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(14) WIEDEMANN , Eilhard
" Beitrage zur Geschichte der Naturwissenschaften , I LXXIX ", in Sitzungsberichte
der Phsikalisch - medizinischen Sozietat zu Erlangen , vols. 34 - 60 (1902 - 1928 ) , repr .
with introduction and indices by w.Fischer as Aufstaze zur arabischen
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Gesammelte Schiften zur arabisch islamischen Wissenschafisgeschte,
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(18) Hill, D .R . 1974, 1989
The Book of Knowledge of ingenious Mechanical Devices , by al
Jazari ¢ annotated translation ) , Reprinted ( 1989 ) with translator ' s notes by :
Pakistan Hijra Council , Islamabad, PP . 281 - 282 .
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" In Memorandum , and List of Publications , D. R. Hill " Arabic Science and
Philosophy , vol . 5 . no .2 (1995) , PP. 297 - 302
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(22) KING,D.A.
Islamic Astronomical Instruments, Variorum Reprints , London , 1987

(23) TURNER,A.J.
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Supplement aux Dictionnaires Arabes, repr . de 1 ' edition de 1881,
Librairie du Liban , Beyrouth , 1968, tome 2 , p. 625 ( &\mw dsb )

(33) SARMA,S.R.
" Indian Astronomical and Time- Measuring Instruments , A Catalogue in Preparation ",
Studies in History of Medicine and Science, vol . 13 , No . 1, (1994) ,
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(50) Idem , ?Medieval Arabic Mechanical Technology ",
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George Saliba , A History of Arabic Astronomy Planetary theories
during the Golden Age of Islam ,

IX + 341 Pages ( bibliographie , index )

New York University Press , 1994 .
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Virendra Nath Sharma , Sawai Jai Singh and his astronomy ,
(bibliographie , index ) XVI + 347 pages
Motilal Banarsidass Delhi 1995 .
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BOS Gerrit , Ibn Al - Jazzar on Forgetfulness and its Treatment , the
Royal Asiatic Society of Great Britain and Ireland , London 1995 . 91 pp .
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Buch iiber Das Geheimnis Der
BUCH UBER DAS GEHEIMNIS DER SCHOPFUNG

Schopfung und Die Darstellung UND DIE DARSTELLUNG DER NATUR
( Bk 4 Vrmn
Der Natur rszuw.uou‘or:os VON TYANA
( Buch der Ursachen )
Yon ot

URSULA WHISSER

Pseudo-Apollonios Von Tyana
Ursula Weisser, editor

fnme o e Hiskory of Aralie Soicmrs
loiverner of Ay
A, e
a1y

Aleppo, THAS (1979).

27x%20 cm. 702 pp. Arabic text ( hand-scripted by the
editor) and index; 66 pp. Intreduction and notes (in German),
paper bound.

( Sirr al-khaliqga wa San‘at al-Tabi‘a; Kitab al-Tlal by
Balinus al-Hakim and including Tabula Smaragdina and
Kitab fi Tabi‘at al Insin by Nemesios of Emesa).

This is the most famous text of hermetic literature. Prof.
Manfred Ullmann has noted that it was valued as the key to
the innermost secrets of nature, and to the alchemists of the
Middle Ages it was as holy as the ten Commandments.

The Tabula Smaragdina appears at the end of Sirr al-
Khaliqa and it should be understood to be a commentary to
the Tabula.

Dr. Weisser has used 17 of the numerous known copies
for this edition. She includes a long background history with
a history of the Latin transmission;

Book I On the Creation
II On the Sphere and Space
IIT On Minerals
IV On Plants
V On Animals
VI On Man
Price: US$ 30.00 (postage expenses are not included).
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SUMMARIES OF ARABIC ARTICLES

The Mechanical Machines in our Scientific History ,and the
position of the book entitled :" Al - Risala Al - Qudsiyya "

Lutfallah GARI

This study sheds light on the works which the ancestors have written
about the mechanical machines , and the great role which they played in the
promotion of modern advancement in this domain .

The researcher displayes : The History books , the studies which tackles
the written History , and the books which talked about the History of Arabic
and Islamic clocks till our present time .

The researcher , also , clarifies the impact of the books - which were
translated into Arabic during the Hellenic age on the modern achievements ,
and what the Arab and Muslim engineers did add to this field .

Finally , he unveils the influence of the Arabic and Islamic innovations

on the Renaissance .

J.H.A.S$.1995-96-97:Vol.1l:PP. P. 101
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The Extremely Accurate Determination of the Size of the
Mediterranean Achieved by Muslim Astronomers
in al - Andalus .

Mercé COMES

The aim of this communication is to show one of the most important
contributions made by Muslim astronomers to the practical geography . It
concentrates on the corrections - made by some Arab astronomers of the
Ptolemaic determination of the size of the Mediterranean sea . Their extremely
accurate determination of the size of the Mediterranean , which reduced the
excess of 20 degrees found in Ptolemy's Geography to only 1 degree
approximately , seems to have been achieved trough the observation and
calculation of a lunar eclipse . This method was already used by Ptolemy to
determine distances in longitude and its use was also suggested by most of the
subsequent Arab , Hebrew and Latin astronomers . However , nobody , from
Ptolemy to Kepler , was able to achieve such good results as the ones reached
by Maslama .

J.H.A.S5.1995-96-97:Vol.11:PP. P. 100.
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Decidability in Mathematics after
Al - Samaw' al - Al - Maghribi

Ibrahim Garro

In his book al - Bahir fi al - Jabr al Samaw' al al Maghribi divides
mathematical problems according to their provability ,into three categories . He
uses the Aristotelian modal notions of necessity and possibility in doing this .

A - Problems that are necessarily solvable .

B - Impossible problems .

C - Possibly solvable problems .

We shall be concerned with the last category and its relation to
decidability . He introduces two definitions to this category which are
apparently contradictory . Using modal logic we explain his intended
definitions , namely; a - ) not provable A and not provableA.

b - possible A and possible -1A .

He does not give a definite example of this category of problems ,
although he does give them for the first two .

Some authors have claimed that he introduced the notions of decidability
and calculability . We compare his work with the modern notions of

decidability and calculability . We find that these notions are defined relative to
a formal system in mathematical logic . This was obviously absent in our

author's work .

J.H.A.S8.1995-96-97:Vol.11:PP. P. 99 .
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The cases which are mentioned by Ibn al - Athir in his book Al - Kamel
fil Tarikh are :

-In458 H./ 1060 A. D. , a boy was born in Bagdad with two heads , two
necks , two faces , four hands and only one body .

- In 597 H. / 1200 A. D. , a boy was bom in Bagdad with two heads , his
front is divided into two parts .

-In 601 H ./ 1204 A. D., a boy was born in Bagdad with two heads ,
four legs and two hands , but he died immediatly .
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Conjoined Twins in the Arabic Islamic History

Mahmoud al - Haj Kasem Mohammad

The research dealt with the modern meaning of " twins " which have
three Kinds :

1 - Frantemnal type or ( dizygotic )

2 Identical type or ( monozygotic )

3 - Conjoined type

The researcher extracted a text from “Oraieb Ibn Sa°d al - Kortoubi ' §
book in which , he explained the old meaning of twins according to the Arabic
Islamic physicians . Then , he tackled the theme of " Conjoined twins " with
reference to the Arabic Islamic History .

Al - Amir al San®a’i , wrote in his book al - Rawda al - Nadiyya that
during the era of Omar Ibn al - Khattab - a woman gave birth to a boy with two
heads , two bodies , four hands , while in the lower part he had only two legs .
When one of these two creatures wanted to get married , the other twin died
before acheiving that .

Al - Kazwini wrote in his book “Aga’ eb al - Makhloukat a story similar
to the above mentioned one . But here in this case one of the two joined bodies
died , so he was tied till he dried up then he was cut . The other body remained
alive and wandered wherever he wanted . This may be considered the first
successful attempt to separate two joined bodies in History .

The conjoined twins which “Oraieb Ibn Sad al - kurtoubi mentioned in
his book Khalk al - Ganin wa Tadbir al - Habala wa’ | - Maw! idin :

- A twin was born with joint bellies , facing each others .
- A boy with two heads .
- Two maids each had a head , two hands , and an abdomen , but joined in
the lower part to have only two legs . .
The case which was seen by al - Razi in Bagdad ( a boy with one head

and two faces ) . i _

- The case which al - Tanoukhi mentioned in his book Nishwar al -
Mouhadara,two men joined from one side to the armpit . They have one
abdomen , one navel and one stomach , if they are separated certainly they will
die . May be this case is the same case which western references denoted to as

the earliest case about conjoined twins in History .

J.H.A.S.1995-96-97:Vol.11: PP.97-98.
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For short vowels , a is used for fatha , i for kasra , and u for damma .
For'ong vowels diacritical marks are drawn over the letters : @ , i, @ . The

diphthong aw is used for ° ,' and a y for ° 4.;'. Long vowels before hamzat al -
~
wasl are printed long ( thus '&bd'l - Qdsim and not " abu'l - Q&sim ™) .
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To Contributors of Articles for Publication
in the Journal for the History of Arabic Science

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

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

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

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

Sevim Tekeli , " Takiyiiddin ' in sidret il Miintehd' sina aletler bahsi ",
Belleten 25 ( 1961 ) . 213 238.

After the first quotation , if the reference is repeated , then the author's
name and the abbreviation op . cit may be used . Alternatively, the books and

articles cited may be collected into a bibliography at the end of the article ,
according to the above format , so that reference may be made to them in the
footnotes by author or short title .

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

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

s

T A SR SEIC T I B BT Y )

s.d.t,z,%, gh,f,q,.k,1,m,n,h,w,y,

uodpb&ttdcﬂ‘]fa.njg
Hamza at the beginning of a word is omitted in transcription . The /am of the
Arabic article before sun - letters is not assimilated ( thus al - shams and not

ash - shams ).
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NACsaAN , M . Hisham : Agricultural Engineer . He presented his doctorate
dissertation which is entitled : " The participation of the Arabs in the Development of the
Constitutive Elements of Gardens in the Omayyad Era " . He participated in many International
Symposia and Conferences on the History of Applied Science .

SAKKAL , Mamoun Lutfi : He has degrees in architecture from the University of
Aleppo , Syria and the University of Washington . He worked as an architect , designer , and
painter . He lectures on the History of Islamic art and architecture at the University of
Washington .
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Notes on Contributors

Al - HAJ KASIM MOHAMMAD , Mahmoud : He received the Ph . D. degree in
medicine from the University of Istanbul , 1961 . He is a researcher in the History of Arabic and
Islamic medicine and has many papers on this domain . He is the first one that ever wrote about
the History of pediatrics and the History of.cancer in the Arabic Islamic medicine .

BERGGREN , J . Lennart : He received the ph . D. degree in mathematics from the
University of Washington , 1966 . He is a researcher in the field of the History of mathematical
science and has many papers on this field .

BURCHART , Jerzy :Professor in the Polish Academy of Science . He has researches
within the domain of philosophy & optics , and he is concerned with * Witalo " . He participated
in many International Conferences .

COMES , Mercé :Teacher in the Department of Arabic Philosophy at the University of
Barcelona , Spain . She is now working in the field of the History of Arab and Andalusian
Astronomy and has published several papers on this topic .

CHALHOUB , Sami : He received his Ph . D. in History of Mathematics from the
University of Leipzig , Germany , 1980 . He is the Vice - director of the Institute for the History
of Arabic Science at the University of Aleppo . He participated in many International symposia
and Conferences on the History of Science . and has many researches and articles on this domain.

FAHD , TAWFIQ : Teacher in the University of Human Science in Strasbourg , France .
He is the founder and the director of the Department of Arabic and Islamic Studies in this
University since more than thirty years He is concerned with the History of Arabic Science in
general , and with the History of Botany in particular , and he has many researchers on this
domain .

GARI , Lutfallah . Engineer works in a petrochemical plant in YANBU , Saudi Arabia.
He has many books , articles and papers in Arabic on The History of Applied science . He
participated in many Arabic and International Symposia and Conferences .

GLIK , Thomas F . : He received the Ph . D. degree in History from the University of
Harvard , 1968 . He occupied many brilliant teaching positions and had also many professional
activities . He published many books on the History of Irrigation .

HAMARNEH , Sami Khalaf : He received his Ph . D. in History of Pharmacy and
Medicine from Madison , Wisconsin , U . S. A ., 1959 . He is a professor of History of
Medicine, Pharmacy and professional Ethics .

GARRO , Ibrahim : He received the M . S . degree in electronics from the University
of California at Burkely . and the Ph . D. degree in mathematical logic from Bonn University in
Germany . He taught in many Arabic and international Universites . He is a researcher in the
History of Mathematics and Mathematical logic . He participated in many International
Conferences on these domains .
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chrétiennes , comme le Caréme ( II , 4 ) et le Caréme des Sabi'dn ,

Probablement ici les Mandéens ( voir art . S4bi'a in Elz). Varisco les énumere
et les explique ( pp . 75 - 79 ) . Peut on en déduire que l'auteur de cet
almanach avait devant les yeux un calendrier copte ?

Un autre chapitre important mérite d'étre décrit : le chapitre 4
(Environnement ) . il contient une liste des principales plantes du Yémen , une
région trés riche en végétaux , étant située entre 1 ' Afrique et 1 ' Asie ; il en
décrit sept . Quant aux animaux , il décrit 9 oiseaux , 6 insectes , 2 reptiles , 3
animaux domestiques , 3 animaux mythiques .

Disons , en conclusion , qu ' il s'agit d'un travail trés soigné , méticuleux et
précis , mettant en valeur un texte comportant une terminologie difficile que
l'auteur a pu comprendre et expliquer , grace A sa connaissance du dialecte et
du folklore Yéménites , du fait de son long séjour dans ce pays , ou les
traditions agricoles sont encore vivaces , et de son mariage avec une Yéménite
cultivée . C'est un ouvrage fort utile pour les chercheurs et pour tous ceux qui
s'intéressent a l'histoire et au folklore du Yémen . D'autres travaux sont
annoncés ; j'espere qu'il meénera a bonne fin 1'édition de Bughyat al - f&ll&bin
que préparait son maitre R . B . Serjeant , récemment décédé ( 1993 ) .

T .FAHD
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chapitres :

1) Les calendriers ( 63 80 ), 2 ) L'astronomie ( 81 104 ), 3 ) La
météorologie ( 105 127 ) , 4 ) L'environnement ( 12 8 155 ), 5)
L'agriculture ( 156 202 ), 6 ) Santé , humeurs , sexe ( 203 - 214 ) ; 7 ) La
navigation ( 215 231 ) . Suivent d'abondantes notes rangées selon les pages
(232 256 ) , une riche bibliographie ( 257 - 301 ) , un index commenté des
noms des lieux mentionnés dans le calendrier ( 302 - 311 ), un index des
principaux termes figurant dans 1'almanach ( 312 - 318 ) et un index général (
319 349 ) . Tous ces index mettent en évidence la richesse de 1' almanach et
du commentaire .

On peut relever le fait que l'auteur concentre son analyse sur le texte
Yéménite sans en comparer ni confronter le contenu aux calendriers agricoles
arabes qui l'avaient précédé . Deux de nos études sur I'Agriculture nabatéenne,
parues ces demiéres décennies , auraient pu contribuer 2 la mise en valeur de
cet almanach . 11 s'agit de : " Un traité des eaux dans al - Filaha n  Nabatiyya
( hydrologie , hydraulique agricole , hydrologie ) " , in La Persia nel
Medioevo, Rome , Accademia Nazionale dei Lincei , 1971 , 277 326 ; et
"Conduite d'une exploitation agricole d'apres [l'Agriculture nabatéenne , in
Studia Islamica XXXII /1970 , 109 128 . Notre présentation du " Calendrier
des travaux agricoles d'aprés al-Fildha n-Nabatiyya est citée en
bibliographie mais non utilisée . Les noms d'Ibn Wahshiyya et de 1 ' Agr . nab.
sont totalement absents , alors qu' ils sont fréquemment cités dans Bughyat al
fallahin . Faudrait il en déduire que I'Agr . nab . était inconnue au Yémen
avant 1297 , date de déces d'al - Malik al Ashraf , alors qu'elle était un
ouvrage de référence dans le domaine arabe , de I'Irak jusqu ' en Andalousie,
depuis sa traduction aux X - XI° siecles ?

L'analyse des sept themes sélectionnés est trés riche . Prenons , pour
exemple , le theme de l'agriculture : Aprés un bref exposé sur l'agriculture sous
la dynastie Rasilide , l'auteur aborde le systéme des taxes ; il en énumere 10 ,
percues sur 10 produits . Suit un exposé sur le cycle agricole , ol sont
énumérés les céréales , les fruits , les légumes , les fleurs , les plantes
aromatiques , le lin et le coton , dont il est question dans I'almanach . Rien n'est
dit sur leur introduction , ni sur les modes de leur utilisation .

A la lecture de cet almanach , on est frappé par les fréquentes mentions
relatives 2 1'Egypte ( voir index des noms des lieux et index général ) .
Nombreuses sont également les mentions relatives a I'Inde ( cf . index ) . Le 13
septembre , on trouve la mention nabati que l'auteur lit Nabtiet fait suivre d'un
point d'interrogation ; dans l'index des noms de lieux , il dit qu ' il pourrait
s'agir d'un lieu sur la cote africaine . Pourquoi ne pourrait il pas s'agir d'une

référence aux Nabatéens d'Trak ou de Syrie ( cf . art . Nabat in EP )?

Ilest anoter aussi des mentions de fétes et de périodes religieuses
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L'origine du calendrier agricole chez les Arabes remonte 2  ilm al
anwa; qui consiste en la " connaissance des périodes délimitées par le lever
héliaque et le coucher acronique de certaines étoiles . Dans la littérature qui
fixera ces traditions , les noms de ces étoiles s ' identifient avec ceux des vingt -
huit mansions lunaires . Le nom de cette science fait ressortir la notion d '
opposition entre ces étoiles , laquelle est 2 l'origine de la modification
périodique des conditions atmosphériques " ( cf . T . Fahd , La divination
arabe , Paris , Sindbad , 1987, pp . 412 - 417 ) ; sur Kutub al - anwd’, voir F .
Sezgin , GAS VII, Leyde , Brill , 1979 , p . 366 sqq . , qui en énumere 37 .
pour les noms des étoiles connues chez les Arabes , voir P. Kunitsch ,
Untersuchungen zur Sternnomenklatur der Araber , Wiesbaden , 1961 ) . Outre
les prévisions météorologiques , 1'observation des étoiles fixes permettait de s '
orienter la nuit dans le désert et de déterminer les saisons .

Ces observations ont conduit les agriculteurs 2 fixer , en conséquence , le
calendrier des travaux agricoles . Les plus anciennement connus sont : " Le
calendrier des travaux agricoles d'apres al - Filaha n - Nabatiyya ” , dont le
contenu a été présenté par nous dans Orientalia Hispanica , vol . 1, pars prior ,
Leyde , Brill , 1974 , pp. 245 272 , et Le calendrier de cordoue de | ‘année
961 . Texte arabe et ancienne traduction latine , publié par R. Dozy , Leyde
1873 ; nouvelle édition accompagnée d'une traduction frangaise annotée par
Charles Pellat , Leyde , Brill , 1961 ( Medieval Iberian Texts and Studies , vol .
I) . Cette tradition s'est poursuivie ; on trouve des calendriers dans la plupart
des traités agricoles ( sur d'autres calendriers étudiés par pellat , voir
Bibliographie , p . 287 8).

Ce qui distingue le calendrier étudié des précédents et suivants , c'est la
grande précision , jour pour jour , des travaux a accomplir chaque mois , alors
que V'Agriculture nabatéenne ( éd . T. Fahd , Damas , Institut Frangais d'Etudes
Arabes , I ( 1993 )pp. 218 241 ) parle du mois en général , tout en tenant
compte des quartiers lunaires . L'année agricole commence en avril dans 1 'Agr.
nab ( p.222), alors qu 'elle commence en octobre dans le calendrier étudié ;
cela est probablement di 2 l'influence juive au Yémen .

Apres avoir situé le calendrier dans la tradition agricole yéménite ( 10

12 ) , Varisco en présente l'auteur , al Malike al  Ashraf , 1 roi de la
dynastie Rasilide , d'origine turkmeéne . Le premier était compagnon de
l'ayy@bide Tdranshah ; il occupa le Yémen en 569 / 1173 (12 - 14 ) ; il laissa
plusieurs écrits . Ce sont des écrits d'astronomie , de médecine , ,d'art
vétérinaire, d'histoire , d'agriculture . At - Tabsira écrit astronomique , dont cet
almanach est extrait , et Milh al malaha , cité ci dessus , ouvrage connu
partiellement et mal édité ( voir p . 5 ), constituent la base de ce commentaire .
L'auteur les présente pp . 16 19 . Suit le texte arabe et sa traduction anglaise .

Dans une seonde partie , Varesco étudie le c o n t € x te du sujet dans sept
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VARISCO ; Daniel Martin , Medieval Agriculture and Islamic Science.
The Almanac of a Yemeni Sultan ; Washington , University of Washington
Press , Seattle and London , 1994 , XV - 349 p ., texte arabe : pp. 41 - 60

(Publications on the Near East University of Washington ,N° 6) .

Présenté par feu Robert Bertram Serjeant , grand spécialiste de la
civilisation et de l'agriculture du Yémen médieval , cet ouvrage traduit et

commente le chapitre 32 de la Tabsira fi Cilm al  nudjom d'al  Malik al -

Ashraf “Umar b . Ydsuf , sultan du Yémen , mort en 1296 . Ce chapitre
contient le calendrier des travaux agricoles .

Ce calendrier s'inscrit dans une tradition agricole qui remonte loin dans
I'histoire du Yémen , pays célebre pour sa fertilité , appel€ par les anciens
I'Arabie Heureuse , par opposition 2 I'Arabie Déserte , qui la limite au Nord et
Nord-Est . Les textes classiques et les innombrables inscriptions sud arabes
attestent la richesse de I'agriculture Yéménite . Apres une période de décadence,
durant laquelle les barrages se sont rompus et le nomadisme a dominé , il y eut

un regain de fertilité sous la dynastie Rasdlide qui régna du XIII® au XVI®
siécle de notre ere ( voir réf . a ce sujet p. 232, n. 1) . Sur la richesse de cette
agriculture , Varisco consacra de nombreuses études , avant d'en faire la
synthése dans ce livre ( voir bibliographie . pp . 297 -9) .

L'agriculture yéménite s'est illustrée par un ouvrage d'une grande
importance . intitulé : K. Bughvar al - fallahin fi | - ashdﬁr al - muthmira wa
l-rayahin , écrit par le sultan yéménite al Malik al - Afdal al - CAbbas b. CAll
qui régna de 764 a 778 / 1363 A 1376 ( sur cet écrit , voir ,Max Meyerhof , "
Sur un traité d'agriculture composé par un sultan yéménite du XIV® siecle” , in
Bulletin de I'lnstitur d’Egypte , 25 [/ 1943 | pp. 55 - 63 ; 26 / 1944 ,pp .51-65 ;

M.Ullmann . Die Natur - und Geheimwissenschaft im Islam , Leyde , Brill ,
1972, pp . 449 - 450 ) . 1l cite fréquemment un ouvrage intitulé : K. Milh al -

malttha fi maCrifar al - falaha . écrit par son grand - oncle ( et non grand pere
comme dit p. 13 ) al Malik al Ashraf CUmar b . Yiisuf , qui avait régné de
664 2 669 / 1295 2 1297 . R . B . Serjeant préparait 1'édition de Bughia ( cf .
"Agriculture and Horticulture : some cultural interchanges of the Medieval
Arabs and Europe " . in Oriente e Occidente nel Medioevo : Filosofia e
Science, Convegno internazionale ( 9 - 15 Aprile 1969 ) , Rome , Accademia
Nazionale dei Lincei , 1971, pp . 535 - 548 ) .

- J.H.A.S.1995-69-97 : Vol 1l : PP.89-92.
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the practice of the healing arts was forgotten for few centuries thereafter **.

Al karaki realized the dangers cf employing multiple standards in the
region , particularly in view of the numerous of formularies and medical
compendia , Physicians and practitioners are getting their information from
these popular and reputed manuals . But these sources are authored in many
and various countries in Islam . This state of affairs led many physicians to err
in prescribing the exact weights and dosages in prescribing medications to their
patients . For these reasons , he proclaimed this appeal for unifying all
metrological systems , at least within the Arab lands *° .

Concluding Remarks :

Al-Karaki's Al - ‘Umdah is the largest , highly reputed independent
manual in its field in Islam up to the author's time - and for that matter for
centuries after its publication . It contains many original literary contributions;
medical , pharmaceutical , surgical and anatomical observations based on
experimentation and innovation that made this manual outstanding . For this
reason , this gter determined to reedit it with comprehensive annotations and
commentary and if possible finally translate the same into English .

It can be adequately compared between Arabic surgery in the time of the
author and modem surgery . It will became a useful historical text to bridge the
gap between the great surgical legacy in Islam with today ' s surgical
technology , philosophy and scientific thinking . It can be recommended as
excellent example to all medical students and competent surgeons in the
universities , health research centers and institutes throughout the Arab world .

38. Al karaki , al SUmdah |, Hyderabad edition , vol . 3, pp . 232 34 ; and
Hamarneh, " The First Recorded Appeal For Unification Of Weights And Measures "
Physis ., vol. 5 (1963 ), pp.230-47.

39. Sarton , Introduction , vol .2, (1975), pp . 216 17 ; and Hamarneh , Ibn al
Quff, Cairo . 1974 , pp. 137 - 48 .

>
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Al Karaki also devoted adequate spaces on mouth hygiene and the
extraction of teeth . He then deScribed methods and techniques of how to
perform tonsillectomy unless the tonsils are cancerous or malignant . Then
described operations on the uvula when swollen and when the breathing of the
larynx becomes difficult .

Al Karaki presented a very useful and detailed discussions on the
circumcision , which suggest that he had performed these operations multitudes
of times . He then devoted two chapters on the extraction of stones from the
kidneys and the bladder by using catheters successfully *°.

