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Preface

Astronomers in the Islamic world produced more than 200 handbooks with
tables for calculating all mathematical quantities needed by the practising
astronomer or astrologer. These quantities included arcs on the celestial sphere
such as the solar declination, the length of the day and the rising times of
fixed stars; the positions in ecliptic longitude and latitude of the Sun, Moon
and planets; the time, duration and magnitude of solar and lunar eclipses; the
times of visibility of the Moon and the planets; the retrograde arcs of the plan-
ets, and a range of specifically astrological functions. These astronomical hand-
books were called z7jes in Arabic and Persian and they were among the most
important categories of Islamic scientific literature, representing some of the
most significant developments in theoretical and applied mathematics as well
as in theoretical and observational astronomy. In the early stages of the his-
tory of Islamic astronomy, zijes were modelled after Indian astronomical works
under the name Sindbind (from Sanskrit siddhinta). However, from the carly
ninth century onwards, Greek astronomy, as it had come down to the Islamic
world especially in the works of the second-century Alexandrian scholar Clau-
dius Ptolemy, soon became predominant.

The two major works by Ptolemy that influenced the compilation of zijes
in the Islamic world were the Almagest and the Handy Tables. The Almagest
explained every aspect of Ptolemy’s geocentric geometrical planetary models in
detail, including the observations from which the parameters of the models
could be determined, the construction of the instruments that were used for
such observations, and the geometrical proofs for the calculations of the plane-
tary positions on the basis of the models. The Almagest remained the main ref-
erence work for any Islamic astronomer until, in the eastern part of the Islamic
world, it was gradually replaced by its most influential revision, written by the
polymath Nasir al-Din al-Tasl in the middle of the thirteenth century. On the
other hand, as its name already indicates, the Handy Tables were more suited
for practical work, providing only a more convenient set of tables than that
found in the Almagest and instructions for their use. The Handy Tables, which
are not extant as such in Arabic or Latin, became the model for most z7jes
written in Arabic and Persian, but astronomers in the Islamic world would
continue to refer to the Almagest for the underlying details of the models and
for certain types of tables.

Islamic astronomy was highly productive in the early part of the Abbasid
dynasty (ninth to eleventh centuries). From this period around 60 handbooks
with tables are known, but only a very small number of these are extant. Zijes
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modelled after the Sindhind continued to be written occasionally through-
out this period, but by the year AD 900 zijes based on Ptolemy’s Almagest
and Handy Tables had fully matured and constituted a standard that would
undergo no fundamental changes for many centuries to come. Around the year
1000, three astronomers in different parts of the Islamic world brought the
art of the compilation of zijes up to a level that comes close to modern stan-
dards of scientific methodology. Aba 1-Wafa' in the Abbasid capital Baghdad,
Ibn Yanus in the capital of the Fatimid dynasty in Cairo, and al-Birani in
Iran and later in Afghanistan under the Ghaznavids excelled in evaluating the
details of earlier observations that they used, in deriving more accurate para-
meter values from their own observations, in providing extensive methods and
complete proofs for all their calculations, and in computing tables with a much
greater accuracy than their predecessors.

It was in this same period that the main character of this book, Kushyar
ibn Labban, from the province of Gilan in north-western Iran, made a career
for himself as the author of mathematical and astronomical works tailored to
a less specialised audience. Kashyar wrote one of the earliest extant treatises
on decimal arithmetic as well as a very popular introductory work on astrol-
ogy and a treatise on the astrolabe, a small metal instrument that allows a
two-dimensional representation of the situation of the heavens at any desired
time. Kashyar also wrote two z7jes: one in the Indian tradition, of which only
six pages have survived in a composite manuscript in Mumbai, and another
in the Prolemaic tradition, which he called a/-Zij al-Jami® (The Comprehen-
sive Zij). In the writing of this Ptolemaic z7j he was strongly influenced by
al-Zij al-Sabi’ (the Sabian Zij, c. 900) composed by al-Battani, an astronomer
from Raqqa in present-day Syria who was famous for his observations. Unlike
most other Arabic and Persian zijes, Kushyar included in the four books of the
Jami* Zij not only tables with instructions for their use but also, though less
thoroughly than his three great contemporaries, explanations of the underlying
planetary models and proofs for the calculations involved. As will be shown in
this book, Kuashyar clearly adhered to the Ptolemaic standards set in the ear-
lier Arabic z7jes, but also introduced various types of innovations in the layout
of the tables and the computation of certain functions. The popularity of the
Jami“ Zij is shown by the fact that some 15 manuscripts containing the entire
work, or at least several of its four books, have survived until this day, while
several of Kushyar’s innovations were adopted in later Islamic astronomical
handbooks.

