pole of the
globe is first elevated above the horizon. The first point of Aries (vernal equi-
nox) is then placed on the east horizon and a mark is put on the degree of
the equator that simultaneously reaches the (east) horizon. Then the globe is
rotated so that the first point of Aries arrives at the west horizon. At this posi-
tion, the marked degree of the equator has also reached the west horizon, after
a 180° rotation of the globe. Likewise, if the globe is rotated so that the first
point of Aries arrives at the east horizon, the marked degree of the equator
will simultaneously arrive at the east horizon. As the first point of Aries and
the marked degree of the equator come together onto the west or east horizon,
the equality of day- and nighttime lengths is thus demonstrated. The equality

10

Kunitzsch and Lorch, “Theodosius, De diebus et noctibus. Proposition 1.4 is on pp. 19-20 and
34 and the attribution of the translation to Qusta ibn Luqga appears on pp. 9, 13, 15, 30. The Greek
text of the same treatise is included in Fecht, Theodosii de habitationibus liber. De diebus et noctibus

libri duo.
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is preserved for any elevation of the north pole. The same result is obtained
for the first point of Libra (autumnal equinox).

In the text of Chapter Q7, the degree of the equator that reaches the
horizon simultaneously with the first point of Aries or Libra seems to be a
point that does not belong to the ecliptic.' This is not correct, because the
equinoctial points are the two points of intersection of the ecliptic with
the equator. Thus, when the first point of Aries reaches the east horizon,
the same point will be the degree of the equator that reaches the east hori-
zon, and the mark should be put on the first point of Aries; the situation
is the same on the west horizon. Exactly the same happens with the first
point of Libra.

The author of treatise P eliminated the description of the procedure pre-
sented in Q7, including only the conclusion that the day- and nighttime are
equal when the Sun is at the equinoctial points; this conclusion could be taken
as a result of the procedure explained in Chapter P3.

Chapter P4: To know the difference between the (lengths of) daylight of
two days in one city

The north pole of the equator should have been placed according to the lati-
tude of the city, but this is not mentioned. The two degrees x, y of the eclip-
tic, which correspond to the positions of the Sun on each of the two days, are
successively placed on both the east and the west horizon. Thus, the daytime
arc d(x) of the degree x of the Sun is estimated as

| nlx) =), if 7,(x) 2 7y (x)
d(x) = { 360° + ry(x) — r1(x), if rp(x) <ri(x)’

where 7,(x), 7,(x) are the rising degrees of the equator at the moment of sunrise
and sunset respectively; the daytime arc d(y) of the degree y is estimated
similarly. The difference between the daylight length of these two days will be

|d(y)-d(x)].

Comparison with treatise Q
Chapter P4 corresponds to Q9, but there are some differences:
1. In Q9 it is mentioned that the north pole must be placed according to
the latitude of the locality, but in P4 this phrase is omitted.

2. At the end of Q9, the result found in degrees is converted into (equal)
hours, by dividing it by 15; this is not mentioned in P4, but in the next

' Since the text notes: _3,-2J) d.;\/\) Y &A;Y' e Laex oLdlsné ‘these two reach the east horizon
and the west horizon together’. i
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Chapter P5 the author explains how to convert degrees of the equator
into equal hours and a fraction of an equal hour.

Chapter P5: To know the daytime arc of the Sun and of the rest of the
stars, and its division into seasonal and equal hours

The title refers to ‘the Sun and the rest of the stars’, although in the instruc-
tions that follow only the term ‘star’ (._,S") is mentioned, probably used col-
lectively for the Sun, planets and fixed stars. For the Sun, the same procedure
must be followed, using the degree of the Sun instead of the star.

By the term ‘daytime arc of a star) the duration of the motion of the star
above the horizon is meant, and by the term ‘nighttime arc of a star} the dura-
tion of the motion of the star below the horizon. The day- and nighttime arcs
can be measured either in degrees of the equator or in equal hours.

The procedure in Chapter P5 is the following: The north pole of the globe
is first raised according to the latitude of the locality. The oblique ascension
71(x) of the star, and the degree 7,(x) of the equator that is rising at this lo-
cality when the star is setting are determined using the globe. The difference

| nx) = n(x), if 72(x) > 71 (%)
dlx) = { 360° + 72 (x) — r1(x), if m(x) < r1(x)

gives the daytime arc of the star, while the difference 7(x)=360°-d(x) gives
the nighttime arc of the star; both arcs are measured in degrees of the equator.

The integer quotient of the division d(x)/15 gives the number of equal
hours that correspond to the motion of the star above the horizon, while the
remainder # of this division gives the fraction of the hour (#/15); thus 4u will
be the result in minutes.

The quotient of the division d(x)/12 gives the number of degrees of one
seasonal daytime hour. This refers only to the Sun, however, and not to the
stars, because the seasonal hours are defined by means of the Sun; in the text

of Chapter P5, this is not clarified.

Comparison with treatise Q

Chapter PS5 unifies Chapters Q10, Q12 and Q19. In Chapter Q10, the day-
time arc of the Sun in equal hours is estimated, in Chapter Q19 the day- and
nighttime arc of a star in degrees of the equator and in Chapter Q12 the de-
grees corresponding to one seasonal daytime hour of a given day at a given
locality are estimated. The procedure described for Chapter P5 is repeated in
cach of these three chapters, whereas the author of treatise P avoided this rep-
etition by unifying these chapters.
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Chapter P6: To know the difference between the daytime lengths of the
same day in two cities with different latitudes

The north pole of the globe is first raised according to the latitude of city A. The
oblique ascension 7,(x) of the degree x of the Sun at sunrise, and the degree 7,(x) of
the equator that rises at that locality at sunset are found for city A. The difference

| nx) - nx), if 75(x) 2 r1(x)
Aalx) = { 360° + 72(x) — r1(x), if ra(x) < r1(x)

provides the daytime arc of the Sun for city A.

The same procedure is repeated for city B, giving the daytime arc of the Sun
dy(x) at this city. The difference between the daytime lengths of the same day
in the two cities will thus be |d,(x)—dj(x)|.

Comparison with treatise 19

Chapter P6 describes exactly the same procedure as Q11, but in a concise way.

Chapter P7: To know the time that has elapsed since sunrise in equal and
unequal hours

The north pole of the globe should be raised according to the latitude of the
locality, although again the description of this step is omitted in treatise P. The
degree x of the Sun is placed at the equivalent of its current altitude on the globe™
and the degree 7,(x) of the equator that rises at that locality at this moment is
found. Then the degree of the Sun is placed on the east horizon and the degree
71(x) of the equator that rises at that locality at the moment of sunrise is deter-
mined (this is the oblique ascension 7,(x) of the degree of the Sun). The difference

: ra(x) — 71 (%), if 72(x) > r1(x)
rx) = { 360° + 75(x) — 71(x), if ra(x) < r1(x)

gives the arc of revolution since sunrise. Dividing it by the degrees of one equal
hour (always 15°) or by those of one unequal hour (explained above in Chap-
ter P5), the elapsed time since sunrise in equal or unequal hours, respectively,
is determined.

Comparison with treatise 19

Chapter P7 corresponds to Q13 (equal hours) and Q14 (unequal hours), but in
Q13-14 the ascendant is known, while in P7 the altitude of the Sun is known.
In treatise P the degree of the Sun is placed on the given altitude, while in trea-
tise Q the ascendant is placed on the east horizon. Both methods are equivalent.

12 The quadrant scale (Figure 9) should be used for this purpose, but this is not mentioned in the
text. For the use of this scale see the commentary on Chapter P9.
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The rest of the procedure is the same in both treatises. The author of treatise P
avoids the repetition of the same method presented in Q13 and Q14. In P7 the
term used for the unequal hour is i) deLudl while in Q14 the corresponding
term is £sbs;)) &L, which can be translated as ‘seasonal hour’

Chapter P8: To know the ascendant, if the elapsed time since sunrise in
equal or unequal hours is known

Here, the opposite procedure of Chapter P7 is followed: the equal or unequal
hours are converted into degrees of the equator, the degree of the Sun is placed
on the east horizon, and the globe is rotated so that the same number of degrees
of the equator rises from the horizon. These degrees correspond to the arc of
revolution of the celestial sphere since sunrise. At this position of the globe, the
ascendant is obtained as the degree of the ecliptic that rises at that moment.

Comparison with treatise Q

Chapter P8 contains both Q15 (in which the time in equal hours is known)
and Q16 (in which the time in unequal hours is known), so that the proce-
dure is again not repeated, as in treatise Q. In treatise Q, it is explained how
to convert the equal and seasonal hours into degrees of the equator, but in
treatise P this is not explained explicitly, since the correspondence between the
degrees of the equator and the time in equal and seasonal hours has been de-
scribed previously, in Chapters P5 and P7. The description of the procedure in
treatise Q is very detailed and clear, while in treatise P it is brief.

Chapter P9: On the method of obtaining the altitude of the Sun on the globe

The globe should be exposed to the Sun, and placed on flat ground, so that its
stand is vertical and the horizon ring exactly horizontal. The installation of the
globe must be checked using a plumb line. Then the north pole of the globe
is placed according to the latitude of the locality, where the Sun’s altitude is to
be measured. A gnomon in the form of a needle is attached at the degree of
the Sun, as a prolongation of the radius of the globe at that point (Figure 10).
Then the user must turn the stand and rotate the globe to reach the position
at which the needle casts no shadow; this means that the needle is parallel to
the sunrays. By measuring the angle that the direction of the needle, subse-
quently the direction of the sunrays, forms with the horizon, the altitude of
the Sun is measured. This angle is measured using a quadrant scale, graduated
from 0° to 90° (Figure 9). This quadrant scale must be placed in contact with
the globe, so that the graduation of 0° is on the horizon ring, the graduation
of 90° is on the zenith and the concave part of the scale passes through the
degree of the Sun.
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Figure 9: A Quadrant Scale, c. AD 1700.
© History of Science Museum, University of Oxford, inv.85161.
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Figure 10: Measuring the altitude of the Sun with the celestial globe.

The position of the celestial globe where the gnomon casts no shadow on
the globe can be achieved when the meridian ring is aligned to the local me-
ridian, but this is not mentioned in this chapter.

The last part of the text, concerning the west altitude of the Sun, is not
clear and it seems to be erroneous. The altitude can be measured in exactly the
same way when the Sun is to the east or the west of the meridian, and there is
no need to alter the poles and put the gnomon on the diametrically opposite
degree of the Sun as the text suggests. This last part is not included in the
respective Chapter Q53 in the treatise of Qusta.
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In his treatise on the use of the celestial globe,' al-Suff uses similar methods
to find the altitude of the Sun, presented in Chapters .4 and 1.8 of his trea-
tise. At the end of Chapter 1.8 he mentions that the altitude can be measured
with this method on both the east and the west side. In Chapters 1.48-49 he
develops methods to determine whether the altitude of the Sun is east or west.
In 1.48 the gnomon is installed on the degree of the Sun perpendicularly to the
surface of the globe and the system is aligned in such a way that the gnomon
casts no shadow, as in this treatise; if the degree of the Sun is then to the east
of the meridian, the altitude is east, and if it is to the west, the altitude is west.

Comparison with treatise Q

Chapter P9 corresponds to Q53. The procedure in both versions is the same,
although with some differences in wording. The author of treatise P has placed
this chapter near the beginning of the treatise, because the procedure for mea-
suring the altitude of the Sun is necessary for solving various other astronomi-
cal problems, such as those presented in Chapters P7 and P10.

Chapter P10: To know the four centres

The four centres in question are the ascending, upper culminating, descend-
ing and lower culminating degrees of the ecliptic.' To determine them, the
altitude of the Sun is first measured in order for the globe to be positioned
according to the current time. Then, the rising degree of the ecliptic is the
ascendant (sJUall), the setting degree is the descendant ()Ldl), the upper
culminating degree, reaching the meridian above the globe, is the midheaven
(sle—d) L2wy) and the lower culminating degree, reaching the meridian below
the globe, is the centre of the earth (_2,Y) 43s), also known as imum coeli.

Comparison with treatise 19

Chapter P10 includes the methods of Q54, Q17 and QI18. The first part of
P10 is almost identical to Q54, with only a few differences in wording. In
both P10 and Q54, the four centres are determined using the current altitude
of the Sun. In Chapter Q17 the midheaven is determined when the ascendant

3 Al-Sufi wrote a treatise On the Use of the Celestial Globe (between 983 and AD 986), which con-
tains 157 chapters arranged in three books. The treatise is preserved in MS Istanbul, Topkapi Saray,
Ahmet ITI 3505,1 (ff. 1-62). A summary of this treatise is presented in Kennedy, ‘Al-Sifi on the
Celestial Globe’ In the appendix of this article, Kennedy presents the titles of the 157 chapters in
English translation and a short summary of the contents of most.

14 The term %éy7pa meaning ‘centres’ is used for those four points by Ptolemy in AAmoteleouatixd
(ed. Hiibner), pp. 123, 179, 183, 189 and elsewhere, and by Joannes Philoponus, Joannis Alex-
andrini, cognomine Philoponi, de usu astrolabii eiusque constructione libellus’ (cd. Hasc), p- 141,
1. 19-22; the same text appears in Jean Philopon, T7aité de l'astrolabe (ed. Jarry), pp. 2, 21.
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is known (Q15 and Q16 describe how to find the ascendant), while in Q18
the descendant and imum coeli are determined when the ascendant or the mid-
heaven is known. The results of Q17 and Q18 are presented in the second
part of P10 in a more general way: if one of the four centres is known, then it
is placed on its position and the rest of the centres can be determined.

Chapters P10 and P11 are useful for astrology.

Chapter P11: To know the rest of the houses

This chapter deals with domification. At the beginning, the ascendant must
be placed at its position on the east horizon, although this is not mentioned.
Then the globe is rotated as many degrees as those of two unequal hours,
so that the degree of the ascendant reaches the position where it was two
unequal hours ago (Figure 11). At this position the upper culminating de-
gree of the ecliptic will be the cusp of the ninth house and the lower cul-
minating degree the cusp of the third house. Then the globe is rotated the
same number of degrees in the same direction as before (Figure 12), and at
this position the upper culminating degree of the ecliptic will be the cusp of
the eighth house and the lower culminating degree that of the second house.
Since the ascendant is the cusp of the first house and the descendant the
cusp of the seventh house, the first to third and seventh to eleventh houses
have been determined.

cusp of house IX cusp of house VIII
=
=
5
2 hours E
cusp of house |
ascendant
T ascendant T
cusp of house Il cusp of house Il
Figure 11 Figure 12

Figures 11-12: Domification.

After that, the ascendant is placed at its initial position on the east horizon
and the globe is rotated in the opposite direction as many degrees as those of
two unequal hours, so that the degree of the ascendant comes to the position
it will reach after two unequal hours (Figure 13). At this position the upper
culminating degree of the ecliptic will be the cusp of the eleventh house and
the lower culminating degree that of the fifth house. At the end, the globe is
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rotated the same number of degrees in the same direction (Figure 14) and at
this position the upper culminating degree of the ecliptic will be the cusp of
the twelfth house, and the lower culminating degree that of the sixth house.
The last two rotations of the globe therefore determine the fifth to sixth and
eleventh to twelfth houses. They are not mentioned in the text, but the steps
necessary to determine the rest of the houses are then obvious. Throughout
the text, the ‘cusp’ of the house is not mentioned directly, only the ordinal
arithmetic adjectives, second, third, etc., that correspond to each house.

The procedure is similar to methods presented by al-Khwarizmi,” ‘Ali Ibn
Tsa'® and al-Safi'” in their treatises on the astrolabe.'®

cusp of house Xl cusp of house Xl
ascendant J

2 hourV'
ascendant <+

2 hours housg & S

W foy,
nouse "@\\\ 5e by
&
T T
cusp of house V cusp of house VI
Figure 13 Figure 14

Figures 13—14: Domification.

Comparison with treatise Q

Chapter P11 corresponds to Q55. The method in both treatises is the same,
but there are some differences in the wording:

1. In the title of P11 the term & (‘houses’) is used, while in the title of
Q55 the term sUsl (‘centres’) is used in most of the examined manu-
scripts. The term ;5. (‘centres’) appears in manuscripts F, Z and O,
whereas the term <, is found only in manuscript N.

> In Chapter 31 of the treatise on the astrolabe by al-Khwarizmi, see: al-Khwarizmi, ‘Die
Verwendung des Astrolabs’ (transl. Frank). It can also be found in Chapter 23 (pp. 120-21, 146
47, 171) in Charette and Schmidl, ‘Al-Khwarizmi and Practical Astronomy’

16 See ‘Ali ibn Ts3, ‘L'astrolabe et la maniére de s'en servir, pp. 39-40; also ‘Ali ibn Tsa, ‘Das Astro-
lab und sein Gebrauch), pp. 247-48.

17" See Vafea, Les traités d al-Sifs, pp. 166, 239-41.

'8 For the different methods of casting the houses see North, Horoscopes and History.
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2. At the beginning of Chapter Q55, Qusta mentions that we must know
the ascendant and the degrees of an unequal hour; this phrase does not
exist in P11.

3. The direction of the rotation of the globe in the determination of
the ninth and eighth houses is described as ‘in the order of the signs’
(Q lg Je) in P11, while in Q55 thc instruction is to ‘rotate the ascend-
ant downwards’ ( JM\ ) tSUaS\ in the determination of the ninth
house, whilst the direction of rotation is not mentioned at all for the

eighth house.

4. The direction of rotation of the globe to determine the eleventh house
is described as ‘in the opposite order of the signs’ ( Il S3s  Js) in
P11, while in Q55 the same rotation is described as to ‘draw the degree
of the descendant downwards’ (Jawl JI o)Ll ¢ L~) in the context
of defining the eleventh house.

5. In P11, the third, second, fifth and sixth houses are determined as
the diametrical opposites of the ninth, eighth, eleventh and twelfth
houses respectively in the text of the determination of the latter,
while in Q55, it is the ninth, eighth, eleventh and twelfth houses
that are first determined, and their diametrical opposites then list-
ed, with the addition of the pairs of the first and seventh houses
(ascendant / descendant) and the tenth and fourth houses (midheav-
en / centre of the earth).

Chapter P12: To find the degree of any of the stars that are on the globe,
to know its ‘latitude’, its declination from the equator, its deviation from
the zenith and its maximum altitude; to know the declination of a degree
of the zodiac from the equator

At the beginning a star or a degree of the ecliptic is placed on the meridian, at
the position of its upper culmination."” In this position, the following informa-
tion is extracted for the star or the degree.

The degree of mediation of a star, that is the degree of the ecliptic that
culminates simultaneously with the star, is determined as ‘degree of the star’
(S50 s 5> ). The difference of declination between the star and its degree is
then determined as ‘latitude’ (_»,<). This is a common practice that some as-
trolabists followed, preferring the system ‘mediation and difference of declina-
tion’ to the system of coordinates ‘ecliptic longitude and latitude’ The author
mentions, however, that the latitude found in this way is not correct, and that

" The position of upper culmination on the meridian is described as ‘the star and a degree of the

ecliptic reach the face of the meridian ring from the easterly direction’
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the latitude must be measured on the circle of latitude, although he does not
explain how to do this using a celestial globe.”

The declination ¢ (Jixs ¢ ) of a star or a degree of the ecliptic is deter-
mined by measuring the degrees of the meridian ring between the star, or the
degree of the ecliptic, and the equator.

It is stated that, for a given star, the ‘degree of the star’ and its ‘latitude” do
not change with the latitude of the locality, while the declination of the star
or the degree of the ecliptic does not change at all. The latter claim shows that
the precession of the equinoxes has not been taken in consideration.

The minimum distance of a star from the zenith is taken as its ze-
nithal distance, or — in literal translation — ‘its deviation from the zenith’
() e ;= ). The complement of this angle is the maximum altitude
(Cu:)\ ie) of the star. Both of these angles depend on the latitude ¢ of the
locality, since the maximum altitude is given by the formulas h,,,=90°—¢+3
for culmination to the south of the zenith and h,,,=90°+¢—3 for culmination
to the north of the zenith, where ¢ is the latitude of the locality and & the
declination of the star. All the above angles are measured in degrees of the
meridian ring.

Comparison with treatise Q

Chapter P12 includes Q20-24 and Q30. Since the method in all of these chap-
ters is to rotate the globe in order to bring the star or the degree of the ecliptic
on the meridian at its upper culmination and conduct the measurements on
the meridian, the author of treatise P avoids the repetition of the same method
and condenses the six chapters in one. In each of the above chapters of treatise
Q, it is mentioned whether the measured magnitude depends on the latitude
of the locality, similar to treatise P.

In Q20, the degree of a star (S, ¢;>), which corresponds to its media-
tion, is determined with the globe, by placing the star on the meridian and ob-
serving which degree of the ecliptic comes simultancously on the meridian; the
same procedure is presented at the beginning of P12 with minor differences.

In Q21, the ‘latitude’ (upj_;) of the star is determined, making a distinc-
tion between the north and the south latitudes: when the star is closer to
the north pole the latitude is north, and when it is closer to the south pole,
the latitude is south. It is not specified whether the pole of the equator or of

20

This could, in fact, be achieved by placing the north pole of the globe in the altitude of 90—¢
degrees, that is to adjust the globe for the latitude of the arctic circle (9=90—¢), and then rotating the
globe so that the north pole of the ecliptic reaches the zenith. In this position, the ecliptic coincides
with the horizon, and thus the altitude of the star equates to its ecliptic latitude. The altitude can be
measured with the quadrant scale depictcd in Figure 9. The point where the quadrant intersects the
ccliptic provides the ecliptic longitudc of the star.
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the ecliptic is meant, but the latter is the correct one.?’ The same procedure
is presented in P12, but without the distinction between north and south
latitudes. Furthermore, the author of treatise P criticizes the method as in-
correct. )

In Q22, the declination (gl Jins s o= J) of the star is determined,
making a distinction between the north and the south declinations, on the basis
similarly of proximity to the north or south pole. The same procedure, without
the distinction between north and south declinations, is presented in P12.

In Q23, the zenithal distance of a star for any desired locality (e o L
cxd ak Gl Jal ) is determined, making a distinction between zenithal dis-
tance to the north and to the south of the zenith: when the star is inclined
towards the north pole the zenithal distance is to the north, and when it is
inclined towards the south pole, then the zenithal distance is to the south. In
the beginning, there is an explanation of how to find the zenith on the me-
ridian, but since the meridian ring is always graduated, this procedure is not
necessary. It should be mentioned that the star is placed at the position of its
upper culmination on the meridian; this is mentioned in Chapter Q20 but not
in Q23. The same procedure, without the determination of the zenith on the
meridian and the distinction between the zenithal distances to the north and
to the south of the zenith, is presented in P12.

In Q24, the maximum alt1tude of any star on the globe for any locali-
ty we want (cas 3 % (._3\ /oz¢)) is determined in two equiva-
lent ways: (i) by subtracting the zenithal distance of the star from 90°, and
(ii) by repeating the method described in the previous chapters and then
counting the degrees of the meridian between the horizon and the star. In
P12 only the subtraction is mentioned, while the second method is included
in Chapter P21 in a more claborate form. In Chapter Q24, it should have
been mentioned that the star is placed at the position of its #pper culmina-
tion on the meridian; in P12 this is mentioned at the beginning covering all
cases. The subject presented in Q24 is repeated in Chapter Q43. The trans-
mission of Chapter Q24 into treatise P is shown in the following diagram.

