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0<9kt—14k2+1

(3k2— —;)2 > 4—3

9k4 — 14k2 4 1 1

16k2 <1

@r—3)2—8<0

ADEL ANBOUBA
1 49
(3k2 _T) iy +1>0

T V4 7 V40

3 ou 7 — 3k2> 3

3
714 4/ 40
9

3k2 —

et k2 >

k <\/7;_ V40 o

k> VievVa
3 3
Okt — 14k2 4+ 1 < 4k2 okt —18k2 +1 <0
3k2—3 < /8 dod k2<3_+3l_3‘ pour k> 1

3—3K2< /8 k2> 3—7\/3_ pour k<1

Vo Vo3
9 33V§<k< 9+3\/§

On pourra prendre par exemple, 0.240 < k < 0.273

par exemple,

Note: On trouve dans Diophante des exemples d’inégalités du second degré V, 30, 10.

1.217 <k < 1.393

k=015, k= 1.25.

Voir la discussion qu’en fait Heath, Diophantus, op. cit., pp. 60—65.

D’autre part la décomposition du trindme du second degré en un carré de binéme du premier
degré est explicitement attribuée & Diophante par al-Karaji dans al-Fakhri (Caire Ms 8663,
f. 22a, 24a) encore qu’on n’en voit pas d’exemple dans 1’Arithmétique de Diophante, éd. Tannery.

. 7.2
La considération que nous avons faite que la racine de (3r2 — 3*) est, suivant le cas

1 1
3k2 — 3 ou 3 — 3k2 est également faite par al-Karaji par exemple dans “Ilal hisdb al-
jabr w’al-mugdbala, MS Bodl. Oxford. I. 986, 3, f. 4a, 1. 1, et al- Fakhri, Caire MS 8663, f.

24a, 1. 1.



UN TRAITE D’AL-KHAZIN 155

4éme siécle H. comme le 3¢me d’ailleurs furent en effet une époque de recherche active o
Iesprit critique — que ’on voit poindre ici — avait tous ses droits. On pense A ces réunions de
penseurs et philosophes des 3¢me et 4&me siécles, oii chose inouie, des hommes de races, de
confessions, d’appartenances différentes mettaient leurs livres révélés de cbté, pour discuter
au nom de la raison.® Abii Ja“far se fait ici ’écho des critiques soulevées & propos de la théorie
des nombres et des recherches entreprises. Le fait qu’il nous propose de trouver quatre nom-
bres dont la somme est un carré et qui ajoutés deux i deux donnent un carré signifie sinon
qu’il en avait la solution du moins qu’il était sur la voie de la recherche. Ce joli probléme est
digne de figurer dans des commentaires sur Diophante comme en ont écrit al-Biizjani ou al-
Samaw’al. La solution que nous en donnons 4 la maniére de Diophante montre que le probléme
n’est pas au-dessu des possibilités d’AbG Ja‘far. Il s’agit de trouver des nombres possédant
les propriétés énoncées. On peut voir une solution par Fermat du systéme ax + b= [],
cx + d = [, ex + f = [, dans T. L. Heath, Diophantus, p. 321.

Probléme : Trouver quatre nombres dont la somme est un carré et qui, additionnés deux & deux
donnent des carrés.

Solution: Soient a, b, ¢, d, ces quatre nombres. Nous faisons @ = x2, b = — 2 mx + m2.
¢ = 2nx + n2, d = 2px + p2. desorte que a + b, a + ¢, a + d sont des carrés. La somme
a+b4ct+d=x2+2(—m+n+ p)x+ m2+ n2+ p2seraidentique a un carré, si nous

n,
prenons (m —n -+ p)2 — (m2 4 n2 4 p2) ou — 2mn—2mp + 2np = 0, m = ,ﬁ, éga-

lité vérifiée par une infinité de solutions (m, n, p) entitres ou rationnelles. Reste i égaler
b+ ¢, b+ d, c+ d, a des carrés

2(n—m)x+n2+m2  2(p—m)x+p2+ml 2(p +n)x + p2+ n2
Nous réduisons la difficulté en prenant deux de ces trois expressions égales. Il suffit de

1
prendre n = p. Faisons par exemple, n = p =1, dod m = 5

5 5
b+c=x+—4—, b+d=x+T, c+d=4x+2.