Of the more than one hundred Arabic and Persian astronomical handbooks
that still exist in manuscript libraries all around the world, fewer than a dozen
have been satisfactorily edited, translated or studied in detail. As the experi-
ence of researchers over the last 200 years has shown, almost every surviving zij
contains either information about earlier works that may be lost, unexpected
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technical details, innovations not known from other sources, tables based
on otherwise unknown parameter values, or a combination of these features.
Mathematical analyses of tables are needed in order to uncover also the charac-
teristics that are not mentioned in the accompanying text or the headings, or
are given incorrectly. By combining all these types of data, z7jes provide invalu-
able information about the development of astronomy in the Islamic world, of
which a fuller picture can only be obtained by investigating many more of the
surviving works.

Since the category of zijes constitutes one of the most important represen-
tatives of the Ptolemaic heritage in Islamic astronomy, it finds a natural place
within Ptolemaeus Arabus et Latinus (PAL), the project in which I have been
involved since its inception in 2013. Under the auspices of this project I plan
to complete my New Survey of Islamic Astronomical Handbooks with Tables in
the coming years. Furthermore, a database of astronomical tables with tools
for their edition and analysis is currently being developed as an international
collaborative effort (see below). PALs publication plan also includes a critical
edition of (part of) a z7. Full editions and studies of al-BirinT’s monumental
Masidic Canon (c. 1030) and al-Khazints Sanjari Zij (c. 1120) are among the
main desiderata of historians of Islamic astronomy, but will unfortunately be
impossible within the time constraints of our project. For these and other rea-
sons we decided to carry out a critical edition and analysis of the tables from
Kaushyar’s Jami‘ Zij. Although Kushyar’s scholarship does not reach the same
heights as some of his famous colleagues, a study of this kind would not only
offer a window into the daily practices of a much larger category of Islamic
astronomers and astrologers, but also seemed more practicable because it would
be able to build on existing recent work.

Mohammad Bagheri, himself hailing from the Iranian province of Gilan,
has investigated Kuashyar’s astronomical works extensively since the 1990s. For
his PhD dissertation at Utrecht University he prepared a critical edition of
Books I and IV of the Jami‘ Zij with an English translation and commen-
tary. His colleague Hanif Ghalandari at the Institute for History of Science in
Tehran is currently working on an edition and translation of Book III. For a
full treatment of Kashyar’s Ptolemaic z7j the only remaining desideratum thus
was an edition of the tables in Book II with their textual elements, to be sup-
plemented by translations of the titles of the tables, explanatory texts and any
relevant marginal notes, and an analysis of the mathematical characteristics and
the origin of those tables that were not simply copied from Ptolemy or al-Bat-
tani. With Mohammad Bagheri’s encouragement, I decided to embark on this
task in early 2014.

However, what seemed to be a rather straightforward enterprise at the time
soon became much more substantial. First of all, I decided early on to intro-
duce a new methodology for critically editing mathematical tables. Rather than
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simply providing individual apparatus entries for every single deviating tabular
value, I wanted to make clearly visible the ranges of variants in the available
manuscripts that have a common cause. This includes, among others, entire
columns that were copied in the wrong place, series of digits or values that
were copied one or more rows too high or too low because of the omission or
repetition of certain values, and the systematic small differences found in most
of the mean motion tables because some of the subtables were computed anew
to be included in a later version of Kashyar’s z7j. For such groups of errors I
introduced special markers in the edition of the tables and a special notation
in the apparatuses. This method not only provides more insight into the type
of errors that were made in the process of copying, but also drastically reduces
the total number of entries in the apparatuses. For textual elements that occur
in basically the same form in a series of tables (especially the month names and
the headings of the planetary mean motions and equations) I established ‘gen-
eral editions’ that bring together the variants in all these occurrences, in some
cases involving more than one hundred witnesses.

