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King, David A. Three sundials from Islamic Andalu-
sia, 358; summary in Arabic 424; see also
Janin-King.

Kitdb al-jami® li-mufradat al-adwiya wa’l aghdhiya,
143.

Kitab al-mafridat li Aqdtun, rev., 149,

Kubesov, Audanbek Kubesovich, The Mathemat-
ical Heritage of al- Farabi, rev., 150.

Mahdihassan, S. Indian Alchemy or Rasayana in
the Light of Asceticism and Geriatrics, rev., 397,

(The) Mathematical Heritage of al-Farabi, rev.,150.

() Mediaeval Compendium of Arabic Medicine:

\ Abi Sahl al-Masihi’s *“Book of the Hundred”’,
270.

Vetallographic examination
of Damascene steel, 3.

Misa ibn Maymun, excerpt, 389.

AeNabulsi, Nadir, al-Kdshi’s Mifidh al-Hisab,
rev. in Arabic, 180.

Yasr, Seyyid Hossein, .4n .4nnotated Bibliography
of Islamic Science, rev., 153.

Yotice of an important al-Jazari manuscript, 291.

Faskowski, Jerzy, Metallographic examination of
two blades made of Damascene steel, 3.

Pingree, David, Islamic Astronomy in Sanskrit, 315.

(atayé see Katayé

Rashed, Roshdi (Un probleme arithmético-géomé-
trique de Sharaf al-Din al-Ttusi) 233:.summary
in Arabic, 430.

Sabra, A. I. Ibn al-Haytham’s ‘Treatise on the
method of (astronomical) observations”. in
Arabic, 228; summary in English, 155.

of two blades made

Al-Safarjal, a marginal note to Ibn al-Baytar,
Kitab al-jami®  li-mufradat
aghdhiya, 143.

Saidan, Ahmad, rev.
Hisdb, in Arabic 180.

Saliba, George (The Planetary Tables of Cyriacus),
53; summary in Arabic, 173.

al-adwiya wa’l-

of al-Kashi’s Miftah al-

Some Remarks on the «“Book of Assumptions by
Agqatun”’, 255.

Tee, Garry J. rev.,Diocles, On Burning Mirrors, 399;
rev., Matematicheskoye naslediye al-Farabi,
150; rev., The Translation of the Elements
of Euclid from the Arabic into Latin by Hermann
of Carinthia(?), Books I-VI, 'II-XII, 403.

Three Sundials from Islamic Andalusia, 358;
summary in Arabic, 424.

Toomer, G. J. Diocles, On Burning Mirrors rev., 399.

(The) Treatise of Yahya b. “Adi ¢‘On the difference
between philosophical logic and Arabic gram-
mar’’, in Arabic, 193; summary in English, 156.

Al-Ttsi, Sharaf al-Din see Rashed.

Weisser, Ursula (Hellenistische Offenbarungsmotive
und das Buch Geheimnis der Schipfung), 101,
summary in Arabic, 170.

Villuendas, Maria Victoria (A further note on a me-
chanical treatise contained in Codex Medicea
Laurenziana Or. 152, 395.

Yahya b. “Adi, On the difference between philoso-
phical logic and Arabic grammar, in Arabie,
193; summary in English, 156.
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Pagination according to numbers:

No. 1,1-230

Aba Nagr b. “Iraq, see Debarnot.

Abt Sahl al-Masihi, see Karmi.

Anbouba, Adel, Acquisition de l'algéhre par les
Arabes et premiers developpements. Apergu
general. 66; summary in Arabic, 172. Construc-
tion de I’heptagone régulier par les Arabes
au 4e siécle hégire, 264; the same in Arabic,
Vol. 1, No.2, 384.

(An) Annotated Bibliography of Islamic Science,
rev., 153.

Aqatun, see Dold-Samplonius.

€Ali ibn Ridwan, see Katayé.

Berggren, John I. (A Coincidence of Pappos’
Book VIII with al-Birani’s Tahdid), 137;
summary in Arabic, 169.

[al—BirL‘mi] A Coincidence of Pappos’ Book VIII
137.

Busard, H. L. L. The Translation of the Elements
of Euclid from the Arabic into Latin by Hermann
of Carinthia (?), rev., 403.

(A) Coincidence of Pappos’ Book VIII with al-
Birtni’s Tahdid, 137.

Construction de I’heptagone régulier par les Arabes
au 4e sigcle hégire, 264; In Arabic Vol. 1, No. 2,
384,

[Cyriacus] The Planetary Tables of Cyriacus, 53.

Debarnot, M. T. (Introduction du triangle polaire
par Abid Nagr b. “Iraq), 126; summary in
Arabie, 169.

Degen, Rainer (Al-Safarjal, a marginal note to
Ibn al-Baytar, Kitab al-jami®
al-adwiya wal-aghdhiya, 143.

Dold-Samylonius, Yvonne (ed.) Kitab al-Mafrudat
li-Agatun, rev., 149; Some Remarks on the
““Book of Assumptions by Agqitun’, 255;
summary in Arabic, 429

Endress, Gerhard (The treatise of Yahya b. “Adi
«On the difference between philosophical
Jogic and Arabic grammar’’, in Arabic) 193;
summary in English, 156.

Fi’l-tatarruq fi’l-tibb ila’l-Sa“ada, 448.

li-mufradat

No. 2, 231-450

(A) further note on a mechanical treatise containec
in Codex Medicea Laurenziana Or. 152., se
Villuendas.

Hamarneh, S. K. rev. of Indian Alchemy, 397
vev. of dn Annotated Bibliography of Islami
Science, 153.

Hasan ibn ©Ali al-Umawi, excerpt, 389.

Al-Hassan, Ahmad Y. (Iron and steel technolog
in medieval Arabic sources), 31; summar
in Arabie, 176.

Hellenistische Offenbarungsmotive und das Bucl
¢“Geheimnis der Schépfung’’, 101.

Hermelink, Heiarich, rev. of Kitib al-mafridi
li-Aqatun, 149.

Hill, Donald (Notice of an important al-Jazar
manuseript), 291; summary in Arabic, 426.
[Ibn al-Bay\;é.r] Kitgb al-jami® li-mufraddt al

adwiya wal aghdhiya, 143.

Ibn al-Haytham’s ¢“Treatise on the method ¢
(astronomical) observations, in Arabic, 228
summary in English, 155.

Ibn al-Nattdh, excerpt, 390.

Ibn al-Saffar, Kitab al-asrar fi natd’ij al-afkar
excerpt, 387, 389.

Introduction du triangle polaire par Abid Nast b
“Iraq, 126.

Iron and steel technology in medieval Arabic
sources, 31.

Islamic astronomy in Sanskrit, 315.

Janin, Louis and D. A. King (Le cadran solairc
de la mosquée d’Ibn Tiltn au Caire), 331
swmmary in Arabic, 425.

Al-Jazari, see Hill; see Villuendas.

Karmi, Ghada A mediaeval compendium of Arabic
medicine: Aba Sahl al-Masihi’s ““Book of the
Hundred”’ 270; summary in Arabic, 427.

Al-Kdshi’s Miftah al-Hisgb, rev. in Arabic, 180.

Katayé, Salman ‘A propos du discours” Fr'l
tatarruq  fi’l-tibb ila’l-Sa®ada’, 405; Fi'l:
tatarruq fT’l-tibb ila al-Sa®ada li °©Ali ibn
Ridwan, 448.
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Institute for the History of Arabic Science ‘

New Publication

Al-Jazart

4 Compendium on the Theory and Practice of the Mechanical Arts

Edited by
Ahmad Y. al-Hassan

This is an indispensable source for historians of technology | |
| and science. The-complete Arabic text of over 500 pages has
;‘ been edited from the best presently extant manuscripts. 175
black and white drawings have been made after careful study

and collation of the original illustrations.

This work deals with different kinds of Arabic mechanical
and hydraulic machines which reveal the Arabic contributions
to the field of mechanical engineering in the twelfth and

thirteent_h centuries A.D.

There is a complete index of the technical terms used in
the book, as well as a glossary of technical terms in English

and Arabic, enhancing its value as a permanent reference.

;
|
'
|
: I
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Institute for the History of Arabic Science .

| AL-RAZI \
|

|
|
Abi Bakr Muhammad b. Zakariya al - Razi, (f1.251/865 - 313/925) i

Dr. Salman Katayé has edited this text ¥
i from the three known copies of the manuscript. e
| It is a unique document in its manner of exposition ‘
| and diagnosis of illnessess through questions and \

answers.,

i This edition contains an introduction, dia-
i grams supplementary to the text, indices and a
table of contents. The indices include a glossary

of technical terms, both ancient and modern.

350 pages, 7 illustrations.

| Forthcoming PUBLICATIONS
| @ Pseudo-Apollonius of Tyana (Balinus), Sirr al-Khaliga,
Arabic text edited by Ursula Weisser.

® “Umar al-Khayyam, Al-Jabr w’al-mugaibala,
Arabic text edited by Roshdi Rashed.

7. J— e &




Publications of the Institute for the

History of Arabic Science

Al-Hassan, Ahmad Y., Tagi al-Din and Arabic Mechanical Engineering,
with the Sublime Methods of Spiritual Machines.
An Arabic Manuscript of the 16th Century.
In Arabic. 165 pp. 1976. $ 8.00

Kataye, Salman, Les Manuscrits Medicaux et Pharmaceutiques
dans les Bibliothéques Publiques d’Alep.
In Arabic. 440 pp. 1976. $ 10.00

Shawgqi, Jalal, S. A., Mathematical Works of Bahd’ al-Din al-*Amili.
(953-1031/1547-1622). In Arabic. 207 pp. 1976.
$ 8.00

Kennedy, E. S., Ghanem I, (Eds.), The Life and Work of Ibn al-Shatir-
an Arab Astronomer of the 14th Century.
In Arabic and English. 172 pp. 1976.  $ 6.00

Kennedy, E. S., The Exhaustive Treatise on Shadows by Aba
al- Rayhan Muhammad b. Ahmad al-Birin,
In English. 281 pp, 221 pp. 1976
Vol. I Translation
Vol. II Commentary $ 25/set

°Adiyat Halab. An annual on archaeology, history of art and science.

: In Arabic and English. Vol. I (1975) pp. 368, Vol. II (1976)
pp. 354, Vol. IIT 284 in Arabic, 56 pp. French and English
summaries (1977) Each Vol. $6.00

Proceedings of the First International Symposium for the History of Arabic
Science (ISHAS), held 5-12 April 1976, Aleppo.

Vol. I in Arabic. 970 pp. $ 25.00
Vol. II in other languages.

Proceedings of the Second (1977) Conference of the Syrian Society for the
History of Science. In press.

Journal for the History of Arabic Science. An international journal. Vol. I
(1977) Spring and Fall. Vol. II (1978) per volume § 600.

I.H.A.S. Newsletter, a quarterly, 1978.



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. Please
include a 300-700 word abstract in Arabic, if possible, otherwise an abstract
in the language of the paper.

2. Bibliographical footnotes should be typed separately according to num-
bers inserted in the text. They should be double-spaced as well, and contain
an unabbreviated complete citation. For books this includes author, full title
(underlined), publisher, place, date, and page numbers. For journals give author,
title of the article enclosed in quotation marks, journal title (underlined), volume
number, year, pages. After the first quotation, if the reference is repeated, then
the abbreviation op. cit. may be used, together with the author’s name and
an abbreviated form of the title.

Examples :

0. Neugebauer, 4 History of Ancient Mathematical Astronomy (Springer,
New York, 1976), p. 123.

Sevim Tekeli, ““Taqi al-Din’s Method of Finding the Solar Parameters”,
Necaci Lugal Armagani, 24 (1968), 707-710.

3. In the transliteration of words written in the Arabic alphabet the
following system is recommended:

’,a,b,t,th,j,h,k]l, d,dh, r,z,s,sh,
s 1 o oo & T T £ “

) 5 3 B)

S

(o Sy
Sad,t9l,°»gh,fqq,k,l,m,n,haway
uau.alv L & t s & 4 t O s ¢

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

For long vowels the following diacritical marks are drawn over the letters
a, i, i.

The diphthong aw is used for ,i and ay for . .



NOTES ON CONTRIBUTORS

Adel Anbouba, works on the history of algebra and geometry. He has taught the history of Arabic
science and mathematics at the Lebanese University and at the French Faculty of Economics in
Beirut. His publications include studies on al-Karaji, Shuji°b. Aslam, al-Samaw’al, and other Islamic
mathematicians.