_7Q4i —> P12

24 (2 method
Q24 (2 metho S)\Qz4ii —> Q43 —> P2l

In Q30, the declination of any degree of the ecliptic (sl s ¢ 5 (6l Jun
72~ 3-15) is determined. Furthermore, it is mentioned that the equinoctial
points have no declination, that the declination of the tropical points is 23;33°,
and that the declination of the remaining degrees of the ecliptic is less than

21 For example, if the degree of mediation of a star A is among the southern zodiacal signs, and the
p g g g

star is situated on the meridian between the ccliptic and the equator, its ‘latitude’ will be to the nor-
th, although PA>P'A, where P, P' are the north and south celestial poles respcctivcly.
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23;33°. The method of P12 is the same, presented in a concise way, without
mentioning the values of the declination. It is worth noting here the value
23;33¢ for the obliquity of the ecliptic, which is given as the declination of the
tropical points. The same value is used by al-Farghani (ninth century) in his
treatise a/-Kamil on the astrolabe.??

Chapter P13: To know the ortive amplitude of every star among the drawn
stars, or a degree among the degrees of the zodiac; to know the distance
between the risings of two stars and to know the distance between these
two stars

To determine the ortive / eastern amplitude of a star or degree of the ecliptic,
the star or degree is placed at the east horizon, by rotating the globe. The dis-
tance of the star or degree from the East point of the horizon, measured in
degrees of the horizon, is its ortive amplitude and this is equal to its occidu-
ous / western amplitude. This varies with latitude.”

The distance of the two stars is measured on the horizon or the meridian
as the difference between the ortive amplitudes or between the declinations of
two stars, respectively.

By placing the two stars successively on the horizon and putting marks at
the positions of their risings on the horizon, the distance between their rising
points can be measured in degrees of the horizon. This depends on the latitude
of observation, so the pole has to be placed at the elevation corresponding to
the preferred latitude.

By placing the two stars successively on the meridian and putting marks at
the positions of the transits of these stars (.S;| ($5s) on the meridian, the
distance between the points, where these stars culminate, can be measured in
degrees of the meridian ring. This difference does not vary with the latitude,
because it is equal to the difference of their declinations.

Comparison with treatise Q

Chapter P13 includes Q25, 26, 27 and 31.

In Q25 the ortive amplitude of a star is determined: the globe is turned so
that the star comes to the east horizon and a mark is put at the corresponding
degree of the horizon. The globe is then turned again, so that either equinoctial
point comes to the east horizon and another mark is put there. The degrees be-
tween the two marks provide the ortive amplitude of the star; the direction of

2 See al-Farghani, On the Astrolabe (ed. transl. Lorch), pp. 70-71.

# The text of Chapter P13 seems to have an omission here: The phrase “This changes as latitude
varies. For this reason it is necessary to place the pole at the latitude of the city’ should refer both to
the determination of ortive amplitudc and of the distance between the risings of two stars, but this
is not clear cnough in the way it is prcscrved in treatise P.
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this amplitude can be to the north or to the south, depending on the position of
the rising of the star on the horizon in relation to the East Point.

In Q31 the ortive amplitude of a degree of the ecliptic is determined; the
procedure is similar to that of Q25, without mentioning a second turn of the
globe; the East Point on the horizon is specified as the ‘degree of the rising of
the beginning of Aries” (o) Jsl gslb s s>). The direction of the ortive ampli-
tude to the north or south is also examined, as in Q25.

In P13 the ortive amplitude of both a star and a degree of the ecliptic are
studied simultaneously, avoiding the repetition of the method. The second
turn of the globe mentioned in Q25 is omitted in P13, since the equinoctial
points rise from the East Point (&,-s.J! ida&) of the horizon, and this point
already exists on the horizon. The direction of amplitude is not examined in
P13, but the additional information that the occiduous amplitude is equal to
the ortive is presented.

In Q26 the distance between two stars is measured by placing them succes-
sively on the meridian and counting the degrees of the meridian between their
points of culmination. The same procedure is presented at the end of P13,
where the term “the transits of the two stars’ (.5, ($7es) is used; this term
does not appear in Q26.

In Q27 the distance between the ortive amplitude of two stars is measured
by placing them successively on the east horizon and counting the degrees of
the horizon between their points of rising. The same procedure is presented in
P13; the term ‘the transits of the two stars’ is also used here in P13, but not
in Q27.

Both treatises clarify that the measurement of the ortive amplitude on
the horizon depends on the latitude of the locality, so the north pole of the
globe must be adjusted according to that latitude, while the measurement of
the distance on the meridian does not depend on the latitude, so the globe
can be adjusted to any latitude.

Chapter P14: To know the stars that rise simultaneously, culminate
simultaneously and set simultaneously

For an observer situated at the terrestrial equator (latitude ¢=0°), two stars
rising simultaneously have the same right ascension; that is, they belong to
the same great semicircle passing through the two celestial poles (Figure 15).
Since the celestial poles are situated on the horizon at this locality, the
rotation of the celestial sphere keeps the two stars on the same semicircle,
thus they culminate simultaneously and set simultaneously. This situation
can be simulated with the celestial globe, when the celestial poles are likewise
placed on the horizon.
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Ch 2

p'

Figure 15: At the terrestrial equator, stars Figure 16: At any latitude ¢#0°, the
A and B rise simultaneously at points E,  stars A and B rise at points E, and Ey,
and Eg, culminate simultaneously at points
C, and Cg, and set simultaneously at points
W, and Wy, respectively.

culminate at points C, and Cg, and set
at points W, and Wy, respectively.

Although, at any place on Earth, stars with the same right ascension - that
is, belonging to the same great semicircle passing through the two celestial
poles — will culminate simultaneously, for an observer situated at any locality
except for the terrestrial equator (latitude @#0°), these stars neither rise nor
set simultaneously. This happens because, during the rotation of the celestial
sphere, this great semicircle never coincides with a part of the horizon, since
two points of it — the two celestial poles — do not belong to the plane of the
horizon. For the same reason, two stars that rise simultaneously can never cul-
minate simultaneously at any latitude ¢=0°.

Let two stars A and B rise simultancously, at a locality of latitude ¢=0°,
crossing simultancously the east horizon at points E, and Ej respectively (Fig-
ure 16). These stars transit the meridian at points C, and Cg and set at the
points W, and Wy of the west horizon respectively. If star A is closer to the
north pole than star B, then the arc E,C, corresponds to a greater angle than
the arc EyCy, and the arc C, W, corresponds to a greater angle than the arc
CW5. The apparent motion of these two stars on the celestial sphere is a cir-
cular motion with the same angular velocity, thus star B will arrive at the me-
ridian before star A, and similarly star B will set before star A.

The above phenomena are concisely presented at the beginning of the chap-
ter; then a verification with the celestial globe follows:

In the first case the poles of the globe are placed on the horizon (Figure 15);
a rotation of the globe demonstrates that if two stars rise simultaneously, then
they culminate simultaneously and set simultaneously.
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The second case is presented as follows: “Then elevate the pole any num-
ber (of degrees you want) and rotate the globe until one of them falls at the
middle of the sky or the west horizon, and you will find the other star passing
beyond it or not (yet) arriving at it.’

There is a problem here: if the two previous stars were used, they would
culminate simultancously, since they have the same right ascension. It is ob-
vious that there is an omission in the procedure here: after the north pole is
elevated, there must be ‘two stars rising simultaneously on the east horizon’;
then the globe must be rotated so that one of these stars arrives at the meridi-
an or the west horizon. At that moment, the other star has not yet arrived or
has already surpassed the meridian or the west horizon.

Comparison with treatise Q

Chapter P14 corresponds to Q28. Both texts are similar; there are only some
differences in wording, while the author of treatise P tried to present the con-
tents of Chapter Q28 in condensed form.

The most remarkable point is that the omission of the phrase ‘two stars ris-
ing simultaneously on the east horizon” in P14 occurs also in Q28, in all three
Cairo manuscripts (A, B and L) and manuscripts N** and R (from Istanbul
and Paris respectively) of the treatise by Qusta, while the text is complete in
manuscripts C, D and E (London), H, Iand O (Istanbul), K (Damascus), M
(Princeton), T (Tirana), U (Hydarabad), Z (Meshhed) and the Latin transla-

tion of the same treatise.”® In manuscript F from Cairo, now in the Manuscript

#  The manuscript was copied in 661 H /AD 1263, while Constantinople was the capital of the

Byzantine Empire, thus it does not originate from Istanbul.

»  See the second paragraph of chapter Q28 in Appendix 3. The omitted passage is
e s 80 ol s a3 il e oLSiSPand it is written in italic font in the English and
Latin translations below.

Translation of the second paragraph of Chapter Q28: ‘If you want to know that with the globe,
place the north pole on the horizon and rotate the globe, then you see that the stars that come to
the east horizon simultaneously, come also to the line of the middle of the sky (meridian) simul-
tancously, and come to the west horizon simultaneously. Then elevate the north pole from the
horizon as many degrees as you want, and rotate the globe until the two stars come on the horizon
ring. Then rotate the globe until one of the two stars comes to the ring of the meridian line, then
you see the that other star has already surpassed it or has not yet arrived at it; similarly it will be
obvious / visible to you, if you rotate the globe until one of the stars comes to the west horizon.’
Note: the two stars that rise simultaneously after the north pole has been elevated cannot be the
same two stars that rise, culminate and set simultaneously when the poles of the globe are on the
horizon.

The Latin translation of the above extract, as edited by Lorch and Martinez Gézquez, ‘Qusta ben
Luca’, p. 42, 1. 541-49, is the following: ‘Et cum uolueris hoc scire in spera pone polum septem-
trionalem in orizonte et uolue speram. Tunc uidebis quod stelle que sunt in orizonte simul, erunt
eciam in ipsa reuolucione spere sub linea meridiei simul. Et erunt eciam super orizonta occidental-
em simul. Post hec eleua polum septemtrionalem super orizonta quotcumque gradibus uolueris.
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Library of the University of Pennsylvania, the folio that should contain Chap-
ters 22-29 is missing.

The omission of the phrase in treatise P could thus be related to its omis-
sion in certain manuscripts of treatise Q. If the omission in both instances
is not coincidental, one might suppose that the author of treatise P used an
ancestor manuscript of the Cairo manuscripts, or a related one to manuscript
N, having the same omission and did not realize that there was an error, so he
summarized the method without correcting the mistake.

Chapter P15: To know the degree of rising of any star, among the stars
drawn on the globe, the degree of its meridian transit and the degree of its
setting at the various latitudes

The degrees of the ecliptic that rise, culminate and set simultaneously with a
star drawn on the globe are determined by rotating the globe so that the cho-
sen star arrives at the east horizon, the meridian ring and the west horizon
respectively, and observing which degree of the ecliptic arrives simultaneously
with the star at that circle. The degree that culminates simultaneously with the
star (the degree of mediation) does not depend on the latitude of the locality,
while the other two degrees do. For this reason the globe should be adjusted
to the preferred latitude.

Comparison with treatise Q

Chapter P15 is almost identical to Q29, with minor differences in wording.
The author of treatise P clarifies in the title that the method concerns only the
stars drawn on the globe, which is not mentioned in the title of Q29.

Chapter P16: To know the ascensions (rising times) of the zodiacal signs
and the ascension of a degree in the right and oblique spheres (right and
oblique ascension)

The ascension (rising times) of any zodiacal sign in the right and oblique
spheres is measured using the globe by placing successively the first and last
point of the sign on the east horizon, marking the degrees of the equator that
arrive simultaneously with these two points on the horizon and counting the
number of degrees of the equator between the two marks. When the pole of
the globe is on the horizon, a position that corresponds to latitude ¢=0°, the

Et uolue speram donec fuerint ambe stelle super circulum orizontis simul. Post hec uolue speram
donec sit una 2 stellarum sub circulo meridiano. Tunc uidebis alteram stellam ultra processisse
uel citra remansisse. Et idem aparcbit tibi cum conuerteris speram donec sit una 2 stellarum super
orizonta occidentis.
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result is the right ascension; when the pole is elevated ¢ degrees, then the re-
sult corresponds to the oblique ascension for a latitude ¢. It is also noted that
the right ascension can be measured on the meridian ring instead of the east
horizon, regardless of the elevation of the pole.

With the same procedure, the ascension of any degree of the ecliptic can be
measured, starting from the beginning of Aries, that is the point of the spring
equinox, and ending at that degree of the ecliptic.

Comparison with treatise Q

Chapter P16 includes the procedures of Chapters Q32 and Q33, with addi-
tional instructions on how to determine the ascension of any degree of the
ecliptic. The procedure is described only once in P16, while in Q32 and Q33
it is repeated with all its details three times.

In Q32, the north pole is placed on the horizon and the sign of Aries is used
to determine the right ascension on the east horizon. After that, it is stated
that the same method can be applied for all other signs. It is then mentioned
that the meridian ring can be used for the same purpose and the procedure
repeated for any zodiacal sign, replacing the ‘east horizon’ with the ‘meridian
ring’. In the latter case, the pole of the globe may have any elevation.

In Q33 the oblique ascension of any sign is measured, using again the same pro-
cedure; the only difference is that now the globe is adjusted to a given latitude .

The author of treatise P presents all of the above in a concise and smart
way, avoiding the repetitions and adding the determination of the ascension
for any degree of the ecliptic.

Chapter P17: To know the stars of perpetual apparition, perpetual
occultation, and those that rise and set, among the stars drawn on the globe

The poles are placed on the horizon and the globe is rotated so that a star
comes to the upper meridian (Figure 17). The distances p, p’ of the star from
the north and south celestial poles, respectively, are counted on the meridian
ring. For a city having (north) latitude ¢, the polar distances are then com-
pared to the latitude:

o If p<¢, which means the star is within arc AN, then the star is of per-
petual apparition (always visible) at this latitude.

o If p'=¢, which means the star coincides with point C, then the star
touches the horizon and the rest of the time is below the horizon.

o If p'<¢, which means the star is within arc SC, then the star is of per-
petual occultation (always invisible) at this latitude.
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If p'>¢ (it should be p'>¢ and p>¢} but only the former condition is
mentioned), which means the star is within arc CA, then the star rises
and sets.

For the stars for which p>p’, which means the stars are within arc ZN,
their stay above the horizon is longer than below it.

For the stars for which p'>p, which means the stars are within arc SZ,
their stay above the horizon is shorter than below it.

The whole study concerns only northern latitudes.

rising and setting

Perpetual

Perpetual
apparition

occultation

Figure 17: Rising and setting of the stars according to P17.

Comparison with treatise Q

Chapter P17 includes the subjects of Q34 and Q35, but the method presented
in P17 is not the same as the methods of Q34 and Q35.

The title of Chapter Q34 announces that it concerns stars of perpetual ap-
parition, but in fact rising and setting stars are also examined in the chapter.
For this reason, the north pole of the globe is elevated according to the lat-
itude ¢ of the locality and the globe is turned a whole rotation (Figure 18).
The following possibilities are examined:

1.

The stars that reach the meridian between the north pole P and
the horizon (circle ENWS) never set, but make circles above the
horizon.

The stars that arrive at the meridian between the north pole and the
equator (circle EBW) rise and set; those closer to the north pole spend
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longer time above earth and those closer to the south pole spend longer

time below earth.
The proposition ‘the stars that arrive at the meridian between the north pole
and the equator rise and set’ means that the stars that culminate between
points P and B rise and set (where B is the culminating point of the equator);
this is not correct, because the stars that culminate between points P and A
(where A is the point of the meridian having an elevation of 2¢ degrees above
the north horizon) do not rise and set, but are always above the horizon. The
correct statement is that the stars that culminate between points A and S rise
and set.?

Z

Figure 18: The method of Q34. Figure 19: The method of Q35.

The title of Chapter Q35 announces that it concerns stars of perpetual
occultation, but again the rising and setting stars are also examined. For this
reason, the south pole of the globe is placed on the horizon (Figure 19) and a
mark is put on the meridian ring at point C that has an elevation of ¢ degrees
from the south horizon, where ¢ is the latitude of the city. Rotating the globe,
the following possibilities are examined:

1. The stars that reach the meridian between the south pole S and point
C never appear in that city.

2. The stars that reach the meridian between point C and the equator
(circle EZW) towards the other pole (i.e. within the arc CZN) are vis-
ible in this city.

It is also noted that where the latitude is very small, there are few stars of
perpetual occultation, and where the latitude is large, there are many of these.

The author of treatise P corrected the error that appears in Q34, and ex-

tended the method that appears in Q35 in order to cover all relevant cases.

26 The Latin translation of treatise Q has also been checked and contains the same information.
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Chapter P18: To know the stars that set after the Sun and rise before it
in one night, and to know the stars that are above the horizon during the

whole night

The polar distance p; of the star and that of the degree of the Sun py must be
first determined. If p,<p, and the star is c/ose to the west horizon (at point S))
at sunset, when the Sun is at point D,, (Figure 20), then the star sets (at point
S.) after the Sun and rises before it (the star rises at S., and the Sun rises at D,
when the star is at point S,). The term ‘close’ is not, however, adequate; the star
could be close but below the horizon, implying it has set before the Sun. The
term ‘approaching’ describes the situation better.

If p,<pq and the star is close” to the east horizon (at point S,) at sunset,
when the Sun is at point D,, (Figure 21), then the star will be above the hori-
zon during the whole night. This does not necessarily mean that the star does
not rise and set, but that it may rise close to sunset (at point S,) and set close
to sunrise (at point S,), when the Sun is at point D,.

As the latitude increases, the extent to which the rising and setting of the
star is either advanced or delayed, in comparison to that of the Sun, will also
increase.

Figure 20 Figure 21

Figures 20-21: Blue circle SWNE: horizon, green circle: equator, yellow circle S,S,: the
diurnal circle of the star, red circle D.D,,: the diurnal circle of the degree of the Sun,
PP’: the celestial axis.

27 1In this case, the star can be above, on or in a short distance below the horizon. Since stars are

not visible at sunset and for some time thereafter, the star will have risen above the horizon at dusk,
which can be considered as the beginning of night.
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Comparison with treatise Q

Chapter P18 includes the subjects of Q36 and Q37; the method presented in
P18 is more general and mathematically expressed.

Q36 presents a study for the stars that can be seen twice in one night: after
sunset on the west side and before sunrise on the east side (Figure 20). In the
title, it is explained that this is possible for stars near the north pole, when the
Sun is among the southern zodiacal signs.

The north pole is elevated according to the latitude of the locality, and the
globe is rotated until the degree of the Sun arrives at the west horizon (at
point D,,). The stars that are above the horizon (a star among them is at point
S,), approaching the west horizon, will be visible after sunset that night. Then
the globe is rotated and these stars set (the same star sets at point S,,) after
the degree of the Sun. By the time the degree of the Sun arrives at the east
horizon (at point D.), the same stars have already risen (the star rises at point
S.) before sunrise (at sunrise the star is at point S, above the horizon). Having
set after sunset and risen before sunrise, these stars are thus visible twice in the
same night.

In Q37 there is a study for the stars that are visible above the horizon
during the entire night, on a given day and locality (Figure 21).

The north pole is first elevated according to the latitude of the given locality,
and the globe is rotated until the degree of the Sun arrives at the west horizon
(at point D,,), observing those stars that reach the east horizon (a star among
them is at point S,). Then the globe is rotated until the degree of the Sun arrives
at the east horizon (at point D,); the stars, among those previously observed,
that approach the west horizon (the star is now at point S,) do not set at this
locality at that night and are visible above the horizon the whole night.

The author of treatise P changed the descriptive methods of Qusta’s treatise,
introducing a mathematical expression: the polar distance of the star and that of
the degree of the Sun are determined, and the comparison between their values,
in addition to the position of the star at sunset, leads to the conclusions.

The author of treatise P also changed the wording, making it more rigor-
ous: In the three first cases of Table 7, references to the visibility of the star
are replaced by more accurate references to the setting and rising of the star.?®
In the fourth case, the problem is approached in a more general way, with the
range of positions of the stars and the degrees of the ecliptic widened.

#  Determining the visibility of a star is more complicated than ascertaining its position in relation

to the horizon. Its visibility depends on various factors, such as its magnitude, altitude at the mo-
ment of sunrise or sunset, weather conditions, and so on. These factors are not taken into consider-
ation in treatises P and Q, and thus it is more accurate to state that the star rises before the sun and
sets after it, than that the star is visible before sunrise and after sunset.
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P18 Q3637
the stars that set after the Sun and rise | the stars that can be seen ... after sunset in
before it the west and ... before sunrise in the east
1
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the stars set after the Sun the stars are visible at the west after sunset
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the stars will be ... above the horizon (lit. | the stars ... are visible above the horizon
3 carth) during the entire night the entire night
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The stars ... whose distance (from the chis i ible for the st h
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Table 7: Comparison between the terminology in P18 and the corresponding Chapters Q36-37

A subject similar to Chapter Q36 and the first part of P18 is discussed in
Chapters 14 and 15 of the second book of the treatise On Risings and Settings
(I1eol émtolan xai Oboewv — De ortibus et occasibus) by Autolycus (360-290
BC).” In these chapters, he states that for the stars situated to the north of the
zodiac circle, if the distance between the degrees of the zodiac that set and rise
simultaneously with them is equal to (Chapter 14) or greater than (Chapter 15)
one zodiacal sign, then these stars will be seen setting after sunset and rising
before sunrise in the same night.** The text of Autolycus is as follows:

Greek text English translation
Tolc &T:okocy@owop.évong O76  7tob | For the stars that are intercepted by the
Cw&omo@ mc‘roc Tocg doele  éml TO( zodiac on the western side towards the

IL. 14

TpOg dpuTous, v T cquuvovroc &To
TV GUYLVATEANOVTOY ocTcs)m Lpdiov
TepLpépeLay, Exelva xpdYLy odx dEet daha
Tiic adTTG VUXTOG €8 TE ETLTENAOVTO
xol  EGTEEQLL  DVVOVTOL  QaVTIGETOLL.

north, if the distance between the degrees
of the zodiac which set and rise simulta-
neously with them is equal to an arc of
one zodiac sign, they will not disappear;
the same night they will be seen to rise
before the sun and to set after the sun.

29

Autolycos de Pitane, La sphére en mouvement. Levers et couchers héliaques (ed. transl. Aujac);
Mogenet, Autolycus de Pitane; and Autolyci, De sphaera quae movetur liber. De ortibus et occasibus
(ed. Hultsch).
30 Autolycos de Pitane, La sphére en mouvement (ed. transl. Aujac), pp. 126-29; Mogenet, Autoly-
cus de Pitane, pp. 253-54, and Autolyci, De sphaera quae movetur (ed. Hultsch), pp. 146-51. The
French translation of the titles of Chapters 14 and 15 by Aujac is on pp. 126 and 128.
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IL. 15

Oco. v dotpwy  amolapBdveTor
0o Tob  Lodtoxol  xate Tag  OVGELS
&l TO TPOG &pwTOLG, TOVUTOLG XV T
GUVAVVOVTOL GO TGV GUYOLVATEAAGY TV
aéyy) ThEov Lwdlou mepLpepelog, Exelva
ovx &er iy, daNG T adTii YurTOG
€Go EmiTélhel ol EoTEpLo OLVEL TTO
TiG EQuc ETLTOMG pEypL THG EoTeplog

For the stars that are intercepted by the
zodiac on the western side towards the
north, if the distance between the degrees
of the zodiac which set and rise simulta-
neously with them is greater than an arc
equal to one zodiac sign, they will not
disappear; the same night they rise before
the sun and set after the sun, from their

doewe.

heliacal rising until their heliacal setting.

