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Notes on Contributors

Alkcrtini, Tawara: a researchis. in the field of philosophy and linguistics. PH.D. thesisou
the epistemology of Marsilio Ficino and his optical-geometrical models. Presently . she is an assistant
professor at the Institut fiir Geistesgeschichte und philosophie der Renaissance.

AHard, André : a researchist at the Fonds National Belge de la Recherche Scientifique. He is
interested in the History of Mathematies of the Arabs and the Greeks, and has several books dealing
with that field.

Bruins, E. M. : was a professor at the University of Amsterdam in Holland, and had occupied
several scientific positions . He had many puvlications dealing with the History of Mathematical Che-
mistry as well us the Cosmic Rays . Died in 1990 .

Chaihoub, Sami : besides his being a Vice Director of the Institute for the History of Arabic
Science , he is also an assistant professor of the History of Mathematics, Astronomy and Physics at
the Institute . He has books in the field of the History of Mathematics.

Payek, Simon : cobtained the PH. 1. in philosophy from the Central University of Madrid. His
research work is in the field of the History of Arabic Science and diffusing it to the West.

Kumitzsch, Paul : a professor at the Institut fiir Semitistik der Universitit Munchen. He pub-
lished several books on the Arabic Astronomy inthe Middle Ages. Hisfeld of specialization is in
star tables and nomenclature .

Mohaghegh, Mehdi: 2 professor of the Iranian language, Arts and Islamic philosophy. He
obtained the PH. D. in the Persian language and Arts , and was a visiiing professor at the University
of London. He has many publications in his field of specialization .

Sharma, Virendra : a professor of Astronomy and Physics at the University of Wisconsin Cen-
ter . For the last ten Vears he hos been astive in History of Astronomy and particularly in the astro-
romy of India bhefore the British rule there. He has published several papers on the subject .

Strohmaier, Gotthard : since 1958 to the present, he is a scientific assistaut at the Academy of
Sciences in Berlin. He published about 200 publications on the history of medicine, astronomy,
alchemy and the reception of Greek science in Islam as well as the reception of Arabic science and
its diffusion to the West .

Tolimacheva, M. A. : obtained the PH. D. in the field of Etno-Geographic studies. Presently,
she is an associat professor of History at Washington State University , and has several studies
and publications in the field of Etnography .

Varisco, Daniel Martin : PH. D. in Anthropology. He has many publications dealing with
the fields of Anthropologv, Ecology and Agriculture .
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France in 1520 and finally in Basile, Switzerland in 1544. Meanwhile, the ninth
article has been published alone in Venezia in 1483, 1490 , 1493 , 1497 ,and in
Badova in 1480 under the name of Nonus Almansoris, de Curationes Aegriiu-
dinum Qui Accidunt A Capite Ad Pedes.

A great doctor named Andre=s Vesalius, who hes waked up the Anatomy
of the middle ages after a long dream , is also an anatomist who has been
born in Bruxele in 1514 and studdied in Louvain , Belgica , and lateron in
Paris, due to the instructions of a friend of him. In the University there was
a doctor called Sylvius who has got a good fame for his works that always
marked the line of Galen in a blindish way. ard who beleived that the mis-
takes of that where in a matter of fact due to the incomplete menuscripts
written in the Greek language or due to the incorrect translaticns of the
Latin language. Sylvius thinks that the misunderstandings between what
Galen have said and what really has been discovered later on is due to the
corruption of the human bieng.

Vesalius became the doctor of the Emperador Carlos V and then the
doctor of his son Philip II. He worked in the dissection of the bodies for what
he was condemned by death as well as Miguel Servatius, but the intervention
of the Prince Philip made that the sentence being changed to pilgrimage to
Jerusalem. In his returc he met with a storm which lead him tc the shore of
Zant vhere he died in 1564.

His doctorate written in latin under the name : Parafrasis In Nonum
Librum Rhazae or the description of the ninth article of ihe book of Razi,
the book has been published later on many times during the Renzissanse the
most importaut in Basile in 1537 .

The bsok contained also a poem written to Vesalius by one of his fricuds
called Jodocus Velsius in which he admires the arabic doctor Razi and his
valueous works to the human beiug znd accuses the translators who had little
experience and who made the reading of Rizl seem boaring and unlikely
while the bock and works of Vesaliue skowed the imwpertance of Razi acd
made more likely the readings of that doctor.

The book known as the explanation of the ninth article of the Mansuri
written by Razi is considered as the introduction of the book of Vesalius which
was very famous and which has appeared in 1543 under the name : De Hu-
mani Corporis Fabrica or The Composition of The Human Body .
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Qatajonis , al - Quicd ul - Tabi’iyah , Fianna Quwaal - Nafs tabi’at Ii- Mizaj
al - Baden, Fi ma Ya'tagidu-hu Ray’an, Menafi¢ al - A’da’, al - Ming,
al- Mayamir, and al- Nabd al- Kabir .

Passages are 2lso to be fourd in the Shukik from some works of Razi
the originale of which have been lost, such as Sam’ al - Kiyan, Fi al- Radd “cla
al - Sarakhsi fi Amr al-Ta’m al - Murr, Fi anna Markaz al - Ard Yaenbi’ al-
Bard, Fi Kayfiyat al-Absar, Fi al - Azminah wa- al - Ahwiyah, Fi Kayfiyat
al - Ightidh@, Fi Wujab al - Istifragh fi Awa'il al-Hummayat, Ikhtisar K. al-
Nabd ol- Kabir, Fi al- Bahth ’amma Qile fi K. al- Ustuqussat wa - fi Tabr’at
al- Insan, Ma Qalat al- Qudama’ fi cl- Mabadi’ wa- al - Kayfiyat, Fi Jaww
al - Asrab, al - Nafs al - Saghir, al - Nafs al - Kabir, Fi’lllah allati Sara al-
Kharif Mumridan, Fi el-’Illah allati Yadiq al - Nezar fi al-Nir wa Yattasi’u
fi al -Zulmah, Fial-Ladhdheh, Fi ma Jara baynahu wa - bayn Shahid al-
Balkii fi al - Ladhdhak , and Fi Miqdar ma Yumkin en Yustadrak min al-
Nujaim * ind men Qala anna-ha Ahva Natiqah :ca- man lam Yugal dhalika.

The value of the Xitab al - Shukik as a source for the works of Galen
and al - Razi is increased further still by the fact that both Hunayn ibn Ishaq
and Birlini only give in their fikrists the names of varicus works, without an
indication of the medical and philosophical topics to which they address
themselves.

Raz1 and Vesalius
Simon HAVER

Is Abu Bakr Muhammad ben Zakaria Al- Razi (865 — 932) the best
doctor of his age, he has a book titled : Al- Tib Al- Mansuri, wrote it to the
Prince Mansur ben Ishaq ben Ismoil ben Mubhammad, chief of Khurasan, in
an abrevisied moanner. The book is of ten articles, of which the most impor-
tant to us is the ninth : The illnesses that happen fromn the head to the foot .

The article was Lnowr i5: the Middle Ages by the name of ”Nonwus Almazn-
coris >’ which deals with ihe different illnesses of the body.

The book has been translated to the Latin by Gerardo de Cremona, in
Toledo, Speiv, in the sccond half of the twelfth century and the trenslation
has been published in Milano in 1481 and ir Venezia in 1497 and in Leyon,
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Al-Raz1’s Kitab Al-Shukik ’Ala Jalinus
MEHDI MOHAGHEGH

Muhammad iba Zakariyah al-Razi was one of the greatest scholars of
Islam . Although scholars in the last century have concentrated more on his
philosophy, al-Razi was in fact originally best known for his medica and
pharmacology . Al-Razi’s eminence is attested by the foct that Ab@ Rayhan
al- Birtci, despite the fact that he was oppesed to al- Razi , composed a biblio-
graphy of his works.

Al- Razi was one of the first Islamic scholars te turn his attention to the
works of Galen and to make use of thcm. He even referes to works of Galen
found neither in the bibliography «f Hunayn ibn Ishiq nor in Galen’s own
autobibliography. Al- Razi followed tire views of Galen not only in his medica,
but also in philosophy and ethics.

Al- Razi had thus read all the most important works of Galen, and it
is on this basis that he wrote the Kitdb al - Shukik. His * doubts > concern pas-
sages in various writings, and inconsistencies in variouvs matters. Al- Biruni
records the title of al - Razi’s work as al - Shukak’ ala Jalinis , v-hile Ibn Abi
Usaybiah callsit al - Shukik ica- al - Mundgaedat allati fi Kutub Jalinas .

In the Shukik Razi sets down some of the medical and philosophical
pronouncements of Greek philosophers such as plato, Aristotle, and Hippoc-
rates, as well as Themistius, Empedocius, Diocles, Thales, Asclepiades, and
Erasistrates, while also mentioring such Islamic scholars as Hunayn ibn
Ishaq and Muhammad ibn Misa. He makes reference to ’ a distinguished
and noble man’ man with whom he used to read the works of Galen - but he
does not give the name of this person. The works toward which al- Razi directs
his * doubts ’ are among the most important of Galen’s v ritings, and include
Ara’> Bugrat wa- Aflatin , al- A4khlag, al- -ldwiyeh al- Mufradah, cl - Ustuqus-
sat 'ald R7’y Bugrat Asnaf al-Hummayat , ol-Ada al-Alimah , ol-4ghdhiyal,
al-Amrad al -Hadduh, of -Buliran, ol -Tejribeh ol-Tittiveh, Tadbir al- A5l
Tashrih al - Heyowan , Tafsir h. al-Bugrat fi Tabi’ct al-Insan, Tefsir
Kitab al-Fusil , Taqdimat ol - Ma’rifeh, Haraket c¢l- *Adol, Hilat cl- Burr’
al -Dhubil, al-Ra’shah wa-al-Nafid, al-Sana’ah Saghirak, al-’lial wa - ¢l - 4'réd.

J.H.A.S. 1991 : Vol 9 :pp. 115 -117.
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- Escorial 915 ( dat . 4. September 1314 span. Ara = 1276), 138" - 119" (euro-
péisch gezihit, im arabischen Sinn gegenldufig ) .

Paul Kunitzsch promovierte 1956 an der Freien Universitdt Berlin.
Er vertiefte seine Forschungen in Géttingen , Kairo und Koéln. Seit 1975 ist
er Professor an der Universitdt Miirchen .
Einige Seiner Veréffentlichungen:
~ Arabische Sternennamen in Europa, Wieshaden / Deutchland, 1959 .
- Untersuchungen zur Sternnomenklatur der Araber, Wiesbaden / Deutsch-
land, 1961 .
- Ibn as-Salah : Zur Kritik der Koordinateniberlieferung in Sternkatalog
des Almagest, Wiesbaden / Deutschland 1975 .

- On the Mediaeval Arabic Knowledge of the Star Alpha Eridani, J. H.A. S.,
Vol 1 / Aleppo [ Syrien, 1977 .

Dr. Sami Chalhoub
I.H.A.S. Aleppo University



Book Review

Der Sternkatalog des Almagest. Die arabisch- mittelalterliche Tradition
von Claudius Piolemius

Die arabischen Ubersetzungen ,

vor al-Haggag u. von Ishaq in der Bearbeitung durch Tabit.

1ns Deutsche iibertragen u. bearbeitet von Paul Kunitzsch, Verlag Otto Har-
rassowitz - Wiesbaden /| Deutschland - 1986, wmfast 344 Seiten .

Rezension Dr. Sami Chalhoub

Band 1 : Arabischer Urtext und deutsche Ubersetzung

Sternkatalog - 1025 Sterne - angeordnet in 48 Sternbildern, mit Besch-
reibung ihrer Stellung innerhalb der Bilder und mit ekliptikalen Koordinaten
verzeichpet .

Damit wurde erstmals das arabische Textmaterial, das Grundlage
fiir den Sternenkatalog ( seit dem spiten 8. Jahrhundert) zuginglich gemacht.

Fiir die Geschichte der Astronomie in der arabischen Welt war
der Almagest ein fundamentales Werk .

Inhalt, Form, Theorien, Methoden, Termininologie und Nomenklatur
haben die arabische islamische Astronomie grundlegend geprégt .

Auch fiir Europa war der Almagest die Grundlage der Astronomie
durch die Ubersetzung von Gerhard von Cremona.

Benutzte Handschriften : al - Haggag
- Leiden, cod. or. 680 (vor 615 H = 1218 / 19) , 111 — 125" .
~ London, British Librziy Add . 7475 (dat. Sa‘ban 615 H = Oktcber 1218),
15v —36".
- Escorial 914 (nicht datiert), 74 - 92" .
- Paris, B. N. hebr. 1100 ( dat. 1475), 88" — 104" ( arabisch, in hebridischer
Halbkursive) .

ishiq mit den Verbesserungep vo : Tabit
- Tunis, Bibliothéque Nationale 07116 ( dat. Gumada II 478 H = Olktcber
1085) , 117" - 1347 .

J.H.A.5.1991 : Vol 9 : pp. 113 -114.



To Contributors of Articles for Publication

in the Journal for the History of Arabic Science

1. Submit the manuscript in duplicate to the Institute for the History of
Arabic Science. The text should be typewritten, double-spaced, allowing
ample margins for possible corrections and instructions to the printer. In
matters of paragraph-indentation and the indication of footnotes, please
follow the style used in this journal.

2. Please include a summary — if possible in Arabic, but otherwise in the
language of the paper — about a third of the original in length.

3. Bibliographical footnotes should be typed separately according to num-
bers inserted in the text. They should be double-spaced as well, and they should
contain an unabbreviated complete citation. For bocks this includes author,
full title (underlined), place, publisher, date, and page-numbers. For journals
give author, number, year, and page-numbers.

Examples :

0. Neugebauer, A History of Mathematical Astronomy (New York: Springer,
1976), p. 123.

Sevim Tekeli, *Takiyiiddin’in Sidret iil-Miinteha’sina aletler bahsi ™,
Belleten 25 (1961), 213-238.

After the first quotation, if the reference is repeated, then the author’s
name and the abbreviation op. cit. may be used. Alternatively, the books
and articles cited may be collected into a bibliography at the end of the article,
according to the above format, so that reference may be made to them in the
footnotes by author or short title.

4. In the transliteration of words written in the Arabic alphabet the fol-
lowing system is recommended:

',b,t,th,j,h,kh,d,dh,r,z,s,sh,

A A a4 > 3 S o O

s,d,t,z,“,gh,.f,q,k,l,m,n,h,w,y,

v e b b ¢ t o8 4 J ’ (SIS J &
Hamza at the beginning of a word is omitted in transcription. The lam of the
Arabic article before sun-letters is not assimilated (thus al-shams and not
ash-shams).

For short vowels, a is used for fatha, i for kasra, and u for damma. For

ong vowels diacritical marks are drawn over the letters: 4, i, 7. The diphthong
aw is used for “,'and ay for °s’. Long vowels before hamzat al-wasl are printed
long (thus “abii’l-Qasim” and not ‘‘abu’l-Qasim™).
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active intellect ,2° but despite this difference there is one word in Dante
which reveals the Arabic origin . He says that the soul > becomes speaking *

(” divenga fante >, v. 61 ) , and this must be an unsuccessful rendering of the
term natik (> rational ) .

Ibn Sina extends his psychology even to the heavenly spheres which,
according to his opinion , have souls that are aimicg in love at their first
cause, i. e. God, generating in this way their constant circular movement .
Christian theologians like William of Auvergne (died 1249) rejected this as
ridiculous.? But Dante in his poetic fiction developped this Avicennian
idea still further . After ascending through the spheres ard coming near to
God he suddenly begins to revolve around him in the same manner as a star

( Paradise XXXIII, 140 — 145 ).22

So Dante may be regarded as a witness of a very broad reception of
Ibn Sina in the Wesi., which went beyond the limits of the universities and
was not affected by the polemics launched against him from the chairs of the
universities . He was one of the most prominent figures of our common cultu-
ral heritage.

20. Davidson (sec above note 12), p. 158 : A. - M. Goichon. La philosophie d’.{vicenne et son inf-
luence en Europe médiévale, Paris 1951, p. 46— 49 .

21, L. Gardet, La connaissance mystique chez Ibn Sina et ses présupposés philosophiques ( Mémorial
Avicenne II), Cairo 1952, p. 36 - 38 .

22. Cf. R. Palgen, Dante und Avicenna. In: Anzeiger der Oesterreichischen Akademie der Wissensch f-
ten, phil. - hist. K1. 88,1951, p. 159-172.
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himself has clearly indicated . So she corresponds to the third friend and to
the lower part in Platonic and Avicennian psychology . The lion is a symbol
of the wrathful part, and Abraham ibn Ezra had compared him expressly
with a lion,” as did Plato in his dialogue Tke Republic’> Now the first
animal, the female panther , must have something to do with falsehood and
deception, as becom~s clear from an allusion in Inferno XVI, 108, and there
are other parallels in popular animal lore that point into the same direction .16

All the parallels between Tbn Sinad’s tale and that of Abraham ibn
Ezra and Dante’s Comedy are much more closely related to each other than
those produced by Asin Palacios and Cerulli . and they cannot be the result
of mere chance. Now we might also expect that some of Ibn Sina’s basic
tenets reappear in the Comedy.

In Purgatory IV, 1 - 11 Dante dissociates himself from the opinion that
there exist three separate souls in man, and some commentators took this
as a refusal of the whole Platonic tripartition of the soul. But I think we have
here instead an allusion to a chapter in the Kitdb al-shifd®> , where Ibn Sini
draws a sharp distinction between the tripartition of the one sou' and the
existence of three separate souls in one body.'” This part of the Kitdb al-
shifa® was accessible in Latin translation.

In Inferno III, 18 the souls in hell are described not simply as sinful
but as those who have lost ”” the good of the intellect > (" il ben de 'intelletto™).
This reminds us of Ibn Sina’s idea that the eternal happiness of the immortal
individual soul is dependent on the link that she could establish with the
active intellect during her life on earth and that her punishment in the other
world consists in the deprivation of the knowledge of the intelligible subs-
tances .8

In Purgatery XXV, 37 - 75 Dante describes the development of the
human embryo out of the sperm of the father and the blood of the mother
in accordance with Aristotle and Tbn Sina.’ But when matter reaches the
necessary perfection, then God., ’° the first mover *', intervenes from above
making the embryo a real human being . 1bn Sini allots this functicn to his

14. Greive (see above note 7), p. 151 (v. 102) .

15. IX, 588d — 589b . the came in Galen, On the doctrines of Hippocrates and Plato, ed. and transl.
by Ph. De Lacy (Corpus Medicorum Graecorum V, 4 ,1.2), Berlin 1978 — 84 . vol. 2, p. 369 .

16. Strohmaier. in : Deutsches Dante - Jakrbuch (sec above ncte 6) , p. 198 - 199 ; cf. also Aristotle .
History of animals 1, 6 5 612212 - 15 .

17. Al-shifa>, al-fabi®iydt, 6. al-nafs, ed. G. C. Anawati and Sa®id Zayed. Cairo 1975, p. 221 — 224..

18. Davidson (see ahove note 12), p. 172 -- 175 .

19. U. Weisser, Zeugung, Vererbung und prinatale Entwicklung in der Medizin des arabisch- isla-
mischen Mittelalters, Erlangen 1983 .

w0
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uptil now defied all efforts of the commentators. But a look at the introductory
vision in the ”’ Khay ben Mekitz >’ proves to be helpful.’ Here Abraham
il{n Ezra has not changed very much against Ihn Sina. The narrator is wal-
king in the fields together with three unpleasant friends . The first going in
front of him is a liar, who mixes the truth with falsehood, nevertheless the
narrator is dependent on his informzations. The next friend, who gocs to the
right, is often in anger; the third, who goes to the left, is always greedy.
These two are easily to be identified with the Icwer parts of the soul in Plato’s
psychology, the so-called spirited part ( to thymoeides , al-kiwa al-ghadabiya )
and the desiderative part ( to epithymetikon, al-Eiwa al-shahwaniya ) . The
narrator himself is the rational part of the soul ( to logikon, al-kiwa al-
“akliya ) . But who is the first friend, the liar? He represents the complex of
the so-called inner senses (al-hawdss al-bitina) which are located in the vent-
ricles of the brain and which have the task of combining and storing the sense
data coming from the sense organs. This doctrine seems to be in this particu-
lar form Ibn Sina’s own invention , and it became so famous that we find it
again even in the * Arabian nights * in the words of the learned slave-girl
Tawaddud .™* The sense data coming from without are liable to distortion
and false combination by the inner senses , therefore this first fricrd is called
a liar. True knowledge comes directly from above, from the active intellect
who gives matter its forms and who bestows these same forms directly upon
the human intellect. In this way the reliability of human knowledge has its
ontological basis.’® In the field the four friends meet a sheikh with a shining
face who greets them kindly. His name is Hayy ibn Yakzin and he is the
personification of this active intellect. In Ibn Sini’s version he tells very
much about his functions and his knowledge . but he refuses the wish of the
narrator to take him with him into the regions of the invisible world. He
declares that this is impossible so long as one is in the company of these had
friends , i. c. so long as he is in this life . But in Abraham ibn Ezra ihe narrator
is able to join the active intellect so as to begin a journey with him. Dante
follows this pattern , but he has replaced the allegoric figure of Hayy ibn
Yakzan by the wise Roman poet Virgil and by his beloved Beatrice , whom
an Italian commentator of the last century has already identified as being
here a symbol of the active intellect.!® The three bad friends are also present
in Dante, but in the disguise of three wild beasts . Here the narrator first passes
by a lonza, a female panther, then by alion. then by a she-wolf, befere
meeting the spiritual leader. TLke she-wolf is a symbol of greed. as Dante

10. ibid., p. 149 - 153 (vv. 12 - 181).

11. Ed. Cairo 1325 A.H. , vol. 2, p. 449 .

12. A. A. Davidson, Alfarabi and Avicenna on the active intellect. In : Vietor 3,1972 , p. 154 — 427 .
13. I'rancesco Perez, La Beatrice svelata, Palermo 1865.
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that Dante revered Ibn Sini as one of his philosophic authorities . In Inferno
IV, 143 he gives him a place, together with Ibn Rushd, in the family of the
ancient philosophers.5 Ibn Sina’s allegoric tale, despite its being difficult
to understand , was widely known, also in Muslim Spain, and from there came
Abraham ibn Ezra ( 1092 - 1167 ) , the great herald of Arabic science among
Europezn Jewry. who spent some time of his life in Italy. He produced in his
language an adaptation under the title Khay ben Mekitz, which has the same
meaning as Hayy ibn Yakzan (* The living one , son of the wakeful one”” ) .7
He has introduced some decisive changes into the whole structure of the
tale, and it is his version which reveals the most striking parallels with Dante’s
Comedy, to such an extent that some hitherto obscure passages become
clearer.®

‘When climbing the slopes of Mount Purgatorio and coming nearer to
the summit where the garden of paradise is situated . Dante or the narrator
who speaks in the first person suddenly stands before a wall of fire. He does
not dare to cross it, he is full of fear, but Virgil his leader goes first and a voice
is heard saying ’ Come, oh ye blessed of my father >’ (Matth. 25, 34) , and
they come through the formidable heat unharmed. ( Purgatory XXVII, 7 -
60 ) Dante fails to give this fire any spiritual meaning, in the sense of the
Catholic doctrine of purgatory, he just describes it as a natural phenomenon.
The sense remained obscure. Abraham ibn Ezra has exactly the same scene’.
It is not found in Ibn Sini, i. e. Abraham has added it of his own. Here the
narrator together with his leader , who represents the heavenly active intellect,
is ascending through the realm of the four elements towards the sphere of
the moon . After crossing the air, where the weather is made, they stand before
the zone of fire. The narrator , who speaks in the first person, is full of fear,
but his leader goes first and says to him ”’Come, oh ye blessed of the Lord”
( Gen. 24,31 ), and so they come through unharmed. Here the fire is at its right
place according to Aristotelian cosmology, but in Dante it is somewhere at
the upper rim of a mountain and not close to the sphere of the moon. We
cannot avoid the statement that the great poet appears, in this particular
instance, as a plagiator, and not even as a very skilful one.

The first canto of the Comedy contains some allegoric mysteries that

6. Cf. also about the quotations in Dante’s >’ Convivio > Munira Shakhidi, Abu Ali ibn Sina-obitatel’
limba. In : Dantovskie chteniye (Moscow) 1985, p. 151 .

7. German translation in H. Greive, Studien zum jiidischen Neupl ismus. Die Religionsphilosophie
des Abraham ibn Ezra, Berlin, New York 1973, p. 149 -~ 165 .

8. G. Strohmaier, Chaj ben Mekitz — die unbekannte Quelle der Divina Commedia. In : Deutsches
Dante - Jahrbuch 55 - 56 , 1980 [ 81 , p. 191 - 207 ; id. , Avicennas > Hayy ibn Yaqzan ** und
Dantes >> Commedia *". In : Acta Antiqua Academiae Scientiarum Hungaricae 29 , 1981 , p. 73-80 .

9. Greive (see above note 7), p. 157 — 158 (vv. 364 - 393) .
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In 1919 the Spanish orientalist Miguel Asin Palacios published his
famous book La escatologia musulmana en la Divina Comedia.' It became
the object of a great strife among European scholars . On the one hand the
arabists considering the great impact of Arabic learning on Christian scha-
lasticism found it very plausible that the Italian poet should have borrowed
some features of his poem from Arabic literature. On the other side the spe-
cialists on the Romance languages in Italy and outside pointed to the fact
that similar parallels exist within the Latin literature of the Middle Ages.
And how could Dante take notice of the works of Ibn al-Arabi and al-Ma‘arri’s
Risalat al-ghufran , which were never translated into Latin ? The stale-
mate between the arabists and the Romance scholars seemed to be overcome
in 1949 by Enprico Cerulli who discovered that the mi‘radj - legend was, indeed,
translated into Latin and was regarded even as an important document of
the Muslim creed second after the Qur®an.? But the great specialists on
Dante remained unimpressed, they emphasized that Dante depicted the
prophet of Islam in a very unfavourable way ( Inferno XXVIII, 31 ), how
should he have followed his footsteps on his journey to the other world ??

Unfortunately, a very important remark made by the Russian iranist
Evgeniy E. Bertel’s* in 1938 remained unnoticed in the West. He observed
that the introductory vision of Ibn Sina’s allegoric tale Hayy ibn Yakzan®
resembles to a certain extent the first canto of the Divine Comedy. And here
we are within the framework of philosophy and net of religion, and we know

* Akademie der Wissenschaften, Berlin .
Paper given at the Fourth International Symposium for the History of Arabic Science, Aleppo,
April, 1987 .
1.4th ed., Madrid 1984 ( Arabic translation by Djalal Mazhar, Athdr al - Islam fi’l- Kamidiya °l-
Ilghiya, Cairo 1980 ), cf. id. , Dante y el Islam, Madrid 1927 .
. Il Libro della Scala e la questione delle fonti arabo - spagnole della Divina Commedia , Citta del
Vaticano 1949 .
. Cf. * my review of E. Cerulli , Nuove ricerche sul libro della Scala e la conoscenza dell’ Islam in
Occidente, Citta del Vaticano 1972. In : Deutsches Dante- Jakrbuch 55/56, 1980/81, p. 337-340.
. Avicenna i persidskaya literatura. In: Izvestiya Akademii nauk SSR , otdelenie obshchestvennykh
nauk 1938. p. 80 .
Traités mystiques d’ Abou Ali al-Hosain b. Abdalleh b. Sind, ed. M. A. F. MekLren, ler fasc. : I.°Al-
légorie mystique Hay ben Yaqzan, Leiden 1889 ; cf. A. M. Goichon, Le récit de Hayy ibn Yaqzin
commenté par des textes d’ Avicenne, Paris 1959 .
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Reste enfin une derniére comparaison possible qui concerne la graphie
des chiffres dans les manuscrits des versions latines dont il a été question.
Dans le Monacensis lat . 18927 (Ly) et dans le Vaiicanus Palat. lat. 1393 (LP)
apparaissent des chiffres qualifiés d’ ** indiens ” , qui semblent beaucoup plus
proches des chiffres arabes origiravx que ceux qu'on rcncontre dans les
manuscrits latins habituellement cités qui contiennent les oeuvres les plus
anciennes connues issues de I’arithmétique arabe :'2

17| 35la] 65" [8]9]e
1P FI899v 99

Vatic. Palat. lat. 1393

12345‘678]79 0
O o1 13321416 (2|8 20 T
@ g1 p|w|rfle alvay
o llvelBlslule|7|8 00 =

(1) ” Toletane figure **
(2) ’’ Indice figure >’
(3) ( Tables astronomiques )

On ne peut donc espérer que les textes latins du XIIe siécle suppléent
entiérement i la perte du texte arabe d’al-Khwarizmi. Ils en sont cependant
indéniablement le reflet . Du point de vue historique, ils sont méme irrempla-
cables dans la mesure méme ot élaborés en Occident & une époque ou la science
accusait un retard considérable par rapport aux oeuvres arabes de leur temps,
ils témoignent d’un état ancien de la science arabe qui ne peut étre révélé
autrement .

12. Cfr A. ALLARD, L’époque d’Adélard et les chiffres arabes dans les manuscrits latins d’arithmétique,
dans Adelard of Bath, an English scientist and Arabist of the early twelfth century ( ed. c.
.BURNETT ), The Warburg Institute, Surveys and Texts 14. London, 1987, pp. 37 - 43.
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entiers .° Il en va exactement du contraire pour les fractions et I'extraction
deracine carrée. Ainsi, parmi les quelque 25 exemples qui pourraient étre cités:

DA LY? LA LP : 20 x 2/
DALY LA LP :11, x 11
DA LY LA LP :10": 5

DA LY LA LP : 3/7 x 4/9
DA LY LA LP :31; x 8 3/11

(DA) LY LA LP : v5625

On peut croire dés lors que le texte d’al-Khwirizmi ne comportait pas
d’exemples pour les nombres entiers , mais en décrivait plusieurs lorsqu’il
s’agissait de fractions ou de opération d’extraction de racine carrée, plus
délicate et utile pour I’astronomie. On remarquera de méme qu’aucun texte
ne parle de ’extraction de racine cubique, contrairement & ce qu'on trouve,
par exemple, dans I’ Arithmétique d’al-Uqlidisi .2

Nous estimons cependant qu’un moyen révélateur consiste & comparer
les procédés eux-mémes . La duplication des nombres entiers en fournit un
exemple probant 1

( + caractéristique présente
DUPLICATION - caractéristique abseate )

=

Poser le nombre & doubler dans I’ordre de

ses positions DA _ wy!oy? L‘l'z LA
. Doubler chacune des positions

Poser les unités & la place de chacune des
positions et reporter les dizaines a la
position suivante

Début de P’opération par la droite
Début de I’opération par la gauche
Procéder par addition

Preuve par médiation

Preuve parnent. 000 Pa L r Mo L0 ool e all Do L
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LY constituant le seul texte ol on procéde par addition, on peut consi-
dérer que ’oeuvre originale procédait, en commengant par la gauche du
nombre, de la maniére dont on trouve le reflet fidéle dans DA, LA et LP.