Yvonne Dold-Samplonius, presently teaches the history of Arabic mathematics at the University
of Heidelberg. She has published studies on the history of Arabic geometry and is currently working
on Thabit b. Qurra’s Kitab al-mafridat.

Sami K. Hamarneh, of the Smithonian Institution’s National Museum of History and Technology,
is a historian of Arabic medicine and pharmacy. He is the author of several books and articles on
these subjects, including Origins of Pharmacy and Therapy in the Near East, and The Physician, The-
rapist, and Surgeon, Ibn al-Quff.

Denald Hill, is a practising engineer whose avocation is the history of Arabic technology. He has
published an English translation of the treatise of al-Jazari, and is currently completing an edition
of manuscripts of the Bani Masa.

The editors have just learned with sadness of the sudden death of Louis Janin, docteur en droit.
He had retired some time ago from a banking career which included residence in various Arabic-
speaking countries. This led to his interest in Arabic science, in particular medieval and modern
gnomonics.

Ghada Karmi, is a physician and historian of Arabic medicine. She is engaged in research at the
Institute for the History of Arabic Science.

Salman Kataye, is Professor of Otorhynolaryngology at the Faculty of Medicine, University of
Aleppo. He has published several works on the history of medicine.

E. S. Kennedy, sometime professor of mathematics at the American University of Beirut, is currently
a research professor at the Institute for the History of Arabic Science. He has published several
studies in the history of Arabic-Islamic science.

David A. King, whose professional interest is in the astronomy and mathematics of medieval Islam,
is resident in Egypt. In particular, he has numerous publications in the field of astronomical timekeeping

David Pingree, is a professor in the History of Mathematics Department at Brown University.
He controls the Sanskrit, Arabic, Latin, and Greek sources, and has a special interest in the history
of astrology.

Roshdi Rashed, is director of research at the C. N. R. S. Institute for the History of Science, Univ-
ersity of Paris. His publications include studies in the history of algebra and geometry.

Gany J. Tee, is a senior lecturer in the mathematics department of the University of Auckland.
He works chiefly in the fields of numerical analysis and computing, but also in the history of scicnce.



Summary of the Arabic Article in This Issue

A propos du discours “F7l-tatarruq fi’l-1ibb ili al-sa*ada” (Vers le bonheur
par Vintermédiaire de la médicine de “Ali b. Ridwan )

SaLMaN KATave

Nous présentons pour la premiére fois, le texte complet du manuscrit
Magdla fi'l-tatarruq fi’l- gbb ila al-sa‘dda de °Ali ibn Ridwan. Ce texte,
unique, est conservé jusqu’a présent dans la bibliothéque de Hakim Ugla
Bacha. '

Ce discours revét une certaine importance:

Il nous permet de déterminer la date de naissance de SAli ibn Ridwin
et de calculer son 4dge avec précision.

Nous pouvons relever dans ce méme traité certaines évocations portant
sur la conception qu’avait Ibn Ridwan de I’enseignement médical. Il prétend
qu’on peut étudier la médecine sans professeur. Ce qui lui a attiré beaucoup
de critiques.

Dans al-Tatarrug, il expose de nouveaux arguments rendant son point
de vue plus acceptable.

La troisiéme partie de son discours est consacrée au développement
du titre de ce dernier, il explique alors I’aspect philosophique de la pratique
médicale. C’est une conception religieuse qui s’appuie sur I'idée que la médecine
est un acte de charité et un moyen de satisfaire Dieu et mériter le paradis.

Enfin, dans ¢e méme discours, Ibn Ridwian aborde I’histoire de la méde-
cine pré-islamique. Nous remarquons qu’Hippocrate et Galien sont, d’aprés
lui, les seuls dignes d’étre estimés et respectés, surtout Galien, dont les ou-
vrages sont, a son avis, d’une valeur incontestable, il s’en prend méme dure-
ment & ceux qui Vont critiqué, tel Rhazes.



404 BOOK REVIEWS

science to mediaeval Europe. Although the two Dutch publishers are to be
commended for publishing these two volumes, it might have been more appro-
priate for the entire text to have been published in the scholarly journal where
it began to appear.

GARRY J. TEE

Computational Mathematics Unit,

Department of Mathematics,

University of Aucklaud,
Auckland, New Zealand



BOOK REVIEWS 403

H. L. L. Busard, The Translation of the Elements of Euclid from the
Arabic into Latin by Hermann of Carinthia (?), Books I-VI. Leiden, E. J.
Brill, 1968. 142 pages. (Books I-VI) 24 f.

H. L. L. Busard, The Translation of the Elements of Euclid from the
Arabic into Latin by Hermann of Carinthia (?), Books VII-XII. Amsterdam,
Mathematisch Centrum,l 977. 198 pages. Mathematical Centre Tracts 84

In 1271, Gerard d’Abbeville bequeathed to the Sorbonne a Latin manu-
script, (Bibl. Nat. Latin 16646) of Euclid’s Elements, Books 1 to 12, and that
text has now been printed by Busard. Books 1 to 6 are contained in the 1968
volume (which is reprinted from Janus, 54, 1-2, (1967)), and Books 7 to 12
are contained in the 1977 volume — Books 7 to 9 had first been printed in
Janus (59, (1972), 125-187). The manuscript does not contain Euclid’s Book
13, on the regular polyhedra.

The Latin text is obviously translated from Arabic, and there is some
tenuous evidence suggesting that the translator might have been Hermann
of Carinthia (fI. 1143). Hermann is known mainly as the translator from
Arabic into Latin of Ptolemy’s Planisphere (which has survived solely through
his translation), and as co-translator with Robertus Ketenensis of the Koran.

This Latin translation of Euclid appears to be intermediate in time
between the 3 versions ascribed to Adelard of Bath (fl. 1116-1142), and the
version ascribed to Campanus of Novara (¢ 1205-1296), which was used for
the first printed edition of Euclid.

Tt is approximately contemporary with Gerard (c1114-1187) of Cremona’s
translation, which includes the pseudo-Euclidean Books 14 and 15. Campanus
made use of the versions by Adelard, but Busard considers that this version
by Hermann ( ?) was not used by Campanus.

Busard analyses and compares the several known Arabic and Latin
texts of Euclid, in order to determine which Arabic version was used as the
source of this text. In the 1968 volume, after an analysis of Books 1 to 6 he
considers that it was translated from Thabit ibn Qurra’s revision of the trans-
lation by Ishaq ibn Hunayn. However, in the 1977 volume, after analysing
the full text, he considers it more likely to have been translated from the very
first Arabic version of Euclid, the translation made by al-Hajjaj ibn Yasuf
ibn Matar under the patronage of Hariin al-Rashid.

This Latin text cannot have had much influence on the development
of geometry, since no other manuscript of it is known; but it is of some in-
terest for the evidence which it presents concerning the transmission of Arabic
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from a manuscript (in Uppsala) in which the work is attributed to al-Farabi
(who died in 339/950). In fact, in alater book (A.K. Kubesov, Matematicheskoye
naslediye al-Farabi, “The Mathematical Heritage of al-Farabi”, in Russian,
Izd. “NAUKA”Kaz. SSR, Alma-Ata, 1974), Kubesov explains pp. 52-53)
that the manuscripts of the work On Geometrical Constructions incorporate
almost the entire book On Geometrical Figures (written by al-Farabi, according
to the Uppsala manuscript), together with some additional material, presum-
ably supplied by Abw’l-Wafa’. On p. 29, Toomer mentions citations of al-
Farabi’s commentary on Ptolemy’s Almagest. “Which does not appear to be
extant”. However, Kubesov (1974) devotes chapters 4 and 5 to analysing
that commentary (from a manuscript in the British Museum), and the publi-
cation of a Russian translation of al-Farabi’s commentary on Ptolemy’s
Almagest was announced by B. A. Rozenfel’d on p. 109 of the first issue of
this Journal.

Toomer’s edition of Diocles is a valuable contribution to the history
of Greek and Arabic science.

Note on the Text

Dr. N. Kanawati has examined the reproduced manuscript, and he
informs me that Toomer has made a very accurate translation of the
difficult non-mathematical introduction (sentences 1 to 37); except that
in the opening invocation the phrase “grant long life” is much more likely
to be “grant help”, i. e. a%in instead of a°mir. The word hattd ( = till, to,
even), repeated in sentences 3 and 4 in the Arabic transcription, should cer-
tainly be rendered mati (= when). Compare these two instances with the
way hattdis written in sentences 22, 24, 36 and 37. Curiously however, Toomer’s
translation in both cases is the correct one — ““when’’. The emendation of the
important corrupt name (in sentences 3 and 4) to “Zenodorus” is probable,
but hardly “certain’, as Toomer asserts.

G. J. TEE
Computational Mathematics Unit,
Dept. of Mathematics,
University of Auckland.
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10-16 deal with the doubling of the cube. (Propositions 6 and 9 are trivialities,
which Toomer considers plausibly to be spurious additions to Diocles’ text.)
Propositions 1, 4 and 10 contain the earliest known treatment of the focus
and directrix of the parabola — the Conics of Apollonius treats the foci of
ellipses and hyperbolae, but it is remarkable that none of his surviving writ-
ings mention the focus of the parabola.

The theory of conic sections was invented by Menaechmus (mid-4th
century), who named the 3 types as the “section of an acute-angled
cone”, “section of a right-angled cone” and “section of an obtuse-angled
cone”’; whereas we use Apollonius’ names of “ellipse”, “parabola” and “hyper-
bola” respectively. Archimedes (killed in —212) used Menaechmus’ “cone”
names, even though he effectively defined the curves by their equations in
Cartesian coordinates, rectangular and even oblique. Diocles consistently
calls the parabola a “section of a right-angled cone”. Ellipses and hyperbolae
occur only in his proposition 8, and there he uses their modern names, suppos-
edly invented by his exact contemporary Apollonius. Could the Conics have
been ‘published’ while Diocles was writing his book, inducing him to change
his concept of the conic sections? Toomer suggests alternatively a modifica-
tion of the accepted history of conic sections, according to which the names
“ellipse” and “hyperbola” were invented together with the ‘“coordinate’
definition of the curves, and Apollonius standardized those names instead
of inventing them.

Eutocius quoted Diocles” proposition 7, but he re-wrote propositions
8,10,11,12 and 13 to accord with the geometric style (Apollonian) regarded
as orthodox in his day. In particular, as had been suspected by some previous
investigators, the references to the Conics in Eutocius’ version did not occur
in Diocles’ text. It is noteworthy that Diocles refers 4 times to a flexible strip
of horn, used exactly like a modern draughtsman’s spline for drawing a smooth
curve through a set of points.

The 16 diagrams omitted from the manuscript have been restored most
effectively by Toomer. Geometrical texts can permit such complete recon-
structions of missing diagrams; an interesting contrast with, say, a biological
text, where such a reconstruction would usually be impossible.

On p.23 Toomer refers to an elegant construction of a parabolic mirror
with a given focal distance, which he ascribes to Abu’l-Wafa (mid 10th
century), and which has been printed in French and in 2 Russian versions.
Toomer notes that Krasnova’s translation was made from a manuscript (in
Istanbul ) of Abu#’l-Wafa’s book On Geometrical Constructions, but that
the translation by A. Kubesov (al-Farabi, Matematicheskiye traktaty, “Mathe-
‘matical Treatises”, in Russian, Alma-Ata, 1972, pp.104-106), was made
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book had been translated into Arabic, since Eutocius’ extracts say nothing
about burning mirrors (except in the title).

A few years ago Dr. Fuat Sezgin directed G. J. Toomer’s attention
to an Arabic manuscript of mathematical writings in the Shrine Library at
Meshhed in Iran, including an Arabic version of Diocles’ treatise On Burning
Mirrors. That manuscript (dated A H. 867 = 1462 /3) is a carelessly written
version of an anonymous well-written translation of Diocles” work, and it
is the only known manuscript of that work (apart from an inferior transcript
of that Meshhed manuscript, now in Dublin). Blank spaces are left in the
manuscript where the diagrams should have been inserted.

Toomer’s admirable edition consists of Preface and Contents, then
an Introduction (pp.1-33), the edited Arabic text with facing English trans-
lation (pp. 34-113), photographs of the entire Arabic manuscript of Diocles’
treatise (pp.114-137), Commentary (pp.138-175), Appendix A with text and
translation of Eutocius’ excerpts (pp.177-201), Appendix B with other ancient
and mediaeval proofs of the focal property of the parabola (pp.202-204),
Appendix C (by Otto Neugebauer) on Archimedes’ problem and Diocles’
solution (pp.205-212) Appendix D (also by Neugebauer) on a non-standard
parabolic mirror (pp.213-216), Bibliography (pp. 217-223), Index of Technical
Terms in Arabic (pp.224-238) and a General Index (pp.239-249). The elegant
printing of the Arabic text was generated by a computer; but it is amusing
to observe that the 12 pages of Eutocius’ Greek excerpts (with elaborate
textual apparatus) are reproduced from handwriting, although Greek words
and phrases are printed neatly in the Introduction. There can have been
few mathematical books of recent times in which some footnotes have been
written so casually in Greek.