In Chapters 17 and 18 of the second book of the same treatise, Autolycus dis-
cusses the case of stars situated to the south of the zodiac circle. For these stars,
he states that if the distance between the degrees of the zodiac which set and
rise simultaneously with them is equal to (Chapter 17) or greater than (Chap-
ter 18) one zodiacal sign, then these stars could be seen rising after sunset and
setting before sunrise in the same night.*’ These chapters do not describe ex-
actly the same situation as Chapter Q37: Autolycus examines the rising and
setting of a southern star in the same night, while Qusta examines the stars
that remain above the horizon the entire night.

It is probable that Qusta was influenced by the treatise On Risings and
Settings by Autolycus, since there is some evidence that he was the translator
of this treatise from Greek into Arabic.** Further evidence for Autolycus™ in-
fluence is the use of the terms ,»ls (‘visible’) and 5 = S1,501 (‘the stars
that are seen’) by Qusta; similar terms are used by Autolycus, e.g.: t¥jc adtig
YuXTOG €04 Te emiTénhovTa xal EoTépLa ddvovta gavhiceton® (‘they will be
seen rising in the morning and setting in the evening of the same night’) and
76 &oTpov avatédhov Gpdton* (‘the star is seen rising).

31

Autolycos de Pitane, La sphére en mouvement (ed. transl. Aujac), pp. 131-34; Mogenet, Au-
tolycus de Pitane, pp.256-58, and Autolyci, De sphaera quae movetur (ed. Hultsch), pp. 154-59.
The French translation of the titles of Chapters 17 and 18 by Aujac is on pp. 131-33. An English
translation of these titles is as follows:

I1. 17: ‘For the stars intercepted by the zodiac on the western side towards the south, if the distance
between the degrees of the zodiac which set and rise simultaneously with them is equal to an arc of
one zodiac sign, on the same night they will be seen to rise immcdiately after the sun has set and
to set immediately before the sun rises. They will disappear for a longer time than the stars on the
zodiac.’

I1.18: “For the stars intercepted by the zodiac on the western side towards the south, if the distance
between the degrees of the zodiac which set and rise simultaneously with them is greater than an arc
of one zodiac sign, they will go from their rising in the dawn to their setting in the dawn, after that to
their rising in the evening, then to their setting in the evening. On the same night they will be seen
to rise and set from their earlier setting in the dawn until their later rising in the evening. They will
disappear for a longer time than the stars on the zodiac.’

32 According to the manuscript Leiden, Universiteitsbibliotheek, Or. 1031,1 (ff. 1-21), the treatise
of Autolycus was translated into Arabic by Qusta ibn Luqa, see Sezgin, GAS, vol. VI, p. 73.

¥ From the above-mentioned title of Chapter 14.

¥ Autolycos de Pitane, La sphére en mouvement (ed. transl. Aujac), p. 255, 1. 9-10.
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Chapter P19: To know at what time the stars drawn on the globe rise and set

The pole is first placed according to the latitude of the locality and the globe is
rotated so that the degree of the Sun arrives at the west horizon; at this position,
a mark is put on the rising degree 4, of the equator. The globe is then rotated
so that the selected star arrives at the east or the west horizon; at each of these
positions a mark is put on the rising degree d, of the equator. The difference

dz - dl, if dz d]
360° + dz — dl, if dz < d]

is the arc of revolution between sunset and the rising or setting of the star,
while 7/15 provides the time of the star’s rising or setting in equal hours after
sunset and 7/z provides the corresponding time in seasonal nighttime hours
after sunset, where 7 is the number of degrees of one seasonal nighttime hour

of this night.

=

Comparison with treatise Q

Chapter P19 includes Chapters Q38 and Q39.

Q38 estimates the time of rising of a star, and Q39 the time of its setting;
the procedure in both chapters is similar to that presented in P19. The only
remarkable difference is in Chapter Q39, where the hours of setting of the star
after sunset are also mentioned as ‘the duration of this star’s staying above the
earth’ up)\!\ Byb S,SU) U3 plis olelu =St i.e. the time between the sunset
and the setting of this star.

Chapter P20: To know the time of rising of the Moon and the planets and
the time of their setting

The pole is placed according to the latitude of the locality and the position of
the Moon or planet is found using a z7 or another way.

The position of the Moon or the planet is described by its ‘degree’, its ‘lat-
itude’ and the direction of the latitude. According to the method described,
the “degree’ corresponds to the mediation, namely the degree of the ecliptic
that culminates simultaneously with the Moon or planet on this day, while the
‘latitude’ is the difference of declination between the Moon or planet and its
degree of mediation. The direction of latitude is to the north, when the Moon
or planet is located north of the ecliptic, or to the south in the opposite case.
The position of the Moon or planet is marked on the globe with the following
procedure: the user must rotate the globe so that its “degree’ comes to the me-
ridian and then count as many degrees of the meridian as the ‘latitude’ in the
direction of the latitude towards the north or south. After this, the procedure
is similar to that described in the previous chapter: the mark corresponding to
the position of the Moon or planet is used instead of the star drawn on the

globe.
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The arc of revolution between sunset and the rising or setting of the Moon
or planet is determined and then divided by the degrees of an equal or seasonal
nighttime hour; in this way the time of rising or setting is determined in either
equal hours after sunset or seasonal nighttime hours after sunset.

There is an important phrase omitted in the text of all twenty-two manu-
scripts of treatise P examined (P20 is not included in manuscript N), but pres-
ent in the treatise of Qusta:*> “Then you rotate the globe so that the mark of
the Moon or planet arrives at the west or east horizon, and you put a mark on
the degree of the equator that has reached the east horizon with it. Without
this phrase the procedure is not complete.

The method described corresponds to the rising of the Moon or a plan-
et during nighttime. This method can be adapted to determine the respective
time during daytime by placing the degree of the Sun at the east horizon.

At the end of Chapter P20, the author adds the following comment: “This
rule is not in accordance with reality and its origin does not take into con-
sideration the difference between the degree of the planet and the degree of
its transit. The author probably implies that if the degree and latitude of the
Moon or planet were taken as the ecliptic longitude and latitude respectively,
then the procedure could not give correct results; but, in fact, the method for
determining the position of the Moon or planet on the celestial globe is cor-
rect, when the coordinates mediation and difference of declination are used.

Since the criticism of the rule seems to be for the coordinates and not for
procedure, we may presume that the omission of approximately two lines did
not occur in the original text of P20; it might have been an omission in an
carly copy on which all twenty-three manuscripts depend.*

Comparison with treatise Q

Chapter P20 includes Chapters Q40 and Q41. Q40 estimates the time of ris-
ing of the Moon or a planet during the night, whereas Q41 the time of their
setting during the night; the procedure in both chapters is similar to that pre-
sented in P20. In Q41 it is noted that the position of the Moon or the planet
can be found through a calendar or 27 (7 o ~2); in the same chapter, the
hours of setting of the Moon or planet after sunset are also mentioned as ‘the
period of its stay above the earth’ cu@\!\ G Sy a3 plaad il wleln 5 g8

wy S <y
% The corresponding passage exists in all seventeen manuscripts of the treatise Q that were
examined and contain Chapters Q40-Q41, and in the glosses written in the lower and left margin
of manuscript D of treatise P, where the whole Chapter Q40 is repeated.

% The omission could be caused by sauz du méme an méme, since the missing passage starts with the
word o~ (‘then’), as the phrase after the omission, and ends with : g gl g5l e dadial )
Jaxadl o u{,_w.ﬂ 09‘}[\ 4xs (‘and you put a mark on the degree of the equator that has reached the east
horizon with it’), as the phrase that precedes the omission.
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Chapter P21: To know the midday altitude of the Sun on every day and
the maximum altitude of any of the stars drawn on the globe

The north pole of the globe is placed according to the latitude of the locality
and the globe is rotated so that the degree of the Sun or star arrives at the me-
ridian. It must be examined whether the degree of the Sun or star is closer to
the north or the south point of the horizon, that is whether the degree of the
Sun or star culminates to the north or south of the zenith. Then the degrees of
the meridian between the degree of the Sun or star and the horizon are count-
ed, at their closest distance; this means that the counting starts from the south
point S of the horizon to the Sun or the star (namely angle SOA in Figure 22),
if the culmination is to the south of the zenith, or from the north point N of
the horizon to the Sun or star (angle NOB in Figure 22), if the culmination is
to the north of the zenith.

The number of degrees thus counted on the meridian provides the midday
altitude of the Sun on that day, or the maximum altitude of the star. This
altitude depends on the latitude ¢ of the locality, since the maximum altitude
is given by the formulas h,,,=90°—¢+3 for culmination to the south of the
zenith and h,,,,=90°+¢—3 for culmination to the north of the zenith, where 3
is the declination of the Sun or the star.

Figure 22: The star A culminates to the south of the zenith Z
and the star B culminates to the north of the zenith.

Comparison with treatise Q

Chapter P21 includes Chapters Q42 and Q43. Q42 is concerned with the
midday altitude of the Sun, whereas Q43 with the maximum altitude of a star
drawn on the globe. The procedure described in both chapters is the same as
that in P21.
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The method in Q43 is a more elaborate version of the second method pre-
sented in Chapter Q24, which also studies the maximum altitude of a fixed
star drawn on the globe. The author of treatise P had included only the first
method of Q24 in the corresponding Chapter P12, while the second method
of Q24 is presented in P21 in a more elaborate way.

Chapter P22: To know the difference between the greatest altitude of the
Sun on the same day in two cities with different latitudes

The maximum altitude of the degree of the Sun is measured on the merid-
ian ring, when the pole of the globe is placed according to the latitude of
cach city, as described in the previous chapter. The difference of these two
altitudes is the difference between the greatest altitude of the Sun in these
two cities.

Comparison with treatise 19

Chapter P22 corresponds to Chapter Q44. The procedure is the same in both
treatises, but in Q44 the method presented in Q42 is repeated, while in P22 it
is mentioned that the measurement of the altitude is conducted according to
the aforementioned way.

Chapter P23: To know the place in which the year is one day and where
no star rises from the horizon and no star ever sets with the motion of the
celestial sphere

One of the poles is placed at the zenith. If the north pole is at the zenith,
the northern zodiacal signs will be above the horizon and the southern ones
below it. If the south pole comes to the zenith, the southern zodiacal signs will
be above the horizon and the northern ones below it. Thus, while the Sun is
among the six signs above the horizon, there will be six months of daytime,
and while it is among the six signs below the horizon, there will be six months
of nighttime.

At this position, any point of the globe rotates on a circle parallel to the
horizon and ‘its motion will be rotary like the motion of a millstone) as
described in Chapter P1.”” Thus the stars do not rise or set. Although the
title of P23 clarifies that no stars rise or set there, the text at the end of
the chapter states that ‘some of the fixed stars are in perpetual apparition
and some of the fixed stars are in perpetual occultation’; this wording does
not exclude the case that some stars rise and set. The correct expression

% The simile with the motion of a millstone is not repeated in Chapter P23, although it was

mentioned in the corresponding Chapter Q46.
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could be ‘the fixed stars are either in perpetual apparition or in perpetual
occultation’.

Comparison with treatise Q

Chapter P23 includes Chapters Q45 and Q46.

Q45 deals with the place where the whole year is one day: 6 months of day-
time and 6 months of nighttime. This place corresponds to a latitude of 90,
but only the case in which the north pole is at the zenith is described.

Q46 refers to the place that the stars do not rise and set, but rotate in a
motion like the motion of a millstone, above or below the horizon. Thus the
stars are either in perpetual apparition or occultation. Again, only the case in
which the north pole is at the zenith is mentioned.

Chapter Q46 and, in part, Q45 apply the first proposition of the treatise De
habitationibus of Theodosius (c. 100 BC)*® to the celestial globe. The likelihood
that Theodosius’ treatise directly influenced treatise Q is further substantiated
by the fact that the translation of the Greek text of De habitationibus into Ar-
abic is ascribed to Qusta ibn Laqa.** Chapter Q45 is related to Section 6.15 of
Geminus’ Introduction to the Phaenomena.® Both Chapters Q45 and Q46 are
also related to Section I1.6.39 of Prolemy’s Almagest.”

Although only the case of the north pole is mentioned in all of the related trea-
tises (De habitationibus, Introduction to the Phaenomena, Almagest, treatise Q), the
author of treatise P included the case where the south celestial pole is situated at
the zenith, a position that corresponds to the locality of the south pole on earth.

Chapter P24: To know the place where the daylight is 24 equal hours

The altitude of a point of the celestial sphere in its upper culmination to the
south of the zenith is h,,,=90°—¢+9, while the altitude in its lower culmination is
h,,;,,=¢—90°+3, where ¢ is the latitude of the place and 3 the declination of this point.

38 The Greek text of the treatise De habitationibus of Theodosius is included in Fecht, Theodosii de
habitationibus liber. The Arabic and the Medieval Latin translations of the same treatise are edited
by Kunitzsch and Lorch, Theodosins, De habitationibus. An English translation and comments by
the authors are also included.
% See Kunitzsch and Lorch, Theodosius, De habitationibus, pp. 9, 16.
% The corresponding Greek text, as quoted in Manitius, Gemini Elementa astronomiae, p.74, is
. / NS \ A bl / \ bA ! bl T e \ / \
the following: 6.15: [1épac 3¢ £oTl Tic Y dpo Eoydty) THROC pnTov XELévy), &V 7 6 UtV TThAog xoTa
Ny N ~ az s e T e gy , . aF N e
%20pLENY YiveTal, Tob 8¢ Lodoxod xixiou g5 Lmdia \rep tov Gpllovra amoranfBdvetar, £ ¢ Ho
7oV OptlovTadmoTéuyetor. 1 peYlo Ty Se Hucpa o’ adTolg ELoumviaior YiveTow, 6ol O& ol 1 viE.
The English translation coming from Evans and Berggren, Geminos’s Introduction to the Phenom-
ena, Section 6.15, p. 164, is the following: “The limit is a certain land lying in the extreme north,
where the polc is at the zenith, and where 6 signs of the zodiac circle are cut off above the horizon
and 6 are cut off below the horizon: there the longest day is six months long, and similarly the night’.
4 Prolemy, Syntaxismathematica(ed. Heiberg), partL, pp. 116-17,and Toomer, Prolemny’s Almagest, p. 90.
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A point of the celestial sphere touches the horizon but does not set when
h,;,=0° In general, in treatises P and Q, the declination of the first point of
Cancer is taken as 8=24°%% thus this point touches the horizon but does not
set when h,,;,=0° =¢—-90°+3=0° = ¢—90°+24°=0° = ©=90°-24° = =66

A point of the celestial sphere touches the horizon but does not rise when
h,,,=0°. The declination of the first point of Capricorn is taken as 3=—24°;
thus this point touches the horizon but does not rise when h,,=0° =
90°—+3=0° = 90°——24°=0° = =90°—24° = ©=66".

Thus, at the latitude ¢=66°, the first point of Cancer does not set; this
means that when the Sun is at this degree, that is the summer solstice, the
length of daylight will be 24 hours. Similarly, at the same latitude, the first
point of Capricorn does not rise; this means that when the Sun is at this de-
gree, that is the winter solstice, the nighttime will be 24 hours.

The above results can be produced with the celestial globe, when the (north)
pole is placed according to a latitude of 66°. At this position, a complete ro-
tation of the globe shows that the first point of Cancer does not set, thus it
produces 24 hours of daylight, and the first point of Capricorn does not rise,
and thus produces 24 hours of nighttime.

Comparison with treatise Q

Chapter P24 corresponds to Chapter Q47. In Q47, the cases of the
first point of Cancer and that of Capricorn are successively exam-
ined. The north pole of the globe is elevated 66° from the horizon. At
this position, a complete rotation of the globe shows that the first point
of Cancer does not set. When the Sun is at this degree, it will be day-
light for the time of a day (,L¢dl) and a night (U)* and so the du-
ration of daylight will be 24 equal hours. When the Sun is at the first
point of Capricorn, it does not rise; thus, the night will be 24 equal
hours when the Sun enters Capricorn, and ‘there will be no daylight at
all’. The daylight increases and decreases the whole year ‘from 1 hour’
(isLw ) to 24 hours. The above occur at the latitude of 66°.

% The declination of the first point of Cancer is equal to the obliquity of the ecliptic . The value of
¢ in Chapters P24, P26 and P27 and the corresponding Chapters Q47 and Q49-52 is rounded off
as €=24°, while in Chapter Q30 it is taken as e=23;33".

# Inmanuscript K of treatise P, the value of the terrestrial latitude has been corrected in the margin
to 66;25 for both Chapters P24 and P25; this corresponds to £€=23;35°, and reflects an attempt to
‘update’ the value of the obliquity of the ecliptic.

# In the examined manuscripts, the variants |l ,LgJ! olail/ ol or JLedly J=HI olsj are used; this
is the same as the term Lgdly |\ oLsj (voyOrjuegor / ‘the time of a night and a day’) used by Qusta
in the Arabic translation of Proposition 12 of Theodosius (scc Kunitzsch and Lorch, Theodosius, De
habitationibus, pp. 64, 66, 68).
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This chapter is related to Section I1.6.33 of Ptolemy’s Almagest.> The same
problem is discussed by Theodosius in Proposition 12 of De habitationibus -
ITeol oixnjoeww,” showing again that Qusta was probably influenced by this
work as he translated it from Greek into Arabic.

There is a contradiction at the end of Chapter Q47, however. Although the
text mentions that at the latitude of 66°, when the Sun is at the first point of
Capricorn, ‘there will be no daylight at all’, then it is written that ‘the daylight
increases and decreases the whole year from 1 hour to 24 hours’” The daylight
of 1 hour could reflect influence from Theodosius, who states in Proposition
12: [at these places] ‘the Sun at the summer solstice remains above their hori-
zon for the time of a night and a day (nabair) and their day (nabar) at thar
time is 30 days (yawm) (see note 46). In the proof, Theodosius explains that
the light of the Sun is visible to them when the Sun traverses an arc of half
a sign before the summer solstice and half a sign after it. Since the total arc
is one sign, the Sun traverses it in 30 days (yawm), so the day (nahair) at the
entrance of the summer solstice is 30 days (yawm).*

It is obvious that Theodosius implies here that for 30 days there will be no
darkness at all in these localities, although the Sun comes below the horizon,
because of the twilight. Similarly, when the Sun is at the winter solstice, al-

® Prolemy, Syntaxis mathematica (ed. Heiberg), part I, pp. 114-15:

33: “The parallel where the longest day is 24 equinoctial hours is 66;8,40° from the equator. This is
the first of the (parallels) where the shadow goes full circle. For on that parallel, at the summer sol-
stice (and then only), the Sun does not set, so the shadow of the gnomon points towards every part
of the horizon [in turn]. There the parallel of the summer solstice is ever-visible, and the parallel of
the winter solstice is ever-invisible, since both are tangent to the horizon, on opposite sides. And the
ecliptic coincides with the horizon when the spring equinoctial point on it is rising.” (The transla-
tion into English comes from Toomer, Ptolemy’s Almagest, p. 89).

#  Kunitzsch and Lorch, Theodosius, De habitationibus, pp. 64-71, 89-91. The translation of Pro-
position 12 into English, as presented in the above edition, is the following: ‘For those whose zenith
is cqually distant from the visible pole as the tropic is from the equator, the Sun at the summer sol-
stice remains above their horizon for the time of a night and a day [nahar] and their day [nahar] at
that time is 30 days [yawm]; at the winter solstice it remains for the time of a night and a day below
the horizon, and the remaining days are to the remaining nights in proportion’

4 The phrase ‘from 1 hour (il ., ) appears in twelve of the eighteen examined manuscripts;
in manuscript D (f. 153v) this phrase is omitted, in manuscript L almost half of the text of Chapter
Q47, including this phrase, is omitted, while in manuscripts C, S, T, U the passage from ‘and there
will be no daylight at all’ until the end of the chapter has been replaced by the text: ‘And (the length)
of night and day increases according to the position of the Sun among the southern and the north-
ern zodiacal signs in that latitude’ In the Latin translation of the treatise by Qusta, a corresponding
phrase appears: ‘Et ideo curn sol intrauerit primum gradum Capricorni erit zox 24 horarum equa-
lium sine die. Ex augebitur et diminuetur dies in aliis diebus anni 26 hora una usque 24 horas’ (see
Lorch and Martinez Giazquez, ‘Qusta ben Luca’, p-52, 1. 808-10).

# Kunitzsch and Lorch, Theodosius, De habitationibus, p. 91.
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though the Sun does not rise above the horizon, the twilight gives a feeling of
daylight, the duration of which is estimated as 1 hour by Qusta.

The author of treatise P unifies the study of the two solstitial points and
omits the last proposition of Q47 referring to the 1 hour of daylight in the
winter solstice at latitude ¢=66°.

Chapter P25: To know the place where some of the zodiacal signs rise in
the inverted order and set regularly and some of them the other way around

In this chapter, the order in which the zodiacal signs rise and set at a terrestrial
latitude ¢ greater than 66° is examined.” Of the zodiacal signs that do rise and
set at that latitude, those situated from the winter solstice to the summer sol-
stice rise in the opposite order of the signs and set in their regular order, while
those situated from the summer solstice to the winter solstice rise in their reg-
ular order, and set in the opposite order.

1% point of latitude ¢ latitude ¢
sign longitude 4 | declination 0 | of perpetual | of perpetual
apparition occultation
Aries 0 0 +90 190
Taurus 30 11;40 +78;20 -78;20
Gemini 60 20;30 +69;30 -69;30
Cancer 90 23;51 +66;09 —66;09
Leo 120 20;30 +69;30 -69;30
Virgo 150 11;40 +78;20 —78;20
Libra 180 0 190 +90
Scorpio 210 —11;40 -78;20 +78;20
Sagittarius 240 -20;30 —-69;30 +69;30
Capricorn 270 -23;51 —66;09 +66;09
Aquarius 300 -20;30 —-69;30 +69;30
Pisces 330 —11:40 -78;20 +78;20

Table 8: Perpetual apparition and occultation of the zodiacal signs
depending on the latitude of the locality.

In northern or southern latitudes greater than 90°—¢, there are some zodiacal
signs that do not rise or set; these signs are either always visible or always invis-
ible. The boundary latitude, where the first point of each zodiacal sign becomes
always visible or always invisible, is presented in Table 8" In this table, the dec-

¥ In manuscript K, this value has been corrected in the margin as 66;25 for both Chapters P24 and P25.
30 In Chapter P25, 90°—¢ is taken as 66°.
' Ata northern latitude ¢, any point of the celestial globe whose distance from the north celestial
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linations of the first points of the signs are taken according to Ptolemy’s Almag-
est,’* rounded off to the nearest minute. For the latitude of a terrestrial pole, the
two equinoctial points rotate on the horizon, without rising or setting.