The twentieth and last treatise in al  “Umdah is devoted to compounding
pharmaceutical forms preparations , medical therapy and weights and
measures. It is in a form of aqrabadhin formulary or dispensatory . Much of
the subject matters were based on Greek schools of thought , the writings of

Hunayn al - “Ibadi , Sabar ibn Sahl and Ibn al Timidh's Aqrabadhin. He
argued that as the simple remedial agents must be defended against
polypharmaceutical recipes , likewise there are points where compound drugs
are needful in certain places and for good reasons . He contended that in as
much as simple drugs vary from one another in potency and dosages , so the
compounded preparations are made up of the same simples ( mufradatr ) :
dosages and potencies , more amounts for the mild ingredients and smaller
from the potent *’.

Finally , it seems proper here to report that , the first known physician
who proposed rational , systematic standardizations of weights and measures
was al - Karaki himself . He alloted such undertaking to medical practice in

particular , in the fourth chapter of the twentieth treatise of a/ - “Umdah . He
warned against the existing dangers at " disunity " in standardization . He
sounded the challenges , showed the urgent need and suggested solutions that
deserve credit to the history of metrology , medicine and pharmacy . Yet
unfortunately , this first recorded appeal for unification of such standards in

36. Spies , " Beitrage Zur Gesch der Arab . Zahnheilkunde "Sudhoffs Archiv ,vol . 46
(1962 ),pp.153  77; and the Hyderabad edition of al CUmdah , vol 2 pp. 195
99

37. Ibid , vol .2, pp.212 33 ; Hunayn al Cibadi , Masa'il, 1978 , pp . 138 45,
181 92 ; and Hamarneh , " Sabur's Abridged Formulary " , Sudhoffs Archiv , vol .
45no .3 (1961 ), pp.247-60.
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where there constant wars and military conflicts in the region . In so doing , he
likewise described diverse instruments and surgical tools he employed , as well
as the duties and functions of the surgeon's assistants and aids . As to methods
and approaches , he recommended when and how the patient should lie down
in his bed at the side on which the operation had taken place . He for example
advised that the side on which the surgery be performed should also be higher,
compared to that of the other side, while the bandaging of the wounded part be
started from the lower position upward . He cautiously recommended that
procedures and materials employed for stitching the wounds in surgical
operations be done as follows :

1 . That the thread be neither very tough to injure the skin , nor be too
soft to break easily ;

2 . That the spacing be faithfully realized between the first stitch and the
one next to it ;

3 . That stitching should be carried out to the very end of the applied
wound assuring thereby safe and swift healing processes .

4 . That proper usages of the three - pronged needle that resembles the
farrier's pointed - end needle should be applied for better and adequate results .

Al  Karaki had recommended three methods in al “Umdah for tying and
binding the wounds . However , he preferred that stitching be performed by
inserting the needle consecutively from the outside through the skin , muscles
and dermis then also outwardly in a reversed order up to the opposite end and
so on . In each time , tie the two ends with the thread and cut each step along
the length of the wound . He then remarked ;

" Take thereafter a triangular bandages , the length of its two angles so that it be
equal to the length of the area operated on . Then cover the area with the two sides of the
wound , while the third angle of the bandage extends to the outsides . Join the ends of the
bandages together and tie them gently over the wound . The patient is then taken to lie on
his bed in such a way that the side operated on be higher than the other . Further , the
patient must have liquid diet only , avoiding especially raw fruits , sour or spicy foods or
that cause over - eating and flatulence in the stomach " .

Al  Karaki discussed the methods of extracting kinds and makes of
arrows , shafts , darts , and arrowheads from the injured , whether poisoned or
not . He then elaborated on other wounds and fractures of the more exposed
parts of the body such as : the skull , the face , jews , collar bones , as well as
the bones of the chest , thigh , amm and finger , the management and treatment
of dislocation and bruised bones as well as simple and compound fractured
bones ** .

35. Hamarneh , Ibn al Quff , Cairo , 1974 , pp . 132 35 ; and al Karaki , al
€Umdah , Hyderabad edition , 1937, vol . 2, pp . 98 - 107 . 160 - 73
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they are hot . cold, moist or wet . These simples ( mufradar ) were arranged
and described in alphabetical order ** .

Concerning the trearises twelfth to nineteenth , the author elaborated on
the therapeutic effects on body's humors , individually or jointly . He then took
up once more the salient themes of the wounds and injuries ; bone setting ,
fractures and dislocations ; cauterization , circumcision as well as other surgical
manipulations and professional skills . In these treatises and chapters , he for
example wamned against open surgery of the stomach , the liver , kidneys , small
intestines and the bladder surgery as could be very fatal .

However , he concluded that small operations on one side of the brain can
be healed if done carefully , but not if the operation involves the two sides or
the entire brain organ . Specifically , for the heart , it will not be possible at all .
Thus any operation on the heart properly , it will prove fatal in view of the fact
of its continuous movement or pulsation .

Likewise concerning the kidneys , with the exceptions that such
operations are to be applied safely , and are carried skillfully on the fleshy
parts of the neck and none other , as in the cases of the extracting of stones
from them . Also as regard to the liver itself . It can be possibly operated on ,
that is its nodes only , but no other parts of it , The same can be said of the
extremities of the intestines .

Nevertheless , the author brings fascinating , precise and constructive
description of how to close wounds in simple and compound surgery and in
which a part of the organ can be removed . Here , the step by step instructions
confirm his familiarity with such operations as well as the treatment involved -

as a competent surgeon and therapist ™.

Furthermore , Al - Karaki elaborated on the six types of skull fractures
and how each case should be handled , ranging from the simple to the
compound . He also treated the wounds' stitching and how to be closed
skillfuly . It is presumed that al Karaki during his professional duties in the

two cities of cAjh'm first and then in Damascus , that he had performed and
treated thousands of such and similar cases among the army troops in a time

33. Relevant dictionaries include : al Biruni's al Saydanah ; al Ghassani al - Rasuli's

al MuStamad ; R. Miftah's IThya ' al Tadhkirah ; Qudamah , Qamus ; Ar . K.
Bedavian's Polyglottic Dictionary of Plant Names , Cairo , 1936 ; and al Karaki's
Jamic, 1989 ; Hamarneh , Ibn al Quff al karaki , 1974 , pp. 128 32 ; and G.
Kircher , Die Einfachen Heilmittel .. des I . al - Quff , Bonn Univ , 1967 .

34. Ibid . pp . 132 37 ;al karaki's al “Umdah, 1994 ,pp .31 8 ; and Spies and
Hans - Jurgen Thies , "Die Propadeutik .. Ibn al Quff ", Sudhoffs Archiv , vol . 55
(1971),pp.372-91.
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breast ** .

The Fourth on pathology : whether constitutional or congenital
(occurring before , during or after birth ), quantitatively and qualitatively
according to the position , area or the particular organ *° .

The Fifth and Sixth Treatises deal with such aspects as the phlegmon
(inflammation or infection of the tissues ) , the smallpox ( variola ) , the kinds
of boils , pustules and tumors whether malignant or benign . The author further
discusses the plague , aneurysm and the infected papule , oedema , scrofula
(king's evil ) as well as the difference between the albinism and vitiligo *° .

Al - KarakT from treatises seven to nine considers the following diseases :
the erysipelas , the eczema with its two types , the serpiginous and the cancroid,
the measles , cancer , leprosy , the dandruff,varicosity , and elephantiasis ,
whitlow , alopecia , ingworm , carbuncle , carcinoma , the warts , phagedena ,

scabiesyand emphysema *',

The Tenth Treatise defines the ways and means of treatments by the
qualified surgeon . He then describes the following surgical manipulations and
techniques : phlebotomy or venesection, cupping and scarification , leaches ,
ulcers , epistaxis , cauterization and bone dislocation **.

The Eleventh Treatise on materia medica , the therapeutic influences , the
degrees ( from the very weak to the very potent ) as well as in regard to whether

28. Spies and H. Muller Buttow , " Drei Urologische Kapitel aus der Arab . Medizin " ,
Sudhoffs Archiv . vol . 48 ( 1964 ), pp . 249 59 ; and Anatomie und Chirurgie des
Schatels nach Ibn al Quff. Berlin Walter de Gruyter , 1971 , Introduction ; and
Hamameh, Ibn al - quff , Cairo , 1974 , p . 127 .

29. Ibid ., 1974 ,p . 127 -8 .

30. Ali ibn Hubal al Baghdadi , Kitab al Mukhtarat , Hyderabad Deccan , India ,
Osmania Oriental Publ . Bur.,Part4,(1943),pp. 141 - 44,190 - 206 .

31. Ibn Hubal , Op. Cit , part 4, pp. 134 51, 189 220 ; “Ali b. “Abbas al Majusi al
Maliki , Cairo Bulaq, Vol . 2 (1294 A. H ./ 1877 ), pp . 194 202 ; and
Hamarneh , Catalogue .. British Library , 1975 , pp . 129 31 ; and Al Zahiriyah
Library , Damascus . 1969 , pp . 297 - 98 , 454 - 58 .

32. J. A . Eagles and M. N. Randall , Handbook of Normal and Therapeutic Nutrition ,
New York , Raven Press , 1980 , pp . 216 20 ; Hunayn b. Ishaq , al - Mase’ il fi * |

Tibb , ed .by M. “Ali Abu Rayyan et . al .. Dar al Jam . al ‘Misriyah: 1978 , pp.

44 45,79 88,381 89 ;and al Karaki's al- “Umdah, ed .by Hamarneh ,
Amman, Univ . of Jordan Press , 1994 , pp. 283 - 348 .
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their functions and whether they are normal , inadequate or in excess *° .

The Second Treatise , on the temperaments of the human 's body organs
or their disposition and their formed habits . It discusses also the peculiar
physical characteristics as well as the mental cast of the human being , €. g .
whether bilious , choleric , lymphatic , phlegmatic , melancholic or
sanguineous. This treatise in addition describes the anatomy of the organs in

particular : the cranium ( a/ qajif ) down to the pubic bone , the feet bones ,

the anatomy of the nerves , arteries , veins , the muscles , the integuments ,
membranes and cartilages and dermatology .

The author remarked how wonderfully and perfectly God created the
human body as seen in one organ - the cranium for example . Here the
cranium is made of many bones appropriately surrounded by the brain ,
having many outlets ( canals ) . These canals run between the many bones that
beautifully fit together , one next to the other . They allow the blood vessels to
go in and out through the brain harmoniously . In case one of the bones was
hit and injured , it suffers alone so that the fracture or pain remains limited and
confined to the particular injured area . It will not automatically spread to the
brain as a whole to interrupt its function and endanger its safety *’ .

The Third Treatise demonstrates the anatomy of the brain , the motor and
sensory systems , the spinal cord and the nervous system . The author compares
the two large nerves ( like large rivers ) and the smaller nerves branching from
them as streams carrying the " messages " , orders and impulses of the major
central trunk , whether motor or sensory., to all parts of the body .

He then described the anatomy of the eye and the other senses ; the uvula
and the larynx ; the bronchus , the lungs , the heart , the esophagus , the
stomach , the omentum , the intestines , the mesentery surrounded by the
pancreas ; the anatomy of the liver , the gallbladder , the spleen , the two
kidneys ; the bladder and the two testes together with the vas deferen , the
seminal vesicles , the ejaculatory ducts , the scrotum , the urethra , the prostate
glands , the male gonad, the anatomy of the uterus (the womb) and the

26. Ibid , pp. 125 6 ; and O . Spies , " Beitrage " , Sudhoffs Archiv , vol . 46 , ( 1962 ) ,
pp.153-77.

27. peter de Koning , Trois Traites d * Anatomie Arabe Par Razi . “Ali b. “Abbas et Ibn Sina,
Leiden , Brill , 1903 , pp . 150 74 ; and O . Spies , " Zur Geschichte der Pocken in
der Arab Litteratur ", Sudhoffs Archiv , Beiheft 7, Wiesbaden , 1966 , pp . 187 - 96 .
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less than five years before he regretfully passed away from the scene ™.

Al -“Umdah was composed of twenty treatises and are extant in a good
number of manuscripts , some are complete and others are in part deposited in
several libraries in many countries - a fact that explains its widespread
circulation . It was also edited in the Osmaniya Bureau Hayderabad - Deccan ,
India in two parts published in 1937 . The first part of this edition comprising
eleven treatises was reedited with introduction and annotations by this writer
and published in the University of Jordan Press , Amman , 1994 , in 476 pages.
And in this paper an attempt to discuss briefly the contents and evaluate its
contribution to the surgical history and the practice during al - Karaki's
time ™.

The Preface to al “Umdah :

During al - Karaki 's time , the art of surgery had been at its lowest ebb .
Many respectable colleagues lamented the decline of the profession from its
lofty standards . Therefore , they urged him to write a manual on surgery and
its practical applications that fills the existing gap . Al - Karaki having an
earnest desire to revive the art and encourage the qualified surgeons ( al - Jard’
ihlyah) to do their best . He consented willingly and with determination to
complete his manual embracing in it every useful details . Consequently , he
defined the art of surgery , its requirements , prerequisites general principles
and its medical doctrines , he also interpreted the occurrences , kinds , causes
and symptoms of the swelling and tumors , the various simples of the materia
medica , their physical properties modes of action , dosages , pharmaceutical
forms and the manufacturing of the anointing oils , unguents and pastes
employed by the surgeon to his clients ** .

The First Treatise of al - “Umdah , in six chapters defines the surgical art ,
explaining the difference between the career and professional duties of the
surgeon ( al - Jarrah or al - jar@’ihi ) and that of the general practitioner

/dietitian naturalist ( @/  1ab@‘ii") , naiuropathy ) . It then explains the
formation of the four humors:blood ,phlegm and yellow and black biles and

23. Otto spies and H . Muller Butow , Anatomie Und Chirurgie... Nach Ibn al  Quff ,
Berlin , walter de Gruyter , 1971 ; George Subhy , " Ibn al Quff , an Arabian
Surgeon 7th ¢ . A. H./13th c. " Journal of the Egyptian Medical Association , vol .
20 (1937 ), pp . 349 57 ; E. Wiedeman , " Beschreibung von Schlanger bei Ibn al
Quff ", Sitzungsberichte Phys , Med, Soz  Erlangen , vol . 48 ( 1918 ), pp . 61
64 ; and Antoine Berthelemy Clot Note Sur la Frequence des Calculs .. en Faire |’
Extraction , Marseilles , 1830, pp . 10 - 27 .

24. See in particular : al - Karaki ' s al - “Umdah , edited 1994 , pp . 13 - 27 .
25. Hamarneh , Ibn al - Quff ,Op . Cit , 1974 ,pp . 115 - 25 .
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in medicine ) . It Wﬁs’ipparemly completed on the 10 th of Sha’tsan 670 A. H.
/ 1272 , as the first book of its kind authored in Transjordan in 12 treatises , on
theory of medicine and the practical part of it .

| After .the widespread fame of his book al - Shaﬁ 5 Karaki was
summoned back from the citadel of Ajlin to serve at the ot.her prominent
citadel at the Syrian capital and where already was a well furnished hospital to
care for the physical and mental health of the Royal family , as well as the
entire highly trained and highly mobile military units from the highest ranks to

the regulars . There al karaki continued to be as he practiced in CAjlﬁn , the
physician - surgeon caring for the health and welfare needs of the entire
community . He also taught medical students who came to his lectures from far
and near and where he likewise authored several outstanding medical work *°
Among them we can mention the following :

Sharh Kulliyat Ibn Sin@ ( about 673 A. H./ 1273 4 ) as his second
literary contribution . It is a commentary , freely paraphrasing the generalities

of the first book of Abf Al al - Husayn b. CAbdallah Ibn Sinf ( Avicenna
980-1037) ™

The Aphorisms entitled al - Ushl fi Sharh al - Fustl of Hippocrates is a
very important commentary which had been recently edited . It was followed

by J@mi® al - Gharad on the preservation of health and preventive medicine **.
Last but not least , al - karaki authored his master plece al - Umdah fi f sindat

al - Jirghah , known also as “Umdat al Islah ﬁ Amal .Sma at al -Jarrdh, on
surgery . This is the best manual published by al - Karaki and most
comprehensive in its field . It was highly reputed among al - Karaki ' s literary
contributions and received much demand since its publication in 680 A.H./ 1281

19. Hamarneh , Ibn al - Quff al Karaki , Cairo , 1974 , pp . 74 83 ; Ibn al - Quff al

Karaki’s Jami , pp 27 - 56 ; and " Najm Min al Urdun " . al Yarmouk no .22
(1988 ),pp.22-7.

20. Qutb al Din Musa b . Muhd . al Yunini (d. 726 A . H . /1326 ) ,al Dhay ',
Haydarabad , India , Part 4 ( 1961 ) , 312 4 ; Hamarneh , " The Contributions of the
Physician - Surgeon I . al - Quff al Karaki ", Al Yarmouk , no .30 ( 1990), 50
-53;and Al - Ja.mi‘, Amman , The University of Jordan , 1989, pp. 14 -17.

21. There were several commentaries on Ibn Sina's kulliyat Most important among them
are the ones by Ibn Nafis (ca. 1210 88 ), and this one by al karaki . See for
example al - Qifti , Hukama’, pp. 413 - 23 .

22. See Ibn al Quff al karaki’ s Book Jami€ al - Gharad , edited with introduction and
annotations by this writer and published by the Univ . of jordan in Amman , 1989 ,
pp. 58 -90.
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practitioner '° .

5. Shams al - Din b . al - Mu' ayyad al - Aradi |, a student to the famous
astronomer mathematician - philosopher Nasnr al - Din Muld al - Tasi ( bom
in TGs Iran 597 A . H. and died in Baghdad 672 /1273 ) , a field he excelled
in it according to Ibn al - Quff al - Karaki himself '". In addition Ibn al - Quff
al - Karaki likewise had further training in the known hospitals in Damascus ,
including al N@ri al - kabir and Bimaritan al - Qaymari . As a result of these
persevering studies and orderly training he eminently began to excel in many
areas of the healing arts especially in therapy , health care and surgery .

Practical and Academic Experiences :

Very little is actually known of the personal life , the_academic
performances and the various professional activities , al  karaki had and
pursued . There are a few historical documents and biographical citations that
can shed some light on his biodata . Then we can glean further information
from the extant works he authored , in order to piece together intelligently his
life story and speculate a recount of his professional career .

About 1260, the Muslim army won a decisive victory over the Mongols at

cAyn Jaliit near Nazareth in Palestine . The battle was fought under the
leadership of Rukn al - Din Baybars , who became shortly the real founder and
the most distinguished of the Bahri Mamlik sultans ( reigned as king al - Z&hir,
1260 - 77 ). He also was the first of the Mamlik sultans who dealt the final
blows to the Crusaders 'cause '*

As king al-Zahir Baybars continued to rebuilt his dynasty and reconstruct
its institutions , he paid special attention to strengthen the army and improve
the physical and medical conditions of the soldiers . In view of this , he
possibly appointed Ibn al - Quff al KarakKi to serve as the physician - surgeon
for the entire military unit at the very important citadel of “Ajluin in
Transjordan, one of the main purposes of this fortification was to guard the
safety of the area from Damascus north , to north west Palestine , and the Holy
Places in al - Hijdz in northen Arabia .

About 1262 , at the age of 29 , al - karaki returned back to his native
country of Transjordan to serve the health care of the garrison there faithfully .
For almost a decade , he cared for the sick , counselling and carrying on
research for medico surgical contributions . At the end of this period , he
published his first medical manual entitled , al - Sh@fi fi’l - Tibb ( the sufficient

16. Ibid , vol . 2, pp. 266 8; Brockelmann , GAL , vol . 1, p,650 ; and Supplement
vol . 1, pp. 898 - 900 .

17. Al - kutubi, fawat , vol 3 , p. 249 - 51 .

18. Hitti , History , 1961 ed ., pp.487, 655 ,and 674 -5 .
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training under leading tutors and renowned educators . Among them were the
following : - -

1. Al - Shaykh Shams al - Din€Abd al - Hamid al Khusrishahl,
originally of Tabriz ( or exactly in nearby Khusrd, Iran ) and who died and was

buried in Qasy@in - Damascus on Sha’b3n 652 A . H . / 1254 . During his
lifetime , he had established an excellent and reputable career in philosophy ,
natural history and jurisprudence "’ .

2. ®Izz al - Din Muhammad b . Hasan al - Ghanwi al Irbili ( from Irbil
by origin , but born in Nisibin , 586 A. H . and died in Damascus 660 / 1261 )
known as al - _Dar:i'r ( because of sickness in the eye that left him blind ) in figh
and theology . He did also excelled in linguistics , Arabic literature and
philosophy '.

3. I;IakTm Najm al - Din Ahmad b. As®ad ( of Mazzah near Damascus ) b.
Halwan b. al - Minfakh , known as Ibn ' Alimat Dimashq ( Bint Dahin al
Lawz ) . He was born in Damascus in 593 A. H . studied medicine under al
Hakim Muhadhdhab al Dakhwir ( d. 1231) . Dean of the physicians in
Damascus. Ibn al - Minfikh had authored a few books on the healing arts
most of them are lost . He had met untimely death ( possibly by being
poisoned in 652 A. H./ 1254 ) ",

4.59zz al - Din Ibrahim b . Muhammad al - Suwaydi ( the father originally
from al - Suwaydd in Hawran , Syria ) , but the son was born in Damascus ( 600
A. H./ 1203 ) . He studied medicine and excelled in its practice privately and in
his work at the hospitals in the city until his death in 690 A. H . / 1292 His

senior contemporary , Ibn A. Usaybicah had praised him very highly as an able

13. Ibn A . Usaybi ah knew al - Shaykh al Khusrushahi while in Damascus , and praised
him as being a brilliant scholar , theologian , and learned philosopher , a student to al

Imam Fakhr al Din Khatib al - Rayy ( d. 1210 ) . See I. A. Usaybi®ah , ‘Uyun . vol
2, pp. 173 4 ; Muhd . b. Shakir al Kutubi ( d. 764 A. H . ), Fawat al Wafayat ,
ed . 1. ®Abbas , Beirut ,»Dar Sadir , 1937, Vol. 1, p. 419, vol . 2, pp 257 38 ; Ibn

Taghri Bardi , al - Nujum al Zahirah , Cairo , Dar al Kutub , vol . 7, pp. 32 ; and

Taj al - Din al Sabki , Tabaqat al Shafiiyah , vol . 5 , Cairo , al Husayniyah
Press , 1324 A.H.p.60.

14, al Kutubi , Fawat , 1973 , vol . 1, pp. 362 5 ; S. Hamarneh , Ibn al Quff al
karaki’s al - Jami® on the Preservation of Health , Amman , The University of Jordan .
1989, p . 27 ; and /bn al - Quff , Cairo , 1974 , pp. 54 - 69 .

15. L. A. Usaybi®ah “Uyun, vol . 2, pp . 265 - 6 .
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mind , I. A.Usaybicah immediately responded favorably .

Abli'l Faraj thus began to dedicate himself to the study and leaming of
the healing arts. He followed a reasonable methodological curriculum , by
receiving systematic instructions based on leading medical texts . These include
investigations of the Hippocratic writings , known since the B. C . 5th century
on ; '° the compilations and the translations by Ab@i Zayd Hunayn b . Ishaq al -

Cibadi ( 809 - 73 ) ; ' and the works of Abii Bakr Muhammad b . ZakarTyd al
Razi (Latin Rhazes . 865 - 925 ).

Through the teaching processes , 1. A. Usaybi‘ah instructed his teachable
and hard working student , how to understand the generalities , peculiarities and
the diversified aspects of the medical rules and regulations . Also how to
identify terminologies and its related basic laws . He further trained him in the
skills concerning prognoses , diagnoses and the treatment of the various
diseases He likewise informed him how to appreciate and recognize the origins
and the branches of the art and to solve its mysteries .

As a result of administrative , changes , the father Ya®qb ( al - Karaki )
in view of his duteous job , he was transferred to a higher position at the Syrian
capital . Therefore all the family once more moved to Damascus . Abi'l - Faraj
immediately enrolled for study in pursuing his calling for learning and medical

9. Ibid . , IsmaSil al Baghdadi , Hadiyyat al »‘Anﬁ;l , Istanbul , Turkey , Othmaniyah

MaCarif , 1953 , vol . 2 pp . 545 6 ; and S . Hamarneh , Index of Arabic Mss.
Zahiriyah Library , Damascus syria , Arab Academy , 1969 , pp - 195 8, and 325
9; Catalog of Mss . at the British Library Cairo , 1975 , pp. 183 93 . ; Usamah

€Anouti , "Ibn Abi Usaybi®ah ", Social Scic Journal ( Arabic ), Beirut , vol . 2, 1975 ,
pp- 7 24 ; and Abu'l -“Abbas Shams al Din Ahmad ibn Khallikan , Wafayat al

ASyan , ed . by 1 .CAbbas vol . 3 . Beirut . Dar Sadir , 1970 , pp . 494 6 ,vol . 7,
pp.192-3, and 200 .

10. Sarton Introduction , vol . 1 , pp . 96 102 ; Fuad Sezgin .Gesch . d. Arab .
Schrifttums , vol . 3, Brill , Leiden . 1970 . pp . 23 39 ; G. E. R. Lloyd et . al .,
Hippocratic Writings , London , Penguin Classics , 1983 , pp .8 - 60 .

11. Abu'l Faraj Muhd . b . Ishaq ibn al - Nadim , Al Fikrist , Beirut ed , Dar al MaC
rifah , 1978, pp . 409 - 10 ; S. Hamarneh , " Vistas of Arabic Healing Arts in Theory
and Practice " , Hamdard Medicus , vol . 32 , no . 3. 1989 , pp. 35 9 ; and Max
Mayerhof , Ten Treatises by Hunayn b . Ishaq, Cairo , Government Press , 1928 ,
Introduction .

12. Sulayman ibn Juljul ( d. ca. 995 ), Tabiqat ul - Attiba’ ; ed . by F. Sayyid , Cairo ,
IFAO , 1955, pp. 77 9; Jamal al Din Ali b. Yusuf al Qifti ( 1173 1248 ) ,
Leipzig ed ., 1903 , pp. 271 7 ; Sezgin , GAS , 3 , pp. 274 89 ; and Hamarneh ,
Arabic Medicine , Yarmouk University , 1986 , pp . 189 - 226 .
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commerce , and military gallantry in the entire region , particularly in Egypt,
and Bilad al - Shim ( Greater Syria ) . It was followed by the Mamliik rule ( the
BaprT Mamliiks 1252 - 1390) .