Il s’agit de rendre 4x+ 5 et 4x -+ 2 carrés.

4x+5 = u2
Posons

dx + 2 = 22

u2—>5

Don x = 1 ol u est rationnel,et u2—92=3, u et v rationnels.

u4v =3k
Posons 1

u—y =7, k rationnel.
Amsiu— S+l _%2—1 k1241

2k 2k 16k2
1 1

Condition b= —x+ >0, powr 0 <x< 5~

6. Voir al-Dabbi, Bughyat al-multamis fi tarikh rijal ahl al-andalus (Caire, 1967), p. 155.



154 ADEL ANBOUBA

entre les textes grecs de Diophante tels qu’ils ont été connus des Arabes et ceux qui sont conser-
vés de nos jours. En méme temps elle confirme I'affirmation émise par Roshdi Rashed que le
livre III du texte est conforme au livre III de la traduction arabe.?

Texte Cette proposition pourrait fournir un moyen de trouver quatre

42 nombres dont la somme est un carré et qui additionnés deux & deux donnent

des carrés. Car il convient de tirer des propositions préliminaires, leurs
conséquences immédiates sans chercher i augmenter le nombre de ces
propositions.? Que de résultats et de questions posées dans les proposi-
tions que Nicomaque nous a données dans la théorie des nombres (sing-
cat al-adad) et dans les Eléments qu’Euclide a transférés de la théorie
des nombres i ses trois livres arithmétiques, éléments qu’il a démontrés
au moyen de segments et qu’il a couronnés. par la recherche du nom-
bre parfait qui est le but supréme. Euclide a placé les nombres par-
faits dans la catégorie des nombres pairs car les arithméticiens ont
réparti les nombres pairs en trois classes: surabondants, déficients et
parfaits. Il n’auraient pas dii caractériser les nombres pairs par cette di-
vision puisqu’on a trouvé des nombres impairs surabondants et défi-
cients. On s’est demandé de méme s’il existe un nombre parfait impair.
Une autre question importante que I’on peut se poser c’est si le nom-
bre parfait peut se trouver dans certains “igid* et pas dans d’autres.
Car les commantateurs du livre de I’Arithmétique® ont dit qu’il y a un
nombre parfait dans chacun des ugid.(Mais tant s’en faut) car les lec-
teurs de ce livre sont nombreux et ceux qui approfondissent ses notions
sont trés rares. Or les personnes qui acquiérent un renom dans la science
(sinaat) ne doivent pas se contenter d’en connaitre les généralités mais
étre maitres aussi de ses plus petits détails. Le début de chaque science
est généralités la perfection en est dans les minuties.

Observation: L’intérét du langage précédent est évident: il évoque un climat. L’attitude
d’Abi Ja“far qui n’est pas celle d’un isolé est que le réle de savant ne doit pas se limiter a celui
de transmettre. Bien des questions laissées sans réponse attendent de lui leurs solutions. Le

2. Voir I'important article de Roshdi Rashed, *‘Les travaux perdus de Diophante,”” Revue d’His-
toire des Sciences, 27 (1974), 99-122, p. 105; 28 (1975), 3-30.

3. 1l est possible que la suppression, par un copiste, de la négation /4’ avant le mot convient ait
modifié le sens de la phrase.

4. “aqd, pl. “ugqiid signifie ici la classe des unités, celle des dizaines, des centaines, des milliers, des
dizaines de mille. . . Dans 1’Arithmétique de Nicomaque il est dit que dans chaque classe jusqu’a celle
des mille, il y a un nombre parfait et un seul: 6, 28, 496, 8128. (Kitab al-madkhal ild “ilm al-adad,
trad. Thabit b. Qurra, W. Kutsch, S.J., (Beyrouth, 1958) pp. 38-29).