For northern latitudes greater than 90—c (Figure 23), the degrees of the
ecliptic having declination 3>90°—¢ are always above the horizon (the arc be-
tween light grey arrows), while those with declination 3<—90° are always be-
low the horizon (the arc between black arrows). The two degrees having decli-
nation §=90°-¢ (light grey arrows) touch the north point of the horizon but
do not set, while the two degrees having declination 3=¢—90° (black arrows)
touch the south point of the horizon and do not rise.

P — —
Thu_24/06/300 31°15°00.0"E__69° 30° 00.0°N
> T

——>&=—__ horizon

$=69,30

'ecliptfc"“wﬁj;_;f;_,_l?”,_,_, =

Figure 23: For latitude ©=69;30 N, the arc of the ecliptic between the light grey
arrows does not set, that between the black arrows does not rise,
and the two arcs between the dark grey arrows rise and set.

The degrees of the ecliptic with declinations that permit them to rise and
set have the following particularity:

On the east side, those having ecliptic longitude 2, such that 90°<1<270°
(that is from the summer solstice to winter solstice) rise in the regular order.

pole is p<e is always visible and does not rise or set; this is equivalent to 90°~3<¢, where & is the
declination of this point. Similarly, any point of the celestial globe whose distance from the south
celestial pole is p'<¢ is always invisible and does not rise or set; this is equivalent to 90°+3<¢, where
3 is again the declination of this point. The opposite happens at southern latitudes.

52 Ptolemy, Syntaxis mathematica (ed. Heiberg), part I, Chapter 1.15, pp. 80-81, and Toomer, Pro-
lemy'’s Almagest, p. 72.
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On the west side, the rest of the degrees, from winter to summer solstice, set

in the regular order of the signs (Figure 24).

Wed 23/06/300 SIS 000 E 6930 000N
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Figure 24: The degrees having ecliptic longitude 1 such that 90°<3<270°
rise in the regular order, while those for which 270°<1<360° or
0°<1<90°set in the regular order.

On the east side, the degrees having ecliptic longitude such that 270°<1<360°
or 0°<2<90° (that is from winter solstice to summer solstice) rise in inverted
order, while, on the west side, the rest of the degrees, from summer solstice to
winter solstice set in the inverted order of the signs (Figure 25).
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Figure 25: The degrees having ecliptic longitude i such that 90°<1<270° set in the
inverted order of the signs, while those for which 270°<1<360° or 0°<2<90° rise in
the inverted order. (Figures 23-25 have been created using the software Voyager 4.5.)
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This happens because, at these latitudes, the north pole Il of the eclip-
tic, which culminates simultancously with the degree of the ecliptic cor-
responding to the winter solstice ', comes to the south of the zenith,
while moving from east to west (Figure 26). In this case, on the ecastern
hemisphere, the distance of the more northerly degrees of the ecliptic from
the zenith is less than the distance of the more southerly degrees of the
ecliptic from the zenith. This results in the more northerly degrees of the
ecliptic rising first, with the more southerly ones following, and in turn
causes the signs from the winter solstice to summer solstice (270°<1<360°
or 0°<1<90°) to rise in their inverted order. At the same time, on the west-
ern hemisphere, the more southerly degrees of the ecliptic set first, and the
more northerly ones follow; resulting in signs from the summer solstice
to winter solstice (90°<2<270°) to set in inverted order. While the north
pole II of the ecliptic moves from west to east (Figure 27), it remains to
the north of the zenith, thus the zodiacal signs from the summer solstice
to winter solstice (90°<1<270°) rise in their regular order and the signs
from the winter to summer solstice (270°<1<360° or 0°<%<90°) set in their
regular order. The opposite occurs in the southern hemisphere of the earth,
but this is not mentioned.

nz p Z p
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o
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P = P
Figure 26: Rising and setting of the Figure 27: Rising and setting of the
signs in the inverted order. signs in the regular order.

Chapter P25 is related to Proposition 4 of the treatise De habitationibus of
Theodosius,® where the simultaneous rising and simultaneous setting of six

>3 Kunitzsch and Lorch, Theodosius, De habitationibus, pp. 26-31,78-79. The title of Proposition
4in English translation, as prcscntcd in the above edition, is the following: ‘For those whose zenith
is as distant from the visible pole as one of the two tropics is from the orb of the equator, six [Zodia—
cal] signs rise and set together’
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zodiacal signs is proved for a terrestrial latitude equal to 90°—¢, where ¢ is the
obliquity of the ecliptic. As already mentioned in the commentary of Chapters
P23 and P24, this treatise of Theodosius had been translated into Arabic by
Qusta ibn Laqa.

Ibn al-Haytham (born ¢. 965, Basra, Iraq, died ¢. 1040, Cairo, Egypt),**
in his treatise On the Configuration of the World =Wl i53 describes the
case of latitude 90°—¢, where once a day the ecliptic coincides with the
horizon; at that moment, six zodiacal signs rise simultaneously and six zo-
diacal signs set simultaneously. He then refers to the latitude of 90°, where
half the zodiac circle never rises and the other half never sets. Between
these two latitudes, a certain part of the ecliptic (g5 351> ja=) is always
visible and its diametrically opposite is always invisible. The two arcs be-
tween these two parts rise and set; the arc (_+,4!) that has the point of
vernal equinox as midpoint rises inverted (L&;S) and sets regularly (Gsons)
in this horizon, while the arc that has the point of autumnal equinox as
midpoint rises regularly and sets inverted.*

Another Latin translation of the treatise of Ibn al-Haytham is preserved in
the work of Stephen of Antioch Liber Mamonis, accompanied by his commen-
tary.”’ Stephen not only presents the results of Ibn al-Haytham, but he also
explains why the inverted risings and settings occur.

Comparison with treatise Q

Chapter P25 is a generalized version of Chapter Q48, the title of which is
“To know the place where Taurus rises before Aries. Chapter Q48 states the
following: At the latitude ©=78° North, the sign of Taurus precedes Aries in
the rotation of the globe (5,51 o3 5 Joomell paiy y44l)), Aries has set but Tau-
rus has not set (i o 3¥ly ole 15 o), and Aries rises after Taurus ( o

5% The dates and locations are mentioned in Lorch, ‘Ibn al-Haytham’.

%> The Arabic text of the treatise is included on ff. 101r-116v of a Compendium of Texts on
Mathematics and Optics mostly by Alhazen (4" =), British Library: Oriental Manuscripts,
IO Islamic 1270, in the Qatar Digital Library, see https://www.qdl.qa/en/archive/81055/
vdc_100023619742.0x000001. A Latin translation of this treatise, known as Liber Aboali, was
edited in Millds Vallicrosa, Las traducciones orientales, pp.285-312. There is also another Latin
translation of this treatise, with the title Liber de celo et mundo, edited by Mancha, ‘La versiéon
alfonsf, pp. 133-97. I am thankful to Prof. Dag Nikolaus Hasse who advised me of the existence of
this Latin translation.

> The corresponding Arabic text of the treatise by Ibn al-Haytham is located on f. 107v of the
manuscript London, British Library, IO Islamic 1270, while the same text in Latin translation is in
Millas Vallicrosa, Las traducciones orientales, p.297.

" Grupe, The Latin Reception of Arabic Astronomy and Cosmology in Mid-Twelfth-Century An-
tioch, pp-211-12. Iam thankful to Dirk Grupe who acquainted me with this work of Stephcn of
Antioch and Ibn al-Haytham.
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L LG CJJ@) All of these take place because Taurus does not set, but Aries
sets at this latitude.

The author of treatise P is not restricted to the content of Q48, but rather
refers to a general ascertainment concerning the order of rising and setting of
the zodiacal signs at any latitude greater than 66° (North); nonetheless he does
not allude to the reason why the signs rise or set in inverted order.

Chapter P26: To know the cities where the Sun reaches the zenith once or
twice a year

A demonstration of the Sun culminating at the zenith using the globe is pre-
sented in this chapter. It is mentioned that there is no shadow at the moment
that the Sun reaches the zenith. The following cases are discussed in the text:

1. When the Sun is at the first point of Cancer, it reaches the zenith of
the cities that have latitude ¢=24° (north). This happens once a year.

2. For the cities with latitude 0°<@<24° the Sun reaches their zenith twice
a year.

3. For the cities on the terrestrial equator (¢=0°), the Sun arrives at their ze-
nith twice a year, when it is at the first point of Aries and at the first point
of Libra; these two positions are not mentioned explicitly in the text.

To find when this happens, the degree of the meridian that corresponds to the
altitude of 90 degrees, that is the zenith, must first be determined and marked.
Then the poles of the globe are adjusted to the position corresponding to the
given latitude ¢, and the globe is rotated so that a degree of the ecliptic tra-
versing under the zenith mark is determined. When the Sun is in that degree,
then it culminates at the zenith of the locality having latitude .

Since the maximum altitude of the Sun for culmination to the south of the
zenith is h,,,=90—¢+9, the Sun arrives at the zenith when h,,,,=90°, namely
when 8=¢. So, if the latitude of a locality is known, the declination of the
Sun that produces its culmination at the zenith of this locality can be directly
determined.

In Chapter IL6, Sections 1-7 of the Almagest, Prolemy examines the lati-
tudes where the Sun culminates at the zenith, being those from the terrestrial
equator to the seventh parallel through Syene.®

Comparison with treatise Q

Chapter P26 includes Q49, Q50 and Q52.
Chapter Q49 examines the general case that the Sun transits across the ze-
nith of a locality with latitude less than 24°, as outlined in the following pro-

58

Prolemy, Syntaxis mathematica (ed. Heiberg), part I, pp. 102-08, and Toomer, Prolemy’s Almag-
est, pp- 82-85.
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cedure. The pole of the globe is first placed at a latitude less than 24° and the
position of the zenith on the meridian is marked, after measuring 90° on the
meridian starting from the horizon. When the globe is rotated, a degree of
the ecliptic will traverse under this mark. The Sun transits across the zenith,
when it is on this degree. The chapter ends with the note that this happens for
latitudes between 1 (sic) and 24°. There is no discussion of whether the Sun
arrives at the zenith once or twice a year.

Chapter Q50 examines in which cities there is no shadow at some mo-
ment within the year, and determines the day and time that this occurs. It
starts by explaining that there is no shadow when the Sun arrives at the ze-
nith, and that this can happen only on the meridian. The procedure of Q49
is then repeated and the degree of the ecliptic that culminates at the zenith
is determined. At noon on the day that corresponds to this degree of the
ecliptic there is no shadow in this city, the latitude of which is less than 24°.
There is no mention that there are two degrees of the ecliptic that reach the
zenith for a latitude <24°.

Chapter Q52 examines in which cities the Sun reaches the zenith once or
twice a year and when this occurs. When the latitude is 24°, the Sun reaches
the zenith once: when it enters the first point of Cancer for northern latitude,
and when it enters the first point of Capricorn for southern latitude. When
the latitude is less than 24°, the Sun reaches the zenith twice: when it is on
a degree of the ecliptic or on its ‘counterpart in declination’ (=) 5 ok5).
Then a verification using the globe follows, the procedure being the same as the
one of Chapters Q49 and Q50.

The author of treatise P brought together the above three chapters, present-
ing the common procedure just once, in the last paragraph of P26. The cul-
mination of the Sun at the zenith and the absence of shadow are studied to-
gether, thus avoiding repetition. The case in which the Sun reaches the zenith,
when it is at the first point of Capricorn, for a southern latitude of 24° is not
mentioned in P26, although it is included in Q52.

Chapter P27: To know the cities where the shadows are in one direction
and those where they are in both directions

For a locality of latitude o, if ¢<24° then the shadows (at noon) can be in two
directions; otherwise (if ©>24°), the shadows (at noon) are in one direction.
Both cases can be verified with the globe.

 The term )l 3 (in declination) has been encountered in only three (O, F and Z) of the
seventeen Arabic manuscripts of Q that were examined and include this phrase; in manuscript N, the
phrase ‘when it is on a degree of the ecliptic or on its counterpart’ has been omitted (f. 113r). When
this term is not present, the meaning of the counterpart is not clear. The Latin translation clearly
states that it is the degree equidistant from the beginning of Cancer or that of Capricorn: ‘cum sol
fuerit in uno duorum graduum zodiaci equidistancium principio Cancri uel principio Capricornio’
(Lorch and Martinez Gizquez, “Qusta ben Luca’, p. 54, L. 865-66).
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In the first case, the pole is placed according to a latitude ¢<24°. While ro-
tating the globe, some degrees of the ecliptic traverse to the south of the zenith,
and others to the north of it. For the former degrees, the corresponding shadows
point towards the north and for the latter, the shadows point towards the south.

In the second case, the pole is placed according to a latitude ¢>24. While
rotating the globe, there is no degree of the ecliptic that traverses to the north
of the zenith, and thus the shadow points always towards the north.

In Chapter IL.6 of the Almagest, Ptolemy examines the latitudes where the
shadow is in both directions,®® or in one direction,® and also when the shadow
turns in a full circle.®?

Comparison with treatise Q

Chapter P27 corresponds to Chapter Q51. In Chapter Q51 the cases where
the latitude is either less or more than 24° are independently described, but the
wording does not include the latitude ¢=24° as in P27. In the case that the
latitude is greater than 24°, the Latin translation includes both cases of northern
and southern latitude. The Arabic manuscripts present different variants at this
point; some of them mention that the shadows will be to the north, and others
to the south. Perhaps this is an indication that both cases of north and south
laticudes had been included in the initial text, but I have not found both cases in
any of the examined manuscripts.”® Then it is explained that when the Sun is at
the zenith there is no shadow; when it is to the north of the zenith, the shadows
will be to the south; when the Sun is to the south of the zenith, the shadows
will be to the north. At the end, there is a verification using the globe of the
case when the latitude is less than 24°, similar to the first case presented in P27.

% From the equator to the 6" parallel. Ptolemy uses the term dugioxios for the parallel where

the noon shadow can be in both directions (Ptolemy, Syntaxis mathematica (ed. Heiberg), part I,
pp- 102-07, and Toomer, Prolemy’s Almagest, pp. 82-85).

¢! From the 7% to 32" parallels. Prolemy uses the term ér£0d0xt0 for the ‘one-way-shadow’ parallel
(Prolemy, Syntaxis mathematica (ed. Heiberg), part I, pp. 107-14, and Toomer, Prolemy’s Almagest,
pp- 85-89).

¢ From the 33 parallel to the north pole. For the parallel where the shadow goes full circle, Ptole-
my uses the term 7wepioxiog (Prolemy, Syntaxis mathematica (ed. Heiberg), part I, pp, 114-17, and
Toomer, Ptolemy’s Almagest, pp. 89-90).

% Inmanuscripts A, C,D,N, R, S, T and U, it is mentioned that “When the north pole is elevated
more than 24°, the shadows are to the north’; in manuscripts B, E, H, I, L and M, “When the north
pole is elevated more than 24°, the shadows are to the south’; in manuscripts F, Z and O “When the
pole is elevated less than 24°, the shadows are to the south’ Only the statement of the first group of
manuscripts is correct. The erroneous statements of the other two groups could be caused cither
because of copying errors (fo the south instead of to the north, and less instead of more), or by saut du
méme au méme. In the latter case the text should be: “When the north pole is elevated more than 24°,
the shadows are to the north. When the south pole is elevated more than 24°, the shadows are to the
south’ I have included this version in the Arabic text of Chapter Q51 in Appendix 3.
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The author of treatise P has added a second case in the part on verification
with the globe, to show that for a latitude ¢>24° the shadow will be always to
the north.

Chapter P28: Determination of the meridian line and the gibla

In the procedure for measuring the Sun’s altitude (Chapter P9), the needle
casts no shadow when the globe is completely aligned to the celestial sphere;
the meridian ring of the globe will then be aligned to the local meridian. Thus
the meridian line can be determined according to the direction of the merid-
ian ring, by drawing on the ground a straight line parallel to the horizontal
diameter of the meridian ring.

The determination of the azimuth of the gibla (Figure 28) is conducted us-
ing the local meridian SN found above and the arc SQ, including its direction
towards the east E or the west W; this arc is described as “difference in longi-
tude between the city and Mecca’ (sl < LSy il e SN 05). On
the horizon ring, one must count as many degrees as this difference shows,
starting from the meridian towards the given direction, and put a mark at the
end. The line drawn on the ground from the centre O of the lower circular
base of the globe to the direction of this mark Q provides the direction of the
gibla in that city.

Figure 28: Determination of the azimuth of the gibla. The background is
an extract from the Risila dar samt-i qibla (anonymous and undated),

MS Paris, BnF, pers. 169,6, f. 42r.%

¢ The directions East (3 &) and West (o4 are depicted inverted in the diagram of the manuscrip.
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The procedure described is explained in Figure 29. On the celestial globe
adjusted to the latitude ¢ of the locality in question, let the circle CDEW be
the equator, P and P’ the celestial poles, SENW the horizon circle, Z the ze-
nith of the locality, M the zenith of Mecca, the circle PZSP'N through the
poles and the zenith be the local meridian, and the circle PMDP’ be the me-
ridian corresponding to the zenith of Mecca.

The difference that needs to be known, according to the method pre-
sented, is the arc SQ (or NQ), where S is the south point of the horizon
and Q the intersection of the great circle through the zeniths of the two
cities and the horizon. This difference is known as ‘difference in inclina-
tion’ and corresponds to the angle between the great circle arc joining the
locality with Mecca and the local meridian; this angle is the same as that
between the great celestial circle ZMQ through the zeniths of the city and
Mecca, and the local meridian PZSP’N; the Arabic term for this angle
is inbiraf al-qibla i) 3G\, >s). © The term ‘difference in longitude’ a/-
ikhtilaf fi al-til (JsL)) P SesY1) between the city and Mecca, which
is used here, is not correct, because the difference in terrestrial longitude
between the two cities corresponds to the arc CD of the equator, and it is
not measured on the horizon.

Figure 29: Determination of the gibla.

% See King, ‘Kibla. The transfer of the problem from the terrestrial to the celestial sphere is
mentioned on pp. 83-84, while the term inbiraf al-kibla (114 3\, >5)) is mentioned on p. 83.
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At the end of Chapter P28, the author of treatise P has added a comment,
mentioning that this method is false and of limited use, and it is better to
use another method to find the gibla. He avoided correcting the method, and
referred to the treatise of the quadrant that he was going to write. He could
simply have replaced the word ‘longitude’ with ‘inclination /azimuth’ and then
the method would be correct.

Comparison with treatise Q

Chapter P28 includes the methods of Q56 and Q57. In Q56 the meridian line
is determined after measuring the altitude of the Sun with the globe. The pro-
cedure is the same as in the first part of P28, with some differences in word-
ing. In Q57 the direction of the gibla is determined. The procedure is the
same as that in the second part of P28, with few differences in wording.

Chapter P29: To know the ‘longitude’ of the Moon and of any planet or
fixed star you want, at its greatest altitude

Although the term ‘longitude’ is mentioned in the title, this chapter deals,
in fact, with the determination of the mediation of a celestial body, such as the
Moon, any planet or any fixed star not drawn on the globe; all of these cas-
es are studied together. Since the degree of mediation of a celestial body is the
degree of the ecliptic that reaches the meridian simultaneously with it, the ce-
lestial body is observed when it reaches its highest altitude, in order that the
moment of its upper culmination can be determined. Furthermore, observing
the Moon and planets on the meridian minimizes the parallax in longitude in
most cases.®® At the moment when the celestial body C reaches the meridian
PZSP'N (Figure 30), the altitude of a star F, chosen among those drawn on
the celestial globe, is measured; this altitude will be used for positioning the
globe in accordance to the celestial sphere at that moment. For positioning the
globe, the north pole of the globe must first be elevated according to the lati-
tude of the locality, but this is not mentioned in the text. Then a mark corre-
sponding to the altitude of star F is put on a quadrant scale,” graduated from
0° to 90°. This quadrant is placed on the celestial globe in such a way that the
endpoint corresponding to the graduation of 90° is on the zenith Z and the
other endpoint is on the horizon ring SENW. Then the globe must be rotat-
ed and the lower endpoint B of the quadrant placed at the appropriate posi-
tion, so that the star F comes under the mark of the quadrant. The quadrant
must be placed either on the east or the west hemisphere of the globe, depend-
ing on whether the star is before or after its upper culmination, otherwise the

% The longitudc component of the paraﬂax is maximum at the horizon and zero at the highcst

point of the ccliptic, see Kenncdy, ‘Parallax Theory in Islamic Astronomy’.

¢ The quadrant scale has been described in Chapter P9 and is depicted in Figure 9.
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Figure 30: Determining the degree of the ecliptic My
that culminates simultaneously with the Moon or a planet.

globe will not be positioned correctly; the differentiation is not mentioned
in the text of P29. At this position, while the globe represents the celestial sphere
at the moment of culmination of the celestial body C, the degree M of the
ecliptic that reaches the meridian ring is determined; this degree is mentioned as
the ‘longitude’ of the celestial body, but actually it is the degree of its mediation.

Comparison with treatise Q

Chapter P29 unifies Chapters Q58 and Q62. Chapter Q58 concerns the ‘lon-
gitude’ (mediation) of the Moon and planets, and Q62 the ‘longitude’ (medi-
ation) of the fixed stars not drawn on the globe.

The wording of Chapter P29 is almost identical to Q58, but the title of the
latter mentions that the Tongitude’ could be determined in a night during which
it is possible to measure the maximum altitude of the Moon or planet. In Chap-
ter Q62, the same procedure as in Q58 is described for the fixed stars that are
not drawn on the globe. In both chapters, as in P29, there is no mention that the
globe must be placed according to the latitude of the locality and that the quadrant

should be on the east or west hemisphere, depending on the position of the star.

Chapter P30: To know the ‘latitude’ of the Moon, of a planet and of a fixed
star among those not drawn on the globe, in a night during which it is
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possible to measure its maximum altitude, and to know also its declination
from the equator and its zenithal distance.

The cases of the Moon, a planet and a fixed star not drawn on the globe are
described in the same procedure: The degree of ‘longitude’ of the celestial body
is determined (according to Chapter P29) and a mark M, is put at its position
on the ecliptic on the globe (Figure 31). The maximum altitude of the celestial
body and its direction to the north or south of the zenith is determined; then
this altitude is taken on the meridian ring and a corresponding mark M, is put
on the meridian. Then the globe is rotated, so that mark M, arrives at the me-
ridian. If M, is located exactly under M,, then the degree of the ecliptic has the
same maximum altitude as the celestial body, thus the celestial body is located
on the ecliptic. If M, is to the north or south of My, then the celestial body
has a ‘latitude” MM, in that direction; the ‘latitude’ is equal to the number of
degrees of the meridian between the two marks.

At the same position of the globe, the degrees of the meridian ring between
M, and the equator (circle EDW) correspond to the declination (arc DM,),
and the degrees between M, and the zenith (arc ZM,) to the minimum zenith-
al distance of the celestial body.

Pl

Figure 31: Determining the difference of declination between the Moon or
a planet and the degree of the ecliptic My that culminates simultaneously with it.

The author of the treatise mentions that ‘there is a dispute over the claim
that there is no difference between the degree of transit of a star and its degree
(of longitude)’ It is clear that according to the procedure of P30 the difference
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between the declination of the degree of transit (mediation) and that of the
celestial body in question is determined, not the ecliptic latitude of it. The
methods of this treatise are in accordance with the specific system of coordi-
nates ‘mediation and difference of declination’

Comparison with treatise Q

Chapter P30 unifies Chapters Q59, Q63, Q64 and Q65.