9. Le seul exemple commun est celui de 1.800 divisé par 9 (A. ALLARD, op. cit. , p. 15 ; 120 - 121).
Les exemples sont dans tous les autres cas particuliers & chacune des oeuvres étudiées.

10. A. S. SAIDAN, op. cit. , p. 315 - 327.

11. Cfr A. ALLARD, A Propos d’un algorisme latin de Frankenthal : une méthode de recherche, dans
Janus 65 (1978) , p. 119 - 141 .
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d’arithmétique qui leur sont antérieurs , on ne constate aucune correspondance
ui dans les textes, ni dans les exemples . Il n’est cependant pas interdit de
penser que la publication d’autres arithmétiques arabes des Xe et XIe siécles

éclairerait le question d’un jour nouveau. Dans I’état actuel de la question, on
peut se livrer & quatre types de comparaisons .

La prewmiére comparaison possible vise les textes latins eux - mémes. On
peut Uillustrer dans la multiplication de trois septidmes par quatre neuviémes
olt c’est la legon courte, celle du Dixit Algorizmi (DA), qui sans doute est la plus
proche de la premiére traduction latine perdue :7

>> Ainsi, si tu voulais multiplier 3 septiémes par quatre neuviémes, et si ces septiémes et neu-
viémes étaient en premire position de fractions comme des minutes, tu les multiplierais entre
eux, et ils deviendraient dans leur position dans I’espéce des secondes. Lorsque tu veux les
élever 4 un nombre entier, tu les diviseras par 1’une et ’autre positions qui sont des septiémes
multipliés par des neuviémes . Si autre chose est divisé et résulte de la division, ce sera un
nombre entier, et si on ne peut diviser, ce s-ront des parties de la méme espéce que ce par quoi
tu divises. Et trois septiémes par quatre neuviémes seront 12 parties de 60 trois parties d’un. >’

Le méme type de réflexion peut étre fait a propes de la multiplication
de 114 par 114 , par le biais des fractions sexagésimales ; cette fois, le texte le
plus concis, quoique complet, est celui des versions du Liber Ysagogarum :3

** Si nous voulons multiplier un et un demi par un et un demi, réduisons un et un demi en mi-
nutes, pour faire 90 . Et de méme pour I'autre . Multiplions entre elles ces 90 minutes pour
faire 8.100 secondes, qu’on divise par 60 pour faire des minutes, et par une deuxiéme division
par 60 on obtient 2 degrés et 15 minutes. *’

Il apparait ainsi dans un premier point que le texte de I’arithmétique
arabe d’al-Khwarizmi, comme celui de son Algébre que ’on connait, devait
se limiter a I’énoncé des régles des opérations fondamentales bien connues,
telles qu’on les vetrouve dans les ouvrages postérieurs tant arabes que latins ,
mais 1a sous une forme plus élaborée et illustrée d’exemples .

Si on compare entre eux les exemples d-nnés par les textes latins, on
constate qu’ils ne correspondent pratiquement jamais pour les nombres

7. Quasi uelles multiplicare III septimas in quatuor nouenis, ¢ssentque ille septime et nouene in
prima differentia fractionum quasi minuta, multiplicaresque eas in inuicem, et fierent in sua dif-
ferentia ex genere secundorum. Cumque uolueris eas subleuare ad numerum integrum, diuides
eas per utrasque differentias que sunt septime in nouenis. Quod si aliud diunisum fuerit et exierit
de dinisione, numerus erit integer, et si non poterit diuidi, erunt partes unius eiusdem generis par
quod diuisisti. Eruntque tres septime in quatuor nouenis XII partes ex LX tribus partibus unius.
Cfr A. ALLARD, op. cit. , p. 22.

8. At si unum et dimidium per unum et dimidium multiplicare uoluerimus, unum et dimidium minuta
faciamus et erunt 90; similiter de alio. Que inter se multiplicemus ernntque 8100 secunda, que si
per 60 diuidantur, ad minuta redibunt; que iterum eadem diuisione 2 gradus et 15 minuta erunt.
Cfr A. ALLARD, op. cit. , p. 41 .
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11 est certain d’abord - on peut regretter le fait, mais il est indéniable-
qu’aucune de ces oeuvres ne pevt prétendre étre une traduction exécutée
directement sur le texte arabe d’al-Khwarizmi, pas méme le Dixit Algorizmi,
malgré son incipit particulier qui ressemble au mieux a celui des ouvrages
arabes :

** Al- Khwarizmi a dit : rendens 4 Dieu, notre guide et notre protecteur, de justes hommages
qui lui rendent son di et répandent sa gloire en la faisant s’accroitre. . . >’3

Tous ces ouvrages reflétent au moins une et peut - étre plusieurs traduc-
tions latines perdues qui leur sont antérieures et qui furent exécutées dans
un des centres qui vit naitre les premiéres traductions , soit le sud de I'Italie,
soit plus vraisemblablement I’Espagne. Il est d’ailleurs rare qu’en dehors
de son titre, une oeuvre se réclame d’al-Khwarizmi. Le fait se présente a
deux reprises dans le Liber Alchorismi de Jean de Séville, une fois a propos
de la division des fractions crdinaires , et une fois & propos de la multiplication
des fractions ordinaires, ol on trouve explicitement :

** C’est la méme chose que semble dire al-Khwarizmi & propos de la multiplication et de la
division des nombres entiers et des fractions, lorsqu’il propose. . . ”’4

On pourrait craindre dés lors que ces versions latines, que trois siécles
séparent de leur modéle arabe supposé, soient en fait le reflet d’autres oeuvres
arabes rédigées par les successeurs d’al-Khwarizmi. On songe évidemment, par
exemple, aux Principes de caleul indien (Kitab fi usal hisib al - Hind) de
Kishyar ibn Labban®, ou a ceux d’al - Uqlidisi®, ou encore i I’oeuvre d’al-
Karaji . Si on compare les versions latines du XITe siécle aux ouvrages arabes

3. Dixit Algorizmi - laudes Deo rectori nostro atque defensori dicamus dignas, que et debitum ei
reddant et augendo multiplicentlaudem. .. C{r A. ALLARD, op.cit., p. 1.

4. Hoc idem est illud etiam quod de multiplicatione et diuisione integrorum et fractionum Alcho-
rismus dicere uidetur et si aliter, cum. . . Cfr A. ALLARD, op. cit. , p. 163 .

5. M. LEVEY et M. PETRUCK, Kishydr ibn Labban. Principles of Hindu Reckoning, Madison, 1965.

6. A. S. SAIDAN, The Arithmetic of Al- Uglidisi, Dordrecht, 1978 .



La Diffusion en Occident des Premiéres Oeuvres Latines

Issues de L’Arithmétiqe Perdue d’Al-Khwarizmi

ANDRE ALLARD*

La diffusion dans 1’Occident latin du calcul indien hérité de ’arithmé-
tique arabe et lié par son nom méme d’algorisme ( algorismus ) au premier
auteur arabe, al-Khwarizmi, qui en écrivit les principes, peut étre envisagée
sous plusicurs aspects . On peut s’étonner d’abord de la lenteur de cette dif-
fusion, puisque trois siécles séparent la rédaction arabe aujourd’hui perdue
des plus arciens témoins latins qui en conservent le reflet. Plusicurs causes
peuvent étre envisagées. Certainement d’abord une longue tradition médié-
vale du calcul sur abaque et du calcul digital. Sans doute aussi la difficulté des
rapports entre le monde musulman et le monde chrétien. On peut rappeler la
phrase fameuse d’Ibn Abdiin 2 la fin du XTe siécle a Séville :

*” I ne faut pas vendre des livres de science aux Juifs et aux chrétiens ... parce qu’ils voudrent
traduire ces livres de science ct les attribuer aux leurs ou & leurs clercs, alors qu’il s’agit en
réalité d’ouvrages musulmans. *’1

Au début du Xlle siécle, et pour le plus grand profit de I’Occident
médiéval, la lecon d’Ibn “Abdin ne fut heureusement pas retenue . Toute-
fois , la question des origines mémes de cette connaissance reste complexe.
Avant de tenter un rapprochement quelconque avee I'ouvrage perdu d’al-
Khwarizmi, il fallait d’abord résoudre les problémes posés par les manuscrits
latins , leurs filiations et leurs rapports .2 Contrairement i ce qu’en pensait
généralement . il existe non pas deux ou trois, mais sept traités latins écrits
dans le premier quart du XIlc siécle . Leurs rapports entre eux peuvent étre
schématisés de la maniére suivante :

* F. N. R. S. , University of Louvain, Belgium.

Paper given at the Fourth International Symposium for the History of Arabic Science, Aleppo,
April, 1987 .

1. E. GARCIA GOMEZ, Sevilla a comienzos del siglo XII, Madrid, 1948, p. 173. Texte cité par M-T.
d’ALVERNY, Trenslations and Translators (R. L. BENSON et G. CONSTABLE, Renaissance
and Renewal in the Twelfth Century) , Oxford, 1982, p. 440, ,n. 79.

9. Sous réserve d'une découverte, toujours possible, d’une nouvelle oeuvre latine inconnue, ’étude
des premiers algorismes latins du début du XIIe siécle est aujourd’hui terminée. Les différentes
versions sont en cours de publication - A. ALLARD, 4l-Khwdrizmi. Arithmétique. Les versions
latines du XIlIe siécle, Louvain- Tunis, 1987 .

J.H.A.S. 1991 : Vol 9 : pp. 101 - 105 .
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Tt is still necessary to explain why the authors of the enwd’ genre did rot
lay claim to their synthesis . Why did they insist on reading back the formal
concept of the lunar zodiac into the liminal period before Islam ? Despite
an intense interest in the philology of the anwe’ tradition , there was a general
reluctance to probe into the origin of the anwa . Abii ‘“Ubayd once remarked:
1 asked al-Asma°i about ( the star mijdak ) ., but he did vot say anything
about it and was loathe to see anything good from the anwa’ system. %
Al - Damiri related a similar tale :**

€Abd - al- Hakam relates that when Umar b. Abd - al - “Aziz started from
al - Madinah, there was a man belonging to the tribe of al-Lakhm with him,
who related, ** I looked up and saw the moon in the Fourth Mansion ( i.e.,
Aldebaran), but did not like to tell him so; so I said to him, ”’Do not you see
how beautiful the moon is to - night ! * upon which “Umar looked up at
her (sic) and seeing her in the Fourth Mansion replied,’ As if you waented
to tell me that she is in the Fourth Mansion , but we start neither by the
sun nor by the moon, but by God the only One, the all- powerful .

These two anecdotes suggest that the pagan character of the ¢nwd ’ was so

well known that Muslims were reluctant to refer to them . Thus, it was neces-
sary in describing the anwad’ to cleanse the concept of its pagan association
in order for the anwa’ to be a suitable subject for Islamic scholars .

I submit that the enwad’ were cleansed in two ways . First, the variant
star calendars relating to the periods of rain were unified in the neutral frame
of a lunar zodiac . Second, it was necessary to assert that the practical element
of the anwd’ as a reckoning system ordained by God existed in pre-Islamic
Arabia independent of its use in pagan invocations . The concept was justified
as Arab because it was a harmonization of Arab star lore ; it became distinc-
tively Islamic because the pagan and magical elements were exorcised . As a
result we have only fragmentary information on what stars were in fact enud’
and how the system was used before Islam . To the earliest generation of
Muslim scholars it was not necessary or expedient to describe the anwd’ in
full . As modern historiens of science we are unable to reconstruct the pre-
Islamic usage of the ani:é’ with any precision . Yet there is a value in looking
beyond the concept to the ways in which it has beer formulated and commu-
nicated, for thisis where the distinction between science and folklore must be
drawn .

104. Quoted in al-Marzaqi, 1 : 179 .
105. Al-Damiri, .4d Damiri’s Hayat «l- Hayawan { A Zoological Lexicor ), ( London, 1906 — 1908),
2:248.
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Tt would be tempting to say thai the concept of mandazil al- qamar was
simply borrowed from India and Arabized by incorporating Arabic star
names and lore into it. To say that the lunar zodiac, of which there are many
variants, is not indigenous to tribal Arabia is rot to say that its formal
definition in Arab Islamic scholarship was rot distinctively Ar:b and Islamic.
The lunar zodiac, like the solar zadiac of twelve sigrs, spread throughout a
number of cultures as a coherent frame for defining the cosmos. The idea of
the zodiac was but the skelcton: the features which made the concept distine-
tive were the flesh and blood of Arab star lore .

The concept of anwd” as equivalent to the twenty - eight lunar stations
is both Arab and Islamic . As a scientific concept it came into existence only
when the variations within the eral lore of Arabia were fused to the unifying
frame of a lubar zodiac. The early Islamic scholais, who heiped defive the
direction and components of Islamic science . forged cencepts by cembiring
the legacy of previous scholais in otker cultures with their cwn distinciive
traditions . The folklore was little more then an undifferertizicé mese of
iuformation , a universe of particulais with me sing’e , ccharat fiame of
reference . These scholars approacked the enud’ not as the scientific product
of a certain generation . but an evident truth about the cosmos. As part of a
cosmic scheme deemed to be basic to Islam , the Muslim scholar would kave
expected such a concept to be known to earlier scholars and prophets . Ibn
Majid noted that the prophet Daniel was credited with & book on the manasil
al - gamar and the burdj. Certainly Hermes, the thrice- wise sage of old, or
Seth, the patron patriarch of astronemy , would have known such a concept.
The fact that information collected from the Bedouins and their poetry was
full of contradictions and variant traditions could not invalidate a belief
that the lunar stations were ordained by God as a guide for men .

It is not that early Muslim scholars sought to deliberately mislead;
rather , they participated in a milieu in which science was concerned with the
harmonization of information within an avowedly Islomic framework. In
this respect a scholar like Ibn Qutayba, who was notin fact an astronomer,
wanted to describe the anwd’ without reference to the influence of foreign
philosophy or scholarly astronomy.!®® His goal was to make sense of what
the Bedouin did and this was accomplished not by a critical assessment of
the data but by harmonization. It was assumed that the conflicting informa-
tion was a result of the Bedouins’ ignorance in not seeing the lunar stations
as part of a cosmic scheme set in motion by God and validated by earlier
scholars .

103. Ibn Qutayba, p. 2.
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Science and Folklore

Theissue of the origin of the anwad’ in Arsb traditien highlights a funda-
mental problem in reconstructing the history of scientific concepts. When we
slide back along the scientific scale to reach the ultimate origin of a concept,
eventually we arrive at that liminal and undefined point where science emerges
from mere lore. Unfortunately, it is precisely at this poirt that the evidence
usually eludes us. As historians of science we are reliant for the most part on
texts. Early Muslim authors provided an analysis of the ¢nwa’ and in the
process preserved samples of pre-Islamic poetry and lore. Yet we know almost
nothing about the people who actually used the anwd’ and only fragmentary
glimpses of the use to which they were put.

There is a danger in relying so much on a textual tradition that the
” prehistory ”” of an idea — as it reverberatcd in men’s minds and on their
lips - is not only lost but, by definition, insignificant. The history of the
concept becomes ouly the history of what learned men have recorded about
it for posterity. Equally , it is unwise to rely too heavily on analogy from
contexts we can observe . Ethnographic data on star calendars among Arab
tribes can help us understand if a particular calendar is practical or reievant ,
but we cannot assume it has remained unchanged or is representative for a
similar context some fifteen hundred years earlier.

In this study I have attempted to sift through the variety of conflicting
information and variant records on the anwa’ . There is no reason to doubt
that a system of stars linked with rain and other phenomena was developed
in Arab tradition. However, there is no compelling evidence to think that any
specific Arab tribe or community followed a lunar zodiac of twenty - eight
asterisms . There is in fact no origin for the anwad’ no distant Arab tribesman
who hit upon the idea on a remote, star - lit night in the desert . There were
no doubt many star calendars suited to particular needs, some practical and
others magical . It would also appear that the meaning of the anwd’ was under-

stood as a pagan and unlslamic system, a system that the prophet himself
condemned.

The formal scientific concept of the mandzil al-gamar can be traced
back through the literature , but not to a single, nltimate source . We may
be able to discover the first textual reference Lo the concept , but far too many
works have been lost to be definitive . The evidence is clear thal certain ele-
ments of the Islamic scientific concept of the siations were taken from India
and perbaps from other traditions as well , yet we do not know who was the
first to combine these rlements with the Arab lore .
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auspicious of the anwid’, yet Aldebaran following it is considercd the most
detestable. This cannot be explained in terms of the rain being plentiful du-
ring the setting of the Pleiades but being absent or harmful during Aldeba-
ran. I would suggest that Aldebaran, referred to as mijdas in pre- Islamic
usage, may have figured prominently in pagan rites of divinirg rain.
Al - Marziiqi in fact described it as a star asscciated with rain.®® “Umar ibn
al - Khattab once referred to majadik al - sama’ in a rain invocation (istisqa’) .10
When he was criticized by his fellow Muslims for referring to such a pagan
naw’, he had to justify the use as appropriate and not legitimizing the divi-
nation by the anwa’. If it was so necessary to explain his use of the term, it
must have been because mijdah ( majadih, plural ) was well- known as part
of a pagan rite. When the authors of the anwa’ genre refer to Aldebaran as
detestable, they make a conscious statement about the magical uses to which
this naw’ had been put.

Divining the rain and other weather phenomena would clearly have
been an important part of pre-1slamic cults. Among the pre-Islamic Bedouins,
as among recent Bedouin tribes, knowledge of rain and hence pasture would
have been vital for prosperity. Ibn Qutayba quoted verses concerning the most
favorable times for rainfall.’®* The most favorable time was said to be at
mid-month, i. e. ., the full moon; the first night in which the new mcon is seen
(i. e. , ghurra ) was also considered favorable for rain . Among some Arabs it
was considered to be an inauspicious time to travel when the moon was in
Scorpio ( “agrab ) . This is apparently a reference to the so- called “agarib of
winter as determined by the new moon being seen in Scorpio during the cold
winter months.’®2 While references to fortune and the anwa’ or mandazil
are common, it is often difficult to determine what stems from Arab lore and
what has been borrowed from India and other cultures.

The conclusion is inescapable that the anwa’ refer to a system of rain
invocation that saw the stars as influential in bringing the rain. It would be
wrong to thivk that all pre-Islamic Arabs followed such a system or were
willing to accept it. Yet, it is equally wrong to assume that pre-Islamic Arab
tribes so dependent on the rains would have looked to the stars simply as
markers of when 2 rain might occur. The impression given in the anwad’ genre
is that one can isolate a reckoning system based on twenty - eight anwa’ from
a variety of conflicting and often magical lore on the stars. Thus, the origin
of the anwa’ has been filtered for us by a generation of scholars who were wary
of the magical and unlslamic use of the stars by their pagan ancestors.

99. Ibn Qutayba, p. 37 , recorded a hadith on mijddf as a naw’ for rain.

100. Al-Marziigi, i : 179.

101. Ibn Qutayba, pp. 180 - 182 .

102. For this term, see the discussion in my forthcoming The Medieval Agricultural Almanac. . .
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pagan ervor along with defamation of ancestry ( tan fi al- ansab ) and lamen-
tation ( niydha ) .** The prophet argued that those who said they were rained
upon by a certain star were attributirg the power over rain to the star and
not to God and this had to be condemned in the strongest terms.®? This
echoes a major theme in the Quran that the people of his day had rejected
God and ascribed His power to idols and Nature itself.

Abu “Ubayd said that the Arabs in the Days of Ignorance ( Jahiliya )
would attribute rain or wind to the influence of certain stars, saying ” we
were rained upon by the naw’ of the Pleiades, Aldebaran or simik. * In
his compendium on religions ard sects, Al-Shahrastiani described the anwd’
as a practice of the pre-Islamic Arabs associated with diviners.%* Certain
idols set up in the ka‘ba were in fact prayed to for rain.”’ There is even evi-
denc of a rain cult associated with the sacred geography of the ka‘ba in
which the rain reaching a certain doer would indicate plentiful rain and
fertility for a land asscciated with the location eof that door.’® We are also
told that certain of the stars, including the mandzil, were worshipped before
Islam.%7 .

The anwa’ must be understood first and foremost as a system of divi-
ning rain. The strong condemnation by the prophet suggests that such a sys-
tem of rain invocation had become engrained at Mecca and may have center-
ed on sanctuaries such as the ke“ba . Al-Marziiqi remarked that the anwd’
were also believed to have influence over other aspects of life.”® Some of
the Arabs, he claimed, exceeded proper bounds in their oaths by the anwad’
and attributed events to their influence until they deluded themselves into
thinking that all fortune or inisfortune, good or evil, prefit or loss was accor-
ding to the anivd’. In responding to their use in divining rain, Muhammad was
condemning the wider process of making the stars into ** gods” .

The pre - Islamic poetry which has survived does not describe this ma-
gical use of the arnwa’ . No doubt such verses would have been deemed offen -
sive to the authors of the anwad’ genre. Yet, it is clear that some anwa’ were
considered more favorable than others. The Pleiades was considered the most

9

Pt

. In addition to al-Bukhari and the standard hadith collections. this tradition can be found in Ibn
al-Ajdabi, p. 136 , Ibn Qutayba, p. 14 , Lisan al- Arab (article n-10-") .

92. See Ibn al-Ajdabi, p. 136; Ibn Qutayba, p. 1. ; Abu Ishiq al-Zajjaj in Lisdn al-SArab (article

n-w- ) .

93. Quoted in Lisan al-°Arab (article n-w-’) .

94. Abii al-Fatah Muhammad al-Shahrastini, Kitdb al- Milal wa-al-nahl, (Beirut, 1984) , 2 : 241 .

95. Ibn al-Kalbi in Nabik Faris, The Book of Idols (New Haven, 1952),p.7 .

96. Abl Uthman “Umar al-Jahiz, Kitab al-Hayawdn, (Cairo, 1968) , 3 : 43 .

97. Al-Qalqashandi, p. 452. Cf. the discussion in al-Shahrastani.

98. Al-Marziqi,i: 178 .
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system of agricultural marker stars( ma‘dlim al - zir@e ) which parallels
arbitrerily the twenty - eight lunar staticns.® Eviderce for this calendar is
quite recent, yet certain stars were chosen as markers as early as the 9th
century. The Yemeni sultan, al-Malik al-Ashraf “Umar ibn Yisuf, writing in
the 13th century observed that the anwi’ in Yemen were different from those
of Syria and other areas because the timing of the rains varied accross the
general region . My ethnographic research in a central highlard valley
showed that while most Yemeni farmers know abeut a few mzjor stars, only
a few claim to know the system as a whole. In the valley where I lived there
was in fact no division of the year into discrete units, but rather stars were
chosen to mark only seasons of rain and major agricultural activities. A system
of twenty-eight anwa’ or alunar zodiac would have been irrelevant to the needs
of the farmers.

Much of the discussion on the anwd’ has assumed that the system of
twenty-eight lunar stations was a practical calendar for pastoralists or fer-
mers. To my knowledge the division of an entire year into discrete (and often
equal ) units is arbitrary ard unrelated to a practical context. For most com-
munities it was only necessary to mark periods of local importance. Even
80, most people probably could recognize only a few stars, with certain indi-
viduals having expert knowledge. It is not that pre-lslamic Arab tribesmen
were too ignorant to comprehend a system of twenty- eight anwa’ or mandsil;
it would simply not have been relevant. While certain stars, such as the
Pleiades , Canopus or Sirius, would have been useful markers to a brcad
spectrum cf groups, 1 would argue that a variety of star calendars was to be

feund .

Rain, Fortune and the Anwa’

The anwd’ genre portrays a star calendar of twenty-eight lunar sta-
tions as a basic feature of pre-Islamic iradition. Based on the available lite-
rary evidence and by analogy to ethnographic examples, it must be concluded
that the anwd’, as a system of srars linked with periods of rain, were net simply
an Arab variant of the lunar zodiac. In trying to reconstruct the nature of the
anw@ before Tslam it is important to set aside the claims made by scholars
of the genre and focus on the few fragments ¢f documentation available.

The primary evidence for the interpretuiion of the anwa’ comes from the
tradition literature of the prophet Muhammad. Although there is no reference
te the anwd in the Quran, Muhammad bitterlv criticizcd the enwd’ as a

89. D. M. Varisco, The Adaptive Dynamics of Water Allocation in ai- Ahjur, Yemen Arab Republic,
(Ph. D. dissertation, University of Pennsylvania, 1982), pp. 554 - 576 .

90. I discuss this in my forthcoming , The Medieval Agricultural Almanac of @ Yemeni Sulten,
( Cambridge ) -
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The range of pre-Islamic star calerdars recerded in the anwd’ genre
shows that ro one system of twenty - eight anwa was universzlly recognized.
Turthermore, the seemingly arbitraiy fit between the stations zrd seasons
or rain periods suggests that the Arab tribes were not aware of the full contin-
gent of lunar stations. While reference is made to the conjurction of the moon
and the Pleiades, there is no reference in the poetry or sayings to the general
stationing of the moon in a different asterism cach pight. Firally. i1 is clear
that both the settings and risirgs of certair stars , not always of the lurar
stations, were cited as markers.

The textual evidence is too fragmentary to rcconstruct an actual star
calendar of a given tribe. The early authers of the anwa’ genre were not eth-
nographers faithfully documenting a traditicn of lore ard its variapts. It
is useful, therefore, to look at the types of star calendars actually used by
contemporary Arab tribes. It should be roted that in some cases the tribes-
men may have absorbed elements of the formal concept of mandazil, but such
sophistication is rarely encountered.

Information on the stars linked with rain periods zmong the Rwala
Bedouins was collected early in the century by Alois Musil.?” Musil recorded
that the Bedouins began their year with the rairs associated with the risicg
of Cauopus in October. This was the season of safari and the rain was called
wasm. This is remarkably similar to the Canopus calendar recorded by Ihn
Qutayba. After forty nights the Rwala observed the evening rising of the
Pleiades, followed by the rising of jawza’ (Orion or Gemeni). Both of these
stars were said to reign for twenty-five days each. Winter (shitd’) was heralded
by the evening rising of Sirius aud lasted for forty nights. Simdk was the
star associated with the next fifty days, followed by the spring (sayfi) rains
in mid - April. The four hot months of summer were referred to as gayz and
included uno rain.

The Rwala calendar, which is similar in many respecis to that of the
Sinai Bedouins,? shows that both morning «nd evening risirgs of stars
were cited as markers. The stars used as markers were not limited to the for-
mal lunar stations but were chosen Lecausc theyv coincided with the general
iimits of each season . As the rains were vot of the same duration or timing
every year, nor over a wide area, the seasons and vain periods represented a
general sequence and not a calendar fixing the same date year afier year.

In highlond Yemen the tribal farmers huve leoked to the stars for cen-
turies in merking rain periods and egricultural activities. Ore firds today a

87. Alois Musil, The Manners and Customns of the Rwala Bedouins, (New York, 1928) .
88. Clinton Bailey,’’ Bedouin star- lore in Sinai and the Negev, ' B.S.0.4.8S. , 1974,37 : 580 - 596 .
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when these two conjuncied on the fifth day after the hilal.®* This Pleiades
calendar has survived among tribal groups in Palestire.®? Yemen® and
Afghanistan.®* In Yemen a period of nine months is said to commence
when the moon and the Pleiades «re linked at the nineteenth day after the new
moon in autumn until the Pleiades is said to disappear in April. These months
were referred to by an odd number representing the days elapsed between the
new moen and conjunction in each of them. Although admittedly an approxi-
mate system, the number - months thus formed served te time agricultural
activities and describe the weather.

Finally, a star calendar oriented toward tke pastoral cycle was formula-
ted from the later summer rising of Cercpus ( sukayl). As described by Ibn
Qutayba, the Bedouins first trekked to pasture in August with the dawn rising
of Canopus.® Al - Marzliqi quoted a similar calendar in which this scason is
called safariye.’® By the setting of al - fargh al-muw’akhkhar ( = 27 ) in Septem-
ber most of the herders had left for the pasture. In general the winter rains
and pasture thus produced allowed the Bedouins to remain in the more arid
areas until April and the rising of sharatayn { = 1) . At the dawn rising of the
Pleaides in May most had returned and the last were said to come into the
settlements by June. Al-Marziqgi presented a variant of this calendar according
to five seasons of rain :

Season or Rain Stations

gayz (summer) rising of the Pleiades to rising of Canopus
safariya (autumn) rising of Canopus to rising of simak

shita’ (winter) rising of simak to setting ( wuqi® ) of jabha
dafa’t setting of jabha to setting of sarfa

sayf (spring) setting of Spica to setting of Arcturus ( ca.

forty nights )

The variant recorded by al-Marziigqi combines risings and setiings of
stars, only rome of which are among the twenty eight anacd’.

81. Ibn Qutayba, p. 87
82. Gustav Dalman, Arbeit und Sitte in Palastina (Giitersloh, 1928) , 1 : 23 .

83. Eduard Glaser, ** Der Sternkunde der Siidarabischen Kabylen, ** Sitz. d. Akad. d. Wissenschaften
d. Wien, 1885, 591 : 89 - 99 .

84. Alessandro Bausani, ** Oscervazioni sul sistema calendariale degli Hazara di Afghanistan .
Oriente Moderno, 1974, 54 : 341 - 354 .

85. Ibn Qutayba, p. 96.
86. al- Marziiqi, 1 : 199 .
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The system described here is clearly not a reference to the lunar stations,
but one does find those stars which are cited in the pre-Islamic peetry.

I suggest that the enwa’ system of the Qushayriyin represents a variant
of actual tribal usage and that this system was modified by early Islamic
authors to fit the formal eystem of a lunar zodiac. The basic reference point
in this ard the other variants is the start of the wasmi rains at the naw’ or
setting of two stars in Pegasus commonly referred to as al-fargh al-mu’akh-
khar, foargh al- dahe al- sufla or al-“arquwatan eal- mu’ekhkharatan. The stars
referred 1o are ecither clearly visible or asscciated in their risings and settings
with an important part of the seasonal cycle. As such these anwa’ were not
uscd to delineate the year in discrete calendrical units, but rather to mark
only those seasonal phenomera of relevance.

The sources indicate that certain stars or asterisms were far more im-
portant than others. No star is more famous than the Pleiades (thurayyd),
which was even called najm because it was the star par excellence.”” Accord-
ing to Ibn Qutayba the Bedouins divided the year according to the Novem-
ber setting and May rising of the Pleiades.’® The setting of the Pleiades
marked the time of the wasmi rain . At the risingof the Pleiades the bhot
barih wind blew and dried up pasture. This was the time when the Bedouins
had to return from herding in the desert to settlements with water.