Besides the types of errors just mentioned, the manuscripts show further

differences that can only be explained by assuming that there existed three or
four somewhat different versions of the Jami‘ Zij. It will be shown that all
of these probably originated with Kashyar himself and point to a long pro-
cess of compilation of the z7 during which various tables were recomputed
and replaced. Sorting out these different versions and establishing which of the
variant tables can be reliably attributed to Kashyar became an important sec-
ondary goal of my work on the tables. Then, in late 2018, when the edition
was basically finished, I gained access to the only Judaco-Arabic copy of the
Jami‘ Zij that includes Book II (the black-and-white photocopies that had been
available before that time were not good enough to be used for the edition).
Better late than never, I learned the Hebrew alphabet, and, realising that the
Judaco-Arabic manuscript not only represents an interesting early stage of the
development of the Jami“ Zij but also provides very reliable copies of all the
tables, I decided to include it in the edition. The result of all these efforts now
lies before the reader.
This book was written as part of my work for the project Ptolemaeus Ara-
bus et Latinus at the Bayerische Akademie der Wissenschaften and the Julius-
Maximilians-Universitit Wiirzburg. This project is financed by the Akade-
mienprogramm of the Union der deutschen Akademien der Wissenschaften
for a period of 25 years starting from 2013.

Mohammad Bagheri (Tehran and Rasht, Iran; formerly at the Encyclopae-
dia Islamica Foundation in Tehran) has stimulated my rescarch on Kishyar
since we first met at the International Congress of History of Science in Zara-
goza in 1993. He also actively supported my work on the edition of Book II of
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the Jiami‘ Zij and contributed preliminary editions of the table of contents, the
section on finding the original equations, and the textual elements of all the
tables. In the final stage he checked the typeset version of several tables and
texts and answered numerous questions on details.

The Dustiir al-munajjimin, an Isma‘ili zij written in the early twelfth cen-
tury, possibly in Alamut, adopted many text passages and tables from Kuashyar’s
Jami* Zij. 1 investigated the tables in this work for the project ‘Der Dustur
al-munaggimin als Quelle fir die Geschichte der Isma‘liyya und ihre astro-
nomisch-astrologischen Vorstellungen. Analyse, Edition und Ubersctzung’,
funded by the Deutsche Forschungsgemeinschaft (DFG) from 2009 to 2015
and led by Eva Orthmann, then at Bonn University. I am grateful to her and
to Petra Schmidl for allowing me to include some of the as yet unpublished
results of that investigation in this book.

Special thanks are due to David Sulzberger of Ahuan Islamic Art for pro-
viding me with the Judaco-Arabic copy of the Jami® Zij which includes the
entirety of the tables of Book II in a very reliable copy. I am also grateful to
Laura Light of Les Enluminures and to Anthony J. Turner for helping me con-
tact the current owner of the manuscript.

For nearly two decades, Rafal Ziotkowski programmed the Windows ver-
sion ZijManager of my earlier DOS programs TA and MM for editing and
analysing astronomical tables from the Ptolemaic tradition. Funding and tech-
nical difficulties have until now prevented us from publishing a final version
of the program, but I have made a constant and highly profitable use of it
when entering, analysing and recomputing Kashyar’s tables. The most conve-
nient features of ZjjManager have profoundly influenced the development of
DISHAS (‘Digital Information System for the History of Astral Sciences’), the
online database of astronomical and astrological tables resulting from the proj-
ect TAMAS (“Tables Analysis Method for the history of Astral Sciences’), a
cooperative endeavour carried out under the projects ALFA (‘Shaping a Euro-
pean Scientific Scene: Alfonsine Astronomy’ at the Paris Observatory, PI Mat
thieu Husson), HAMSI (‘History of Astronomical and Mathematical Sciences
in India’ at the University of Canterbury in Christchurch, New Zealand, PI
Clemency Montelle) and PAL.

All members of the Ptolemacus Arabus et Latinus project between 2014 and
2021 contributed to this work in one way or another, by discussions during
team meetings, by providing answers to individual questions, and more gener-
ally by creating a stimulating work environment. I am very grateful to Claudia
Dorl-Klingenschmid for carefully checking the edition of Kuashyar’s tables
against the raw data files, sorting out the bibliographical references and index
entries, and correcting various types of mistakes in the text of Parts I and
IV. I am also grateful to our research assistants Bastian Groppmaier, Paul
Hullmeine, Nadine Lohr and Emanuele Rovati for painstakingly controlling
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some of the most complicated parts of the critical edition. Hayim Malkhasy
helped me find my way in the Judaeo-Arabic manuscript of the Jami ‘ Zij before
I gained access to the manuscript itself and thus to better reproductions. He also
assisted with numerous other daily tasks, especially those involving administra-
tive matters and languages that even for our project may be considered exotic.