5. Il s’agit évidemment de 1’Arithmétique de Nicomaque qui connut chez les Grecs et les Arabes
un crédit considérable. Jamblique (283-330) énonga qu’il y avait dans chaque classe de nombres, unités,
dizaines, etc. . . . , jusqu’a I'infini un nombre parfait et un seul, affirmation erronée (Voir Dickson,
op. cit., vol. I, p. 4). On doit & Thabit b. Qurra un mémoire sur les nombres parfaits (F. Woepcke, Jour.
As., 20 (1852), 420-9). Le S5¢me nombre parfait 35550336 se trouve mentionné dans un ms. latin daté
en par tie de 1456, en partie de 1461 (Dickson, op. cit., p. 6).
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Et nous avons
xy = |ac—bd|?> + (bc+ ad)?
= (ac +bd)? + |bc— ad|?
= la’c—b'd|2+ (b'c+ a'd)?
= (a'c + b'd)2+ |b'c—a’'d|?

Si un nombre x se décompose en une somme de 2 carrés de deux
maniéres différentes et si un carré y2? se décompose d’une seule maniére,
leur produit se décompose de six maniéres différentes en une somme de
2 carrés.

x=a*}+b2=a'?4b'"? y2=¢? 4 d?

Aux quatre décompositions déja vues s’ajoutent:

xy? = a2 (¢ + d?) + b2 (¢* + d?)
xy? = a'? (¢ +d?) + b2 (¢ + d?)
Ex.: 65:25 etc....

(Si un nombre est une somme de deux carrés de deux maniéres,
son carré I’est de quatre maniéres).

x=a?+ b2 =c?+ d?

D'ob % = (2ab)? + lar— b3,
et % = (20d)? + |2 — P .
On a aussi x2 = (ad + bc)? + lac—bd|?,

x2 = (ac + bd)? + |ad—bc|?.
La question est exposée dans le texte sur 65 = 82 + 12 = 42 4 72,
et les résultats groupés dans un tableau.
% =1624632=602 +252  [hcT61 63 |3969
x2 = 562 4 332 = 392 4 522

L’auteur ajoute: La décomposition de 625 | 25 | 60 |3600
652 en somme de deux carrés est ce que |1089 | 33 | 56 |3136
Diophante a placé en téte de la question
(gaddama) que nous avons rappelée: Trouver 1521 | 39 | 52 [2704
quatre nombres qui ajoutés successivement au carré de leur somme
donnent des carrés et qui, retranchés du carré de leur somme, donnent
des carrés.

Observation: Nous avons rendu le mot gaddama par placer en téte. Ce mot signifie également
donner en lemme et I’expression utilisée par ’auteur dans le paragraphe 35 rend clairement
cette derniére signification : al-mugaddima allati gaddamaha Dyhofantus lil’-mas’alat al-tdsiata
ashara. Dans le texte établi par Tannery la décomposition de 652 en somme de deux carrés
de quatre maniéres est rapportée dans le texte de la prop. 19 du livre III, mais en lemme. Si
notre interprétation du mot gaddama est exacte, cette circonstance montrerait les différences
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Quelques propriétés des nombres qui se décomposent en sommes de
carrés, utiles dans certaines questions et éclairant le lemme dont Diophante
a fait précéder la proposition 111,19 de son Algébre.

Si x est une somme de deux carrés son carré est aussi une somme de
deux carrés.

x =a?+ b2 x2 = (2ab)2+ (a2—b2)2

Si x est une somme de deux nombres plans semblables, son carré
est une somme de deux carrés.

x = ab+-cd avec a:b = c:d. Donc (ab) (cd) est un carré (Euclide,
IX,I). %2 = 4(ab)(cd) + (ab— cd)2.