In addition to its rising and setting, the Arabs also noted the timing of
the moon’s conjunction or stationing in the Pleiades. Once a year the new
moon ( hilal ) was seen to conjunct with the Pleiades; this was in April just
before it disappeared from view for about 40 — 50 days. The disappearance
of the Pleiades from view due to effacement from the rays of the sun was
generally considered a bad cmen. Indeed the rising and setting of this star is
commonly associated with diseases in traditional Arab medicire.” The
conjunction of the moon and the Pleiades was taken as an auspicious sign,
especially that with the new moon.8°

The conjunction (from garana rather than nazala) of the moon and the
Pleiades was used as a marker of time by counting the number of days elapsed
between the first of the lunar month ( i. e. the hilal of the mocn ) and the con-
junction. Ibn Qutayba quoted a verse that referred to the arrival of winter

77. Ibn Qutayba, p. 23 ; Ibn Sida, 9 : 9 ; al-Marzigi, 1 : 185 .4l-Najm in the sense of the Pleiades
is the title of a surah in the Holy Quran.

78. Ibn Qutayba, pp. 30, 96 .

79. Al-Suyiti in A. M. Heinen, The Place of al-Suyiifi’s al-Hay’at al-Saniya fi al-Hay’at al-Sunniya
in the History of Arabic Science. (Ph. D. dissertation, Harvard University, 1978) , p. 590 .

80. Ibn Majid, p. 85 .
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This system appears to be a variant of one attributed to Mailik ibn
Anis,” who began the year with the wasmi seasen at one - third of station
= 28 . a reference to the setting rather than the rising .

All of the variants described abcove, to which numerous examples could
be offered for later periods, involve the linkage of seasons with the twenty-
eight anwa’. The system described by Ibn Kurisa and Abt Hanifa al-Dina-
wari, however, must be based on a smaller number of anwa stars. Such a
system was ascribed to the Qushayriyin by Abfi Zayd and Qutrub , two of the
earliest authors of the anwa’ genre.” This system mentions about 13 aste-
risms, some of which are not part of the lunar stations, as the signs fcr six
main periods of rain througkout the year. Furthermore, some of the names
could further be combined to form more common names for the groupings :

Rain Period Anwg’ Comments

wasmi al-“arquwatan 15 days for each star period at wasmi;
al-mu’akhkharatan  this asterism is part of dalw
sharat
thurayya

shatawi jewsza’

dhirian or dhira®

nathra
dafa’s jabha also part of shatawi and some say
part of sayfi
‘awwad not mentioned by some
sarfa pot mentioned by some or perhaps
a separate Season
sayfi simakan 40 day peried
hamim dabaran 20 day period, but said to be no
naw’ at ihis time; scme combiue
hamim with kharif
kharifi nasran Altair and Vega
akhdar

al-“arquwatan al-ilayan

75. Quoted in Ibn al-Ajdabi, pp. 98 - 99 .

76. The system of Aba Zayd is cited in al-Marziiqi, 1 : 198 — 199 and E. W. Lane, 2 : 2861 - 2862.
That of Qutrub can be found in al-Marziiqi, 1 : 198 . A similar calendar attributed to Abi Mansiir
is mentioned in Lisan al-°Arab (article n-w-’) .
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Another attempt to relate the twenty - eight enwad’ to a sequence of
seasons is recorded by al-Aliisi,” although this would appear to be more
recent than those mentioned in the early anwd’ literature. Once again the
calendar begins in auturmn, although this time with the setting of ~ 26, and
the seasons are of irregular length .

Season Apw3d’ Starting Date
badri 26 - 28 IX : 8
wasmi 1 -4 X 17
wali 5 -14 XII:9
ghamir or 15 - 18 1V : 18
mudd

busri or 19 -20 VIi:9
nuffakh (?)

qayz 21 - 23 VII:5

thraq al- hawa 24 - 25 VIIT : 13

The fit here is clearly arbitrary and appears 1o be adapted for the cul-
tivation of dates in Iraq. While this is clearly not a pre-Islamic calendar, it
shows the tendency of scholars to fit indigenous systems into a common
model .

Some variants seek tolink the anwa’ with the merths . Al - Marza-
bani (?)™ divided the year inte six seasons of two months each. This forces
the anwd’ periods to be divided into four and two- thirds stations per season.
It is hard to imagine the start of hamin, for example, in the autumn at two-
thirds of the length of station = 3 (the Pleiades) , especially when the Pleiades
is always asscciated with the later period of ihe wasmsi rain :

Season Statiens ( dawn risings )
wasmi 13 -1/3 of 17

shita’ 2/3 of 17 - 1/3 of 22

rabi® 2/3 of 22 - 26

sayf 27-1/3 of 3

hamim 2/3 of3-1/3 of 8

kharif 2/3 of 8 - 12

73. Al- Alusi, 3 : 235 .
74. Al-Alasi, 3 : 244 . The same system was quoted by al-Qalqashandi, 2 : 415 ~ 416 .
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seasons as defined by the equinoces and solstices were of unequal length;
most were unaware of precession of the equincces.”™

Another way of dividing the year into seasocns without having to frac-
tion the periods of the anwa’ is to have seasons determined primarily by the
weather rather than an equinox or solstice. One variant of this system was
provided by Ibn Kunasa, who claimed it was used by the Bani Mawiya of the
tribe Kalb and the Bani Murra of the Bani Shayban.” The year is divided
into a number of rainy seasons with certain anwa’ apparently added only to
fill in gaps :

Rain or Season Anwad’ Comments

wasmi 26 -3 26 and 27 mentioned ouly as dahe; 28
said to be not used because of importance
of dalw ; 1 referred to as sharaf; 2
referred to as bain or butayn

wali(?)7? 4 -5 4 issaid to be hated as a now’ and 5 is
mentioned only as part of jawza’ (Orion)
shatiya 6-9 6 is said to be not mentioned; 9 men-
tioned as part of asad (Leo)
dafi’iya 10 -11 10 is famous and 11 seldom mentioned
in this form
12 overshadowed by importance of asad
sayf 13 - 17 15 — 17 not mentioned as anwd’
hamim 18 — 19 not mentioned as anuwa’
kharif 20 - 26 20 — 25 not mentioned as anwd’: 20-24
or qayz considered as rain called shamsiya,

while 25 — 26 considered kharifiya

The sequence of rain periods parallels much of the information on
pre - Islamic designation of seasons for rain. The comments of Ibn Kunisa
and his transmitters, however, show conclusively that the fit with the twenty-
eight anwd’ is contrived. The sequence of rain periods associated with certain
stars could have been that of a particular tribe, but the link to the lunar
stations certainly was not. Virtually the same correlation, albeit with minor
variations, was given by Abu Hanifa al-Dinawari .

70. Ibn M3jid, p. 160, wrote : ** The people who make tables and almanacs take this into account, but
ignorant navigators, sailors and bedouin persist in the traditional error and they all reason to
this day that the first of al-Skaratdn is the first of Aries.

71. Quoted in al-Marziigi, 1:199-200.

72. This rain is not mentioned in the passage in al-Marziiqi, but it is in a similar calendar attributed
to Abii Hanifa al-Dinawari in Ibn Sida, 9 : 80 - 81.
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Season Stations Starting Date

rabic

(spring) 1-7 I : 20 (equinox)

_____(cuﬁilf - 814 VI : 23 (solstice)
kharif

(autumn) 15 -21 IX : 24 (equinox)

LIHAE 16 - 28 XTI : 22 (solstice)
(winter)

As Ibn Qutayba observed, this reckoning based on the course of the sun
through the zodiac was not practiced by the Arab tribes. The association of
station = 1 as the beginning of spring refers to its conjoining with the sun
(i. e. , halil al- shams) ; the naw’ at this time would be = 13 .

Having acknowledged that such a model was not indigencus to the
Arab tribes, some authors still proceeded to state an Arab version of this
model. Al-Qalqashandi recorded a variant of the four season model adapted
to the Arab practice of beginnirg the year with the wasmi rain in autumn.
In this each season is arbitarily assigned an equal number of days and linked
with seven anwad’ :%

Season Anw3a’ Comments
safariya 27 -5 contains wasmi rain; some
(autumn) call this season rabi®
el 612
(winter)
- 13 - 19
( spring )
19z 20 — 26
(summer)

Abu Ishaq al-Zajjaj mentioned this system of dividing the year into four
quarters, but he preferred to begin it at III : 20 (i. e. , the vernal equinox)
rather than in autumn. The major problem with this method is the arbitary
fit which would have been of no practical use to any herding or farming com-
munity. A number of the authors in the anwa’ genre ignored the fact that the

69. This is attributed to Abii Hanifa al-Dinawari by Ibn Sida, 9 : 80 .
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stars in Orion, a distinction not mentioned in the pre-Islamic poetry, again
parallels the identification of the fifth station in the Indian systcm. The ast-
rological prognostications besed on the stationirg of the moon in each station
are also taken from India, a fact at times noted by the Islamic authors.

There can be no doubt that the Islamic concept of the manazil consists
of foreign elements, yet a conscious attempt was made to Arabize the system
and to see it as an indigenous tradition of the Arabs. The fact that borrowing
of certain elements 1o refine the concept has occurred does not rule out the pos -
sibility that a lunar zediac was used by the pre-Tslemic Arabs. However,
the evidence for such a zodiac cannot be found in the very literature cited by
early Islamic scholars to prove the linkege of the menanl with the anwd .
The numcrous disagreements and conflicting informsation show that the con-
cept of anicd’ is not to be understood as equivalent to the formal astronomic-
al system of the manazil. The question then arises : what can we learn about
the anwa’ from the literary evidence and star lore ? Setting aside the inter-
pretations provided by the compilers of the genre, what aspects of the anwa’
as a practical star calendar emerge ?

Pre- Islamic Star Calendars

It has been assumed by most Muslim scholars that the pre - Islamic
Arabs developed one major system of the anwa’, which are seen as nearly
identical with the mandzil al-gamar. This assumption is unwarranted based
on the availeble literary cviderce and ethnographic information on star
calepdars among contemporary Bedouin and other Arab tribes. In examining
the anwa® genrc and related sources it beccmes clear that a number of variant
systems veere in use. While many authors tried to harmouize these systems
with the model of twenty-cight lunar stations , the resulting number of major
disagreements indicotes mary Arzbs followed altcrnative models. It may not
be possible to determine the precise star calendars used ir: pre-Islamic Arabia,
but one can distinguish between those calendars related 1o the twenty-eight
anwa’, the anws’ system of the Qushayriyin, the Pleiades calendar and the
Canopus calendar.

If one examines the star calendars linked to twenty-eight anwa’ accor-
ding to the number and sequence of seasons or rain periods, it is evident that
a number of variants are referred to. The classical model of the four seasons
as expressed in the astronemical literature would associate each station with
seven anwd’ , as noted by Ibn Qutayba :6

68. Ibn Qutayba, pp. 100 ff.
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its rain. The presence of these more limited numbers suggests that the dura-
tion of a naw * s tkirteen days is an arbitaty fit rather than a reflection of pre-
Islamic usage.

Another point which calls into question the asscciation of the anua
with the manazil is the lack of references in the poetry and sayings to con-
junctions of the moon and the stations with the rotable exception of the
Pleiades. As will be discussed below, the stationing of the moon in the Pleiades
( thurayyd , == 3 ) was part of a scasonal calendar in pre-Islamic Arabia and
one wlich has survived among contemporary Arab tribespeople. If the mana-
zil constituted an important calendar for the Arabs befere Muhammad and
at his time, why are there so few references in the poetry and other lore to
the moon stationing in these mandzil ? The literature primarily reflects the
risings and settings of the anwa’ at dewn or twilight and not in terms of a
lunar zodiac.

Finally, there is no doubt tlhat certain elements of the Islamic concept
of the manazil were borrewed from the Hindu concept of the lunar zodiac.%
Knowledge of the Junar zodiac may easily have penetrated the peninsula in
the century or so before the prophet Muhammad, since the Sassanians had
earlier adopted the Indian lunar zediac. During the period of conquests,
Arab scholars came into contact with the scientific traditicn of India. By the
2 nd / 8 th century the Hindu Siddhanta, which describes the lunar zodiac,
had been trarslated into Arabic. It was not lorg after this that the earliest
texts in the anwd’ genre began to be compiled . The earliest Islamic astrono-
mers, such as al-Farghani and al- Battani, include the lunar staticns in their
discussions of Islamic astronomy. Abi Ma®shar would have been aware of
the hemerological use of the stations in Indian astrology.’

A comparison of the manadzil el- gamar with the Indian lunar zodiac,
usually referred to as a system of naksatras, does not show a simple one- to-
one correspondence. The main element borrowed from the Indians was the
division of the manazil into equal units of arc; thus, the staticns became a
scientific coordinate system rather than marking the locations of actual
stars. The choice of sharatayn clearly parallels the start of the Indian system
with asvini, the identical asterism. The distinction of hag®e as three specific

66. Cf. Colcbrooke; jean Filliozat,”” L'Inde et les échanges scientifiques dans Pantiquité. ** Cahiers
d’Histoire Mondiale, 1953, 1 : 1 : 357 ; Nallino, 5 : 180 - 181 ; Pellat, p. 523 ; Louis Pierre Sedil-
lot, Matériaux pour servir & Uhistoire comparée des sciences mathématiques chez les Grees et les
Orientaux, (Paris, 1849) , 2 : 475 .

67. Abu Ma“shar is attributed with an enwd’ text which was translated into Latin. Cf. R. Y. Ebied
and M. J. L. Young, >’ A Treatise on hemerology ascribed to Ga‘far al-Sadiq, ** Arabica, 1976,
23 :298.
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and al-Qadiri mentioned a now’ of the shepherd (raz);® both of these are
said to be known to sailors, but the reference is clearly much later than the
pre-Islamic usage.

The idea of the lunar zodiac as formalized in the mandzil al-gamer pre-
supposes knowledge of the solar zodiac. Al-Siifi argued that the Arabs did
not use the twelve signs of the zodiac, although they did have the lunar
zodiac.** The system of manasil. however, assumes that the first station
begins at the start of the Ram and the vernal equinox. Indeed, one of the
reasons cited for the meaning of sharafayn ( = 1) is that it was the first of
the stations and thus a sign or marker (sharat) . Yet, the Arabs did not begin
the year according to the equinox or solstice, but with the start of the rains
in autumn ( rabi®), particularly the wasmi rain which was considered the first
rain of the year in many sources.® The astronomical concept of the mandzil
thus is linked to the solar zodiac, which is clearly not an indigenous concept
on the peninsula .

The classical model of the four seasons, where each season is defined ac-
cording to the solar zodiac, is also linked to the stations, but the fit is arbitrary.
Only in the case of sharatayn does the beginning of a season coincide with the
start of the thirteen - day period represented by a lunar station. For the ast-
ronomers, however, each season was linked with seven staticus, although the
scasons themselves were not of equal length. Since the pre - Islamic Arabs
did not use the four - season model articulated in Islamic science, the fit of the
mandzil to these stations necessarily involves a tampering with the concept
of enwa’ as employed by earlier Arabs.

In describing the system of anwa’, thereis a disagreement over the
number of days attributed to a star’s naw’ .** Some assumed that the naw’
referred to the entire period of thirteen days. The major anwa’ texts, however,
also record the length of each naw’ between 1 — 7 days in the sense that this
represented the time of its influence. The latter usage associates the naw’
not with the simple process of a star’s setting, but rather with a more limited
time of the influence of such a setting. These lengths can hardly refer only
to rain, since for several of the anwa’ there could not possibly be rain. No
satisfactory reason is given for the limited number of days assigned to each
naw’. A higher number is not necessarily associated with a new’ famous for

62. Al-Qadiri, f. 10 r.

63. Al-Sufi, p. 11.

64. Ibn al-Ajdabi, p. 100 ; Ibn Qutayba, pp. 103, 121 ; al-Marziiqi, 1 : 186 ; Shariha ibn al-Sayyid
in al-Aldsi, 3 : 244. For a discussion of the wasmi rain and other pre-Islamic rain periods, see my
»* The Rain periods in pre-Islamic Arabia, ** Arabica, (forthcoming) .

65. Ibn Qutayba,p. 9 ; Ibn al-Ajdabi, p. 136 .
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eavesdropped on the conversation of angels. yet another interpretation
was given by Ibn M3jid, who claimed the phrase was only used for sharafayn
since from this first station the longitude of other stars was measured .%
‘While the first explanaticn seems the most plausible, it hardly proves that a
full lunar zodiac of twenty-eight asterisms was referred to.

In examining the literary evidence recorded in the anwa’ genre, ore does
not find a single reference to a system of twenty-eight lunar stations. Indeed,
the authors of the anwa’ genre admitted that a number of the lunar stations
were not mentioned in the poetry or only mentioned as part of a larger aste-
rism. In his discussion of each of the lunar staticns, Ibn Qutayba found that
several statiens ( = 2,4, 13,20 ) were not mentioned in the older poetry,
several were only mentioned as part of a larger grouping of stars (=5, 6,
7,11,12 ) and for some ( = 15, 21, 23 , 28) no poetry is in fact cited . Ihn
Kunisa argued that some stations, such as bain al-hit (= 28) , were not men-
tioned because they were overcome by the importance of a station preceding
or following.’® Ibn Sida noted that zuband, iklil, qalb and shawla ( = 16,
17 , 18 , 19) were usually referred to simply as “egrab of which they were a
part.”” Similarly, hag®e and han‘a were known as jawszd’ ( Orion and part
of Gemeni) in the poetry. Ibn Majid quoted a line of poetry on the fame of
the Pleiades, Orion, Spica and Arcturus( simakdn ) and Sirius (mirzam); the
other stars, he explained, were of little use®.

While not all of the so-called anwa’ are to be found in the pre-Islamic
poetry, some stars which are not part of the lunar zodiac are mentioned as
anwd’. Some of these are asterisms in which the moon is said to periodically
station when it deviates from the usual course , suche as khiba’ instead of
al-simdk al-a“zal( = 14) or Spica. Ibn Qutayba quoted a verse in which shi‘ra
is referrred to as a new’ .% Shi‘rd iscommonly used as the term for Sirius,
the brightest star in the sky, but Ibn Qutayba rejected this identification in
this case because Sirius is not one of the lunar stations. However, he ncted
that the naw’ could be attributed to Sirius in conjunction with oue of the
lunar stations. The rising of Sirius in summer was in fact associated with a
barih wind and the coming of the heat. Although Cancpus (sukayl) is not iden-
tified as a naw’, its rising in late summer is marked in many areas as a time
of rain .® Ibn al-Ajdabi noted a naw’ of the forty witnesses ( arba®in shahid)®

54. Ibn Qutayba, p. 5; E. W. Lane. 1 : 30.

55. Tbn Majid, p. 80 .

56. Quoted in al-Marzigi., I + 199 .

37. Ibn Sida, 9 : 14..

8. Ibn Majid, p. 85 .

59. Ibn Qutayba, p. 91 .

60. Cf. Tbn al-Ajdabi, p. 173. In Yemen Canopus is a marker of the summer rains.
61. Ibn al-Ajdabi, p. 152 .

35
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which has been interpreted as follows : He it is W ho has made the sun a source
of light and the moon shedding luzive, and ordained for it stages, thai you might
learn the meilod of calculating the years and deiermining time. .

The second veference is in surch Ydsin (36 : 39) : We have appointed
stages fer the moon, till it wanes inte the shape of an old vry branch of @ paln
tree. Most of the authors of the anid’ genre, as well as Quranic commentators,
take the reference to menazil (translated here us stages) as meaning the twenty-
eight lunar staticrs.® Al- Zamakhshari, for example, provides the meanirg
as the manazil al-qamar which are =:id to be equivalent to the anwa’ of the
Arabs.

A closer reading of the two passages, however, brings into question the
identification with the formal lurar zodiac. Ibn Kathir in his commentary
preferred to define manazil as referricg to the phases of the mccu in its
waxing and waning.’? The passage in surah Yisin is clearly concerned
with the moon’s phases in describing the moon as reaching the stage of an
old palm branch (‘urjan). The idea of phases also makes mcre sense because
these determined the lunarmonth se important in Islamic timekecping.
Observation of the moon entering the stations did not i fact define the time
of the month, since the new moon weuld appear in a different station cach
month. While the lunar stations could be used for reckoning the year vis-a-
vis their risings or settings with the sun, the sidereal circuit ¢f the moon in
some twenty-seven and one-third days was not a basis for the calendar in
Islam. This Quranic usage should Le seen as an echo of the biklical tradition,
where God is said to have appointed the moon and sun for marking sezsons
(e g .Genesis 1 : 14, Psalm 104 : 19 ). In Hebrew as wcll as Islamic cosme-
logy the phases of the moen were the basis of the calendar, not the lunar
zodiac.

A second line of evidence is lexical. One fir:ds in some of the pre-Islamic
poetry the phrase nujim el-akhdh, which is defined as the moon taking up
( akhadha fi ) its place in a station.’® Abfi “Amr and al - Shaybani explained
the use cof akhdh hereas the stationing of the muon in cne of its staticns
(nuzidl al - gqarar manzilih). There is, however, disegreement on this usage.
Some have mentioned this as a vefcrence to certain stars cast at devils who

50. The Koran (INew York. 1971), Muhammad Zafrulla Khan. translator. Mandzil is also translated
as ”” vtages *" by N. T. Dawood (Middlesex, Penguin Book:. 1968) . Arberry translates the term
as *’ stativns

. Amony the authors who interpret this as a reference to the lunar stations are : Abi Hanifa al-
Dinawariin Ibr Sida, 9 : 79 ; Ibn Qutayba, pp, 16 — 17 ; al-Marztqi, 1 : 184 - 185; al-Qalqashandi,
2 :372; Shamr in Lisdn al-° Arab (article n-1-"); al-Zamakhshari, al-Kashshaf, 2 : 023, 3 : 323.

52. Ibn Kathir, Mukhtasar tafsir Ibn Kathir, (Beirut, A.H. 1399) , 2 . 184 ,3 : 123,

53. Abu “Ubayda ir al-Marzigi, 1 : 185 .

w
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Ibn Qutayba explained the meaning of the saying in terms of the season in
the pastoral cycle. This stetion rises at the beginning of May as pasture
begins 1o dry up and the nomads are forced to return to permanent water
sources and larger encampments. As the smaller herding units come together
it is a time to meet obligatiors, such as the paying of debts. They drcss in
finery because they are meeting old friends. Similarly, it is the time to wear
perfume and to seck out smiths to restore implements used during the year.
Abii Ishaq al- zajjij in his anwa’ text noted that pasture dries up hecause
of the end of the spring rains. At this time the barley harvest was over and
the wheat harvest commences in Iraq.

When one examines the collection of sayings as a whole it becomes
clear that it is not relevant to a particular tribal greup practicing pastoral-
ism or agriculture. Rather, the references seem te sum up a variety of econom-
ic and ecological contexts on the peninsula . If cne looks culy at the poetry
relating to the enwa’, the focus is almost entirely en rainfall asscciated with
their risings and settings. At the very least the literary evidence assembled
in the anwad’ genre is ambiguous. All of this prompts one tc questicn whether
Arab tribesmen used a lunar zodiac as defined for the iwenty-eight enwd’
or if the nature of the anwad’ must be found in an indigenous calendar relating
to the risings and settings of certain stars ?

Anwd as Mandazil al-Qamar : the Evidence

The belief that the formal sci of twenty- eight lunar stations was part
of indigenous Arab star Jore is held by virtually all of the early authors on the
anwd’ genre. It must be remembered that this was a time when concepts of
a given time were cften seen as universal truths evident since the beginning
of creation. It is not surprising that a work on the lunar statiors is attributed
to the prophet Daniel® of Israel end knowledge of this system is ascribed
to the legendary sage Hermes. Sincere Muslims at this time wewld have had
no problem in associating a concept such as the zediac with Adam’s son Seth,
the patriarchal patron of ster-gazing, rer to Adam himself.

Apart from the belief in the general validity ¢f ccemic truths, one of
which the lutar zodice weuld have been, these early scholars collected poetry,
sayings ard lexical infecrmation which they saw as supporting their views.
What then is the mzjor evidence in support of pre-Islumic usage of the
luner zediac in Arab tradition ?

The chief support comes from two references to manézil in Quranic
passages describing the mourn. The first reference is in surah Yanus (10 : 6),

49. Tbn Majid, p. 73 .
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the north side of the ka®ba, thus linking it to the sacred geography of
Islamic belief in the kaba as the center of the cosmos. Ibn Sida zdded that
it could have been named because it picks up dust as it blows.“® If barik
originally meant the wind appearing at the rising of certain stars, then by ana-
logy rain may have originally meant the rain appearing at the setting of
certain stars.

According to the anwa’ texts, each naw’ came to he associated with a
thirteen- day pericd that occurred the same time each year in relation to the
seasons. In this sense the anwa’ served as a kind of almanac in which each
pericd of a naw’ would be known for certain meteorolegicel phencmena,
pastoral or agricultural activities and events in nature. The primary literary
source for information ¢n this almanac lore is ike collection of rhymed sayings
for each of the twenty-eight stations, as well as a few other important stars
such as Sirius and Cancpus. These sayings, which invariably begin with
the word idha, were interpreted by Fahd as parallel 10 an Akkadian form in
Assyro - Babylonian presages.* The implication is that this type cf saying
has a long and widespread history in the region. While it is usually assumed
that the sayings are part of an earlier pre-Islumic Arab tradition, there is no
evidence that the sayings for all twenty-eight anwa’ were in fact pre-Islamic.
It would have been relatively easy to copy the form in order to arrive at a
saying for the full complement of manazil al-gemai. One finds a number of
variations in the texts as well as numerous errors which were introduced by
later copyists and authors.

An example of the kind of information provided in these sayings can
be taken for the rising of bufayn (station = 2 ), as related by Ibn Qutayba:*

When butayn rises,
debts are paid,
finery appears,
the perfumer and the smith are pursued.
( idha talaa al-butayn
uqtudiyu al-dayn
wa-zahera al-zayn
wa-uqtufi bi-al- attar wa-al-qayn )
46. Ibn Sida, 9 - 13 .

47. Toufic Fahd, La Divination Arabe, (Paris, 1966), p. 413.
48. Tbn Qutayba, p. 21.
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early Islamic poetry.’ A verse guoted by Ibn Qutayba refers to the naw’
of rabi®, clearly a reference to the rabi® rain in the wider cuntext of the verse.®
The sense of rain is further implied in the form isten’ewé al-wasmi ( they
expected the wasm:i-rain) . The use of new’ for rain is corumon in 2 number
of dislects fcr the Arabian Peninsula and North Africa.®’ The lexical
sources also indicate that naw’ could refer to the herb:ge produced by rain.

The linkage between naw’ and rain is clear, despite the dcbate over the
origin of ihe term. Ibn al-A°r3bi said that it cannet be a naw’ unless there
is rain with it; if there is no rain with it, it is not 2 naw’ ( ld yakin naw’ hatta
yekin maah mater wa-illi fa-la naw’ ).** Shamr observed that the Arabs
did not expect rain at the risings or settings of al} stars, but only with the
anwd’.® Further, the reference to the enwid’ in the tradition literature
clearly associates these with rain in a magical sense. Al-Zamakhshari even
noted that the pre-Islamic goddess Manat, menticned in surch al-najm
(53 : 21), may be derived from people who scught rain from her while looking
for her blessing ; mand’t being in this case the mafcala form of naw’*.

It is possible that the term naw’ was not originally related to the sense
of ng'a as recorded in the lexicons. While there is no evidence of the term
naw’ in the pre-Islamic dialects of Arabic or earlier Semitic usage, it may
have been associated with rain s part of an ecarlier magical rite of rain jnvo-
caticn or simply s a term for rain. In this respeci it is interesting to note
the usage of naw’ and barik in theformal system of mendazil al-gamar as
representing the dawn setting and dawn rising respectively of a star. Ibn
Qutayba mentioned that rain and cold were associated with the settings of
certain stars, while heat and wind were linked to the risings of certain stars.*
Thus, in the poetry we find that at the setting of jawzd (Oricr) comes the
winter rain and at its rising six months later comes the summer heat. The
term barih, which came to be associated with the rising of a station , was
originally a term for wind, particularly the hot summer wind . One of the
possible derivaticns of this meaning is that this wind comes from (tabrahu)

39. Landberg, 3 : 2830 ; Nallino, 5 : 189

49. Iba Qutayba, p. 111.

41. For Dathina in Iadramawt .see Landberg, 3 : 2830 : for Dhofar.see T. II. Johnstone
Jibbali Lexicon ( Oxford, 1981 ), p. 198 whexrc naw’ is referred to as a dark raincloud; for Nortk
Africa, sec Mohamed Ben Hadji Serradj,’” 1”Automne ct Phiver chez les fcllahs Azailis, Institu.
des Belles- Lettres Arabes ( Tunic ), 1953, 16 : 311, and H. P. J. Renaud, Le Calendrier d'ib
al-Banid' de Marrakech, (Paris,1248), p. 4. note 2. C. Pellat, _fnwd’. §.523 claimed that the senst
of rain wa: a later n=age, but it is attested in the curliest sources.

42. Quoted in Lisdn al- “Arab (article n-w-") .

43. Quoted in Lisdn al-°Arab (article n-w-’) .

44. al-Zamakhshari. 41-Kashshaf, 4 : 30 .

45. Ibn Qutayba, pp. 88 - 89 .
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discussion of the term. Ibn Manziir recorded that new’ was so-called because
it referred to the star risitg in the east and then noted that cthers linked
it to the setting.®

A number of scholars cffered irgenicus selvticrs ta 1he ccntreversy, but
these appear to be contrived. Ibn Kur dsa said that the naw’ appeared or rese
up as the star itself set.*? In this cese the rew’ docs mot refer to the
movement of the star but rather to its influerice. Abt Ishiaq al-Zajjzj claimed
that the verb na’a referred to rising with difficulty zs theugh it was inclined
to set.” The key to this explanation is the sense of na’a bi «l-piml. explained
by al-Zamakhshari as male bi ila al-sugat ( it ivrclined me to a seiting ).3*
An example of this is a woman with Luttecks so large tkat they cause her
to rise with great difficulty as though she would sit dewn 2t 2ny moment. In
this sense it is a rising ccostrained to go dcwn zgain. This fits 1ke sense of
yani'u used in surah al-qasas (28 : 76) as to be a heavy burden so ithat something
is so burdened that it is inclined downward ( idhd athqalah haita amalal ).
Lane has suggested an interesting figurative use of the term here as rising
and setting stars which appear to have been nearly overcome by the glimmer
of dawn.?® One could perhaps speculate that the light was seen as burden-
ing the movement of the star, but such a view cannot be decumented in
the lexical sources.

It is importaut to stress the fact that these early compilers of lexical
works , who had far more information c¢n dialect usage than we can recon-
struct today, were not in agreement on the crigin of the term. This cenfusion
is alsc evident in later sources. Ibrn Majid. for example, wicte that ¥
” Some say naw’ iwaes its culmination, some its middle position, some its most
easterly position, some its most westerly position, some make it a rising position.
Some say it is when it appears at dawn and some when it appears in ile twilight”.

In a vsriant interpretation, Mu’arrij claimed that naw’ referred to the
rain at the setting of a star because the rain ” rose ”’ (nalhada) zs the star set,
but that by extension naw’ came to mean the setting star itself .* The
identification of naw’ as rein or a time of rain is found in the pre-Islamic and

31, Lisdn al-SArab (article n-w-") .