One of the most important features of the Arabic text is that it enables
Toomer to determine the date of Diocles. The 4th and 5th sentences associate
Diocles (in Arcadia) with a person whose name is rendered corruptly, first
as 'Bylidim-s and then as’Yniidim-s: in view of the careless writing of the
Meshhed manuscript these corruptions are emended by Toomer to Zinudarus,
which corresponds to Zenodorus. Now, Zenodorus was a mathematician
of the early -2nd century, best known from the fragments of his pioneering
work on isoperimetric problems. Thus, Diocles appears to have been a close
contemporary of Apollonius, the Great Geometer himself. This dating raises
interesting questions about the chronology of the theory of conic sections.

Diocles” text contains 16 diverse propositions. Propositions 1, 4 and
5 deal with parabolic mirrors (including paraboloids of revolution), proposi-
tions 2 and 3 treat spherical mirrors, propositions 7 and 8 deal with a problem
posed by Archimedes (expressible as a cubic equation), and propositions
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as “social parasites”, thrown out of society to meet their own fate. They
inevitably sought ascetic living. And in their ascetic conditions and medita-
tions they dreamed of rebirth for a happier rejuvenation. They tended to
practice spiritual excercises and to utilize the herbo-metallic drugs of the
Rasayana (p.117) to attain that end. But interestingly, the author comes
out triumphantly and pointedly when he concludes by emphasizing his praise-
worthy statement that “Indian medicine is unique in recognizing rejuvena-
tion, and Indian philosophy is unique in aiming at immortality”. (p. 118).

I must conclude by saying that here is an excellent literary contribution,
a book deserving the attention of historians of science, cultural history, and
the occult. It shows a link in the history of alchemy between countries and
cultures in the East and in the West — a connection worth exloring and
elucidating. It fills a gap in this new and dynamic topic by exploring the
origins and development of alchemy, and the philosophy of this ancient “art”.

Samr K. HAMARNEH

Smithsonian Institution
Washington, D.C.

G. J. Toomer. Diocles, On Burning Mirrors, The Arabic Translation
of the Lost Greek Original. Edited with English translation and commentary.
Berlin-New York, Springer-Verlag, 1976. 249 p. Sources in the History of
Mathematics and Physical Sciences. $27.90.

In the 6th century Eutocius (a friend of Anthemius) produced a valuable
series of commentaries on ancient Greek mathematics, written perhaps at
Alexandria. In his commentary on Archimedes’ Sphere and Cylinder II he
quoted passages from several earlier authors on the problem of doubling
the cube, and in particular he quoted (or rather, he paraphrased) several
pages from a treatise On Burning Mirrors by a certain Diocles, employing
conic sections and also a special cubic curve for solving cubic equations. That
commentary by Eutocius was translated together with the text of Archimedes
into Arabic and then into Latin (first by William Moerbeke in 1269, trans-
lating from the Greek text), and later into many modern languages. They
have been printed together in every major edition of Archimedes since the
editio princeps, in 1544.

Much controversy has raged over the dating of Diocles, with various
investigators suggesting dates from the 3rd century B.C. to the Ist. The full
Greek text of Diocles is lost, but in 1905 Eilhard Wiedemann drew attention
to a 14th-century Arabic encyclopaedist’s reference to Diocles having proved
that burning mirrors should be paraboloidal; which suggested that Diocles’
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Herbs were plentiful, easy to secure, and most convenient to gather and utilize.
Soon the herbometallic drugs developed. Finding and compounding such
“miracle drugs and panaceas” led to the belief in rejuvenation, and even-
tually to immortality — the final goal of Rasayana. Here enters, likewise, the
philosophic-religious thinking and exercises — yoga.

This reviewer disagrees with the author in identifying such a process
with the elixir (Arabic iksir) of the Muslim alchemists. Basically, the iksir
(or the philosopher’s stone) is considered to be that special element or compound
that, once prepared and “isolated”’, when treated with lesser metals trans-
forms them into silver and gold. This Islamic notion of alchemy based on
Greek writings embodies the rational concept that elements are transformable
from one condition to another, hence from one metal into a more honorable
one under the right amount of pressure, temperature, and other natural forces
and conditions. To the alchemist, this meant the application of fire and other
techniques and “potent” ingredients including the elixir to speed up the
work of nature. His chemicals, fire, drugs, and equipment achieve in a very
short interval what might take nature a long time to attain.

Indian alchemists introduced instead, imaginary and possibly pagan
religious and philosophical practices, exercises, and theories quite foreign
to their Muslim counterparts. The Indian alchemist believed in resurrection
of the body as explained in Christian teachings as well as in heathen mytho-
logy. Here it is believed that the perishable part of the human put on the
imperishable nature, and the mortal that is capable of dying put on immor-
tality, acquiring freedom from death. These constituted the true precepts
of Indian alchemy as explained by the author.

In reviewing and examining several original Arabic alchemical trea-
tises even those abounding with symbolism, this reviewer found that Muslim
alchemists were primarily seekers of material riches. Religious and spiritual
values and rewards were found there no more than in contemporary writings
in the arts and sciences. More “piety”’ entered into later compilations as a
cover-up for failure, or as a hypocritical cloak put on for protection, or as
a ray of hope amid continuous disappointments in achieving what had been
sought in vain. Much “spirituality” was perhaps to deceive or for self-decep-
tion. In the Arabic alchemical literature, kimiyais essentially an art, an honor-
able one ( sina‘ah sharifah ) by which material ends are attained and riches
gained with high prestige. It was not primarily intended to promote imag-
inary spiritual values or ascetic dreams and religious aspirations.

In fact, one finds it difficult to appreciate the logic followed by the
author in assuming the original theory for ascetic rejuvenation and immor-
tality as the origin of alchemy. He states that senior citizens were looked upon
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S. Mahdihassan. Indian .4lchemy or Rasayana in the Light of Asceticism
and Geriatrics, New Delhi(India), Institute of History of Medicine and Medical
Research, 1977. x + 139 pages, $5.00.

Here at last is a book on alchemy in India that departs from the
traditional historical studies carried out in the West for the last two
centuries. It makes for some of the finest reading on the subject. Although
this reviewer disagrees with the author on many essential interpretations,
this in no way minimizes the importance of a praiseworthy contribution to
the history of alchemy.

For clarity and organization, Dr. Mahdihassan divides this brief text
into over sixty chapters — a case of oversimplification. But the reader will
greatly benefit from its objective, straightforward approach and thoroughness.

Following a foreword by Prof. S. H. Nasr, the author presents a very useful
introduction summarizing his analysis of the topic and the discussions that
follow. He also gives a select bibliography and seven previously published
illustrations. In the discussions, he asseverates the antiquity of alchemy in
India, associating its origin with yoga. He refers to this “art’ as a living
“cultural fossil”, the product of alchemists who led a life of asceticism and
sought geriatric treatment. He explains how human concepts and the appli-
cation of asceticism changed man’s belief from animism to dualism in a develop-
ed society realizing the creation process. Here the interpretation of how the
two opposite sub-souls of male and female (the Yang and Yin of China and
the Brahman and Atman of India) in their union led to immortality — the
dream and goal of Rasayana. This, in the author’s opinion, is the source of
Indian alchemy defined by Patanjali as the Rasayana. It denotes health
restoration, and with its specially prepared medications causes rejuvenation
and makes one immortal. At this point, the author introduces the Indian
deity, Shiva, who modified Rasayana and founded alchemy, which in turn
modified him. The connection, however, seems the result of legendary tradi-
tions and folklore rather than a historical development. The insistence of
the author upon defining the exact origin of alchemy, and upon naming its
founders seems to be a well-nigh unattainable pursuit.

To interpret the appearance of Rasayana, the author skilfully describes
the impact of two disciplines: medicine and philosophy, or rather, Indian
philosophic-religious thinking. Since healthy living, virility, and longevity
ware the alchemist’s primary objectives, medicine then entered the picture.
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rabbinical text is placed between the two treatises written by Ibn Mu‘adh,
namely Kitab majhila (fols. 49-74) and the Matrah al-shucaat (fols. 76-81),
it clearly refers to the Kitab al-asrar (fols. 1-48) because it is the only one
in which mechanical devices, corresponding to Ishaq b. Sid’s allusions, are
mentioned.

All this, of course, agrees with the fact that all the dates mentioned
in the manuscript (until fol. 105) correspond to the reign of Alfonso X. We
have, therefore, the only specimen remaining of a manuscript copied in his
Toledan court. The link suggested by Hill, between the use of mercury as a
source of power in one of the clocks deseribed in the Kitab al-asrar and in
another one contained in the Libros del saber de Astronomia, becomes very
probable.*

4. Furthermore the Libro de las Armellas quotes Ibn Muadh’s system for taqwim al-buyiit in a
way similar to Ibn Mu®adh’s in his Matrah al-shui®dt which, as we have seen, is found in the
manuscript.

Note

The “World Directory of Historians of Mathematics”, first published
in 1972, has just appeared in a second, revised and much enlarged edition.
Listed are about 1200 scholars who are devoting at least part of their time
to teaching and/or research in the history of mathematics. Besides the cur-
rent address, the main fields of interest of each person is given. Indexes
by fields and by countries follow the alphabetical list.

Prepared by K.O.May (1915-1977) and Laura Roebuck, the new
edition (iv + 92 pp.) may be ordered from the International Commission
on the History of Mathematics, 11 Evergreen Gardens, Toronto, Ont. M4G
1C4, Canada. Price: $7.00 if payment is inclnded with order; $1.00 extra
for postage on billing with shipment.

C. J. ScriBa
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A Further Note on a Mechanical Treatise Contained in

Codex Medicea Laurenziana Or. 152

Maria VictoriA VILLUENDAS*

The importance of the Codex Medicea Laurenziana Or. 152 has recently
been emphasized by Drs. D. R. Hill' and A. I. Sabra.? I also have been ac-
quainted with this manuscript since 1973, although at that time, I was
mainly interested in another of the works contained in it: the Kitab majhulat
qist al-kura by Ibn Mu®adh al-Jayyani which was the main subject of my
Ph. D. thesis.®> Therefore I have a certain knowledge of the Ibn Mua‘dh
style which allows me to confirm Sabra’s hypothesis; I do not think Ibn Muadh
can be considered the author of the Kitab al-asrar fi nata’ij al-afkar and agree
with Sabra concerning the name of the author (Ah)mad or (Muham)mad b.
Khalaf al-Muradi. The nisba al-Muradi appears frequently in Ibn Hayyan’s
Mugtabis and in other Andalusian texts of the 10th and 11th centuries. He
might, of course, be the Abu’l-Hasan °Abd al-Rahman b. Khalaf b, “Asakir
mentioned by $a°id of Toledo, as proposed by Sabra.

In the preliminary survey of the Kitab al-asrar certain data contained
in fol. 75 should be taken into consideration. In it there is a text written in
Andalusian dialect, but in rabbinical Hebrew script. I have been able to read
it thanks to the very valuable help of Professors Fernando Diaz, David Romano
and Juan Vernet of Barcelona University. The text states that Ishaq b. Sid,
the famous Jewish translator and scientific collaborator of the Castillian
King Alfonso X, was the copyist of the manuscript. He knew only one manu-
script of the work, the one he used, which increased his difficulties in under-
standing the Kitdb al-asrar. But his efforts led him to an almost complete
reconstruction of the majority of the models described in the work, and he
failed to understand only a few of them due to the incomplete state of the
original manuseript or to difficulties impossible to overcome. Though this

* University of Barcelona.

1. Donald R. Hill, ‘A Treatise on Machines by Ibn Mu®4dh Abu “Abdalldh al-Jayyani”
JHAS, 1 (1977), 34-44.

2. A. I. Sabra, ‘A Note on Codex Biblioteca Medicea-Laurenziana Or. 152”. JHAS, 2 (1977),
276-283.

3. Read at the University of Barcelona on the 2nd October 1975, now in press.
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Thus his contributions to our field, while rivalling in significance those
of many professionals, were made by an amateur. They were carried through
in time snatched from the requirements of a demanding profession. All the
more remarkable was it that, for example, any book review written by Herme-
link was the fruit of deep and meticulous examination of everything the volume
contained. This quality of his was the source of shamed admiration on the
part of those of us who resent every minute spent in reviewing the books of
others as being time lost to one’s own work.