In Chapter Q59 the ‘latitude’ of the Moon or a planet is determined, during
a night in which its maximum altitude can be measured. The degree of ‘longi-
tude’ of the Moon or planet is determined as in Chapter Q58, and indicated
by a mark on the ecliptic. The maximum altitude of the Moon or planet and
its direction (to the north or south of the zenith) are found and a mark is put
on the meridian ring corresponding to the position of its maximum altitude,
retaining the direction of the altitude. Then the globe is rotated so that the de-
gree of ‘longitude’ comes to the meridian. If the degree falls under the mark of
maximum altitude on the meridian, then the Moon or planet has no latitude,
and it is located on the ecliptic. If the degree falls on any side of the mark, its
direction is observed and the degrees of the meridian between the degree and
the mark are counted. These degrees correspond to the ‘latitude’ of the Moon
or planet in that night, in the direction found with respect to the ecliptic.

In Chapter Q63 the ‘latitude’ of a star among the fixed stars not drawn
on the globe is determined with the globe; the procedure of Chapter Q59 is
repeated for a fixed star.

In Chapter Q64 the distance (declination) of a fixed star, among those not
drawn on the globe, from the celestial equator is determined using the globe.
The procedure described in Q59 is followed until the celestial globe is rotated so
that the degree of the star comes to the meridian. The degrees of the meridian
between the mark on the meridian and the celestial equator correspond to the
distance of the star from the equator. In both Chapters P30 and Q64, there is
no discussion about the direction of the declination to the north or south.

In Chapter Q65 the zenithal distance of a fixed star, among those not drawn on
the globe, is determined with the globe for any locality. The zenith and the posi-
tion of the maximum altitude of the star are marked on the meridian; the degrees
between these two marks provide the zenithal distance of the star in that locality.

The author of treatise P avoided repeating the procedure and managed to
obtain the ‘latitude] declination and zenithal distance of the celestial body by
applying the procedure only once.

Chapter P31: To know if the lunar eclipse and the solar eclipse occur in
the current month

To predict a lunar eclipse, the latitude & of the Moon must be known at its
maximum altitude in the 7ighr of the 13™ day of the lunar month. This could be
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found as described in Chapter P30, but this is not written in the text of Chapter
P31. If |6|<1;04°® then there will be a lunar eclipse, if |5|>1;04°, then there will
be no lunar eclipse. There is a special mention of the case where 6=0; in this
case there will be a lunar eclipse. The case where |6|=1;04° is not discussed.

To predict a solar eclipse, the latitude & of the Moon must be known at
its maximum altitude on the 27" day (p5) of the lunar month. If >1;37° or
b<—0;01° (b<—0;47° according to manuscript K), then there will be no solar
eclipse, if 0°<6<1;37° or —0;01°<b<0° (—0;47°<b<0° according to manuscript
K), then there will be a solar eclipse.””

In the treatise of Qusta the limit of the south latitude of the Moon for a solar
eclipse is 47 minutes, but in 20 of the 22 studied manuscripts that include Chap-
ter P31, it is reduced to (ome) minute. It is possible that the number 47 was once
written in P31, but omitted later by a copying error. In manuscript K, there is a
marginal note that restores the omitted ‘47" in words.”’ The original text could
have been &iss o s ST el ez . Since the number 47 written as s S
similar to the previous word .» ‘from /than] it might have been deleted acciden-
tally. A trace of such a symbol for the number ‘47’ can be seen in manuscript O,
where a symbol like ‘" is found in the position of ‘;+” described above.

The prediction of eclipses is treated at an elementary level, without taking
into consideration important parameters, such as the lunar parallax and the
distance between the earth and Moon.

The author of treatise P criticizes Qusta’s reference to measuring the lati-
tude of the Moon on the 27* day of the lunar month in the way described in
Chapters P30 and Q59. This measurement should be conducted at the mo-
ment of upper culmination of the Moon, but on the 27" day this occurs in
daylight, while the Moon is invisible because of its proximity to the Sun. The
latitude of the Moon on this day could be calculated or taken from tables, but
not directly measured at its culmination.

Comparison with treatise 19

Chapter P31 unifies Chapters Q60 and QG61.

In Chapter Q60 the prediction of a lunar eclipse is discussed, when the lat-
itude of the Moon is known.

In Chapter Q61 the prediction of a solar eclipse is discussed, knowing
the Moon’s latitude & and its direction to the north or south. If 4>1;37° or
b<—0;47°, then there will be no solar eclipse; if —0;47°<b<1;37°, then there

% The latitude 4 is considered #>0 when it is northern, or #<0 when it is southern.

¥ The case where 6=0 is implied in the statement ‘if the north / south latitude of the Moon ... is
greater than ... the Sun will not be eclipsed; otherwise it will be eclipsed’

70 The number 47 ( s j} ixcw) is written in the hand of the copyist in the right margin of f. 137v.
This number could have been added after comparison with the corresponding Chaptcr 61 from the
treatise of Qusta ibn Laqa.
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will be a solar eclipse. The wording here does not include the cases where the
latitude of the Moon is 6=1;37° or b=—0;47°. There is a special mention of
the case where 6=0; then a solar eclipse will always occur.

The author of treatise P follows the same procedures as Qusta, using almost
the same wording in many phrases. Qusta noted in both Chapters Q60 and
Q61 that the latitude of the Moon could be found as previously described (in
Chapter Q59); this implies that the difference of declination, as in Chapters
P30 and QS59, is meant by the term latitude here. There is one remarkable
difference concerning the limit of the south latitude of the Moon that allows a
solar eclipse, but this is probably a copying error in the transmission of treatise P.

Chapter P32: To know the difference of daylight length on the same day
in two different latitudes, while the Sun is on the same degree

The title of this chapter is equivalent to the title of Chapter P6. Although the
title mentions the ‘difference of daylight’, the procedure actually determines
half of the difference of daylight.

The procedure described in P32 is the following: The pole of the globe is
adjusted to one of these latitudes ¢, and the globe rotated so that the given
degree of the Sun reaches the east horizon; the rising degree of the equator is
marked (this degree provides the oblique ascension 7, at latitude ;). Then the
same procedure is repeated for the other latitude ¢, and the other rising degree
of the equator is also marked (this degree provides the oblique ascension 7, of
the degree of the Sun at latitude ¢,). The number of the degrees of the equator
between the two marks is stated to be the difference of daylight length. This
number could be expressed as 7,—7,,

Justification of the procedure: When the given degree of the Sun comes to
the meridian, the degree a of the equator that culminates simultaneously will
be the same for all latitudes, because it corresponds to the right ascension of
the degree of the Sun. Then the rising degree of the equator will be a+90°, if
a<270° (or a+90°-360°=a—270°, if a>270°), because the meridian and horizon
divide the equator into four equal parts in all of the latitudes. Thus, half the
daylight of the given degree at latitude ¢, in degrees of the
equator will be % =2+ 90° — 717" Similarly, half the daylight of the same
degree at latitude ¢, will be ‘172 =a+ 90° — r,. The difference % - % =
2 +90° =7 — (@ +90° —7r,) =7, — 1 provides the difference of half daylight
at these two latitudes.

There is no corresponding chapter in treatise Q, since the method of Q11 is
the same as that of P6. The only exception is manuscript M, which contains at

71 The condition z+90° —7 >0° < r; —a <90° is always valid for any dcgree of the ccliptic in
the northern hemisphere that rises and sets.
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the end (f. 12) three unnumbered chapters, among them a chapter corresponding
to P32 in a modified form.

Chapter P33: To know the latitude of the city from the highest altitude
of a star, among the stars of the globe, and from its longest daytime (,Lg5)

1. Determination of the latitude of a city from the highest altitude of a star

When the maximum altitude of a star drawn on the globe is known, the globe
must be positioned in such a way that the star reaches this maximum altitude
counted on the meridian ring of the globe. It is important to place the star to
the south or north of the zenith on the globe, according to its real position,
but this is not mentioned explicitly in the text. There is also no mention of
how the latitude of the city is obtained: the elevation of the north pole, count-
ed on the meridian ring, can directly provide the latitude sought.
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Figures 32-33: Determination of the latitude of the city from the highest altitude
of a star, when the star culminates to the south of the zenith (Figure 32)
or to the north of the zenith (Figure 33).

The terrestrial latitude, where a certain star reaches a given maximum alti-
tude, is unique when it is known that its culmination is either to the south or
north of the zenith. For culmination to the south of the zenith, the maximum
altitude is #=90°—¢+0 (Figure 32). Knowing the declination o of the star, we
may find the latitude as ¢=90°—h+0. For culmination to the north of the ze-
nith the maximum altitude is /=90°+¢—0 (Figure 33). Knowing 9, we may
find the latitude as ¢=h+0-90".

2. Determination of the latitude of the city from its longest (or shortest) daylight

There are two methods presented here. The first uses the point ¢ of summer
solstice, the first point of Cancer. The poles are placed on the horizon, thus
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the globe represents the situation on the terrestrial equator (Figure 34). The
point ¢ is put on the east horizon; the point of the equator that rises at this
moment has right ascension a=90°. Daylight on the terrestrial equator is 12
hours for all degrees of the ecliptic and this corresponds to a daytime arc of
180°. The longest daylight in a locality in the northern hemisphere (¢>0°)
occurs at the summer solstice and this corresponds to a daytime arc 4,>180°.
The difference between the daytime arcs at latitude ¢ and the equator is

dy — 180°, while its half is %= (d, — 180°)/2. A mark is put at the point
of the equator with right ascension ¢=90°—#; this point rises simultaneously

with the summer solstice ¢ at this latitude ¢. Then the north pole of the
globe is elevated, so that this point and point o are located on the east hori-
zon (Figure 35); at this position of the globe, the degrees of the elevation of
the pole counted on the meridian ring provide the latitude of the city.
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Figures 34-35: Determination of the latitude of the city from its longest daylight.

In the second method, the latitude is determined by knowing the short-
est daylight; for this reason the point 6" of the winter solstice, the first
point of Capricorn, is used. The poles are placed on the horizon, thus the
globe simulates the situation on the terrestrial equator (Figure 36). The
point ¢’ is then put on the east horizon; the point of the equator that rises
at this moment has right ascension =270° and a mark must be put on this
point.
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Figures 36-37: Determination of the latitude of the city from its shortest daylight.

Daylight on the terrestrial equator is 12 hours, which corresponds to a day-
time arc of 180°. The shortest daylight in a locality in the northern hemi-
sphere (¢>0°) corresponds to a daytime arc d,'<180°. The difference between
the daytime arcs at the latitude ¢ and the equator is 180°—d,’, while its half
is £=(180°-d,")/2 .

The north pole of the globe must then be elevated, so that ¢’ remains on
the horizon, whilst the point of the equator with right ascension a=270°

has covered a distance of £ = (180° —d,’)/2 degrees above the horizon
(Figure 37). This procedure is equivalent to what would be expected if the
procedure described in the first method had been applied, namely putting a
mark at the point of the equator with right ascension a=270°+4 and then
raising the north pole, so that this mark and ¢’ are placed on the east hori-
zon. The point with right ascension a=270°+£ rises simultaneously with
the winter solstice ¢’ at this latitude ¢. The latitude of the city is obtained
by counting the degrees of elevation of the pole on the meridian ring.

The text mentions that this method can be applied for any other degree
of the ecliptic.

There is no corresponding chapter to P33 in treatise Q, except for
manuscript M, which contains at the end (f. 12) three unnumbered chapters,
among them two chapters corresponding to P33.2 and P33.1 in a modified
form. Most probably, these chapters are a later addition.
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The above methods for determining the latitude of the locality are present-
ed in Chapters I1.6 and I1.2-3 of the treatise of al-Sufi on the celestial globe.”

In al-Sufr’s Chapter IL.6 the latitude is determined by means of the highest
altitude of a star drawn on the globe. The position of the star at its upper cul-
mination is marked on the meridian ring. The maximum altitude of the star
is measured by an astrolabe or other means, then the pole of the equator is
slowly raised, until the mark reaches the measured altitude in the direction the
star was observed, to the north or south of the zenith (Figures 32-33). The
elevation of the north pole of the globe provides the latitude of the locality.

In Chapter IL.2 the latitude is determined by means of the hours of the lon-
gest day. Twelve hours are subtracted from the number of the hours (/) and
minutes (72) of the longest day. The result will be /—12 hours and 7 minutes.
For each of the remaining hours we take 7.5 degrees, and for every 8 minutes
we take 1 degree; the sum of these degrees corresponds to the number 4. The
poles of the equator are placed on the horizon, and a mark is put at the degree
of the equator that comes to the east horizon simultaneously with the first
point of Cancer (Figure 34). A second mark is put on the degree of the equa-
tor that has a distance equal to £ degrees from the first mark, in the direction
opposite to the order of the zodiacal signs. Then the north pole is raised above
the horizon and the globe is rotated so that the second mark comes to the east
horizon together with the first point of Cancer (Figure 35). The elevation of
the north pole will be the latitude of the locality. The same method can be
used for any degree of the ecliptic with daytime longer than 12 hours.

Both the author of treatise P and al-Stafi use the same number £ in the
method using the longest day. The following proof shows the equivalence:
Since 1 equal hour or 60 minutes correspond to a rotation of 15°, 60/15=4
minutes correspond to a rotation of 1°. The longest daytime of 4 hours and 7
minutes corresponds to a daytime arc

R m\° d, 15° m \° d o m\°
dy=h-15° + (Z) @Ezb- 5t (ﬂ) ey =h-75°+ (§> )
and subtracting 90° we obtain

d o d,—180° °
B 900 = h.7.5°-12.7.5° + <@) %" 0 _(h12).750+ (ﬁ) ,
2 8 2 8

which shows the equality of the number £ in the first method of Chapter P33.2
and Chapter IL.2 by al-Safi.

In ChapterI1.3 the latitude is determined by means of the hours of the
shortest day. The number of hours (/) and minutes (72) of the shortest day is
subtracted from 12 hours. Then the method is similar to that of ChapterI1.2,
with the following differences:

72 Al-Sufi, On the Use of the Celestial Globe, in MS Istanbul, Topkapi Saray, Ahmet III 3505,1,
ff. 21r-22r; also Kennedy, ‘Al-Sufi on the Celestial Globe} pp. 66-67.
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1. The first point of Capricorn is used instead of the first point of Cancer,

2. The second mark is put counting # degrees from the first mark follow-
ing the order of the zodiacal signs.

The number £ in the second method of Chapter P33.2 is equal to the number
k used in Chapter IL1.3 by al-Sufi. The proof is analogous to that presented for
the longest day. Although the methods presented in the above chapters by al-
Sufi and those in Chapter P33 are equivalent, they are only explained in detail
in the former.
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4. Conclusions

4.1 Comparison between the treatises P and Q

The author of the Arabic treatise Dhat al-kursi attributed to Ptolemy (here
referred to as treatise P) explains in the preface that he had as his source ‘the
treatise of Qusta. He declares that he is going to make the treatise more con-
cise, but also outline additional ways in which the globe can be used. Detailed
comparison between treatise P and the Treatise on the Celestial Globe by Qusta
ibn Luqa (here referred to as Q) reveals that the former indeed follows the
latter closely and is based on it. All chapters of treatise Q have been used in
treatise P, with Chapters P32-33 as new additions." The author of treatise P
tried to make the text concise, avoiding repetitions, and improving some of
the methods and the terminology. Some of his criticisms of coordinates and
methods, however, are unjustified.

The conclusions of the comparison are presented below.

1. The author of treatise P avoided the tiring repetitions of treatise Q by
collecting chapters on similar subjects that use the same procedures,
and unifying them. He also condensed the detailed descriptions of the
source treatise (eg. P3/Q8, P6/Ql1, P8/Q15-16, P16/Q32-33 and
P22/Q44). Thus, the length of treatise P became almost half the length
of the treatise by Qusta ibn Luqa.

In few cases, there are important omissions in treatise P. For example:

o In Chapters P4 and P7 there is no mention that the north pole of
the globe must be elevated according to the local latitude, although
this is stated in the corresponding Chapters Q9 and Q13 of trea-
tise Q.

e In P11, which deals with domification, it is not mentioned that the
ascendant and the degrees of an unequal hour should be known,
although this was stated at the beginning of the corresponding

Chapter Q55.

e In P26, there is no mention of the case of latitude of 24° South
where the sun reaches the zenith when it is at the first point of
Capricorn, although this was included in the corresponding Chap-
ter Q52.

! The correspondence between the chapters of the two treatises is presented in Appendix 2.
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2. The author of treatise P also tried to ameliorate the methods of the
source treatise, to include more general cases, to correct errors and to
introduce mathematical expressions. For example:

In P17, he transformed the method of Q35 and extended it in or-
der to cover all cases concerning the stars with mathematical rea-
soning, and corrected the error that appears in Q34.

In P18, he presented a more general and rigorous method. A com-
parison between the polar distances of the star and of the degree of
the Sun, when the position of the star at sunset is known, replaces

the descriptive methods of Q36 and Q37.

In P23, he studies the cases in which either the north or the south
celestial pole is at the zenith, while in Q45-46 only the former
case had been examined.

In P25, he presents the general case of rising and setting of the
zodiacal signs at a latitude greater than 66°, while in Q48 only the
specific case for latitude ¢=78° North was presented.

In P27, the wording includes the latitude ¢=24° in the case that
the shadows are in one direction, while the wording of the corre-
sponding Chapter Q51 does not include this latitude. The author
of treatise P added a second case in the section concerning verifica-
tion with the globe, to show that for a latitude >24° the shadow
will always be to the north.

3. He not only included all subjects from treatise Q but also enriched his
treatise by adding new topics:

In P16, the study of the ascension of any degree of the ecliptic is
introduced, which was not included in the corresponding Chapters
Q32-33,

In P32, half the difference of daylight on the same day is deter-
mined for two different latitudes. The method is different from
that of the related Chapters P6/Q11, where the difference of day-

light is studied under the same conditions.
In P33, the latitude of a city is determined from the highest alti-

tude of a star or the longest /shortest daylight; there is no corre-
sponding chapter in treatise Q.

4. In some cases, the author of treatise P used more elaborate and accurate
terminology and better wording compared to treatise Q. For example:

In the description of domification in Chapter P11, he uses the term
‘houses’ (w5 instead of the term ‘centres’ (sUsl) used in Q5S5. He

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



4.1 COMPARISON BETWEEN THE TREATISES P AND Q 159

also replaces the phrases ‘rotate the ascendant downwards’ and
‘draw the descendant downwards’ with the more elegant ‘rotate the
globe following the order of the signs’ and ‘rotate the globe follow-
ing the opposite order of the signs’ respectively.

In determining the distance between two stars in P13, he uses the
term ‘the transits of the two stars’ (.5, s5s) for the points
where the two stars cross the horizon or the meridian; this term
does not appear in the corresponding Chapter Q26.

In Q4, diurnal motion at a latitude ¢=90° is compared to the
motion of a millstone (.>,). The author of treatise P repeats
this simile in Chapter P1 and extends the comparison: The di-
urnal motion at a latitude ¢=0° is compared to the motion of a
wheel (oY), whilst the motion in the intervening latitudes is
compared to a baldric (Sl e/ Ule>), a diagonal belt for

carrying a sword.

In the title of Chapter P15, there is clarification that the method
concerns only the fixed stars drawn on the globe; this was not
included in the title of the corresponding Chapter Q29.

The author of treatise P uses both terms ‘unequal’ (i>4xs) in P7-8
and ‘seasonal’ (isL;) in P5 and P19-20 for the hours, while Qusta
uses the term ‘seasonal’ (i) exclusively throughout his treatise;
the latter is the translation of the Greek term ‘xaugixal (doo)’
into Arabic.

S. The author of treatise P criticizes the use of the coordinates ‘mediation
and difference of declination] but he does not provide an alternative
solution:

In P12, he follows the method of Q21 for determining the ‘lati-
tude’ of a star, but then mentions that the latitude found in this
way is not correct, and that ‘the latitude is solely taken on the cir-
cle of the latitude’ The method of P12 and Q21 provides the dif-
ference of declination between the star and its degree of mediation,
concisely described here as ‘latitude’

In P20, he follows the method of Q40-41 for determin-
ing the time of rising or setting of the Moon or a planet, but
then mentions that the method does not consider the differ-
ence between the degree of the planet and the degree of its
transit. Similarly, in P30, he follows the method of Q58-59
and Q62-63 for determining the ‘latitude’ of the Moon, a

planet or a fixed star not drawn on the globe, and then men-
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tions that ‘there is a dispute over the claim that there is no
difference between the degree of transit of a star and its de-
gree (of longitude). In both cases, the degree of mediation
is used, called ‘the degree of transit’ by the author of treatise
P, and concisely described as ‘longitude’ in the commentary of
Chapters 29-30. The methods of P20 and P30 are correct when

the coordinates ‘mediation and difference of declination’ are
used instead of the ecliptic longitude and latitude.

6. Although the author of treatise P criticizes some methods of treatise Q,
he does not propose alternatives in these cases:

In P28, he follows the method of Q57 for determining the azi-
muth of the ¢ibla, using the term ‘difference in longitude’ as in
Chapter Q57, but then mentions that this method is false and
that it is better to use another method to find the gibla. He
avoids correcting the method, although he could simply have re-
placed the word ‘longitude’ with ‘inclination’ or ‘azimuth’ to do
so.

In P31, he follows the method of Q61 for finding whether a so-
lar eclipse will occur. In Q61, it is noted that the necessary ‘lati-
tude’ of the Moon can be determined as described previously, al-
luding to Q59, where the maximum altitude of the Moon should
be measured. The author of treatise P uses the ‘latitude’ of the
Moon without explaining how to find it, and at the end he won-
ders how the maximum altitude of the Moon could be measured
on the 27" day of the lunar month. Again, though, he does not
present any solution, e.g. finding the ‘latitude’ using a z7j or cal-
culating it.

7. There are two cases where the commentaries of the author of treatise P
on methods presented in treatise Q are not, in fact, correct:

At the end of Chapter P9, following the method of Q53 for mea-
suring the Sun’s altitude, when the altitude of the Sun is to the
West (i.c. after midday), he suggests using another quadrant scale
or altering the two poles and installing the gnomon at the diamet-
rical opposite of the degree of the Sun. This is not correct, howev-
er, because this method gives results in both cases, when the Sun is
either before or after its meridian transit.

At the end of Chapter P20, on determining the time of rising
or setting of the Moon or a planet following the method of
Q40-41, he mentions that “This rule is not in accordance with
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reality and its origin does not take into consideration the dif-
ference between the degree of the planet and the degree of its
transit. The method of Q40-41 using the coordinates ‘media-
tion and difference of declination’, however, does give correct
results.

The commentaries discussed in points 5, 6 and 7, above, written at the end
of each chapter (in P9, P20, P28 and P31) or at the end of the certain pro-
cedure (in P12 and P30), show an inconsistency with the method that has
just been presented by the author. This fact points to the possibility that
these comments were later additions by a commentator that have been in-
corporated into the text. As it is mentioned in Section4.3 below, sever-
al omissions and copying errors common to all manuscripts show that all
studied manuscripts come from the same exemplar which was not the auto-
graph, thus these commentaries might have been incorporated at the stage
of copying this common exemplar. However, the reference to the treatise of
the quadrant that is included in the commentary at the end of chapter P28
reduces this possibility, at least for this comment, since it is formulated as a
statement by the author.