32. Quoted in Ibn Qutayba, p. 2.

33. Sec iy forthcoming ** The Anwg’ stars. . .
54, al-Zamakhshari, .4sds, p. 475.

35. al-Zamakhshari, Al-Kashshdf, (Beirut, N. 5.}, 3 . 190 .
36.12. W. Lage, 2 : 2861 .

37. Ibn Majid, p. 79 .

38. Quoted in al-Marziigi, 1 : 184,

s’
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Anwd’

The term anwd ( naw’. singular ) is well attested in the earlicst lexical
sources, although there arc significant differc nces of opinion on itsmeaning.??
The primary scose =dvocated by the anthors of the anwa’ genre is an astre-
nomical definition of naw’ as the cosmical settivg of orc of the twenty - eight
mangzil al-gamar. One finds a number of variations of this definition, vhich
Tbn Qutavba expressed as follows:26 the setting of an asterism {rem ihe lunar
stations to the west at dawv and simultaneous risirg of ancther ( esterism: )
opposite it to the east ( sugit al - najm minka fi ol - maghrib maa al - fojr
wa - tula® akhar yugabiluh min sa@atih fial - moshrig) . It is important to stress
that although the naw’ is attributed to the setting star, this is irvariably
placed in opposition to an apposite siar risicg ot the ssme time. The term
naw’ is never used for the setting of  star perce, butisrestrictec tc a certair
set of stars centering or the menazil al-qamar.

Abii Hauifa further refined the meaning of naw’ @s the first setting
attained in the early morning before the stars arelost from view in thelight
of dawn ( awwel suqit yadrukuh fi al- afaq bi- cl - ghadat qabl inmihag
al-kawakib bi - daw’ al- subk ). Thus, the naw’ refers to the intervel of timein
the early morning between the dawn ( fajr ) and the sun’s actual rising (tuli®).

As the lexicographers themselves ncted, the sense ol naw’ as asetting
appears to contradict the more commen vsage stemmirg from the root
n-w-> as a rising (nuhid or tuli®). Aba “Ubayd argued that the meaning of
setting was only applied to naw’ in reference to the lunar stations.? Several
scholars suggested that in fact the original sense of naw’ was for the rising,
but it was later changed by the Arabs to refer to the setting.’® Ibn Qutayba
recognized that both senses were to be fcund in the lere, althcugh he thought
the idea of setting to be more common and justified by the usage of the verbal
form in the Quran (surah al-qagas 28 : 27 ).2® At one point in his extended

9
2

13

For lexical discuszions of the term anwd’ . see : Carlo Landberg, Glossaire Datinois (Leiden, 1942),

3 : 2829 — 2830 ; Carlo Nallino, Raccolta di Seritti Editi e Inediti. (Rome, 1944), 5 . 184 — 136 ;

E. W. Lane, 2 : 2860 — 2861. C. Pcllat. 4nua’. The Encyclopaedia of Islan® (Leiden, 1369), new

edition, 1: 523 errs in defining the naw’ as an acronychal setting, which would refer to the evenirg

setting, rather than a cosmical setiing.

26. Iba Qutayba. p. 6.

27. Quoted in Licdn al-°4rab (article n-w-") , Ibn Sida, 9 : 13, aud Abd “Ali Ahmad al-Marziqi, Kitab
al- Azminae wa-al-amkina, (Hyderabad. 1914), 1 180 .

28. Quoted iu Lisdn cl-°Arab (article n-w-") .

29. Mubarrad in Mahmad Shiakri al-Aldsi, Buligh al-arab fi ehwal al-°Arab, ( Baghdad, 1882) 3 :
270, and Ibn al-Ajdabi, p. 134.

30. Ibn Qutayba, pp. 7-8 .
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through Latin translations of Arabic texts into the West.!”? In addition
to this progroesticative aspect, the form of cach, station in an arrangement
of dots was adopted into geomantic magic.2°

As many of the Muslim authors Lave noted, there is a compelling ma-
gical anra about the number of stations in the context of Islamic cosmology.
The most cbvious conncetion is with the twenty-eight letters of the Arabic
alphabet. As the letters are distinguished aslight (nar), for the fourteen which
begin surahs in the Quran, and dark (zulma), for the letters which do not, so
there are fourteen visible and fourteen hidden stations.? Similarly, fourteen
letters are formed with dots (i. e., mangat) and associated with inauspicious
stations, while fourtcen are formed without dots and are associated with
the auspicious stations.?” The number 28 happens to be a perfect number
in the Pythagorean sense, i. e., it is equal to the sum of its parts (28 = 14
or a half + 7 or a fourth + 4 or a seventh + 2 or a fourtecenth + 1 or a
twenty — eighth ). It alsc equals the cosmic sum of the 7 planets, 9 spkcres
(aflak) and 12 zodiacal houses (burij) or the preduct of the four elements
(earth, wind, water, fire) and the seven planets. Not least, 28 is an important
sum in Jabir’s magic square of the nine primary numbers.

In sum, the manazil al - gamar represented for the Muslim both a
practical astronomical concept for time reckoning and establishing coor-
dinates for navigation, and a magical astrological concept for divining the
fates in a cosmic order perceived to be set in motion by God Himsclf. One
finds inzumerable charts and discussions in manuscripts, including references
to the risings and settings in Arab almanacs. When the Arabic concept dif-
fused into medievsl Europe, it was only the astrological use which persisted.
References to the lunar stations, usually hopelessly garbled, are even found
in the occult literature cf the present day. Some believe, despite the lack of
historical evidence, that the concept of the lunar stations was shared by a
wide range of early civilizatiors and extended back into the hoezry mists of
man’s earliest history.

I3

19. See Heltmut Ritter and Martin Plessuer, ** Picatrix. >’ Das Zcil des Weisen von Pseudo-Magriti,
(Londen, 1962)

2. Savage-Smith, Emilie and M. B. Smith, Islamic Gesmancy and a Thirteenth-Century Divinatory
Device, (Malibu, Calif,. 1980) , pp. 32 - 33.

21. Dawad ibn “Umar al-Antaki, Tadhkirat il el-albdb, (Brirut, 1952), 2 : 97

22. “Abd al-Qadir ibn Mahmad al-Nabatiti al-Qadiri, Risdla fi tawqi®at ayydm al-sana al-Suryaniya,
(ms. Mustafa Fadil Migat, 108, Dar al-Kutub, Cairo, ca. 1640 A. D.) , f. 2v.

93. The numerical significance of the statiors is discussed by the Ikkwin al-Safa.

24. Cf. Lynn Thorndike, History of Magic and Experimental Science,(New York, 1923 ),1 : 712 - 171,
2:112-115.
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longer period of time, moreover, more days would be lost due to preccssion
of the equinoces. It is also true that the timing of risings will differ for dif-
ferent regions, as noted by early Islamic scholsrs such as Ibn Qutayba.’
As an approximate rersenc] reckoning system, as cpposed to a long - term
calendar, the thirtcen-day periods represented by the stations could serve
for fixing the timing of metrorclogical phevomena. pastoral movements,
cycles of planis sand avimals, and agricultural activities. It is in fact this
sense of the stations us a seasonal almapac that wasasscciated by Muslim
scholars with the anwa’ of pre-Islamic Arabia.

As a system of coordinates the lunar stations appear to have been
important to ravigators. Many of the twenty-eight stations, however, were
too small or insignificant to bother observing. Thus, it was the coordinate
as a scgment of arc that was valued. The author of one of the major medieval
ravigational treatises, Ibn Mdjid, described the relevance of the lunar sta-
tions as determinants for sailing.!® The concept of the twenty - eight sta-
tions was combined with a system of 32 rhumbs commonly employed on
ships sailing the Indian ocean. The stations would also be located on the
astrolabe. Once again the approximate nature of the statious as coordinates
must be stressed. As Ibn Mgjid versified?’

These stars and rhumbs with the Arabs
Are only approximate . Oh my captain
If you set course exactly on them

in a narrow place , then you will have difficulty.

In addition to the astronomical use of the stations as coordinates for
time reckoning or navigation, the mandzil al-gamar were of great importance
in the astrological literature. One firds hemerological references to auspi-
cious cr inauspicious times for events or tasks when the moon enters a specific
station.'* When the moon stations in the Pleiades, for example, it is app-
ropriate to travel, to enter into the presence of rulers with petitions, for
purchase of slave girls, for commerce and a variety of other activities, A
woman who becomes pregnant at this time willhaveaboy who will be good
looking, tall in stature, with wide shoulders, brave, generous ard one who
likes people. This tradition wat borrowed from India and was transmitted

15. Ibn Qutayba,p. 9-11.

16. Ahmad ibn Majid, Kitab al- Fawad’id fi usil al-bahr wa-al-qgawa’id , translated by G. R. Tibbetts,
Arab Navigaticn in the Indian Ocean before the Coming of the Portuguese (London, 1971 ) , PP
79-120.

17. Ibn Majid, p. 75.

18. For divining by the stations, see Ikhwan al-Safa, Rasa’il Ikhwan al- Safa, (Beirut, 1957 ), 4 :
427 ff.
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Figure 1. Observations of the Mandzil

mid-heaven
a : A2 a1

!
‘

settings

will be the first station seen to set in the evening. Thus the main coordinates
in the system are fixed at the beginning of daytime and the beginning of
nighttime.

Referring again to figure 1, it is possible to see how the risings and
settings of the stations can be used as a reckoning system for time at night.
If one observes the station rising at the beginning of the evening, it is ob-
vious that it will reach mid-heaven in six hours and set in twelve hours. To
be more exact in an approximate system , one and one-sixth stations will
rise every hour of the night, or a2 new station will rise every 6/7 of an hour.
In this manner, weather permitting, the stations cen represent a sky clock
once areference point has been established. As the astronomers noted, this
is only an spproximatec system, but it could serve well in an age before our

modern clock.

The twenty-eight stations can also be viewed as a seasonal reckoning
system when plotted against the rising of the sun. Each station was said to
rise at dawn for a period of thirteen days, with the exception of one period
of fourteen days in order to round out a year of 365 days ( 27 stations X< 13
days + 14 days). Once again one finds an approximate system, since a day
will be lost every four years due te ignoring the leap year. Over a much
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Table 1. The Arabic Mandzil al-Qamar**

Number Name Identification Date of Setting
1 sharatayn BY Arietis X:19
2 butayn edn Arietis X :31
3 thurayya Pleiades XI : 11
4 daberan o Taurus XTI :24
5 hag®a AQ'p" Orionis XII:17
6 han‘a v¢€ Geminorum XII : 20
7 dhira® ap Geminorum I:2
8 nathra ey8 Cancri I:15
9 tarf x Cancri , A Leonis I:28
10 jabha Ce Leonis II : 10
11 zubra 36 Leonis 1I : 23
12 sarfa g Leonis nr : 7
13 Cawrwad Bnyde Virginis IIT : 20
14 simak « Virginis IV : 3
15 ghafr wi Virginis v : 17
16 zubdna ap Librae IV : 30
17 iklil 837 Scorpii V:13
18 qalb o Scorpii VvV :26
19 shawla My Scorpii VI:9
20 natd’im optlyden Sagittarii VI : 23
21 balda (vacant space) VII : 6
22 sa’d al-dhabih of Capricorni VII : 19
23 sa°d bula® pe Aquarii VIII : 1
24 sad al-su‘ad ¢’ Capricorni, Bl Aquarii VIII : 14
25 se°d al-akhbiya ynly Aquarii VIII : 27
26 al-fargh al-muqgaddam «f Pegasi IX : 10
27 al-fargk al-mu’akhkhar 8y Pegasi IX : 23
28 batn al-hat g Andrvomedae X:6

14. The identification is taken from P. Kunitzsch, Unter-suchungen sur Ster %l der Araber,

(Wiesbaden, 1961). The dates are taken from the anwa’ text of Abui Ishaq al-Zajjaj. The number-
ing here is the standard order of the stations and will serve as a reference for further discussion

in this paper.
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of the solar zodiac. For the astronomer each zodiacal sign covered two and
one - third stations, commencing with skarafeyn, the so-called two horns of
the Ram ( hainal) . The cheice of sharatayn as the first of the statioms, as
noted by the astronomer °Abd al-Rahman al-Sifi, was due to the Ram
being the traditicnal ctarting peirt of the zadiacal year .2 In fzct the cor-
respondence between the stations and each zodiaczl sign is zot cxact, even
though the gencial sequence is similar. The second station, tuiayn, is indeed
part of the Ram, while the third station, the Pleizdes (thvrayyd), is not part
of the zodiac although it is in the vicinity of the Bull (thaus). The fourih
station , Aldebaran, is part of the Bull, but the follcwing statici is actually
in Orion . The further correlatict between the stations and the zodiacal
signs can be seen in table 1, where the staticns are identified.

Some astronomers sought to delineate the precise amount of space oc-
cupied by each asterism, but this results in a series of staticns of unequal
lengths. The most common division paralleled the system of the solar zadiac
in which each station was defined as «n equal amcunt ¢f arc zleng the woon’s
course. Thus, starting from the first of the Ram each of the twenty-eighi sta-
tions comprised 120 51° ( i. e., 360° + 28 ). As & system of equal units the
twenty-eight stations resulted in a coordinate system useful for time reck-
oning and in navigation. Seme Islamic scholars noted that the position of the
station as a coordinate could be helpful in determining the gibla, although
practical examples of this are limited.

The concept of tke lunar zodiac implies that on any given night the
moon will appear to station or conjoin with one of the twenty-eight stations.
Regardless of the position cf the moon, however, observation of the risings
and settings of the stations at night fecused on certain key positiens in their
use as a coordinate system. This can best be illustrated by reference to the
ideal horizon shown in figure 1. By definition, fourteen cr half of the twenty-
eight lunar stations would be visible at any given time at night. Those visible
were often referred to as gahira ., while the stations beneath the horizon were
known as jdfiya . If station == 1 in the figure represcnts the station which
rises at dawn ( i. e. , manzila al-fajr or tali® al- fajr ), this would represent
the Iast station visible before the sun zppears above the horizon. Stations
~2 and = 3 will be obscured by the sun as they rise i turn; = 3 is referred
to as manzila al-shems because it is in this station that the sun arrives (i. e.,
talil al-sheams ) at dawn . Assuming an ideal twelve-hour day, the station
which will rise at the beginnirg of evening (fali® awwal al-layl) is = 15 ; this
is the same station which sets at dawn as = 1 rises at dawn. The station lo-
cated at mid -heaven at the beginning of evening will be =~ 8 , while = 1

13. Abit al-Husayn “Abd al-Rahman al-Sofi, Kitab Suwar al-kawdkib, (Hyderabad, 1954), p. 142 .
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the frmament ( falak ).* While the lexical sources include much information
on the stars identified as menasil, there is no precise explanation for the origin
of the term. One can surmise that the sense of manzil or mansila refers
literally to a place of alighting ( mawdi® al-nuzil ) in the course of a journey.®
As the menzilis where a wen and his meunt stop for the night, so it is where
the mcon comes to rest at night. Trerslation of the Arabic texm manzil should
be as *’ station ” or ”* stage ”’ in English, zs suggested long ago by Sir William
Jones.!® The term ”> mansion ”” . which is commonly found in the literature,
is misleading ond reflects a later Arabic usage of manzil as a dwelling.
Perhaps the tendercy to see the monzil as a mansion is due to the translation
of Lerj (in reference to the solzr zodiac ) as a house.’? If indced the system
of manazil al- gamar is to be zssociated with tribesmen, the original sense
must have been that of where the moon zlights. The verbal form yanzilu
in this context can best be trarslated as “’to station > . This is evidenced by
the common cxpression yvehullt al-gamor bi-al-manzil ( the moon arrives at
the station).

The fully develeped system of menazil al-gemar in Islamic astronomy
refers to a lunar zediac, 2Jthergh it clesely parallels the solar zediz e of twelve
signs. On any given night, regardless of the moon’s phase, it appears to
station (yenzilu) in the zrea of the sky occupied by a star or group of stars.
After its revoluiion of about iwenty- sever and one- third days, the mcon
more or less follows the same course again. Thus, the cheice of twenty- eight
stations represented by stars is a result of repcated chservaiions of the
moon’s circuit. It is rot an arbitrary or fanciful division of the Leavens .
Such a systewn is admitted’'y approximste, since the stars are net evenly spaced
and at times the moon alters course. As a practical star calendar the lunar
zodiac could have been developed by any cnlture, yet it is clear that not
every culture found it useful or significant.

Although not all of the asterisms recognized as lunar stations were
from zodiacal constellations, th<y represent to a large extent an expansion

8. Al- zamakhshari, Asds al-baldgha ( Beirat, 1982 ), p. 453. Cf. E. W. Lane, dn Arabic- English
Lexicon , (Cambridge, 1984), 1 : 1289 .

9. Ibn Sida as quoted in Lisan al-°Arab (article n-z-1 ). The definition of mandzil as the lunar stations
is not in fact discussed by the author of Lisdn al- “Arab under the article. While manzil is the
ccmmon singular form, the form manzila is also found.

106. William Jones, p. 304. In German this would be Mondstationen (plural) and in Italian stazioni

lunare .

11. In German the plural is Mondhauser; in French, mansions lunairés; in Latin, mansiones lunae.
W. M. O’Neil, Time and the Calendar (Sydney, 1975), p. 53 mistakingly cclls these *’ the inns of
the moon. ”” .

12. The parallel meaning of burj and manzil was poirted out by al-Qalqashandi, Subh al-a°shd
figina“at al-insha’ (Cairo, 1913 f), 2 : 372.
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Manazil al-Qamars

Islamic astronomy dealt with the theoretical and the practical. It is
the theoretical focus that engages the attention of most historians of science,
particulerly these interested in the relation of the Arabic sciences to the
scientific traditions of neighboring cultures. Yet it is the practical side of
astronomy, as well as ustrology, that appears over and over again in the
bulk of surviving manuscripts. While a few scholars pondered astronomy for
its own sake , most were more concerned with practical matters of time
reckoning, determining coordinates in navigaiion, fixing the location of the
qibla and deciphering one’s faie. In this sense the heavens were approached
as a map, a guide for accomplishing given tasks, rather than an object of
scientific curiosity .

One of the more practical concepts in Islamic astronomy and astrology
is the idea cf the zediac. The sclar zediac , with the sun ceursitg through the
twelve signs, had become almost a universal frame of reference by the begin-
ning of the Islamic era. Many of the same stars in the zodiacal constellations
could also be plotted along the monthly course of the moon. Thus, the system
of lunar stations ( menazil al-qamar ) comprised the round of stars in which
the moon stationed each night of its sidereal revolution of about twenty-
seven and one-third days. It is important to remember thut the concept of
a lunar zodiac refers only to the revolution of the mcon vis-3-vis the sky
and has no direct relation to the phases from new mcon to new moon.®
It was the latter which was the basis for the lunar calendar elaborated in
Islam.

The origin of the term meanazil in reference to stars along the moon’s
course is obscure.” Many commentaters have argued that this usage is
intended in the Quranic passages of surah yasin (36 : 39 ) and surah Yinus
(10 : 5). In these passages mandazil refers to the place through which the moon
glides (yasbaju), just as one finds reference to the sun gliding or passing along

5. There is no complete, up-to-date study of the mandzil al-gumar. The discussion by J. Ruska in
The Encyclopaedia of Islam (first edition, Leiden, 1936) , 5 : 232 is inadequate . For example,
al-“awwa’ is misspelled as al-sawwa’. I am at present compiling a survey of the stations in a work
to be entitled : Anwa’ and Mandzil. The Lunar Stations in 4rab Tradition.

6. Paul Kunitzsch, 4rabische Sternnamen in Europa (Wiesbaden, 1959), p. 33, erred in noting that
the lunar stations pertain to the synoptic month based on the phases.

7. Tritz Hommel, *’Uber den Ursprung und das Alter der arabischen Sternnamen und insbesonderea
der Mondstationen, ”* Z. D. M. G. , 1891, 45 : 608 claimed that the term manzil was derived from
the Akkadian and was in uze by the pre-Islamic Arabs. However, the line of poetry he quotes to
prove his point refers to nazil, a term for abundant rain and not for the stations. Hommel and
others also related manzil to the Hebrew muzzaloth or mazzaroth in Job. I have not encountered
use of the term manzil to refer to a star or asterism in the pre-Islamic poetry.
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a practice condemned by the prophet Muhammad as pagan. The stars as-
sociated with periods of rain came to be known as enwa’ ( new’ , singular).
During the first three ceuturics of the Islamic era a literary genre on the
anwd flourished.® This genre described the pre-Islamic folklcre about the
stars as reflected in the peetry and thymed sayirgs of the Arabs. Although
different beliefs and usages were noted, the scholarly consensus held that
the formal manézil al-gamar were equivalent to the anwa’ of tribal Arabia®,

in this paper I assess the evidence for and against the identification of
the cnwa’ as equivalent to the manazil al- gamar or lurar zediac. The bulk
of the evidence, primarily that selccted by authors of the enuad’ genre, is
literary and lexical. There is also a matter of exegesis, since the term manazil
occurs in the Holy Quran and the term naw’ in the traditions of the prophet
Muhammad. The sclution to the problem, however, cannct be drawn from
the textual evidence alone. It is necesscry to show how certain Arab tribes
use star calendars as described in the ethnographic literature. Regardless of
what is claimed for the pre-Islamic Arabs , is it reasonable to consider the
lunar zodize as a practical star calendar for Arab tribesmen ?

In seeking to determine the origin of the enwa’ it is important to dis-
tinguish between the virious interpretations reflected in the folklore and the
scientific concept adopted for Islamic astronomy and astrology. This raises
a methodological problem for reconstructing the history of scientific concepts.
How do we recognize the point at which an idea from the vast array of a
culiure’s accumulated lore becomes scientific ? Perhaps it is more accurate
to ask : At what point are we villing to recognize an idea as being tcientific?
This problem is even more acute in approaching the Islamic sciences, because
most historians appreach the subject from an admittedly biased, Western
viewpoint. In looking at the ways in which early Muslim scholers dealt with
the anwa’, 1 argue that the equation of the anita@” with the lunar zodiac was
a decidedly Arab and Islamic act of scholarship. The earliest Muslim scholars
were not simply describing a system of reckoning fourd in their folklore. They
in fact created the concept by placing a myriad of cenflicting information
into a legitimate, coherent frame.

3. The anwd’ texts are listed by Fuat Sezyin, Geschichte der Arabischen Schrifitums, (Leiden, 1979) ,
7 : 322 - 370. Among the major published texts are; Ibn Qutayba, Kitab al- Anwad’ , (Hyderabad,
195€); Ibn al- Ajdabi, Kitcb al- {zmina wa-al-anwa@’ , ( Damascus, 1964 ) ; Abu Ishaq al-Zajjaj,
Kitab al-Anwa’ , abridged in Ab Mansir Mawhib al-Jawaliqi, Shark edab al-katib, ( Cairo, 1350),
pp. 175 181, and translated in D.M. Varisco, *’ The Anwa ’ stavs accordingto Abda Ishag
al-Zajjaj, ’* forthcoming.

Almost all the authors make this link. Cf. Aba “Ubayd and Shamr in Lisdn al-°Arab (article n-w-");
Abii Hanifa al-Dinawari in I1bn Sida, kitab al- Mukhassas, (Beirut, 1965),9 : 79 ; Ibn al- Ajdabi, p.
134 ; Tbn Qutayba, p. 16.
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The Origin of the ANWA’ in Arab Tradition
On the distinction between science And folklore

DanieL MarTiN Varisco*

One of the standard meodes in Islamic astronomy for dividing the
heavens intc discrete reckoning units is the cencept of twenty-eight lun.r
stations (menazil al-gamar) , which constitute a lunar zodiac. The origin of
the lunar zodiac, whick was present in both Irdia and China as early as the
second millennium B. C. E. , has not been determined despite a spirited
debate among schelars in the 19th and early 20th centuries.? It is clear
that the lutar zediac was not part of Babylonian, Assyrian or Greek science;
nor is it found in the early Hermetic sources. While Ptolemy, for example,
was well versed in the twelve signs of the solar zodiac, he did not mention
the lunar stations. Similerly, there is no reference to the lunar zodiac in
the biblical rarratives or ancient Hebrew cosmolegy.

The earliest evidence for the system of twenty-eight lunar staticns in
Semitic tradition comes from early Muslim scholars, such as Ibn Qutayba,
who claimed that this system was part of the meteorological lore of pre-
Islamic, tribal Arabia . The pre-Islamic Araks regarded certain stars or
asterisms? as seasonal markers of rain, wind, heat or cold . Some went so
far as to attribute the power over rain ard similar rhenomena to the stars,

* American Institute of Yemeni Studies

‘Westburg New York, USA.

Paper given at the Fourth International Symposium for the History of Arabic Science, Aleppo

April, 1987 .
1. The debate was mainly directed at whether the Chinese or Indian system was oldest. A review of
many of the ideas proposed can be found in Friedrich Karl Ginzel, Handbuch der Mathematischer
und Technischen Chronologie (Leipzig. 1906 ), 1 : 70 — 77, and William Whitney, *’ On the views
of Biot and Weber respecting the relations of the Hindu and Chinese systems of asterisms,”” J. 4.
0.S.,1864,8 : 1 -94. See also the arguments made by William Jones, >’ On the antiquity of the
Indian zcdiack, ** Asiatic Researches, 1790, 2 : 239 — 306 ; H. T. Colebrooke, 1807, ” On the Indian
and Arabian divisions of the zodiac, *” Asiatic Researches, 1807, 9 : 323 — 376 , Max Miller, Cn
Ancient Hindu Astronemy and Chronology (Oxford, 1862); Jean - Baptiste Biot, Etudes sur I'astro-
nomie Indienne et sur I’astronomie Chinois, (Paris, 1862); Leopold ce Saussure, ’” La symétrie du
zodiaque lunaire asiatique, ” J. A. , 1919, 11th series, 14 : 141 - 148 .
The term asterism is more appropriate than star or constellation, since most of the stations are
pairs or small groups of stars. Cf. W. D. Whitney, ’* Reply to the sirictures of Prof. Weber upon
an essay respecting the asterismal system of the Hindus, Arabs, and Chinese, " J. 4. 0. S. , 1865,
9 :388.

o

J.H.A.S.1991 : Vol 9 : pp. 69 - 100 .
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cotg 700 45/ = 0.349216 ; cotg 710 = 0.344328 ;
arc cotg 0.348504 being 70°47.11.6.

These values are very near to the results given by al-Birini .
A table with an interval of I’ yields

tg 700 47" = 2.86891 ; tg 700 48 = 2.87161 ; arc tg 2.86940 = 70°.47.10.41
cotg 700 47 = 0.348563 ; cotg 700 48’ = 0.348237 and then arc cotg 0.348504

is 700 47. 10. 40, and we see that both values should again lead to the eleven
seconds .

The final results of al-Birfini computing with tg and cotg show defi-
nitely the use of a table with an interval of 15, a > ptolemaic table . The
great difference then found in 700.47.9 and 700.47.12 is ther in accordance
with the given results, which al-BirGni could never have obtained from a
table with a smaller interval.

By this analysis we have shown that the use of the tangens function
causes difficulties, because of the not being allowed of linear interpolation
with tables of an interval of 15’. The conclusion must be that sticking to the
sine values and not using tables of tangents has NOT been a drawback for
the Greeks, and that people like al-Birtini , computing really very accura-
tely, met indeed with this difficvity in having different results . . lineer in-
terpolation not being allowed. . in certain intervals.

Al- Birtni obtained the best results possible with the tcols he had
available - just the ptolemaic tools in trigonometry . ., and that the > efforts
in trigonometry ’ were in the ’ Islamic Period *’ not concerned with ** theo-
retical problems ” but only with the numerical precision, the search for
computational schemes causing the least possible errer . In fact al-Birini
obtained the same accuracy as still about 1900 AD in the then used text
books could be arrived at. Only the modern simple electronic pocket com-
puter working at 10 decimal places eliminates all these *’ptolemaic-islamic”
problems . This caused the disappearapce of trigonometry - plane as well
as spherical - but for one simple relation, & cosive rule.

For people like ul-Birini belds true Schiaparelli’s statement, that the
greatest praise a scientist can obtain is that with the toeols available in his
period ke obtaired the best possible results. His first method for the qgibla
can be simplified frcm numecrical degree 17 to degree 7. . . but even modern
mathematicians did not yet see that D. A. Kirg’s qucted scheme can still
pwmerically be simplified from degree 9 to degree 7.
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and hiz rounding off leads to tg ¢ = 172.9.50 = 60 times 2.869398148
His value for the cotangers follows from

cotg Q = 536.6.0 / 25.38.17 = 60 . (8.56.6 / 25.38.17) —
= 20.91032211 — 60 times 0.348505369

The rounded value 20.54.37 is 60 times 0.348504630
The more precisely taken values for the quotients, which should in their
product evidently lead to 3600 are

172.9.49.35.29 and 20.54.37.9.34, product 3599.999999 in decimals.
Al-Birini’s rounded off values give 3599.994741 and divided by 60 the value
0.999998539, instead of the evident 1.0€0000000. There remains an accu-
racy of at mest six decimal places.

The quantity 8.56.6 should be at least 8.56.8. the ten place decimal
values lead then to

g Q = 2.869217857 = tg 700.78517274
cotg Q = 0.348537038 = cotg 70°. 78517271
the product of the two values being 1.000000000, and in sexagesimal degrees
Q = 700 46’ 6 37" 18
The round values obtained by al-Birtini lead to

tg 0 = 172.9.50 / 60 = 2.86938148 —
— tg 700 . 78629155 = tg 700 . 47" . 10 . 38"

cotg Q = 20.54.36 / 60 = 0.348504630 =
= cotg 70° . 78631755 Y, cotg 700 . 47" . 10~ . 44"

which results should both be 70° 47’ 11" at two sexagesimal fractional parts,
equal to al-Biruni’s result for the cotg, but more than the 70°.47.9 obtained
from the tangent .

If, however, we use a > ptolemaic table”™. with an interval of 15 we
would find at five decimal places by division
tg 700 45 = 2.86356 ; tg 71° = 2.90421 ;
arc tg 2.86940 = 700 . 47.9.17

and
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We showed above that by introducing by tg M = sin o the degree
of numerical difficulty can be reduced to 7.

§ 5. Analysis of the numericel computation by al - Biriini

In the Appendices I, 11, III we show the computations according to
the first, second and third method.

To the first method we remark that suddenly a discrepancy between the
two place values and the value of al - Birini occurs : 36.46.48 instead of
36.47.7. This caused instead of a hightly correct result, which only differs in
00.0.0.20.45 from the ten place value in decimals al-Biriini’s result of
70° 48.14, somewhat more than 1’ too great. In order to show the influence of
the rounding off’s to two sexagesimal parts we ccmputed in the last column
also the decimal value of the rounded off values.