Concerning medicine and the allied health sciences al - Karaki stands as
the brightest star from Transjordan who shone there in these fields up to the
commencement of the 20th century . Nonetheless , his outstanding literary
contributions had not been fully recognized among his kinsmen and in his own
native country up to our time . Only recently has there been some attempts
made to commemorate his remarkable achievements , by remembering him in
a small measure marking the 700th anniversary of his untimely death by the
age of 53 °.

The first concise yet reliable biography of Ibn al - Quff al - Karaki was
that dictated by his able teacher and renowned medical historian , Muwaffaq al-

Dm AbT'l - CAbbis Abhmad ibn AbT U,sayblcah (Ca. 1197 1270 ). In his
Uyiin al - Anb®) completed by him and an anonymous student ), he remarked
that Abu'l Faraj ibn al - Quff was the son of the shaykh ( the savant - statesman)
Muwaffaq al - Din Yalqib b. Ishdq ( al - Karaki ) . The father took special
attention and care for the bringing up of his son , during his early childhood
and primary schooling as compassionately and lovingly as possible , especially
when he saw his great interest and talent in learning and pursuing knowledge .

However , in late 1243 , his father was transferred to Syria , so that the
entire family moved from al Karak to Sarkhad ( known also as Salkhad the
province capital of the Hawran district in southeastern Syria ) . Being highly
qualified and competent civil servant the father was appointed as court's scribe
and chief recorder in the Diwadn al - Birr ( a bureau or board of
correspondence , a chancery office ) which handled all the official letters ,
documents , diplomas and state mandates .

At that time Ahmad ibn AbT U_saybi'cah was the court physician and
medical adviser to the Governor ( Sahib Sarkhad ) . The dedicated physician
historian and the scribe recorder met together and a genuine friendship
developed between the two . Consequently by reason of being -appointed

together in the same court , the father asked the physician I . A. Ugaybicah if
he would be kind enough to become a tutor to his son Abii'l Faraj .
Considering how the boy seemed to be of great intelligence and with bright

7. Ibid, pp . 659 - 61 and 671 - 94 .

8 . Hamarneh , Ibnal Quff ,pp. 54 -5and 74 8 ;and . A. U§aybi°ah , SUyun , vol .
2,pp.273 - 4.
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also from al Andalus ’ . Then on general surgery, we wish to mention the
medical encyclopedia , al - Kafi", by the brilliant physician / surgeon , Abl
Nasr ‘Adnfh ibn al € Ayn Zarbi ( d. in Cairo, 548 A. H. /1153 )"

However , the true successor of al - Zahrawi and the other leading
medico- surgical figures of the time was the physician therapist , and eminent
surgeon , Amin al Dawlah Abd'l - Faraj Ibn al Quff . He was bom on

Saturday , the 13th of Dhu'l - Qi€dah 630 A.H. / 22nd August 1233 , in the
city of al Karak where he was also reared , and hence became known as al
Karaki. His ancient native city which had been newly rebuilt with its
magnificent citadel in 1142 by King Baldwin III ( one of the Crusader
Monarchs ) began to play an important economic , intellectual , and political
role * .

In 1187 , Jerusalem was recaptured by the Muslims under the command
of the Ayyubid Sulfdn , Saldh al - Din ( Saladin , reigned 1171 93 ) . Less
than one year later in 1188 , al - Karak was likewise liberated . and soon rose to
prominence as the capital of the whole province of Transjordan and the most
important center between Damascus , in the north , and Makkah al
Mukarramah , in the south °. In this paper an attempt will be made to present a
short biography of al Karaki's life , times . and his most celebrated manual on

surgery , al SUmdah , with concise annotations of it's contents , as well as a
commentary . _
Ibn al - Quff al - Karaki's Biodata .

The Ayyibid's short lived Dynasty (1171 1252 ) was considered one of
the most illustrious kingdoms during this Islamic medieval period . It excelled
in many great feats and endeavors: advanced progressive culture , expanding

3. Leclerc , Histoire , vol . 1, pp . 498 , 533 ; and Sami Hamameh ,. History of Arabic
Medicine , Yarmouk University , Jordan 1986, pp . 284 5 , and 355 6 ; and
"Health Sciences in al - Andalus ", Studies in History of Medicine and Science , vol . 12,
1993 ,p.11.

4 . Sami Hamarneh , Catalogue of Arabic Mss. at the British Library , Cairo , Univ .
d'Egypte , 1975 , pp . 129 31 ; al Zahiriyah Library , Damascus , 1969 , pp . 454

8 ; History of Arabic Medicine , Yarmouk University , 1986 , pp. 306 17 ; The
Proceedings of the International Conference On The History Of Arabic Science , The
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Ibn al - Quff al - Karaki And His al - CUmdah
On Surgery ( Completed 680 A.H . /1281)

Sami K . Hamarneh °

INTRODUCTION

The first and most illustrious surgeon during the Arab Islamic Golden
Age was Abi'l - Qdsim Khalaf Ibn Abbfs al  Zahrawi ( Latin Abulcasis or
Albucasis . ca . 328 - 404 A. H. / 939 - 1013 ) . He resided and died in the city
of al Zahra' the royal Andalusian capital . His reputation rested on his medical

encyclopedia entitled , al - Tasrif Liman Ajiza San al Ta'lif ( completed
about 391 A. H. / 1000 ) . It was composed of thirty treatises , large and small .
Tge last one was devoted to surgical manipulations and medical technology ( al
- amal bi'l - yad ) depicting over 150 illustrations for accurate surgical
description and instructional purposes '.

This comprehensive treatise had been translated into Latin by Gerard of
Cremona ( d. 1187 ) . With the circulation of this Latin version from Spain and
Italy to France , it inspired many surgeons of the 13th century causing a revival
of surgical practice and skill to a degree that had never been attained before

throughout Western Europe * .

In Islam , on the other hand there were important surgical activities in
ophthalmology . Among the oculists , we can name three : “Ali b .%Is7 al -
kahhd@l of Baghdad in his al/ Tadhkirah , about 1010 , shortly after the
publication of al - Zahrawi's al - Tasrif ; ‘Ammar al Mawsili in Cairo , under the
patronage of the Fatimid Caliph , al Hakim ( d . 413 A.H. / 1021 ) ; in relation
to his book al - Muntakhab , on the eye , it's diseases and its treatment ; and
Muhammad b . Qassim al - Ghafiqi's al -Murshid, of the 12 th century ,

* International Institute of Thought and Civilization ( ISTAC ) Kuala Lumpur ,
Malaysia .

1. Carl Brockelmann . Geschichte der Arabischen Literatur , vol . 1, Leiden , E. J . Brill ,
1943 , pp . 276 7, Supplement , 1: 425 ; and George Sarton , Introduction to the
History of Science, R. E. Krieger , edition ,N. Y ., 1975, pp . 681 - 2.

2 . Lucien Leclerc, Histoire de la Medecine Arabe , vol 1, Rabat edition 1980 , pp . 37 - 57 ;
Sami Hamarneh and G . Sonnedecker , A Pharmaceutical View of Abulcasis al
Zahrawi , Leiden , E. J . Brill , 1963 , pp . 14 - 33 ; and M. S Spink and G. L.
Lewis , Albucasis on Surgery and Instruments , University of California , 1973 ,
Introduction vii - xii .

J.H. A.S.1995-96-97: Vol 11: PP.75-88.
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I feel that Paul Frankl's statement about the Gothic style is a most
appropriate end for this discussion about ribbed domes , that brilliant
innovation of the Moorish style , and thus I present it here after changing the
word Gothic with the word Moorish , to describe the Arab - Islamic culture
which flourished in Spain :

" Modern Men do not have the desire to be romantic nor should they have - and yet
sometimes they are . Certainly they must cherish a spark of Romanticism to understand
Moorish culture with their hearts and to love it .

The Moorish survival has always been romantic , and ultimately it shows how
romantic the Moorish style itself was - how it expressed a yearning for a better and purer
world lying beyond the bounds of reality , how it was an imaginative adventure . To steep
oneself in the Moorish style is to look into a magic mirror which reflects , not the
humanity of today , but people from a far distant past who are strangers and yet are familiar
to us , as though the spirit of their age could once again grow within our souls . It enriches
us and lifts us far above ourselves , and , though we [ may ] no longer wish to build in the
Moorish way , we have now reached a sufficient historical distance from the Moorish style
to honor it and admire it as a monument to the generations of a suffering , striving, and
blessed age *°.

36. Frankl , Paul ( 1962 ) : Gothic Architecture , Baltimore , Maryland . p . 216 .
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in Toledo ( A.D.1504 -1514 ) ®, La Seo Cathedral in Tarazona™ and Capilla
de la Purificacion in Tarazona's cathedral % La Seo Cathedral in Zaragoza ( A.
D . 1316 1520 )°'; Teruel Cathedral *and the Cimborrio in Teruel > ; and
Castillo de Villena **. And finally from the 17th century , the Church of San
Lorenzo in Turin ( A. D . 1668 ) **.

) During this period if time , star ribbed domes were also built in North
Africa , but most of them had more rotations than the eight pointed stars we are
dealing with here ( fig . 13 ).

Conclusion

The previous review showed a part of the development story of a unique
element of the Arab Islamic culture in Spain . The continuation of this
Islamic tradition in Christian Spain proves that the contribution of the Arabs to
the culture of Spain , and indeed to that of the West , is a lasting one .

The continuation of Arab Muslim architectural traditions and aesthetics
in Mudjar architecture is widely acknowledged . This survey shows that the use
of ribbed domes was more prevalent than previously believed , especially in
Spain between the 13th and 16th centuries , a period when Spain was actively
trying to convert its Arab Islamic heritage into a European Christian one .
Further inquiry into this area of the history of Mediaeval architecture will most
certainly reveal more examples and influences of ribbed domes , particularly in
the Gothic architecture of Spain , and to a lesser extent in the Gothic
architecture of Europe .

28. Byne , Arthur and Mildred Stapley ( 1917 ) : Spanish Architecture of The Sixteenth Century,
New York p 13 See also Azcdrate , José m de ( 1954 ) : Monumentos Espa’r‘mles 5
Madrid . Vol III, 245 .

29. Corral Lafuente , José Luis , and Javier Pena Gonzalvo , ed . (1986 ) : La Cultura Islamica en
AragOn , Zaragoza . Fig . 198 .

30. Balbas Leopoldo Torres ( 1981 ) : Obra Dispersa I Al - Andalus , Cronica De La Esp:z:m
Musulmana , Madrid . Vol I, p.202.

31. Azcarate , José m . de ( 1954 ) : Monumentos Espanoles ,Madrid . Vol . Il , p . 423.

32. Azcarate , José m . de ( 1954 ): Monumentos Espanoles , Madrid . Vol . I1I, p . 178 . See also
Corral Lafuente , José Luis , and Javier Pena Gonzalvo , ed ( 1986 ) : La Cultura Islamica en
AragOn , Zaragoza . Fig . 98 .

33. Corral Lafuente , José Luis , and Javier Pena Gonzalvo , ed . ( 1986 ) : La Cultura isldmica en
AragOn , Zaragoza . Fig . 103 .

34. Balbas , Leopoldo Torres ( 1981 ) : Obra Dispersa I Al - Andalus , Cronica De La Expa:a
Musulmana , Madrid . Vol . 1,p . 199.

35. Mainstone , Rowland J . ( 1975 ) : Developments in Structural Form London p .

220 .
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becomes a small element in the composition , and the parallel ribs become
more dominant ( fig . 12 ) . In the Church at Lebrija we find another
transformation of the basic star dome , type ( 8 / 3 ) , where portions of the
intersecting ribs are removed , and central ribs are introduced . These new ribs
itersect in the center of the dome , and reflect the influence of Gothic
architecture .

It is most likely that many buildings with similar ribbed domes were built
in the Muslim territories of Spain during this period , although non is known to
survive today . The Tower of the Prison ( Torre de la Cercel ) in Alcala la Real
has two star ribbed domes , and was probably built around this time ’.

From the fourteenth century we have Santa Fe de Toledo , Capilla de
Belen *°; San Bablo in Zaragoza *'; and the Chapel in the Great Mosque in
Cordoba ¥, all in Spain . The kitchen copula in Durham Cathedral in
England », and Prague Cathedral in Prague **.

In the Madrasa of Sultan Hasan in Cairo ( A. D . 1356 - 1363 ) , a star
with extended ribs is used , but here no three dimensional ribs are present ,
rather the pattern is achieved using inlaid tile *’. This is one of many occasions
where the visual appearance of the star ribbed domes is imitated using different
media or building materials .

The Cathedral of Burgos is the most notable example of the influence of
star ribbed domes on Gothic architecture in the fifteenth century **. Also at this
time Leonardo de Vinci sketched several designs for church buildings based on
star ribbed domes >’ .

The sixteenth century is another period from which we have many star
ribbed domes surviving . These include the Hospital of Santa Cruz de Mendoza

19. Maldonado , Basilio Pavon ( 1985 ) : Arte , Simbolo Y Emblemas En La EspEa Musulmana ,
in Al - Qantara, Revista De Estudios Arabes , Vol . VI, figs . 3 and 4 .

20. Balbas . Leopoldo Torres ( 1981 ): Obra Dispersa I Al Andalus ., Cronica De La Esp:na
Musulmana , Madrid . Vol . 1,p . 201 .

21. Corral Lafuente , José Luis , and Javier Péna Gonzalvo ,ed (1986 ) : La Cultura lsll;mica en
Aragn/n , Zaragoza. Fig . 87 .

22. Gluck , Heinrich ( 1934 ) : Art Del Islam , Barcelona . p . 568 .

23. Balbas , Leopoido Torres ( 1981 ) : Obra Dispersa I Al - Andalus . Cronica De La Espana
Musulmana , Madrid . Vol .1,p . 199.

24, Frankl , Paul ( 1962 ) : Gothic Architecture , Baltimore , Maryland . P1. 113 A .

25. Papadopoulo , Alexandre ( 1976 ) : Islam and Muslim Art , New York . p . 410 .

26. Sitwell , Sacheverell ( 1969 ) : Gothic Europe , New York .

27. Balbas , Leopoldo Torres ( 1952 ) : Leonardo de Vinci Y las bovedas hispanomusulmanas ,
in Al - Andalus , Vol . XXII, pl . IX p . 438 .
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copula of the maqgsurah of the Great Mosque of Cordoba '°.

The influence of the star ribbed domes on Romanesque , and eventually
Gothic architecture in Spain is evident in the Monastery of Armentera ( fig .
8) "', and more clearly in the Church of the Holy Sepulchre in Navare ( end of
12th century ) '*, where a replica of the central copula of Bib Mardun is
reinforced with additional ribs springing from the intersection points of the
original arches and going back to the comers of the octagonal base ( fig . 11 ).

several ribbed domes survive from the thirteenth century , almost all of
which come from Christian buildings despite the fact that Christian Spain was at
this time looking towards Europe for intellectual inspiration and military
support . In San Pablo ( A. D . 1241 ) "’ in Cordoba a new development occurs
by superimposing an eight pointed star dome over the central opening of
another similar star dome , thus eliminating the need for a different type of
vaulting ( fig . 10 ) . Another innovation in the same building is the elimination
of the interior intersecting ribs of another dome , and replacing them with ribs
that spring from the intersection points towards the top of the dome , and
terminating at a small square of ribs . This treatment is to be copied in many
Christian buildings , with minor modifications in the shape of the small square
at the top of the dome .

Other buildings from the thirteenth century include the Hospital of St.
Blais in Oloron '*, Church of San Miguel in Almazan '* ; Las Huelgas
Monastery in Burgos '¢; Salamanca Cathedral in Salamanca '’; and a Mosque
in Lebrija '* , which was converted into a church after A . D . 1249 . All these
buildings have siar ribbed domes in the Cordoban tradition . In Salamanca and
Las Huelgas we find the first star domes with extended ribs, where the star

10 . Terrasse , Henry ( 1961 ) : Art almoravide et art almohade , in Al - Andalus , Vol . XXVI, pl .
IXp.445 .

11. Balbas , Leopoldo Torres ( 1956 ) : Una Fase De Austeridad Artistica En El Cristianismo Y
En El Islam Occidental , in Al - Andalus , Vol . XXI, p.388.

12. Burckhardt , Titus ( 1972 ) : Moorish Culture in Spain . New York . pl . 6 .

13. Azcarate José m . de (1954 ) : Monumentos Espdrioles ,Madrid . Vol . 1, p.357.

14. Jairazbhoy ,R . A . (1972 ) : An Outline of Islamic Architecture , New York . Pl . 57.

15. Azcarate , José m . de (1954) : Monumentos Espa';foles , Madrid . Vol . 111, p . 133 . See also
Bevan (1939 )p . 105 .

16. Balbas , Leopoldo Torres ( 1981) : Obra Dispersa I Al - Andalus , Cronica De La Espana
Musulmana , Madrid . vol . 2, p . 223 . See also Jairazbhoy (1972 ) pl . 45 .

17. Balbas , Leopoldo Torres ( 1981 ) : Obra Dispersa I Al - Andalus , Cronica De La Espa’v;a
Musulmana , Madrid . Vol . 1 ,pp . 199 - 203 and pp . 362, 363 .

18. Azcrate , José m . de ( 1954 ) : Monumentos Esparwles , Madrid . Vol . IlT , P. 111.
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which evolved in still later dates . Both these types of domes will be presented
in the last figure in this paper ( fig . 13 ) which shows a comprehensive picture
of the development of ribbed domes by region from their first appearance in
the 10 th century through the 17 th century A . D .

3 .1Eight - Pointed star Domes

The earliest surviving ribbed domes are those above the magsurah in the
Great Mosque of Cordoba , built by Al - Hakam II in his extension ( A. D .
961 - 966 ) , and considered the crowning glory of the mosque . Two types of
8 - pointed star ribbed domes were introduced (8 /2 )2 and (8/3) 3. The
ribbed dome over what is called the Chapel of Villaviciosa is of a different type
( figs . 9 and 10 ) . and is most likely built at a later date ° . The next examples
come from a small but most innovative structure in Toledo , the Mosque of Bib
Mardun ( A . D . 999 ), where nine different ribbed domes were used to cover
bays less than two meters each , compared with about five meters for the domes
in Cordoba . Five of the domes of Bib Mardun are star domes ( figs . 9 and
10), while the remaining four have ribs which rotate only two times , and
produce no star motif ( fig.8)’.

These two buildings provided a model which will be imitated over and
over again for centuries to come . They also opened the door for an endless
array of variations , modifications , and more elaborate developments .

Although it is most likely that imitations would start immediately after the
completion of Cordoba's domes , due to the city's position as the brightest
intellectual center of the time , we have no surviving examples for the next one
hundred and fifty years , except for the dome of the mosque in Aljaferia Palace
on the outskirts of Zaragoza , built for Ibn Jafar A1 Mugqtadir ( reigned A . D .
1049 1081)°.

The star ribbed domes moved to North Africa . and appear in Qubbat
Barudiyyin in Marrakesh (¢ . A . D. 1120 ) °, where the intersecting ribs are
multifoil rather than simple circular arches as in the central copula in the
maqsurah of the Great Mosque in Cordoba , and is richly decorated with carved
stucco infill patterns containing vegetal and shell motifs ( fig . 9 ) . In Fez ,
where Muslims from Spain settled as carly as A. D . 817 , The Qarawiyyin
Mosque ( A . D . 1135 ) contained a star ribbed dome similar to that of the side

6 . Bevan, Bernard ( 1939 ) : History of Spanish Architecture . New York . p . 30 .

7 . For a measured plan and section drawing of this mosque see Bevan , Bernard ( 1939 ) :
History of Spanish Architecture ,p .31.

8 . Corral Lafuente , José Luis , and Javier Pena Gonzalvo , ed (1986 ) : La Cultura Islamica en
Aragon , Zaragoza . Fig. 65

9 . Balbas, Leopoldo Torres : La Qubba Barudiyyin a@ Marrakus , in Al Andalus , Revista De Las
Escuelas De Estudios Arabes De Madrid Y Granada . Madrid . Vol . XXII . Also see Vol . XVII,
2. Plate 31 .
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a dominant role of enclosing the space ( fig . 7 ¢ ) , to a subordinate role of
defining the perimeter of the space ( fig.7a) .

Bringing the two arches of a rotating pair closer together will cause the
ribs to extend beyond the star shape . As the star becomes smaller in
proportion to the total size of the dome , its effect changes from a dominant
role of defining the space through dividing it according to the shape of its cells,
into a subordinate role of radiating the ribs , which in turn define the space .
The star character is reversed from division to unity , and from dynamism to
serenity ( compare fig . 2 b withfig.5.1).

The open center of the dome should not stay open of course , and must
be covered to enclose the space within . This can be achieved by placing
another ribbed dome on top of the first , or by utilizing a different method of
vaulting , muqgarnas domes as a favorite among Muslim builders .

One does not have to use the wholc dome always . Half domes can be
used to cover portals, as practiced in Iran and the eastern Islamic world ; or to
cover mihrab niches as practiced in North Africa since the 17th century °, and
possibly earlier ( fig . 6 b ) . Smaller sections of the ribbed dome can be used
to cover a variety of spatial configurations ( fig . 6¢ ) . This treatment however ,
is used extensively in the eastern part of the Muslim world , but not in Spain
and North Africa . consequently it is outside the scope of this paper .

3 . Survey of Ribbed Domes

The physical qualities of ribs can be analyzed in terms of their visual
attributes , spatial attributes , and mechanical or structural attributes . Although
all three are equally important for complete understanding of the development
of an architectural feature , we will be dealing in this paper with first two
attributes only .

The visual attributes are those qualities that have to do with our visual
perception of the ribs , such as their shape , color , texture , proportions , the
patterns that result when looking at them from a certain point of view , and so
on . The spatial attributes are those qualities that have to do with our perception
of the ribs in relation to the architectural space around them , such as their
relationship to other elements in the building , their effects on the quality of the
space , experiencing them in three or four - dimensional space , and so on .

The following survey presents the known eight - pointed star ribbed
domes in Spain and North Africa , in a chronological order . Star ribbed domes
with twelve and sixteen vertices form a later development to the eight vertices
star domes , but they will not be discussed in this paper . Also will not be
covered here are the domes where the ribs develop into an elaborate pattern

5. Ballush , Ali Masud el ( 1984 ) : A History of Libyan Mosque Architecture During the
Ottoman and Karamanli Period : 1551 1911 Tripoli, figs . 41,42 .
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2 . 2 Basic Types of Ribbed Domes

The rotation of a pair of arches 90 ° produces a square shape . This is
static form unless placed on the diagonal of a square base . The intersections
between the ribs of this type do not result in star shapes ( fig . 5 a ) . Several
compositions of this type were first introduced in the Mosque of Bib Mardun
in Toledo .

Three rotations produce a hexagonal star or polygon . This is the
minimum number of rotations to produce a star motif . We have no surviving
examples of this type .

The famous ribbed domes of the Great Mosque of Cordoba contain
octagonal stars, created by rotating a pair of arches four times . This type of
ribbed dome stars is the most popular of all , and justifiably so , because of its
simple and pleasing proportions , its dynamic qualities , and its balanced
relationship to the square and the circle in the same time (fig.5c).

Other popular domes are the 12 pointed and 16 - pointed stars , both
can be divided by the digit 4 , and relate well to squares which form the
structure supporting the dome usually . More recent examples , especially from
Morocco , utilize more rotations in ribbed domes , such as 24 , 32 , 48 , and
even 64 - pointed stars *.

By analyzing the historical examples of ribbed domes it is found that the
most popular types share two characteristics : the number of the star points is a
multiple of the digit 4 , and the angle of rotation is a simple number . Both of
these characteristics stem from practical and aesthetic considerations in the
same time , namely the ability to relate to square rooms , and to layout the
design with precision and accuracy . Three stars produced by rotations which
satisfy these two requirements were curiously not used in the area under
consideration these are the 20 , 36 , and 40 point stars .

2 .3 Variations of the Basic Types

Once a star shape is created , it is possible to obtain many variations by
omitting a layer , or layers , of cells on the outside or the inside of the star .
Omitting the inside cells changes the central polygon into a star shape , and
makes the open center larger as more cell layers are omitted ( top row in fig .
6a ) . This is often done in domes with a large number of rotations , because
the cells closest to the center become very small , and their shapes mixed each
other due to the thickness of the material used to construct the rib .

Omitting the outside cells have the same effect as widening the distance
between the pair of rotating arches , and makes the open central polygon
substantially larger in proportion to the arches or total size of the dome ( left
column in fig . 6a ) , consequently changing the spatial effect of the ribs from

4 . Paccar , Andre (1981) : Traditional Crafts in Morocco , France . pp . 353 , 360 , 338 ,
and 421 .
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Consequently , the majority of the ribbed domes constructed by Muslims
utilized a pair of rotating arches , no less and no more . This limitation , while
excluding a large number of possible forms , still allowed for an admirable
range of variations and innovations in form , and produced one of the most
beautiful of Islamic architectural and decorative treatments .

2 .1 . Mathematical Properties

Depending on the distance between the arches in a pair , the rotation
creates polygonal or star shapes , which are divided into a number of cells .
These cells are uniform in shape around the circumference , and become
smaller in size starting from the outside and progressing towards the center .

The number of star vertices is obviously twice the number of rotations of
a pair of arches : n = 2r

Where » is the number of star vertices , and r is a whole number of
rotations required until the last pair is superimposed over the first , and ranges
from 3 to almost 50 . The exterior angle ( the angle farthest away from the star
center ) of each of the kite shaped cells corresponds to the number of rotations
that created the star . The outermost angle is equal to the angle of rotation , and
is given by this equation :

a; =360 °/2r

where a; is the angle , and ris the number of rotations as defined in the
preceding equation ( fig . 4 ) .

The exterior angle for subsequent cells is given by this equation :
ax =Xaq

where ay is the angle , x is the cell sequence number from outside towards
inside , where the outermost cell number is 1 ; @; is the angle of rotation
obtained by the preceding equation .

The cells in the last interior layer which adjoins the central polygon , are
always triangles rather than kite shaped ( 4 in fig . 4 ) . The number of
different cells in a star , including the central polygon . equals to the number of
rotations that created the star .

Star motifs can be produced by joining points equally distributed around
the circumference of a circle . These stars can be described by a concise
notation giving the data on three quantities : the number of initial vertices n ,
the method of joining up the vertices to produce the original star ( i. e. , joining
every 2 nd point , 3 rd point , and so on ) d, and the number of cells remaining
in the star motif ( since some cells can be removed ) s. The complete symbol
for the basic Islamic star becomes ( # / d ) 5’. For example the star shown in
figure 3 ¢ can be described as (16/7) 7.