4.2 Possible sources

According to the evidence presented in the commentary and the comparison
between treatises P and Q, the possible sources of these treatises are shown in
Table 9. The treatise On the Configuration of the World by Ibn al-Haytham
(AD 965-1040) may have influenced the author of treatise P to write Chapter
P25, since he dramatically changed the corresponding Chapter Q48, adding
descriptions that appear in Ibn al-Haytham’s treatise. ChaptersIL.2-3, 6 of
the Treatise on the Celestial Globe by al-Sufi were also a probable source for
Chapter P33, which was not included in treatise Q. Qusta ibn Luqga was un-
doubtedly influenced by those works of Theodosius and Autolycus that he
had himself translated from Greek into Arabic, and was definitely acquainted
with Ptolemy’s Almagest. He probably also used the work Introduction to the
Phaenomena by Geminus, because in Chapter 5 of this work, there is a detailed
description of a celestial globe with stand, similar to that described by Qusta.”

* This work of Geminus was attributed to Ptolemy in an Arabic translation of it, considered

as lost nowadays. This is evident from two Latin translations by Gerardus Cremonensis and by
Abrahamus de Balmes with titles such as Sperica Prolomei and Ptholomei Liber introductorius in
Almagesti, etc. These translations come from Arabic manuscripts (that of Abrahamus de Balmes
via a Hebrew intermediary translation), where the arrangement of the chapters and some of the
contents are different from those in the Greek text and the Latin translations based on it; see
Todd, ‘Geminus and the Ps.-Proclan Sphaera), pp. 16-21. However, this fact is not related to the
attribution of treatise P to Ptolemy; the author clearly mentions Qusta as his source in the in-
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Treatise P | Treatise Q |  Possible sources of treatise Q | Possible additional sources
of treatise P

Introduction Q1 Geminus, Phaenomena S

Geminus, Phaenomena 6.23 /
P2 QB Prolemy, Almagest 11.6.1

Q6 Theodosius, De diebus et noctibus,

P3

1.4

Autolycus, De ortibus et occasibus,
P18 Q36 14, 15

[Autolycus, De ortibus et occasibus,
P18 Q37 ]

Theodosius, De habitationibus 1/
P23 Q45-46 Geminus, Phaenomena 6.15 /

Ptolemy, Almagest 11.6.39

Theodosius, De habitationibus 12/

P24 Q47 Prolemy, Almagest 11.6.33
. L Ibn al-Haytham,

P25 Q48 Theodosius, De habitationibus 4 | - Wfiguration of the World
P26 Q49-50,52 Prolemy, Almagest11.6.1-7
P27 Q51 Prolemy, Almagest11.6.1-32
P33 ) Al-Safi, Celestial Globe,

11.2-3,6

Table 9. Possible sources of the treatises P and Q.

4.3 Possible date and place of compilation

There are some important omissions and copying errors, common to all 23
studied manuscripts of treatise P> This is evidence that all of these manu-
scripts stem from the same exemplar, which was a descendant of the original.

In determining the compilation date of treatise P, we must take into con-
sideration the following: The earliest dated extant manuscript was copied in
AD 1558, while the earliest reference to the treatise is that in Kashf al-zunin
by Hajji Khalifa (d. ap 1657). Concerning the sources of treatise P: Qusta ibn

troduction. On the other hand, Qusta had access to Greek manuscript sources, as his extensive
translation work attests, so he could not depend on Arabic translations that attribute Geminus’
work to Prolemy.

? For example: P4: ‘the degree’ instead of ‘the two degrees’; P11: omission of the phrase ‘following
the opposite order of the zodiacal signs’ in the determination of the cusp of the eleventh house; P14:
omission of a phrase that leaves the procedure after the elevation of the north pole incorrect; P18:
omission of the phrase ‘above the horizon’; P20: omission of approximately two lines that obscures
the procedure; P31: omission of the word ‘latitude’ in the first line of the procedure and of the num-
ber ‘47’ for the minutes of south latitude that permit a solar eclipse (the latter is only included as a
marginal note in manuscript K and as a symbol like .+’ in manuscript O); P32: ‘the difference of

daylight’ instead of ‘half the difference of daylight’; and P33: ‘ninety’ instead of ‘one hundred eighty’
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Luqga died ¢ Ap 912, al-$afi wrote his treatise on the celestial globe between
983 and 986 ap, while Ibn al-Haytham died in Ap 1040. Thus, treatise P must
have been compiled between the eleventh and the first half of the sixteenth
century AD.

The quadrant, mentioned by the author in Chapter P28, was already known
since the ninth century, since Aba Ja'far Muhammad ibn Mausa al-Khwarizmi
wrote some treatises on its construction and use, but the instrument became
more popular starting from the twelfth century, in particular in Egypt and Syr-
ia, and became one of the most popular portable instruments of the Muslim
astronomers in the fifteenth century. This period of time is consistent with the
above-mentioned time range.*

There is a strong possibility that the treatise P was compiled in Egypt, based
on the following evidence:

1. There are seven manuscripts of treatise P in the Dar al-kutub in Cai-
ro, while the manuscript from the Library of the University of Riyadh
(MSH), is said to originate from the Egyptian Dar al-kutub.> This
manuscript and the manuscript from the National Library of Albania
(MST) are very similar to the manuscript Cairo, Dar al-kutub, Miqat
Talat 202,2 (MS U). Also the manuscript from Rabat (MS Kh) stems
from the same exemplar as MS D from Cairo, and MSF, now in the
Princeton University Library, is closely related to MS D.

2. There are eight manuscripts in the Stileymaniye Library and one in the
Beyazit State Library in Istanbul, which was the capital of the Ottoman
Empire at the time all of these manuscripts were copied. The similarity
between manuscripts K, L and M from the Stileymaniye Library with
D, J, and A, respectively, from the Dar al-kutub could provide evidence
that these manuscripts were copied in Cairo and then transferred to
the capital.

3. The fact that there is a common omission of a line in Chapter P14 in
all of the twenty-two examined manuscripts of treatise P that contain
P14, and in Chapter Q28 in all three Cairo manuscripts (A, B and
L) of treatise Q, points to the probability that the author of treatise P
used an ancestor manuscript of the Cairo manuscripts of Q that had
the same omission and summarized the method without being aware of
this. The same passage has been omitted in the manuscript Paris, BnF,
arabe 7244,1 (MSR) copied in 1188 H/AD 1774, which is of western

* See King, al-Khwairizmi and New Trends, in particular p. 29; King, ‘A Vetustissimus Arabic Trea-
tise’; Charette, Mathematical Instrumentation, in particular Sections 1.2 and 1.3; and Charette and
Schmidl, ‘al-Khwarizmi and Practical Astronomy’, pp. 128-29, 131-32, 154-55 and 157-58.

> Note on the information sheet of the manuscript in the Library of the University of Riyadh.

¢ Chapter P14 is not included in manuscript N.
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Arabic origin, and the manuscript Istanbul, Topkapi Saray, Ahmet III
3505,5 of treatise Q (MSN), copied in 661 H/AD 1263.7 At that time,
Constantinople was the capital of the Byzantine Empire, and this fact
eliminates the possibility that the manuscript originated from this city.
It arrived at Istanbul later and was included in the library of Sultan
Bayazit Il and later in the library of Sultan AhmetIIL® The prove-
nance of this manuscript is unknown.” The text of Chapter Q28 is
complete in manuscripts C, D, E (London); Z (Meshhed); H, Iand
O (Istanbul); K (Damascus), M (Princeton), U (Hydarabad), T (Ti-
rana) and the Latin translation of the same treatise. In manuscript F,
originating from Cairo but now stored in the Manuscript Library of
the University of Pennsylvania, the folio that should contain Chapters
Q22-29 is lost.

However, if the author of the treatise was Akhawayn (see below), the treatise
could have been compiled elsewhere. Akhawayn’s wanderings are not known,
we only know that he taught in Istanbul and Bursa.

4.4 The attribution of the treatise to Akhawayn

In three manuscripts (R, S and T) the treatise is attributed to Akhawayn, who
died between 899 and 904 H (AD 1493-1498). Manuscript R (Princeton) was
copied in 965 H /AD 1558 and is the oldest extant manuscript, thus this ear-
ly attribution should be taken into consideration seriously. The date of Akha-
wayn is consistent with that of the above manuscript and the time range for
the compilation of the treatise discussed in the previous section.

As discussed in Section 1.5 above, bio-bibliographical sources of the six-
teenth and seventeenth centuries attest that Akhawayn wrote some works re-
lated to Islamic theology and a Treatise explaining the Sine Quadrant based
on the work of ‘Ata’ Allah al-‘Ajami. Since the beginning of the twentieth

7 None of the three Cairo manuscripts (A, B, L) could be descendants of manuscript N of treatise
Q, since they contain some passages omitted in manuscript N.

8 See note 79 in Section 1.2 above.

? At the time the manuscript was copied (661 H /AD 1263), the Mongols had conquered a great
part of the territories where Arab civilization had flourished, devastating the land, slaughtering the
inhabitants and destroying libraries. This fact can exclude some important cities as possible origin of
this manuscript: Baghdad and the territory around it were conquered by Hulegu and the Mongols
in 1258 and massive massacres and destructions followed. Also, the territory of Sham, including
Damascus, was under the threat of the Mongols, even after the battle of ‘Ain Jalat in 1260, and
Damascus suffered from hunger during the years 1261-1262. On the other hand, Cairo cannot
be excluded, since 1263 was within a period of prosperity under the reign of the Mamluk sultan al-
Zahir Rukn al-Din Baybars, who, later in 1277, established the Zahiriya Library in Damascus. Also,
Maragha cannot be excluded, since the famous observatory was established there by al-Tusi in 1259.
See al-Maqrizi, Histoire des Sultans Mamlouks (transl. Quatremere), vol. L.
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century, further astronomical treatises have been attributed to him, because he
appears as the author in some manuscripts. His name is written in the title or
the colophon of some transcriptions of the treatises Dhar al-kursi and al-Rub
al-jami ‘a, in the dedication or statement of ownership in the manuscript of
the Notes on the Commentary on the Mulakhkhas by Qdadi Zade, whereas it is
included in the main text solely in the Problems in the Science of Astronomy
(MS Vienna Cod.A.FE 418).

The existence of a treatise on the quadrant by Akhawayn supports the possi-
bility that he could be the author of the treatise Dhat al-kursi, since the author
of treatise P mentions in Chapter P28 that he was going to write such a trea-
tise. The comparison of the style of writing in the Problems on the Science of
Astronomy, in the Cairo manuscript of Akhawayn’s Noze on the Sharh al-tajrid"
and in the prefaces of the notes on the Mulakhkbas and the treatises a/-Rub
al-jami‘a and Dhat al-kursi show that all of them contain parts written in a
form of rhymed prose, known in Arabic as saj . However, this was a common
style of writing in many works in the Arabic literature between the eighth and
the end of the nineteenth century, thus this fact cannot be used as evidence for
the authorship by Akhawayn."

The doubts about the authorship of the treatise Dhat al-kursi remain, since
it is not cited among Akhawayn’s works in the early bio-bibliographical sourc-
es, and the attribution to Akhawayn appears in only three of the twenty-three
studied manuscripts of the treatise. Moreover, as discussed in Section 1.5, his
name has been deliberately removed from some manuscripts, or added to oth-
ers. The existence of the name of the author, in particular out of the main
text of the work, cannot itself prove the authorship if not supported by other
evidence. Since he was professor at the Sahn-i Thaman in Constantinople / Is-
tanbul and other madrasas, he should have used some course books either writ-
ten by him or other scholars; it is possible that some of his students wrote his
name at the beginning or the end of the manuscripts they used, even not of
his works, and then it was transmitted to subsequent manuscripts.

4.5 Possible relation to Prolemy

There are some elements in the Treatise on the Celestial Globe that may relate
it to Ptolemy.

The celestial globe and its use were certainly known in Ptolemy’s time. A de-
tailed description of the celestial globe with stand is preserved, for example, in
Chapter 5 of Geminus’ Introduction to the Phenomena,'* written approximately

10 Akhawayn, Note on the Sharh al-tajrid, in Cairo, al-Azhar Library, Tawhid 321,2.

I Personal communication from Saeed al-Wakeel, Professor of Arabic Literature and Criticism at
the Faculty of Arts, Ain Shams University, Cairo.

12 Evans and Berggren, Geminos’s Introduction to the Phenomena, pp. 149-59.
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two centuries before Ptolemy. Ptolemy, aiming for a type of globe that could
be used eternally without becoming out of date due to the precession of the
equinoxes,”® had himself developed an improved celestial globe, the so called
precession globe, but this is a different type from that described in treatise P
(see Section 1.3).

In Chapters 2, 23, 24, 26 and 27 of treatise P, there are some traces of Ptol-
emaic influence, pertaining especially to the characteristics of the various ter-
restrial latitudes presented in Almagest 11.6. These are discussed above, in the
corresponding sections of the commentary.

Both treatises P and Q include some non-Ptolemaic elements, such as: the
determination of the gibla, the domification (12 astrological houses), the divi-
sion of the horizon into 360°, which corresponds to the notion of the azimuth,
and the use of the coordinates ‘mediation’ and ‘difference of declination’ for
the stars.

It is clear that the treatise Dhit al-kursi (treatise P) should be considered
among the pseudepigrapha and not as a genuine work of Ptolemy for the fol-
lowing reasons:

1. Treatise P has as its source the Treatise on the Celestial Globe by Qusta
ibn Luqa, as is evident from the overlap in content between the two trea-
tises, outlined in the detailed comparison above, and the explicit mention
of the name Qusta as well'* The possible sources of treatise Q and the
additional ones of treatise P are presented in Table 9 on p. 170.

2. The treatise Dhat al-kursi is not mentioned among the works of Ptole-
my until the mid-seventeenth century ap, with Hajji Khalifa being the
first to mention it as such in his work Kashf al-zuniin, written between

1648 and 1657.1°

3. The treatise contains non-Ptolemaic elements, listed above in Sec-
tion 4.5.

4. The globe described is neither the precession globe, nor the armillary
sphere ‘astrolabe’ invented by Ptolemy,'® for which we would expect

13

This globe is described in Chapter VIIL3 of the Almagest, see Ptolemy, Syntaxis mathematica (ed.
Heiberg), part II, pp. 179-85, and Toomer, Prolemy’s Almagest, pp. 404-07. Since the relative po-
sitions of the fixed stars change due to their proper motion, which was unknown in Ptolemy’s time,
the globe cannot actually be used eternally.

" The complete name appears only in manuscript A, while in the rest of the manuscripts it is
written as ‘Qust’

15 Katip Celebi, Kegf-el-zunun (eds Yaltkaya and Bilge), vol. I, col. 865; Katip Celebi, Kashf al-
zuniin (ed. Fligel), vol. IIL, p. 399. For the date of compilation see Gokyay, ‘Katib Celebi’ For fur-
ther discussion see the Introduction (Section 1.1).

16" Prolemy, Syntaxis mathematica (ed. Heiberg), part I, Chapter V.1, pp. 350-54 and vol. II, Chap-
ter VIIL3, pp. 179-85, and Toomer, Prolemy’s Almagest, pp. 217-19 and 404-07.

© BREPOLS & PUBLISHERS
This is an open access publication distributed under a CC BY-NC-ND 4.0
International License



4.5 POSSIBLE RELATION TO PTOLEMY 167

him to have developed an accompanying manual. This fact affirms that
the presence of Ptolemy’s name in the title refers to the treatise itself
and not the instrument described in it.

The attribution of the treatise to Ptolemy was made according to the
titles of manuscripts A, B and M, but his name is not mentioned at all
throughout the texts of treatises P and Q. The reference to Ptolemy
in the title could thus have been added erroncously by someone who
found the traces of Ptolemy’s work (Almagest11.6); who thought that
Qusta’s treatise was perhaps a translation of a work by Ptolemy; who
attempted to lend more value to this treatise; or who simply wanted
to emphasize the astronomical content of the treatise, or to denote the
Greek origin of the celestial globe with stand.
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Appendix 1
Treatise on the Use of the Celestial Globe with Stand by

Qusta ibn Laqa: Table of contents in English translation

The titles of the 65 chapters in English translation

ARl S e

I

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

To know the drawings (which are on) the globe and their names

On the installation of the globe

To know the shape of the sky, its configuration (\g=») and its motion

To know the difference in the motion of the sky at any locality

To know the cause (ile) of the equality of night and day on the (ter-
restrial) equator line

To know the difference between night- and day-time length in every
region

To know the equality of night- and day-time lengths when the sun
enters the first point of Aries and the first point of Libra in all regions
To know the longest and shortest daytime in all regions

To know the difference between the (lengths of) daylight of any two
days at any locality you want

To know the number of daytime hours at any locality on any day you
want

To know the difference between the daylight lengths on a given day at
two given localities with different latitudes

To know the time-degrees of the seasonal hours at any locality and on
any day you want

To know the time that has elapsed since sunrise in equal hours, if the
ascendant is known

To know the time that has elapsed since sunrise in seasonal hours, if
the ascendant is known

To know how to find the ascendant, if the elapsed time since sunrise
in equal hours is known

To find the ascendant, if the elapsed time since sunrise in seasonal
hours is known

To know the midheaven, if the ascendant is known

To know the descendant and the centre of the earth, if the ascendant
or the midheaven is known

To know the daytime arc of any star you want among the stars drawn
on the globe

To find the (corresponding) degree of the ecliptic for each one of the
stars that are on the globe
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21.
22.
23.
24.
25.
26.
27.

28.

29.

30.
31.

32.
33.
34.
35.

36.

37.
38.
39.

40.

APPENDIX 1

To know the ‘latitude’ of any star you want, among the fixed stars that
are drawn on the globe

To find the declination from the equator for any star you want, among
the fixed stars that are on the globe

To find the deviation from the zenith of any locality you want for any
star you want, among the fixed stars that are drawn on the globe

To know the maximum altitude of each one among the fixed stars that
are on the globe at any locality you want

To find the ortive amplitude of any star you want, among the stars that
are on the globe at any locality you want

To find the distance between any two stars you want among the stars
that are on the globe

To find the distance between the risings of any two stars you want
among the stars that are on the globe at any locality you want

To know the stars that rise simultaneously from the horizon, those that
set simultaneously, and those that culminate simultaneously, at all of
the latitudes

To know the degree of rising of each one of the fixed stars, that of its
setting and that of its meridian transit at all of the latitudes

To find the declination of any degree of the zodiac you want

To know the ortive amplitude of any degree you desire among the de-
grees of the zodiac, at any locality you want

To find the ascension (rising times) of the zodiacal signs in the right
sphere

To find the ascension (rising times) of any zodiacal sign you want at
any latitude you want

To know the stars that do not set at any locality you want, among the
stars drawn on the globe

To know the stars that are never visible at any locality you want, among
the stars of the globe

To know the stars that are seen twice in one night: early at night after
sunset on the west side and early morning before sunrise on the east
side. This is possible for stars near the north pole, when the sun is
among the southern zodiacal signs

To know the stars, among the stars drawn on the globe, that are visible
above the earth during the entire night, at a given night and locality
To find at what time any star you want, among the stars drawn on the
globe, rises at any night and any locality you want

To find at what time any given star, among the stars drawn on the
globe, sets at any night and any locality you want

To know the time of rising of the moon or any planet you want, at any
night and any locality you want
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42.
43.
44,

45.

46.

47.
48.
49.
50.

51

52.

53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

63.
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To find the time of setting of the moon or any given planet, at any
night and any locality you want

To know the midday altitude (of the sun) at any locality and on any
day you want

To know the maximum altitude of each one of the stars drawn on the
globe at any locality you want

To know the difference between the greatest altitude of the sun on the
same day in two localities with different latitudes

To know the place in which the entire year is one day, six months long
daytime without night, and six months long night-time without day-
light

To know the locality where no star ever rises and no star ever sets,
but the visible stars are always visible there, and the invisible stars are
always invisible

To know the place where the daylight is 24 equal hours

To know the place where Taurus rises before Aries

To know the place where the sun reaches the zenith

To know the localities in which there is no shadow at all at some mo-
ment within the year, and at which day and time this occurs

To know the localities where the shadows are in one direction and those
where the shadows are in two directions, and the time when the shadows
will be to the south and the time when they will be to the north

To know the localities where the sun reaches the zenith once a year
and those where it reaches the zenith twice, and at what time during
the year this occurs

On obtaining the altitude of the sun with the globe at any time you
want

To know the four centres using the globe

To find the rest of the centres

To find the meridian line at any locality and any time you want

To know the azimuth of the ¢ibla at any locality and any time you
want

To find the ‘longitude’ of the moon and any planet you want, in a
night during which it its possible to measure its maximum altitude
To find the ‘latitude’ of the moon or any planet you want, in a night
during which it its possible to measure its maximum altitude

To know if a lunar eclipse occurs in the current month

To know if a solar eclipse occurs in the current month

To know the ‘longitude’, in degrees of the ecliptic, of any star you want
among the fixed stars that are not drawn on the globe

To find the ‘latitude’ of any star you want among the fixed stars that
are not drawn on the globe
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64. To know the distance from the equator (declination) of any star you
want among the fixed stars that are not drawn on the globe

65. To know the distance between any star you want, among the fixed stars
that are not drawn on the globe, and the zenith at any locality you
want
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Appendix 2

Correspondence between the chapters of
the Arabic manuscripts of treatise Q,
its Latin translation* and treatise P

Q Qa Qs | Qemwmmnoruz | Qo Qe Qr Qs Q! Latin P
1 1 1 1 1 1 1 1 1 1 Introd
2 2 2 2 2 2 2 2 2 2 1
3 3 3 3 3 3 3 - 3 3 1
4 4 4 4 4 4 4 - 4 4 1

S S S S S S S - S S 2
6 6 6 6 6 6 6 3 6 6 3-
7 7 7 7 7 7 7 4 7 7 3 -
8 8 8 8 8 8 8 - 8 8 3
9 9 9 9 92 9 9 - 9 9 4
10 10 10 10 9 10 10 S 10 10 S
11 11 11 11 11 11 11 no number 11 6
12 12 12 12 12 12 12 6 11 12 S
13 13 13 13 13 13 13 - 12 13 7
14 14 14 14 14 14 14 - 13 14 7
15 15 15 15 15 15 15 7 14 15 8
16 16 16 16 16 16 16 8 15 16 8
17 17 17 17 17 17 173 9 16 17 10
18 18 18 18 18 18 18 10 17 18 10
19 19 19 19 184 19 19 - 18 19 S
20 20 20 20 19 20 20 - 20 20 12
21 21 21 21 20 21 21 - 21 21 12
22 22 22 22 21 22 22° - 22 22 12
23 23 23 23 22 23 - - 23 23 12
24 24 24 24 23 24 - - 24 24 12
25 25 25 25 24 25 - - 25 25 13
26 26 26 26 25 26 - - 26 26 13

* As edited by Lorch and Martinez Gdzquez

! In MST, the numbers of the chapters are written in Arabic numerals in red colour at the beginning
of the chapters. However, in some chapters the numbers have been omitted, thus there is a difference
in chapter enumeration.