His own publications in the history of science were wide ranging, and
included: recreational mathematics, number theory, magic squares, analemma
methods, trigonometry, and Archimedean treatises which have survived in
Arabic only. To these topics he brought all the virtues traditionally associated
with German scholarship. His untimely death is a grievous loss to the many
colleagues who counted him a personal friend, and a setback to the history
of Arabic science.



Eloge

HEINRICH HERMELINK

11 DECEMBER, 1920 - 31 AUGUST, 1978
By E. S. Kennedy*

As an infant, Heinrich Hermelink was a victim of poliomyelitis. and
survived only as a severe cripple. Hence for him mere day-to-day living, let
alone professional accomplishments, represented a continuing triumph over
dire adversity. The physical disability made any public appearance inevitably
conspicuous, and his wheelchair, his gracious wife, and he made up a poignant
group familiar to historians of science attending scientific meetings.

In 1947 Hermelink graduated in physics from the Munich Technische-
hochschule. Following this he studied oriental languages and the history
of mathematics at the University of Munich, taking the doctorate in 1952.

From a remark dropped by him in a conversation, one gathers that
an academic career would have been most congenial (his father was a professor
of church history at the University of Marburg), but continuing medical
treatment demanded a more lucrative vocation. He entered a patent agency
in1952, and in 1957 commenced independent practice as a patent lawyer.

*Institute for the History of Arabic Science, University of Aleppo, Aleppo, Syria.
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Thus there were several accepted gibla values in Cordova, and even
astronomers such as Ibn al-Nattah preferred to invite his readers to choose
their favorite one rather than take the trouble to compute one consistent
with the mathematical and geographical knowledge of his time.

Appendix B
Arabic Texts

In this appendix I present the Arabic texts of (1) the chapter on the
“sundial”’ by Ibn al-Saffar taken from the K. Natd’ij al-afkar of al-Muradi;
(2) the anonymous chapters on the meridian altitude and gibla at Cordova
from the same work; (3) the passage on the same “sundial”’ by Maimonides;
(4) an extract from the chapter on the gibla in the treatise on folk astron-
omy by al-Hasan b. “Ali al-Umawi; (5) the passage on the gibla at Cordova
in the treatise on the astrolabe by Ibn al-Saffar; and (6) the chapter on the
gibla in the treatise on the astrolabe by Ibn al-Nattah.
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Okba in Qayrawan.

Plate 6: The sundial of the Mosque of Sidi

(Courtesy René Rohr)






Plate 5: A fourteenth-century Tunisian sundial displaying the times of prayer.

(photo Alain Brieux, courtesy Francis Maddison)






Plate 4: The Granada sundial.

(photo Abumax)






Plate 3: The Almeria sundial.

(photo  Abumax)






Plate 2: The sundial of Ahmad b. al-Saffar.
(Courtesy Museo Arqueologico Provincial de Cordoba)






Plate 1: The horizontal sundial illustrated in the Libros del Saber.
(Courtesy Harvard University Library)
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In his geographical tables'® al-Battani gives the following coordinates

L ?
Cordova 27;00 38;389(?)
Mecca 71; 0 21;40

With his geometrical construction we derive from these coordinates
that the gibla at Cordova is about 23° S. of E., which is precisely the value
attributed to “the astronomers’ by Ibn al-Nattih.!* I have no information
on Abu’l-Qasim al-Snyry who is quoted by Ibn al-Nattih in the same context.
The “correct’” qibla for these coordinates, derived using the accurate
mathematical formula, is 110 S. of E., and this is only 1° off the modern
qibla for Cordova, which is 10° S. of E.

Ibn al-Nattih’s remark that the Jdmi® mosque in Cordova is at 60°
(S. of E.) is incomprehensible to me because, as noted above, the Great Mosque
of Cordova has its gibla wall due south. Ibn al-Nattah’s other statement that
most of the mosques in Cordova are laid out according to the opinion of al-
Battani, that is, at 230 S. of E., or at 300 S. of E., that is, the direction of the
rising sun at the winter solstice, will be, or should be, of interest to historians
of Andalusian architecture.

From the Granada sundial we know that south-east was also used as
the gibla in Andalusia. The direction 45° S. of E. would have been handy
for the gibla in Andalusia since, as Ibn al-Nattah says, the legal scholars thought
that the whole (south-eastern) quadrant was the gibla. The gibla indicator
on the Tunisian sundial also points due south-east, and although this gibla
is grossly inaccurate for Tunis, it is a happy compromise between due east
and due south, both of which directions are attested for giblas of medieval
Maghribi mosques.'’

15. Nallino, 11T, pp. 234-242. The reading of the minutes in the latitude of Cordova appears to
be in error.

16. Other medieval coordinates yield similar but not identical results. For example, al-Marrakushi,
an astronomer of Moroccan origin who worked in Cairo ca. 1280, recorded the following geographical
coordinates (Sédillot-pére, I, pp. 202-204 and 315-317):

L ¢
Cordova 217;00 38;300
Mecca 7750 21;0

Using al-Battini’s method I derive a gibla of 21° S. of E. Again, in the Toledan Tables, a hodge-
podge of tables culled mainly from the Zijes of al-Battani and al-Khwirizmi, and compiled in Toledo
in the thirteenth century, we find the following coordinates (Toomer, pp. 134-139, nos. 3 and 16):

L ?
Cordova 9;200 38:300
Mecca 6730 2150

These coordinates are derived from those of Ptolemy, and were used by al-Khwirizmi. I compute
that they yield a gibla of 20° S. of E. using al-Battani’s method.
17. Cf. King 2, p. 190-191.
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The treatise on the use of the astrolabe by Ibn al-Saffar,’ published
by J. Millas Vallicrosa, contains a remark (Appendix B, extract 5) that the
gibla at Cordova is 30° south of east.® The treatise on mechanical devices
entitled Kitab al-Asrar fi natd’ij al-afkar by Ibn Khalaf al-Muradi® concludes
with a chapter on the gibla at Cordova (Appendix B, extract 2), in which the
author states what is equivalent to an assertion that the gibla there is in the
direction of the rising sun at the winter solstice. The two directions given

in these two sources are in fact the same,” and al-Muridi’s definition explains
the value of Ibn al-Saffar.

The local direction of the rising sun at the winter solstice was also taken
as the gibla in early Muslim Egypt.® The justification for such gibla determina-
tions appears to result from an early Islamic tradition of using al-Jady, the
Pole Star, to find the gibla.® As we have seenin the treatise of al-Hasan b. “Ali
al-Umawi, what was intended was that if one stood with one’s back to the
Pole Star one would be facing the gibla. Since one would be in fact facing
due south, this injunction is valid only for points due north of Mecca. How-
ever, when Muslim domination extended eastwards and westwards, another
interpretation was given to the injunction, and al-Jady was taken to refer
to the sign of Capricorn. At the winter solstice the sun is at the first point
of Capricorn; its rising point was used for the gibla in Egypt and Andalusia,

A fourth discussion of the gibla at Cordova occurs in a treatise on the
use of the astrolabe by an individual named Ibn al-Nattah,'* extant in the
unique copy MS London B.L. 9602,1 (fols. 1v-24v, copied ca. 600H). Ibn al-
Nattah’s treatise was apparently well esteemed in its genre: a note in MS
Cairo Dar al-Kutub hay’a 10, fol. 39v, copied after 1163H by a Maghribi
astronomer, states that the best treatises on the astrolabe are these of Ibn
al-Nattah and of Ibn al-Samh.! Ibn al-Nattdh’s remarks are found on fols.

4. On Ibn al-Saffar see note 9 above.

5. Millas, p. 65 of the Arabic text.

6. See note 22 above.

7. For @ = 38 (the latitude of Cordova is actually 37;53°) and € = 23;35°, the azimuth of the
rising sun at midwinter is 303310 S. of . For ¢ = 3830, a value popular with Andalusian astrono-
mers, the azimuth would be about 30;45° S. of E.

8. See the article Kibla in EI,.

9. See, for examp]e:, the treatise on folk astronomy by Ibn Qutayba (fl. 850), p. 122.

10. Tbn al-Nattah and the London manuscript of his treatise on the astrolabe are listed in Suter,
No. 499. He is not mentioned in Millas (!), and I have no other information on him.

11. On Ibn al-Samh see Sezgin, V, p. 356 (the treatise on arithmetic contained in manuscripts
in the Escorial and in Berlin is not by Ibn al-Samh) and VI, to appear. His treatise on the astrolabe
is extant in the unique copy MS London B. L. 9602,2 (fols. 25v-55v, copied ca. 600H, defective at
end). This treatise of course contains a chapter on the determination of the gibla, but no values are
given for anywhere in Andalusia.
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comprises four main sets of markings: (1) graduations around the edge of the
sundial from which the hour-angle can be read using the shadow of a thread
attached at the centre of the graduations and oriented in the direction of the
celestial pole;(2) markings displaying the seasonal hours since sunrise and
before sunset ; (3) markings for the zuhr® and asr, the latter being duplicated;
and (4) markings displaying time relative to daybreak and nightfall. The first
part of the sundial is called al-musdtara in late medieval Arabic,*® and the
development of this kind of hour-angle dial in medieval Islam remains to
be studied. On the second part of the sundial there are no shadow-traces
for the equinoxes and solstices, and this feature, not attested on any of the
Egyptian, Syrian, or Turkish sundials currently known to me, may be the
result of a Maghribi innovation in gnomonics: since it is so difficult to draw
acceptable hyperbolae, leave out the shadow-traces altogether.

Appendix A
Some Medieval Values of the Qibla at Cordova

Very few astronomical works compiled by Andalusian astronomers
have survived in the manuscript sources, so that there is not much hope of
recovering written material on the gibla in Andalusia.! Treatises which
deal with the determination of the gibla without giving specific examples
do not concern us here, and I have found references to the specific values
of the gibla in Andalusia in only four Andalusian treatises. Details follow.

The treatise on folk astronomy written by the late twelfth century
Cordova scholar Abt °Ali al-Hasan b. °Ali b. Khalaf al-Umawi,? which is
extant in the unique MS Escorial ar. 941 (38 fols., ca. 800H), contains a state-
ment (fol. 26v, see Appendix B, extract 4) that to find the gibla in Andalusia
one should stand with the celestial pole behind one’s left shoulder and face
south. It was probably on this kind of authority that the Great Mosque in
Cordova, which dates from ca. 785, was built with its gibla wall facing due
south.?

28. In Janin, p. 210, the shadow increase at the beginning of the zuhr is given incorrectly as
4n rather than ¥n.

29. Cf. Janin-King, pp. 199-200 and 214.

1. For a brief introduction to the determination of the gibla in medieval Islam see the article
Kibla in EI, by A. J. Wensinck (religious aspects) and myself (mathematical aspects).
* 2. 0On al-Umawi see Suter, no. 323.

3. Creswell 1, II, pp. 145-146 (repeated in Creswell 2, p. 216) stated: ‘(The Mosque) is set, as nearly
as can be measured, exactly north and south, although the direction of Mekka from Cordova is 10014’
S. of E’. A remark such as this reflects the misunderstanding of orientations of medieval Islamic
buildings common amongst historjans of Islamic architecture. Such orientations are usually to be
explained in terms of medieval gibla values, if they can be explained at all.
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888H. This treatise, arranged in 44 fasls with numerous diagrams but without
tables, treats of the construction of horizontal sundials with markings for
the hours and the prayer-times. This work merits detailed investigation.

(3) An anonymous treatise on the construction of a horizontal sundial dis-
playing the seasonal hours for the latitude of Fez, 33;40°, is contained in MS
Cairo Taymir riyada 141,6, pp. 146-156, copied ca. 1100H. The treatise con-
tains tables displaying the shadow lengths and azimuths at each hour for both
solstices, with values to two sexagesimal digits.

(4) An anonymous Maghribi treatise on the construction of a sundial dis-
playing the times of the zuhr, and the beginning and end of the “asr (corre-
sponding to shadow increases of 1 n, n,and 2 n) is contained in MS Cairo Halim
migat 19,344, fols. 45v-58r, copied 1144H. The author states triplets of both
azimuth values and shadow lengths for each of the three times at the sol-
stices and equinoxes. Values are given to the nearest degree or unit, and are
stated to be for the latitude of Fez (value not stated). The azimuth values
given for the beginning and the end of the “asr are the same.