3. Lee, A.J.: Islamic Star Designs , in Mugarnas ,vol .4 ,p.182.
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In North Africa , the method continued in use until the present .
Magnificent ribbed domes are designed and built by Moroccans for both
religious and secular buildings * .

Modermn admirers enjoy the geometry , order and pattern of these domes .
Looking back , moderns would find them useful in interpreting the culture of
those times . Mathematical developments , structural experiments , aesthetic and
spiritual ideals . But what did the people living at that time saw and experienced
in these domes ? What did the simple peasant , the soldier , the poet , the mystic
or the court official see in these domes . What might be the impulse to create a
ribbed dome , rather than a simple plain one ? Is the dome a microcosm that
reflects the order of the universe and can affect , to better rather than worse ,
the lives of those who come to pass under it ? We may not know for sure , but
one can find different interpretations to explain the significance of the ribbed
domes.

This form of architecture survived in Christian Spain after the Muslims
were defeated and eventually expelled . Even though many Islamic buildings
were destroyed , this tradition was carried on by the Christians , and remains
today as a lasting contribution of the Arab - Muslim culture to Spain .

1.1 .Whatis a Ribbed Dome ?

Rib and ribbed dome are sometimes used to describe different things . In
this paper rib will be used for a three dimensional arch which projects from the
dome's interior surface. Arch will be used to describe the geometric shape of
the rib especially when it forms half a circle extending from the base on one
side to the base on the other side of the dome . Ribbed dome will be used to
describe a dome with ribs that rotate around its vertical axis .

2 . Geometry of Ribbed Domes

When arches are rotated around a dome's vertical axis , the intersection
point at the apex of the dome becomes more congested as the number of
arches increases ( fig . 2 column a ) . This problem was avoided by Arab
Muslim builders by using a pair of arches instead of only one , and leaving an
open space in apex where the node of intersecting ribs used to be ( fig . 2
column b ) . Increasing the number of rotated arches to 3 .4 , 5 or more arches
creates more complex patterns , but causes two effects which were not
satisfactory to Arab builders : the first is a physical one , where the resulting
arches have different radii because of their location on the dome surface ( fig .
3a) this meant that more varied and extensive forms are required for building.
A more important effect , however , is a visual one , where the arches intersect
in ways that did not appeal to Arab Muslim tastes . Comparing diagrams " b "
and " C" in figure 3 clearly shows the difference in the visual character of
accepted and rejected forms .

2. Many examples can be found in Paccar , Andre ( 1981 ) : Traditional Crafts in Morocco,
France . pp . 202 , 270, 266 , 346 , and 359 .
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Geometry of Ribbed Domes in Spain
and North Africa

Ma'moun Sakkal *

1 . Introduction

Domes have been used to cover structures since ancient times . Roman
legions discovered the dome more than 2000 years ago in Syria and Palestine
and brought the concept back to Rome . Domes played an important role in
Roman architecture , and continued in Byzantine architecture as well . Arab
and Muslim builders adopted the use of domes in their buildings , and
introduced several innovations of thcir own . One such innovation can be
found in Muslim Spain beginning from the 10 th century . It is the
construction of ribbed domes. where a pair of parallel arches are rotated to
intersect and produce a star pattern. Although the arches have a three -
dimensional quality , being on the surface of a spherical dome , one recognizes
a star pattern when looking at them from below .

The most important characteristic of ribbed domes is having a pattemn as
an essential part of the dome structure , and specifically the star pattern . The
star pattern reinforces the old notion of the dome as the sky , not only in
Islamic architecture , but in other cultures as well . This quality became more
evident with later developments of the ribbed domes design , where not only
one , but tens , sometimes hundreds , of stars seem to fill the surface of the sky .

Ribbed domes developed around the same time , and possibly
independently , in Spain , Persia and Armenia . The course of development
took different routes in these regions . While the use of the ribs continued in
Spain and North Africa limited to the dome itself , in Persia it was transferred to
the zone of transition between the dome and the supporting struciure , and
unique configurations were utilized to solve the transition conditions.

Ribbed domes influenced the medieval builders of Gothic architecture in
Spain as in Burgos Cathedral , and in Europe as in Prague Cathedral , and
continued to be an inspiration for western architects such as Leonardo de Vinci
who sketched several ribbed star domes for church designs , and Guarino
Guarini who designed and built the Church of San Lorenzo in Turin , Italy .
This fascination with ribbed domes is evident in our own time in projects such
as Lindsfarne Chapel in Colorado ( fig . 1 ), and Baha'i House of Worship in

New Delhi '.

*  University of Washington . Paper given at the Fifth International Symposium for the
History of Arabic Science , GRANADA , 30 March - 4 April , 1992 .

1. Mimar 29, Architecture in development , September 1988 . p . 40 .

J.H.A.S.1995-96-97:vol 11:PP .53 73. .
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cd..g
CD..G
Yet , however esoteric such a problem might seem , it in fact arises
naturally when one considers the dilemma of a person who must add two
ascending continued Fractions . Given two expressions of the form of a
fraction plus a fraction of a fraction it is not immediately clear how to add
them and then express the result in the same form . Of course , one way to add
two fractions is to express both as fractions relative to a common denominator .
And although the use of the least common multiple of the denominators of the
two fractions , or simply the product of the two denominators , was well known ,
it could be more convenient when dealing with monetary problems , where the
dirhdm was expressed as 60 fulus , to write each fraction as so many sixtieths .

a/b=c/C+d/(C.D)+..+g/(C.D..G)=

And indeed , not only did Abu' 1 Wafa ' include a section on converting
fractions to the denominator 60 ( calling the technique the " method of the
scribes " ) but Muhammad b . Ayyiib Tabari in his Persian arithmetic included
a table to aid in the reverse process , that of converting the results of the
addition in the sexagesimal system back into the system of unit fractions '* .
However , I have not seen such a table elsewhere , and it was more common to
rely on the fact that 60 = 4.3.5 and then proceed as follows , taking the

26 1 2 1 121

example of — = — + — + —— = ———, in the standard Maghribi
E 60 443 435 435" .
notation . In other words Ibn Yasamin's problem arises as the general statement
of the problem of converting into the system of ascending continued fractions

a hindi fraction a / b where b is the productof C,D, ..., G. "’

In discussing Muslim contributions to the history of mathematics during
the medieval period the bulk of scholarly attention has been directed to the
Islamic development of the hindi and sexagesimal systems , and that is as it
should be , for it was these systems which provided the basis for the technical
achievements in the exact sciences that earned Islam pride of place in the
sciences among the medieval civilizations . However , although a civilization ' s
mathematical achievement may be more than the arithmetic that underlies the
organization of its society , it at least includes that arithmetic . What I have
done today is to provide some portrait of what that basic arithmetic was in the
case of medieval Islam and to indicate some of the ways in which that
arithmetic system was made to furnish an adequate means for supporting a
complex society.

18. See Hermelink 1975, p . 301 .

19. H@yrup 1988 , p . 9 . refers to the fact that the conversion of sexagesimal fractions
into other metrological units is exactly the context in which such fractions occur in
the Babylonian tablets .
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into the value of grain of another value class expressed in a different system of
measurement , examples being
1

1 1 1 1 1
— + — . —for2/15and — + — . — for 3/16 .
10 3 10 4 8§ 2 8 4
As in the case of the simpler , composite , fractions one finds here too
that it was in the treatises written in the Maghreb where there occurs an elegant
extension of the Maghribi notation for fractions , namely the notation

Lovspor B2 ,_C
bd b b.d
grc fori+L+—————e e
bdf b b.d b.d.f
For example , exactly the fraction 11/ 12 , which we met with above ( at
least implicitly ) in al Baghdadi , we meet in the arithmetic of al Hassar

1
expressed as —2——2— = % + % ; % And if we recall that a dd@niq is one sixth of
a dirh@m then this last expression can be read directly as five danigs and a half.

And this is exactly the expression we find in al Baghdadr .

similarly ,

Indeed , so firmly associated did certain fractions become with certain
metrological units ( whether of weight , volume or currency ) that the names
for these latter became simply alternate names for certain common fractions ,
according to a system of fractions which Abu'l -WafZ discusses at some length
and are called " like named " ( muntasib ) '’ . Since these metrological units
were dependent on time and place considerable confusion could result when
names referring to certain fractions were read out of context and interpreted as
referring to others .

Writers like Saidan who have investigated the different systems of
arithmetic in medieval Islam have emphasized of the manual system that it
eventually became absorbed into the hindi arithmetic , contributing shortcuts
for multiplication and division and with the ascending continued fractions .
They even inspired some nice arithmetic problems . For example Ibn Yasamin
poses the problem of finding , for a given fraction a / b and a set of integers C ,
D, ..., G another set of integers ¢ . d , ..., g so that

14. Ehrenkreutz 1964 , 51 .

15. The order of the symbols in the Arabic text is reversed , corresponding to the Arabic
direction of writing . And one does not find alphabetic symbols used in the symbolic
expression of a fraction with a separating bar . It is always specific numerals , even though
one will occasionally find the verbal expression " Let there be given a fraction with
numerator a and denominator b "

16. For example see Suter 1901 , 19 ff .

17. Saidan 1971, 174 ff .
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operational status as the fraction one seventh'® and the reckoner would have
multiplied the profit from the sale , seven dirhams , by the share contributed ,
namely five , and divided the resulting 35 by the total of all shares , namely
twelve , expressing the result as two dirhams and eleven twelfths . But the
operations I have specified here are just the operations al - Baghdadi specifies
in his first method , and I suggest that the two methods , presented as simple
alternatives , in fact represent the soluticn of the same problem in two different
arithmetic traditions : the hindi and the manual .

In the Maghrib and Al Andalus where the development of notation for
arithmetic and algebra was taken further than it was in the east there developed

. a o ; ; ; .
our notation Ffor the hindi fractions '', and this notation was transmitted to

the west by Leonardo of Pisa . Eastern writers took from the Indians the custom
of writing fractions with the numerator above the denominator but without any
separating bar '>. ( In fact the eastern notation for fractions appears to be less a
notation than a record of what would be left on the dust board after a division .
Thus , after calculating 35+ 12 ( to take the case arising from our example )
one would be left on the dust board with " 2 " on the top . " 11 " below that and
" 12 " below that , recording the answer2 11/12 .

Of course in the everyday problems of medieval Islamic society the
metrological conversions referred to above , the calculation of alms taxes or of
shares of inheritances one would constantly be running into fractions not
expressible as one of the three first types ( principal , composite and fractions
of fractions ) . In general one would want sums of these . And among such
sums one type occurred so often that a special notation was developed for it .
These are fractions like the expression for two thirds as one half and a half of
a third - known today as ascending continued Fractions . In general one would
allow a composite fraction ( a / b ) to be addes to one bth of some other

composite fraction ( ¢ / d ) . This would result in 24 l ¢ a g

b 5 d b bd
Such fractional expressions occur repeatedly in inheritance problems in al
KhwarizmT's Algebra , composed in the early ninth century , where the fraction
three fourteenths is expressed as one sixth and two - sevenths of one sixth ** .
They are also found 150 years later in Abu'l Waf 's chapter on conversion of
the value of grain of one value class expressed in one system of measurement
10 . Although , of course , because of the nature of Arabic the former fraction ( as we would call
it) would have to be expressed in the languagfof " five parts of twelve parts " .
11 . See for example the work of al - Ha§§§r in Suter 1901 , pp.19 - 20 .
12 . Thus for example Kshydr b . Labban in Levey and Petruck 1965.
13. See Rosen 1831 , 132. We are not . of course , suggesting that these Fractions originated
with al - Khwdrizmi . Jens Hgyrup 1988 calls attention to A . Sach's discovery of such
expressions in Old Babylonian cuneiform tablets .
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above and another and another ' .

Examples of this system at work in medieval Islam may be found in
Abu'l> Wafa's chapter on the conversion of different versions of the Kurr
measure current in the eastern califate into one another °. Thus he gives the

perscription for converting the standard kurr , the Kurr muaddal into the kurr
sulaymani as " take one sixth plus one tenth of it ", instead of take 4/ 15 of it.

And when the great Blyid ruler CAdud al-Dawlah attempted to standardize the
system in the province of Firs with a measure called the Jaréb,which was 24

kurr mu€addal the latter was not 1/24 of the jartb but one fourth of one
eighth of it.

This classification of fractions is evidently based not on mathematical but
on linguistic criteria , as one might expect in a system adapted to speech rather
than to written notation . Thus , the principal fractions stopped at one tenth
since Arabic lacks words for one eleventh , one twelfth , etc . Although for
one- twelfth one could ( and did ) use one half of one sixth , no such option
was available in the case of one - eleventh or one thirteenth , so circumlocutions
were necessary , as in the expression " three parts of eleven parts " . It is thus
fairly obvious why , in an arithmetic done entirely mentally and in which every
number must be expressed verbally , Abu'l Wafd ' would say that businessmen
and government officials prefer principal fractions to either composite
fractions ' or fractions of fractions , and why they would prefer any of these to
the inexpressible fractions , which ( he says ) they dislike so much that they
prefer to approximate them and be satisfied with inexact results rather than to
use them and get exact results .

As an example of this approximation Abu'l Wafa' gives' the
approximation of three elevenths as one-fourth and a fifth of a ninth , i.e.
2722 ... as opposed to . 2727 ... ( a difference of only 5 ten - thousandths ) .

And one can see the application of these kinds of fractions in the details
of the solution according to the " other method " which al - Baghdadi mentions
in our opening problem , especially in the case of the share of him who
contributed five dirhams , where his share is expressed as the sum of the two
principal fractions one fourth and one sixth .

If one thinks how this share would be calculated in a hindi system
of arithmetic the difference between the hindi and the hand system
becomes apparent ; for , in the hindi system , there is a fully developed
concept of common fractions ° .Therefore the fraction five twelfths has the same

6 . Summarized in Ehrenkreutz 1964 .

7. Indeed , so much is this the case that in Part 5 of his work he seems to use unit fractions
entirely , preferring , for example , to write 3 / 8 ( a perfectly good composite fraction ) as
1/4and1/8.

. Saidan 1971 ,p.72.

9 . See for example al - Uglidisi s Book of Chaplers translated in Saidan 1978 .

o
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-Wafa' called Arithmetic Necessary for Scribes , Officials and Others , ( written
around 970 ) and that of al - Karaji , called The Sufficient Book of Arithmetic
In this system :

1 - Numbers were expressed verbally according to a strictly decimal
system , i . € . SO many units . so many hundreds , so many thousands , etc . As
you see above , twelve is expressed as ' twelve ' ( in Arabic 'two ten') and not
in the ciphered form ' 12 ' . ( In the practice of this system , of course ,
numbers were spoken and not written )

2 - All calculations with numbers were done according to a set of rules
learned by heart and performed without any writing materials or even
mechanical aids to calculation , such as an abacus. The only non mental
feature of calculation was the use of the hands for storing the results of
intermediate calculations , according to the way the fingers were held . The
figure shows the main features of the system, in which different hands were
used for different powers of ten .

The rules for the calculations were based in theory on a knowledge of the

multiplication table for the numbers from 1 to 9 and knowledge of rules
such as " tens times hundreds is thousands " . such was called the " extended "
method . In the " abridged " method however the operations were done by what
we today would call shortcuts , but were in fact the backbone of the system and
were developed at great length . At their root lay the idea that two easy
calculations to do were to add a number to itself ( i. e. to double it ) and to
multiply it by 10. ( This latter , in the hindi system , was done by writing a zero
to the right of the number , but , in mental arithmetic , is done by making the
units tens , the tens hundreds , etc . ) All else was expressed in terms of these
two simple operations . For example one multiplied a number by eight
according to

8xn=(10-2)xn=10xn-2xn

And to multiply by 15 one used the rule expressed by the formula :

15xn=10x[n+n+2]

In this latter case , when n + n + 2 involves the fraction one half , one
added in 5 . (It is curious to see algorithms for the multiplication of two whole
numbers having recourse to fractions 1)". Fractions in this system were classified
into four kinds, as Abu'l Wafa' al- -Buzajani explains’ .They were the principal
fractions , namely one - half through one tenth , the composite fractions , such
as three - fifths or four ninths , the fractions of fractians such as one half of a
sixth or a third of a fifth and finally the fractions not expressible as ' one of the

3. The first of these works and the part of the second devoted to algebra are edited in Saidan
1971 . An easily accessible English summary of the contents of Abu’l -Waf@'s treatise is in
Saidan 1974 .

4. Several such rules are presented in the translation of al - Qalasadi 's arithmetic , The raising
of the veil in Woepcke 1858 - 59 , pp . 246 - 47 .

5. Saidan 1971,71-72.
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Among the important writers on arithmetic in the early 11 th century was

a native of Baghdad named Abdalqahir al Baghdadi . Near the end of his
Completion of Arithmetic' occurs the following problem ( P . 268 ) of a
successful joint business enterprise : " Three men buy a commodity for twelve
dirhams , one of them contributing three dirhms towards its cost , the second
four and the third five . Then they sell it for a profit of seven dirhdms . How
much is the share of the profits of each one ? Then multiply each one's share
of the capital by seven and divide the result by twelve , which is the sum of the
shares. And what results is the share of the profits due to the shareholder .

" And there is another method , which is that the third gives one - fourth
of the capital , so one fourth of the profit is due to him, i . e . a ditham and
three fourths . And the owner of the four gave one third of the capital , so to
him is due a third of the profits , namely two and a third dirhims . And the
owner of the five possesses one - fourth and a sixth of the capital . So to him is
due a fourth and a sixth of the profit , namely two dirhams , five danigs and a
half ( of a daniq ) .

We shall return to these solutions shortly , and I shall argue that these
represent not simply different solutions but in fact different systems of
arithmetic . But to convince you of that I must explain what these different
systems were .

Prior to discussing his applications of arithmetic al -Bagdddl has
explained a variety of arithmetic systems , and indeed his K . al - Takmila is
the first book to give a separate exposition of each of the systems current in the
medieval Islamic world . These include the hindi system * , that is the Islamic
development of the system acquircd from India , and the basesixty ,
sexagesimal system , originating in ancient Mesopotamia , that you heard about
earlier today , but they include as well an arithmetic system which , in order to
emphasize that it used no writing materials to effect the calculations , was
known either as airy or manual arithmetic . It was explained , in the latter
half of the tenth century in two treatises devoted especially to it , that of Abu'l

*  Simon Fraser University . Paper given at the Fifth International Symposium for the
History of Arabic Science . GRANADA , 30 March -4 April , 1992.

1. Al-takmila fi'l - !lis?lb edited in Saidan 1985 .

2. We adopt this term from Saidan 1978 , where it refers to the Islamic modification of
the system acquired from the Indians .

J.H.A.S.1995-96-97:vol.11: PP .45-51.
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comparées **, 1 ' imagination , qui conserve les formes verifiées *° et 1a mémoire
qui sert a évoquer le souvenir des formes déja connues *'.

Sans doute Ibn al-Haytham était un grand savant . Il a inventé camera

obscura et il a motivé la théorie intromissive de 1a vision . Witelo était un simple
commentateur de la traduction latine de Kitab al Mandzir du grand Arabe .
Mais il a regu ses idées sans réserve en ajoutant de sa part quelques observations
et quelques idées nouvelles .

45.

46.

47.

Witelo , Perspectiva , lib 111 | prop . 59 : Sicut enim sentiens comprehendit in perventu
formae lucis primae solam lucem , sic in perventu formae coloris comprehendit lucem
coloratam . Ergo haec duo comprehenduntur solo sensu visus sine aliis animae potentiis et
operationibus , quod non accidit in aliquo aliorum visibilium , quoniam illa quasi plurima a
pluribus sensibus sentiuntur . Et si aliqua ipsorum solo sensu visus sentiantur et non aliis
sensibus particularibus hoc accidit vel ex istcrum aliqua participatione , vel istorum

privatione . sicut est in diaphanitate et opacitate . tenebris et umbra, in quibus necessaria est

ratio conferens hinc inde , quae non est ia in comprehensione lucis et coloris . Op .
cit ., prop . 60 : Non fit ergo similitudinis comprehensio per solum visum , sed ex potentia
animae quam dicimus rationem , per actum ratiocinationis diversas formas visas ad invicem
comparantem . Opticae Thesaurus Alhazeni Arabis lib. 1l ,cap. 1, sectio 10, p .30:
Comprehensio autem eius , quod illud , quod est a posteriori corporis diaphani , est diversum
ab illo corpore, non est comprehensio solo sensu , sed est comprehensio per rationem . Et
cum diaphanitas non comprehendatur nisi per signationem , ergo non comprehendetur nisi
distinctione et ratione.

Witelo , perspectiva 1ib . III, prop . 58 : Cum enim visus comprehendit aliquam rem visam
et fuerit certificata forma eius apud sentientem . tunc forma illius rei visae remanet in anima
et figuratur in imaginatione ipsius videntis , ut in Naturalibus animae passionibus
declaratum est . Opticae Thesaurus Alhazeni Arabis lib . I1 , cap. 3 | sectio 65, p . 68 :
Virtus distinctiva comprehendit ... ex distinctione omnium istarum distinctionum ad ea ,
quae cognoscuntur ex similibus earum , formam compositam ex omnibus et sic signatur in
imaginatione forma composita ex omnibus istis intentionibus .

Witelo , Perspectiva , lib . IIl , prop 63 : Est enim cognitio comprehensio
consimilitudinis duarum formarum, scilicet formae, quam comprehendit visus apud
cognitionem , quando sentit se cognoscere rem quam videt et formae quiescentis in anima
prius comprehensae . Unde non fit visualis cognitio nisi per rememorationem , quoniam si
nulla forma talis fuerit quiescens apud animam et praesens memoriae , non cognoscet visus
rem visam . Conf. Opticae Thesaurus Alhazeni Arabis lib . 11 , cap . 1, sectio 10, p. 10: Et
cum cognitio non fit nisi per rememorationem , cognitio non est comprehensio solo sensu .



Les différences et les ressemblances d'Ibn al -Haytham
De aspectibus et Witelo Perspectiva dans la
théorie de la vision

examinée * . La forme vraie de la chose vue est saisie aprés I'examen de tous
les détails de la chose *,

Ibn al- Haytham et Witelo estiment que la puissance visuelle de

I'nomme a besoin de l'aide des puissances sensitives intrinséques de l'ame
humaine . Entre elles ils discernent la puissance distinctive qui distingue
les choses et leurs propriétés ** , 1la raison existant et agissant afin de faire les
remarques sur la participation ou les manques de détails chez les choses

42.

43.

44,

Witelo Perspectiva lib . III , prop . 48 : Cum enim omnia puncta ipsius communiter per
omnes tres axes vel saltem per duos , visuales motu oculi transcursa fuerint , tunc solum
aequaliter est totum visum , quoniam tunc forma cuiuslibet sui puncti infigetur puncto medio
concavitatis medii et erit semper nova dispositio totius formae circa punctum illud . Magis
ergo aequaliter perpendetur tunc partium aequalitas ad invicem in omnibus dispositionibus
suis , tunc ergo tota res aequaliter videbitur .

Witelo , Perspectiva lib . III , prop . 57 : Visus enim non comprehendit veram formam rei
visae nisi per comprehensionem omnium intenticnum particularium que sunt in illa forma .
Witelo perspectiva lib . III , prop . 60 : Et etiam quando visus vidit duos colores albos,
quorum unus est albior alio , comprehendet amborum albedinem et quod alterum est fortioris
albedinis . Comprehendet ergo similitudinem illorum duorum alborum in albedine et
diversitatem illorum in fortitudine et debilitate . Distinctio vero inter illas duas albedines
non est ipse sensus albedinis . quoniam sensus albedinis est ex dealbatione superficiei visus
quae fit ab utraque albedine . Distinctio autem illarum albedinum fit propter diversitatem
actionis illarum duarum albedinum in ipsum visum . Non est ergo illa distinctio a solo sensu,
sed est ab alia virtute animae , quam dicimus distinctivam . Et similiter est de comparatione
et distinctione aliarum sensibilium formarum . Nichil enim illorum accipitur solo visu ,
sed ratione et virtute distinctiva coadiuvantitbus . Visus enim per se non habet virtutem
distinguendi , sed virtus distinctiva animae distinguit omnia illa mediante visu . Opticae
Thesaurus Alhazeni Arabis liber II , cap . 1, sectio 10, p . 31 : Non crgo omne , quod
comprehenditur a visu , comprehenditur solo sensu , sed multae intentiones visibiles
comprehenduntur per rationem et distinctionem cum sensu formae Visae . Visus autem non
habet virtutem distinguendi , sed virtus distinctiva distinguit istas res . Attamen distinctio
virtutis distinctivae in istis rebus visibilibus non est nisi mediante sensu .
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chose vue et toutes les autres formes des choses vues . Witelo retire aussi
I'attention du lecteur pour faire apercevoir que le nerf commun , dit de méme
nerf optique , est situé de fagon identique par rapport 2 l'un et l'autre oeil *°." Il
compléte ce renseignement en disant que les formes des points sont saisies dans
le nerf commun d'un point déterminé sur la surface de la chose vue . Il appelle
ce point punctus coniunctionis *'. 1l se trouve sur cette surface et sur l'axe
commun, mené droit du nerf commun 2 ce point de jonction des axes de I' un
et de l'autre oeil . Ces trois axes servent 2 la puissance de I'homme afin de
changer les angles de la vision pour voir clairement les détails de la chose

40. Opticae Thesaurus Alhazeni Arabis lib . 1, cap . 5, sectio 26 , p . 16 : Visus autem

41.

non est nisi quoddam instrumentum istius virtutis , quoniam visus recipit formas
rerum visarum et reddit eas sentienti ultimo et sentiens ultimum comprehendit istas
formas et comprehendit ex eis res visibiles , quae sunt in eis . Et illa forma in
superficie glacialis extenditur in corpore glacialis , deinde in corpus subtile , quod est
in concavo nervi quo usque perveniat ad nervum communem et apud perventum formae
apud nervum communem completur et ex forma veniente in nervum communem
comprehendet ultimum sentiens formas rerum visarum Witelo , Perspectiva , lib . III ,
prop . 28 : forma recepta in superficie glacialis pertransit corpus glacialis , deinde
extenditur per corpus subtile , quod est in nervo optico et venit ad anterius cerebri in
quo est sentiens ultimum , quod est virtus sensitiva , comprehendens sensibilia , cuius
virtutis oculus est instrumentum , recipiens formas rerum et reddens eas ultimo
sentienti , sic quod apud nervum communem ambobus oculis , cuius nervi situs a
duobus oculis est situs consimilis , demum completur visio , licet ergo duae formae
perveniant in duobus oculis ab una re visa . illae tamen formae ambae , quando
perveniunt ad nervum communem , concurrunt et fiunt una forma et per unionem
harum formarum comprehen dit ultimum sentiens formam rei visae et sic unius rei
tantum unam formam accidit videri .