? The title is that of Chapter Q9, but the explanation corresponds to Chapter Q10. Both the
explanation of Chapter Q9 and the title of Chapter Q10 are omitted.

3 Weritten as ‘seventh’

# Only the number of the chapter is repeated as 18; the title and the explanation correspond to
Chapter Q19.

> Only the first half of the text of this chapter is preserved, because a folio is missing.
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Q QA QB QC/H/K/L/M/N/O/R/U/Z QD QE QP Qs QT Latin P

27 27 27 27 26 27 - - 27 27 13
28 28 28 28 27 28 - - 28 28 14
29 29 29 29 28 29 - 11 29 29 15
30 30 30 30 29 30 30 12 30 30 12
31 31 31 31 30 31¢ 31 13 31 31 13
32 32 32 32 31 31 32 14 32 32 16
33 33 33 33 32 32 33 15 33 33 16
34 34 34 34 33 33 34 - 34 34 17
35 35 35 35 34 34 35 - 35 35 17
36 36 36 36 35 35 36 - 36 36 18
37 37 37 37 36 367 37 - 37 37 18
38 38 38 38 37 37 38 - 38 38 19
39 39 39 39 38 38 39 - 39 39 19
40 40 40 40 39 39 40 - 40 40 20
41 41 41 41 40 40 41 - 41 41 20
42 4la 42 42 41 418 42 16 42 42 21
43 42 42a 43 42 42 43 - 43 43 21
44 43 43 44 43 43 44 - 44 44 22
45 44 44 45 44 44 45 17 45 45 23
46 45 45 46 45 45 46 - no number | 46 23
47 46 46 47 46 46 47 18 46 47 24
48 47 47 48 47 47 48 19 | no number | 48 25
49 48 48 49 48 48 49 20 47 49 26
S0 49 49 50° 49 49" | 50 23 48 S0 26
S1 50 S1 S1 S0 50 S1 24 49 51 27
52 S1 52 52 S1 S1 52 25 50 52 26
53 52 53 53 S2 52 53 - 51 53 9

54 S3 54 54 53 53 54 - 54 54 10
55 54 S5 55 54 54 S5 - 55 55 11
56 S5 56 56 S5 55! 56 21 56 56 28
57 56 58 S7 56 562 | 57 22 S7 57 28
58 57 59 58 S7 S7 58 - 58 58 29
59 58 60 59 58 58 59 - 59 59 30
60 59 61 60 S9 59 60 - 60 60 31

¢ The last eight words of Chapter 31 and the title with the first six words of the explanation of

Chapter 32 are both omitted. Thus, Chapter 31 contains both Chapters Q31 and Q32 except for
the omission mentioned above.

7 Weritten as Chapter 33 in the title.

§ Written as -paVly oo (salsdl OU

® The whole Chapter 50 is written twice on f. 10r of manuscript M.

1% Written as Chapter 59 in the title.

"' Written as Chapter 15 in the title.

12 Written as Chapter 16 in the title.
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Q Q Qs | Qemwwmnoruz | Qo Qe Qr Qs Qr Latin P

61 608 | 62 61 60 60 61 - 61 61 31
62 62 63 62 61 61 62 - 62 62 29
63 63 63 63 63 62 63 - 63 63 30
64 64 64 64 64 63 64 - 64 64 30
65 65 65 65" 65 64 65 - 65 65 30
66 66'° - - - - - - - -

67 67 - - - - - - - - S

B Written as gsedly sl oL

4 Written as Chapter 60 in MS N.

> In manuscript M, there are three additional unnumbered chapters after Chapter 65. These
chapters are different from those in manuscript A and correspond to Chapters P32, P33.2 and P33.1
of the treatise P.

!¢ In the manuscript A of treatise Q there are two additional chapters numbered as 66 and 67.
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Appendix 3

Treatise on the Use of the Celestial Globe with Stand
by Qusta ibn Luqa: Arabic text

Since the treatise Dhat al-kursi attributed to Prolemy is based on the T7eatise
on the Use of the Celestial Globe with Stand by Qusta ibn Lugqa, as it is shown
in Chapter 3 above, it is necessary for the reader to have access to the whole
text of this treatise in order to compare these two works in every detail. Since
only the Latin translation of this treatise has been published,"” I present here a
transcription of the Arabic text.

The manuscripts examined present many variants; in some of them the
second-person singular is used for the description of the procedures, in others
the first-person plural; also special expressions are consistently used in certain
groups of manuscripts. There are manuscripts where the introduction or the
list of chapters has been omitted. Also, the introduction appears in various pat-
terns. The chapter numbering presents many differences, which are presented
in Appendix 2. The above problems would complicate a critical edition of this
text, which is not the principal treatise of this book. For this reason, I decided
to present a transcription based on a few manuscripts.

I have used the manuscript O /4 (Istanbul, Topkapi Saray, AhmetIII,
3475,1) as the main source for the transcription. This is a complete and care-
fully copied manuscript, with few omissions and grammatical errors. I have
replaced only the problematic points of manuscript O with the correspond-
ing points from manuscript Z/; (Meshhed, Holy Shrine, 5595,1), which is
strongly related to manuscript O but less carefully copied, or from manuscript
N /¢y (Istanbul, Topkapi Saray, Ahmet III 3505,5). The latter appears to be the
oldest of the examined manuscripts, but it contains several grammatical errors
and there is quite a number of omissions. In very few cases I have used the
manuscripts:

A /' Cairo, Dar al-kutub, Miqat Halim ‘arabi 7;
B / _: Cairo, Dar al-kutub, K ‘arabi 3824,13;
C/~: London, British Library, Stowe Orient 10,6;
d
F / &: Philadelphia, University of Pennsylvania, LJS 412,1 and
L /J: Cairo, Central Library of Islamic Manuscripts, 3071,7.

The introduction presented in the transcription is that of manuscripts O and
Z. In the apparatus, only the variants replacing those of manuscript O are
mentioned, not all the variants from the other manuscripts.

17" Lorch and Martinez Gzquez, ‘Qusta ben Luca. De sphera uolubili} in Suhayl 5 (2005).
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List of abbreviations in the transcription

Meaning Symbol
addition +
omitted -
written twice 2%
the word \ix is struck through o

a word or a phrase not included in the text ()
change of folio in MS / s/

f. 3r 3
f.3v 3=
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Terms

altitude — 15, 43, 59-65, 77-79, 85-91,
107-10, 113-15, 125, 130-32, 140, 143,
145-49, 151, 154, 158, 160, 170-71

amplitude — 67, 100, 116-17, 170
antarctic circle — 19

apparition (perpetual) — 73, 79, 81,
121-22, 131-32, 135

arctic circle — 19, 114

Aries — 47, 55, 71, 81, 98, 104-05, 117,
121, 135, 139-40, 169, 171

armillary sphere — 1, 5, 8, 12, 13 n. 54,
17 n. 79, 166

ascendant — 15, 61-65, 107-8, 110-11,
113, 157, 159, 169

ascension — 71, 102-04, 106-07, 117-
21, 150, 152-53, 158, 170
oblique — 103-04, 106-07, 120-21,
150
right — 102, 117-21, 150, 152-53
astrolabe — 1, 5, 12, 18 n. 83, 20, 26, 51,
87, 95, 98, 110 n. 14, 112, 116, 154,
166

azimuth — xi, 100, 143, 145, 160, 166, 171

calendar — 25, 129

Cancer — 7 n. 31, 51, 55, 79, 81, 91, 97,
103, 133, 135, 140-41, 151, 154-55

Capricorn — 7 n. 31, 51, 55, 79, 81, 91,
93,97, 103, 133-35, 141, 152, 155, 157

Cassiopeia (constellation) — 18

celestial globe — xi, 1, 2, 8, 15-16,
18-20, 22-23, 27, 29-30, 33, 89
n. 39, 97-101, 109-10, 114, 117-18,
129, 132-33, 135-36 n. 51, 144-
45, 148, 154, 157, 161-63, 165-67,
169, 176

(four) centres — 15, 63, 110-12, 158, 171

centre of the earth — 63, 110, 113, 169
imum coeli — 110-11

colure
equinoctial — 99
solstitial — 19, 98-99

coordinates ‘mediation’ and ‘difference of
declination” — xi, 113, 128-29, 148,
150, 159-61, 166

declination — 43, 65, 67, 89, 113-16,
128, 130, 132-33, 135-36, 140-41,
147-48, 150-51, 170, 172
circle of — 51, 99-100

deferent — 8

descendant — 63, 110-11, 113, 159, 169

dhat al-halag — 1

dbit al-kursi (instrument) — xi, 1, 18—
19, 29, 45, 51, 97

Dhat al-kursi (treatise) — xi-xii, 1-2,
9-11, 14-15, 18-20, 22 n. 99/101, 26,
33-36, 38, 40-41, 43, 97, 157, 165-
66, 176

diurnal motion — 101-02, 159

domification — xi, 15, 27 n. 120, 111-
12, 157-58, 166

eclipse
lunar — 15, 89, 148-49, 171
solar — 15, 89, 148-49, 150, 160,
162, 171

ecliptic — 15, 19, 43, 47-53, 57 n. 11,
63-65, 71, 75, 87, 91, 97-105, 108,
110-17, 120-21, 125, 128, 134 n. 45,
136, 138-42, 145-48, 150, 152-54,
158, 169, 171
obliquity of the — 24 n. 108, 116,

133 n. 42-43, 139

epicycle — 8
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equator

celestial — 19, 43, 47-61, 65-67, 71,
75-77, 87-93, 98-99, 101-08,
113-14, 115 n. 21, 120, 122-24,
128-29, 134 n. 46, 138 n. 53, 144,
147-48, 150, 152-54, 170, 172

terrestrial — 53, 69, 81, 91, 93, 102—
04, 117-18, 134 n. 45, 140, 142
n. 60, 152-53, 169

equinox — 17 n. 30, 19, 43, 104-05,
114, 121, 139, 166

gnomon — 61, 63, 108-110, 134, 160

hanafi — 37
heliacal rising / setting — 127

horizon — xi, 19, 43, 49-79, 83-87,
91-93, 97, 99-108, 111, 114 n. 20,
115-36, 139, 141, 143-45, 150-54,
159, 162 n. 3, 166, 170
east — 53-63, 67-77, 91-93, 102—-
05, 107-08, 111, 116-21, 124-25,
129, 150, 152-54

west — 53-59, 63, 69-77, 102-05,
118-20, 124-25, 128

oblique — 55, 71, 103
hour
unequal/scasonal — 57-63, 75-77,
106-08, 111, 113, 128-29, 157,
159, 169

Cqual — 57-61, 75-81, 104-08, 128-
29, 132-35, 152-54, 169, 171
equinoctial — 134 n. 45

house (astrological) — xi, 63, 65, 111-13,
158, 162 n. 3, 166

inclination — 144-45, 160

latitude
circle of — 65, 114, 159
ecliptic — 15 n. 66, 19, 65, 89, 113,
114 n. 20, 129, 148-49, 159-60
‘latitude’ — 15, 65, 75, 87, 89, 113-15,
128, 146-50, 159-60, 162 n. 3, 170-71
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local/terrestrial/of the city — 19-22,
43, 51, 57-61, 65-83, 91, 100-01, 103—
08, 114, 116-18, 120-25, 128, 130-36,
138-46, 150-54, 157-59, 166, 169-71

Libra — 47, 98, 105, 135, 140, 169
longitude

ecliptic — 15, 89, 113, 114 n. 20, 129,
135-37, 145, 147, 160

‘longitude’ — 15, 87, 145-48, 160,
171

terrestrial — 85, 143-45, 160
lunar mansions — 51, 99

lunar month — 89, 148-49, 160

mediation — xi, 77, 89, 113-14, 115
n. 21, 120, 128-29, 145-46, 148,
159-61, 166

meridian — 19, 47-51, 55, 63-77, 83-91,
97-101, 103, 109-10, 113-23, 128,
130-31, 140-41, 143-48, 150-54,
171

meridian transit — 69, 71, 120 160, 170

meteoroscopion/ meteoroscopeion/ mete-

oroscope — 5-6, 13
middle of the sky — 69, 119
midheaven — 63, 110-11, 113, 169

moon — 15,75, 77, 87, 89, 128-29, 145—
50, 159-60, 170-71

oblique sphere — 71 n. 22, 120

occultation (perpetual) — 73, 79, 81,
121, 123, 131-32, 135

orrery — 8

parallax — 145, 149

planet — 15, 75, 77, 87, 106, 128-29,
145-48, 159-61, 170-71

point
equinoctial — 7 n. 31, 98, 103-05,
115-17, 134 n. 45, 136

solstitial — 7 n. 31, 135
tropical — 115-16
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polar distance — 121, 124-25, 158
pole

of the ecliptic — 19, 43, 47, 49, 97-98,
100, 114-15, 138

of the equator/celestial/of the globe
— 19-20, 43, 47-63, 67-83, 91-93,
98-109, 114-23, 125-26, 128, 130-
33, 136, 140-42, 144-45, 150-54,
157-58, 170

of the earth/terrestrial — 102, 132,
136, 142 n. 62-63

elevation of the — 91, 104-05, 116,
121, 151-54, 162 n. 3

visible — 134 n. 46, 138 n. 53
precession

globe — 19, 166

of the equinoxes — 19, 114, 166
pseudepigraphon — xi, 1-2, 14, 166

gibla — xi, 85, 143-45, 160, 166, 171

quadrant (instrument) — 18 n. 83, 31,
36-41, 85, 87, 145, 161, 163-65

quadrant (scale) — 61, 63, 87, 107 n. 12,
108-09, 114 n. 20, 145-46, 160

right sphere — 71, 120, 170

Sabn-i Thamin madrasa — 36-37, 42, 165

shadow — 15, 61, 81, 83, 108-10, 134
n. 45, 140-43, 158, 171

sign
order of the signs — 63, 65, 81, 113,
135-38, 140, 154-55, 159, 162 n. 3

zodiacal — 47, 51-55, 63-65, 71,
79-81, 97, 100-01, 103-04, 113% 115
n. 21, 120-21, 125-27, 131, 132 n. 40,
134-36, 137*, 138-40, 154-55, 158,
159%, 162 n. 3, 170 (*: without explicit
mention of zodiacal’)

Sirius — 19

solstice — 7, 43, 133-38,151-53

spherical art/manufacture — 7-8, 11, 13

stand — xi, 1-2, 15 n. 68, 18-22, 24-29,
31-35, 45-51, 61, 85, 97, 99-101, 108,
161, 165, 167, 169, 176

star — xi, 4, 5 n. 20, 11, 15, 19 n. 88, 25
n. 116, 27 n. 120, 45, 51, 57, 65-69,
73-79, 87-91, 98-99, 106, 113-28,
130-32, 145-48, 151, 154, 158-60,
166, 169-72

Sun — 7, 15, 49, 57-63, 73-83, 89-91,
100, 103-10, 124-31, 133-35, 140-
43, 145, 149-50, 157-58, 160, 169-71

Taurus — 135, 139-40, 171

transit — 67, 69, 71, 77, 89, 116-17, 120,
129, 147-48, 159-61, 170;

to transit (verb) — 118, 140-41

zenith — 43, 51-53, 63-65, 79-83, 87—
89, 101, 108, 113-15, 130-32, 134
n. 46, 138, 140-42, 144-4S, 147-48,
151, 154, 157-58, 170-72

zenithal distance — 89, 114-15, 147-48

27j — 75, 12829, 160

zodiac — 61-67, 75, 83, 87, 113, 116,
126-27, 132, 139, 170
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Geographical names

‘Ain Jalat — 164 n. 9
Albania — 18, 25, 34, 163
Aleppo — 32

Alexandria — 17

Baghdad — 22 n. 101, 164 n. 9
Basra — 139

Berlin — 28, 35, 39-41
Bratislava — 23 n. 106

Bursa — 37 n. 151, 164

Cairo — xii, 1, 14-17, 20-24, 28 n. 122,
32-34, 119-20, 139, 163-65, 176

Constantinople — 19, 29, 37, 119 n. 24,
164-65

Damascus — 2, 17, 32, 119, 164

Egypt — 6, 32-33, 139, 163

Hydarabad — 18, 119, 164

Istanbul — 1, 6 n. 26, 14 n. 65, 17, 20,
24-26, 28%$-29, 31-35, 37, 41, 42
n. 166, 110 n. 13, 119, 154 n. 72, 163-
65, 176

Kiitahya — 38 n. 153, 42

London — 16-17, 19, 139 n. 56, 164, 176
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Manisa — 38 n. 153, 41
Maragha — 164 n. 9

Mecca — 22 n. 101, 85, 143-44
Medina — 22 n. 101

Meshhed — 18, 119, 164, 176

Paris — 17-18, 119, 143, 163
Pennsylvania — 17, 120, 164, 176
Philadelphia — 17, 176

Princeton — 14 n. 65, 17, 27-28, 30, 35,
39, 119, 163-64

Rabat — 2, 29, 35, 163
Rhodes — 19

Riyadh — 24, 34, 163
Riam — 36

Sham — 164 n. 9
Shkodra/Scutari — 25
Syene — 140

Syria — 32 n. 136, 163

Tirana — 18, 25, 119, 164
Vienna — 38, 42, 165

Ziirich — 41 n. 164
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Modern persons

The Arabic definite article /- is not considered in the alphabctization.

Ahlwardt, Wilhelm — 28 n. 124, 39-41

al-Baghdadi, Isma'il Basha — 37 n. 151, 39
Bellver, José¢ — xii, 29 n. 129, 30 n. 131

Bincbine, Ahmed Chaouqui — xii, 29
n. 129

Brockelmann, Carl — 38

Celentano, Giuseppe — 15
Chiarelli, Leonard — xii, 18 n. 84

Dalen, Benno van — xii

de Castro Ledn, Victor — xii, 29
Grupe, Dirk — xii, 139 n. 57

Hallum, Benjamin — xii, 16 n. 75

Hasse, Dag Nikolaus — xii, 139 n. 55
Hogendijk, Jan — xii

Thsanoglu, Ekmeleddin — 23 n. 104, 24

n. 107, 25 n. 115, 28 n. 126, 29 n.127, 30
n. 132, 31 n. 134-135, 37 n. 149, 38—41

Jones, Alexander — xii, 3 n. 7, 5 n. 22,
12-13

Kahhala — 37 n. 151, 39

Kennedy, Edward S. — 20 n. 92, 110 n. 13,
145 n. 66, 154 n. 72

King, David A. — 1, 2 n. 4, 16 n. 73-74,
20-23, 144 n. 65, 163 n. 4

Klamroth, Martin — 4 n. 19, 5

Kunitzsch, Paul — xii, 20 n. 91,98 n. 2, 99
n. 4, 104 n. 10, 132 n. 38-39, 133 n. 44,
134 n. 46/48, 138 n. 53

Lévi-Provencal, Evariste — 2 n. 5, 29

Lorch, Richard — 2, 16,20 n. 91, 104 n. 10,
116 n. 22, 119 n. 25, 132 n. 38-39, 133
n. 44, 134 n. 46-48, 138 n. 53, 139
n. 54, 141 n. 59, 173, 176 n. 17

Mach, Rudolf — 17 n. 78,28 n. 122-23, 30
n. 132, 39

Martinez Gézquez, Jos¢ — 2, 16, 19 n. 25,
34 n. 47, 141 n. 59, 173, 176 n. 17

al-Mrabti, Said — 29 n. 129
Parra Pérez, Maria José — xii

Rosenfeld, Boris A. — 23 n. 104, 24 n. 107,
25n.115,28 n. 126,29 n. 127,30 n. 132,
31 n. 134-135, 38, 39 n. 158, 41

Saliba, George — 38
Samsé, Julio — 16

Sezgin, Fuat — 1, 15 n. 68, 16 n. 69, 20, 127
n. 32

Stevens, Anna — xii

Siireyya, Mchmed — 33 n. 138-140, 37
n. 151, 39

Suter, Heinrich — 38-39

al-Tadli, Salah — 29 n. 129

Thomann, Johannes — xii

al-Wakeel, Saced — xii
Worrell, William H. — 16

Yavuz, Ali Fikri — xii, 93 n. 43

al-Zirikli, Khayr al-Din — 37 n. 151, 39
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Historical persons and their works

The Arabic definite article 4/- is not considered in the alphabetisation.