(5)  An isolated table of coordinates for constructing a horizontal sundial
displaying the seasonal hours for the latitude of Marrakesh, 31;30°, is con-
tained in MS Cairo Taymir riydda 131,2, p. 1, copied ca. 1200H in Maghribi
seript.

(6) A treatise entitled Rawdat al-nazir fi kayfiyat wad® khutit fadl al-da’ir
by Muhammad al-Idrisi is preserved in MS Cairo Dar al-Kutub migat 1169,2,
fols. 11v-25v, copied 1223H. This treatise, arranged in 4 babs, deals with
the construction of a horizontal sundial with markings for the seasonal and
equinoctial hours and the prayer-times, and it contains several tables comput-
ed for the latitude of Tunis, 36;51°. The author quotes other Maghribi writers
named Ibn al-Najjar and Ab@ “Abd Allah Muhammad Kwynkh (?), author
of a treatise on sundial theory entitled I%ya’ al-mawat fi’l-basa’it wa-l-
munharifdt, as well as the two well-known Egyptian astronomers Ibn al-
Majdi and Sibt al-Maridini.2® The kind of sundial discussed in this treatise
apparently became known in the Maghrib from the Muslim East, and its
introduction there seems to have occurred rather late, that is, ca. 1600. One
kind of late Maghribi sundial is illustrated in Plate 6, which shows the sundial
of the Mosque of Sidi Okba in Qayrawan in Tunisia, constructed in 1258H
(= 1842 A.D.) and recently discussed by L. Janin.”” This kind of sundial
is late, and not related to the Andalusian tradition. As Janin has shown, it

26. Suter, nos. 432 and 445.
27. See Janin, especially pp. 208-211.
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preserved in the unique MS Florence Medicea-Laurenziana Or. 152, fols.
1v-48v, copied 6641 (= 1266) in Maghribi script, and the passage occurs
on fols. 47r-47v (see Appendix B, extract 1). The same type of sundial is de-
scribed by another scholar of Cordova, namely, Maimonides.*® In his commen-
tary on the Mishna Maimonides gave a much more succinct account of the
sundial than Ibhn al-Saffir. The text (see Appendix B, extract 3) translates
as follows:

A piece of marble (rukhama) is fixed on the ground
and straight lines are drawn (as radii) with the names of
the hours written on them (to form) a circle. In the centre
of that circle there is a nail standing perpendicular (to the
plane of the circle), and whenever the shadow of that nail
is in the same direction as one of those lines, it is known
how many hours of daylight have passed. The name of
this instrument, which is used by the astronomers, is the
ballata.

Ibn al-Saffar’s text confirms that what is intended is to form a semi-
circle with the diameter oriented east-west and the circular part towards
the north. The twelve hour-lines are the radii at 159 intervals from west to
east. There is no suggestion that the dial be oriented in the plane of the ce-
lestial equator, when it could indeed be used to display equinoctial hours
before or after midday. Rather, the dial is horizontal, and it is assumed that
the sun rises due east and sets due west, and that its change in azimuth is
proportional to the passage of the seasonal hours.

A far more interesting instrument for timekeeping is described and
illustrated by al-Muradi as the last of the thirty-one devices presented in
his book (fols. 45r-46v). This is a horizontal dial of the kind known in other
medieval Arabic souces as shamila or musatara, although in al-Muradi’s text
it is simply labelled ¢a kind of balla/a”. This dial was as far as we know invent-
ed by al-Khujandi in the tenth century, although the one described by al-
Muradi may be an Andalusian invention. In any case the Islamic tradition
of horizontal dials in general awaits study.?

(2) A treatise by the early fourteenth century Tunisian (?) astronomer
Ibn al-Raqqam® is extant in MS Escorial ar. 918,11, fols. 68v-82v, copied

23. This passage is quoted without comment in Cabanelas, pp. 404-405. The original text was
in Judaeo-Arabic written in Hebrew characters.

24. See Janin-King, p. 199, and the references there cited. Al-Khujandi’s treatise is currently
being studied by Dr. R. Lorch.

25. On Ibn al-Raqqam (was he Tunisian or Andalusian?) see Suter, nos. 388 and 417, Renaud,
no. 388, and King 2, pp. 191 and 192. All of his works merit detailed investigation.
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and hence to date the sundial!®® For the Tunisian sundial I computed ¢ =
370, which corresponds quite well to Tunis. For the Cordova sundial I have
derived =~ 39140, which serves Cordova. But I doubt that one should at-

tempt to compute the latitude underlying sundjals as crude as the Almeria
or Granada sundials,

Conclustons

Rather than assert on the basis of our investigations of the only three
sundials known from Islamic Spain that the Andalusian astronomers were
not competent in gnomeonics, we can only conclude that these three surviving
specimens are not particularly impressive when viewed in the light of the
sundial theory of Abbasid Baghdad. Are there any other sundials from Islamic
Spain ? A single dial could greatly add to our knowledge of Andalusian sundial
construction.

Another source for our knowledge of Andalusian gnomonics would be
treatises on the construction and use of sundials, but there are very few known
treatises on this subject of Andalusian or even Maghribi provenance. Besides
the treatise in the Libros del Saber, I know of only the following:

(1) A short passage attributed to Ibn al-Saffar in a twelfth-century Anda-
lusian treatise on mechanical devices by Ibn Khalaf al-Muradi®* describes
at length a “sundial” for measuring the hours “correctly”. The treatise is

21. In de Oriis the Almeria sundial is dated to the end of the tenth century or the beginning of
the eleventh by the following method. Measuring the eccentricity, e, of the ““hyperbola’’ for the winter
solstice as 2.00, and taking © = 3650 for the latitude of Almeria, the obliquity of the ecliptic, €,
is determined using the relation cos ¢ = e sin €, and found to be 23034'. Newcomb’s formula for
the secular variation of € is then used to derive an approximate date for the sundial.

22. On this treatise see King 3, p. 289, Hill, and Sabra. The chapter by Ibn al-Saffar (Sabra, p.
280) is followed by a chapter on the determination of the meridian, correctly attributed to al-Battani
(fols. 47v-48r; Sabra, p. 280, states that this is anonymous), and by two anonymous chapters (both
on fol. 48v) dealing with the meridian altitudes of the sun in the signs at Cordova and on the gibla
at Cordova. These two chapters may be due to Ibn al-Saffar (as suggested in Sabra, pp. 280-281).
The solar meridian altitudes are based on latitude 38;30° and obliquity ca. 23;30°: values are given
to the nearest half degree for each zodiacal sign. On the value stated for the gibla at Cordova see
Appendix A.

As Sabra has pointed out (Sabra, p. 278), the author of this treatise is named as . . . (?) Ibn Khalaf
al-Muradi rather than the eleventh century scholar Ibn Mu®idh as was assumed in Hill. However,
Sabra read the last and only visible letter of the name preceding the word ibn as a nin (= n),
when it is actually a dal (=d). From Toledo in the mid-eleventh century there were two scientists
named °Ali b. Khalaf and “Abd Allah b. Khalaf (Blachére, pp. 138-139) who cannot be the authors.
Ahmad b. Khalaf and Muhammad b. Khalaf, both celebrated astrolabists of ninth-century Iraq
(Ibn al-Nadim, pp. 284-285), are also not candidates. Neither, most probably, are Muhammad b.
Khalaf al-Qurtubi (d. 557 /1162), author of a legal work listed in Brockelmann, 1, p. 185, or al-FHasan
b. °Ali b. Khalaf al-Umawi al-Qurtubi (d. 602 /1205-06), author of a work on folk astronomy listed
in Suter no. 323.
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XY measures the length of the gnomon, because it is about the same length
as OW.

We now observe that the hour-lines divide equally the two east-west
lines: this reveals the method by which they were constructed. But how did
the maker construct the first and eleventh hour-lines, 4B and CD? Notice
that A0D and BOC are more or less straight lines and that they are inclined
at approximately 450 to the meridian. Notice also that 04 and OC are roughly
twice OB and OD. The reason why the maker might have used the approxi-
mation 04 = 2 OB is clear from Ibn al-Saffir’s sundial. Notice also that
0A and OC are roughly twice the length x, but 04 and OC should be about
four times the length of the gnomon, so that x cannot represent the length
of the gnomon. The directions that the maker chose for 40D and BOC are
nice and symmetrical but not so reasonable.

Notice that the winter-solstice shadow at the “asr, is in excess of
the midday shadow OW by the length x. From this one might conclude that
the length x was a measure of the length of the gnomon, but the relationship
is fortuitous. Both the zuhr and “asr curves have been drawn as arcs subtended
by the seventh and ninth hour lines. If we superimpose the Cordova and
Granada sundials we see that the error in the time of the “agr displayed by
the Granada sundial is about one hour.

In a recent publication I have discussed in some detail the Tunisian
sundial mentioned above,? but at the time of writing that paper I was not
aware of the existence of the Granada sundial. The Tunisian sundial displays
four times of day with religious significance, including the zuhr and the ®asr
prayers and a morning prayer at the same time before midday as the “asr after
midday. Each of the curves for these three times is drawn as an arc of a circle,
as are the shadow-traces for the solstices. I have already proposed a method
of constructing such a sundial, but I think that I may have placed too much
emphasis on the possible use of calculation, or even tables of the kind well
attested in the astronomical traditions of Egypt, Syria, and the Yemen, ra-
ther than geometrical construction, in the marking of this Tunisian sundial.
I also now question the validity of trying to derive the local latitude for which
such an approximate sundial was drawn, although it is certainly more valid
than attempting to derive the value of the obliquity underlying the markings

20. King 2. In this paper the dimensions of the sundial are given (p. 187) as 24 X 34 cm.: read
24 X 24 cm. Also, the time of the ta’hib shown on the sundial (see p. 190) does indeed relate to the
Friday prayers: in the anonymous Moroccan treatise of sundials preserved in MS Cairo Halim miqdt
19 the author mentions the first and second ta’ahhub on Friday (fol. 47v). Unfortunately he gives
no further information.
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drawn using a geometric construction of the kind known as analemma,™
or by using tables of coordinates of the intersections of the hour lines with
the three shadow traces taken from tables prepared in advance. The only
known tables for constructing sundials which predate the time of Ibn al-Saffar
are those of al-Khwarizmi, compiled in early ninth century Baghdad,'* and
displaying the coordinates of the intersections of the hour-lines with the two
solsticial traces. Al-Khwirizmi gave values of the shadow length, measured
from the foot of the gnomon, and the azimuth, measured from the east-west
line, for each hour at both solstices and for a series of terrestrial latitudes,
including 38° and 40°. In view of the fact that some of the hour-lines on Ibn
al-Saffar’s sundial consist of two segments drawn between each of the shadow-
traces for the solstices a«nd that for the equinoxes, it follows that if he used
tables, then they must have displayed coordinates for the equinoxes, although
these are superfluous since the hour-lines are taken as straight lines. To con-
struct the lines using an analemma one likewise needs only two sets of points.
But Ibn al-Saffar used three. Furthermore, the fact that the segments be-
tween the shadow traces at the equinoxes and the summer solstice for the
third, fourth, fifth, seventh, and eighth hours are more or less parallel to the
meridian indicates the seriousness of his error. The curve for the zuhr was
probably constructed by joining the three points on the shadow traces which
are such that their distance from the gnomon is the meridian shadow increased
by the standard one quarter . of the length of the gnomon. However, one might
think from looking at Ibn al-Saffar’s sundial that the zuhr was at about 114
seasonal hours after midday at the summer solstice and at about 214 seasonal
hours after midday at the winter solstice. In fact, the curve for the zuhr should
not cross the eighth hour line.*®

The remains of Ibn al-Saffar’s sundial do him little credit. One might
have expected something better from one of the leading astronomers of
Andalusia, when that province of the Islamic world was close to its cultural
zenith. Nevertheless Ibn al-Saffar’s sundial is a better specimen than the
two that we shall investigate next.

(b) The Almeria Sundial

The second sundial is preserved in the Museo Arqueologico de Almeria,
and is displayed in Plate 3. It has been described by Juan J. de Oras (1956)
and Dario Cabanelas (1958).1% A substantial part of the western half of the
sundial is missing, and the maximum dimensions of the remaining portion
of the marble slab are 28 x 29 cm.