To the second method we have in the first four columns the ten place
decimal, four place sexagesimal and the two place rounded off values, parallel
to al-Birini’s data given. Again here a suddenly arising discrepancy 6.14.40
instead of 6.14.36. Not a very great discrepancy seemingly , but having its
repercussions. The rounded value would have led to 70°. 47.7 , and the last
columns, giving al-Birfini’s result shows 700.47.13, about 8" too great. In the
line with the quantity h = 1 — g we see the value 8.56.8 coming to 8.56.6
with al-Birdni.

To the third method the table makes clear how al-Birini carried over the
too great result 6.14.40 from the second method’s computation, and alse
that instead of the more precise value 8.56.8 he gives his former value
6.56.6. In the fifth column till the third values from below everything is
then correctly computed. , and then suddenly the suqare root is given as
27.8.41. What was caused by the transfer of the deviating values wculd bave
led to the final result of 700.47.13 , as with the second method. The last three
values in the most right column below the wrong square root 27.8.41 lead
to the result then obtained 700.49.14, a deviation of mere than two minutes.

§ 6. The tengens and cotangens with al-Birtini

A few remarks on al-Birtini’s results in the application of the tg and
cotg. He computes the tangent of the qibla from

tg Q = 1538.17 / 8.56.6 = 60 . (25.38 .17 / 8.56.6 ) =
= 172.1637754 = 60 times 2.869396257 ,
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The third formula used (G. M indicating the latitudes of Ghazna and
Mecca ond the difference in longitude ) reads - leaving out the unnecessary

*”* detour 7 {1 —sinvers (90° —G + M)} = sin (G — M) -
{sin(G—M) —(1 —cost)cos M.sinG }* 4 (sint. cos M)?
which is the same value as
{cost.ers M .sin G —cos G.sin M }* 4 (cos M)* —(cos . cos M)? =
(cost.cos M.sin G)? + (cos G.sin M)? —2 cost.ces M .sin M. cos G . sin G
+ (cos M)? —(cos t . cos M)? =

=1-—(sin M .sin G - cos M . cos G.cott)? =1 —(cos u)? = (sin u)’

The second formula reads

[{cos(G-—M)[cosG—(1 -—cost)cos M }sin G —sin M/ ces GJ?
+ (sint . cos M)?

which makes evident, that for complete equivalence one should have
[cos (G — M) —(1 —cost)cos Mces G]sin G —sin M =
= [sin(G —M) —(1 —cos t) cos M sin G Jcos G.

Here the terms with 1 — cos t cancel and there remains the evident
cos (G— M) . sin G —sin (G — M).cos G = sin M.

The three different formulas are by simple goniometric relations shown to
be equivalent, and leading to the first cos u. The only difference is the degree
of numerical difficulty .

The first used relation can be derived by
coigQ =sing/ tgh =sin{p —G) /tgt.sinp =
= (sinp.cos G—cosp.sinG )/ tgisinp

which is

(cosG.cost —cotgp.sinG.cost) [sint,

and leads to
(cos G .cost—tg M .sinG) [sint,

which is the relaticn used by D. A. King , as stated above . The degree of
numerical difficulty in this way is 9.
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He did not consider both ., supplementary, values of b possible. Perhaps
al-Birtini knew that ¢ acute requires h acute in an orthogonal triangle. Then

cos p =ccs a [cos h
gives p uniquely and thus ¢ = p — b is determined. Finally
cos u = cos h cos g
provides the distance Ghazna - Mecca, and from that by the sine rule
sin Q =sint.cos M /sinu
yields the value of Q. This computational scheme has a degree of difficulty 17.

Using only uniquely determinirg relaticns —the cemputation of b is
then not necessary — gives less sources of errors

tg p = cos t. tg a yields directly p, then ¢ = p —b, and finally
cos g.cosa/ cosp = cos u . A scheme of degree of difficulty 12.

Next to this al-Birdini gives two other methods, only operating with
sine functions and at last applies also tg and cotg relaticns. He obtained in
this way from the same data five different final values :

70048’ 15" ; 70047/ 13" ; 70049’ 16" ; 70047’ 9* ; 70° 47* 11",

In fact 1" isin 7 time difference ’’ one fifteenth of a second, 1 /54000
of an hour. Again, a qibla for religious purpcses has no need of a precision
better than 10', Ptolemy’s limit for measurement of angles, correspending
to 40 sec. of time.

The problem is purely geographical, and al-Birfini gave first the systema-
tical spherical trigonometrical solution. Then he derives two other rela-
tions, and refers to analoguous relations as * the triangle of time >, the
arc of daylight”. . which do NOT mean that astronomy is involved by any
phenomenon. The fact that al- Biréini computed sin Q for the gibla from a
rectangled triangle . . of which tg ¢ and cot @ could be obtained directly,
without computation of the hypctenusa, by one division , makes it plau-
sible that at first al - Biréini wished te avoid the tangents and considers the
last two functions more as a check for the tangens and cotangens function.

He leaves out the proof that these latter two formulas obtaired are
equivalent with the first one. We add here the simple proof for that!
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For further reference we compute the qibla of Ghazna, mention made
of the fact that taking M as exactly 210 40’ the decimal value of
= 230470790951 and the value for the difference in longitude of Mecca and

Ghazna as 27° 24’ 22"

G = 330 35° = 33.58333333
t 270 22° 24" = 217.37333333

I

60.95666666 + sin + 0.874252791
6.21000000 — sin + 0.108172866
G = 33.58333333
= 23.40790950
10.17542383 — sin 4+ 0.176662568
56.99124283 + sin — 0.838587315

0.320500910 +
2sint = 0919573054

cot Q = 0.348532298
Q = 70°0.784903%4 =

(sin Q = 0.944289689 ) 70047539715
§ 4. The gibla computations of al-Biriini

In a first and direct method al-Birfini computest (fig. 7)

sin h = sin a . sin ¢

8. Jamil Ali, Al- Birini's Tahdid al-Amékin, Beirut, 1957; E. S. Kennedy .
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There is, having at disposal Ptolemy’s reduction in the Almagest
1, 13 — 16 NO THEORETICAL PROBLEM in spherical trigonometry. The
only problem which remains is TO OVERCOME NUMERICAL DIFFICUL-
TIES in solving problems. THESE were leading to the ”” jungle of formulas”
and still about 1900 AD- as can easily be shown checking results given in
former textbooks, where problems to elucidate the situations are solved
leading to errors of 5" and more in results which were estimated as exact to
the seconds. These difficulties were not mastered until the small electronic
desk computers arose : mno difficulty any more in multiplication, division,
having logarithms or exponentials, sines . . at ten places exact. . . just by
pushing a button. One must be still careful for the last digits: the rounding
off at ten places might even affect the result of a. b. c. when calculated by
a. c. b. For the difficult tangens function one can obtain different first and last
numbers in ¢ -» tg @ -> arc tg .

Remains to remark that even the sailors, having to compute their
first * course * used — a ready for logarithmic computation formula — :

cotg C = tg b, . cos b, cosec L —sin b, . cotg L

where b, and b, are the latitudes of the place of depart and the destination
and L is the difference in longitude. This asks to look for five values of loga-
rithms (adding and subtracting are not counted !) — three multiplications
for non- logarithmic schemes coming to these — and two antilogarithms to
have the value of cotg C, which being found from a table of cotg gives numer-
ical difficulty 8, and if one works via logcotg a numerical difficulty 9.

If one substitutes cosec L = 1/sin L, cotg L = cos L/sin L one comes
to take the denominator sin L and the formula for the supplement of the
course, the QIBLA , becomes taking by = G ,b, = M and L =1¢,

cotgQ = (sinG. cos t —tg M cos G) [sint.

This is the same formula as used by D. A. King, loc, cit. in the Encyclopaedia
of Islam. We have here a numerical difficulty 9, as above. Observing that the
latitude of Mecca is a ”* world constant >’ one can reduce the numerical diffi-
culty by introducing an angle @ such that

tg M = sin w .
The reduction to

cotg Q = sin (G + t) + sin (G —¢) + sin (G — ) —5in (G + w) / 2sint

is then possible and makes the degree of numerical difficulty 7 .
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P

i. e. the place at distance ¢, to the west of Ghazna’s meridian or the place at
distance ¢, to the east, and at the same latitude of Mecca, 21° 40’. NOTHING
of the former checking of » possible or inadmissible ** results remains in this
way’. (fig. 6.).

7. Q in fig. 6 is the supplement of the gibla of Ghazna. The ** paradoxal result °’ is caused by the
fact that a place can be reached on the sphere travelling a distance a° forwards or 306°-a® back-
wards. Taking the gibla of Ghazna 1800~ Q for M one reaches M after having travelled a distance
of 260 . ., and M’ at distance 280° . . , i. e. travelling backwards with gibla Q over 79°. .. The
conventions on spherical triangles eliminate a negative angle or side, as well as an angle or side
greater than 180°. The traveller shall reject to go more than half of a great circle of the earth
for his destination. This last is, however, an extra ccendition, which does not follow {from the
definiton of the gibla. The choice is then be made by the acceptance of the difference in longitude!
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and substitute (6) into (7) . Then reducing by a factor sin @ 7 0 is possible and
we arrive at

sina.sinb =sinc .cos B 4 sinb.cosa.cosy.

Applying the sine rule and interchanging, a. b and « ,  leads to

sin @ . cos b =siny.cos 3 4 sin B. cos y.cos a (8)
sin B.cosa = sin y.cos @ + sin « . sin y.cos b 9)

and substituting (8) into (9), a division by sin y 7 0 is possible and leads to

sin B .sin Y .cosa —cos B.cos y = cos « .

§ 3. Numerical considerations

The cases I, I', IT , II’ are solved by the cosine rules : three sides lead
directly to the cosines of the three angles; twe sides and an angle, to a third
side, and mutatis mutandis two angles and one side to a third angle in the
cases 11 , II’. .. and thus reduce all problems to I, I‘. In fact there remained
three types. . and the sets II1, I11” are , using the sine rule equivalent to two
sets of the type(a . b, a, B).

In the last period of spherical trigonometry this case was sclved by
considering many possibilities, kavirg vecd a sire 1ule. All 1hese troubles can
be avoided by sclving one goniometric equation fcr the third side , cr the
third angle! As this remark is not to be found in many of the fcrmerly used text-
books; we give an example. It reduces the problem of the sailor who wished
to determine his destinatjon from the course given at the harbour of depart
for an other. . . which is the reverse of the problem of the qibla!. .. In order
to treat case III we ask for the possible positions of Mecca, latitude 21° 40’
if the gibla is (decimally) 70°. 78490394 and the latitude of Ghazna is 33°¢ 35"
We have (fig. 5)

sin M = sin G . cos ¢ —cos G .sin ¢. cos Q, or
0.369206147 = 0.553149239 cos ¢ — 0.274180233 sin ¢

tge = 0.553149230 / 0.274180223 = 2.017465859 — tg 63° , 63370345

I

sin (@ —c¢) 0.369266147 / (0.553149239? + 0.2741802232)%
= 0.598028115 = sin 36°.72880193 = sin 143°.27119807
and thus

= 26090490152 , ¢, = — 79°.63749455

8
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a. A plane perpendicular to OC at C makes the angle v visible , accord-
ing to Euclid’s definition 6 in Book XII. Then we have by plane geometry

AB*= 0424 OB* —20A .0B .cosc = AC* 4 BC* —2 AC. BC. cos v,

and replacing in Euclid IT, 12, 13 the *’ rectangles to be added or subtracted”
using the cosine for the projection we apply the theorem of Pythagoras to

OC?* + AC.BC.cosY =0A.0B .cosc
yielding cosc =cosa.cosb -+ sina.sinb.cosy.

b. If one makes visible the three angles, again using Euclids definition 6,
Book XII one has to take a point inside all dihedral angles given, P, and to
fall the perpendiculars on the sides of the trihedral,say 0. A BC. Thenitis evident
that the sides of the trihedral P. 4’ B’ C' are the supplements of the angles
of 0. ABC, and the angles are the supplements of the sides of 0. ABC. The
” polar trihedral ” is a mere evidence. The Arabs caused® themselves great
troubles in working ON the sphere and not using ONLY the last two points
a, b. The reducing of one type of the cosine rules to the other consists in merely
changing the signs of the cos, and keeping the sines with the same sign.

For sake of completeness we add that from one set of cosine rules -
just as in plane trigoncmetry — all other relations follow merely algebrai-
cally. After having seen what was obtained in the section a.. there is no need
to consider the ’ polar trihedral ”’, nor polar triangles .

A. cosa =cosb.cosc --sinb.sinc.cos Y, thus
(sina . sin b. cos y)> = (sin a . sin b)2 —(cos @ —cos b . cos ¢)? = S2.
Here S? = 1 —(cos a)? —(cos b)>* —(cos ¢)®> + 2 cos a . cos b. cos . c,

and this is invariant under permutation of @ , b , ¢ . Thus, as in the square
root we have to take always the positive sign, as all sines are positive :

sin o /sina = sin B /sin b = sin y / sin ¢ ; SINE - rule.
B. We take two out of the three cosine rules
cosa =cosb.cosc. + sinb.sinc.cos a (6)

cos b=cosc.cosa +sinc.sina. cos B (7)

6. vide N. G. Khayretdinova, Ist. mat. issl. , 28, 154 — 159 .
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c=p+4q
or eventually a difference. Then

cosa/cosp =cosh =cosb/ cosgq,
and immediately follows

cosa(cosc.cosp—sinc.sinp) =cosb.cosp,
an equation for p leading to

cosb—cosa.cosc=cosa.sinc.tgp.

Here the right hand side is equal to sina . sin ¢ . cos B, and we arrive at the
three cosine rules of the first type

cosb =cosa.cosc +sina.sinc.cos fB.

It is net necessary to compute the value of h!

I' . The angle is decomposed by the altitude from C into two parts,
P. (@ leading to

=P+ 9
whereas cosa =sin P.cosh , cos B =sin Q.cosh,or
cos Bsin P = cos u(cosY.cos P—siny.sin P)
cos B + cos & . cos y == cosa . cosy . cotg P = sina . siny. cosh
leading to the three cosine rules of the second type
cos B = —cosa.cosy +sinoa.siny.cosb.
We followed exactly the rules as applied also in Arabic Science. The Arabs
systematically first covsider the problem on the sphere, which caused them
many difficulties. Though the systems I and I’ automatically lead to the two
types of cosine rules a strict ’ euclidean solid geometry * in the trihedral
leads directly to one of the types of cosine rules AND to the so called ” polar

triangle ” which allows to reduce the second type cosine rule from the first,
and vice versa. We give the few lines necessary for that here explicitely

(fig. 4) .
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3.(@a,B) tge=tga/cosP ; tgh=-ysina.tgP :cosx =sinP.cosa
4. (c,x) cotgP =cosc.tga ; tgh=cosa.tgc ;tga =cosP.tgc
5. (2 , B) cosc = cotga . cotgB ; cosa = cosx [sinf.cosb = cosP / sina

whereas (@ , «) leads to sin @ = sin ¢ sin « .There is none, one or a pair of solu-
tions corresponding to the condition sin a € sin « . The datum sin @ = sin«
leads to ¢ = 900 .

If now we go over to general triangles we have the > example ” of

plane geometry — known from the Old Babylonian Pericd - that any triangle
can be decomposed into two orthogonal ones.

The *’ very many different cases > for three data on a spherical triangle
are not different from one of the six cases :

I(a,b,o I' («,B,v)
Me.b,y) I(a,B,c)
I (¢, b, a) ' («,B,a)

The simplest cases are I and I’ :

I. 1f the side ¢ is decomposed by the aititude from C into two segments
p» q we have (fig. 3)

B 3 q A
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No side, neither an angle, of a general spherical triangle needs to be
greater than 180° in problems. If so the problem to be solved can be treated
using ”’ an adjacent triangle . The Greeks, just asin place geometry, did
not allew angles greater than 180°. If an angle would turr out > greater
than 180°” in modern terminology the *’ gauge >’ was observed and the angle
was measured at the other side of one of the legs .

A direct censideration of the orthogonal trizngle shows, and we have
as sin b is positive that tg o ard 1g e have the same sign, ard thus that a side
and its opposite angle are either both acute or beth obtuse. We don’t know
of a statement of this fact before ” medern rimes

(1)

Not knowing negative numbers one can go over to ’ positive values
only * taking the halves of angles and sides. This led in later times to a
” jungle of relations between halves and quarters of angles and sides . The
relations, present in the Almagest for the following first two relations. from
which the third follows immediately :

sin(e¢+b) =sinn. cosb 4+ cosa.sinb
cos(a+b) =cosa.cos b Fsina.sinb
tg(a+b) = (tgatteh)/(1Ftga.tgh)

can be checked easily in Manitius, 1562,° vol I, 10. I, pages 28,29. They
allow also values a + b exceeding 180° to be reduced to angles smaller than
900, in the goniometric computations.

Fipally we have - see Manitius , I. 10. II. page 30 -

2(sin Yoa)?=1 —cosa .

These last sets of relations do refute S.H. Nasr’s statements, quoted § 1, sub d.

The sine value being given one has always two angles , smaller than
1800, for any positive value. This makes the arc sine to be avoided as much
as possible. On the other kand cos ¢ (and tg a) determine an angle uniquely
in the given interval, and thus in numerical work one has to prefer the cosine
(and the tangens) . Except for the combination (a , «) , and its analogue we
have for all combinations of two ¢lements for an orthogonal triangle a unique
solution. We specify:

l.(a,b) cosc=cosa.cosb ; tga =tga/sinb ; tgf =tgb/sina
2.(@.c) cosb=-cosc/cosa ; cosPB =tga/tgec ;tga =tga/sinb

5. K. Manitius, Ptolemaus, Handbuch der Astronomy, I, 11, Leipzig, 1963.
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which using the tangens function is
cosa =1gb/igc 3)
and here applying (2) reducing by (1)
cos « =sin B . cosa 39
Finally PQC / RAB gives PB. QR.C4A = PR. QA . CB or
cosa.sina.sinb = cos «.sina
and with the tangent function
tga =tge/sinb (4)
Immediately follows from (4)
cotg & . cotg B = cosa.cosb = cos ¢ )
In this way we have all relations for the orthogonal triangle, which all can

be read immediately from the orthogonal trihedral angle, (fig. 2), as a mere
evidence .

B

cosc= A
cnga con
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the six segments as a ratio of two being equal to the product of two other ra-

tios. This is equivalent with the equality of the products of three segments
to the preduct of three other segments : (fig. 1).

A

b

R

If the triangle ABC has the points on the transversal P (on BC),
Q (on CA), R (on AB) we indicate this by ABC/RP(Q. We have then just to
permute P, (, R cyclically to obtain the uniquely possible equality.

AR .BP.CQ = AQ.BR .CP
or l.cosa.cosb=1.cosec.1,

ashere PC = PQ = AR = AQ are 90°, and for the orthcgonal triangle
we have demonstrated the ** spherical pythagoras ™

cos ¢ = cos a . cos b (1)
Again

PRB/QAClezdsto PC.RQ.B4 = PQ. R4 .BC or

sin « . sin ¢ = sin ¢ (2)
Then

ARQ | BPC yields AC . RB. QP = AB. RP. QC or

cos b .cosc =sinc. cosa.ces b
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The computational technique with > Muslim Scientists * is in no way

different from that of Ptolemy, even carrying on the ” sinus totus ” as we
already mentioned. . . removing that in the same way as Ptolemy did.

The aim of the present essay is to show this and by that to come to the
reason for the sudden disappearance of ”° trigonometry > . The accuracy of
the tables, available up till very recently, was not allowing great accuracies,
using only one basis- relation. The simple relation can, however, be used
directly due to the great accuracy of the small electronic desk computers. We
shall discuss in detail al-Bir{ini’s methods for the qibla of Ghazna, and eluci-
date the difficulties he met with. ONLY the organising of computational
schemes in such a way that with the available tables the error was not too
much increased led to the > jungle of formulas in plane and spherical trigo-
nometry ”’ .

2. Ptolemy’s trigonometries

In Book I, 10,11 of the Almagest Ptolemy describes a method for com-
posing a table of lenghts of chords, and gives such a table, correspending to
120sin 14x for 00 < x < 1800; at an interval of 140, which is 15’ for the half of
the central angle.

In I, 13,1 he first proves the > Theorem of Menelaos °, the relation
between six segments on the sides and the productions of the sides, inter-
sected by a transversal of a triangle, in plane geometry. In I, 13,2 he shows,
using a trihedral angle at the centre of a sphere, that the same relations hold
true if one substitutes for * lengths™ the * chords ”, i. e. sine functions. He
distinguishes neatly between two cases of the triangle with respect to the
transversal :

A. the transversal meets only two of the sides,

B. the transversal meets all sides on the preductions.

In I. 14 and 1,16 he immediately applies this for the relations between
declination 8, rectascension ¢ , longitude 2 and inclination of the ccliptic €
(Jeaving cut factors 60 here) .

sin § =sin € .sinA : cosc.sin?.cosa = sin a.cesk , which last

relation is the same as

cos = =1ty a/tg )

The scheme of the four lines of a triangle and one transversal can be
considered in four ways as such a scheme. Ptolemy writes the relation between
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ting the integral part into a sexagcsimal ” rest ’, when dividing by the * sinus
totus”. We shall illustrate that in particular below.

Ptolemy had all the tools, and all the numerical material available
and near at hand, used it in exactly the same way as later mathematicians,
e. g. in the Arab World. He sticked to the use of the sine function only, and
chord x = 120 sin 1, x. Ptolemy mostly had the vertex of an angle on
the circle and thus he used - in fact ~ chord = 2R sin x, when xis the angle
at the perimeter, correspending to 15 x measured in the > angle at the centre ™.

Ptolemy not only dsveloped the > by priests and philosophers * presc-
ribed system of epicycles in a unique way- having celestial bodies moving
of perfect curves, circles, with the most beautiful motion, at uniform speed.
but in his Almagest, Bock X, 6. states that one can also subtract the anomaly
for the outer planets from the sun’s longitude in stead of adding it to a centre
of an epicycle where there is nothing. This correspends t¢ an interchange of
deferent and epicycle for the outer planets and yiclds exactly Tycho Brahés
system : all planets in perfect circles arcund the sun and that system as a
whole in circles about the earth, which is placed excentrically.

ad ¢. Here we have to refute Neugebauer’s statcment on the tangens
function. The trouble with the * table of tg @ ™ is — and this was felt! - that
linear interpolation is not possible, preserving the wished accuracy in a consi-
derable part of the interval 00 — 90° .

In 1896 L. Schréne in his 7 - place tables saw no other possibility than
to give special formulas for the computation of *° logtga *° in the interval
0o — 30, and for the interval 3° — 100 taking the interval at 10 seconds corree-
ted. In order to guarantee 5 places exact the Dutch ” Wiskundige tafelsin
5 decimalen ” - about 1960 AD — departed from that system , and gave
values for cotg a increasing a by one second in the interval 0° — 30, and increa-
sing by ten seconds in the interval 3° — 10°, and by one minute enwards. If
one computes, as Ptolemy easily could have done, a table of quotients. . lea-
ding to a table of tg @ at an interval of 15° then a very great part of the table
does not permit linear interpolation. Below we shall indicate that al-Birini
was aware of this fact, and ccmputed from cotg Q = 4 / B first sin ¢ in
order to safely interpolate.

Rightly Ptolemy sticked to the relation of the ” six segments” which
gave in sine functions all relations needed, as we shall show below. It was,
indeed, very prudent to use the values of > only one table of sines” , and not
to compose a table of tg a, from that.
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First we quote some authors on the subject of Islamic Science.
a. A. I. Sabra wrote in the Encyclopaedia of Islam :

** The mathematics needed for solving problems in spherical astronomy even for the simple
geocentric system without circles and epicycles is a laborious business, and it is difficult for
the modern mind to understand how a scientist such as Ptolemy could have constructed and
analysed such an elaborate system without the benefit of place number numerals, decimals or
a fully developed trigonometry (not to mention logarithms and other techniques). Place number
arithmetic entered the Muslim world from Indis in the ninth century and came into general
use in Islam in the tenth. *’2

b. D. E. Pingree, in the same Encyclopaedia stated :

*> The Muslims basing their work on Indiap ideas also developed trigonometry — plane and
spherical ~ into something approximating its modern form *’3.
P g app 2

¢. 0. Neugebauer, at various occasicns, ¢mphasised that the Greeks had not
the tangesn function, which was used in the Islamic Period, and that this ab-
sence must have caused drawbacks for the Greeks.*

d. S. H. Nasr, quoting here his Islamic Science, published for the World of
Islam Festival, London, 1976 — page 184, gives :

** Although Greek mathematicians, especially Hipparchus, had calculated a table of chorde,
trigonometry - both plane and solid and based on the relation of the sides and angles of a
right triangle - was invented by Muslims. **

Some remarks must be made to these statements.

ad a. Ptolemy had at his disposal the sexagesimal fraction, used for
the fractional positional part — not a decimal system ! — and the place value
symbols 0 — 59 , including the zero , were represented in tenbundles — the
normal Greek numbers, - writing the integral part in the same ten bundles.
A. 1. Sabra - e. g. The World of Islam , London 1976, page 185 - speaking
about a ”* mixcd system ” in which a non place value decimal ( sic !) system
was used for the integers and a place value sexagesimal ( positional ) for the
fractions, ”” missed the point completely . On the contrary: Ptolemy’s system
is purely sexagesimal positional for the fractional part. .. and is in n~ way
differsnt from what ™ Islam Scientists ”* used ir goniometrical computations.
In any positicnal system with basis 4 we need .1 symbols to specify the place
values . . . and for these one used the *” numerals ’ ¢f the tenbundles .

Also, with Islamic Scientists Ptolemy’'s R = 60 was continuously
carried on - and dividing is just a shift of the sexagesimal , eventually split-

2. A. L. Sabra, Enc. Isl. 3, 1138 — 1141.

3. D. Pingree, Enc. I¢l. 3. 1135 — 1138 .

4. 0. Neugebauer, c. g. The exact Sciences in Antiquity, Providence, 19572, 209 : >’ The only real
inconvenience lies in the lack of tables for the ratios corresponding to tan o.’’ This is, decidedly,
numerically incorrect.



Ptolemaic and Islamic Trigonometry,
The Problem of the Qibla

Evert M. Bruins*
1. Introduction

About 2000 BC in Mesopotamia the problem of the chords in a circle
was attacked, and - as we know froem the Susa texts', Tablet III, and the
related drawings on the tablets I, JT - the sides of the regular n — gon with
n=2,3,4,5,6,7,10, 12, 24 were computed. For the square, in
particular, the sexagesimal value of the diagonal 1.24.51.10. . . — decimally
1. 414212963 ... , a difference with the more precise value 1.41421356 ... of
6 x 1077 — was obtained. This value is the same as that given by Ptolemy
84; 51.10 if the radius is 60, just - still as in Arabic mathematics — writing
the integral part in tenbundles . Though in later times tables of chords were
computed, — according to tradition by Hipparchos ~ only the table of
chords in Ptolemy’s Almagest , giving the lengths of chords in a circle with
radius 60, subtending an arc of x° seen from the centre of the circle, up to
two sexagesimal fractional parts, is preserved from the * Greek Period ™.
The table has not been computed as Ptolemy says he did, because following
the indication for the 30 —th parts of the increase in the lengths of subsequent
chords, in his table with an interval of 14°, wouldlead to results with an
even last sexagesimal —(as a / 30 = 2a / 60, a being the integer of the diffe-
rence ) - and it turns out that one half of the results per * sixtieth degree”
does end odd . Again his tentative trisection of the arc of 114° is thecretically
exact, but numerically using too great values for the bounds not leading to
the right result. The exact value of chord 1°is lying outside the interval ,
correctly computing the bounds indicated by Ptolemy. The rounded off
value, at two sexagesimals, is correct. . . but cannot be uscd to compute the
table itself. It would have been easy to derive — from the isosceles trapezium
relation — a cubic equation for the trisection !

About 2000 AD trigonometry , plane as well as spherical , has been
removed from mathematical instruction! What did happen ?

* Amsterdam, the Netherlands.
Paper given at the Fourth International Symposium for the History of Arabic Science, Aleppo,
April, 1987 .

1. E. M. Bruins and M. Rutten, Textes mathématiques de Suse, Paris, 1961.

J.H.A.S. 1991 : Vol 9 : pp. 45- 68 .
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66 2/3 miles or even the Syrian 75 miles per degree which scems to have heen
used by al-Idrisi,”® the difference as compared to 14°S in al - Khorezmi is
dramatic and Suhrab, whose texts (as indicated above) do not contain mile
measurement which otherwise might allow a comparison with or verifica-
tion of al-Battani’s figurves. Al-Idrisi, on the other hand, cites distances in
cubits, miles and farsakhs (unit equalling 3 miles) but has no correspending
figures in degrees. Although citing Ptolemy for his descripticn of the seas, he
quotes no dimensions for the whole of the Indian Ocean ( the length of the Red
Sea is estimated by him at 1,400 miles) .

‘While this limited c¢vidence is inconclusive, it would be difficult te
dismiss al-Battani’s figures altogether: the numbers, however round and
therefore easily suspect, are carefully written in words and thus cannot be
explained away by corruption of the digits. Although the dimensicns as found
tend to contradict al-Battani himself as discussed in (9), it is important to
admit that Greek-Arabic geography may have allowed for a more realistic
conceptualization of the Indian Ocean. however imperfectly measured and
visualized cartographically.

(11) To limit the discussion of Ptolemy’s influence on Arab geographers
to three early works may seem to conmstrict the pool of daia unnecessarily.
However, the sources we have chosen represent not only the most complete
and faithful exposition of Ptolemy’s information in Arabic, but also are
among the most carefully edited and extensively examined pieces in all of
medieval Arabic geographic writing. Not only the later Muslim authors but
also those of medieval Europe, especially in the case of Al-Battani,?’
drew on the tables and descriptions they bhad provided. Under the name
Kitab rasm al - rub® al - ma‘mir (> Design of the Inhabited Quarter ) al-
Khorezmi’s Kitab surat al-ard ( ” Geography ”, or ”’ Image of the Earth )
is quoted in the 14th century by Abu ’l - Fida’ who also cites al-Khorezmi’s
coordinates anonymously.?® However, by that time the toponyms known
to the Arabs in East Africa are no longer those transcribed or translated from
Ptolemy. The coordinates, when provided, are attached to new and different
names; the continuity is broken. The cartographic tradition, although forever
inclined to imitate old authorities, undergces a dramatic transformation at the
hands of al-Idrisi and it is he who is imitated from then on by descriptive geogr-
aphers. Although in the wider context of Islamic geography new translations
of Ptolemy are made in the late 15th century, these are occasioned by the new
Turkish access to Greek manuscripts and bypass the medieval Arabic tradition.

25. Al-Idrisi, Opus geographicum sive ** Liber ad forum delectationem qui terras peragrare studeant *’,
fasc. 1 (Naples - Rome, 1970), p. 8.