Si un carré se décompose en une somme de 2 carrés, son carré se
décompose en une somme de 2 deux carrés de deux maniéres différentes.

x? = a? + b>donne x* = (2ab)? + (a*—b?)2,
x* = a? (a? + b2) + b? (a® + b?).
Ex.: 25 =32442, 625 =4.9-16 + (42— 32)%,
625 = 9-25 + 16-25.

Si deux nombres sont des sommes de 2 carrés leur produit est une
somme de 2 carrés de deux maniéres différentes.

Si x=a*4+b2 et y=c2+4d?,
ona xy = a?c? 4 a2d? + b2c? 4 b2d>2.

Mais ac:ad = be:bd donc ac.bd = ad.be (Euclide VII, 19). Par suite
on peut écrire:

xy = | ac—bd |2 + (ad + bc)? et
xy = (ac + bd)?2 4 | ad — be |2
Ex.: 5:13 = (12 + 22) - (22 + 32).
513 = 42 4 72.
513 = 82 + 12,

Si deux nombres se décomposent en une somme de deux carrés,
I'un de deux maniéres différentes, ’autre d’une seule maniére, leur
produit se décompose de quatre maniéres en somme de 2 carrés.

Ona x=a>4+b2=4a24b2 y=c+d2
xy = a%? 4+ b2c? + a%d? + b2d?
xy = a'%? + b'2¢2 + a'2d? 4+ b'2d?

Les produits de c et d par les termes a, b; a’, b’ sont huit nombres

dont le rapport (deux a deux) est celui de ¢ a d.

(ac: ad = bc: bd donne

| ac [ be [ ad | bd arc | b | ad|ba | 0057 ad-be).
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x tel que x2 + a = [ prendrex =b 4+ %
5b 2 3b*  25b2 + 245
[Eneffet, () + 5 = 35—

Ex. : a=24,?2a=16=42, x=4+~2—44«—5.

T;;te La méthode la plus simple pour trouver un (x,a) tel que x2+ a=[]
2
est de choisir un nombre arbitraire ¢ et de poser x = % , a= 3—;-
Alors x2 + a = .
Ex.: #=8 o=10, a=u¢s %:96. Onabien 102 + 96 — 7.
Texte On recherche en algébre (sing‘at al-jabr) x tel que x? + 20 = 7,
33 équation impossible pour x entier. (Pour x fractionnaire) on considére
le produit 20 - 36 = 720. Il est facile de trouver un carré d’entier u tel
que u+ 720 = J, u = 41, 412 + 720 = []. Par division par 36,
(§) x20=0.
Texte Cependant cette méthode est une méthode d’essais qui peut donner
U

ou ne pas donner de résultat.

La méthode réguliére (sini°i = artisanal) pour calculer x tel que

< a\?
x2 + a = [] ol a est donné, est de trouver un u tel que (u?)2 4 (i) = .

Soit (12)? + (-2) = b2, doinu? + (%)2 ~ (L.

b 2
Ona x=E.Eneﬂ'et, x2+a——u2+( ) —(u )
(Les explications sont données sur x2 + 20 = [j)

1681 81 322
Ona AT =100 + 55 ou () +(3) = (%) -
Alors L 4l

X= iy = 6(0u6i~§)etc

Note préparatoire
Diophante a montré que:

1. Tout carré, ou toute somme de deux carrés, peuvent se décomposer en somme de deux
carrés de rationnels, d’une infinité de manieres (I, 8 et 9).

2. Si deux entiers sont chacun la somme de deux carrés leur produit est la somme de deux
carrés de deux maniéres (lemme III, 19).

Se plagant ici dans Poptique de la théorie des nombres Abii Ja“far envisage dans I'ensem-

ble des entiers naturels une série de jolies propositions (texte 35-41) dont certaines lui appar-
tiennent probablement.
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2
De 25 + 24 = [] nous tirons (57) + 6 = [J. Comme 54:24 =

=l o

25. 2 454 —Qou() +54 =
nous aurons 25 - —- + _Dou(_z_) + - .