Witelo Perspectiva , lib . 11 , prop . 37 : Omnes ergo formae punctorum rei Visae aequaliter
circumstantium puncta , quae superficiebus visuum incidunt secundum axes radiales ad puncta
aequaliter circumstantia medium punctum nervi communis consimiliter pertingunt . Et
seruatur figura et dispositio totius superficiei rei visae , in parti bus suis et in remotione a
puncto quod est in axe , secundum modum distantiae et declinatione punctorum , quorum
formae illic recipiuntur a puncto coniunctionis in superficie rei visae secundum
dispositionem angulorum refractionis in superficie vitreae . Et duae formae , quae infiguntur
in duobus punctis consimilis positionis apud superficies duorum visuum perveniunt ad illum
eundem punctum concavitatis nervi communis et superponuntur sibi in illo puncto et erunt
una forma .
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esprits visuels entre l'oeil et 1a partie antérieure du cerveau *’

Selon 1a conception d'Ibn al-Haytham , tous les points de la forme qui
venaient tout droit A la surface de sphaera vitrea se brisaient sur cette surface ,
excepté le point de 1'axe, sur les lignes coupantes les lignes radiales, et ensuite
couraient également tout droit jusqu'au lieu de détour du nerf concave *.

L'un et l'autre adoptent 1'opinion que sur le détour de ce nerf les lignes
radiales avec I'axe au centre , tournent sur les centres des orifices des nerfs
concaves en conservant toujours l'image simple de la chose vue . Mais ici leur
position se différencie : Ibn al Haitham attire 1'attention du lecteur sur les
propriétés des esprits visuels qui peuvent garder l'image simple de la chose vue
méme apres le détour du nerf . Et Witelo , de sa part , accentue que les axes
radiales des yeux font ses détours sous un angle ** .

Enfin , dans le nerf commun pour le couple des yeux , se réalise la
plénitude de la puissance visuelle : les images des yeux s'unissent et
l'ultimatum sentent de cette puissance , saisit complétement la forme de la

37. Witelo Perspectiva , lib . 1II , 22 / editio Unguriana , p . 319 / : Sed et corpus subtile , quod
est in concavitate nervi inter humorem vitreum et nervum communem , quod corpus
nominatur spiritus visibilis quoniam in ipso primo discurrunt spiritus visibiles , necesse
est diaphanum esse , quoniam formae rerum visibilium , quando perveniunt in corpus
humoris vitrei , extenditur sensus ab illo in corpus sentiens extensum in concavo nervi
continuati inter visum et anterius cerebri et secundum extensionem sensus extenduntur
formae ordinatae secundum suam dispositionem . Patet ergo quod ordinatio partium corporis
sentientis formas et ordinatio virtutis sentientis aequaliter est necessario in corpore vitreo
et in omni corpore subtili extenso in concavo nervi . Cum enim forma pervenit ad aliquod
punctum superficiei vitreae , extenditur directe et non alteratur eius situs in concavitate nervi
in quo extenditur corpus sentiens et erunt formae omnium punctorum consimilis ordinationis
ad invicem .

38. Opticae Thesaurus Alhazeni Arabis lib . II , cap . 1 , sectio 8, p . 29 Deinde extenduntur
formae ab ista superficie secundum rectitudinem linearum radialium etiam quo usque
perveniant ad superficiem vitrei , deinde punctum axis extendetur ab ista superficie secundum
rectitudinem axis , quousque perveniat ad locum gyrationis concavi nervi , et omnia puncta
residua refringuntur super lineas secantes lineas radiales et consimilis ordinationis quo usque
ad locum concavi nervi .

39. Opticae Thesaurus Alhazeni Arabis 1ib . 11, cap . 1, sectio 6, p . 26 : Et crunt omnes istae
verticationes gyrantes apud gyrationem nervi . Et erunt apud gyrationem nervi ordinatae
secundum suam ordinationem ante gyrationem et post propter qualitatem sensus istius
corporis . Et sic perveniet forma ad nervum communem secundum suam disposition nem .
Witelo , Perspectiva , lib . III , prop . 31 : Uno puncto rei visae superficiebus amborum
visuum perendiculariter incidente , necesse est axes radiales in centris foraminum gyrationis
nervorum concavorum angulariter refringi .
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Dans le texte latin du traité d ' Ibn al - Haytham De aspectibus , la
direction de la réfraction devant le centre de 1 ' oeil n ' est pas établie > . Pour
obtenir la direction propre au faisceau parallele , dirigée vers le chiasme
optique il faudrait accepter que la sphaera vitrea est moins transparente que la
sphaera glacialis et qu ' ainsi les rayons devraient se briser vers la normale .
Mais Witelo se trompa d' une fagon étonnante en prétendant que la sphera
vitrea est plus transparente que la sphaera glacialis **. Dans ce cas, cependant ,
les rayons s ' écartent de la normale en se coupant devant le centre de 1' oeil et
contre 1 ' opinion commune de deux opticiens dont les theses sont ici discutées-
se produit 1 ' inversion de 1 ' image simple *°.

dans la proposition 47 du second livre de Perspectiva , Witelo a préparé
bien l'unet : l'autre variante de la réfraction des rayons devant le centre de
T'oeil’* . On ne saurait pas pourquoi il en a choisi non pas la vraie, mais la
fausse.

Toutefois Witelo gardait son intention de sauver l'image simple de la
chose vue et pensait que chaque forme quittant un certain point de la sphaera
vitrea courait tout droit en conservant son image simple et que cette situation
continuait a se produire dans la concavité du nerf optique , qui transmettait les

33. Op.cit., p.244 , note 106 .

34. Witelo Perspectiva , 1ib . 1II prop . 21 : Forma vero non potest extendi a superficie glacialis
ad concavum nervi communis secundum extensionem linearum rectarum et conservare situs
suarum partium secundum suum esse , nisi natura alterius diaphani clarioris sibi
occurrat antequam perveniat ad centrum oculi , quoniam si non sit medium alterius diaphani ,
omnes istae lineae concurrent apud centrum oculi et efficeitur quasi unum punctum .

Witelo Perspectiva , lib . III , prop . 22 in fine : Et quoniam in hiis ambobus corporibus
fit progressio formarum ultra centrum oculi ,-patet quod illa refractio facta est a
perpendiculari erecta a puncto refractionis super superficiem glacialis .

35. Witelona Perspektywy Ksigga II i III . Przeklad na jezyk polski ze wstgpem i
Komentarzami . Wstep , przeklad i komentarze : Lech Bieganowski , Andrzej Bielski ,
Roman S . Dygdala, Witold Wrdblewski , Wroctaw 1991 ,p . 71-76 .

36. Witelo Perspectiva 1ib . II , prop . 47 . Radio perpendiculari omne corpus diaphanum
penetrante , radius oblique incidens in medio secundi diaphani densioris refringitur ad
perpendicularem ductam a puncto incidentiae super secundi diaphani superficiem et in medio
secundi diaphani rarioris refringitur ab eadem .
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Cette chose doit cependant avoir une certaine quantité 2 1' égard de la surface
de I' oeil ™*.

Mais de ce cbne visuel , issu du centre de l'oeil et congu comme le point
de départ des lignes droites venues de la chose vue avec les formes y discemées
par la glacialis , Ibn al - Haytham parle seulement au VlIle livre du De
aspectibus . Au deuxiéme liver du méme traité il annongait la réfraction des
formes devant ce centre *°. Witelo s'accordait avec lui *° . Cette réfraction devait
rendre , selon leur avis , 1 ' image simple et irréversible de la chose vue ' . Pour
faire changer ce jugement opiniatre , il fallait attendre les arguments de Jean
Kepler , exprimés dans le traité publié en 1604 Ad Vitellionem paralipomena ,
quibus astronomiae pars optica traditur ** .

28. Witelo , Perspectiva , 1ib IIl prop . 19 , in fine : Solae itaque res sunt sensibiles actu ,
quarum pyramides inter visum et centrum visus distinguunt ex superficie glacialis
partem aliquam sensibilis quantitatis respectu totius superficiei glacialis . Illae ergo res
oportet , ut sint alicuius quantiatatis respectu superficiei visus .

29. Opticae Thesaurus Alhazeni Arabis lib . II , cap . 2, sectio 3, p . 25 26 : Et omnes
formae pervenientes in superficie glacialis , extenduntur in corpore glacialis secundum
rectitudinem linearum radialium , quo usque pervenient ad istam superficiem , et cum
pervenerint ad superficiem istam , refringuntur apud ipsam secundum lineas consimilis
ordinationis secantes lineas radiales .

30. Witelo , Perspectiva , lib III , prop . 23 : Est ergo illa superficies si fuerit pars
sphaerae , necessario excentrica oculo . ... Omnes ergo formae pervenientes in
superficiem glacialis extenduntur per corpus glacialis secundum rectitudinem linearum
radialium quo usque perveniant ad istam superficiem . Tunc reflectuntur apud ipsam
secundum lineas consimilis ordinationis secantes lineas radiales .

31. Opticae Thesaurus Alhazeni Arabis lib . I , cap . 1, sectio 5, p . 26 : formae ergo
perveniunt ad vitreum ordinatae secundum ordinationem earum in superficie visi . Witelo ,
perspectiva , lib . III , prop . 21 : patet per 91 primi huius , quod si illae lineae ultra centrum
oculi debeant extendi , necessario erit linearum illarum intersectio in centro , et post
centrum creabitur nova pyramis , cuius lineae longitudinis secundum positionem et situm
priori pyramidi modo contrario se habebunt . Convertetur ergo totus situs figurae rei visae .
quoniam habet in superficie rei visae et in superficie glacialis taliter ut illud quod est in
superficie glacialis dextrum fiat sinistrum apud sensum et contrario , et superius fiat inferius
et e contrario . Nec perveniet aliquid formae directe ad nervum communem , nisi solum unum
punctum . quod est in extremitate axis pyramidis . Omnis ergo res secundum modum suo
naturali situi contrarium videatur, quod est contra suppositionem et manifeste contra id ,
quod accidit in sensu . Patet ergo . qoud necessarium est , quod isti humores sint diversae
diaphanitatis .

32. D.C.Lindberg ,op .cit.,p.193 - 208 .
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rayons obliques **, mais ils sont saisis par 1a vue selon les droites issues du
centre de l'oeil ** . Chez Witelo les formes obliques , qui sonten dehors du
cOne visuel , sont brisées par les tuniques de l'oeil et on y voit , par elles ,
indistinctivement ** . Ibn al - Haytham parle ici , expressément , de la surface de
I' oeil comme du lieu de la réfraction des rayons obliques et Witelo en termes
généraux . de tuniques de l'oeil , qui précedent la lenticule / glacialis / .

Ainsi donc , Ibn al Haytham a constaté la réfraction des rayons sur la
surface de l'oeil et Witelo . qui alu attentivement le traité De sensu et sensato
d'Aristote , en savait de 1' existence de la premiere image coméenne de laquelle
aussi Démocrite a exprimé son opinion originale .

Par I' intermédiaire des lignes droites du céne visuel , situé - selon Ibn al -
Haytham au centre de l'oeil , la sphaera glacialis de 'homme , qui pour le
savant arabe était le premier membre de I' oeil visuellement sensible , sent les
choses vues qui se trouvent sur la base du c6ne , parce que de 12 viennent les
formes en points distincts *’ . Witelo ajoutte que seules ces choses deviennent
sensibles pour la surface de glacialis , dont les cOnes visuels discernent dans
cette surface une parcelle de quantité sensible par rapport a toute cette surface.

24. Opticae Thesaurus AlhazeniArabislib .1, cap .5, sectio 18 , p . 9 : Et formae omnium
punctorum reliquorum refringuntur apud illud punctum superficiei visus et transeunt
per diaphanitatem tunicarum visus dum linaes declinantes ad superficiem visus .

25. Opticae Thesaurus Alhazeni Arabis 1lib . VII , cap . 6 , sectio 37 , p . 269 : Ergo
formae refractae in tunicis visus non comprehenduntur a visu , nisi in
perpendicularibus exeuntibus a visibilibus super superficies tunicarum visus . Et

hae perpendiculares lineae sunt exeurtes a centro visus . Formae ergo omnes refractae in
tunicis visus comprehenduntur a visu in rectitudine linearum exeuntium a centro
visus.

26. Witelo , Perspectiva lib . III prop . 17 : Formae vero visibilium , quae sunt extra hanc
pyramidem numquam incidunt per aliquam illorum linearum perpendicularium , sed
forte accidit ipsas extendi per lineas rectas , quae sunt inter ipsas et superficiem visus
oppositam foramini uveae . Et illae formae refringuntur a diaphanitate tunicarum visus . et
non perveniunt ordinate ad virtutem visivam . Unde non fit distincta visio
secundum illas . Verum tamen illas formas refractas aliqualiter accidit videri ; sed
indistincte , in concursu scilicet ipsarum cum lineis perpendicularibus a centro oculi
extra pyramidem radialem productis .

27. Opticae Thesaurus Alhazeni Arabis lib . VII , cap . 6 , sectio 37 , p . 269 : Formae
ergo omnium visibilium , quae opponuntur parti superficiei visus , quae opponitur
foramini, et existunt in hac parte superficiei visus , refringuntur in diaphanitate
tunicarum visus et perveniunt ad membrum sensibile , quod est humor glacialis , et
comprehenduntur a virtute sensibili per lineas rectas , quae continuant centrum visus
cum ipsis visibilibus . [...] Et virtus sensibilis comprehendit omnia , quae perveniunt ad
glacialem ex forma visus puncti super unam lineam continuantem centrum visus cum
illo puncto . Hoc ergo modo comprehendit visus omnia visibilia .
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propagent en ligne droite ** . Mais physiologiquement la premigre réception
de la lumiere , de la couleur et de la grandeur angulaire de la chose vue ne
saurait avoir lieu que par les droites perpendiculaires du cOne visuel . Cette
reception accomplie sur la sphaera glacialis / la lenticule / permettait d'
éliminer toute la superfluité de rayons obliques et la clarté de la vision ,
pendant laquelle un point de la chose vue répond toujours 2 un point de la
sphaera glacialis *'. Justement non sur la surface coméenne de I'oeil , mais sur
la surface antérieure de la sphaera glacialis voit Ibn al Haitham , et Witelo
apres lui , le commencement physiologique , sensitif , de la vision *’. Cela s'
accomplit dans cet endroit par l'action de la puissance visive ou sensitive *’.
Les rayons qui tombent obliquement sur la surface de 1'oeil succombent , selon
Ibn al - Haytham , a la réfraction et passent par les tuniques de l'oeil comme

20. Opticae Thesaurus Alhazeni Arabis ... ,lib1,cap.5,sec.17 ,P .9 Lux extenditur per
corpus diaphanum secundum lineas rectas Witelo , Perspectiva , lib . II , prop . 1 : Radii
quorumcumque luminum et multiplicationes formarum secundum lineas rectas protenduntur .

21. Opticae Thesaurus Alhazeni Arabis , lib. I, cap.5,sec. 18, p.9: Si ergo glacialis sentit
ex uno puncto omnes formas venientes ad ipsum ex omnibus verticationibus , sentiet ex
omni puncto formas admixtas ex multis formis diversis et coloribus multis visibilium
oppositorum visui in illo tempore , et sic nihil distinguetur ab eo ex punctis . quae sunt in
superficiebus visiblium , neque ordinabuntur formae punctorum venientes ad illud punctum .
At si glacialis senserit ex uno sui puncto illud, quod venit ad ipsum ex una verticatione
tantum , distinguentur ab eo puncta , quae sunt in superficiebus visibilium . Witelo
Perspectiva , lib . III prop . 17 : Sed si glacialis secundum lineas perpendiculares tantum
sentiet , tunc distinguentur in ea puncta que sunt in superficiebus visibilium , nec erit
differentia situs et ordinationis formarum visibilium in superficie glacialis et in rebus
visibilibus quae sunt extra .

22. Opticae Thesaurus Alhazeni Arabis lib. Il , cap. / 1, sectio 3 , p . 25 : Lineae ergo
radiales non iuvant ad ordinationem formarum visibilium nisi apud glacialem tantum ,
quoniam apud membrum istud est principium sensus . Ibidem , lib . I, cap . 5, sectio
16 , P. 8 : Et dicamus prius , quod visio non est nisi per glacialem sive fiat visio per
formas venientes ex re visa ad visum sive secundum alium modum . Visio autem non
est per unam aliarum tunicarum antecedentium se , quoniam illae tunicae non sunt nisi
instrumentum visus . Witelo perspectiva lib . IIl , prop . 4 : Primus itaque humorum
istorum dicitur crystallinus vel glacialis , qui proprie est organum virtutis visivae .. .

23. Opticae Thesaurus Alhazeni Arabis lib . 1 , caput 5 , sectio 25 , p . 15 : Et etiam
glacialis est praeparatus ad recipiendum istas formas et ad sentiendum ipsas . Formae
ergo pertranseunt in eo propter virtutem sensibilem percipientem . Witelo Perspectiva
lib . IIT , prop4 : glacialis , qui proprie est organum virtutis visivae ...
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d'Ibn al Haytham " .

Nous apprenons que Witelo est un éleéve d' Ibn al Haytham , quand il
rejette sans hésitation la fausse théorie de rayons visuels'® confessée par Platon,
Euclide , Héron, Ptolemée et Al Kinidi '’ . Au Xllle siecle, les opticiens
contemporains de Witelo , Roger Bacon et Jean Pecham , cherchaient toujours
a réconcilier les deux théories contraires de la vision , la théorie intromissive
d'Ibn al - Haytham et celle des extramissionnistes ci dessus nommés . Selon
Roger les species rerum devaient étre ennoblis par le species oculi et selon Jean
la lumiére naturelle est nécessaire A 1' oeil , mais elle doit étre accommodée par
la lumigre de l'oeil 2 la reception par la puissance visive '*.

Ibn al - Haytham et Witelo sont d'accord que la vision ne peut s'accomplir
que dans la circonstance de l'opposition des yeux et de la chose vue,
illuminée '”. Cela est une conséquence des rayons de lalumitre qui se

15. Jerzy Burchardt, " Kosmologia i psychologia Witelona " , Studia Copernicana , vol . XXX ,
Wroctaw 1991 , P. 49- 55 , en particulier p . 53 .

16. Witelonis perspective liber III prop . 5 . Impossibile est visum rebus visis applicari per
radios ab oculis egressos / editio Unguriana , p . 299 .

17. D.Lindberg ,op.cit.,p. 11 17 ,18-32.

18. Roger Bacon , The Opus maius . Edited with introduction and analytical table by John Henry
Bridges , vol . 2, Oxford 1897 , pars 1, dist . VII, cap . 4, p . 52 : Et ideo oportet , quod
visus faciat operationem videndi per suam virtutem . Sed operatio videndi est certa cognitio
visibilis distantis , et ideo visus cognoscit visibile per suam virtutem multiplicatam ad
ipsum . Praeterea species rerum mundi non sunt natae statim de agere ad plenam actionem in
visu propter eius nobilitatem . Unde oportet quod iuventur et excitentur per speciem oculi,
quae incedat in loco Pyramidis visualis, et alteret medium ac nobilitet , ut omnino sit
conformis et proportionalis nobilitati corporis animati , quod est oculus . John Pecham and
the Science of Optics , Perspectiva communis , edited with an introduction , English
translation , and critical notes by David C . Lindberg , Madison , Wisconsin 1970 , p . 128,
prop . 46 . 844 - 849 : Lumen oculi naturale radiositate sua visui conferre . Oculus enim , ut
dicit Aristoteles , non solum patitur , sed agit quemadmodum splendida . Lumen igitur
naturale necessarium est oculo ad al terandum species visibiles et efficiendum
proportionatas virtuti visivae . quoniam ex luce solari diffunduntur , sed ex lumine oculi
connaturali oculo contemperantur .

19. Opticae Thesaurus Alhazeni Arabis libri septem , nunc primum editi ... a Federico Risnero ,
Basleae 1572, lib. 1, cap .5, sec. 14, p.7: Cum ergo visus opponitur alicui rei visae et
fuerit res illa illuminata cum quolibet lumine , ex lumine rei visae veniet lumen ad
superficiem visus . Et declaratum fuit , quod ex proprietate lucis est operari in visum et quod
natura visus est pati ex luce . Dignum est ergo , ut non sentiat visus lumen rei visae , nisi ex
lumine veniente ex ea ad visum . Witelo Perspectiva , lib . III , prop. 6 : Cum itaque visus
opponitur alicui rei illuminata coloratae , tunc multiplicatur lumen vel per se , vel cum illo
colore rei oppositae visui et perveniens ad visus superficiem , et agit in visum , et visus
patitur ab illo .
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écrivait en Italie , 2 Viterbe , son vaste traité en dix livres - Perspectiva'’. Ce
traité , les livres : premier et particllement dixiéme exceptés pourrait étre
considéré comme un commentaire du livre De aspectibus d' Ton al Haytham ,
dans lequel le commentateur utilise les versets de sa source en les mettant en un
nouvel ordre , en les exposant et les complétant .

Mais dans la proposition 73 de Perspectiva , Witelo dit . que le sens de la
vue comprend naturellement sur la surface de l'oeil , 1a forme de la chose vue,
lorsqu'il distingue . au centre de 1’ oeil , 1a lumiére la couleur et , par la suite , la
grandeur angulaire de la chose *.

Cette image sur la surface de l'oeil , connue déjz; par Démocrite et par
Aristote "’ , s'appelle depuis la dissertation de Jean E . Purkinje , Commentatio
de examine physiologico organi visus , Vratislaviae 1823 , la premiére image
comnéenne de Purkinje '*. 11 faut remarquer ici , que le grand opticien arabe ,
Ibn al - Haytham , dans le traité De aspectibus ne discute pas le role de cette
image . Voici pourquoi la théorie de la vision de Witelo , son commentateur , se
distingue dans sa source par la prise en considération de cette image sur la
surface de l'oeil . Witelo proclame alors la théorie coméenne de la vision . Mais
illa complete ensuite'par la théorie lenticulaire- chiasmatique du De aspectibus

11. Vide notam 2 . Il y a aussi d' éditions , publiées par livres dans la série Studia Copernicana :
" Witelonis Perspectivae liber primus " An English translation with introduction and
commentary and latin edition of the mathematical book of Witelo's Perspectiva , XV ,
Wrockaw 1977 . Witelonis Perspectivae liber secundus et liber tertius . A critical latin
edition and English translation with Introduction , notes and commentaries by Sabetai
Unguru , Studia Copernicana Vol. XX VIII ,Wroctaw 1991 . Witelonis Perspectivae liber
quintus . An English translation with Introduction and Commentary and Latin edition of the
first catoptrical book of Witelo 's Perspectiva by A. Mark Smith , Studia Copernicana , vol .
XX I, Wrockaw 1983 .

12. Witelonis Perspectivae liber tertius , prop . 73 /ed . S . Unguru , p . 372 - 373 : virtus
sensitiva ex comprehensione partis superficiei visus in qua figuratur forma rei vise
comprehendit a posteriori via sensibus competente quantitatem anguli , quem in centro visus
respicit superficies prefata . Sensus enim visus naturaliter comprehendit illam superficiem in
qua figuratur forma rei vise per distinctionem lucis et coloris qui per se accidunt in illa parte
ab alijs superficiebus visus distincta . Et quando comprehendet quantitatem illiu partis , tunc
imaginatur angulos quos respiciunt ille partes et comprehendit quantitatem eorum apud
centrum visus secundum quantitatem partium superficiei visus illis angulis subtensorum ...

13. Vide notam 9 .

14. ] . E . Purkinje , Commentatio de examine physiologico organi visus , Vratislaviae 1823 ,
p- 21 et 5 gravures aprés lap . 58 .
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/ 1968 /°. Cette traduction onomastique est enracinfe dans une oeuvre
inconnue arabe , beaucoup plus vieille que Haggi Halifa , mort en 1658 et sans
doute antérieure aux manuscrits latins d' Ibn al Haytham , ol ses Vestiges sont
toujours a chercher . Ibn AbT U§aybi§ , mort en 1270 , nous transmet les
formes nominales : Abii Ali Muhammad ibn al - Hasan ibn al Haytham ° . Le
professeur Abdalhamid Sabra a établi cependant son nom comme AbU ' Ali
al Hasan ibnal Hasan ibn al - Haytham ’. Cette forme semble aujourd " hui
étre 1a meilleure et est 2 retenir , car il provient d' un texte arabe soigneux .

A Padoue Witelo lisait non seulement Ibn al - Haytham , mais aussi De
sensu et sensato d'Aristote et pensait que la vision s' accomplit par une
réflexion de la forme venue de la chose avec la lumiere sur la surface de I' oeil.
Cette forme vue est ensuite interprétée et identifiée par le sens commun de
'ame * . Selon Aristote la vision ne s' accomplit pas sur 1' oeil , mais dans
I'homme qui voit ° .

Vers 1270 , aprés une étude approfondie d'Euclide , d'Archimeéde ,
d'Eutokios ,d'Apollonios ,d'Héron , de ptolémee '° et d'Ibn al - Haytham , Witelo

5. Clemens Baeumker , Witelo . Ein Philosoph und Naturforscher des XIII . Jahrhunderts ,
Beitrdage zur Geschichte der philosophie und Theologie des Mittelalters . Band 3 , Heft 2 ,
Muinster 1908 reprint : Aschendorff Miinster 1991 , p . 227 .

6. Tbidem .

7. A.1.Sabra, " Ibn al - Haytham " Abu Ali al - Hasan ibn al - Hasan , called al - Basri, al -
Misri ; also known as Alhazen , Dictionary of Scientific Biography | editor Gillispie /, t .
VI, New York 1972, p . 189 . Kamal al - Din Abu'l Hasan al - Farisi , mort vers 1320, dans
son résumé au premier chapitre de Kitab al - Manazir rapporte les formes nominales établies
par le professeur Sabra . Eilhard Wiedemann , Zu Ibn al Haitams Optik , Archiv fiir
Geschichte der Naturwissenschafien und der Technik , vol .3 .1910 - 1911, p . 18 .