26. Ibid. , p. 10 .

27. Krachkovskii, pp. 100 — 101 .

28. Ibid., p. 93
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of an Africa distorted eastward did exist. In fact, the case would be more
doubtful if the Arabic text did not base itself on a map: in the awkward
phrasing of al-Khorezmi it is easy to loose track of the correct noun, and then
one might read the above as a description of the sea, rather than the coast,
reaching to 1120 E. There are two considerations against this possibility.
First, the reiteration of 140 latitude at both ” ends ** of the coastline suggests
that a line was indeed drawn on the map being described between the cited
meridians. Second, later works belonging to the al-Idrisi school of geography-
such as the authoritative Ibn Sa‘id al-Maghribi - return to the use of coordi-
nates which, when superimposed on the African coast, seem to reconfirm
Ptolemaic notions at a time when Arab navigation to East Africa flourished.
True, Ibn Said who wrote in the latter part of the 13th century, no longer
includes the Greek toponyms, but he willingly, recognizes his theoretical
source in Ptolemy.

(9) The very different narrative of al-Battani focusing on the seas and
the equator, rather than continents or the coastline, also suggests a system
where the Asian landmass north of the equator is symmetrically faced across
the sea by another landmass south of the equator, and that this landmass is
Africa :

b ol dl G on i (o U1 e NI Lt O 1y ST
B ikly bl oy
** It is claimed that the equator crosses east to west the space between India and Ethiopia...”’

Al - Battani gives the Indian Ocean an elongated contour, citing a
length west to east of 8,000 miles and a width of 2,700 miles.

(10) Nevertheless, al-Battani also includes statements which imply a
much greater southward extent of the Indian Ocean than either Ptolemy or
other Greek-Arabic geographers indicate:

db el J:.Ui elgul 3,0 o0 Jal& L0 Ol 5y bl B EEetE)
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** They have measured Bahr al-Hind and stated that it. . . stretches beyond the island where
night equals day (i. ., beyond the equator) in the direction of the south for ope thousand and

nine hundred miles. . . *’

If measured in degrees at the so-called al-Ma’mun equivalent of
10 = 56 2/3 miles,?* this would allow a southward depth of the ocean to the
latitude approximating 34°. Even if other equivalents are used ( Ptolemy’s

22, Kubbel’ and Matveev, p. 296 .
23. Ibid.
24, Krachkovskii, p. 84 .
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ning with al-Istakhri’s (early fourth / tenth century ) were not of the Greek
school. Frem al-Khcrezmi, Greek-Arabic cartography takes a leap to al-
Idrisi ( mid - twelfth century ) whose most detailed maps show the African
mainland extended east, with the Indian Ocean open to the Surrcunding
Ocean (al-Mukit) to the extent of its full ” width ** from north to south. If,
therefore, the European historians of science were to leok toward Arabic
sources for confirmation of the *’ open-sea thesis *’, it may be adequately
substantiated with narrative and illustrative Islamic data, both Ptolemaic
and originating elsewhere .

(8) The cartographic reconstruction of the East African coastline,
attecmpted before,’ is difficult and involves a great deal of guesswork.
However, the eastward curve of the littoral may be guessed at from al -
Khorezmi’s narrative. To repeat, the text represents a description of a map
bearing placenames and the markings for degrees and minutes of longitude
and latitude.

e dj el 0w Jgb e LB S Jaul d) 8 L L
bSh ol eday o 2l 0 e sk dL 85 s
Ao e d b dl g els Sb e, OVl sl b Gl 2
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The coastline. . . passes below the city of Rafata at 66° 00’ longitude and 7° 30’ latitude
beyond the equator, reaching to the longitude of 68° 00’ and the latitude of 139 00. The latitudes
we refer to are beyond (i. e. south of) the equator, and if (the coastline) recrosses (the equator)
we shall point that out. ( The coastline then proceeds) to the longitude of 72° 00’ and the lati~
tude of 14° 00’ and reaches the longitude of 112 00’ and latitude of 14° 00" ..."*

Suhrib’s text is nearly identical, differing only in slight omissicns and
the variation in coordinates frem 00’ to 05’ as discussed above. Characteris-
tically, nothing is described and no locations are listed for the longitudes
between 72¢ and 112°. Thus the mainland’s location so far east is implied
rather than stated or substantiated.

It has been argued that Ptolemy did not make it his business to desc-
ribe unknown places and therefore, whatever his ideas of continental contours,
he was unlikely to create a visual representation of a southern Terra Incog-
nita®. The Arabic versions seem to suggest that a Ptolemaic representation

19. By both Honigman and Mzik, 1916. See also Gabriel Ferrand, Relations de voyages et textes
géographiques arabes, persans et turks relatifs & I’Extréme- Orient du X111 - e au XVIII - e siécles,
vol. II (Paris, 1916), pp. 590 — 595.

20. Mzik, 1926, p. 75 .

21. Washburn, pp. 3 - 4.
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(6) There are no maps of East Africa by the three authors. The sole
existing manuscript of Al-Khorezmi contains four maps of which only cne
refers to Africa (the Nile) ; there is no world map. The precise nature of the
map which the texts of al- Khorezmi and Suhrab seem to be describing has
not been established, nor its exact provenance. The theoretical discussion of
the seas, continents and measurements found in Ptolemy is missing in both.
The close paraphrasing of al- Kherezmi by Suhrab suggests a possibility that
his book merely repeats al-Khorezmi’s descripticn of the lost map rather than
describes another map similer or identical to tke former.

As distinct from these two authors, al-Battini does include a descrip-
tion of the earth and particularly the seas. Although also organized as zij,
this work follows Geogrephy’s structure scmewhat more faithfully, incorpora-
ting Ptolemy’s sysicm of listing the 94 inhabited areas in Bk. VIII which is
missing in al-Khorezmi and Suhrab. The text of the geographical introduction
does not suggest that a related map ever existed but offers systematic comm-
ents on the location and size of the seas, division of the continents, and pos-
sibilities of navigation .

(7) In the history of European cartography a controversy arose over
whether Ptolemy in fact mapped the east coast of Africa as reaching far to
the east opposite Asia, as late medieval maps show, and whether he conceived
of the Indian Ocean as an open or closed sea. The text and tables of Geog-
raphy do not answer these questions. On the ore hand, Ptolemy’s descrip-
tion of Ethiopia limits the extent of Barbaria to the east by the Bay of
Arabia, the Red Sea and the Barbaricus Sea (IV,7). On the other hand, the land
mass of Ethicpia bounded by the Great Bay of the Guter Sea is also said to
be ” terminated. . . by the unknown land toward the west and the south
(v, 8).

The controversy over the closed contour of the Indian Ocean does not
apply to Arab geography since neither texts nor maps currently in existence,
of whatever school of thought in Islamic scholarship, ever suggested that the
waters of the Indian Ocean did not communicate with the mass of the ocean.
Furthermore, the suggestion that printing and color confusion may have
played a role in the proliferation of Eurcpean maps of the * closed - sea *
pattern'” has no bearing on Arab cartography, as the Arab medieval tradi-
tion preceded the revival of Ptolemy in Europe; the earliest extant world
maps, which are first to show the Indian Ocean, or Bair al-Hind® begin-

17. Wilcomb E. Washburn, >’ A proposed explanation of the Closed Indian Ocean on some Ptole-
maic Maps of the Twelfth - Fifteenth Centuries, >’ Revista da Universidade de Coimbra, vol.
XXXIII, (1985), esp. pp. 435 ~ 437 .

18. Encyclopaedia of Islam ( 2nd ed. ), s.v.”’ Bahr al- Hind,”’ by D. M. Dunlop and *’ Djughrafiya”,
by S. Magbul Ahmad.
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17005’ » 3 in Suhrdb’s table.’® Since Suhrab’s text mentions the integer
170 » with no reference to minutes, it may be suggested that here, again,
no intended correction of data took place but rather that a mistake occurred
in the process of transmitting astronomical data through alphabetic notation.
The special culprit here is the ” cipher, ™ easily confused in its medieval full-
round form with the letter ka - (= 5) in its unattached or final scripted form.
There are no locatiens listed with the latitude or lengitude of 0° , so confu-
sion between the * cipher ” and whole - degree coordinates is much less likely
to occur and in fact, has not been observed ( the teus and Lundreds up to and
including one thousand all require a single character ) .

The above also confirms that al - Battani and Suhrab were editing,
copying or otherwise revising Ptolemaic data from the Arabic, rather than
the Greek or Syriac, since the nature of digital corrupticn is tied so closely
to the particular script used. There is no reason to challenge the accepted
view that al-Khorezmi’s Surat al- ard served as the source to hoth the authors.
Moreover , the mistakes in the minute component of the coordinates were
unlikely to originate in the process of translation fiom the Greek since Pto-
lemy’s tables do not mark 00‘ on the one hand, and on the other hand fre-
quently use fraction designaticns inapplicable to the Arabic versicn : 1,0
for 30, 14° for 15* and 14° -~ Y40 for 45'.

(5) The sequencing of toponyms in the text and tables plays an impor-
tant role in controlling the precision of transmission. The regional divisions of
Africa adhered to by Ptolemy were known to his Arab editors but, as was
indicated earlier, their texts seem to follow a map rather than a systema-
tic narrative. Their tables alcc diffcr in  centext organization, both from
Prolemy and among each other. The most significant distinction is in the
sequencing of the placenames in the tables by clime, the unit first used by
Eratosthenes; it is not used by Ptolemy in the existing version of Geography.
In this system, locations in the First Clime are generally listcd beginning
from the south, in the order of increasing longitude; the latitudes for the
most part, but not consistently, increase as well. The lists pertaining to
the Second Clime restart in the west and south and proceed toward east and
north, and so on. Since al - Khorezmi’s, the earliest Arabic , version offers a
fully integrated and competent handling of the clime system in all three
formats - texts, tables, and maps, and since the early European Ptolemaic
maps retain it as well, it may be assumed that a version of Ptolemy’s Geog-
raphy incorporating the clime grid had existed prior to the ninth century and
was available to early Arab scholars.

16. Mzik, 1926, p. 9; Kubbel’ and Matveev , p. 302 .
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with characters marked with diacritical dots underneath, and it seems legiti-
mate to see in al-Khorezmi’s published figure another instance of scribal
corruption of the digit.

The discussion here is limited to the relevant group of toponyms but
further examples of similar nature may be found among both Ptolemaic and
non - Ptolemaic data, whether relating to Africa or elsewhere. The point is
that what seems to be a mathematical discrepancy may in fact be no more
than scribal error; even if the extant manuscript copies from which published
editions were prepared are carefully written and appear legible with confi-
dence,’ the mistake may have occurred at an intermediate stage. This
should be considered an important factor in the evaluation and interpreta-
tion of geographic and astronomic data, especially those derived from the
same original source or, in E. S. Kennedy’s words , ”” families of sources .
Most importantly, this is a factor operatirg irdiscrimirately in the records of
latitude as well as longitude. Thercfore our awareness of it should serve to
temper the willingness to explain away mistakes in lcngitude by divorcing
the numerical content from the system of notation .

(4) It will have been noticed above that the minute component of the
coordinates is subject to variation and corrupticn no less frequently than the
degree numbers. There is, however, one pattern of variation which cccurs in
the minute component at the rate suggesting a special vulnerability. Three
types of numbers of involved: no minutes ( i. e. , 00') , tens of minutes and
fractions ending in 5. Again, this discussion needs to be divorced from the
modern Arabic - numeral notation ard focused on sexagecimal Arabic cha-
racters. The ”” no minutes >’ notation, absent in Piolemy, uses the Indian zero
while the tens are all transcribed with a single character; therefore the mis-
take, if such is the cause of variation, might involve graphic confusion bet-
ween the ”’ cipher ” and six numerical characters sufficient for expressing the
above group of fractions.

For the most part these are easily distinguishable even in handwriting.
Reviewing our selected examples, however, it will be noticed that the varia-
tion even within this limited pool ef numbers is not between the *’ no minu-
tes ”” and ”* tens of minutes ’ components but rather from ” no minutes * to
” n + 5 minutes ”’ and from ”’ tens of minutes *’ to ”’ n + 5 minutes *’ (or
vice versa ). Compare 20' /45’ £/« for Qanana, 00’ / 05' o / . for Rafata
among the Ptolemy derived data and 00’/ 15' /30" 0/ 4/ J for Dunqula from
the non - Ptolemaic. The apparently Greek-derived Piolemaic city of Tiyas
(?) on the Red Sea has a latitude varying from 170 3 in al - Khorezmi to

15. This writer was unable to inspect manuscript ver:ions of the texts under discussion here.
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it becomes possible to treat the disagreement between al-Khorezmi’s and al-
Battani’s longitude for al-Tib / Aromata as a graphic mistake confusing the
sources that were originally cocherent with each other and with Ptolemy.

)

(3) Once the intrusion of the >’ prime meridian factor ” into Greek-
Arabic coordinates is eliminated, or at least suspended for sources under
discussion, it becomes possible to view in the same light the disparate degrees
of latitude cited for identical locations.

To offer an example of the origination of digit confusicn, the letters
jim z and ha 7 have the same body and are distinguisbed only by the presence
or absence of a dot : in the sexagecimal system confusirg the two means
variation from 3 to 8 . Occasions have been recorded when jim was scripted
without a dot and moreover, with its tail left off to prevent its confusion
with ha.'* This, however, cculd open further possibilities of ccnfusing the
truncated, dotless jim with other characters - and apparently did.

An instance of inconsistent latitude citations concerns Qanini : al-
Khorezmi gives 2045’ , Suhrab’s table 30 45’ and Suhrab’s text 2° 20’ (Ptole-
my’s Opone is at 4° 15') . It may be observed that the first and second mea-
surements differ by the magnitude of 1° , the first and third differ in minutes,
and the second and third in both the degree and minute components. Both
the letters ba - for 2 and jim for 3 are normally scripted with a diacritical dot
underreatk, and may be corrupted or confused if carelessly written. It is
more difficult to explair in graphic terms the transformation of 45' into 20’
( mim - ha | kaf ¥/ + ) but it may be observed that, althcugh separately ,
both the degree and minute compenenis of all - Khorezmi’s figure reappear
in Suhrib. Therefore the difference :mong the coordinates as cited may not
be regarded as an intended correctior but rather a corruption.

Support for this conclusion may be found again if we cast the
net wider among non - Ptolemaic toponyms related to Eastern Africa.
The capital of Nubia Dunqula has the following listings of latitude : 2¢ (ba)
in al-Khorezmi, 14° 15’ ( ya - dal ya - ha % ) in al-Battani, 14° 05’ (ya - dal
has% ) in Surhrib’s text, 140 30’ (yd-dal lam J 4 ) in Suhrab’s table. Since
al - Khorezmi’s and Suhrib’s ccordinates for Aswan coincide completely
( 55° 20" longitude, 22¢ 30‘ latitnde ), the discrepancies again do not seem
intended . The latitude of 2° N is inconsistent not only with the other
authors’ but also with al - Khorezmi’s own data for other locations as well
as the place of Dunqula in the sequence of listed toponyms ( generally
moving north from the equator ). Both numbers are commonly transcribed

14. Rida A. K. Irani,’’ A Sexagecimal Multiplication Table in the Arabic Alphabetical System, **
Studies in the Islamic Exact Sciences ( Beirut, 1983 ), pp. 511 ~ 512
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(2) It has long been observed that the greatest discrepancies among the
Arabic coordinates, whether Ptolemaic in origin or not, occur in the longitudes.
The discrepancies usually noted are of iwo kinds: one reflects the random
variatiou in magnitude explained as mistakes occasioned by the difficulty of
establishing the longitude in pre-modern times; the other originates in the
differenc of 10° built into the practice of placing the prime meridian at the
Canary Islands versus the western-most point of Africa. Mistakes also eccur
in latitude data but ave usually less disparate.’

As Table 1 shows, in our case variations occur both in longitude and in
latitude. Taking the longitude first, as the Arabs did after Ptolemy, it may
appear that al-Battani follows the prime meridian chosen by Ptolemy while
al-Khorezmi’s prime meridian differs frcm both by close to 10°; the latter
manper is also seemingly adopted by Subrab. However, in a wider context
it turns out that al-Khorezmi and al-Battini do not diverge consistently .
Infact, Kush al - dakhila (Ethiopia Interior) has the identical 50° longitude
in both the sources. Another example from Eastern Africa (not found in
Ptolemy ) is Dungula (Dongola) , the capital of Nubia. While al - Kherezmi
gives 539 longitude, al-Battani cites 93°.!? Similarly, for Aswan; also not
in Ptolemy, the longitude is 55°30‘ and 95°, respectively.!® Clearly, a mis-
take of 40° by the author or even translator is doubtful. In surveying the
sources it became apparent that in each case the discrepency seemed signifi-
cant due to positional mathematical value of the disparate decimal compo-

nents; an explanation was then sought in the numerical rotation used in
Arabic sources.

The Islamic system for marking the numbers originating in sexagecimeal
computation, such as the 3600 of the circle, uses Arabic characters assigned
numerical value in an antiquated order which made transcribing Greek
alphanumeric data both easy and convenient. However, a carelessly scripted
character could be misread and incorrectly copied by another scribe: consi-
dering the graphic specificity of Arabic characters, the resulting mistake in
this system could range from 1 to 59. The important point to keep in
mind is that such a mistake would have nothing to do with ( mis) calculat-
icn or fundamental differences in method: its origin would lie in the confus-
ion of handwritten character contours. Once such a pessibility is accepted,

11. TFor a concise summary of variation patterns in astronomic coordinates see Mary H. Regier,
* Kennedy’s Geographical Tables of Medieval Islam : An Exploratory Statistical Analysis,”’
From Deferent to Equant : a Volume of Studies in the History of Science in the Ancient and
Medieval Near East in Honor of E. §. Kennedy ( New York: New York Academy of Sciences,
1987), pp. 357 - 372 .

12. Mzik, 1926, p. 4 ; Kubbcl® and Matveev, p. 297.

13, Mzik, 1926, p. 108 ; Kubbel’ and Matveev, p. 297 .
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The boundary of the Green Sea. . . passes under a city at 69° 30’ longitude and 6° 10’ latitude.
Then it curves like a pot near (the place) below the city of al-Tib and adjoins (the place) under
the city of Qanana at 720 30’ longitude and 2° 20’ latitude . It passes under the city of Rafata
at 66° 00’ longitude and 7° 30’ latitude beyond the equator . .. "’

Although the seeming graphic approximation might excuse the incon-
sistency in the coordinates, the problem deserves further attention. To begin
with, the coordinates contained in the quotation above, as well as the much
longer text of nearly uniform nature from which it is excerpted, are wvery
closely followed in Suhrab’s versicr. In fact, despite the distancing effect
that time, editing a new version, ard copying may have had on the original
data, the narrative parts of al-Khorezmi’s and Subrab’s works are closer to
each cther than the text data of al - Khorezmi to his own tables. This kind of
discrepancy has not been noted in the literature and, since it obviously does
not originate in Ptolemy, requires an explanation which will take into account
the nature of Arabic geographic works. It would be desirable to inquire as
well into the trensmission precess, examining the transfer of data via diffe-
rent languages and numerical systems; unfortunately however, although
we are fully aware that many Arabic - Greek texts were translated via Syriac
or Hebrew, such intermediary versicns are not extant.” The following comm-
ents therefore treat the data asif they were. irdeed, a straightforward
translation from Ptolemy; the ccordinates are compared within the source,
among the sources of the selected group, and between thesesources and
Ptolemy. The value of the coordinates, the manncr and format of their pre-
sentation, and the implicaticns of these for Greek - Arahic geographical theory
and cartography aswell as manuscript - derived numerical data are elabo-
rated in the following discussion.

(1) Regarding the differences between the coordinates cited by Ptolemy
and those allegedly derived from him fornd in Arabic sources, the prevailing
explanation considers Arabic data improvements or correcticns resulting
from the newer independent observations and calculations made by Arab
gecgraphers and astronomers. This thecry, however, does not held for
the above examples, since in the ninth century the Arabs did nct have inde-
pendently - obtained measurements for the old Greek toponyms in the
region;' their post-Islamic acquaintance with the East African coast must
have carly revealed that names like Rhapta no longer existed there, and a
new inveutery of place-names began to be compiled, making Ptclemy’s lists
irrelevaunt.

9. At least two versions, in Syriac only, are hypothesized for Ptolemy. Krachkovskii, pp. €1, 86 .

10. On the early degree measurements and updating Ptolemy see Krachkovskii, pp. 82 — 88. On
early Arab contact with East Africa see, e. g. , George Fadlo Hourani, Arab Seafaring in the
Indian Ocean in Ancient and Early Medieval Times ( Princeton . University Press, 1951) .
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Following Ptolemy, the Arab translators of Georgraphy list longitude
first and latitude second. Al - Khorezmi’s text seems to describe a map, with
the sequence of coordinates following the topography of the coast; the general
direction of the narrative is toward the east and south. The tables follow
the clime division south to north and west to east. The system is repeated in
Suhrab’s work cited above. Al-Battani’s reworking of Ptolemy, descended
from a different translation, contains a condensed intreduction and tables of
selected locations listed by the region rather than according to precise ccor -
dinates, although the west to east sequence is roughly approximated. Only
one of Ptolemy’s East African toponyms is retained here.” The combined
list of named locations with their coordinates frem Ptolemiy and the three
Arabic sources is offered in Table 1.

TABLE 1

Aromata / Tib Opone / Qanana  Rhapta / Rafata
Ptolemy 830 6°N 8lo 4015'N 710 708
al- Khorezmi/table 72¢ 4030'N  72030° 2°45°'N 650 8°5
al- Khorezmi/text 69030’ 6010'N  72030" 2020'N 660 7930'S
al-Battani 820 4°30'N
Suhrab/table 73030"  3945'N
Suhrab/text 69030" 6010'N 72030 2020'N  65°05’ 7030'S

Certain questions arise in regard to these figures. First of all, unlike
Ptolemy, the Arabic data cited by the same author in tables and in the text
may not always coincide. The examined texts do not contain discussion of
itineraries or distance measurements in other units which might be compared
against the degrees. The nature of the narrative, which describes what
appears on the map rather than unequivocally citing location coordinates,
allows for some discrepancy between the table listings and data extrapolated
from the text. For instance, Kitab surat al- ard offers slight variztions in the
coordinates of all three named East African locations. while the literal reading
of the text does not claim mathematical precision :

A3 8y ey b Jeb e Lue LWl o usWE 2 us
Lo UlE A WY les GBI e el b LA B0 e
04w Jsboae bl S Wl Q] s 8o oAl J e Uk
LN L E I gy
7. Suhrab’s work was originally published in 1930 by Mzk, Al- Battani’s zij by Nallino in 1904.
Both are cited here in the edition by L. E. Kubbel’ and V. V. Matveev, Arabskie istochniki 1’11

~ X vekov (Moscow- Leningrad, 1960), pp. 301, and 296 — 297 respectivcly .
8. Mzik, 1926, p. 75 .



PTOLEMY’S EAST AFRICA 33

least two other systems in the early centuries of Islam, becomes dominant in
later sources even where no other Greek influence is noticeable. Sixth, if
early on Ptolemy’s impact is clearest in. and almost limited to, the works
of mathematical geography, his major concepts concerning the continents and
the surrounding sea, the seven climes, and the configuration of Africa penc-
trate the genre of descriptive geography, dictienaries and encyclopedias .
Seventh, within the widely accepted cartographic and couceptual framework,
the proportion of descriptive and coordinate data traceable directly to Pto-
lemy falls drastically from the very high in the ninth - tenth century works of
the > Greek school ” to very low already by about the middle of the eleverth.

The region of East Africa was known te the Grecks, as to the Arabs ,
only in its coastal part . Sailing frem Arcmata promontory cne came to
Azania, traveling with the south wind as far as Rhapta and Prasum. At 83°
longitude and 6° latitude N, Arcmata emporium lies only 2° west of Qpone,
firmly identified as Ras Hafun on the Horn of Africa; Rhapta, > metropolis
of Barbaria , is placed by Ptolemy at 71° longitude and 7° latitude S. The
farthest African location east and south is the island of Menuthias at 85°
longitude and 120 30’ latitude S .3

Of all these and other less significant and mostly unidentified locations
in Geography, for which almost twenty sets of cocrdinates are provided, al-
Khorezmi retains five, restructuring his table not to follow the cutline of the
coast as in Ptolemy but to begin with the southernmost part beyond the
first clime. Thus, Rafaia (Arabic for Rhapta ) comes first, and al-7ib ( Ar.
for Aromata ) follows in the section on the first clime. Two out of five coastal
cities are designated merely as madine °ala’l - bafr ” town by the sea, ¢
with no transcription of the Greek toponym presurably listed in the original.
Although coordinates are given, due to their significant and generally incon-
sistent disagreement with these of Ptolemy, no identification is possible on
their basis. The fifth remaining toponym whick it is pessible to place on the
eastern, rather than northern, ccast of the Horn, is Qandna. In the discussion
below Qananais held to beidentical with Opone.

5. Consult C. F. A. Nobbe, Claudii Ptolemaei Geographia ( reprint Hildersheim, 1966), Bk. I, 9.
14. 17 and Bk. IV, 7 and 8. The English translation by E. L. Stevenson (New York, 1932) was
used here. For identification attemptis see Han: von Mzik. °° Afrika nach der arabischen Bear-
beitung der I‘sm]‘;a’ptx‘h'uqyﬁ«,"f,cw des Claudius Piolemaeus von Muhammad ibn Musa
al  Hwarizmi, >’ We iner Zeitschrift fir die Kunde des Morgenlandes, No. 34 (1916) and
Bernhard Struck, *’ Rbapta, Prasum, Menuthias, ** Zeitschrift der Geschichte fiir Erdkunde zu
Berlin, 1921, No. 517, pp. 188 — 196 .

6. See Hans von Mzik, Das Kitab Surat al Ard des Abu Ge’far Muhammad ibn Musa al - Huicarizmi
(Leipzig, 1926), pp. 3 - 6 .
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lar attention especially in view of the still unresclved cartographic convent-
ion which extends the African mainland south of the equator all the way
east to form the southern shore of the Indian Ocean. The fact that Arab
geographers of the Islamic era f{cllowed this convention while drawing on
Ptolemy has allowed to regard Arabic geographic scurces as carrying on
Ptolemy’s traditicr: durirg the centuries when his work was lost to Europe.
Thus, the maps credited to Ptolemy which reappear in the West in the 15th
century seem to agree with, and be confirmed by, medieval Arabic texts and
maps.

A few preliminary observations are in order regerding the extent of
Ptolemaic influence on Arab authors in general ard in regard to East Africa
in particular. First, a brief ccmment on the coordinates of latitude and longi-
tude. To the extent that Ptolemy is regarded as the earliest geographer to
apply them systematically,? all Muslim geographers who employ such
coordinates may be considered as having experienced, and accepted, his
method to some degree. It may be worth nothing that such authors represent
a numerical minority in the field of Islamic geography, however significant
their output . Second, the use of the coordinates by some authors does not
guarantee the acceptance of Ptolemy’s figures or even of his methed of com-
puting the coordinates; this especially concerns the longitude. The nature
of discrepancies and some of the reasons causing them are discussed below.
Third, there are authors acknowledging their debt to Ptolemy who not only
do not use the degree coordinates but transform his cartographic prejection
while filling the map and text with contemporary data . Fourth, no > pure ”
Piolemy can be found in Arabic texts. Even the works regarded as transla-
tions of Geography , such as al-Khorezmi’s Kitab surat al-ard and Suhrib’s
Kitab “adja’ih al-agalim al- saba do not contain a complete Arabic version
of the Greek text or tables, as well as differ from the book structurally.®
Ir addition, already in the ninth century al-Khorezmi is thought to have
corrected and augmented Ptolemy’s data with new information being then
obtained through scholarly efforts sponscred by the early Abbasids. Fifth,
the Greek latitudinal system of the division of hebitable earth irto seven
zones (7 climes ”, Ar. iglim ) is introduced isito Arab geography with al -
Kherezmi’s reworkirg of Piolemy* and, despite the parallel existence of at
2 — G.J. Tcomer, ’Ptolemy.’’ Dictionary of Scientific Biography. vol. XI(New York : Charles Scribner’s

Sons, 1975), p. 198 .

3 - Sce discussion in Ernst Honigmann, Die sieben Klimata und die wohewcémidnuot (Heidelberg.
1929), ccp. pp. 120-125, 133, 155. Krachkovskii. esp. pp. 79-82, 94 and C. A. Nallino, ** Al-Huwa-
rizmi e il suo rifacimento della geografia di Tolomeo, > Raccolta di scritti editi e inediti, vol. V
(Rome, 1944), 458 — 532 .

4. On iglim in Arab geography see Encyclopaedia of Islam (2 nd ed.) s. v. , by André Miquel, and
Honigmann. Al-Khorezmi’s manner of placing the iglim boundaries is unique : Krachkovekii,
p-95.



Ptolemy’s East Africa in Early Medieval Arab Geography

M. A. ToLMACHEVA*

The well- recognized debt of Arab geography to Claudius Ptolemy made
a profound impression on the development of Arabic geographic science
which goes far beyond mere translations of his Geography. From as ecarly as
the ninth century and as late as the 15th century most Arabic authors wri-
ting in the genres of descriptive and mathematical geography echoed Ptolemy
as a source for systematic description of the habitablc earth. The major
areas in which Ptolemaic influence made an impact on Islamic scholars inc-
lude(l) geographic data: description of continents and seas, and the coordi-
nates of settlements and of topographic features,(2) geographic theory, and(3)
cartography. (Ptolemaic mathematics and astronomy are not discussed here).

This paper is a re-examination of the nature and extent of the Greek
influence on Arab geography traditionally ascribed to Ptolemy, limited to
those early medieval Arabic works which demonstrate a recognized familia-
rity with Ptolemy on all three levels. These include the writings of the famous
early mathematician, astronomer and geographer Muhammad ibn Musa
al-Khorezmi ( d. c. 232 / 846 — 847 ) and his less well known editor Subrab
( the first half of the tenth century A. D. ) as well as the Kitab al-zij al-Sabi’
by the great astronomer al-Battani (d. 317 / 929) . Their data will be explored
below with a view toward certain special considerations regarding the histo-
rical geography of East Africa. In addition, some questions of general
methodology of interpreting data derived from manuscript Arabic sources
will be considered.

Although the general extent of Arab geographical borrowing from
Ptolemy has been well explered,! the case of East Africa deserves particu-

* Department of History, Washington State University, USA .

Paper presented at the interdisciplinary conference for medievalists Imagining New Worlds :
Factual and Figural Discovery During the Middle Ages (Lehman College, The City University of
NewYork . May 12 — 13 , 1989) . Research for this paper was supported in part by grants from
the American Philosophical Society and the Washington State University Graduate School .

1 — See, for example, I. Iun. Krachkovskii, Izbrannye sochincniia, vol. 4 : Arabskaia geograficheskaia
literature (Moscow  Leningrad, 1957), ch. III (consult also the Arabic translation by S. A. D.
“Uthman Hashim, Cairo, 1963) . J. H. Kramers, *’ La littérature géographique classique des
musulmans, >’ in J. H. Kramers, Analecta Orientalia, vol. I (Leiden: Brill, 1954) , pp. 172 — 204
and Encyclopaedia of Islam (2 nd ed.) , s. v.** Kharita, >’ by S. Maqbul Abmad.