Prenons a=720, 720:2= 360= 409, avec 4202+9”= 412, Donc avec
41* + 720 = [J, d’ou par division par 9, (%) +80 = [J. D’autre

part 40:720 = 1:18 qui n’est pas un rapport de carrés, donc on ne
peut, par cette voie, trouver x rationnel tel que x* + 40 = []].

Autrement. Si a = 40 il n’existe pas s et ¢ (entiers) tels que st=20
et s24+12 = []. Pour savoirsi s? - t* est un carré quandona st = a
(s<t) on divise s par 21. Si le reste de la division égale le carré du quo-
tient alors s? 4- 12 = [].(En effet, s* = 2tq + q2 d’ou s* + 1 = (14 q)?)
Exemple: a = 120 = 8-15, 360 = 9 - 40 etc.

Si on n’a pas s'=2tq + ¢*alors la recherche de x*tel que x? + a=[]
devient difficile ou impossible.

Il existe d’autres méthodes qui se rameénent toutes a la régle du
nombre 25. [(32 + (22)? = 5° soit la forme x% 4 (y?)? = 2%)]. Par exem-
ple, si nous trouvons (. x, ¥, %) tel que x? + (y*)* = z* nous prenons le ra-

2 2)2 2
tlonnel— Alors( ) + 2x 24 ny =P+ )2 % 2y
¥ Y

= carré

de ratlonne]
2
Ex.: 3% + (2?2 = 5% donne (—g-) +2:-3=0.
15,2
Ex.: 122 4 (3?)? = 15 donne (T) +2-12=[].
Pour trouver (x, y, z) tel que ? 4 (¥*)? = 2%, nous pouvons considé-
rer 1* et i— * et poser 2% = (1 — i )%, (y?)i= 4. —i— 2
3 St\2, 3
2 (12 2)2 — e =
2 (t+ t) Nousaurons(—)+—t’ O, (T)i 3 =0
2512 + 24t’

4 =0
Ex.: #=16, *=12", (y?) =256, z* =400 = 20%,
z 20 . 3¢ i _
Z=3=5 F=u5ru-0

. : 2 .
Sil’on a un entier a tel que —-a = b%, carré d’entier, pour trouver

3
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Le probléme est impossible si a ne décompose pas en facteurs s
et t conjugués.

Observation: Comme il a été dit, ce probleme tient une place importante dans les recherches
du 4&me sidcle H. : Il apparait en particulier dans les mémoires M2 et anonyme évoqués dans
Pintroduction. Dans les toutes premiéres années du 5¢me siécle, al-Karaji par une méthode
qui n’exclut pas le titonnement résout x2 + 5 = [J- La méme question ou des questions
analogues se retrouvent dans les siécles postérieurs. Ibn al-Ha'im reproduit, en les séparant,
les équations x2-5 = [J» x2 — 5 = [J (Al-Ma’una, écrit en 791 h., Ms Berlin 5984, pp. 290,
291) questions que I’on trouve antérieurement dans al- Fakhri d’al-Karaji (Ms Le Caire V, 212,
£.368,1. 13 f. 59P, 1. 2). Ibn al-Khawam dans al-Fawd'id al-bahd’iyya (675 H,) cite x2+10= ]
parmi les 33 questions impossibles, ‘‘non, dit-il, que je prétende établir leur impossibilité, mais
je déclare mon incapacité a les résoudre’” (Ms. British Mus., Or 5615, f. 44%). En Europe, la
question x2 + 5 = [J est étudiée vers 1220 C. par Leonard de Pise, dans Flos, lequel aboutit

1681 2 1
par un chemin différent a la méme réponse qu’al-Karaji x2 = —337 = 11 - 7,7
4l 144 3 144