The late Professor Paul Kunitzsch was very helpful in solving problems
related to Kushyar’s star tables and in reading some difficult Judaco-Arabic pas-
sages. Unfortunately, he passed away when the preparation of this book was in
its final stages. Mohammad Mozaffari was always prepared to provide me with
detailed answers to questions concerning observations and the interpretation of
their results and other related issues on which he has published so extensively
over the last ten years. Pouyan Rezvani assisted me in my attempts to deci-
pher several unclear inscriptions and seals on the title pages of the eight manu-
scripts of the Jami Zij that I used, as well as the colophons of the Judaco-Ar-
abic manuscript. Furthermore, he meticulously checked the text edition in its
final stages and suggested numerous small corrections. Mazen Amawi made
problems of Arabic grammar in corrupt passages of the Jami‘ Zij look triv-
ial in comparison with the explanations in traditional text books. I am also
extremely grateful to Jan Hogendijk, David Juste, Dag Hasse, Matthieu Husson,
Rich Kremer and Sonja Brentjes for their very useful comments on sections
of preliminary versions of this book; to David King, Petra Schmidl, Tzvi Lan-
germann and Glen Van Brummelen for their helpful replies to specific ques-
tions on details, and to Stefan Miiller for his advice on, and help with, numer-
ous computer issues. Of course, I remain fully responsible for any errors and
deficiencies that this book still contains. Flora Vafea made numerous trips to
the Dar al-kutub and spent many hours negotiating with the authorities at the
library in order to provide me with excellent colour photographs of the three
Cairo manuscripts. I would further like to thank Gesine Yildiz for providing
me with photographs of primary and secondary sources kept at the Institut fir
Geschichte der Arabisch-Islamischen Wissenschaften in Frankfurt am Main.

More in the background, my supervisors over the course of many years,
especially Henk Bos and Jan Hogendijk (Utrecht), David King (Frankfurt) and
Michio Yano (Kyoto), all played a vital role in shaping my research interests
and skills that lie at the basis of the research in this book.

*

The editions of tables and paratexts in Parts II and III of this book were type-
set using XeLaTeX and the package ArabXeTeX, programmed by Francois
Charette on the basis of Klaus Lagally’s ArabTeX. The Arabic was typeset
in the font Scheherazade of SIL Language Technology. I am very grateful to
Michael Maudsley for his careful correction of the English of Parts I and IV
and to Bart Janssens and his colleagues at Brepols and Cultura for a very pleas-
ant collaboration and the production of a high-quality book.



Technical notes

Sexagesimal numbers

Nearly all numbers in Kashyar’s Jami® Zzj, and in Arabic and Persian astro-
nomical works in general, are given with an integer part in decimals and the
fractional part in sexagesimals. I use the standard notation for these numbers
which has been established in numerous publications on the history of ancient
and medieval astronomy, namely with a semicolon representing the sexagesimal
point and commas separating the fractional digits. For example, al-Battant’s
(and hence Kushyar’s) length of the tropical year is 365;14,26 days, which
stands for 365 + /4 + /3600 = 365.240556 days. Zodiacal signs and other
units of 30 degrees are indicated by a superscript ‘s, as in 2°24;54,36".

Transliteration of Arabic and Persian

I use the rules for transliteration of Arabic as used in Brill’s The Encyclopaedia
of Islam. THREE and published on their website. For Persian, an extension of
the system for Arabic is used except for personal names that appear in different
forms on the title pages of publications (e.g., Monzavi or Mozaffari) and place
names that are commonly known and written differently.

Dates

All years in the Islamic calendar are explicitly indicated to be ‘Hijra’. If known,
and relevant, I will also explicitly indicate whether Hijra dates are given in the
civil or in the astronomical variant of the calendar. Similarly, dates in the Syrian
and Persian calendars are indicated to be relative to the Seleucid era (also called
the Era of Alexander) or the Yazdigird epoch. Years without an indication of
an era or calendar are always Julian or Gregorian; unless otherwise mentioned,
they are Julian before October 1582 and Gregorian after that month. A year
given in the form 1047/8 indicates a Syrian, Arabic or Persian year that falls
in these two Julian years. Whenever a date includes a Syrian, Arabic, Persian
or Julian/Gregorian month name, the indication of the type of calendar may
be omitted since it can be inferred from the month. For an overview of the
months in the Syrian, Arabic and Persian calendars (as well as the names of
the zodiacal signs), see the general edition of month names on pp. 265-69.