J.H. A.S.1991 : Vol 9 : pp. 31— 43 .
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at the observatories of Delhi and Jaipur, and travelled to distant lands at
the command of the raja. They took part in just about every facet of Jai
Singh’s astronomical endeavor. Dayinata Khan was his most favored and
honored nujami, and perhaps played an important role in his overall program.
He remained associated with the raja for more than 20 years .

As the involvement of the Muslim astronomers slackened, the partici-
pation by the Europeans increased. indicating the raja’s growing apprecia-
tion of the contemporary astronomy of Europe.
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APPENDIX

The Arabic and Persian books at the Sawai Man Singh IT Museum, Jaipur

1. Jami-i Shahi, Persian, (astrology) No. 2 (AG).
2. Zijj-i Sultani of Ulugh Beg with commentary by Mullih Chind , Persian , ( acquired 1725 ),
No. 6 (AG) .

3. Zij-i Sultani of Ulugh Beg with commentary by °Ali al-Birjandi, Persian, No. 5 (AG).

4. Zij-i Sultani of Ulugh Beg, Persian, (acquired 1727), No. 11 (AG).

5. Zij-i Khdqani of Ghiyath al-Din al-Kashi, Persian, (acquired 1728), No. 9 (AG) .

6. Zij-i Shahjahani by Farid al-Din Mas®id ibn Ibrahim al-Dihlawi, Persian, No. 12 (AG) .

1. .».., second copy, (acquired 1725), No. 14 (AG) .

8. 41- Tafhim li-awd’il sing“at al-tanjim by Abu’l-Rayhan al-Biruni. Persian, ( acquired 1725 ),
No. 7 (AG) .

9. Almagest, Arabic, (acquired 1725), two copies, Nos. 19 and 20 (AG) .

10. Kitdb al-Mandzir of Ibn al-Haytham as contained in Tangik al-Mandazir by Kamal al-Din
al-Farisi, Arabic, No. 17,1 (AG) .

11. The Arabic treatise on the rainbow and lunar halo by Ibn al-Haytham, No. 17,2 (AG).

12. Lawa’ih as gamar by Husayn ibn “Alial-Bayhaqi al-Kashifi, Persian, (astrology, acquired 1725 ),

No. 91 (AG) .

13. Al- Mulakhkhas fi’l-hay’a by Mahmid ibn “Umar al-Jaghamini, with commentary by Qadizada
al- Rimi, Arabic, (acquired 1725), No. 18 (AG) .

14. Shark Tadhkira by Nizamu'd- din al-Nishipuri, Arabic, (acquired 1725), No. 21 (AG) .

1 L I— , second copy, No. 22 (AG) .

16. Sharh Shamshiya-Hisdb of al-Birjandi with commentary, Nizimu’d-din al-Nishapuri, Arabic,
(acquired 1725), No. 10 (AG).

17. Risdlah- hai’at al-Kursi (?), Arabic, (acquired 1725). No. 90 (AG) .
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The Gazeta de Lisboa goes ¢n to add that the delegation had come to
resolve questions regarding the astronomical tables used in Portugal and in
India, and to acquire knowledge about the old and the new instruments of
astronomical observation. The delegation stayed on in Portugal for a few
months and finally returned to India in 1730 with instruments, books and
astronomical tables including the one by de la Hire published in 1702.

Observers to Distant Islands

Jai Singh believed that observations must be taken from different
locations on the globe. According to Jagannatha Samrit the king’s command
was: ” In every country, in the cast, the south, the west and the north,
everywhere observations are to be made.””* Accordingly, Muhammad
Sharif was sent by the rajato Firanga country.*® After having stayed
there, he went to the island of > Mahaila’ and determined its latitude to be
40;12’ South.*” In this southern country, where the pole was seen to
have an altitude, he observed the shapes of the constellations there, drew
them on paper and brought back the depictions. He also cbserved the longi-
tude, latitude and noon colatitude of the places of his visit.*

In Dastura Kaumvara, there is no mention of any ’’ Sharif ” receiving
a gift from the raja. However, there are several entries of gifts given away
as cash and in kind to one ”” Sheikh Muhammad Shafi.”” It is possible that
Shafi and Sharif are one and the same person. The scribes of medieval Indiu
were not always careful with npames. Different scribes entered the same
name differently depending on how it sounded to them. Besides, the possi-
bility of error in copying from one record to the another always exists. If
this is the case, then Sheikh Mubammad Shafi (Sharif) left on his overseas
journey shortly after 1729.

Conclusion

Jai Singh’s interest in Islamic astronomy, and the participation of
the Muslim astronomers in his program began sometime in the mid 1710s
or even earlier. It reached a peak around 1725, and tken tapered off until
the death of the raja in 1743. The astronomers searched out astroncmical
bkoos, constructed instruments, helped with the translations, collected data

45. Samrat Siddhanta of Jagannitha Samrat, p. 1165, printed, Delhi, 1967.

46. The word Firanga does not necessarily mean '* Europe.’’ In the present context, it should be
interpreted as >’ the land overseas under the control of Europeans.

47. The latitude measurements indicate some island in the Scychelles archipelago in the Indian
ocean. Pingree in reference 2 has tried to identify Mahaila with the island of Mahe. However,
the island was named much later, sometime in 1742 — 43 by a French explorer after the Chris-
tian name of the Fench governor of Mauritius at the time.

48. Ref. 45 .
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ignore his ” chief assistant ”” and the author” of an important work such
as the Zij-i Muhammad Shahi. The only reference that this author has been
able to trace about Khairu’llah, in the contemporary literature, is one by
Brindaban. Writing about him and Jai Singh, in his Sefing-i Khushago,
Brindaban remarks that Jai Singh spent two million rupees in the ccurse of
20 years on his astronomical pursuits, and that this was done with the advice
of Khairullah.*® The statement of Brindiban has been, perhaps, too
liberally interprcted than it really deserves . The author believes that
Khairw’llzh pleyed svme role in the beginning perhaps, by urging the raja to
undertake the ambitious task of revising astronomical tables. He might also
have acted as an occasional advisor te the raja. It is doubtful, however, that
he was ever involved in the program of Jai Singh to the same extent as
Dayianata Khan was.

Delegation to Europe

In 1727 Jai Singh dispatched a scientific delegation to Europe.® In
the preface to the Zjj-i Muhammad Shahi he says:

?After seven years had been spent in this effort (observing the stars), information was received
that observatories had been builtin Europe,. .., and that the business of observatory was
still being carried on there. **40

The delegation, first of its kind from the East, left Amber in 1727,
paid a courtsey visit to the Portuguese Viceroy at Goa, delivered presents
to him, and then finally reached Portugal in January of 1729.41 The dele-
gation was led by Father Figuerado, the rector of the college of Agra. The
Gazeta De Lisboa Occidental, in its issue of March 10, reports:

** Around the end of the month His Majesty gave private audience to Father Manuel de Figuer-
rado of the Society of Jesus. .., (he) turned over to the king the letters and the gift from the
king of Amber, Sawai Jai Singh ... He also brought along with him Pedro Ji, a Catholic and a
Mogol by birth; Sheikh Ji, a Mohammeden. *’42

The full name of the *’Sheikh Ji,” mentioned above, it appears, was
Sheikh Asadu’llah Nujumi.*® According to Dastura Kaumvara, the Sheikh
was given a variety of gifts in 1726, a few months before the delegation left
for Europe.**

38. Brindaban, ref. 25 .

39. Sharma, ref . 3.

40. Ref. 1.

41. Gazeta de Lisboa Occidental, p. 24, Jan. 20,1729 .
42. Ibid., p. 80, March 10, 1729 .

43. Ref. 9.

44. TIbid.
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not have sought assistance of anybody else. The Muslim astronomers must
have also contributed to the preparation of the Devanagari version of the
Zij-i Muhammad Shahi.?o'

Judging by the gifts in the Dastura Kaumvarae, it appears that the
involvement of the Muslim astronomers in Jai Singh’s program, began some-
time in mid 1710’s, reached a peak a decade later and then tapered off some-
time before his death in 1743.32

It is interesting to note that as the number of gifis to the Muslim
nujimis decreased, the gifts to the Europeans- firangis - increased, reaching
a similar peak in 1735. The Europeans began to participate more actively
in the program of the raja after 1727, and they performed essentially the
same tasks as the Muslims did except that they were not involved in data-
taking at the observatories.’ The replacement of the Muslim astronomers
by Europeans indicates the raja’s growing appreciation of the contemporary
astronomy of Europe.

Abw’l Khair alias Khairu’llah

Khairu’llah has been called the chief assistant of the raja,*® ana
the? author of the Zij-i Muhammad Shahi® However, doubts are cast on
the claims made on behalf of Khairu’llzh, when one does not find any gifts
or honors given to him in Dastura Kaumvara. It is inconceivable that the
raja, generous as he was in bestowing honors on his scholars, would totally

30. There was at least one copy of the Zij-i Muhammad Shahi prepared in Devanagari.

The copy islisted in the inventory of the raja’s personal library, taken in 1743, the year of
his death Refer Tozi bundles, Pothikhana, Jaipur Rajya, Rajasthan State Archives, Bikaner.

31. The other Sanskrit translations acquired by Jai Singh are:

1 - Zjj - i Nityanandi Shdhjehdni, probably based on the Zij-i Shéhjahdni of Ibrihim al-
Dihlavi, ( acquired 1727), No. 23 AG.
2 — Zij-i Ulughbeg, (tables only), (acquired in 1729 from Surat), No. 45 AG.

32. There are no gifts listed in the DK for the years 1732 1734, 1736 — 37, and 1739 — 1743, Ref. 4.

33. Ref. 4, DK, Vol. 18 and 20. See under kaum Musalamdn and kaum Firangi. Also see Tozi Bundles
of Daftar Nuskha Punya, Rajasthan State Archives, Bikaner.

34. Sharma, Ref. 3.

35. Andrew Strobl, a Bavarian Jesuit, who was one of the European astronomers employed by
Jai Singh, substantiates this. In a letter written to Europe, he comments that the raja wanted
Europeans for each and every one of his observatories. See Stocklein J. , Neuve Weltbott, No.
644, p. 15, Augsburg and Gratz, 1728.

36. For instance see Khan Ghori S. A., *’ The Impact of Modern Europcan Astronomy on Raja
Jai Singh, *’ Indian J. Hist. Sci. , p. 53 , vol. 15, 1980 .

37. Storey C. A. , Persian Literature, vol. 2, part 1, p. 95, London, 1958. Also see Nadavi, Sayyid
Sulaiman, ’’ Muslim Observatories, ’’ Islamic Culture, Vol. 20 . p. 281. 1946. Khairu’llah
appears to have written a commentary on Zij - i Muhkammad Shahi. Refer Rahman A. et al,
Science and Technology in Medieval India- A Bibliography of Source Materials in Sanskrit,
Arabic and Persian, p. 285, New Delhi, 1982 .



26 VIRENDRA N. SHARMA

copied from the existing texts. Asadu’llzh provided a copy of Jami-i Shahi,
a work on astrology.? Mullih Imimu’ddin Nujiimi was responsible for
preparing a copy of Zij-i Sultani of Ulugh Beg, and according to Dasture
Kaumvarae, was awarded a sum of Rs. 100 in 1725.22 And then again in
1726, he received a sum of Rs. 200, presumably for his labors on the manu -
script.?? The manuscript was admitted to the library in 1727.* Imamu’ddin,
according to Brindiban, wasa highly respected scholar of mathematics.
He resided in Delhi and died in 1733.%

Translations into Sanskrit

Although Jai Singh solicited assistance from astroncmers of all faiths,
Hindus remained the mainstay of his program, and they carried out their
work in Sanskrit. Primarily, for the benefit of these scholars , Jai Singh
had a number of works translated into Sanskrit. Nayan sukhopadhyaya
translated Tadhkira of Nasir al-Din al-Tusi with al- Birjandi’s sharh. The
translation was done with the assistance of Muhammad Abid, and was comp-
leted in 1729.2¢ Nayanasukhopadhyaya translated three other books as well,
namely: Tkargranthah based on some Arabic copy of Spherics of Theodosius;
Hayatagranthah, based on a Persian work Hai’at; and Yantrargjrisala bisa
baba from Nasir al-din Turi’s Risala Bisa baba.*” A fourth book-Sarvadesiya-
jarkaliyantra — may also have been translated by him.?® These trans-
lations were apparently done with the assistance of astronomers such as
Muhammad Abid. Jagannatha Samrit, the religious guru of the raja, wrote
Samrat Siddhanta based on some Persian or Arabic copy of Ptolemy’s
Almagest. According to Dikshit the work was completed in 1731.%° Jagan-
natha himself was reputed to be well versed in Persian and Arabic, and might

21. Ibid. Bahura, pp. 72 - 73 .

22. Dastura Kaumvara, vol. 18, p. 745.

23. Ibid.

24. Bahura, ref. 7, pp. 74 - 175 .

25. Brindaban, Safind - i Khushgo, ms., f. 123, Khuda Bakhsha Oriental Public Library, Patna.

Recently, the book has been published from Patna.

26. Tadhkire of Nagir al- Din Tusi in commentary of Ali al - Birjandi by Nayanasukhopadhiya,

ms. No. 46 AG, Sawai Man Singh Museum, Jaipur.

27. Bahura Ref. 20 :

1. Ukaragranthah, (copied 1729, acquired 1730), No. 44 AG;
2. Hayata- granthah, (acquired 1738), No. 24 AG.,

3. Yantrardja risala bisa baba, No. 42 AG, and

4. Jarkaliyantram, No. 5483. Khas Mohar collection.

28. Pingree, Ref. 2.

29. Dikshit, Bal Gangadhar, History of Hindu Astronomy, Hindi version, p. 399, Lucknow, 1975
The Jaipur catalog gives 1728 as the completion date of the Samrat Siddhdnta. However, the
date given by Dikshit appears to be more appropriate, as it is supported by internal evidence
from the book .
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Ghulam Husain and Kisandi Khin (?) were receiving daily wages in 1733 -
34 at Jaipur along with the other observatory employees when finishing
touches were being given to the observatory there.V

Jai Singh’s primary aim in erecting the observatories had been to
prepare a set of astronomical tables, i. e., a Zij. It is very likely that some
of the astronomers mentioned above were on the team that compiled the
tables for his Zij-i Muhammad Shahi. However, the Zij does 1.0t mention any
such astronomers or their contributions.

During the times of Jai Singh, or somewhat before him, there had been
some excellent astrolabe makers in the country, and Jai Singh was a collector
of fine astrolabes. His Persian astrolabes were presumably engraved or pro-
cured by his Muslim assistants. However, no names could be traced in the
Rajasthan records that would definitely establish the makers of the astro-
labes for the private collection of the raja.

Astronomical Texts

Jai Singh’s early training had been solely under Hindu pundits just
as of any other Rajput prince of the time, and he studied the Hindu school
of astronomy first. However, he soon developed interest in the Persian-
Arabic school of the subject, and began acquiring books ard patronizing its
scholars. In 1716 he received the first two Persian bocks for his library,
Turiya Jantra and Turiya Jantra Pilki, from Sheikh Abdu’llak.*® It is
noteworthy that the books were on instrumentation, indicating the raja’s
early interest in observational astronomy. Prior to 1716, according to invent-
ory of his library of 1715, he had Sanskrit texts only.'” Gradually, he
acquired quite a few books in Persian and Arabic on both astronomy and
astrology. Many of these books have survived, and may still be seen in the
collection of the Sawai Man Singh IT Museum of Jaipur.® A list of these
books is given in the Appendix .

The books were either purchased directly from their owners, or were

17. Tozi Bundles Imarat Khana, V. S. 1791, Jaipur Rajya, Rajasthan State Archives, Bikaner.

18- File No. 424 / 1, Jaipur Rajya, Rajasthan State Archives, Bikaner. The records in the file do
not give the Persian titles of the books. It was not uncommon for Jai Singh’s librarians, however,
to list a book by its content, particularly, if it was not in Sanskrit or Hindi. On the other hand

it is also possible that the two books brought by Abdu’llih were Persian renditions of some
Sanskrit texts .

19. Ibid. The inventory accounts for a total of 32 books on astronomy in Sanskrit.

20. Bahura, G. N., Catalogue of Manuscripts in the Maharaja of Jaipur Museum, Jaipur, 1971.
David King has given a brief description of the manuscripts in:’* A Handlist of the
Arabic and Persian Astronomical Manuscripts in the Maharaja Mansingh IT Library in Jaipur,”’

J. Hist . Arabic Sci. , 4 (1980), pp. 82 — 85 . Also see Pingree ref. 2 .
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In this paper it will be assumed, however, that the gifts, awards, and
honors which the nujimis rececived, were primarily for their services
related to astronomy.

Dayanata Khan and other Nujamis

Jai Singh’s most favored and decorated Muslim astronomer, according to
Dastura Kaumvara, was Dayinata Khan’. He came in contact with the
raja at an early date, i. e., before any of his observatories were completed,
and remained asscciated with him for more than two decades. In 1718 he
received his very first and a very generous gift of Rs. 300 from the raja.
Then in 1724 he was honored again with a siropa and some other gifts. During
a period of more than twenty years that he remained associated with the
raja, Dayanata Khan was decorated at least six different times. The very
last gift received by him, according to the records in Dastura Kaumvara,
was in 1739.6 It is reasonable to assume that Dayanata Khan played a
major role in the program of the raja.

The nujamis who received gifts and honors from the raja, and about
whose contribution little is known, include Nizam Khan (1717),7 Mirza
Abdu’r-rahman (1721),® Sheikh Asad ullah (1718, 1720, 1726),° Sheikh
Asatuw’llah (1719, 1720), Muhammad Abid (1725),"* Sheikh Ahmad
(1725),12 Sayyid Muhammad (1725 - 1726),"% Sheikh Muhammad Shafi
(1725 ,1729),** and Va’iz Muhammad Mehdi (1731).%S

Contribution of Muslim Astronomers

The Muslim astronomers constructed the early instruments of the
raja, which according to the Zij-i Muhammad Shahi, were based on the Is-
lamic bocks.’ It is reasonable to assume that the astronomers were also
involved, to some extent, in erecting the masonary instruments of the ob-
servatories of Delhi and Jaipur. According to the Imarat Khana records,

5. DK, Vol. 19, p. 563.

6. Ibid.

7. 1Ibid. The parentheses indicate the year of the gift recorded in the DK.

8. DK, Vol. 18, p. 557.

9. DK, Vol. 18, p. 540.

10. DK, Vol. 18, p. 554. It is quite likely that Asatu’llah and Asadu’llzh (ref. 9) are the same person.
The scribes of Jaipur State were not always careful with their spellings.

11. DK, Vol. 18, pp. 590 — 591.

12, DK, Vol. 18, p. 502.

13. DK, Vol. 20, pp. 193 — 194.

14. DK, Vol. 20, p. 604.

15. DK, Vol. 20, p. 192.

16. Ref. 1.



Muslim Astronomers at Jai Singh’s Court

VirenDRA N. SHARMA*

Sawai Jai Singh (1688-1743) , ruler of Amber, patronized astronomers of all faiths. Brahmin
pundits, Muslim nujimis and Jesuit priests from Europe contributed to his program of
rejuvenating astronomy in the country.! Although much is known about his Hindu and
European assistants,23 little has been written about his Muslim assistants. The object of
this paper is to shedlight on the Muslim scholars, and on the services they rendered to the
cause of the raja.

Dastura Kaumvare

This paper is based primarily on the Rajasthan State Archives’ Das-
tura Kaumvara books,* a 32 volume set, in which favors, honors, and gifts
expendad by the rulers of the Amber or Jaipur, over a period of several
generations, are recorded. The Dastura Kaumvara records go back to the
times of the emperor Akbar; however, they are more numerous for the Jai
Singh period. In the records, the Muslim astronomers are listed under the
category Muslim and identified by the title nujimi ( astronomers/astrologers).
Jai Singh awarded his nujamis a variety of gifts, such as a siropa or ceremo-
nial dress, a horse, or various amounts of cash ranging anywhere from Rs. 1
to Rs. 1000. The Dastura Kaumvara records sometime elaborate upon the
reasons for a gift, whereas at other times they simply list the amount spent
on the gift items.

* University of Wisconsin, Menasha, USA.

1. Zjj-i Jadid Mukammad Shahi, Ms. London, B. L. Add. 14373: f. 1.

2. For Jai Singh’s Hindu astronomers, see D. Pingree, ’* Indian and Islamic Astronomy at Jaya-
simha’s Court,’’ to appear.

3. For his European assistants, see V. N. Sharma, >’ Jai Singh: His European Assistants and the
Copernican Revolution, ** Indian. J. Hist. Sci., 17 (2), 333 - 344, 1982.

..... ,”” The Impact of the Eighteenth Century Jesuit Astronomers on the Astronomy of India
and China, ’* Indian J. Hist . Sci., 17 (2), 345 - 355, 1982.

..... , ** Jesnit Astronomers in Eighteenth Century India, ’* Archives Internationales d’Histoire
des Sciences, 34 (1984), pp. 99 - 107.

4. Dastura Kaumvara, Rajasthan State Archives, Bikaner. Originally, the records had been kept
on 5°7x 7, loose leaves of paper, known as the arsattas. The arsattas, during the later years of
the 19th century, were copied into large size books of almost 1000 pages each, as we find them
today. The books have a total of almost 100,000 entries, arranged alphabetically according to
the category of the recipients. However, exceptions are numerous, and scattered throughout
the volumes. For example: The Jesuits, such as Manuel Figuerado, are listed under the
category ’’ Musalamin *’ (Muslim), and not under Firingi . as one would expect. The Dastura
Kaumvara will be referred as DK henceforth.

J.H.A.S. 1991 : Vol 9 : pp. 23 -30.
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par les preuves que nous avons présentées (dhakara) dans ce traité que chaque
cercle est ’équivalent d’un carré rectiligne. Il en résulte dés lors I’ erronéité”
(fasad) de ceux qui soutiennent cette opinion illusoire (12’ifa) et U'évidence
(wadh)que chaque cercle est égal & un carré rectiligne. Et les opinien (meanin)
de la raison n’ont pas hesoin d’étre vérifiées ( haga’iq ) jusqu’a cc que Phomme
les concrétise et les actualise ( ila wujad al- insan laha wa ikhrajiha ila’ I-fi°l) .
Mais il suffit que la preuve aille jusqu’au seuil de la réalisation ( imkan ), ct
I’opinion (en question) sera justifiée - que I’homme les conduise a ’acte ounon.
Et voila qui est assez pour la vérification (tahqig) de cette opinion. Nous avons
atteint notre but .
Fin du traité.®
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laligne DC est donc une et ne change pas, parce que la ligne AD est une ligne
dont la grandeur est connue et ne change pas. Qu’on relie BC et on obtient
le triangle BCD. Le rapport du triangle ABD au triangle BCD est égal a
celui entre la ligne AD et laligne DC, et le rapport entre AD etDC est le méme
qu’entre le croissant AEBH et le cercle HMEN. Et le triangle ABD est au
triangle BDCce qu’est le croissant AEBH au cercle HMEN [ABD : BDC =
AEBH : HMEN ]. Et par inversion, le rapport du triangle ABD au croissant
AEBH devient ’équivalent du rapport entre le triangle BDC et le cercle
HMEN [ ABD: AEBH = BDC : HMEN].

Quant au croissant AEBH, il a été prouvé qu’il est ’équivalent du tri-
angle AB. Ainsi, le cercle HMEN est égal au triangle BDC, et chaque triangle
est égal & un carré - comme a été démontré dansle deuxiémelivre des Eléments.

Et pour rendre un carré égal au triangle BDC, prenons un carré SFQJ*7
(fig. 3) -

T

ot |sg,

Fig.3
(vat , arab
AP Foe Q. 320, 5)

Le cercle HMEN est alors équivalent au carré SFQJ et le rapport
entre les diamétres AG et EH est connu, parce que les grandeurs respectives
de ces diamétres sont connues . Et pour que le rapport entre G et EH soit
égal a celui entre XQ* et FQ, il faut que le rapport de AG au carré a EH
au carré soit égal au rapport entre XQ au carré et FQ au carré
[4G?: EH? = X(?: F(?]. Tragons sur la ligne XQ un carré, soit le carré XT.
Le rapport de AG au carré a3 EH au carré sera alors égal au rapport entre les
carrés XT et QO [ AG* : EH?> = XT : Q0 ]. Et AG au carré est 3 EH au carré
ce qu’est l= cercle 4 BG au cercle HMEN [ AG? : EH?* = 4BG : HMEN |.
Le rapport du carré XT au carré QO est égal au rapport du cercle 4BG au
cercle HMEN. Le carré QO est égal au cercle HMEN et le carré XT au
cercle ABG. Dés lors, il est prouvé par cette démonstration que chaque cercle
est égal & un carré rectiligne. Mais quant & savoir comment trouver ce carré,
nous rédigerons a ce propos un traité particulier, puisque dans ce traité nous
avons uniquement voulu démontrer que cette opinion (ma‘ng) est possible
et que Pavis (itigad ) de ceux qui croient qu’il-est injustifié ( la yasibhu )
qu'un cercle équivale a un carré est erroné. En fait , nous avons démontré

37. Comme Suter j’adopte O pour la lettre arabe “ain .

38, De méme X pour la lettre arabe shin .
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change ni de genre ni de grandeur, ni de forme ni de configuration (hay’a)®
et sielle - méme, la grandeur, est invariable, ne change ni de forme ni de
grandeur, ni de genre ni de configuration (hay’a), et si donc et la grandeur
et sa partie ont cettes propriétés (‘ala hadhihi as sifa ) il n’existe pour la gran-
deur et cetie partie qu'un seul rapport qui ne change pas et n’adopte pas
d’autre aspect. Sila grandeur du cercle ABG est connue (malam)®*, seront
connus aussi son périmétre et son diamétre ainsi que son centre, le diamétre
AG et I’arc AB qui équivaut & un quart du périmétre . Seront des connues la
ligne AB ( corde ) et laligne BD ainsi que le triangle ABD . J’ entends par
une connue ce que j’ai décrit pour le cercle ABG ( fi sifat adda’ira ) , qu’elle
soit invariable et ne charge pas, car la connue chez les mathématiciens est
ce qui ne change pas. Et soit connu le demi- cercle AEB puisque la ligne 4B
qui est son périmétre est connu; des conuues sont aussi 'arc AEB, parce
qu’il ne change pas, et I’arc AHB en sorte que le croissant AEBH est connu-
j'entends par la qu’il est invariable quant a ses propriétés (thabit “ala sifa
wahida ) . 1l ne change ni de genre ni de grandeur ni de forme - par genre
j’entends qu’il est une surface plane. Et soit connue la ligne KE qui forme la
moitié du diamdtre connu, ainsi que la ligne KH puisque les deux points K
et H sont connus. Il reste alors la connue EH, c’est-a-dire (étant une connue)
elle ne change ni de grandeur ni de forme ni de configuration. La ligne EH
est le diamétre du cercle HMEN, et le cercle HMEN est connu, ne change ni
de grandeur ni de forme ni de configuration. Or, le cercle HMEN est une
partie du croissant .{BEH et tous deux ne changent pas d’état et appartien-
nent au méme genre puisque I'un faitie part de l’autre. Ainsi, le croissant
AEBH a au cercle un rapport invariable aux propriétés fixes ( nusba thabita
“ala sifa wahida) qui ne change pas d’aspect. Et chaque rapport de n’importe
quelle grandeur a sa partie est égal au rapport de chaque grandeur a une
partie semblable a cette partie (appartenant & la premiére grandeur). Ainsi,
le rapport du croissant AEBH au cercle HMEN est égal au rapport de laligne
AD avec une de ses parties, que nous connaissions la grandeur de cette partie
ou non, (en fait ) nous ne pouvons pas la découvrir et n’arrivons pas a la
trouver. Soit DC cette partie, ¢n sorte que le rapport de AD a DC estle méme
quentre le croissant AEBH et le cercle HMEN. Ainsi, le rapport de 4D
a DC est un rapport invariable qui ne change jamais. Et si ce rapport est tel,

35. K. Kohl traduisit ’ouvrage astronomique d’Ibn al -Haytham Kitabfi Hay’at al - “Alim par
** {{ber den Aufbau der Welt >> (** Sur la constitution du nonde’>).*” Hay’s * peut aussi désigner
carrément Pastronomie. Nasiraddin at- Tiisi, pour ne citer qu'un exemple, a ainsi écrit un
ouvrage intitulé as-tadhkira fi “Ilm al- Hay’a (>’ Mémoire d’astronomie **). Dans le contexte
présent > configuration * nous semble étre la traduction adéquate.

36. Ibn al-Haytham suit ici de prés la terminologic et les définitions qu’il » adoptées dans son
** Traité des connues géométriques >’ (cf. M. L. Sédillot : Matériaux pour servir & Uhistoire com-
parée. . . , op. cit. , vol 1, 378 ss) .
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Puisque ceci est prouvé, occupons- nous de nouvean du cercle, du crois-
sant AEBH ainsi que du triangle 4 BD. Divisons laligne 4B en deux parties
égales dans le point K, de sorte que K devienne le centre du cercle AEB
(fig. 2). Relions DK et prolongeons cette ligne jusqu’a ce qu’elle coupe les
arcs {HBet AEB dans les deux points H et E. DKH devient ainsi le diamétre
(demi- diamétre) du cercle 4BG et (KHE) le diamétre (demi-diamétre) du
cercle AEB parce qu’elle passe par les centres des deux. Divisons la ligne
EH en deux parties égales dans le point L et faisons de ce point en décrivant
avec HL pour rayon (?) le centre d’un cercle pour obtenir le cercle HMEN.
Et ce cercle touchera du dehors le cercle ABG et de dedans le cercle AEB
parce qu’il rejoint chacun des deux cercles par les bouts de son diamétre,
commun 2 toutes les trois figures. Ce cercle se trouve en entier a I'intérieur
du croissant AEBH, il est donc une partie de ce croissant.

Or, chaque grandeur a un rapport déterminé avec chaque grandeur
qui lui est inhérente. Mais personne ne connait ce rapport et n’arrive a le
connaitre parce que le rapport des grandeurs entre elles n’est pas congu pour
la connaissance des hommes ni pour qu’il leur soit possible de le découvrir ou
connaitre ( laisa hiya min ajli “ilm an - nas biha wa la min ajli qudratihim
ala istikhrajiha wa ma‘rifatiha) . C’est que le rapport entre les grandeurs est
quelque chose de propre aux grandeurs du méme genre (jins). Si deux gran-
deurs appartiennent au méme genre et chacuuc d’elles est limitée (mahsur),
finie (mutanghi) , invariable (thabit), fixe dans sa grandeur (bagi °ala miqdarihi),
ne change aucunement d’aspect (wajh), n’augmente ni ne diminue et reste
dans son genre, le rapport de ces deux grandeurs reste le méme, il ne mue
pas et ne change pas d’aspect. Et pour chaque grandeur dont une partie
appartient au méme genre vaut que, si cette partie est limitée, finie, ne
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périmétre le point B. Tragons alors les deux droites BG et 4B et circonscri-
vons a ces droites les deux demi- cercles AEB et BZG.