1 1
w= it g+ g1,

L’intérét de x2 + a = [J, comme I’a déja relevé Woepcke, est qu’il est Iié 4 des questions
difficiles et fondamentales de I’analyse indéterminée qui ont été traitées par Fermat, Euler,
Lagrange et Legendre (Atti dell” Accademia Pont. N. Lincei, ‘Recherches sur plusieurs ouvrages
de Leonard de Pise’’, p. 252). On trouvera une ample documentation et des résultats intéres-
sants sur la question dans: L. E. Dickson, History of the Theory of Numbers (New York, 1952),
vol. 2, pp. 459-472. Relevons quelques énoncés : Genocchi a démontré en 1882 (ce qu’il avait
énoncé en 1874) que x2 1+ a ne peuvent étre tous deux des carrés de rationnels:si a est premier
de la forme 8k+3 ou le produit de deux nombres premiers de cette forme; si a est le double
d’un nombre premier de la forme 8k+5 ou le double du produit de deux nombres premiers
de cette forme. (Dickson, op. cit., pp. 470, 467). Collins prouva en 1858 que pour ¢ < 20, 5,6,
7, 13, 14, 15 sont les seules valeurs de a pour lesquelles le systéme a des solutions (Dickson,
op. cit., p. 465). Destournelles prouva en 1881 I’impossibilité en nombres entiers du systéme
x2 + y2 =12, x2—y2=u2 (Dickson, op. cit., p. 467).

Dans les mémoires M2 et anonyme déja cités le probléme était résolu au moyen de tables
numériques et donnait lieu d’ailleurs & des remarques intéressantes. Utilisant les formules
z = s2412,x = s2—12, y = 2st, pour former les triangles rectangles numériques z2 = x2 + y2
onaz2t 2xy = 22  y2 £ 2xy = (x £ y)2. D’ot les différentes valeurs possibles pour a
et pour z telles que 22 + a = [] (1). Icil’auteur s’engage dans une autre voie et il recherche
une condition nécessaire que doit remplir @ pour que (1) soit possible: savoir a doit étre de la
forme 4m (2n + 1) d’une part, d’autre part sa moitié doit étre le produit de deux factures dont
la somme des carrés est un carré. Ce qui constitue un critére commode pour les nombres rela-
tivement petits,

7_Si a est divisible par un carré m?, alors 2 + a = [] donne
(—’%) + % = [0, égalité de la forme x* + a = [J ol x est rationnel.
2
Ex.: 289 4+ 240 = [ donne (% + 60 = . Deméme?%i 15 =013
2
ou 17 +15 =[.

4
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Proposition: Si un nombre pair est la somme de deux carrés a = b*4-d,
sa moitié est une somme de deux carrés, et la moitié de sa moitié aussi,
et ainsi de suite tant que la moitié obtenue est un nombre pair.
Car a bt + ¢ b+ c\2 b—c
a; il e =
2 2 ( 2 2

2

Observation: L’auteur se rend bien compte que ’égalité est valable méme pour des nombres
fractionnaires. Les élégantes propositions 20,21 vont trouver leur application immédiate dans
le probléme suivant.

Probléme: a est un entier donné. Trouver x tel que x* + a = 3. (1)

Supposons, par analyse, I’existence de x,y, z tels que x®-}-a = 22 (2),

Texte x*—a = y* (3). Evidemment y<x<z. Je dis que x2 est une somme de

22

Texte
23

Texte
24

deux carrés, car par addition 2x? = y2+4-22, (4) donc &2 est une somme de
deux carrés (proposition précédente) (z et y ont méme parité d’aprés

@ et(3) et x = ZY [ (212 )

2
Par soustraction de (2) et (3) on a :

20 =2"—y* a=2'z_zy'z§y (6)

. . . . L., @ .
11 en résulte que a doit étre pair. Sa moitié 5 est le produit de deux

2—y z4+y

facteurs ) qui ne peuvent éire tous deux impairs ni tous

deux de la forme 20 sans quoi (5) ne serait pas satisfait (lemmes 1 et 2).

z— z . . M
Ty et —',: sont ou pairs tous deux ou l'un pair et ’autre impair.

&

Dans tous les cas a est de la forme a = 4m (2n + 1). Si cette condition n’est
pas réalisée le probléme est impossible.