Tslamic’

I use the terms ‘Islamic science’, ‘Islamic scholars’, etc., in the wide sense of
science practised, or scholars working, in the Islamicate world, i.e., without any
direct religious connotation, and independent of any linguistic identity and
social background.



Sigla

Manuscripts containing Book II of Kashyar’s Jami ‘ Zij

-<t-;'-np_nnw

Berlin, Staatsbibliothek Preufiischer Kulturbesitz, Or. quart. 101/1
Cairo, Dar al-kutub, migar 400

Cairo, Dar al-kutub, migar 188/2

Cairo, Dar al-kutub, miqat 691

Istanbul, Silleymaniye Kittiphanesi, Fatih 3418/1

Ahuan Islamic Art, MS 40 (Judaeo-Arabic)

Leiden, Universiteitsbibliotheek, Or. 8

Istanbul, Silleymaniye Kiitiiphanesi, Yeni Cami 784/3

Other manuscripts and works

D

E
N

Paris, Bibliotheque nationale de France, arabe 5968: Dustir al-munajji-
min (c. 1110)

Escorial, RBMSL, drabe 908: al-Battani, Sibi’ Zij (7" c. Hijra)

Nallino, A/-Battani sive Albatenii, vol. II: edition of the tables from the
Sabi’ Zij

Ptolemy, Almagest
Prolemy, Tetrabiblos

recomputed or reconstructed tabular value



Part I

Introduction



BREPOLS & PUBLISHERS

Thisisan Open Access publication distributed under aCC BY-NC-ND 4.0 International License.



I.1. Historical background

Astronomers in the lands that were conquered by Muslim troops in the sev-
enth and ecighth centuries inherited several astronomical systems. These
included, for example, a pre-Islamic Arabic system of timekeeping by means
of the so-called anwa, the risings and settings of a set of 28 asterisms. Fur-
thermore, in Sasanian Iran various astronomical systems for determining the
positions of the Sun, Moon and planets were available which, like Indian sys-
tems, were based on the concept of great conjunctions of the heavenly bodies.
In the mid-eighth century scholars in the central part of the Islamic world
started to occupy themselves intensively with astronomy. The earliest sources
with which they became thoroughly familiar were works from India in the
tradition of the seventh-century mathematician and astronomer Brahmagupta,
which were brought to the Abbasid court in Baghdad around the year ap 775
and were translated into Arabic with the aid of members of an embassy from
Sind (the region around Karachi in present-day Pakistan). They became known
under the name ‘Sindhind’, reflecting the meaning of the Sanskrit word sid-
dhanta, an astronomical treatise, and at the same time expressing their origin
from Sind and from Hind (i.e., India).

Towards the end of the eighth century, the two most influential astronom-
ical works by the second-century Greek scholar Prolemy, the Almagest and
the Handy Tables, were translated into Arabic. Whereas Indian astronomical
treatises were entirely textual and written in verse, Ptolemy’s works included
large sets of numerical tables that could be used by a practising astronomer or
astrologer to perform in a straightforward manner all necessary calculations of
arcs on the celestial sphere and the positions of the Sun, Moon and planets,
and hence to cast horoscopes. The Almagest (in Greek: Mathématiké syntaxis,
in Arabic al-Majisti from the Greek megistos, ‘the greatest’) explained in detail
Ptolemy’s geocentric geometrical models for the motions of the planets, the
way in which their underlying parameters could be determined from observa-
tions, and proofs for the calculations needed to determine planetary positions
on the basis of these models. By means of the extensive tables a user could
not only find planetary positions but also calculate the time and magnitude of
solar and lunar eclipses and the beginning and end of the phases of retrograde
motion and the visibility of the planets using only a very few basic operations
such as addition, subtraction and an occasional multiplication. For complicated
functions of multiple variables Ptolemy used a way of tabulation that is known
among modern historians of science as ‘Ptolemaic interpolation’. This makes
use of the fact that such functions usually change much faster as a function of
one of the variables, whereas the influence of the other variables can be suffi-
ciently well represented by approximations. Ptolemy’s Handy Tables (in Greek
Prokheiroi kanones, in Arabic simply known as a/-Qanin, the ‘canon’ and often
associated with Ptolemy’s fourth-century commentator Theon of Alexandria)
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omitted the explanations of the models and the proofs and thus represented a
further development towards the practical use of the tables, especially by astrol-
ogers. While the late eighth-century Almagest translation was soon superseded
by new translations, the translation of the Handy Tables must have been heav-
ily used by the early Islamic astronomers but became obsolete once all relevant
tables had been copied into the earliest Arabic astronomical handbooks. For
these reasons neither of the early translations has survived.