Et je dis que les croissants AEBH et BZGT sont ensemble égaux au triangle
ABG .

B .
2 (vat
B arab
&, 320, 3)

La preuve est que de deux cercles quelconques le rapport d’un cercle a
P’autre est égal au rapport du carré d’un diamétre au carré de ’autre - comme
il a été démontré dans le deuxidme axiome du livre XIT des Eléments. Ainsi,
le cercle BZG est au cercle BEA ce qu’est GB au carré 3 B 4 au carré [ BZG :
BEA = BG? : AB*]. Et par composition (tarkib) on obtient : GB®* + AB?:
AB? = BZG + BEA : BEA. Or, GB au carré et AB au carré sont égales 3 AG
au carré ( GB? + AB? = AG?). Ainsi: AG?* + AB?> = BZG + BEA : BEA.

Et AG au carré est 3 AB au carré ce qu’est le cercle ABG au cercle
BEA [ AG*: AB* = ABG : BEA]. Et le rapport des cercles BZG et
BEA au cercle BEA est égal au rapport du cercle 4 BG au cercle BEA [ BZG
+ BEA : BEA = ABG : BEA]. Ainsi,le cercle ABG est égal aux cercles
BZG et BEA. Dés lors, le demi- cercle ABG est égal aux demi- cercles BEA
et BZG. Et si nous 6tons les segments AHB et BTG qui ont part (mush-
tarikiin ) aux cercles ABG et aux deux cercles AEB et BZG, il reste le triangle
ABG qui est ’équivalent des croissants AEBH et BZGT . Et c’est ce que
nous avons voulu démontrer. Et si les arcs AHB et BTG sont égaux, les
lignes .4 B et BG s’équivalent, de méme les cercles AEB et BZG, et sont des
équivalents leurs moitiés ainsi que les croissants AEBH ¢t BZGT . Relions
encore B et D, et les triangles ABD et BDG seront égaux. Or, nous avons
démontré que les deux croissants sont équivalents et que les triangles 4 BD
et BDG sont égaux. Et si chaque croissant est égal & chaque triangle , le
croissant AEBG est égal au triangle ABD.
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Au nom de Dieu le clément
et miséricordieux qui réjouit les coeurs

Traité d’Ibn al-Haytham sur la Quadrature du cercle . Beaucoup de
philosophes (mutafalsifun) sont convaincus qu’il est impossible que la surface
du cercle soit équivalent  la surface d’un carré rectiligne® et ils repoussent
cette opinion (ma®ng) dans leurs disputes et controverses. On ne trouve ainsi
chez aucun des anciens ni des récents une figure rectiligne qui corresponde
a la surface d’un cercle jusqu’au terme de la précision. Or, Archiméde qui en
fait mention dans la mesure du cercle n’y utilisa qu’une partie de la surface.®
Et c’est cet état de choses (mang) qui a entres autres renforcé les philoso-
phes dans leur conviction. Puisque c’est ainsi qu’il en était , nous avons
dirigé le regard de notre pensée (nazar al - fikr) sur cette opinion et il nous
parut possible et aucunement difficile ( de la soutenir). Il y a un pendant a
cela : il existe une figure lunaire limitée par deux segments circulaires qui
est égale & un triangle et une autre qui forme ensemble avec un cercle un
triangle. Nous avons évoqué plusieurs figures différentes de ce genre dans
notre livre sur les figures lunaires. Aprés avoir médité sur les propriétés
(sife) des figures lunaires, il se corrobora en nous la conviction qu’une surface
circulaire égale & un carré rectiligne appartient au domaine du possible
(annahu min al - mumkin) , et nous avons approfondi la chose jusqu’a ce que
la preuve fiit manifeste que cette opinion est possible et qu'aucun doute
n’existe quant a la possibilité ( imkan ) de la démontrer. C’est alors que nous
avons rédigé ce traité.

Nous disons que pour chaque cercle dans lequel on trace un diamétre
et marque dans un des demi- cercles un point au hasard (kaifama ittafaqa),
trace a partir de ce point deux droites vers les deux bouts du diamétre et
circonscrit par la suite a ces droites deux demi- cercles, (pour chaque cercle
donc) vaut que les croissants limités par les périmétres des deux demi- cercles
et ’arc du premier cercle sont ensemble équivalents au triangle limité dans
le premier cercle. Nous avons démontré (bayyand) cette opinion dans notre
livre sur lesfigures lunaires, voulons toutefois reproduire la preuve (burhan)
dans ce contexte.

Soit un cercle ABG ( fig. 1) et un point D comme centre. Faisons passer
par D une ligne ADG en sorte que AG soit le diamétre et marquons sur le

33. Ce pléonasme vient de ce qu'lbn al-Haytham veut commencer par démontrer I’équivalence
fonciérement possible entre une figure circulaire et une rectiligne.

34. Suter remarque ici a juste titre qu’lbn al-Haytham fait probablement allusion a ce qu’Archi-
meéde opére avec le polygone de 96 cotés et n’atteint par la qu'une quadrature approximative
(cf. op. cit. , p. 36) .
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gination, elle, est douée d’un pouvoir cognitif?® qui s’explique par la con-
nexité étroite avec la raison dont il a déja été fait mentien. Non seulement
ses images sont soumises aux lois optiques, mais elle est apte a distinguer les
” catégories ” visuelles et 4 les mettre en relation avec ’objet percu?.
D’autre part, I'imagination a une fonction de soutien. Dans le débat sur les
rayons visuels, Ibn al-Haytham tranche aicsi que ces rayons ne sont que
des lignes imaginaires servant a illustrer et a expliquer I’acte de la vision.3®
Ce sont justement ces deux plans de ’imagination qui fournissent les critéres
nécessaires pour le concept du possible d’ Ibn al - Haytham : d’un c6té la
faculté distinctive qui discerne les aspects possibles d’une forme qu’elle soit
une espéce ou une figure géométrique, de ’autre le caractére fonciérement
médial de 'imagination qui permet de mettre en rapport lignes, angles et
figures. L’imagination devient ainsi la pierre de touche du possible, c’est-a-
dire de ce qui peut étre mis en relation. Il reste, cependant, un aspect qui
distingue ’opinion de la raison du jugement (ra’y) : celle- ci, du moins dans le
contexte présent, n’a pas de fondement dans le monde sensible. L’imagina-
tion ne sert alors pas a vérifier le réel, mais se déploie dans la spéculation.
D’ici a4 une méthodologie conjecturale telle qu’elle a été démontrée récem-
ment pour Nicole Oresme?? il ne reste plus qu’un pas a franchir.

La traduction a pour base I’édition critique de H. Suter.32 Elle suit de prés le texte arabe, avec
toutes les répétitions et redondances apparentes, et ne prétend donc pas & un meilleur style qui
d’ailleurs fausserait le caractére de D’original. Les termes techniques ainsi que les locutions qui
ne peuvent étre traduites littéralement sont misentre parenthéses. ( Les schémas sont tirés du
manuscrit vat. arabus 320 rapporté en 1622 de Perse par Pietro della Valle . )

28, Cf. éd. Risner, 11, 76, pp. 74~ 15 .

29. Cf. ibid. , II , 62 - 64, pp . 66 — 68 .

30. Cf. ibid. , 1,23, p. 14s.

31. Cf. Jeannine Quillet : *’ L’imagination selon Nicole Oresme *’, Archives de Philosophie , 50 (1987) ,
219-227 .- Pour I'importance de 1’imagination dans la recherche scientifique chez un autre
auteur du moyen age cf. Edith D. Sylla, ** Mathematical physics and imagination in the work
of the Oxford Calculators: Roger Swineshead’s On Natural Motions®®, Mathematics and its
applications to science and natural philosophy in the Middle Ages , ed. par E. Grant et John E.
Murdoch, Cambridge / London / New York ... 1987 ,69-102.

32. Pour son édition de la Quadrature du cercle d’Ibn al- Haytham, Suter a utilisé les mss. Mf. 258
et Mq. 559 de la Bibliothéque de Berlin ainsi que le vat. arabus 320 de la Bibliothéque Aposto-
lique . — Pour d’autres manuscrits cf. G. Nebbia, op. cit. , 191 .

—
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Tenons compte de ces instructions pour examiner si Popinion possible dont
il est question dans la Quadrature du cercle se référe également a une réflexion
de méthode. Pour ’approche du probléme mathématique de la quadrature
Ibn al-Haytham d’abord rappelle au lecteur un des ses ouvrages antérieurs
qui porte sur les figures lunaires et dans lequel il a déja évoqué des configu-
rations géométriques ol une figure circulaire est égale & une rectiligne.?
Le procédé qui suit s’effectue en deux étapes. En voila bridvement la des-
cription: A premiére vue, la démonstration ressemble a celle d’Archiméde?®
dans la mcsure o Ibn al-Haytham argumente au moyen de rapports et birap-
ports qui se fondent sur de simples régles géométriques du type: le rapport
d’un cercle quelconque a un autre est égal au rapport du carré de son diamétre
au carré du diamétre de ’autre cercle.?” Ibn al - Haytham omet cependant
calculs et bissections d’angles. Dans unc premiére étape, il démontre ainsi
Péquivalence entre une figure circulaire et une triangulaire. Ensuite, se fon-
dant sur un axiome du deuxidme livre des Eléments d'Euclide selon lequel
chaque triangle est égal & un carré, il entame la deuxiéme étape et illustre
par une double analogie (sia = b et b = ¢, alors a = r ) qu’effectivement unc
équivalence entre cercle et carré est possible. Le traité conclut avec ’obser-
vation que
**les opinions (ma“dnin) de la raison n’ont pas besoin d’étre vérifiées (haga’ig) jusqu’a ce que
I’homme les concrétise et les actualise *” .

L’argumentation d’ Ibn al-Haytham dans cette Quadrature du cercle
est, en effet, plausible, les analogies s’enchainent sans difficulté en sorte
que le lecteur accepte de prime abord facilement la démonstration. Mais de
1a a dire qu’elle n’a pas besoin d’étre menée a terme, cela rend quelque peu
perplexe. En fait, il faut se demander a cet endroit ce qu’entend Ibn al-
Haytham exactement par le terme *° possible *’. La possibilité de la quadra-
ture du cercle résulte pour lui d’une opinion de la raison. Méme en admet-
tant que cette opinion opére tout comme le jugement (ra’y ) avec des images
intérieures, ou ce qui est plus approprié dans ce contexte avec des figures
géométriques représentant des rapports déterminés, les critéres de la vraisem-
blance ne sont pas encore clairs. Pour reconstruire le fond de la pensée d’Ibn
al-Haytham, il faut, ici aussi, recourir a4 la Grande Optique. Il s’y trouve une
distinction importante entre imagination et fantaisie. Contrairement a la
fantaisie qui n’est qu'un réservoir d’images qui n’ont pas été vérifiées, I'ima-

25. 11 doit s’agir soit du ’’ Traité abrégé sur les figures lunaires ’* soit du * Traité circonstancié sur
les figures lunaires >’ qui figurent aux numéros 20 et 21 dans la liste transmise par Ibn 4bi Ugaibita.
Ni I’un ni ’autre n’a été publié. Il serait intéressant de savoir si Ibn al-Haytham va dans ses
traités au-dela des idérations d’Hyppocrate.

26. Cf. Archiméde : La mesure du cercle, texte établi et traduit par C. Mugler, Oeuvres, I, Paris 1970,
135 - 143 .

27. Cf. Euclide : Eléments, XII , 2. axiome .
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Voila pour ’épistémologie d’Tbn al-Haytham. Qu’en peut-on conclure
pour sa Quadrature du cercle ? Ibn al-Haytham se propose d’abord de com-
battre la conviction des philosophes qui ne croient pas qu’il y ait une solu-
tion au probléme de la quadrature du cercle. Il parle dans ce contexte de
ma‘nd, d’opinion : la quadrature du cercle est a ces yeux une opinion possible.
Le terme ma®nd recouvre dans ’euvre d’Ibn al - Haytham plusieurs sens.?
Une des plus passionantes est certainement celle des maSanin basariyya,
que la version latine de la Grande Optique traduit par *’ intentiones . Pour
souligner les traits les plus saillants du concept qui s’y rattache, il n’est pas
sans intérét de faire a cet endroit un rapprochement avec quelques données
fondamentales de la philosophie aristotélicienne. On peut alors affirmer
qu’au contraire des catégories du Stagirite qui reposent sur ce qui peut étre
dit, Ibn al-Haytham développe vingt-deux ” catégories *’ a partir de ce qui
peut étre percu visuellement tels que les couleurs, la grandeur, le site ou la
disposition des parties d’ un objet . La différence réside néanmoins dans ce
qu’lbn al-Haytham ne peut dégager , comme le propose Aristote, le ford
véridique d’une opinion ( doxa ), comraunément admise, au moyen d’ une
dialectique de la langve , mais laisse décider les mathématiques de la vrai-
semblance. Et pour cause, si la connaissance d’un objet a pour base sa visi-
bilité, les erreurs possibles sont, elles, relatives a la perception. Pourse
préserver des illusions dies a la vision, le jugement a besoin dés lors non
d’une dialectique, mais d’une optique géométrique. Bien qu’on ne puisse
indiquer un concept de base unique a toutes les significations de ma‘na, il
est assez manifeste que dans divers contextes Ibn al-Haytham recourt a
ce terme 3 un niveau de réflexion systématique. Déja en 1834 dans son article
** Traité des connues géométriques d’Ibn Alhaitham > M. L. Sédillot avait
attiré D’attention sur la *’ géométrie spéculative ”’ de celui-ci ot I'opinion
(mana ou zann ) immuable, considérée une évidence inébranlable, joue un
grand réle.2? Que l’opinien est un mot-clé dans la terminologie épistémolo-
gique d’Ibn al-Haytham ressort plus clairement encore dans un autre ouvrage.
Son commentaire sur les Eléments d’Euclide commence ainsi par les mots :

** Chaque opinion ( ma®ng ) dont la vérité est obscure et dont les propriétés sont au début
q! P! prop:
cachées... est soumise au doute. Et pour celui qui est rebelle & la vérité et qui doute, le chemin
i conduit) & ses opinidtretés est large.. Et il ne sert & rien qu’il s’en prenne 2 lui - méme, a
qu p 3 q P
moins qu’il ne vérifie une opinion par la méthode (giyas)23 et le discernement (tamyiz) qu’il a
élaborés lui-méme et dont la vérification (sahhia) prend forme dans sa raison (“aql) 24 .

21. Cf. M. Schramm, op. cit. , 206 , 211.

22. Cf. Journal asiat. , XIII (1834), 435 £f. Voir aussi ses Matériaux pour servir & Uhistoire comparée
des sciences mathématiques chez les Grecs et les Orientaux . 2 volumes , Paris 1845 — 1849 . vol.
1, 378ss.

23. ’Qiyds’ signifie aussi 'mesure’ ou ’analogie’ . Dans le contexte présent la traduction *méthode

~

nous semble étre la plus appropriée.
24, Kitab fi Hall Shukik Kitab Uglidis fi’l- Usil wa Sharhk Ma“anihi ( Publications of the Inst. for
the Hist. of Arabic- Islamic Science, C, Facsimile Editions, vol. 11) , Frankfurt a. M. 1985, 2 .
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la Grande Optigue ( Kitab al-Manazir ) d’Ibn al-Haytham, sura est i’ > espéce
générale 7’6 congue d’aprés la perception visuelle répétée!’ d’un objet
quelconque. Elle n’est donc ni dérivée d’un principe ni le résultat d’un proces-
sus d’abstraction.’® Par ailleurs, dépendant d’un objet extérieur a la pensée
Pespéce générale reste sujette i des modifications qui ont leur fondement
dans les lois optiques. Le jugement a ainsi effectivement pour point de dé-
part le domaine du sensible qui, en retour, trouve au moyen de ’optique
géométrique un pendant constamment mis en cause et rectifié dans la raison.
L’apport des mathématiques appliquées semble ainsi se réduire a la fonction
d’un instrument de précision susceptible lui-méme d’étre continuellement
rectifié.® Une analyse plus poussée du rapport complexe entre physique et
mathématiques dépasserait de loin le cadre de cette introduction a la
Quadrature du cercle d’Tbn al-Haytham. On peut néanmoins retenir deux
aspects fondamentaux. 1° I’épistémologie d’Ibn al-Haytham a pour base
la visualité du monde et la faculté de la raison (‘agql) de former a I’aide des
lois optiques des images intérieures continuellement vérifiables et servant
a rendre intelligibles les objets extérieurs. 2° la connexité entre la raison, la
faculté de former des images (imagination) et de les tenir présentes (mémoire) -
sans cette derniére umne rectification serait impossible puisque la perception
devrait toujours recommencer a zéro - est si étroite qu’il n’y a pratiquement
pas de différence entre voir et comprendre : dans la Grande Optique, en effet,
percevoir visuellement est comprendre immédiatement.?® Si, de surcroit,
le jugement (ra’y) dans lequel culmine et I’expérience visuelle et la reconstruc-
tion géométrique dans la raison a lui-aussi , considéré étymologiquement,
une connotation visuelle, rien de moins surprenant : ra’y dérive, en effet,

3= 99

de la racine ra’a >’ voir ™.

16. Le terme est emprunté & G. Federici- Vescovini : *° Contributo per la storia della fortuna di
Alhazen in Jtalia : il volgarizzamento del ms. Vat. lat. 4595 e il > commentario terzo > del Ghi-
berti >’ Rinascimento , 2e série, vol. V (1965), 17 — 49 , 27 ;°’ espéce générale *> donne une idée
assez exacte de ce qu'entend Ibn al-Haytham par sura, pourvu qu’on tienne compte de ce qu’il
s’agit d’une espéce congue visuellement.

1

a

. Ibn al-Haytham distingue entre une perception qui a lieu selon tousles rayons qui frappent
I’eeil ( dans la version latine de ’édition Risner, aspectus ) et une qui survient selon le seul rayon
perpendiculaire et qui, par la, est perception plus distincte (intuitio) . Evidemment, ¢’est par la
perception intuitive que se fait la vérification de ’espéce générale (cf. F. Risner, Opticae thesaurus
Alhazeni Arabis libri septem. . , Bale 1572, I1, 62 — 64, pp. 66 — 68 ).

18. Cf. G. Federici- Vescovini, op. cit, 26 ss.

19. D’autre part, au début de son discours sur la lumiére Ibn al- Haytham déclare que seules physique
et mathématiques prises ensembles peuvent réussir aexpliquerce qu’est la lumiére, 1’unesa
nature (mahiyye ; quidditas) les autres sa modalité (keifiyya ; qualitas). — Pour une traduction
frangaise de ce discowrs cf. R. Rashed, Revue d’histoire des sciences, 21 (1968), 197 — 224 .

20. Cf. op. cit. , éd. Risner, II, 65, p. 68 .
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le cas, les spéculations sur les phénomeénes naturels, d’autre part étre insérées
dans un contexte physique et perdre par la leur caractére fonciérement hy-
pothétique.® C’est ainsi qu’lbn al - Haytham substitua au modeéle ptolé-
mique une conception plus appropriée & I’expérience du monde :

** Les monvements de cercles et le point fictif que Ptolémée avait considérés d’une maniére
entiérement abstraite, nousles placerons daus des sufraces sphériques ou planes qui seront
animées des mémes mouvements. Cela, en effet, constitue une représentation plus exacte
et, en méme tewps. plus claire A intclligence > .11

Le concours mutuel envisagé par Ibn al-Haytham entre physique et
mathématiques appliquées, resté aujourd’hui encore mutatis mutandis un
idéal scientifique, n’est pas facile a saisir. De plus, les écrits sur la méthode
d’Ibn al-Haytham qui auraient pu fournir quelques renseignements précieux
quant a son approche et scientifique et épistémologique ont péri.?? Pourvu
qu’on élabore certains concepts de base, il est cependant possible de recon-
struire & partir de quelques autres écrits, pour le moins schématiquement, le
fond systématique de sa pensée. Son autobiographie fournit ainsi un indice
fort intéressant, d’autant plus important si, comme Moritz Steinschneider
le soutient dans son édition des *” Vite di matematici arabi ”, ce témoignage
d’Ibn al-Haytham a fait partie d’un ouvrage ol il aurait affirmé le primat
des sciences sur la foi.3 Ibn al-Haytham commence par y décrire ’anxiété
et le désir de savoir qui I’habitaient jusqu’a ce qu’il reconnut qu’il ne pouvait

** atteindre a la vérité que par des jugements ( ara’ ) dont le fondement ( ‘unsur) est le domaine
du sensible (umir hissiyya) et la forme (sira) le domaine de la vaison (umdar “aglivya)’*14 .
On ne comprend la portée de cet aveu qu'en approfondissant le concept
de forme. En fait, le terme arabe gira signifie, tout ccmme le grec eidos, image -
sans toutefois correspondre au concept aristotélicien de forme.’® Dans

10. Pour plus de détails cf. Pexcellent ouvrage de Matthias Schramm: Ibn al- Haythams Weg zur
Physik (Boethius - Texte und Abhandlungen zur Geschichte der exakten Wissenschaften, vol.
1), Wiesbaden 1963 , 5 - 63 .

11. P. Duhem : ** Le Résumé d’Astronomie d’Ibn Al-Haitam ’’, Le Systéme du monde, vol. II, Paris
1914, 119 - 129, 122. — Cette critique & 1’égard de Ptolémée n’a rien a voir avec '’ le réalisme des
arabes *’ (cf. ibid. , 117) , mais résulte tout simplement d’une réflexion de méthode .

12. Cf. Matthias Schramm, op. cit. , 12.

13. Cf. M. Steinschneider : *’ Vite di matematici arabi. Tratte da un opera inedita di Bernardino
Baldi*’, Bullettino di bibliogr. e di storia delle sc. mat. e fis. , 5 (1872),427 - 534 , 466 .

14. Ibn Abi Ugaibia, op. cit. ,93. — M. Schramm intervient pour sa traduction dans letexteet
remplace * onnani’ par ’ annahu’ en sorte que * asilu’ devienne ’agl’ (cf. op. cit. , 10) mais il n’y
a aucune raison a cela. Cette partie de la phrase est tout a fait compréhensible telle qu’elle est.

15. Pour le débat autour des termes > forma’ et ’species’ dans les traités d’optique de Robert Gros-
seteste, Roger Bacon, John Pecham et Vitello cf. V. Ronchi, Storia della luce, Bologna 1952 ainsi
que D. C. Lindberg, *” Alhazen’s Theory of Vision and its Reception in the West **, Isis, 58 (1967),
321-341. Il faut se demander si la question soulevée dansce débat n’est pas superflue du
moment ot le terme *forma’ est tout simplement dfi & la traduction latine de la grande Optique
et n’explique en soi rien & la conception spécifique d’Ibn al- Haytham.
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de ce titre dont nous ayons connaissance depuis Archiméde ™ n’ait pas
encore été analysé. En 1899, finalement, Heinrich Suter entreprit I’éditicn
de cet écrit d’'Ibn al - Haytham.6 Mais depuis, ce traité est tombé dans
Poubli et c’est & peine ’il figure dans quelque bibliographie.” Une raison
en est certainemeni que Suter, historien des mathématiques et orientaliste
passionnué, a été décu de la sclution avancée par Ibn al-Haytham. A son
avis, cette Quadrature du Cercle est

’” une singuliére mixture de vérités géométriques et d’arguments philosophiques, elle

n’offre pas de démonstration compléte. . . , mais donne uniquement une preuve

mi-mathématique, mi-philosophique de la possibilité de la quadrature *’8 .
En fait, pour apprécier ce traité, il faut commencer par tenir compte du
public auquel il s’adresse. Dans sa quadrature Ibn al-Haytham n’a pas les
mathématiciens en vue. Bien au contraire, il oppose sa propre opinion a
celles des philosophes ou plus exactement de ceux qui se sont adonnés a
la philosophie, car il ne parle pas de falasifa, terme commun pour désigner
les philecsophes, mais de mutafalsifun. Ce sont ces derniers qu’il veut
convaincre de la possibilité de la quadrature — quant a ceux qui attendent
une démonstration mathématique, il promet & la fin de sa quadrature
un autre traité qui n’a toutefois pas é1é transmis jusqu’a nous ou qui
n’a peut-étre jamais été rédigé. Mais en quoi peut consister une
solution philosophique d’un probléme mathématique? Nicolas de Cuse,
pour citer un exemple célébre, avait pris pour point de départ de sa
quadrature du cercle le principe de la coincidence des opposés et avait méme
songé & la possibilité de parfaire par 1a les mathématiques.® Il en est au-
trement d’lbn al-Haytham: le pivot sur lequel reposent philosophie et mathé-
matiques ne réside pas pour lui dans un principe philosophique applicable
aux deux domaines, mais dans son épistémologie. Il n’a ainsi jamais situc
son idéal scientifique dans les mathématiques pures. Son but était bien au
contraire de travailler 4 une synthése de la physique (aristotélicienne) et des
mathématiques appliquées, c’est-a- dire, dans son cas, I’astronomie et I’op-
tique. Ces derniéres devaient par leur précision consolider ou corriger , selon

5. Moritz Cantor : Vorl ither die Geschichte der Math ik, 2e éd. , Leipzig 1893 , vol. 1, 744.

(-3

6. Heinrich Suter : >’ Die Kreisquadratur des Ibn al- Haitam. Zum ersten Mal nach den Manuskripten
der konigl. Bibliothek in Berlin und des Vatikans hg. u. iibers’’, Zeitschrift Fiir Math ik und
Physik, hist. — liter. Abt. , 44 (1899), 33 - 47 .

5

Quoiqu’en dise Giorgio Nebbia, Helmut Ritter, n’a pas travaillé sur ce traité (cf. ”’Ibn al-Haytham
nel millesimo anniversario della nascita ** , Physis, rivista di storia della scienza, 9 (1967), 165 -
214, 191). Ritter se contente i I’endroit indiqué de mentionner 1’écrit en question.

&

H. Suter, op. cit. . 34 .

*” Intentio est ex oppositorum coincidentia mathematicam venari perfectionem '’ (De mathematica
perfectione, pars II, fol. 101 r, Nicolai Cusae cardinalis opera, Parisiis 1514,\H ~réimprimé Franc-
fort 1962) .

a



La Quadrature du cercle d’Ibn al-Haytham

Solution philosophique ou mathématique ?

TAMARA ALBERTINI*

Abu °©Ali al-Hasan ibn al-Hasan ibn al-Haytham ( 965 — 1040 )!
devenu célébre dans le monde latin pour son ouvrage d’Optique? a traité
divers problémes d’ordre mathématique, astronomique, mécanique, poli-
tique et philosophique. Il s’est en outre intéressé a la médecine, heureuse-
ment peut-on observer, puisque c’est grice a ce dernier penchant qu’une
longue liste de ses cuvrages nous est parvenue. Ibn Abi Usaibi®a ( 1203 -
1270), lui-méme médecin de professiom, s’est ainsi chargé de transmettre et
compléter dans son histoire des médecins I’autobiographie d’Ibn al-Haytham
et la liste d’ouvrages que celui-ci y avait dressée.® Dans la liste supplé-
mentaire d’Tbn Abi Usaibi®a figure aussi le traité sur la Quadrature du cercle
( magala fi tarbi® addd’ira). Au siécle dernier, I'existence de ce traité était
connue au plus tard depuis ouvrage de F. Woepcke sur “Omar al-Khayyam
ou 117 écrits d’Ibn al-Haytham sont mentionnés*. Moritz Cantor pouvait
ainsi déplorer en 1893 que ce traité sur la Quadrature du cercle, ’ le premier

* Institut fiir Geistesgeschichte und Philosophie, Universitit Munchen, Germany .

1. Pour d’ultérieures données biographiques et ure vue d’ensemble sur 1’ oeuvre d’ Ibn al-Haythan
of. article de A. 1. Sebra daus : Dictionary of Scientific Biography, vol. VI, 189 - 210.

2. A. L Sabra a publié le texte original arabe : Al- Hasan ibn al- Hasan ibn al- Haytham, Kitdb al-
Manazir, Livres I - TII , avec glossaire arabe- latin et tables de concordance, Kuwait 1983 ; ainsi
qu’une traduction anglaise : The Optics of Ibn Al- Haytham, Livres I - III : sur la vision directe,
trad. avec introd. et comm. (Studies of the Warburg Institute, 40), Londres 1989. Nous citons
cependant ci-dessous selon 1’ancienne édition de Friedrich Risner : Opticae thesaurus Alhazeni
Arabis libri septem. . . , Béle 1572 (reprint New York 1972) .

3, Cf. Ibn Abi Usaibia : “Uyin al- Anba’ fi 'Tabagat al-Atibba’, 2 volumes , éd. par August Miiller,
Le Caire/Konigsberg 1882 — 1884, vol. 2, 90 ss. [trad. fr. par B. R. Sanguinetti, Journal asiatique,
V, 3, 230 ss.;5 4, 178s¢. (1854); 5, 401 ss. 3 6, 129ss. (1855); 8, 316¢s. (1856) ] ; pour une traduction
allemande de I'autobiographie cf. Eilhard Wiedemann : *° Ibn al- Haitam, ein arabischer Gelehr-
ter **, Festschrift fir J. Rosental, Leipzig 1906, 149 — 178.

4. Woepcke,F. : L’ Algébre d’Omar Alkhayyami, Paris 1851, 73ss. ; pour quelques corrections cf .
Heinrich Suter : Die Mathematiker und Astronomen der Araber und ihre Werke (reprint New York
1972 ), Leipzig 1900, 92 s. — Bernardino Baldi cite dans les *’ Vite di matematici arabi *’ (éd. par
M. Steinschneider, Bullettino di bibliogr. e di storia delle sc. mat. e fis., 5( 1872 ), 427 -534 ) une
traduction latine de la quadrature du cercle par Pietro della valle qui n’a cependant pas été trans-
mise jusqu’a nous.
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Editorial

We regret that the ” J. H. A. S.” had stumbled and retarded for
reasons out of our will. Now it is coming to the light again.

Our most gratefulness to all our subscribers, of researchers and scien-
tific institutions, for their patience and understanding to our accidental
circumstances, hoping in return that the publicaticn schedule of the Journal
will be, from now on, regular as before, i. e. one volume per year.

As it is not possible to publish volumes for the former period , we
considered the period between 1985 —1990 a period of suspension but with the
maintenance of the volumes’ succession and, consequently, the whole rights
of the subscribers are respected .

In this very volume you will find the persistent works of the resear-
chers in their trial to reveal the scientific heritage of the Arabic and Islamic
civilization. This volume, therefore, inciudes various and rich articles dealing
with diverse topics in medicine, asironomy and mathematics.

Prof. Khaled MAGHOUT, D. Sc.
Director I. H. A. S.
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