‘Abd-Allah ibn Muhammad — 29
Abrahamus de Balmes — 161 n. 2
Abi-l-Fida® — 4 n. 18

Abulfedae Annales
Ahmad ibn ‘Alj, called Qabaji — 93
Ahmad Sheikh Zade — 27

Ahmet III (Sultan) — 6 n. 26, 17, 20
n. 92,33, 110 n. 13, 154 n. 72, 164, 176

Akhawayn, Muhyi al-Din Muhammad
ibn Qasim (or Ahaveyn, Ahavayn, al-
Akhwin) — xi, 2, 24 n. 107, 25, 28
n. 126, 29-32, 35-42, 95, 164-65

Comment on the interpretation of the Qu-
ran by al-Bidawi, Epistle on the Judgment
of the Heretic, Note on Islamic Theology,
Notes on the note of the Sharh al-tajrid’,
Problems in the Science of Astronomy (Ish-
kalit), Treatise Dhit al-kursi?, Treatise
explaining the Sine Quadyant

Akhawayn, (Yasuf and Muhammad?) — 42

Notes on the Commentary on the Mu-
lakhlkhas

‘Ali Ibn Tsa — 112
Treatise on the Astrolabe
Aristarchus — 15
Aristotle — 3
De caelo
‘Ata’ Allah al-“Ajami — 37-38, 40-41, 164
Autolycus — 15, 126-27, 161-62
On Risings and Settings

Bar-Hebraeus — 5

Bayazit II (Sultan) — 17 n. 79-80, 27,
39-40, 164
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Baybars, al-Zahir Rukn al-Din (Mamluk
sultan) — 164 n. 9

al-Bidawi — 36-37
The Lights of Quran and the Secrets of
the Meaning

al-Birani — 7-8, 99 n. 4
The Chronology of Ancient Nations

Diophantus — 15

Euclid — 8 n. 34, 14 n. 62
Elements
Eutocius Ascalonius — 3, 10-12

Commentary on Archimedes works

al-Farghani — 116
Treatise al-Kamil on the Astrolabe

Galileo — 33

Geminus — xi, 8, 18-19, 98, 100, 102,
132, 161-62, 165

Introduction to the Phenomena

Gerardus Cremonensis (translator) —
161 n. 2

Ptholomei Liber introductorius in Al-
magesti / Sperica Ptolomei

Habash al-Hasib — 20
Book on the Sphere and its Use
Hajji Khalifa: see Katip Celebi

al-Hamidi, Muhammad ibn ‘Ali (or
al-Humaidi) — 23, 30, 95

On the celestial globe
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HISTORICAL PERSONS AND THEIR WORKS 239

Hasan ibn Muhammad — 31

Hephaestion Thebanus — 4
Apotelesmatica

Hulegu — 164 n. 9

Hypsicles — 15

Ibn Abi Usaybi‘a — 4 n. 18
History of Physicians
Ibn al-Haytham (Alhazen) — 139, 161-63
On the Configuration of the World
Ibn al-Tmad — 37, 39

Nuggets of Gold in the Chronicles of Those
Who Have Passed Away (Shadbarat
al-dhahab fi akhbar man dhababa)

Ibn Khallikain — 4 n. 18
Biographical Dictionary

al-Jaghmini — 41, 57 n. 12
al-Mulakbkbas fi al-hay'a al-basita
al-Jurjani, al-Sayyid al-Sharif ‘Ali ibn

Muhammad — 36 n. 146, 37-38

Commentary on Tajrid al-kalam

Katip Celebi or Hajji Khalifa — 9-12, 14,
19, 36-37, 39-41, 42 n. 165, 162, 166

Kashf al-zunin ‘an asimi al-kutub wa-
al-funiin (The Removal of Doubt from
the Names of Books and the Arts), Sul-
lam al-wisil ila tabaqat al-fubil (The
Ladder of Elevation to the Lives of the

Great and Famous by Generation)
Kepler — 33

al-Khwarizmi, Aba Ja'far Muhammad
ibn Miisa — 112, 163

Treatise on the Astrolabe, Treatise on

the Quadrant
Koca Ragib Pasha — 33
Kopriili Abdullah Pasha — 32-33

Leontius — 19, 100
On the Construction of the Avatean Sphere
Mahmud I (Sultan) — 27

Mahmid Pasha — 42
al-Maqqgari — 4 n. 18

Analectes sur [’ histoire et la littérature

des Arabes d’Espagne

al-Mas‘adi, Aba al-Hasan ‘Ali ibn al-
Husayn — 6-7,9-12
Kitib al-Tanbibh wa-l-ishrif (The Book
of Notification and Verification)

Mehmet II (Sultan) — 36, 38 n. 152, 41,
42 n. 166

Mirim Chelebi — 39-41

Treatise on the Almucantar Quadrant
(in Persian), Treatise on the Sine Quad-
rant (in Persian), Treatise on the Univer-
sal Quadyant (Risilat al-rub" al-jami a),
Treatise on the (Universal) Quadrant
al-Shakkaziya (21 chapters), Treatise on
the Work with the (Universal) Quadrant
al-Shakkaziya (29 chapters)

al-Mubashshir ibn Fatik — 4 n. 18
Mukhtir al-hikam wa mabdsin al-kalim

Malla Lutfi (or Molla Liitfi) — 37, 42

Mustafa III (Sultan) — 24, 33

Mustafa Pasha Bushatlliu — 25

al-Nadim, Muhammad bin Ishaq — 8-9,
11 n. 43, 12 n. 45

Fibrist

Pappus — 3,5
Commentaries on the Almagest
Paulus Alexandrinus — 4
Elementa Apotelesmatica
Philoponus, Joannes — 110 n. 14

De usu astrolabii eiusque constructione

libellus
Porphyrius — 4

Commentary on the Harmonics
Proclus — 5, 8

Hypotyposis  astronomicarum  positio-
num, In primum Euclidis Elemento-
rum librum commentarii
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Pseudo-Ptolemy — xi, 14, 166

Book of Music, Centiloguium, Treatise
Dhat al-kursi

Prolemy, Claudius — xi, 1-10, 12-15,
18-22, 23 n. 105, 24, 26, 29, 31-35,
43, 45, 97, 100, 102, 110 n. 14, 132,
134, 136, 140, 142, 157, 161-62, 165—
67, 176

Almagest, Analemma, Book on the in-
troduction to the spherical art/manu-
Sfacture/sphaeropoiia, De judicandi fac-
ultate et animi principatu, Geography,
Handy Tables, Harmonics, Inscriptio
Canobi, Mechanics, Meteoroscopeion,
On Dimension, On Paradoxical Phases
of Venus, On the Elements, On Weights,
Optics, Phaseis, Planctary Hypotheses,
Planisphaerium, Tetrabiblos, Treatise
on theory of stellar visibility

Ptolemy, Claudius ?

Book on the Comets, Book on the In-

strument Having Plates, which is the
Astrolabe

Qadi Zade — 38, 40-41, 42 n. 165, 165
Commentary on the Mulakhkhas

al-Qifti, ‘Ali ibn Yasuf — 9-12
Tirikh al-hukama’ (The History of
Learned Men)

Qusta ibn Luga / Qust — xi, 2, 10, 14—
16, 17 n. 79, 18 n. 82-83, 19, 21, 24
n. 108, 27, 30, 45, 69 n. 20, 77 n. 29,
89 n. 39, 97, 100, 104, 109, 113, 119,
125,127, 129, 132, 133 n. 44, 134-35,
139, 141 n. 59, 149-50, 157, 159, 161-
62, 166-67, 169, 176
Treatise on the Use of the Celestial
Globe with Stand

Sa'id al-Andalusi — 9-12
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Kitab Tabaqat al-umam (Exposition of
the Generations of Nations)
Saliha Sultan — 33

Sharifi Mustafa Pasha Bushatlliu: see
Mustafa Pasha Bushatlliu

Simplicius — 3, 10-12
Commentary on Aristotle’s De caelo
Sinin Kirmasti — 36 n. 142
Sinan Pasha — 38, 42
Stephen of Antioch — 139
Liber Mamonis
al-Safi, ‘Abd al-Rahman ibn ‘Umar —
10, 19-20, 110, 112, 154-55, 161-63

On the Use of the Celestial Globe, Treatise
on the Astrolabe

Tagkopriizade (or Taskoprizadeh) — 36,
37 n. 151, 38-40
al-Shaqi’iq al-nu'maniyya fi “Ulama’
al-Dawla al-"Uthmaniyya (Anemones,
on the Scholars of the Ottoman Era)

Theodosius — 15, 104, 132, 133 n. 44,
134, 138-39, 161-62

De diebus et noctibus, De habitationibus
Theon of Alexandria — 3, 5-6, 17 n. 79

Book of Interpretation of the Armillary
Sphere, Commentaries on the Almagest,
Two commentaries on the Handy Tables

al-Tasi, Nasir al-Din Aba Ja'far — 36
n. 146, 164 n. 9
Tajrid al-kalam

al-Ya'qubi, Ahmad ibn Ishaq — 4-6,
10-12, 15
17 rikh al-Ya'qibi
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Works of historical persons

The Arabic definite article /- is not considered in the alphabctisation.

Abulfedae Annales (Abu-l-Fida) — 4
n. 18

Almagest | Syntaxis mathematica | The
Great  Astronomy /  MalOnpotis)
Ybvra&ic / Meydlny Xdvrabig /
Méyag aotoovipog (Prolemy) — 3-5,
7-10, 13, 19, 102 n. 9, 132, 134, 136,
140, 142, 161-62, 166-67

Analectes sur I’ histoire et la littérature des
Arabes d’Espagne (al-Maqqari) — 4
n. 18

Analemma / 1leol avairjupatos (Prole-
my) — 13

Apotelesmatica (Hephaestion Thebanus)

Apotelesmatica (Prolemy): see Tetrabiblos

Biographical Dictionary (Ibn Khallikan)
—4n. 18

Book for Extracting the Arrows/Lots (at-
tributed to Ptolemy) — 8, 11

Book known as the ‘Seventh’ (attributed
to Prolemy) — 8,9 n. 39, 12

Book of Illness and Drinking Medicine
(attributed to Ptolemy) — 8, 12

Book of Interpretation of the Armillary
Sphere (Ptolemy or Theon of Alexan-
dria) — 12, 13 n. 54

Book of Interpretation of the Armillary
Sphere (Theon of Alexandria) — 5-6,
17 n.79

Book of Music / Musica / Movouxd (Pseu-
do-Ptolemy) — 7,9, 11, 14

Book of the Lots, tabulated (attributed to
Ptolemy) — 8, 12

Book of the Nativities (attributed to Ptol-
emy) — 8, 11

Book of the Opponents, which one will suc-
ceed (attributed to Ptolemy) — 8, 12

Book of the Revolution of the World Years
(attributed to Ptolemy) — 8, 12

Book of the Revolution of the Years of Na-
tivities (attributed to Ptolemy) — 8, 9
n. 39, 12

Book of War and Battle (attributed to
Ptolemy) — 8, 11

Book on Capturing Good Luck and its Syn-
thesis (attributed to Ptolemy) — 8, 12

Book on the Captives and Prisoners (at-
tributed to Ptolemy) — 8, 12

Book on the Comets (lit. those with Co-
mae) (Ptolemy?) — 8, 9 n. 39, 12, 14

Book on the Course of the Seven (attribut-
ed to Prolemy) — 8, 12

Book on the Instrument Having Plates,
which is the Astrolabe (Ptolemy?) — 5,
12

Book on the Introduction to the spherical
Art/ Manufacture/ Sphaeropoiia (Pto-
lemy) — 7, 11, 13

Book on the Sphere and its Use (Habash
al-Hasib) — 20

Centiloquinm | Fructus / Kapndc (Pseu-
do-Ptolemy) — 8-9, 11, 14

Comment on the interpretation of the
Quran by al-Bidawi (Akhawayn) —
36-39

Commentaries on the Almagest | Com-
mentaria in Ptolemaei syntaxin mathe-
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maticam i-iv, v (Theon of Alexandria)
—3,5

Commentaries on the Almagest | Com-
mentaria in Ptolemaei syntaxin math-
ematicam v-vi (Pappus) — 3, 5

Commentary on Archimedes works (Eu-
tocius Ascalonius) — 3

Commentary on Aristorle’s De caelo /
Simplicii in Aristotelis De caelo com-
mentaria (Simplicius) — 3

Commentary on Tajrid al-kalam (al-Sayy-
id al-Sharif al-Jurjani) — 36-38, 165

Commentary on the Harmonics / Ei¢ ta
aguovixa  Iltoleualov  vmbuvnua
(Porphyrins) — 4

Commentary on the Mulakhkbas (Qadi
Zide) — 38, 40-41, 42 n. 165, 165

De caelo (Aristotle) — 3

De diebus et noctibus | On Days and
Nights (Theodosius) — 104, 162

De  habitationibus / Ilegi oixijoewy
(Theodosius) — 104 n. 10, 132, 133
n. 44, 134, 138, 162

De judicandi facultate et animi principatu

/ Heol xournolov xal 1yeuovixod
(Ptolemy) — 13

De ortibus et occasibus (Autolycus): see

On Risings and Settings

De usu astrolabii eiusque constructione libel-
lus (Joannes Philoponus) — 110 n. 14

Elementa Apotelesmatica (Paulus Alexan-
drinus) — 4

Elements (Euclid) —14 n. 62

Epistle on the Judgment of the Heretic /
The Famous Sword on the Heretic and
Curser of the Propher (Akhawayn) —
36-39, 42

Fibrist (al-Nadim) — 5, 8-12

Geography / I'ewyoagia | ewyoaguxn
Yerjynois (Prolemy) — 3,5, 7-10, 13
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Handy Tables / Iooyelpwv xavévay
ovdralic xal yypopoola | 1obyepos
Kavdw | Kavéveg (Prolemy) — 3-5,
7,9, 11, 13

Harmonics / Apuovixc (Prolemy) — 4,
11,13

History of Physicians | ‘Uyin al-anba’ fi
tabagat al-atibba’ (Ibn Abi Usaybi‘a)
—4n. 18

Hypotyposis astronomicarum positionum

(Proclus) — 5 n. 25

In primum Euclidis Elementorum librum
commentarii (Proclus) — 8 n. 34

Inscriptio Canobi (Ptolemy) —13

Interpretation of Dreams (attributed to
Ptolemy) — 9, 12

Introduction to the Phenomena (Gem-
inus) — xi, 8 n. 33, 18, 19 n. 88, 98
n. 3, 102 n. 8, 132 n. 40, 165

Kashf al-zunin ‘an asimi al-kutub wa-
al-funiin | The Removal of Doubt
from the Names of Books and the Arts
(Katip Celebi / Hajji Khalifa) — 9, 10
n. 41, 14, 36, 37 n. 147/148/151, 38,
40, 42 n. 165, 162, 166

Kitab Tabagat al-umam | Exposition
of the Generations of Nations ($3'id
al-Andalusi) — 9

Kitib al-Tanbih wa-l-ishraf (al-Mas'udi):
see The Book of Notification and Ver-

ification

Le Grand Commentaire de Théon d’Alex-
andrie aux Tables Faciles de Ptolémée
(Theon of Alexandria): see Two com-
mentaries on the Handy Tables

Le Petit Commentaire de Théon d’Alex-
andrie aux Tables Faciles de Ptolémée
(Theon of Alexandria): see Two com-
mentaries on the Handy Tables

Liber Mamonis (Stephen of Antioch) —
139
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Libro de la faycon dell espera (Alfonsine
treatise) — 16

Mechanics / Myyovixa (Prolemy) — 4, 8,
11, 13

Meteoroscopeion | Treatise on the Mete-
oroscopion | Book on the Instrument
Having Rings | Metewoooxbmor /
Metemoooxomeiov (Prolemy) — S-6,
13, 15

Mukhtir al-hikam wa mabaisin al-kalim
(al-Mubashshir ibn Fatik) — 4 n. 18

al-Mulakbkbas fi al-hay'a al-basita (al-
Jaghmini) — 41, 42 n. 165, 57 n. 12

commentaries on this work — 38,

40-42, 165

Note on Islamic Theology (Akhawayn) —
36, 39, 164

Notes on the Commentary on the Mulakh-
kbas (Akhawayn, Yusuf and Muham-
mad?) — 38, 40-41, 165

Notes on the note of the Sharh al-tajrid’
/ Note on the ‘Sharh al-tajrid’ of al-
Sharif al-Jurjani (Akhawayn) — 36—
38, 165

Nuggets of Gold in the Chronicles of Those
Who Have Passed Away | Shadharat
al-dbabab i akbbir man dhababa
(Ibn al-Tmad) — 37

On Days and Nights (Theodosius): see De

diebus et noctibus

On Dimension / Ileol dtactdoews (Ptol-
emy) — 3,11, 13

On Paradoxical Phases of Venus (Ptole-
my) — 13 n. 62

On Risings and Settings / De ortibus et
occasibus / TTeol émitoddw xal ddoewy

(Autolycus) — 126-27, 162
On the celestial globe (al-Hamidi) — 23, 30

On the Configuration of the World (Ibn
al-Haytham). Latin translations: Liber

Aboali; Liber de celo et mundo (Alha-
zen) — 139, 161-62

On the Construction of the Aratean Sphere
/ De sphaerae Arateae constructione /
Iepl xataoxevijs Apatelas opalpag
(Leontius) — 19, 100 n. 5

On the Elements / Ilegl 1dv otoyeiwy
(Ptolemy) — 3, 11, 13

On the Use of the Celestial Globe | Risila
Dhait al-kursi (al-Safi) — 10, 19-20,
110, 154, 161-63

On Weights/ I1¢0l jomaw (Ptolemy) — 3,
11, 13

Optics / Ontixd (Prolemy) — 3,9, 11, 13

Phaseis | On the Appearances and Indica-
tions of the Fixed Stars | I1eol paoewy
xal Emanuacidy aotéowy amiaviy
(Ptolemy) — 4, 7, 9, 11, 13

Planetary Hypotheses / “YmolOéoeis /
Yrobéoeis taw alavouévaor (Prole-
my) — 3,7-8, 11, 13

Planisphaerium | Unfolding the Surface
of a Sphere | Amlwoig drmupavelag
ogaipas (Prolemy) — 4, 9, 11, 13

Problems (Ishkalat) in the Science of Astron-
omy (Akhawayn) — 38-39, 42, 165

Ptholomei Liber introductorius in Almag-
esti / Sperica Ptolomei (Latin translator:
Gerardus Cremonensis) — 161 n. 2

Risala Dhat al-kursi (Pseudo-Ptolemy /
Akhawayn / anonymous): see Treatise

Dhait al-kursi

Shadharat al-dhahab fi akhbir man dba-
haba (Ibn al-Imad): see Nuggets of
Gold in the Chronicles of Those Who
Have Passed Away

al-Shaqi'tq al-nu'maniyya fi Ulama’
al-Dawla al- Uthmaniyya | Anemones,
on the Scholars of the Ottoman Era
(Taskodpriizade) — 36-37, 40 n. 160

Sperica Ptolomei: see Ptholomei Liber
introductorius in Almagesti
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Suda Lexicon — 4, 10-12

Sullam  al-wisil ila tabaqat al-fubil
(Katip Celebi / Hajji Khalifa): see The
Ladder of Elevation to the Lives of the

Great and Famous by Generation

Syntaxis mathematica: see Almagest

Tajrid al-kalim (al-Tusi, Nasir al-Din
Abii Ja'far) — 36 n. 146

commentaries on this work — 36-38,

165

Ti'rikh al-hukama’ | The History of
Learned Men (al-Qifti) — 9, 10 n. 42,
11 n. 43, 12 n. 44-46

Ti'rikh al-Ya'qabi | Ta'rikh ibn Wadib
(al-Ya'qubi) — 4, 15

Tetrabiblos ~ /  Apotelesmatica — /
Terpafifros | Amoteleouatixd (Pro-
lemy) — 4, 7-11, 13-14, 110 n. 14

The Book of Notification and Verification
/ Kitab al-Tanbih wa-l-ishraf | Le
livre de lavertissement et de la revision
(al-Mas‘adi) — 6, 7 n. 31

The Chronology of Ancient Nations (al-
Birtni) — 7,99 n. 4

The Famous Sword on the Heretic and
Curser of the Prophet (Akhawayn): see
Epistle on the Judgment of the Heretic

The Ladder of Elevation to the Lives of
the Great and Famous by Generation
/ Sullam al-wisil ila tabagar al-fubil
(Katip Celebi / Hajji Khalifa) — 37

The Lights of Quran and the Secrets of the
Meaning (al-Bidawi) — 36 n. 145

Treatise al-Kamil on the Astrolabe (al-Far-
ghani) — 116

Treatise Dhat al-kursi | Risila Dhat al-
kursi (Pseudo-Ptolemy / Akhawayn /
anonymous) — xi-xii, 1-2, 9-11, 14~
15, 18-20, 22 n. 99/101, 26, 33-36,
38, 40-41, 43, 97, 157, 165-66, 176

Treatise explaining the Sine Quadrant
(Akhawayn) — 31, 36-39, 41, 145,
164-65

© BREPOLS & PUBLISHERS

Treatise on the (Universal) Quadrant
al-Shakkaziya (21 chapters) (Mirim
Chelebi) — 40, 41 n. 163

Treatise on the Almucantar Quadrant (in
Persian) (Mirim Chelebi) — 40

Treatise on the Astrolabe (‘Ali Ibn ‘Isi)
— 112

Treatise on the Astrolabe (al-Khwarizmi)
— 112

Treatise on the Astrolabe (al-Stufi) — 112

Treatise on the Quadrant (al- Khwarizmi)
— 163

Treatise on the Sine Quadrant (‘Ata’
Allah al-‘Ajami) — 41
commentary on this work — 37-38,

40, 164

Treatise on the Sine Quadrant (in Per-
sian) (Mirim Chelebi) — 40

Treatise on the Universal Quadrant / Ri-
salat al-rub’ al-jami'a (21 chapters)
(Mirim Chelebi) — 40, 41

Treatise on the Use of the Celestial Globe
with Stand | Risila Dhat al-kursi /
Treatise on the Celestial Globe (Qusta
ibn Lﬁqi) — xi, 2, 10, 14-16, 17
n. 79, 18 n. 82-83, 19, 21, 24 n. 108,
27, 30, 45, 69 n. 20, 77 n. 29, 89 n. 39,
97, 100, 104, 109, 113, 119, 125, 127,
129, 132, 133 n. 44, 134-35, 139, 141
n. 59, 149-50, 157, 159, 161-62, 166—
67, 169, 176

Treatise on the Work with the (Universal)
Quadrant al-Shakkaziya (29 chapters)
(Mirim Chelebi) — 40

Treatise on theory of stellar visibility (Pto-
lemy) — 14 n. 62

Two commentaries on the Handy Tables
[Le Petit Commentaire...] Le Grand
Commentaire...] | Yrduvyua eic Tod¢
mooyelpovs  ltoleuaiov  xavévag
(Theon of Alexandria) — 3
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Manuscripts mentioned but not studied

This only includes manuscripts that were not used in this study. For a full list of manuscripts
studied, see the bibliography on pp. 219-20; for descriptions of the manuscripts of the
anonymous Risila Dhat al-kursi, see pp. 20-35; for descriptions of the manuscripts of
Qusta ibn Laqa’s Treatise on the Use of the Celestial Globe with Stand, see pp. 16-18.

Berlin, SBPK, Or. oct. 34 (Ahlwardt
5855) — 39-41

Bombay, Cama Oriental Institute, Mulla
Firuz 86 — 6 n. 26

Bratislava, University Library, Basagi¢
collection of Islamic manuscripts 306

TE 28 — 23 n. 106

Budapest, Library of the Hungarian
Academy of Sciences, Oriental Collec-
tion, Torok F. 59 — 17 n. 79

Cairo, Dar al-kutub, Miqat Tal'at ‘arabi
164 — 23 n. 106

Cairo, Dar al-kutub, Mujami‘a Tal‘at
‘arabi 925 — 23 n. 106

Damascus, Assad Library, 14621,8 — 2,
32

Istanbul, Topkapi Saray, Ahmet III
3505,6 — 6 n. 26

Leiden, Universiteitsbibliotheek, Or.
1031,1 — 27 n. 32

Manisa, Provincial Public Library 1698,5
—38n.153

Milan, Veneranda Biblioteca Ambrosi-
ana, L 99 Sup. — 6

Paris, BnF, pers. 169,6 (£. 42r) — 143

Princeton, University Library, Garrett
2006,20 — 39

Princeton, University Library, Garrett

317Y,4 — 39, 41

Ziirich, Zentralbibliothek, Or. 4,5 — 41
n. 164
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This book deals with the Risdla Dhat al-kurst, a 33-chapter Arabic treatise
on the celestial globe with stand. The treatise is attributed to Ptolemy
in some manuscripts, to the Ottoman scholar Akhawayn in others, but is
anonymous in most. The book begins with a survey of references to Ptole-
maic works in Greek and Arabic sources, presenting various works attrib-
uted to Ptolemy either preserved in the original Greek or in translation, or
considered lost, including both authentic works and pseudepigrapha. Next
follows a critical edition of the treatise Dhat al-kursi, based on eight of
the twenty-three manuscripts studied. The edition is accompanied by an
English translation and an extensive mathematical commentary on each
chapter, enriched with explanatory figures. The comparison between this
treatise and the Treatise on the Celestial Globe by Qusta ibn Laga (d. ca 912
AD), presented in parallel with the commentary, shows that the former is
based on the latter; thus the treatise Dhat al-kursi should be considered a
Ptolemaic pseudepigraphon. A transcription of the Arabic text of the trea-
tise by Qusta ibn Luga based on three of the eighteen examined manu-
scripts is included, so that the reader may compare the two texts. Further-
more, in order to examine Akhawayn’s association with the treatise, a
bibliographical and historical investigation is conducted, which examines
the full range of works attributed to Akhawayn. However, the truth about
the authorship was probably lost, as the result of various rivalries in the
late fifteenth century.

Flora Vafea is a historian of science and mathematician, and received her PhD
from the University Paris 7-Diderot in 2006. Her research is concerned with
ancient and Islamic astronomy, in particular astronomical instruments, with
several publications and conference presentations in those fields. She is a re-
search associate of the Ptolemaeus Arabus et Latinus project and currently
teaches at al-Azhar University in Cairo and at Cairo University.
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