The Abbasid caliph al-Mamun, who reigned from 813 till his death in
833, enthusiastically promoted scholarly activities by supporting translations
of Greek works found in the conquered lands or obtained through contacts
with the Byzantine empire. The Almagest was even translated twice during
al-Maman’s reign, first by a certain al-Hasan ibn Quraysh in what was later
referred to as the ‘old Arabic’ or ‘old Ma'minic translation’. Some traces of this
translation can be recovered from later works, but overall it was considered
unsatisfactory; therefore al-Mamun commissioned another translation from
al-Hajjaj ibn Yasuf ibn Matar, who is also known for his translation of Euclid’s
Elements, with the assistance of Sirjis ibn Hiliyya al-Rami. This translation is
still extant in manuscripts preserved in Leiden (complete) and in London (only
the first half).

It was soon realised that, nearly seven centuries after its composition, the
Almagest and the Handy Tables no longer reproduced the celestial phenomena
accurately in all cases (as a matter of fact, some of Ptolemy’s parameters had
been erroneous in his own time). For this reason, in the late 820s, al-Mamiin
also founded the earliest Islamic observatories in the outskirts of Baghdad and
on a hill outside Damascus. A number of well-known scholars carried out sys-
tematic observational programmes at these two sites, which provided improve-
ments in the parameters especially for the Sun and the Moon, but also for the
five planets visible to the naked eye. The activities at the two observatories
ended with al-Maman’s untimely death in the war with Byzantium, but sev-
eral scholars who had been involved in the observations finished astronomical
handbooks with tables modelled after Prolemy’s Handy Tables.

These handbooks became known as zijes (pronounce: zeech, Arabic plural
azydj or zijat). This word has long been understood as signifying the warps of
a loom because of their similarity with a tabular grid, but it has recently been
argued that it is a translation of the Sanskrit word zantra that was used to mean
an astronomical treatise in the Indian tradition (i.e., without tables) before the
word siddhinta became commonly used. A zij typically consists of a large set
of tables for all astronomical functions needed by the practising astronomer
or astrologer, together with a set of instructions for the use of these tables,
which were sometimes assembled at the beginning of the work and sometimes
interspersed with the tables. Already in the 1950s the grand old man of the
history of Islamic mathematical astronomy, Edward S. Kennedy (1912-2009),
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identified more than 100 Arabic and Persian zijes from the late eighth to the
fifteenth century, around half of which have survived in manuscripts up to our
time. Later work by David A. King, Julio Sams6, Bernard R. Goldstein and
others extended this number to over 200 astronomical handbooks, also includ-
ing zijes in Hebrew. To date, however, very few of the surviving zzjes have been
properly edited, translated into a western language or studied in detail.

The early Abbasid period was particularly fruitful in terms of the production
of zijes. Titles of some 60 works from between 800 and 1050 are known, but
only a very small number of these still exist in manuscripts, and several only
in a modified form from centuries later. The carliest extant 27 is the Mum-
tahan Zij (Verified Astronomical Handbook) by Yahya ibn Abi Mansir, one of
the leading astronomers who made observations under the caliph al-Mamauan.
Yahya was of Persian descent but grew up in Baghdad, where his father had a
position at the Abbasid court, and converted to Islam in 818. Besides planetary
tables that are closely modelled on Prolemy’s Handy Tables, the Mumtahan Zij
contains eclipse materials that have been found to be of Indian/Persian origin,
which was typical for this early stage of Islamic astronomy. In both surviving
thirteenth-century manuscripts of this work we find later additions of several
kinds, ranging from trigonometrical tables to the mean motion tables for Mars
of the famous tenth-century observer Ibn al-Allam. The name ‘mumtaban’
(‘verified’) continued to be used both for the observations carried out under
al-Mamun and for several z7jes that resulted from them.!