8 . Witelonis De causa primaria ... , Studia Copernicana , vol . XIX , p . 171 : non fit visio in
oculo , nisi ut in speculo habente reflexionem . sed in sensu « i, ut in iudicante
completur visio .

»

9. Aristotelis Parva naturalia 436 a , De sensu et sensibilibus , recognovit Guilllelmus Biehl ,
Lipsiae 1898 . Aristoteles De sensu et sensato , in : Aristotelis Opera omnia , Venetiis

1483, . 1V col . a : Democritus autem quoniam quidem aquam dixit , bene dixit , quia autem
putavit ipsum videre esse illam apparitionem ; non bene . Hoc enim accidit , quoniam oculus
levis est , et est non illo , sed in vidente . Jerzy Burchardt , " Kosmologia i psychologia
Witelona ", Studia Copernicana , vol . XXX , Wroctaw 1991, p. 77 , nota 24 .

10 . Aleksander Birkenmajer , " Etudes sur Witelo ", Ille partie , Studia Copernicana, vol . IV ,
Etudes d' Histoire des Sciences en Pologne , Wroctaw 1972 , p.388.
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Par une traduction toujours anonyme faite vers la fin de XII siecle ou au
début de XIlIle sidcle de 1'2re dite chrétienne 1' Europe latine a pris
connaissance du grand traité d' Ibn al Haytham Kitab al Manazir , un fait
qui devait constituer un tournant dans la théorie de la vision dans le monde
entier'. Le premier utilisateur de cette translation arabo latine était Jordanus
de Nemore dans son traité Liber de triangulis * . Roger Bacon , un Latin de
provenance anglaise , et 1'auteur d'un grand ensemble des traités , écrits t6t dans
les années soixante du XlIle siécle , appelés en tout Opus maius , cite
expressément Kitab al - Mandzir et son auteur comme Alhazen , auctor
perspectivae vulgatae ’

Chez Witelo , un Latin aussi , mais habitant de Pologne , et maitre - &s - art
lecturant a 1'Université de Padoue vers 1262 1268 , dans sa lettre
Philosophique De causa primaria paenitentiae in hominibus et de natura
daemonum , Ibn al - Haytham est nommé : Haycen filius Hucayn filii Haycen
et son oeuvre s' appelle De aspectibus® Une appellation assez semblable al
Hasan ben al-Hosain ben al Haitam se trouve aussi dans le traité Magala fi
al - Daw?, traduit en allemand par J. Baarmann / 1882 / et en frangais par R.
Rashed

*  Institut de 1'Histoire des Sciences , Académi Polonaise de la Science . Ulica Budziszynska 14
am . 3 ; 54 - 434 Wroclaw . polska , POLOGNE .

1. David C. Lindberg , Theories of vision from Al Kindi to Kepler , Chicago and London
1976,p.71.

2. Idem , Introduction to the reprint edition Opticae Thesaurus Alhazeni Arabis libri septem ,
nune primum editi . Eiusdem liber de crepusculis et nubium ascensionibus . Item Vitellonis
Thuringopoloni libri X, instaurati , figuris novis illustrati atque aucti infinitisque erroribus,
quibus antea scatebant , expurgati a Federico Risnero , Basileae 1572 , Johnson Reprint
Corporation New York London 1972, p. VI- VII.

3. Roger Bacon De multiplicatione specierum , The Opus maius of Roger Bacon , edited with
introduction and analytical table by John Henry Bridges . Vol . II , oxford 1897 , p. 410 .

4. Witelonis De causa primaria paenitentiae in hominibus et de natura daemonum edidit
Georgius Burchardt , in : Jerzy Burchardt , " List Witelona do Ludwika we LwOwku §1‘askim.
Problematyka teoriopoznawcza , kosmologiczna i medyczna " , Studia Copernicana , vol .
XIX , Wrochaw 1979, p . 172 ,497 - 498 .

J.H.A.S.1995-96-97: Vol 11 :PP .33 -44.
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Un autre llvre . trad:ult\ du nabatéen par Ibn wahsnyya , intitulé Tzqana
(Tabaqana ou Tabaqara ) est aussi mentionné . C'est un écrit astrologique
utilisé par Alphonse X . De méme , dans ses trois traités , Enrique de Villena ,
parle d'Ibn Wahsnyya qu'il nomme tant6t Abenxia tant6t Abenohaxia , auquel
il attribue le livre de la Philaha ciaptia Mayer et Philahaptia ( = Agri cultura
caldea ) **

Gﬁyat al - hakim emprunte 2 1' Agr.nab . l'essentiel d'un long
développement sur la confection des talismans * , ou les vertus des trois régnes
de la nature sont longuement décntes Cette partie a eu beaucoup de succes
aupres des magiciens du Moyen 4ge , en orient comme en Occident .

Charriant les survivances de la magie hellénistique , Gayat al - hakim ,
dont I'auteur dit avoir utilisé 224 ouvrages *' , puise dans 1' Agr . nab . les restes
de I'hellénisme astrolitre , tel qu 'il a survécu tardivement dans des cités
mésopotamiennes comme Harran .

Disons , pour finir , que I'Agr . nab . a été une des sources fondamentales,
en Andalousie , non seulement dans le domaine de l'agriculture et de la
botanique , mais aussi dans le domaine de l'activité intellectuelle et de la
philosophie , 2 tel point qu'un philosophe et théologien comme Maifmonide (m.
1204 ) n'hésite pas 2 s'y référer A plusieurs reprises dans son Guide des
égarés > . Que dire d'Ibn Halddn qui , dans sa Mugaddima , considere 1' Agr .
nab . comme un ouvrage grec traduit en arabe , et lui consacre plusieurs
paragraphes *° ? Une recherche approfondie dans les écrits de 1'époque devrait
permettre de confirmer l'impact exercé par cet ouvrage sur les intellectuels

andalous 2 partir du XI® siecle .

29. Cf.Tres tratados , éd . J. Soler , in Revue Hispanique , 41 / 1917 , pp . 137 - 185, 204 sq .

30. Cf. texte arabe , pp . 350 - 396 ; trad allemande , pp. 366 - 402 .

31. M. Plessner , Die Stellung des Picatrix , loc .cit ,p.322.

32. Ed . et trad . frangaise de Salomon Munk , Paris 1856 - 66 ; cf . Il , 220 ; 231 sqq . ; 281 ;
291 sq . ; 294 . il n'y voit qu'un livre d'idolétrie et de magie et met en garde ses lecteurs
contre la fascination des " fables des Sabiens " et des " folies des Casdéens et des Caldéens ".
En somme , il I'a vue 2 travers bGyal al - hakim d’al - Ma‘éﬁ!i @

33. Ed. de Slane, Il 120, trad . Rosenthal , III, 151 ( Agriculture ) ; III, 12 - 156 ( Sorcellerie
et talismans ) ; I, 191 / 226 ( Sciences des Lettres ) .
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propriété littéraire n' existant pas a I'époque , il serait inexact de fonder son
jugement sur 'absence de référence . Ce qui est indiscutable , c'est que 1' Agr .
nab . était devenue , pour I'époque , une source incontournable.

Signalons , enfin , que la fréquence des emprunts faits a I' Agr . nab . tient
au fait que celle ci représente une tradition botanique différente de celle
suivie par Dioscoride . Il est vrai qu ' Ibn al Baytdr la classe parmi les écrits
botamques récems ( muhdatin ) , au méme niveau que ceux d' ar Razi , Ibn
Stna, al Gafigi , Abd Hanifa d - Dinawari , Msarfawayh et d'autres botanistes
et médecins . Le caractére littéral des citations, d'une part . et la reproductlon de
certains traitements a caractére magique , expurgé par Ibn ar Ragqqam ,
laisseraient entendre qu'il avait entre les mains un exemplaire complet de I'Agr.
nab . Cependant , on trouve souvem des citations comme celle ci : al - éﬁﬁqf ;
"L ' auteurd' al Fildha dit.." (cf.s .adariyiin ). A noter qu' on trouve
soit al - Filaha soit al - leaha n - nabatiyya . on peut , alors , se demander si
les citations ne sont pas prises aux auteurs dont les écrits sont dépouillés par lui.

C ) Dans le domaine de la magie , c'est principalement dans bfiyat al

hakim d'Abd Maslama Muhammad al - Magriti ( milieu du V€ /XI®s.)” qu '
apparut I' influence d' Ibn WahSiyya , od son nom est cité 14 fois et 1'Agr .
nab. 6 fois . Cet ouvrage , édité par Hellmut Ritter dans les Studien der
Bibliothek Warburg ** et traduit en allemand par H. Ritter et Martin Plessner ,
sous le titre : " Picatrix " . Das Ziel des veisen von Pseudo Magriti *,
exercé une forte influence dans la culture de 1' Espagne médiévale . Martm

Plessner I'a bien démontré dans une contribution au IX® Congres International
d'Histoire des Sciences , 2 Barcelone en 1959 **

Avant lui , George O. S. Darby . dans un article intitulé : /bn Wab}iyya in
mediaeval Spanish literatur *’, avait signalé la présence de 1' Agr . nab . dans
un Lapidarium composé sur I' ordre du roi Alphonse X de Castille ** . ol il est
question du sage Cehrit ( = Sagrit ) et de son livre " I'Agriculture chaldéenne "

23. et non Abi I- Q?nsim Maslama b . Ahmad al - Maérili cf . notre contribution au vol . I des
Ciencias de la Naturaliza en el - Andalus , sous le titre : " Sciences naturelles et magie dans
Gyat al - hakim du Pseudo - Maériﬁ " éd . E . Garcia Sanchez , Grenade 1990, 11 sqq .

24. Leipzig - Berlin , Teubner , 1933 .

25. Londres , The Warburg Institute , 1962 . Picatrix est le titre de la traduction latine de la Gaya,
faite sur I' ordre d' Alphonse de Castille en 1256 .

26. Die Stellung des Picatrix innerhalb des spanischen Kultur ; in Actes du IX¢ Congrés
International d * Histoire des Sciences , Barcelone - Madrid , 1959, pp . 312 - 24 .
27. Isis , 33 /1941 ,pp . 433 - 38 .

28. Ed . par J. M. Montana , Madrid 1881 ; cf fol . lb . Sur ce Lapidaire , cf . M . Ullmann , Die
Natur ,0op .cit., 124 sq .
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€lagua 1'’Agr . nab . en faisant tomber tout ce qui ne relevait pas de l'agriculture,

dans un ouvrage intitulé : Huldsar al ihtisds fi ma rifat al  ciwa wa- [
i_mwaqs, ., et cela sur l'ordre de l'un des émirs nagrides de Grenade |,
vraisemblablement Abd 1 Guyis Nasr ,qui régna de 708 2 713 / 1309 1314 .
lequel demanda que l'on débarassat l'ouvrage de tout ce qui était d'origine
pafenne’’,

Cet abrégé commence par une table des mati¢res référant au corps du
texte . L'auteur réunit , dans quinze bdbs , sous forme d'introduction , les
connaissances générales en mati¢re d'agriculture : l'eau , les changements
atmosphériques , les travaux et les saisons , les vents , les pluies , les sols , les
fumiers , les mauvaises herbes , les semailles , les greffes , les végétaux obtenus
sans graines ni plants , I'émondation des arbres , la " masculinisation " ( tadkir )
des arbres , les végétaux sympathiques et antipathiques ( mutawdfiga wa
mutandfira ) , 1a conservation des grains . des fruits et des légumes . Suivent les
noms des plantes dans l'ordre des babs de I'Agr . nab., pour la premiére partie
( selon la division du ms . de Leyde ) , et, dans le désordre , pour la seconde
partie , et surtout avec de nombreuses omissions, particulierement parmi les
noms étrangers translittérés . N

on ignor quel impact a pu exercer cette Hulasa qui semble cl6turer la
fertile époque que connut la littérature géoponique en Espagne .

b) Dans le domaine de la botanique , du fait que I'Agr . nab . traite de
toutes sortes de plantes florales , maraichéres , alimentaires , médicinales
(environ 160 ) , et de toutes sortes d'arbres ( environ 80 ) , sans compter les
plantes et arbres agrestes , il était difficile de ne pas y recourir . L'auteur qui s'
en est le plus servi en Andalousie , c'est Ibn al Bayg:'ir (m. 646 / 1248 ) ,

notamment dans son K . al - Gami € Ii mufraddt al adwya wa | agdya .
ou plus de 260 sources ont €t€ dépouillées . Parmi ces sources , 1'Agr . nab .
occupe une bonne place . Toutes les plantes ayant une vertu médicinale et
alimentaire sont reproduites , sauf celles déja mentionnées dans Disocoride et

Galien , lesquels sont les premigres sources d’Ibn al Bayg:«'fr (cf.1,1).

Cependant , parfois , la donyée d' al F il&ha figure en téte de l'article ; c' est le
cas , par exemple , du garghr ( cresson ) (1,160 ) . Il arrive souvent que les
«donnnées de 1'Agr . nab . soit prises sans indication de source ; c'est le cas, par

exemple , de payy al - C¥lam (II,43), o, aprés la mention du nom grec
d'apres Dioscoride , est fournie une description empruntée 2 a/  Fildha n

nabatiyya , sans référence . Ce cas doit étre fréquent ; on pourra en apporter la
preuve aprés la parution de I'édition en cours. Ibn WahSiyya est nomm é.chaque
fois que la donnée fournie appartient au domaine de la magie . La notion de

22 .J'ai consulté le ms . de I'Université de Cambridge 342 ( Qq . 542 ), 125 fol ., beau nashi,
2311 .,s.d.
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dal - Hagg al - Gamai *.
Le traité qui couronne cette riche production littéraire agronomique
andalouse , est celui d'Abd Zakariyy’i Yahya Muhammad b . al - CAwwam

al-ISbilf qui vécut 2 la fin du VI® / XTI s. et au début du VII® / XIII® s. Ce traité
comprend trente cinq chapitres; il présente 585 plantes , dont 55 arbres
fruitiers . C'est une vaste compilation , ol 'Agr . nab . est citée 298 fois , 2 tel
point qu' Ibn Hald@n considere cet ouvrage comme un abrégé de I'Agr . nab *".
11 cite un grand nombre d' auteurs de 1'Antiquité , ainsi que ses prédécesseurs
hispaniques . C'est 2 la fin du chapitre qu'il enregistre quelques observations
personnelles . L 'édition et la traduction en castillan de J. A . Banqueri , parues
2 Madrid en 1802 , et la traduction frangaise de J. J. Clément Mullet , parue
A Paris entre 1864 et 1867 , l'ont fait largement connaitre en Occident *'. 11 a ét€
traduit en turc ( Ms . Bayezit , Veliyuddin 2534 ) et en ordu (I II / 1926
32).

Avec Tbn al -‘Awwam , on se rend bien compte de l'impact exercé par
I'Agr. nab . sur l'agriculture andaluse dans son ensemble . Une étude analytique
comparative permettra d' en apporter la preuve ; cela ne sera possible qu' aprés
I'établissement des index et la publication du texte . En attendant , I' analyse

que fait J. J. Clément - Mullet du K. a/ fil{u? d'Tbn al- CAwwam démontre
I'ampleur de cet impact (I, 18 sqq ). A

Au début du siecle suivant , Ab0 Muhammad b . Ibrahim al Awsi,
.connu  sous le nom d'Ibn ar - Raqqdm ( m. le 21 safar 715/27 .5 .1315) ,

19 .Ms . Paris 4764 , fol 64 161 , décrit par .M. Millas Vallicrosa in al - Andalus 20 /
1955, 103 sq . La matiére de son livre a serv1 albn Luyun at - T\lglbl (m. 750/ 1349 pour
son urguza sur l'agriculture intitulée : K. Ibdd Val - malaha wa - inh&br - ragaha f7 ugtl sma—

Cat al fl]aba ( voir a ce sujet H. L. Fleischer, Uber Ibn Loyon's Lehrgedicht vom
spanisch - arabischen Land - und Gartenbau , in Kleinere Schriften ; 111 , Leipzig 1888 . pp,
187-198 ).

20.Cf.éd . de Slane, 1IT, 166 (fas! VI, n®90); trad . Rosenthal , III, 151 . J. Vallvé , in al -
Qantara , 111/ 1982 , p. 264 , lui attribue également al Filﬁ{ta n - nabatiyya ! Le chiffre de
298 citations est donnée par Clément - Mullet , I, 79 .

21.Cf . E. Meyer , Geschichte der Botanik , III , II , 215 - 52 . C . C . Moncada publia et

traduisit le b&b sur I'émondation de la vigne , in Actes du VIII® Congrés International des
orientalistes , Stockholm 1889, vol . IT, Leyde , 1893 , pp . 215 - 257 . L'Abbé Grégoire .

" Essai historique sur I'état de l'agriculture en Europe au XVI®s. ", ap . Olivier de Serres,
Théatre d’ agriculture et mesnage des champs , nov . éd . , Paris 1804 , 1, P . XCV , parle
d'une traduction de 'Agricultura del Cucemi ( Quﬁm’é, le troisiéme auteur de I'Agr . nab . ) du

castillan en espagnol en 1626 . Sur les sources cités par Ibn al - CAwwam , cf. M. Ullmann
Die Nature - und Geheimwissenchaften im Islam , Handbuch der Orientalistik , 1. Abt . , Er .

VI, 2. Abschnitt , Leyde - Cologne , 1972 ,P. 447 sq .
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Son disciple Ibn Wafid ( m. 460 / 1068 ) compila un Magma sur
I'agriculture , traduit en castillan et publié par José Maria Millds Vallicrosa '*, ot
des auteurs anciens qu 'on retrouve dans les écrits suivants sont cités . Six ans
plus tard ( en 466 / 1073 ) , Ibn al Hagg4yg al - ISbilf &crivit son livre intitulé

al- Muqm'c 11 I- filfiha . &dité 2 CAmm3n en 1982 '*, o0 réapparaissent les noms
cités par Ibn WAfid. Trente noms étrangers sont cités comme étant ses sources ,
parmi lesquels ne figure pas celui d'Tbn wahSiyya . La raison me semble étre le
fait qu'il utilise essentiellement le De re rustica de Lucius Junius Moderatus
Columelle , comme j'ai tenté de le démontrer dans l'article cité précédemment
(n. 12).

Un autre Sévillan , Abu I- Hayr al - I$bili . qui vivait probablement 2 la
méme époque . a laiss¢ un K. al - FilBha '°, dont le contenu est assez semblable
a celui d'Ibn al - Haggag Comme ses prédécesseurs il cite des noms d'auteurs
grecs et la matiere est souvent empruntée aux Géoponiques €t a I'’Agr. nab .

Ibn Bassal (m. 499 /1105 ), auteur dun Diwhin al leaha abrégé par
lui sous le titre de K. al Qasd wa - [ - baytn , traduit en castillan et édité par

17

José Maria Millas Vallicrosa et Muhammad CAzim¥n ", ne cite pas ses
prédécesseurs . Il se contente de fournir les fruits de ses expériences
personnelles . Un de ses contemporains , Muhammad b MAlik at Tlgnan

qui fit plusieurs Sé_]OUl’S a Séville , profita des expériences d'Tbn Bassal qui y
vivait apres la prise de Tolede par Alphonse VI de Castille , en 478 / 1085 , et
composa un traité d'agriculture en douze livres , intitulé Zahrat al - Bustin wa -

nuzhat al - z'z‘gé\n ; il est fréquemment cité par Ibn al - €AwwAm sous Ie nom

14 .Cf . al - Andalus 8/ ,pp.281 - 332 ; Tamiida, 2/1954 , 87 - 96 ; 339 - 344 .
11 fut édité a Fes en 1358 / 1939 , sous le tite de K . fi I- F:l(f)la li - abi Hayr a] - Andalusi,
par 3idi  al- Tihami et Muhammad ar - Rasmiki (cf.,ace su_]et Garcia Gomez , in
al-Andalus 10/ 1945 PpP- 127 -133).

15.éd. SolAah Gérard et G‘ésu’ Abd Safiyya , Publ . de I'Académie de la Langue Arabe de Jordanie , 1402/
1982

16 .Ms . Paris 4764 , fol . 64 161 . Extraits traduits par A. Cherbonnau et éclaircis par H.

Péres, in Bibliothéque arabe - frangaise , S , Alger 1946 ; H . Pérés , art . Abii 1 - Khayr al -

Ishbili , in EI2 ,1,139sq.; 7. M. Milla’s Vallicrosa , in al - Andalus , 19 / 1954 , pp. 137-
42 ; 20/ 1955, pp. 101 105 .

17. Tétouan 1955 . Cf . , au sujet de cet ouvrage . les études de J. M . Millds Vallicrosa , in
Tamiida 1/ 1953 , 37-58 et 131 -152.

18 . Sur son lieu d'origine , voir E. Garcia, in af - Qan_lam IX/1988,1-11.
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d'Adam ": son histoire , sa supériorité sur les autres végétaux , ses nombreuses
propriétés , ses variétés , ses multiples utilités. L'ouvrage s'achéve par une
rétrospective qui confére 2 son contenu une certaine homogénéité .

Voila , donc , succinctement les grandes sections de cet ouvrage . Je
signale que 1'édition critique que j'ai préparée , est sous presse a Damas , 2
I'Institut Frangais d’Etudes Arabes . Le vol . I sortira a la fin de 1'été et les vol .
II et III suivront .

Passons maintenant 2 l'influence exercée par I'Agr . nab . sur la
littérature géoponique , botanique et magique en Andalousie .

Signalons , d'abord , qu'en Orient , 'Agr . nab . n'a connu de concurrent ,
depuis sa traduction , que tres tard . En effet , il faut attendre le VII® / XTVE s,

pour rencontrer une oeuvre originalg sur lagncullure , 2 savoir la IV® partie
(fann)du k. Mabahzg al fikar de Gamal ad - Din Mahammad b . Yahyd
al- Walwat al - Kutubf ( m . 718 / 1318 ) , ou, d'ailleurs , I'Agr . nab . est
largement ‘utilisées , suivie de Bugyat al fallahm du sultan yéménite al Malik

al Afdal al - CAbbas b. CAlf . qui régna de 764 a 778 /1363 1376 ; R . B .
Serjeant en prépare 'édition . Le troisi®me traité oriental qui mérite mention ,

est “Alam al- malﬁl}a £ Cilm al - fal&lga , une compilation de caractére pratique,
faite en 1137 / 1715 par CAbd al - Ganin Nfbulsi , 2 partir d'un grand traité
qui avait €té composé par Radi d - Din al € Amirt (m.935/1529).

A noter quc les écrits géoponiques traduits du syriaque , du grec ou du
pehlew tels 1a Synagogé de Vindanios Anatolios de Berytos , le K . al
Fillha attribué A Apollonios de Tyane , les Geoponica de Cassianus Bassos
Scholasticus , sont restés d'un usage trés limité, en égard au petit nombre de
manuscrits qui en ont subsité *.

Par contre , en Andalousie , al F il('z‘.ha n - nabatiyya eut tres t6t de
nombreux concurrents , dont la plupart I'ont bien connue et largement utilisée.
Elle a servi dans trois domaines scientifiques importants : 1' agriculture , la
botanique et les sciences occultes .

a ) Dans le domaine de l'agriculture , dé_]é Abil 1- Qasnm az - Zahrawi (m.
vers 400/1009 )composa un Muhtasar kitab al- fildha . Quel livre a - il
abrégé ? Le seul traité arabe existant 2 I'époque était I’Agr . nab . ; serait elle
ce livre abrégé ? Seule une étude du manuscrit permettrait une réponse a cette
question .

12 . Sur ces traductions , voir notre article intitulé : " Traductions en arabe d'écrits géoponiques ",
s. presse a Grenade .
13.Ms . Paric 5754, fol . 152 - 186 ; Alger; 1550, 2, fol . 154 - 180 .
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exploitation agricole d'aprés 1'Agriculture nabatéenne "’

VI Plantes 1égumineuses et graminées : 29 céréales , 5
oléagineuses, 5 autres plantes 2 grains sont étudiées .

VIII- Un traité de phytobiologie et morphologie des plantes , od sont
particulierement étudiées : la genese des plantes , la cause des
odeurs . saveurs et couleurs '°, la morphologie structurale et la
biologie végétale.C'est un traité qui présente beaucoup d'affinités
avec 'Histoire des plantes de Théophraste .

IX Les légumes:il s'agit ici des 1égumes 2 feuilles et fruits comestibles,
la section VII ayant étudié les légumes 2 oignons , rhizomes ,
grains, etc . 71 plantes y sont étudiées .

X - Lavigne . Un grand traité en six chapitres .

XI Les arbres . Cette section comprend quatre parties: a ) généralités
sur les arbres et les plantes agrestes ,b) les arbres fruitiers (41
variétés sont exposées ) . ¢ ) les arbres forestiers (36 variétés sont
étudiées ) . d) La greffe des arbres .

XII - L'Ars Magna ( al Fa’ida l-kubrd ) : dans cette section sont
€tudiées les causes des plantes, leur gengse , limitation par
I'nomme de l'oeuvre de lanature ( rawlidat), la génération
artificielle , 1a formation de I'homonculus . L'accent est mis sur
les possibilités de transmutation entre les trois régnes de la
nature , particuliérement entre I'animal et le végétal . Ce chapitre
contient de nombreux éléments qu'on retrouve dans le corpus
jﬁbin'en ", Ce qui me confirme dans I'idée que la traduction de
I'Agr . nab . a di se faire dans le cadre de I'Ecole alchimique
fondée par Jabir b. Hayyan .

XIII - Un long traité consacré au palmier - dattier , appelé " soeur

. 32/1970, 109 - 128 ( Memorial Schacht ) . A ce traité jai consacré une étude parue dans les

Recueils de la Société Jean Bodin ( Congrés de Varsovie ) , vol . XLI , sous le titre : La
communauté rurale dans I'Agr. nab " . , Paris 1983 , pp. 475 - 504 . Le calendrier des travaux
agricoles , qui fait partie de cette section , a été présenté dans les Mélanges du P .
Pareja (Orientalia Hispanica , 1, pp . 245 - 272) .