13. On the analemma see Neugebauer, pp. 214-218 and the references there cited.
14. See note 5 above.

15. Cf. King 2, p. 191.

16. Cf. de Orus, and Cabanelas, pp. 392-394. See also note 18 below.
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meridian.’* This hole has been violated by the gnomon to such an extent
that its centre is no longer on the meridian. A segment perpendicular to the
right edge of the sundial when extended passes through this hole and rep-
resents the east-west direction. The three lines which are drawn across the
meridian are: closest to the hole, the hyperbola representing the shadow
trace at the summer solstice (when shadows are shortest), next, a straight line
representing the shadow trace at the equinoxes, and, furthest from the hole,
the shadow trace at the winter solstice (when shadows are longest). The lines
drawn across these three lines indicate the seasonal hours of day, starting
at the first on the right, then the second, third, fourth, and fifth, then the
sixth, which is precisely midday because we are dealing with seasonal hours
that are one-twelfth divisions of daylight, and then the seventh and eighth.
The hour-lines are marked akhir al-ald, “end of the first (hour)”, akhir al-
thaniya, “end of the second (hour)”, etc. The curve close to the left hand edge
of the sundial indicates the time for the zuhr prayer. We may presume
that the sundial originally bore a curve for the beginning of the “asr prayer
as well.

We now investigate the markings more closely, firstly to establish the
underlying latitude, and secondly to ascertain the accuracy of the markings.
All of the measurements are based on the photograph illustrated in Plate
2. The length of the gnomon is n = 915 mm., and the midday shadow at
the winter solstice OW is 1815 mm. Thus

91, cot (@ — €) = 1814
so that
cot (¢ —e) = 1;57, P —e=27° and ¢ +ec==63°
But e = 23,300, so that
o = 39;30°,
which is close to the standard medieval Islamic value for the latitude of Cordova
38;300.12 The accurate value for Cordova is 37;53°.

A glance at the sundial reveals several defects. Firstly, the equinoctial
shadow trace is not a straight line, as it should be. Secondly, the lines for
the third and fourth and eighth hours are not straight, as, in a sundial of this
size, they should be. These defects are so obvious to anyone with the most
modest knowledge of gnomonics, that we may well wonder why Ibn al-Saffar
put his name to the sundial. We cannot be sure whether the markings were

11. Cf. Cabanelas, p. 396, where it is suggested that the circle serves no purpose other than
decoration.

12. This is easily confirmed by consultation of the computer print-out of medieval Islamic geo-
graphical coordinates described in Kennedy-Haddad.
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in Andalusian practice are that the gnomon shadow shall have increased
beyond its midday minimum by ¥, n and n, respectively (see Fig. 3).”

(a)  The Cordova Sundial

In the Museo Arqueolégico Provincial in Cordova there is a fragment
of a horizontal sundial, illustrated in Plate 2, which was found in the Camino
Viejo de Almodovar in Cordova. It has been published by Samuel de los Santos
Jener (1955) and Dario Cabanelas (1958).° The instrument bears the name
of Ahmad ibn al-Saffar, an astronomer of some renown who worked in Cordova
about the year 1000 A.D.,* and is thus the oldest surviving Islamic sundial,
although it has not been previously identified as such.'

The remains of the Cordova sundial consist of a little more than half
of the original instrument. The dimensions of the original sundial were 48 cm.
(approx.) X 34.5 cm. X 4.5 cm. The inscriptions are in elegant floriated Kufic,
and the maker’s name appears in the upper right corner. The cardinal direc-
tions are marked on the sundial, which is broken just to the left of the meridian,
or north-south line. The hole on this line once carried a vertical gnomon,
the length of which is indicated by the radius of the circle to the right of the

7. On the times of prayer in Islam see Wiedemann-Frank, A. J. Wensinck’s article Mikdt in EI},
and King 4. For an explanation of the definitions in terms of the increase of the shadow see King
2, Appendix B. A more detailed study on the origin of the definitions of the times of prayer in Islam
is in preparation.

8. Cf. de los Santos and Cabanelas, pp. 394-396. See also notes 10 and 11 below.

9. On Ibn al-Saffar see Blachére, p. 131, and the article by B. R. Goldstein in EI,. III, p. 924,
and the references there cited, to which add now Sezgin, V, pp. 356-357, and VI, to appear. Ahmad
ibn al-Saffar had a brother Muhammad who was a maker of astrolabes (¢f. Maver, p. 75, for details
of an instrument made by him in the year 1029).

Ibn al-Saffar was a student of the Andalusian astronomer and mathematician Maslama al-Majriti,
author of a recension for Andalusia of the zij (astronomical handbook consisting of text and tables)
of the ninth century Baghdad astronomer al-Khwirizmi (on whom see G. Toomer’s article in DSB).
Ibn al-Saffar also compiled a z7j based on the methods of the Indian Zij al-Sindhind (Kennedy, no.
17). Only the introduction to Ibn al-Saffar’s zij survives, namely, in an Arabic manuscript written
in Hebrew characters preserved in the Bibliothéque Nationale in Paris (the tables in this manuscript
are not related to Ibn al-Saffir). His only other known work is a treatise on the use of the astrolabe,
which was popular amongst later Muslim astronomers and is extant in several copies (the Arabic
text of this treatise was published by J. Millas Vallicrosa in 1955), and was also translated into Latin
and Hebrew. In his later years Ibn al-Saffar moved from Cordova to Denia, where he died in the year
1035.

10. In de los Santos the name is read Ahmad b. al-Tulb, and in Cabanelas, p. 396 as Ahmad b.
al-Sawwar. I agree that the reading sawwdr is easier to justify than saffar (the dot over the middle
radical is a scratch), but firstly ‘‘sawwar’’ is not attested as a name meaning ‘‘disefiador, delineante,
pintor”’, and secondly Ahmad b. al-Saffir was a well-known astronomer of Cordova.
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The three sundials are preserved now in three different museums in
Spain, and I shall henceforth designate each of the sundials by its present
location, namely, Cordova, Almeria, and Granada. All of the sundials are
of the horizontal kind designed for a specific latitude and displaying the sea-
sonal hours of day. Such sundials were used already in antiquity,* and are
described in the earliest Arabic treatises on sundials.® They are also described
in the thirteenth century Andalusian Libros del Saber (see Plate 1).°

Two of the Andalusian sundials are broken, but each of them displays
all or parts of three main sets of markings. These are (a) the north-south line
and shadow-traces for the solstices and equinoxes; (b) the hour lines for each
seasonal hour of daylight from the end of the first hour to the end of the elev-
enth hour; and (c) the curves for the midday (zuhr) and afternoon (‘asr)
prayers. Each sundial was originally fitted with a gnomon erected vertically
in a hole in the sundial; in all cases, these gnomons are now missing.

I shall use the following notation freely. The points at which the shadow-
traces for the summer solstice, equinoxes, and winter solstice, intersect the
north-south line (see Fig. 1) are labelled S, E, and W. The base of the gnomon
is 0, and its length is n. The most commonly used length of the gnomon in
Islamic sundial theory was 12 units. Clearly, for a locality with latitude ¢
(see Fig. 2):

0S =ncot(p + ¢); OE = ncot g ; and OW = n cot (p — ¢), where
¢ is the obliquity of the ecliptic and § = 90° — ¢. For Andalusia ¢ =~ 38¢
and approximately OW:0S = 714:1. Also, E is roughly at the point of
trisection of SW closer to S, so that approximately SE:EW = 1:2. The
lines for the first and eleventh hours between the summer shadow-trace and
the winter shadow-trace are labelled AB and CD.

The standard definitions of the times for the zuhr and “agr prayers

4. See Gibbs, pp. 39-42 and 323-338.

5. See Sezgin, VI, passim. An important aspect of these treatises is the tables of coordinates for
marking sundials which some of them contain. I am currently preparing an edition of al-Khwarizmi’s
sundial tables, and a survey of all later Islamic sundial tables. For a brief introduction see King
1, pp. 51-53 and 56.

6. Libros del Saber, IV, pp. 1-23. No author is associated with this treatise, which was written
especially for Alfonso X because no book on the subject could be found which was ‘“‘complete in
itself”” (Procter, p. 18). It is in two parts arranged in 14 and 4 chapters, and deals with the construc-
tion and use of a horizontal sundial marked for the seasonal hours (see also Cabanelas, pp. 400-403).
The treatise contains tables of the solar declination, and the sine and cotangent functions, but no
tables or geometrical procedures for constructing the kind of sundial described in the text. The latter
is distinguished from the three Andalusian sundials described in this paper by the inclusion of circles
drawn about the gnomon corresponding to the shadows of each 5 of solar altitude, and by the fact
that there are no curves for the prayer-times, since these would no longer be of concern to a Christian
reader.



Three Sundials from Islamic Andalusia

Davip A. King*

In memory of my friend Louis Janin.

In this paper I propose to discuss three sundials from medieval Anda-
lusia.! Each of these sundials has been published previously, in the sense
that photographs and a list of the Arabic inscriptions have been published,*
but in the present study I shall attempt to investigate the markings on the
sundials beyond a mere description thereof. These markings cannot be fully
explained in terms of our present knowledge of Islamic gnomonics, but I
anticipate that the publication of the repertory of Islamic astronomical in-
struments currently being prepared by A. Brieux and F. Maddison, which
will include all known Islamic sundials,® will serve to revive some interest
in a subject which has hardly progressed for several decades. Hence it seems
worthwhile to present these sundials anew and to point out the various prob-
lems associated with each one.

* American Research Center in Egypt, 2 Midan Kasr el-Doubara, Garden City, Cairo, Egypt.

1. The research on medieval Islamic science conducted at the American Research Center in Egypt
during the years 1972-80 was sponsored mainly by the Smithsonian Institution (1972-80), and also
by the National Science Foundation, Washington, D. C. (1972-80) and the Ford Foundation (1976-
79). This support is gratefully acknowledged.

The Cordova sundial was brought to my attention by my friend Dr. Lisa Golombek of the Royal
Ontario Museum and the University of Toronto. A photograph of the sundial, together with informa-
tion on its size and provenance, was kindly provided by Sra. Ana Maria Vicent Zaragosa, Director
of the Museo Arqueolégico Provincial in Cordova. The fact that the sundial had been published
and the existence of the Almeria and Granada sundijals came to my attention during an annual visit
to the Sterling Library at Yale University in the spring of 1978. A photograph of the Tunisian sundial
from the archives of Mr. Francis Maddison, Curator of the Museum of History of Science, Oxford,
was kindly provided by M. Alain Brieux of Paris. A photograph of the Qayrawan sundial was kindly
provided by Capt. René Rohr of Strasbourg. Prof. Owen Gingerich of Harvard University kindly
obtained for me a microfilm of the Libros del Saber from Harvard University Library. Finally, it is
a pleasure to record my gratitude to those libraries which have supplied me with microfilms of ma-
nuscripts in their collections, including the Egyptian National Library in Cairo, the Biblioteca de
El Escorial; the Biblioteca Medicea-Laurenziana in Florence; and the British Library in London.

2. Each of the publications (de los Santos on the Cordova dial; de Oriis on the Almeria dial; and
Cabanelas on all three Andalusian dials) contains errors of interpretation, and none of them points
out any of the defects of the dials. However, Cabanelas provided useful physical descriptions of each
of the dials and put them in the context of earlier Greek sundials and the treatise on sundials in the
Libros del Saber.

3. Until now the only general repertory of Islamic sundials has heen Mayer.
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Sédillot-pére J.-J. Sédillot, Traité des Instruments Astronomiques des Arabes composé au trei-
ziéme siécle par Aboul Hhassan Ali de Maroc, 2 vols. (Paris, Imprimerie Royale,
1834-1835).

Sezgin: F. Sezgin, Geschichte des arabischen Schrifitums. Band 5: Mathematik, Band 6:
Astronomie und Astrologie, (Leiden, E. J. Brill, 1976 and 1979).

Suter: H. Suter, ‘“Die Mathematiker und Astronomen der Araber und ihre Werke’’,
Abhandlungen zur Geschichte der mathematischen Wissenschafien, 10 (1900).

Wiet:

G. Wiet, Les Mosquées du Cuire (Paris, Librairie Hachette, 1966).
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un dessin (voir Pl 5). Ce cadran comporte un demi-cadran a droite qui montre
le temps écoulé depuis le lever du soleil (et du méme coup le temps qui reste
A courir jusqu’a midi et a la pridre qui y est associée, le zuhr). Les courbes
des heures sont dessinées pour chaque dix degrés équinoxiaux et les valeurs
sont indiquées sur la courbe du Cancer comme suit: 209, 309, . . ., 100° (le
maximum pour la latitude 300 est environ 10414°). Le demi-cadran a gauche
montre les degrés qui restent jusqu’a 1’°asr comme suit: 50°, 40°, 30°, 20°,
100, puis la courbe de 1’asr méme, puis les degrés qui restent jusqu’au coucher
du soleil (et a la pritre du maghrib) comme suit: 500, 40°, 300, 20°. Voici donc
un cadran bien utile pour la mosquée, qui sert & montrer le temps qui reste
A courir jusqu’aux temps des trois priéres: zuhr, “asr, et maghrib.