The best-known z7j of Indian type was the Sindhind Zij by Muhammad ibn
Masa al-Khwarizmi, one of the scholars in the service of the caliph al-Maman
and his successors during the first half of the ninth century. Al-Khwarizmi was
arguably one of the most influential scholars of his time, especially in the west-
ern Islamic world and in the Latin Middle Ages. Two of his mathematical trea-
tises were translated into Latin and were influential in Europe. His treatise on
algebra (in Arabic: al-jabr wa-l-muqibala) gave its name to the discipline and
his treatise on arithmetic led to the coining of the word ‘algorithm’, derived
from his personal name. Al-Khwarizmi is also associated with a reworking of
Prolemy’s Geography, including coordinates for thousands of localities in Eur-
asia and Africa, which formed the basis of numerous later geographical tables
in the Islamic world. Al-Khwarizmi’s zij was not rooted entirely in the Sind-
hind tradition, but was a mixture of Indian, Persian and Greek influences. In
the eastern Islamic world it was soon superseded by the Mumtaban Zij and
others, but it was transmitted to Muslim Spain and reworked for the coordi-
nates of Cordoba by Maslama al-Majriti around the year 1000. As a result, sev-

! General references for this section are listed on pp. 11-12. References to manuscripts of
the zijes discussed here, and to the most important sccondary literature on these works, are

provided in the Quick reference guide for zijes on pp. 521-27.
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eral of his disciples and some later Andalusian scholars continued to write z7jes
in the Indian tradition. The Sindhind Zij has survived in the Latin translation
by Adelard of Bath. Together with the zij of al-Battani (for which see below),
al-Khwarizmi’s z7j was highly influential in European astronomy in the form
of the Toledan Tables.

Among the astronomers who took part in the Mumtahan observations was
the brilliant young scholar Habash al-Hasib, who hailed from Marw in pres-
ent-day Turkmenistan, served at least four Abbasid caliphs between 825 and
870, and is said to have died as a centenarian. As a young scholar he wrote two
zijes, one in the Persian and one in the Indian tradition, which are now both
lost. After the death of al-Mamiin he made further observations and eventu-
ally finished his important Ptolemaic z7 around ap 870, during the period
when Samarra in northern Iraq was the temporary seat of the Abbasid govern-
ment. This z7j was later referred to as the Arabic Zij because it tabulated its
mean motions for the Arabic calendar, or as the Damascene Zij because it was
based on observations made in Damascus. Again the planetary tables follow
Prolemy’s Handy Tables closely, but in other parts the Indian influence can
be clearly recognised. Habash displayed his technical skills in particular in a
recursive process for solving a problem equivalent to the Kepler equation for
finding the lunar parallax. Like the Mumtahan Zij, Habash’s zij is extant in
two manuscripts; one of these is closer to the original work, whereas the other
includes more later influences.

In the second half of the ninth century, a new translation of Ptolemy’s
Almagest was also prepared in Baghdad by Ishaq ibn Hunayn al-Tbadi, of
Arab-Christian descent and the son of another physician and important trans-
lator of Greek works into Arabic, Hunayn ibn Ishaq. The original translation
by Ishaq was still available to Ibn al-$alah in the twelfth century but is now
thought to be lost. The most widely disseminated version of the Almagest
became the revision of Ishaq’s translation made by Thabit ibn Qurra (c. 830~
901), a member of the Sabian religious sect whose family came from Harran
(now just across the Turkish border from Syria). Thabit translated scientific
works both from the Syriac and from the Greek and also contributed original
treatises in mathematical fields such as geometry and number theory. Ishaq’s
translation of the Almagest revised by Thabit is extant in around ten manu-
scripts, mostly copied in the western Islamic world and in several cases contain-
ing only half of what appears to have been a two-volume set. Recently, Dirk
Grupe identified another version of the Arabic Almagest, which was associated
exclusively with Thabit ibn Qurra by the thirteenth-century polymath Nasir
al-Din al-Ttsi, director of the famous observatory in Maragha in north-western
Iran. This version is partially extant in a manuscript in Jaipur and was trans-
lated into Latin by a certain ‘Abd al-Masih of Winchester (four books of this

translation survive in Dresden).
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Roughly at the same time as Habash al-Hasib finished his Ptolemaic zij
and Thabit ibn Qurra revised the Almagest translation by Ishaq ibn Hunayn,
the Sabian Muhammad ibn Jabir al-Battani, a private astronomer in Raqqa
in north-western Syria and the son of a well-known instrument maker from
Harran, started the extensive observations for which he would become famous.
He recorded these in his Sabian Zij around the year 900. Al-Battant’s zij is
the carliest extant work that can be considered to be entirely in Ptolemy’s tra-
dition. Al-Battani confirmed the highly accurate value 23;35° of the obliquity
of the ecliptic that was also observed under al-Mamun but was not yet used in
Yahya ibn Abi Mansur’s Mumtahan Zij. He calculated accurate new values for
the solar eccentricity and the longitude of the solar apogee from observations
of the lengths of the seasons. He took most of the planetary equations, the
planetary latitudes and stations and the tables for parallax directly from Ptol-
emy, and included around half of the fixed stars from Ptolemy’s star catalogue
in the Almagest in his own star table with an increase in the ecliptic longitudes
of 11;10°.