J'ai consacré trois études sur les odeurs , saveurs et couleurs:

a) " Genese et cause des odeurs d'aprés 1'Agr. nab . ", in Mélanges d'Islamologie dédiés a la
mémoire d’A. Abel , 11, Bruxelles 1976 , pp. 183 198 (Correspondance d’ Orient , n°
13).

b) " Genese et cause des saveurs d'aprés 'Agr . nab . , in Revue de I'Occident Musulman et
de la Méditerranée . 13 - 14 /1973 , pp . 319 - 329 .

c) " Genese et cause des couleurs d'aprés I'Agr nab”. , in  Islamwissen- schaftliche
Abhandl ( Mélanges Fritz Meier ) , Wiesbaden , F. Steiner;‘ 1974 , pp. 78- 95 .

-1

. Cf. , 2 ce sujet , I'oeuvre magistrale de Paul Kraus : Jabir b payyan Contribution a I

histoire des idées scientifiques dans I’ Islam , I- I, Le Caire 1943 ( Mémoires présentés a
Ulnstitut d’Egypte ,t.44 -45) .
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un ensemble de caractre essentiellement agronomique et technologique . Ces
excursus ne représentent qu'une partie infime de l'ensemble ( 2 peine 5 % ) .
Malgré cela, c'est eux qui ont fait classer I'ouvrage tant6t parmi les écrits pafens
magiques et théosophiques , tant6t parmi les ouvrages de fildha |, nabat ou Libb.

Mis a part ces quelques excursus qui ont pour mérite , d'une part , de
nous conserver les échos de querelles sectaires , ayant eu lieu 2 une époque de
T'histoire de 1a Babylonie trés mal connue de nous , et nous permettant , d'autre
part , de situer historiquement et géographiquement le contexte dans lequel
cette compilation géoponique a été formée , le contenu de l'ouvrage est
essentiellement agronomique , botanique et médical .

Voila , donc , pour la partie historique , sans laquelle il nous aurait été
difficile d'apprécier , 2 sa juste valeur , 1'apport de I'’Agr. nab . Cet apport est
essentiellement scientifique . Je I'ai présenté en détail dans ma contribution au
Handbuch der Orientalistik , citée précédemment . Je me contente , ici , de
rappeler schématiquement les 13 rubriques sous lesquelles j'ai classé la matire.

Le titre exact de l'ouvrage est : Kitdb ifldp al ard wa i'slc'i_h_az - zar® wa-

v ) )
5- Jagar wa t timdr wa - daf® al- afdt Sanhd , " Livre du labourage de la

terre , des soins 2 apporter aux graines , aux plantes et aux récoltes , et de leur
prophylaxie " .

Dans un avant - propos trés instructif , le traducteur explique comment il
a pu acquérir les €crits nabatéeens qu'il a traduits . Parlant de I'Agr . nab . , il
dit l'avoir " traduite intégralement pour l'avoir bien appréciée et saisi le grand
intérét qu'elle présente ". C'est , a ses yeux , un vade - mecum de l'agriculteur.

1 L'ouvrage commence par un long chapitre sur l'olivier qui
appartient a Satumne , dieu de I'agriculture .

II - Suit un trait€ d'hydrologie en huit babs , traité que j'ai
longuement analysé dans une contribution aux Memorie de
I’Accademia Nazionale dei Lincei ’

III - Les plantes florales odoriférantes : 10 plantes sont étudiées °.

v Arbres et arbrisseaux : 23 arbres 2 essence et arbres forestiers
sont étudiés .

\% Le vade-mecum de l'agriculteur.il s'agit d'un long traité que
j'ai analysé dansles Studia Islamica ,sous letitrede: " Conduite d'une

7. Un traité des eaux dans al Fil&‘.ha n- nabatiyya ( Hydrologie , Hydraulique agricole ,
Hydrologie ) , in La Persia nel Medioaevo , Roma , Accademia Nazional dei Lincei , 1971,
277 - 326

8. dont la violette , chapitre étudié par E. Bergdolt , in Berichte der Deutschen
Botanische Gesellschaft , 50 /2932, 21-336.
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profondément certains d’entre eux , en particulier les astrolatres de harran .
vieille cité araméenne , connue a trés haute époque . Néo platonisme et néo
pythagorisme y ont fleuri , grace aux écrits d’auteurs comme Porphyre ,
Jamblique , Proclus . Théurgle et magie font concurrence 2 la philosophie :
mysteres , oracles et révélations forment ce qu’on peut appeler la ” théosophie
chaldéenne “,ou I'union 2 la divinité devient la principale source de la
connaissance .

L’Agr . nab. est présentée comme une " révélation ” de Saturne , dieu
de I’agriculture , par l'intermédiaire de la Lune , dont 1'idole a parlé 2
plusneurs générations d’agriculteurs qui se nomment Kasdéens ou Chaldéens ,
astrolitres , théurges et mystatagogues . C’est le fruit d’ mnombrables
expériences . patiemment réunies , vérifiées , acceptées ou refusées , enseignées
dans un langage plutdt parlé qu’ écrit , avec des touches d’un naturel qui ne
souffre pas de trucherie , avec des observations, annotations , justifications qui
présentent un certain caractere historique , se rapportant manifestement 2 une
histoire qui nous est restée jusqu'ici totalement inconnue .

De P’exposé schématique qui précéde , et des nombreux critéres internes
analysés dans une longue contribution parue dans le Handbuch der
orientalistik’ , on peut conclure qu’il s’agit d’'une communauté araméenne de
Babylonie , dont I’ouvrage , élargi a deux époques éloignées 1'une de 1’autre,
permet d’en connaitre les doctrines , les pratiques et les techniques , sur une

période allant grosso modo du 11° au V® siécle de notre ére . La traduction
arabe . elle , est datée de 291 /903 .

La communauté rurale dont il est question dans I'Agr . nab . , avait pour
centre la ville de sGr, centre agricole et commercial, non loin de Babylone
Aussi , les membres de cette communauté sont - ils appelés les SAraniyyan .
Sur le plan religieux et doctrinal , les Sfiraniyydn se divisaient en plusieurs
sectes , dont «deux se heurtent fréquemment sur les pages de cet ouvrage : il
s'agit des Qugéens et des Séthiens , tous deux connus des auteurs syriaques et
des spécialistes du gnosticisme® .

Pourtant , entre Q@qgéen et Séthiens, les divergences n’étaient pas
profondes;en effet, 1’enseignement des deux sectes reposait essentiellement sur
les " livres d' Adam" . Ils se séparaient fondamentalement sur l'origine , la
nature et la modalité de l'inspiration ( wahi ) d'Adam . Car , c'est le concept de
"révélation " qui prédomine dans la pensée théosnphique de ces sectes .

De telles données de caractére historique , sociologique et religieux
proviennent d'excursus , placés au hasard ou amenés par concatenation , dans

5. I1.Abt.,VI.Band, 6. Abschnitt , Teil 1, Leyde , Brill, 1977 , pp. 276 - 377 .
6. Cf.J. Doresse . " La gnose ", in, Histoiredes Religions , 11 , Encyclopédie de la Pléiade ,
Paris , Gallimard , 1972, 337 sqq .
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par des versions pehlevies et syriaques °.

Ma familiarité avec le texte , depuis plus de quinze ans, dont j'ai préparé
I'édition critique , actuellement sous presse , me permet de conclure que c'est le
syriaque qui a servi , 13 , de véhicule 2 des éléments scientifiques et pseudo
scientifiques grecs , pehlevis et hindous . Nous avons manifestement affaire a
un texte traduit - le style et la langue 1'attestent amplement - et la traduction du
syriaque est la plus vraisemblable , vu 1' affirmation du traducteur Ibn
Wahsiyya, dans l'avant - propos , et vu l'empreinte linguistique et stylistique
elle- méme, particulierement dans le type d'oraisons contenues dans l'ouvrage .

Le traducteur dont l'existence est mise en doute Ibn an - Nadfm va
jusqu'a dire qu'il était de la descendance de Sennachérib ( 705- 681 av.J. C.):
Wa  hwa min wild- Sinharib - devait étre un chaldéen ( ou Kasdéen ) de
conversion récente , d’aprés sa généalogie , originaire de Qussin , dans la
région de Kifa. Il dit avoir traduit ® de la langue des Kasdéens en arabe" et
dicté 1a traduction 2 AbG TAlib az Zayy3t ,qui se donne pour son disciple et
son sécrétaire. Noldeke fait de ce demier le véritable compositeur de 1'écrit,
Massignon voit en lui * un $1te , membre d’une famille vizirale " ( m.vers 340 /
951 ) ; il vivait au temps d’Ibn an Nadim et serait ’arriére  arriére - petit -

fils d’Abl Gafar Muhammad b . “Abd al Malik az ZayyAt, vizir d’al-
MuCtagim ( 218/ 833 - 227 / 842 ) et d’al - watiq ( 227 / 842 - 232/ 847 ),

Voila pour I’oeuvre et pour son traducteur . Il nous reste a préciser le
milieu d’ou provient cet écrit .

Renan parle d’"école nabatéenne” . "Cette école , précise - t - il ,
représente pour nous la derniere phase de la littérature babylonienne, celle qui
s’étend des premiers siécles de notre &re , ou si 1'on veut , de 1'époque
séleucide ou arsacide jusqu’'a ’invasion musulmane " *.

En effet , il faut entendre par ™ nabatéens ” les groupes ethniques de
langue et de culture araméennes , héritiers du grand empire néo - babylonien
conquis par Cyrus le Grand en 539 av.J.- C. , puis par Alexandre le Grand en
332 . Sous les Séleucides , il y eut une renaissance de I’araméen d’empire , qui
allait contribuer au renforcement du groupe ethnique chaldéen et 2 la
formation d’une culture syriaque qui connaitra plus tard une période d’une
grande effervescence scientifique et littéraire , particuliérement avec les écoles
d’Edesse, de Nisibe et de Gondeshapour .

Ces groupes ethniques ont subi , a toutes les époques de leur longue histoire ,
I’influence des cultures dominantes . La culture hellénistique a marqué

3 . Bemerkungen iiber die nabatdishen Schriften und eine beabsichtegte Herausgabe derselben ,
in Géttinger Nachrichten , 1857 ,p. 141 sqq.; id ., Zur weiteren Wiirdigungen der
Nabatdischen Schriften . loc . cit ., 1861 ,p .89 sqq .

4 . Revue germanique , 10 /1860 ,p . 162 sq .
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L' un des écrits les plus contestés du patrimoine scientifique arabe , c'est
al- FilBha n - nabatiyya . De Quatremere (1835) qui y voyait la traduction
d'un ouvrage chaldéen de 1'époque de Nabuchodonosor II ( 605 562 av.j. -
c¢.), 2 David Chwolson ( 1859 ) qui la faisait remonter au plus tard au début du

XIV® s. avant J. - C.,2 Emest Meyer ( 1856 ) qui la plagait au I°T siecle apres

J. - C., 2 Emest Renan (1860) qui la situait aux M€ 1V s. de I'2re chrétienne,
en milieu sabéen et plus précisément mandéen ,a Alfred von Gutschmid (1861)
qui affirmait avec force arguments que les écrits nabatéens n'étaient qu' une

forgerie de 1'époque musulmane ( début du IX® s. . en tout cas pas avant 700),2
Theodor Noldeke (1875) qui apporte de nouvelles preuves en faveur de la

these de von Gutschmid , situant cette forgerie au début du IV® / X s. , cette
compilation suscita de nombreuses interrogations '. Du coup que lui assénérent
von Gutschmid et Néldeke , elle ne s' est pas encore relevée; car , jusqu'a
aujourd ' hui , certains orientalistes allemands , en particulier M. Ullmann , s'en
tiennent 2 leur position . Tandis que d'autres orientalistes , comme Eilhard
Wiedmann ( 1922 ) , Martin Plessner ( 1928) , E . Bergdolt ( 1932) . G. O. S.

Darby ( 1936 ) plaident pour une réhabilitation d' al - Fildha n - nabatiyya *.

Je ne voudrais pas m'attarder sur cette question pour ne pas m'éloigner du
sujet de cette contribution ; je me contente seulement de vous préciser ma
position sur ce sujet , afin que la suite soit bien comprise .

Je me rallie 2 la thése d' E. Renan , situant l'original de cet ouvrage aux

11° - 1V 5. de I'ére chrétienne , thése explicitée par G. H. EWALD , en 1861,

qui écrivait que les écrits attribués a Ibn Wahsnyya ( au nombre de 5) devaient
étre considérés comme le résultat de remanicments et de retouches successives
de matériaux scientifiques et pseudo - scientifiques antiques , conservés ,
amplifiés et modifiés par I'hellénisme syrien et alexandrin et véhiculé jusqu'a
I'époque des traducteurs de Bayt al - Hikma , soit par des documents grecs , soit

*  Université des Sciences Humaines Strasbourg . paper given at the Fifth International
Symposium for the History of Arabic Science . GRANADA , 30 March - 4 April , 1992 .

1. Sur cette querelle autour de I' Agr. nab ., voir les détails dans notre art . sur Ibn Wagﬁiyya
dans la nouvelle Encyclopédie de I’ Islam 111, PP . 988 - 90 .

2. Cf.références loc . cit .

J.H.A.S5.1995-96-97:Vol11:PP.21 -31.
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could be converted from an undershot into an overshot wheel . The passage
reads as follows: *°

when the water which moves it is scarce they take a thick log of some
ten palms in circumference by seven cubits long. They saw it into two
halves and hollow out each half from one end up to half a cubit before
reaching the other. Both pieces are joined and in the solid end they make
a hole as wide as a donkey's hoof . They erect it over the canal so that
the end which has the hole rests on the wheel’'; the water exits forcefully
( bi'l quwwa ) through the hole in the log , strikes the teeth ( amshat ) of
the wheel , and mill begins to turn .

The Passage is interesting because it demonstrates that vertical mills were

perceived as more efficient than horizontal ones and that local millers knew the
technology . In any area like the Balearic Islands where the noria was widely
implanted , all local carpenters knew how to make dawlab / s .

49

50.

51

. Al - Qazwini , Kosmographie , ed . Wustenfeld , II , 381 . See comments on this mill by E .
Weidemann , " Uber ein arabisches , eigentimliches Wasserrad und eine
Kohlenwasserhaltige Hohle auf Mallorca nach al- Qazwini , "
Mitteilungen zur Geschichte der Medizin und der Naturwissenschaften , 15 (1916 ), 368 -
370 ( drawing on P . 369) ; R . J . Forbes , Studies in Ancient Technology , vol .II ( Leiden ,
1965) , p . 92 ; and Terry Reynolds ,Stronger than a Hundred Men : A History of the Vertical
Water Wheel ( Baltimore , 1983 ) ,P . 119.

Here I follow the translation of José Alemany Bolufer , La geografia de la Peninsula Ibérica
en los escritos arabes ( Granada , 1921 ), p . 135, emending it from the Arabic text where
the context requires .

Bolufer translates rodete which would indicate a horizontal wheel ; but the Arabic text has
dawlab which surely indicates a vertical wheel with a horizontal axis , and that is how
wiedemann draws it . Both Reynolds and Forbes give the impression that this was a
standard horizontal mill convertible into a vertical overshot mill .
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Repartiment of Valencia , for example , lists several hundred mills , including
forty three in the huerta of Valencia alone *’. The problem is that there is no
way to tell what kind of mills these were . In the present state of knowledge , all
are presumed to have been horizontal mills because there is no clear
documented instance of a vertical mill , nor any archeological remains of one
in the Valencia Community . The Arabs surely introduced the vertical mill in
al- Andalus both for the milling of grain and for industrial uses . The vertical
mill diffused northward into Castile , with the name of acefia ( from Arabic ,
saniya ) which always denotes verticality in medieval Castilian documentation .
Not only were acerias semantically differentiated from horizontal mills
(molinos de rodezno ) but their geographical distribution followed a
characteristic pattern , with acefias located on large rivers and horizontal mills
on smaller streams . owing to the different hydraulic requirements of each *.

There is a question , therefore , of why vertical mills were apparently
unknown in medieval Valencia and what was the nature of the industrial mills
(for fulling , mainly ) which are documented there *’. In the huerta of Valencia
, where all mills were built on irrigation canals which supplied water to them
with optimal head , under controlled velocity , the solution to the need for more
power was s.mply to add additional millstones in the same mill house ;
therefore some mills had three , four or up to eight horizontal millstones all
grinding at the same time , doing the work that a large vertical mill could do,
but without the cost of building and maintaining gearing mechanisms . Still ,
although it is possible to run a trip - hammer off a horizontal wheel , the
gearing is complex enough to discourage this method .

Undershot vertical mills run well on irrigation canals , but none are
documented There is an interesting literary reference to an undershot mill in
Waluta ( probably Adra ) , Mallorca , another area where all of the documented
medieval mills ( 162 of which are mentioned in the Repartiment ) appear to
have been horizontal **. The interest of this mill , described by al Qazwini ,
quoting a now lost passage from al - Udhri , is that when water was scarce it

45. Vinceng , M. Rosssello , * Els molins d' aigua de 1' Horta de Valencia , "in Los paisajes del
agua ( Valencia / Alicante , 1989 ), PP . 317 -345,0nP.319.

46 . Luis Miguel Villar Garcia , La Extremadura castellano - : Guerreros , clérigos y
campesinos ( 711 - 1252 ) ( Valladolid , 1986 ), P . 335, note 123 .

47 . 1hav&discussed this problem in " Molins d' aigua a I' Horta medieval de Valencia , " Afers ,
9(1990),9-22.

48 . On traditional horizontal mills in medieval Mallorca , see Miquel Barcelo " Els molins de
Mayurqa, " in Les Illes Orientals d’ Al - Andalus ( Palma de Mallorca , 1987 ), PP . 253 -
262 , a study of the mills mentioned in the Repartiment ; he does not mention Qazwini’s

mill . See also , Helena Kirchner , et al ., " Molins d' origen musulma a Banyalbufar , "
Estudis Balearics , IV ,no .21 (June 1986),77 - 86 .
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Table 6
Distribution of norias , Old Castile
1. Valladolid 842
2: Burgos 133
3. Palencia 108
4. Logrofio 67
5. Segovia 57
6. Soria 52
TOTAL 1. 259
Table 7
Distribution of norias , Andalusia
1. Almeria 668
2 Cordoba 647
3. Jaén 452
4. Granada 43
TOTAL 1. 810

What generalizations can be drawn from these figures? First , there is a
relationship between the relatively high density of Muslim settlement in new
Castile ( particularly La Mancha ) , the Levant , and the Balearic islands and the
incidence of norias there . Second , certain regions such as Catalonia and old
Castile received the technique by diffusion and not via continuity with Muslim
sites . Third , the intensity of noria use in La Mancha is no doubt owing more
to its peculiar hydrological circumstances ( shallow and high yielding water
tables ) than to the density of Muslim settlement per se . Nevertheless , from
archeological evidence we know that in this area the Muslims replaced a Roman
canal based irrigation system with another one based entirely on wells and

norias *.

(b) Mills . In contradistinction to the case of norias , mills are heavily
documented in the Libros de repartimiento ; because of their value to the state
as taxable monopolies , none escaped the notice of the king's surveyors . The

43 . Guichard notes as an open question the significance of the diffusion of the noria well
beyond areas of dense and long lived Muslim settlement ; Les Musulmans de Valence
(note 13, above ),I,16-17.

44 . Almudena Orejas Saco del Valle y F. Javier Sanchez Palencia " Obras hidraulicas romanas y

explotacion del territorio de la provincia de Toledo , " in El agua en zonas aridas ( note 15 .
above ),1,43-67,0nP.59.
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Table 3
Distribution of norias , Levant
1. Castellon 4 .083
2. Valencia 2. 000
3. Alicante 566
4. Murcia 503

TOTAL 7.152

Table 4
Distribution of norias , Catalonia / Baleares
1. Baleares 3. 540
2 Gerona 505
3 Tarragona 387

TOTAL  4.432

It is interesting to note that Leon ( Table 5 ) with 2195 norias counted
ranks far ahead of the Islamic heartland of Andalusia ( Table 7 ) , with only
1810 norias , although this total is undoubtedly too low because only figures
for four provinces are provided in the survey . Even Old Castile ( Table 6 ;
1259 norias ) compares favorably with Andalusia , and the province of
Valladolid ( 842 norias ) ranks higher than any Andalusian province . In Leon,
more than seventy per cent of all norias were located in the province of
Zamora,which was a kind of transit point for the diffusion of Islamic
techniques northward to the Christian heartland . The city was famed for its
acenas (sdniya / s ) , vertical water mills located in the city of Zamora on the
Duero river . It may well be that the region of Tortosa which accounts for
nearly half ( 176) of Tarragona' s 387 norias , played a similar role in the
diffusion of Islamic techniques to Catalonia .

Table 5
Distribution of norias , Leon
1. zamora 1.552
2 Leon 338
3. Salamanca 305

TOTAL 2.195
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Table 1

Distribution of norias , 1918
( Rank order by Province )

1. Ciudad Real
2. Castellon
3. Baleares
4. Toledo

5. Valencia
6. Zamora

7. Madrid

8. Caceres

9. Valladolid
10. Almeria
11. Cordoba
12. Alicante
13. Gerona
14. Murcia
15. Jaén

* Estimate of reporter .

Source : Ministerio de Fomento , Medios que se

21.006

—— e NN WA

suministrar el riego . 2 vols . ( Madrid , 1918 )

Nevertheless the gross figures reveal some interesting patterns . First , the
provinces of New Castile ( Table 2 : Ciudad Real , Toledo , Madrid , Cuenca
and Guadalajara) had by far the greatest concentration of norias , 22 , 553 ,
with the Levant provinces of Castellon , Valencia , Alicante and Murcia in
second place with 7152 (Table3 ) *“’. The Levant ,of course , is a place more
characterized by gravity flow irrigation in canals,whereas in La Mancha
(Ciudad Real and Toledo ) the preponderance of all irrigation was by noria .
The third-ranked region includes Catalonia and the Balearic islands (4453;Table4).

. Table 2
Distribution of norias

Ciudad Real
Toledo
Madrid
Cuenca
Guadalajara

DB WN -

42 . The figure for Murcia seems unusually low

, New Castile

TOTAL

. 083
. 540
. 750
. 000*
. 552
. 432
. 010

842
668
647
566
505
503
452

15

utilizan para

. 006
. 750
. 432

336
29

553
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5 . Hydraulic Technology : Some Observations
I have written elsewhere about recent developments in the history of
hydraulic technology in al-Andalus *. Here I wish to refer only to two
techniques , the noria and the water-driven mill , in order to focus on problems
of analysis and interpretation of very disparate evidence .

(a) Geographical distribution of norias . The animal powered noria
was virtually ubiquitous in Spain until the completion of rural electrification in
the 19408 and 50 S . Since that time , it has virtually disappeared and all that
can be studied in the field are the physical characteristics and distributions of
the wells to which they were attached . The noria was a technique closely
identified with the Arab conquests as a medium of diffusion . In its most
common form , a hydraulic wheel moved by animal traction which lifts water
from a wheel by an endless chain of pots , it was probably developed in late
antiquity in Egypt . The Arabs then diffused it east to Spain and west to
northern India in the course of their conquests and colonization . Thus the
distribution and incidence of noria sites might well be expected to correlate
with density and longevity of Muslim settlement .

Therefore geographical distribution is an important consideration ,
inasmuch as wherever and whenever the noria was introduced on a large scale it
enabled single family farming units to make the transition from subsistence to
market agriculture , creating thereby a series of a small agricultural revolutions
along the path of its diffusion . The Libros de repartimiento are disappointing
when it comes to norias ; relatively few are mentioned , possibly because of
their very universality . Therefore , we have no notion of the distribution of
norias at the beginning of Christian settlement .

In 1918 the Ministerio de Fomento surveyed water resources throughout
Spain , as a result of which norias were actually counted *'. It is clear that the
methods of counting varied from province to province and that one cannot , in
each case , be sure whether all norias were counted or whether traditional
(norias arabes ) were aggregated with iron or electrified norias . Where
possible I have counted animal traction norias , whether made of wood or
iron. Table 1 is a rank ordering of the fifteen provinces recording the greatest
number of norias . For some provinces or judicial districts ( partidos judiciales)
no figures at all are supplied for norias . Therefore when comparing provinces
or regions of the peninsula it is difficult to know what exactly is being
compared .

40. Thomas F . Glick , " Regadio y técnicas hidraulicas en al - Andalus : Su difusion segun un
eje Este - Oeste , " in La cafia de azucar en tiempos de los grandes descubrimientos , 1450 -
1550 (Motril , 1989 ), PP . 83- 98.

41 . Medios que se utilizan para suministrar el riego . 2 vols . ( Madrid , 1918 ) .
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practice reflected in many north African and Spanish irrigation systems *’.

4 . Two administrative models .

The Christian successor irrigation systems of the later middle ages display
two models of administration , one tribal , the other municipal . The tribal
model is documented directly in the case of irrigation systems in Mudejar
communities where councils of elders (shyfikh) are depicted as making
administrative decisions . In canals established by Muslims but settled wholly or
mainly by Christian settlers a different administrative model had to be
substituted for norms of tribal governance , because the christians , of course,
lacked such structures . Thus autonomous irrigation communities were
organized like craft guilds with similar officers holding authority delegated by
the entire community , enforced by a structure of monetary fines , a system
which was surprisingly successful at replicating tribal social solidarity and a
consensual , customary system of social control in the limited domain of water
allocation . The second model is found in municipally - controlled canals :
typically a small town with one main canal ( acequia madre ) whose
administration is in the authority of the town council . It is clear here that the
irrigation officials are modeled after their Islamic predecessors : namely the
sahib al sdqiya ( Cavacequia ) in medieval Aragon and Valencia ) , the amin
al - ma@ ' ( alami of Elche and Novelda ) or , in Andalusia , the ¢ddi al ma
(alcalde de las aguas , in Castilian ) **.

In Christian medieval practice , the models tended to become blurred and
the séquiers acequieros in autonomous and municipally controlled systems had
very similar attributes : they had ( like all dependencies of the gadad’ )
unipersonal jurisdictions and could impose fines summarily for all but major
offenses . To return to Mugzaffar and Mubdrak , they could not have split a
jurisdiction in the huerta of Valencia ; each must have been sahib of one
sdqgiya . The alternative , some kind of centralized irrigation bureau set up
ephemerally by the Amirids , would have been extremely atypical , for as we
have noted , control of irrigation in al - Andalus was local . Although the
evidence we have for irrigation in al Andalus is mostly of an inferential nature
, archeological evidence supports this picture and no documentary evidence
contradicts it . The nature of post - conquest Christian institutions has direct
bearing on its Islamic predecessor because of the ultra - stable nature of this
kind of institution . Post - conquest evidence can therefore be used as if it were
an archeological artifact **.