APPENDICE

Additions et Corrections a Janin & King

1. Nous avons omis de souligner le fait, d’ailleurs évident, que lorsqu’Ibn al-Shatir explique
qu’il regarde I’extrémité de la boussole par le trou dans le couvercle de la boite, il ignore la déclinaison
magnétique. Un siécle plus tard, ainsi que nous ’avons remarqué, al-Wafa’i suggérait une correction
de 7° pour en tenir compte.

2. Nous préparions notre description et usage du cadran polaire universel dans I’instrument d’Ibn
al-Shatir, lorsque nous avons eu connaissance d’une illustration et d’une description dans Michel
et Ben Eli, d’un cadran polaire pour une latitude déterminée construit & Acre en 1786-87. Nous re-
produisons lillustration dans la P1. 6. Notez qu’il n’y = pas de courbe pour I’°asr; on aurait pu en
dessiner une pour la latitude locale, mais elle n’aurait pas pu servir pour d’autres latitudes. Il n’est
pas exact de dire, avec Michel, que le cadran d’Acre était surtout destiné & régulariser les heures de
priéres. Nous ne connaissons pas d’autre cadran polaire dans le monde de I’Islam.

3. L’autre instrument décrit par al-Wafa’i, appelé al-mugawwar et mentionné p. 217 note 11,
est en fait une armille équatoriale comme le da’irat al-mu‘addil: mais les differentes parties se rep-
lient et peuvent étre conservées dans la boite ronde avec couvercle qui forme la base de Pinstru-
ment. Il résulte du traité d’al-Wafa’i sur cet instrument que c’était une production antérieure a
celle du da’irat al-mu‘addil: il ne mentionne pas, par exemple, la déclinaison magnétique, se conten-
tant de dire que l’aiguille de la boussole a sa direction ‘‘prés du méridien”’. Dans un article pré-
cédent nous avons comparé le Sandiig al-yawdqit ’Ibn al-Shatir avec le dd’irat al-mucaddil d’al-
Wafa’i: al-mugawwar d’al-Wafa’i constitue un échelon intermédiaire de développement et confirme
notre impression qu’al-Wafa'i s’était inspiré du Sandig al-yawdgit d’Ibn al-Shatir.

4. A la p. 213 lisez samkarahu au lieu de mubkiruhu.
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que Marcel avait a sa disposition, les renseignements qui découlent de ces
mesures sont assez surprenants.

En général les dessins du cadran que nous avons examinés semblent
étre assez exactement disposés, mais deux exceptions sont la courbe de
I"asr et le tracé du solstice d’hiver. La branche gauche inférieure de la courbe
de’“asr a été visiblement ajoutée plus tard pour essayer de rectifier la courbe
originale de I’°agr. De plus, Ierreur de la courbe originale de Iasr prés du
tracé du solstice d’hiver apparait bien provenir d’une erreur dans la position
de P'intersection du dit tracé avec le méridien. Si nous ajoutons la longueur
du gnomon a la distance sur le méridien entre le pied du gnomon et le tracé
du solstice d’hiver, nous obtenons la distance entre le pied du gnomon et
I'intersection de la courbe originale de ’“asr avec le tracé. Celui qui a dessiné
la courbe corrigée de I’“asr s’est arrangé pour que ’ombre de I’°asr au solstice
d’hiver ait une longueur correcte, mais ’erreur dans le tracé du solstice d’hiver
sur le cadran entre la neuviéme heure et la onziéme, resultant probablement
d’une erreur dans la position de la marque de la dixiéme heure au solstice,
rendait impossible d’obtenir en méme temps ’azimut correct pour I’°ayr.
Etant donné que la fonction la plus importante d'un cadran de mosquée
est I'indication du temps des priéres, on ne peut pas dire que le constructeur
de ce cadran ait remporté un plein succés! Peut-étre, d’ailleurs, avons nous
mis le doigt sur la raison de la destruction de ce cadran, brisé en plusieurs
morceaux.

Enfin, nous remarquons que le seul autre exemple d’un cadran fait
de deux demi-cadrans superposés que nous connaissions se trouve dans un
traité sur la gnomonique par le muwagqit égyptien Ibn al-Muballabi, écrit
au Caire en 829 H. = 1425—26 J. C.® Ce traité existe dans un beau manuscrit
unique conservé i la Bibliothéque de Chester Beatty a Dublin, numeroté
3641 et copié a Alexandrie en 858 H = 1455 J. C. Ibn al-Muhallabi commence
son traité par un éloge d’al-Magsi, en ajoutant que le lecteur qui veut en
savoir plus que ce qu’il va exposer dans son traité doit se tourner vers le
compendium d’al-Marrikushi. Puis lbn al-Muhallabi presente de nouvelles
tables (voir Pl. 4) et de nouveaux dessins pour construire les cadrans horizon-
taux, verticaux, et inclinés, tous calculés pour la latitude du Caire, 30°. Parmi
ces textes on trouve des tables pour tracer un cadran 4 deux moitiés avec

6. Si n est la distance requise en mms, nous avons, du fait que la distance méridienne entre les
tracés des deux solstices est 52 mms, et que les ombres solsticiales sont 1;21 et 16;16 unités, que
n+452 16516 ~ 12
n 1521

.
d’otr
n+52=12n e n=5mm.

7. Ibn al-Muhallabi n’est mentionné dans aucun travail moderne sur la science islamique et on
ne lui cornait aucun autre ouvrage scientifique.






Pl. 6: Le cadran polaire d’Acre. (photo Abumax)
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Pl 5: Extrait du manuscrit Chester Beatty no. 3641 (fol. 11v), qui montre le cadran a deux moitiés
d’Ibn al-Muballabi, qui sert a indiquer le temps qui reste jusqu’aux trois prieres du zuhr, “agr, et

maghrib.
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Pl. 2: Extrait du manuserit Paris B.N. ar. 2507 (fol. 137r) du traité de Aba °Ali al-Marrikushi,
qui montre le dessin d’un cadran aux heures temporaires pour la latitude du Caire, et les tables qui
servent & le tracer.
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INSCRIPTION ET CADRAN KOUFIQUES DE LA ;\IOSQl'I-‘II". DE TOULOUN.

PL 1: Le cadran solaire de la Mosquée d’Ibn Talan, reproduit par M. Marcel, et inseré comme

illustration dans la Description de IEgypte.
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référer 3 Ibn al-Shitir ni & aucun autre astronome syrien.

Examinons maintenant les tables d’al-Marrakushi (P1. 2) et d’al-Magsi
pour un cadran horizontal donnant les heures temporaires pour la latitude
du Caire, retenue pour 30;0° avec une obliquité de 23;35¢. Ces deux tables
sont reproduites dans les Tableaux 1 et 2 et il apparait probable qu’elles
ont été calculées indépendamment. Les valeurs ont été recalculées avec le
calculateur électronique de 1’Université Américaine du Caire,’ et pour chaque
valeur des tables d’origine I’erreur dans le deuxiéme chiffre sexagésimal,
c’est-a-dire dans les minutes, est donnée entre crochets, calculée selon la
convention:

erreur = texte — valeur exacte

Les deux tables sont assez exactement calculées, bien que chacune comporte
quelques erreurs qui auraient di surprendre leurs calculateurs. Néanmoins
les erreurs dans les coordonnées de I’“asr chez al-Marrikushi pour les équino-
xes sont bien moins graves que celles qui ont produit la branche inférieure
droite de la courbe de 1’°asr sur notre cadran.

Le Tableau 3 montre les coordonnées correspondant aux positions
solsticiales et équinoxiales du cadran d’Ibn TulGin, basées sur les mesures
prises sur la planche de la Description de I’Egypte. Pour obtenir ces coordon-
nées on a d’abord calculé que les pieds des deux gnomons étaient i une distance
d’environ 5 mms. au nord de l'intersection des meridiens et du tracé du
solstice d’été.® Si l’on tient compte du caractére fragmentaire du cadran

4. La table d’al-Marrakushi se trouve déja dans Sédillot-pére, II, pp. 454 and 491.
5. Le processus trigonométrique pour le calcul de ces tables est le suivant. Nous posons la latitude
locale @, I’obliquité €, la longitude du soleil A. Nous calculons la déclinaison § solaire par la formule
sin 8 = sin € sin A,
et I’équation du jour d par la formule
sin d = tan § tan @ .
Ensuite la longueur d’une heure de jour temporaire ¢t se dédyjt de la demi-longueur du jour D par

la formule

D 90° + d

=T 6
La hauteur du soleil h correspondant & une angle horaire égal & un multiple n de cette heure tempo-
raire est alors fournje par la formule
sin h = sin & sin @ + cos O cos © cos (nt)

et la longueur de 'ombre correspondante s pour un gnomon de longueur 12 est alors

s = 12 cot h.
Pour trouver I’azimut a nous utilisons la formule
sin k sin @ —sin §

sinag = .
cos h cog )

Les procédés mediévaux étaient mathématiquement equivalents aux procédés ci-dessus. Ils étaient
déja connus des astronomes musulmans au début du neuviéme sitcle, venant de sources indiennes
ot ils étaient déduits des projections orthogonales de la sphére celeste. Etant donné que ces déductions
n’exigent aucune connaissance de trigonométrie sphérique, il est regrettable que bien des auteurs
modernes pensent que les anciens astronomes musulmans qui ont utilisé ces formules devaient né-
cessairement connaitre la formule du cosinus de la trigonométrie sphérique (voir, par exemple, tout
récemment, Sezgin, V, pp. 35 et 261).
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Moyen Age aussi comme la latitude du milieu de 4¢ climat.”

On ne peut pas encore tracer le dévelopement des tables islamiques
depuis I'’époque Abbasside jusqu’a I’époque d’al-Marrakushi, d’al-Maqsi
et du cadran Ibn Tialiin, mais les matériaux ne mangquent pas pour les recher-
ches futures. Il existe enfin des douzaines de manuserits arabes et turcs dont
la plupart sont de provenance égyptienne, syrienne et turque, qui traitent
de la gnomonique et présentent des tables, mais qui n’ont encore jamais été
etudiés.® (Curieusement on ne trouve presque rien en langue persane.) Toutes
les tables qu’on trouve dans ces traités sur la gnomonique représentent une
tradition islamique consistant a préparer des tables presque pour le seul plaisir
de préparer des tables! Il est déja évident dans leurs compilations sur d’autres
chapitres de I’astronomie que les astronomes musulmans avaient une véritable
passion pour le calcul des tables.’

IV. Analyse des dessins du cadran d’Ibn Tilin

Ni les tables d’al-Marrakushi, ni celles d’al-Maqsi ne donnent les coor-
données pour chaque signe du zodiaque, telles qu’elles auraient été néces-
saires pour construire le cadran d’Ibn Taltn. De plus nous n’avons pas d’autres
tables égyptiennes de cadrans solaires remontant au treiziéme siécle ou aux
siécles précédents. En fait les seules tables connues de cadrans solaires islami-
ques remontant au treiziéme siécle et qui donnent les coordonnées pour chaque
signe, sont celles qui ont été établies pour differentes latitudes dans le Yémen
et le Hedjaz par le Sultan du Yémen al-Ashraf, dans son traité sur I’astrolabe,
le cadran horizontal et la boussole magnétique, écrit aux environs de 1295.}
Le Sultan al-Ashraf connaissait I'ouvrage d’al-Marrakushi écrit A peine quinze
ans plus t6t. Un extrait de ses tables de cadrans, montrant des tables calculées
expressément pour la latitude de Taiz retenue pour 13;37°, est reproduit
dans Pl. 3. On ne connait pas de tables pour cadrans aussi detaillées depuis
le quatorziéme siécle, bien que le cadran d’Ibn al-Shitir construit pour la
Mosquée Umayyade de Damas porte le tracé des ombres pour chaque signe
du zodiaque,? et qu’Ibn al-Shitir ait trés probablement construit son cadran
en utilisant des tables qu’il avait preparées a ’avance. L’astronome syrien
du quinziéme siécle al-Tizini a dressé un jeu detaillé de tables de cadrans
et presenté son travail comme une extension du traité d’al-Maqsi,® sans se

7. Voir Nallino, 11, pp. 188 et 295-296.

8. Une exception est le traité (avec tables) de Sibt al-Maridini (Suter, no. 445) qui a été étudig
dans Schoy 2.

9. Voir Kennedy sur les manuels astronomiques appelés sijes et King 3, spécialement pp. 51-53
et 56, oti I’on traite des tables pour construire les cadrans solaires.