From bio-bibliographical works and quotations from later astronomers, we
know the titles of many further zijes written in the ninth and tenth centu-
ries or the names of their authors. In some cases the results of observations by
these astronomers were quoted, in others technical details of the methods they
described in their z7jes were presented. Ibn al-A'lam, who was in the service of
the Buyid emir ‘Adud al-Dawla (r. 949-983), was another astronomer famous
for his observations and is said to have provided the best tables for the posi-
tions of Mars from all z7jes available at the time. In fact, his mean motions of
Mars were included in the extant late recensions of Yahya ibn Abi Mansar’s
Mumtaban Zij, and several other tables and parameters have survived in other
works, but no complete copy of his Aduds Zij exists. Most of the other zijes
written in this period are also lost, most probably because they were surpassed
by later ones that were more authoritative, more complete, more up-to-date or
simply more user-friendly.

Between the years 970 and 1030 three of the most magnificent z7jes in the
history of Islamic astronomy were written at places very far from each other.
In Baghdad, Abu [-Wafa' al-Buzjani, who lived from 940 to 997/8, wrote sev-
eral works on mathematics as well as a magnum opus called al-Majisti that
aimed to update Ptolemy’s Almagest with the latest developments in Islamic
mathematical astronomy, especially in trigonometry and spherical astronomy.
The sole surviving manuscript of this work in Paris presents dozens of meth-
ods for calculating all kinds of arcs on the celestial sphere, supplemented with
numerical examples that are consistently carried out to four sexagesimal places.
Unfortunately, all tables are omitted from this manuscript, but some of them
have been identified by the present author in the late thirteenth-century 27 by
Ibn Mahfaz al-Baghdadi; furthermore, in this book it will be shown that some
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more tables of Abii ['Wafa’ were included in the zij of al-Biriini (see below).
The chapters on the planetary models and the corresponding tables are miss-
ing from the Paris manuscript and would constitute a major find for the his-
tory of Islamic astronomy if they were to be located in hitherto unidentified
manuscripts. Occasional mentions of Abu [-Wafa’s planetary parameters in later
sources do not allow us to reliably restore the mathematical characteristics of
his models.

In Cairo, the astronomer Ibn Yanus was in the service of the Fatimid caliph
al-Hakim. Shortly before he died in ap 1009, Ibn Yunus finished his major
work, the Haikimi Zij. Only two quarters of this work are extant in manu-
scripts in Leiden and Oxford (with a total of nearly 700 pages), but they give
a clear picture of the author’s impressive scholarship. Particularly important is
Ibn Yunus’s extensive discussion of observations and tables of his Islamic pre-
decessors. He starts with the observations made under al-Ma'miin, but is also
the major source of information for astronomers such as the Binit Amijir
(c. AD 900), a father and son with their freed slave who made observations in
Baghdad and Shiraz over the course of many years. Although Ibn Yanus cop-
ied part of the planetary equations from the Handy Tables, he also computed
several tables anew on the basis of the results of his own observations. The
accuracy of the tables in the Haikimi Zij is already impressive, but Ibn Yunus
furthermore compiled separate tables of the sine and the solar declination with
values to four sexagesimal places on intervals of single minutes. Together with
the already somewhat outdated Mumtahan Zij of Yahya ibn Abi Mangsur, Ibn
Yanus was the main source for the work of many astronomers in Egypt and
Yemen over the course of the following three centuries.

A third important astronomer from around the year 1000 was al-Birani,
who was born in the Khwarazm region, just south of the Aral Sea, in AD 973.
Due to the political turmoil of the time he worked for various patrons in dif
ferent places and was forced to spend the second half of his life in the ser-
vice of the Ghaznavid rulers Mahmad and Mastd in present-day Afghanistan.
This allowed him to travel through large parts of India (including 