37. Ibid.,P.80.
38 . Glick, Irrigation and Society in Medieval Valencia , PP . 198 - 206 .
39 . Glick , " Sentido arqueologico " ( note 26 , above ) .
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rather give " norm and form " to local custom . Thus Muhammad's stricture
that the right to water is not unlimited for any individual but extends only to
the watering of a field to the depth of the irrigator's ankles no doubt reflects a
customary norm and not his ad hoc invention ’'; this ankle rule , incidentally ,
is current in customary irrigation in southern Spain , an inheritance of Islamic
custom , in this case . Likewise , the fact that Umar, when establishing land
values for the Kharaj used different criteria for rating lands and crops in parts
of Syria and Iraq , may reflect not only his own fiscal concepts but , more
likely , preexisting legal structures , reflecting provincial law in the Byzantine
and Sassanid empires *’. Mawardi states that Umar took into consideration four
ways in which crops received water . But tax codes in antiquity had not only
taken such distinctions into account but used them in order to encourage
irrigation , as in the laws of Diocletian ( fourth century A.D.) which some
authors have portrayed as a stimulus to the diffusion of norias ** .

Some further particulars may be gleaned from the Nawazil of al
Wansharisi , a collection of farwas by a fifteenth-century Algerian jurisprudent ,
reflecting Andalusi practice **. Two of the farwas deal with the issue of
priorities of water right and in each case al - Wansharisi invokes the very
widespread and ancient principle or Roman ( and other ) law that antiquity ( of
possession ) creates the right ( the first in time , first in right principle of prior
appropriation ) . In one case , hadith is cited , but no doubt this is an instance
of a Muslim sanction applied to an old and universal principle **. Another
decision relates to whether a wagf may sell rights to excess water that it does
not need . Wansharisi says it may *°. This decision may well have as its referent
the particular hydrological situation of certain areas of North Africa and Spain
where the alienation of water is customary ( wherever water is distributed by
unit of time ) ; such a principle could not be applied generally because in
systems ( which I have called Syrian on the model of the allocation principle
of the Barada river in the Ghuta of Damascus ) where water is distributed with
no measure of time , even usufruct cannot be alienated . A final example deals
with the form of irrigation turns . Here Wansharisi in fact invokes customary ,
not Islamic , law when he observes that by consensus ( ijma‘a ) irrigation turns
proceed from top to bottom , that is , from the head of the canal to the tail , a

31. Al -Mawardi, Les statuts gouvernementaux ( Ahkam al - Sultaniyya) , E . Fagnan , trans .
(Algiers , 1915) ,P . 158 .

32. Ibid.,PP.312-315.

33. John Peter Oleson , Greek and Roman Mechanical Water - Lifting Devices : The History of a
Technology ( Toronto , 1984 ),P .379 .

34. Lucie Bolens , " L'irrigation en al - Andalus : Une société en mutation , analyse des sources
juridiques ( Les ' Nawazil ' d "’ al - Wansharisi ) , in El agua en zonas aridas ( note 15 , above ),
1,71-94.

35. Ibid.,PP.80,84.

36. Ibid .,P.79.
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measurement units ( e.g .,Valencian fila ; Arabic Khait ) *’. To map them would
make possible not only comparative study but also the reconstruction of
systems for which there is no Islamic period documentation . The creation of
such a linguistic atlas would not be difficult because questionnaires could be
circulated through the irrigation bureaus of ministries of agriculture in the
various countries in question .

3. Water Law .

The formal law of water , whether Roman . Islamic or any other , encodes
widespread traditional norms and practices which were fairly standard ,
common to all civilizations of antiquity and widely diffused throughout the
Mediterranean basin.Specific practices in Islamic Spain and North Africa ,
however , may be presumed to represent not norms of Islamic law but rather
those of Late Roman Provincial Law which in Crone's conception refers to non-
Roman law or , rather Roman law with inflections or modifications reflecting
the customary practices of the indigenous communities of the Roman
empire *. Problems of interpretation here are massive , inasimuch as such
regional variations are thinly documented . Two examples of this kind of
problem will suffice . First is the much commented Latin inscription at
Lamasba ( Ain Merwana , Algeria ) , which records an irrigation turn at a
military colony which most likely embodies the practice of local Berber
irrigators , with some patina of Roman law on top of it ( but that patina might
just have consisted in the formalization of in writing of a customary practice *’.
Second , is the ethnographic study of traditional Berber irrigation systems in
the Atlas and anti-Atlas which establishes the priority of upstream irrigators
over those downstream which contravenes the norms both of Roman riparian
law and of Islamic water law **. Here is an appropriate example of the
persistence of provincial custom which differs considerably from the wider
systems of legal norms in which they were implanted .

It seems quite clear that certain provisions of fzadi-th or shari‘a relating to
water law reflect not the momentary whim of the Prophet or a Caliph , but

27. On Arabisms in Spanish irrigation terminology , see Glick , Irrigation and Society in
Medieval Valencia , PP. 217 - 229 .

28 . Patricia Crone , Roman , Provincial and Islamic Law : The Origins of the Islamic Patronate
(Cambridge , 1987 ), especially PP . 1,15 .

29 . Brent D. Shaw, " Lamasba : An Ancient Irrigation Community , " Antiquités Africaines . 18
(1982 ), 61 - 103 ; Miquel Barcelo , " La questio de I'hidraulisme andalusi , " in Les aigues
cercades ( note 16 , above ) , PP.9 - 36 . on P . 16 ; and Thomas F. Glick , " Las técnicas
hidraulicas antes y después de la conquista , " in En torno al 750 aniversario : Antecedentes
y consecuencias de la conguista de Valencia , 2 vols . (Valencia , 1989) ,1, 53 - 71, on PP.
62-63.

30. Glick, " Sentido arqueologico " ( note 26 , above ) , P . 167 .
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of the settlement of a water dispute on the Palancia river in 1223 **. There are
also quite a few documents from late medieval Granada which survive in
Spanish translations made directly after the conquest of 1492 *. Some
additional material of a notarial nature survives in Arabic documents of late
medieval Mudejars *. Historical , geographical and even literary sources
provide diffuse materials , some of which is surprisingly interesting and most
of which is difficult to interpret because we are dealing mainly with anecdotes
whose technical context is not provided . For example , Ibn Bassam claims to
quote a philosopher ( possibly Aristotle , according to Vemnet ) on the
biophysics of the testicles which , the philosopher says , function like to
counterweights helping to keep the body in equilibrium , just like the weights
which hang from the gates placed in irrigation canals , which open when there
is a lot of water and close if there is only a little ; if one cleaves too much ,
more weight is placed on the other . The hydraulicist seeking to interpret this
passage has little to go on , except that , in a general sense , all manner of
devices were used to ensure that currents of irrigation water maintain their
traditionally-established proportionality . These homespun devices of
traditional technology rarely appear in formal treatises .

8 . Geographical distribution of technical terms . Elsewhere I have
remarked that the creation of a linguistic Atlas of irrigation terms in the Islamic
world ( after the fashion of the Linguistic Atlas of Andalusia ) would be a
powerful tool in the interpretation of irrigation history **. Certain terms , widely
distributed throughout the Islamic world . establish the historical filiation of the
practices represented as well as suggesting the routes of their diffusion
In particular , the terms for irrigation turn , which in Spain are all Arabisms (e.
g . dula , Arabic dawla ; ador , Arabic daur ; martava , Arabic , martaba),
record specific families of operating procedures. The same is true of

22 . See Glick Jrrigation and Society in Medieval Valencia , pp . 198 - 199 .

23. As examples , see the sixteenth century spanish translations of fourteenth century
Arabic documents relating to the division of the Abrucena river reproduced by Manuel
Espinar Moreno , " Reparto de las aguas del rio Abrucena ( 1273? 1420 ., " Revista del
Centro de Estudios Historicos de Granada y su Reino , 2nd epoch ,1 (1987) . 69 - 94 , on
pp 89-94.

24 . For example ,Angel Gonalez Palencia , " Notas sobre el regimen de aguas en la region de
Veruela en los siglos XII y XII, " Al - Andalus , 10 ( 1945) , 79- 88 .

25 . Cited by Juan Vemet , " Perdigon : Los conocimientos de un hombre culto en la Zaragoza
del siglo XI " ( typescript ) .

26 . Thomas F. Glick , "El sentido arqueologico de las instituciones hidraulicas.Regadio bereber
y regadio espaiiol , " in II “rnadas de Cultura Islamica ( note 18 , above ) , pp . 165
171, on p. 170 .
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does not tell us anything about the fine structure of the social organization of
water . For this we must have access to documentation about the operating
procedures whereby water was distributed to irrigators . In the methodology
which I follow , it is understood that such procedures embody the social values
and economic priorities of the irrigators ( and , more broadly , of societies and
cultures ) . Some groups will choose a very efficient manner of distributing
water , while others prefer distribution that , while not as efficient as possible ,
will ensure equity or justice in apportionment . In general terms ., equity loses
out to efficiency as climates become more arid and water is scarcer '°. Certain
kinds of documents permit this kind of analysis :

4 . Inquests . There is some documentation in which Muslim irrigators are
asked by christian officials for details concerning the nature of water allocation
arrangements . The most detailed is that of Gandia (1244) in which allocation

of river water among various settlements is specified *°.

5 . Litigation . In court cases from the fourteenth and fifteenth centuries (in
the kingdom of Valencia , for example ) , irrigators gave testimony as to the
nature of operating procedures of their communities and canals . The
testimony of Muslim irrigators was , in certain areas , particularly valued
because it was felt that they had access to the oldest ( and therefore the most
legally valid ) information *'.

6 . Ordinances of irrigation communities or procedures of the municipally
administered canals ( as recorded in municipal ordinances ) . such medieval
ordinances may or may not faithfully reflect practice in Islamic times .
Although ordinances provide detailed information about operating procedures,
the administrative model underwent a significant change , as I will discuss
below .

7 . Arabic sources . very few survive . One of the most useful is the record

19 . Noted by many students of irrigation , beginning with Jean Brunhes'classic comparative
study of irrigation systems in southern Spain and North Africa ( L'Irrigation , ses
conditions géographiques , ses modes el son organisation dans la péninsule ibérique et
dans I'Afrique du Nord , Paris . 1902) .

20. Roque Chabas , Distribucion de las aguas en 1244 Y donaciones del término de Gandia por
D.Jaime I ( Valencia , 1898 ) .

21. On the use of litigation documents to reconstruct the operating procedures of irrigation
systems , see Glick , Irrigation and Society in Medieval Valencia , passim . on the
testimony of Mudejar irrigators , Glick , "Hidraulica i politica hidraulica a la Gandia de
Joanot ", in press .
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the Libros de Habices which provide some information on the distribution of
irrigation water °.

2 . Archeological inspection of irrigation systems ( mainly abandoned
ones ) . Archeological research is of obvious importance for the study of the
physical properties of hydraulic systems , not only when physical structures
such as ganats '°. canals and mills are concerned , but also in evaluating the role
of irrigation in a given community judged by the layout of the system of dams,
canals and fields . Based on the methods of " extensive archeology " ., for
example , Barcelo has formulated interesting hypotheses comparing hydraulic
layouts in feudal catalunya with those in Islamic Almeria '’

3 . place names may sometimes furnish important information regarding the
social allocation of water . Therefore the distribution of water through
secondary feeders to settlements with Beni - names in places like Murcia and
Gandia have been taken as evidence for a tribal model of water allocation'’.

Archeological and toponymic evidence , however , just like the land
registers ,

15 . Certain properties are specified as having so many hours or minutes an irrigation turn , or
dula, although how such turns were actually organized can not be guessed on the basis of
this documentation . See Manuel Espinar Moreno , Thomas F.Glick and Juan Martinez Ruiz,
" El término arabe dawla " turno de riego ", en una alqueria de las tahas de Berja y Dalias :
Ambroz ( Almeria ) , in El agua en zonas aridas , 2 vols . ( Almeria ,1989 ),1, 123 - 141 .

16 . On qanats , see Les aigies cercades ( Els qanat (s) de 1'llla de Mallorca ( palma , 1986) ; and
Miquel Barcelo et al . , ” Arqueologia : La Font Antiga de Crevillent : Ensayode descripcion
arqueologica , " Areas : Revista de Ciencias Sociales (Murcia), 9 (1988),217 - 231.

17. The mill is located at the heads of waterworks in catalunya . with the irrigation canals
coming as a kind of afterthought; while in Almeria, the irrigation of fields comes first , and
the mill is the last served . See Miquel Barcelo . " La arqueologia extensiva y el estudio de la
creacion del espacio rural " in Barcelo. ed ., Arqueologia medieval : En las afueras del
" medievalismo " ( Barcelona , 1988 ) pp . 195 - 274 . on pp . 236 - 242 . According to
Barcelo , the layout reflects the preeminence of communitarian values in al - Andalus and of
feudal values in Catalonia . The hypothesis is interesting , but it occurs to me that such
arrangements might well have hydraulic rationales as well : in arid regimes like those of
Almeria , characterized by irregular flow and torrential rains , an exposed mill would run the
risk of physical damage ; by locating at the end of a canal system , risk of damage is
minimized and the controlled flow of water that millers prize is more assured .

18 . The phenomenon was first noted by Pedro Diaz Cassou , La huerta de Murcia (Murcia,1887),
pp . 157 158 . The research was repeated by Julio Caro Baroja , " Regadios y
agnaciones . " in Il Jornadas de Cultura Islamica . Teruel 1988 (Madrid , 1990 ), pp . 161
164 , a curiously dated article which cites no recent work on spanish irrigation systems .
On Murcia , André Bazzana and Pierre Guichard , " Irrigation et Société dans I'Espagne

orientale au moyen age",in L'Homme et I'cauen Méditerranée et au Proche Orient . ]J.
Metral and p. Sanlaville , eds . (Lyon, 1981 ), pp. 115 140, 0n PP. 128 - 120.
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with the labour force of fellahin who were necessary to keep them in good
order '’ . In contrast , Guichard maishals evidence in support of quite a
different picture: that of decentralized communal irrigation systems which
hardly supports a Wittfogelian interpretation , as I have mentioned above *’.

Wittfogel is important not so much because of his global theories of
political organization but rather because , first , he provides a ready made
framework for comparative analysis , even places within the Islamic world
which includes irrigated regions representing different kinds of climatic
situations from arid , to semi - arid , to temperate . Secondly , Wittfogel focuses
the problem of irrigation on its social and political requirements and
organization . It takes ecological adaptation ( which involves necessarily the
application of technology) as the starting point both for the elaboration of a
typology of social organization and as a means to explain cultural and social
change '*. It legitimizes in a very broad context the historical study of irrigation
and hydraulic technology .

2 . Evidence for the study of irrigation in Islamic spain

In general , because of the lack of pertinent documentation , irrigation
systems of al - Andalus can only be studied either from documents of the
christian middle ages , after the conquest , which may record institutional or
technical features inherited from the Muslims , or by archeological study of
irrigated sites . One set of evidence pertains mainly to the gross economic
structure of irrigated areas and of agricultural society in general , but has little
to say regarding the social distribution of water although certain hypotheses
may be generated . This includes :

1 . Land registers . The Libros de repartimiento ( Catalan , repartiment ) ,
which were registers of grants to christian settlers of properties formerly owned
by Muslims , provide a glimpse of the structure of property holdings on the
eve of the christian conquest , the division between irrigated and unirrigated
lands , and the presence ( or absence ) of hydraulic devices , in particular mills .
In the case of Nasrid Granada . there are inventories of waqf properties , called

12 . Fenand Braudel , The Mediterranean and the Mediterranean World in the Age of Philip II , 2
vols . ( New York , 1972-73),1,75.

13 . Pierre Guichard , Les musulmans de valence et la Reconqu?."le ( Xle - Xllle siécles ), 2 vols .
(Damascus , 1990 - 91 ), I, 228 - 232 , commenting on Goody , Evolution of the Family and
Marriage in Europe .

14, See Jacinta palerm Viqueira , "Sistemas hidraulicos y organizacion social , "Symposium on
Hydraulic Systems , Modernization of Agriculture and Migration ,Toluca (Mexico ) . 1991
(typescript ) . Palerm points out (p. 8) that Wittfogel distinguishes between " unicentric"
complex societies , such as those of pre - classical antiquity , where irrigation generated
despotic forms of government and pluricentric societies where a variety of political and
social structures were generated .
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first kings of that Taifa state . But we have no notion whatever of what that
jurisdiction entailed , although I will hazard a guess below °.

When the christians conquered al Andalus , according to Wittfogel , the
institutional divide was crossed again , returning the country to the modes of
governance typical of pastoral social organization . Again , some of the gross
features of post reconquest Spanish polity and economy fit wittfogel's
preconceptions , for example the predominance of the Mesta or sheepherders
guild , a symbol of the replacement of labor intensive irrigation farming by

labor - extensive cattle breeding’ .

Here Wittfogel's sources , practically limited to Julius Klein's study of the
Mesta'® and the outdated nineteenth - century accounts of Laborde and
Prescott, are not the best . We now know , for example , that irrigated areas such
as the Campo de Cartagena were in fact converted to dry farming and herding
and canals actually filled in . But such evidence is in fact atypical .The
Christians began their occupation of al-Andalus by compiling huge land
registers , the Repartimientos a typical agro managerial instrument'’; and
even though the fragmentation of jurisdictions so characteristic of feudal
governance made coordination in hydraulic matters extremely difficult , the
royal authority in the kingdom of Valencia was able to mount in the Acequia
real del Jucar an irrigation system far more extensive than any canal system
surviving from Islamic times . Therefore , it is possible to make a case for
crossing the institutional divide but with Wittfogel's terms reversed , whereby a
decentralized society with a tradition of fairly independent local rural
economic units was replaced by a fcudal society , but one with strong
tendencies towards centralization of power in the monarchy which , in the
crown of Aragon in particular , was stimulated by the revival of Roman law .

Recently Wittfogel's view has reoccurred in a polemic over the social
organization of rural al - Andalus , in this case , the Valencian region , or sharq
al- Andalus generally . The anthropologist Jack Goody , applying a Wittfogel
style model to Islamic Spain assumes the servile condition of peasantry in
irrigated areas , a construction that Pierre Guichard associates with Braudel's
dogmatic notion that /n Spain the traveller passing from the secanos to the
regadios —from the dry to the irrigated zones- left behind a relatively free
peasant to find a peasant slave. Spain had inherited all the great irrigation net~ -
works from the Moslems after the Reconquest , taking them over intact along

8 . See Glick , Irrigation and Society in Medieval Valencia ,p . 198 .

9 Oriental Despotism , p . 218 .

10 . Julius Klein , The Mesta : A study in Spanish Economic History , 1273 - 1836 (1920 ) ( Port
Washington , Ny , 1964 ) .

11 . Wittfogel notes the importance of agromanagerial instruments such as the Domesday Book ,
the great land register of Norman England ( oriental Despotism , pp . 213 - 214 ) , without
noting the parallelism between it and the Libros de Repartimiento .
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Aprotoscientific system of irrigation and gardening was supplemented by an
extraordinary advance in the typically hydraulic sciences of astronomy and
mathematics. Contemporary feudal Europe could boast of no comparable development’.

Wittfogel's sources were quite old but worthy for the times . For general
information he depended in great measure on Dozy , although he had more
appropriate sources for the finer points : on appointed officials and mercenary
army , Andalusi chronicles reproduced in Spanish translation by Sanchez
Albornoz , as well as the discussion of Lévi provencal ; on Andalusi
agronomy , astronomy and mathematics , Aldo Mieli's La science arabe
(1938). Nor has this picture substantially changed : if anything , Crone's view
of tribal militias replaced rather early , and precociously in al Andalus with
respect to the Islamic East , by a non tribally - based military organization ,
lend credence to Wittfogel's view of state organization typical of oriental
despotism °. Historians of science , of course , have further develobed the
extraordinary history of the exact sciences in al - Andalus , especially
astronomy , which is the hydraulic science par excellence in Wittfogel's view
because of the need for calendrical calculations that bureaucrats as well as
farmers require in order to maximize their scarce water resources . The
Andalusi agronomical school created a hlghly distinctive body of hterature ;
some of which ( notably the treatise of ibn al - “Awwam ) was oriented towards
irrigation agriculture .

Nevertheless , Wittfogel's view of Andalusi society is deformed by the
nature of the sources on which it rests , namely palatine chronicles and the
products of high scientific culture . In fact there is no evidence of any wide
scale hydraulic works directed by an agromanagerial bureaucracy . There was
nottung like an Iraqi diwan al ma' fi Indeed the heartland of the caliphate, the
campina de Cordoba , was a wheat - growing area , unirrigated . The results of
archeological studies of irrigated areas in eastern and southern Spain are
consistent with Samir Amin's tributary model ( which is in a sense agro
managerial in Wittfogel's sense but then so is almost any centralized tax
system ) , but the irrigation systems themselves appear to have been highly
localized and administered either by tribes , by autonomous communities of
irrigators not necessarily tribal , or by municipal administrations , with no
regional , much less imperial linkages among them ’. The only exception to
this general picture are the mysterious sagalzba Muzaffar and Mubarak , who
ascended from the office of wakalar al - sagiye of Valencia to become the

5.1Ibid.p.215.

6 . Patricia Crone , Slaves on Horses : The Evolution of the Islamic polity (Cambridge , 1980 ),
pp - 75, 255 note 577 .

7 . This view of irrigation systems serving communitarian interests ( even ahead of economic
ones ) is promoted by Guichard , Barcelo .
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Despotism ( 1957) . His general conclusion was that through a process of
environmental stimulus and institutional response , hydraulic societies
developed a distinctive kind of despotic regime ( a more finely defined version
of Marx's model of Asiatic society characterized by agro- managerial
bureaucracies , as well as by religions with complex priestly classes , the
development of science , in particular astronomy and mathematics which were
needed to analyze the hydrological cycle, and other characteristic social ,
institutional and cultural forms .

To establish a context for the present discussion , I wish to give a brief
synopsis of what Wittfogel had to say , not about antiquity , but rather about
Islamic civilization in historical times . Following Adam Mez , Wittfogel
concentrated on the ‘Abbasid empire , noting :

The number and variety of the great hydraulic areas that for shorter or longer periods
lay within the jurisdiction of the Baghdad caliphate : Egypt , South Arabia ,
Babylonia , Persia (northeast and south Transoxania and Afghanistan ) . All these
areas posed great irrigation problems , and the Arab sources note both the
technological means and the numerous personnel required to solve them .

The section of Mez that Wittfogel cites here is one that deals mainly with
the organization of irrigation in “Abbasid Persia , in particular the diwan al -
ma’ of Marw ’, a large bureaucratic office with ten thousand employees
overseeing a huge system of dams and canals,

Wittfogel also discussed Islamic Spain , in a section devoted to
agricultural civilizations crossing the institutional divide, By this he meant
various historical cases of societies that pass from one stage of human social
evolution to another as when non- hydraulic pastoral societies become
hydraulic societies . Spain provided Wittfogel with an excellent historical
laboratory in which to test his hypothesis® .When Spain of the pastoral, sheep -
herding Visigoths was conquered by the Muslims it became,in Wittfogel's view .

" a genuine hydraulic society , ruled despotically by appointed officials and taxed by
agromanagerial methods of acquisition . The Moorish army , which soon changed
from a tribal to a mercenary body , was as definitely the tool of the state as were its
counterparts in the Umayyad and Abbassid caliphates .

1. Wittfogel , oriental Despotism ( New Haven , 1957 ), p . 167.

2. Mez , El renacimiento del Islam (Madrid , 1936) , pp . 533 540 , especially pp. 534
535.

3 . See also Claude Cahen , "Le service de 1' irrigation en Iraq au début du Xle siécle , " Bulletin
d'Etudes Orientales ( Damascus ) , 13 ( 1949 50) , 117 143. For similar institutional
arrangements , Ann K . S. Lambton , " The Regulation of the waters of the zayande Rud , "
Bulletin of the School of oriental studies ,9 ( 19xx ), 663 - 674 .

4 . Oriental Despotism , pp . 214 - 219 .



Irrigation and Hydraulic Technology in Islamic Spain :
Methodological Considerations

Thomas F. Glick’

While a discussion of the history of irrigation systems may seem at first
glance tangential to the concemns of a meeting on the history of science and
technology , I will argue here that irrigation agriculture taken as a whole has
obvious technological ramifications . Obviously the development and diffusion
of the physical appurtenances of irrigation systems , such as dams , canals,
aqueducts , Qanats , siphons and so forth fall within the domain of
technological history as do lifting devices from the Archimedes screw and the
shaduf to the current - and animal driven norias . Noria technology is related
to that of milling , which also falls within our discussion . But I would also add
that the legal and institutional arrangements by which water is distributed for
use in irrigation canals and for mills is no less a technology , because such
arrangements have a direct impact upon the human use of a natural resource,
water , and any kind of mediation between society and natural resources is , by
definition , a technology . Emphasis on machinery and physical objects may
cause us to forget that the history of technology is the history of technical

ideas, whether those ideas are put into effect through physical objects and
processes or through social and institutional mechanisms . ( Thus , different
modes of allocating water affect the efficiency with which water is used for
agriculture.) In this broader sense , the history of technology is very close
conceptually to the history of science and to the history of ideas generally .

1 . Hydraulic Societies
Irrigation and hydraulic technology may be approached at a number of

levels , from the general to the particular . At it's most general , there is the old ,
but still pertinent ( particularly in Middle Eastern history ) debate over the role
of irrigation in the origin of civilizations and the nature of social and political
organization in so-called hydraulic societies. Social theorists of the past century
( Hegel first , and then Marx) and anthropologists of the present ( Gordon
Childe and Julian Steward were the most important theorists ) noted the
relationship between the bureaucratic requirements of water management (both
irrigation and flood control ) in arid regions and the origins of the high
civilizations of antiquity (Assyria , Babylonia , Egypt , the valleys of the yellow
and Indus rivers and , in the new world , Mexico and Peru ) . The political and
social ramifications of such hydraulic civilizations were then theorized by
Karl Wittfogel , a non - orthodox Marxist , in a famous book titled oriental
* Boston University . Paper given at the Fifth International symposium for the History of

Arabic Science , GRANADA , 30 March - 4 April , 1992 .
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