1. Sur le Sultan al-Ashraf voir Suter, no. 394. Son traité se trouve dans le MS Le Caire 'I.‘aymﬁr
riyada 105 (149 fols., ca. 695H),et il parait qu’il y en a une autre copie a Tébétan.Une t.:al)le qui dom;’xe
la hauteur ’azimuth du soleil pour chaque heure temporaire et chague signe du zodiaque, calculée
pour la latitude du Caire, se trouve dans la traité sur les cadrans du célébre Ibn al-Haytham (fL le
Caire, ¢. 1025 J. C.), dont nous avons examiné le MS Teheran Majlis-i-Shira 39341,1 (11 fols., ca.
1000H). Dans ce manuscrit tous les chiffres manquent dans la table, et nous n’avons pas eul’occasion de
consulter d’autres manuscrits de cette oeuvre.

2. Cf. I'illustration dans I’étude citée dans la note 3 de la Section 1.

3. Sur al-Tizini voir Suter, no. 450. Ses tables se trouvent dans le MS Vatican Borg. 105,3 (fols.
20r-38v, ca. 900H), texte apparemment unique.
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francaise par J.-J. Sédillot,? toute la théorie mathématique et en outre des
tables pour construire les cadrans horizontaux, verticaux, et inclinés a la
fois sur le méridien et sur le premier vertical. Al-Marrakushi donne aussi des
tables pour construire ces cadrans a la latitude du Caire, 30°, ot il travaillait
quelques années avant la construction du cadran Ibn Tilin, car il a daté
son traité de 1280 J. C.* Voir en Pl 2 ses tables et son dessin pour un cadran
horizontal préparé pour cette latitude.

Il y a un autre traité égyptien sur les cadrans qui date de la méme époque
que celui d’al-Marrakushi et qui n’avait jamais été étudié jusqu’a il y a quel-
ques années. Ce nouveau traité qui a été préparé par I’astronome égyptien
al-Magsi en 1277 J. C., soit un peu avant le traité d’al-Marrakushi, contient
plus de cent tables pour construire les cadrans a la latitude du Caire, 300.%
Ce qui rend les tables d’al-Maqsi plus complétes que celles d’al-Marrakushi,
c’est qu’il calcule une table pour les cadrans verticaux inelinés sur le méridien
pour chaque degré de 'inclinaison. Ou est-ce qu’on doit chercher 'origine
de ces tables Islamiques pour les cadrans ?

Il a été découvert en 1974 un traité sur les cadrans attribué a al-Khwarizm1
(fl. Baghdad, ca. 830 J. C.).> Ce traité existe dans un manuscrit précieux a
Istanbul; il consiste en une courte introduction et en plusieurs tables qui
donnent pour douze latitudes différentes entre 0° et 40° la hauteur du
soleil, son azimut et la longueur de I’ombre d’un style de 12 unités pour
chaque heure temporaire. Il ya des tables additionelles pour les latitudes de
Samarra et Baghdad, et la valeur de 1’obliquité employée est 23;51° (employée
par al-Khwarizmi dans ses tables astronomiques). En 1976 quelques unes
de ces tables ont été trouvées ajoutées au traité sur les astrolabes extraor-
dinaires d’al-Sijzi (fl. Iran, ca. 950 J. C.), conservé dans un autre manuscrit
précieux a Istanbul.® D’autres tables de cette sorte existent dans les sources
manuscrites. Dans le manuscrit unique du texte arabe du manuel astronomique
(27j) de D’astronome Syrien al-Battani (fl. Raqqa, environ 910 J. C.). C. A.
Nallino, qui a publié ce zij, a trouvé, parmi quelques tables qui ne doivent
pas appartenir au travail original d’al-Battani, deux petites tables qui donnent
la hauteur du soleil et son azimut pour chaque heure temporaire, calculés
pour la latitude 36°, employée par al-Battani pour Raqqa et acceptée au

2. Sédillot-pére présente une traduction de la premiere moitié du traité dans lequel on trouve une
discussion de la gnomonique. Sédillot-fils offre un sommaire assez mal présenté de la deuxieme moitié
du traijté.

3. Voir Sédillot-pére, pp. 136-137 et 276. J.-J. Sédillot a faussement daté al-Marrakushi a 1230
J. C. (voir Sédillot-pére, I, pp. 13-14) et n’a nulle part mentionné qu’il travaillait au Caire.

4. Sur al-Magsi voir Suter, no. 383.

5. Sur al-Khwarizmi voir I’article de G. J. Toomer dans DSB. Son traité sur les cadrans se trouve
dans MS Istanbul Aya Sofia 4830, fols. 231v-235r, copié 626H/1228-29 a Damas.

6. Sur ce traité voir Sezgin, V, p. 334, no. 34.
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une deuxiéme courbe de 1’°asr fut tracée i sa gauche. C’est nettement le cas
pour les déclinaisons septentrionales (partie inférieure de la courbe); pour
les déclinaisons meridionales, il est impossible de distinguer entre les deux
branches. Notre hypothése se base sur le fait que la branche inférieure droite
de la courbe de I’°asr est effectivement fautive et que la branche inférieure
gauche est plus correctement disposée (voir Section IV).

Bien qu’il soit beaucoup plus récent (696 H — 1296 J. C.) que la mosquée
a laquelle il était destiné (elle fut construite en 259 H = 872 J. C.), ce cadran
est le plus ancien des cadrans solaires musulmans du Caire qu’on connait
aujourd’hui. Son dessin. nous P’avons vu, est original. La gravure est d’une
exécution parfaite. Ses inscriptions sont d’une ecriture trés rare: elles sont
en caractéres karmatiques de la forme la plus élégante; les points diacritiques
y sont fidélement indiqués. A tous ces titres et bien que nous ne le connais-
sions que par une reproduction, heureusement trés exacte, le cadran solaire
qui ornait jadis la Mosquée d’Ibn Taliin était une piéce splendide, au moins
a premiére vue.

III. Sur les tables employées par les astronomes arabes pour la construction
des cadrans

En considérant les nombreux traités sur les cadrans écrits par des savants
arabes aux premiers siécles de I’Islam et la pléthore de tels traités (écrits
principalement en Egypte, Syrie, et Turquie) dans les six derniers siécles,
on voit que le petit nombre des cadrans qui subsistent ne représente point
I'intensité de D’activité musulmane dans ce domaine. On connait I’existence
de traités sur les cadrans, dont la plupart sont perdus, préparés par plusieurs
astronomes arabes dés I’époque Abbasside (spécialement au neuviéme siécle).

Le plus complet parmi les documents les plus anciens qui nous sont
connus & I’heure actuelle est une remarquable étude sur les cadrans plans
qui émane de Thibit b. Qurra, philosophe, médecin, mathématicien, et tra-
ducteur, (fl. Baghdad, ca. 900 J. C.). Ce traité, publié et traduit par K. Garbers
et analysé par P. Luckey,! expose la théorie géométrique de toutes les sortes
de cadrans plats, d’une maniére trés rationnelle et trés détaillée, précisant
les formules diverses utilisées pour le calcul et la construction de ces cadrans,
qu'ils soient horizontaux, verticaux, méridionaux, ou déclinants, orientaux
ou occidentaux, ou inclinés et déclinants. Mais ce traité ne contient pas de
tables.On trouve aussi dans le compendium de I’astronome arabe du treiziéme
sitcle Abii Ali al-Marrikushi et dans la moitié qui a été publiée en traduction

1. Voir Garbers et Luckey. Une autre trés importante étude sur la gnomonique arabe est la thése
de P. Luckey citée dans Sezgin, V, p. 294.
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n’a rien  faire avec un tel cadran, nous pensons qu’il faut lire: tal al-miqyds,
Cest-a-dire, “longueur du style”, ou bien, tal al-migydsayn, c’est-a-dire,
“Jongueur des deux styles”. Nous croyons de plus qu’a c6té de cette inscrip-
tion on trouvait jadis un trait de la méme longueur, qui manque sur le dessin
de Marcel a cause des fractures du cadran.

Les 4 points cardinaux sont marqués: Nord A, Sud E, Est C, Ouest
D. Les 2 styles identiques et perpendiculaires & la table étaient placés au
sud de la petite échelle ouvrant chaque moitié; ils avaient leur pied en des
points qui n’ont pu étre relevés, car les styles avaient été arrachés en méme
temps qu’avaient été cassées les parties correspondantes de la dalle.

Chaque moitié du cadran comporte les lignes des signes: sur la partie
Est sont inscrites la droite des équinoxes (Balance 7) et les hyperboles d’entrées
dans les signes (Ecrevisse 4, Lion 5, Viérge 6, Scorpion 8, Sagittaire 9, Capri-
corne 10). Sur la partie Ouest sont également inscrites la droite des équinoxes
(Bélier 1) et les hyperboles d’entrées (Taureanu 2, Gémeaux 3, Ecrevisse 4,
Capricorne 10, Verseau 11, Poissons 12).

Les heures marquées sont, selon 1’usage ancien, les heures “temporaires”,
qui représentent la douziéme partie de la durée du jour; les “heures” d’été
sont ainsi plus longues que les “heures’’ des équinoxes (heures astronomiques),
elles-mémes plus longues que les “heures” d’hiver. Elles sont indiquées par
des droites plus ou moins inclinées et qui sont numérotées, du matin au soir:
la premiére I (il faut comprendre fin de la premiére heure), la deuxié¢me II. . .,
la sixiéme VI (midi), la septiéme VII. . . la onziéme XI. Les heures du lever
et du coucher du soleil ne peuvent pas étre indiquées, le rayon horizontal
du soleil rejetant alors a 'infini Pombre des styles.

Entre la 9¢ et la 10¢ heure, sur la moitié Ouest du cadran l’inscription
gaws al-agr, c’est a dire, “courbe de 1’“asr’” se refére a I'heure a laquelle,
selon la date, doit étre récitée la priere de 1’“asr, une des cinq priéres obliga-
toires de 1’Islam. D’aprés I’opinion dominante, ’heure de 1’“asr intervient
dans P’aprés-midi, lorsque 'ombre du style est égale 4 son ombre méridienne
augmentée de la longueur du style.

Afin de prevenir le fidéle que 'heure de 1’°asr approche, une plage sans
gravure est ménagée sur la partie ouest du cadran, a partir de la droite de
la 9¢ heure. Il est alors plus facile de voir exactement ol se trouve la pointe
de P'ombre et d’apprécier le temps restant i courir jusqu’a I’asr. Mais en
regardant de prés la courbe de 1’°asr on constate qu’elle parait avoir été
dessinée en double, trés nettement dans sa moitié nord, moins nettement
dans sa moitié sud; quelle courbe faut il retenir?

La raison de cette double courbe de I’°asr semble étre que la courbe
originale de 1’°agr, qui borde ’espace libre, s’est révelée fautive et qu’alors
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M. Marcel ont été rapportées d’Egypte et le dessin du cadran solaire qu’elles
représentent se trouve reproduit dans I’Atlas de la Description de I’Egypte,
cet ensemble monumental contenant les rapports de tous les savants chargés
de mission et dont on peut dire qu’il a “lancé” I’égyptologie.

Car il s’agit bien d’un cadran solaire, comme le laissent supposer les
inscriptions. A premiére vue, la complexité (Pl. 1) est grande: deux gerbes
de 7 branches, maintenues par des sortes de liens, partent des deux cotés de
la dalle et s’élancent I'une vers I’autre en s’entrecroisant; partout des inscrip-
tions qui semblent se mélanger et dont il faut retrouver Iapplication.

Mais pour qui a I’habitude des cadrans solaires musulmans, il apparait
bientt que le dessin représente en fait deux moitiés d’un seul cadran, imbri-
quées ’'une dans I’autre. Sil’on fait glisser par exemple la gerbe de droite vers
la gauche jusqu’a ce que coincident les deux échelles les plus petites (ou
inversement la gerbe de gauche vers la droite, etc.), on reconstitue le dessin
connu d’un cadran solaire horizontal ordinaire (Pls. 2 et 3). Alors que chaque
moitié du cadran avait son style particulier, la translation ci-dessus effectuée
a fait coincider les deux styles en un seul, qui gouverne ’ensemble du cadran
reconstitué.

Pourquoi ’auteur de ce cadran a-t-il adopté la complication des deux
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