Probléme (suite): On donne a de la forme 4m(2n--1). Calculer x tel que
2 + a = .

.. a a
Nous prenons les diviseurs set ¢ de - tels que 5= st, s: 12 =[]
s’il y en a.

Les nombres s et t sont alors dit conjugués (garinan) x* = s*+#
car s* 24 2st =7 .

Le plus petit nombre a qui réponde a la question est a = 24,

% =43, 3°44* = . Puis parmi les multiples de 24 vient 240,

120 = 8-15, 824152 =172, a? =172, 172+ 240 = 3.
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(Cependant le mauvais choix de ’exemple numérique rend la régle
difficile & saisir dans le texte).

Autre triplet (x, y,t). (C’est la premiére méthode particularisée)

T 4 2 4 4 2
T e B R R
3a4 2 0E 5a4 2 ¥
il (T) + (a%)? = (T) Prendre a = 16
4éme méthode:
Texte Prenons p = s®41% et a un entier tel que a : s® — ¢* égale un

17 rapport de 2 carrés. a(s*—1?) est donc un carré [inclus dansla démons-
tration d’Euclide IX, 2; ou réciproque de VIII, 26 ajoutée par Héron
et rapportée par al-Nairizi (voir Heath, The Thirteen Books, vol. 2, p.
383)].

Donc (ap)? = (as® + at?)? = (as® — at?)? + 4-as>at®.
On poseray? = as* —at? x = 2ast et z = as® + ai®.
L’exemple cité par 'auteur est 5 = 22 4 1%, 12: 2% — 12 = 22; 13,

(La encore de mauvais choix de ’exemple numérique rend la régle dif-
ficile a dégager).

Texte Prenons deux carrés a* et b* tels que b soit divisible par 4 et a2b?
18  bicarré. Ex.: 9 et 144 = (62)2
b2 2 . bi . 5 b2 2
@— |+ =(+7)
Texte Autrement: Soient a et b deux nombres tels que ab soit un bicarré.
19  Ex: 8 et 32, 32-8 = (16)%. Posons
a 2 a ¢l a
(7 +b)=|z—b +4 5t

(2 +32)r = (32—2)* + 4-2:32.

Cependant, dit I’auteur, cette méthode ne présente pas la régularité
de celle décrite précédemment. (Peut-étre entend-il que le choix de a
et b n’obéit pas a une loi simple comme c’est le cas quand on opére sur
des carrés a? et b?) (texte 18).

Texte Proposition: Si un nombre a est une somme de deux carrés a = b*+c?,
20  son double est une somme de deux carrés.

Car 2a =2 (b*+¢) = (b—c)*+ (b+c)m

Par suite 2%2a, 2%, ... se divisent en somme de deux carrés.
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Si x et y ont pour p.g.c.d. d, par division par d2 I’équation (1) sera amenée i la
forme x/2 4 y'2 = (cz'2)2, ol ¢ sera pris sans facteur carré.

Posant cz'2 = Z nous aurons x'2 + y/2 = Z2 d’oi Z = M2 4 N2 comme plus haut. M2 + N2
= cz’2 dépasse tout a fart les moyens de ’époque. Elle admet des solutions s’il existe un entier
A tel que ¢ divise 42+1. Il en resulte alors que ¢ est une somme de deux carrés. ¢ = f2 4 g2,
Sa solution en est:

M= |(c@2—p2)f | » N=|pg—2pq+egg®| . ='= |p2—2pq+cq? |

Voir Dickson, op.cit., p. 405 fin; Legendre, Théorie des Nombres (Paris, réimp. 1955), Tome
I, p. 47 fin, Tome II, p. 203.

L’auteur appelle (a2—b2)2 et 4a2h2 respectivement: petit et grand nombre (a>b). En
fait on peut avoir (a2—b2)2 > 4a22 ou a2—b2 > 2ab, a2—2ba—b2>0, (a—b)2—
2b2 > 0, (a—b+b\/2_)(a‘b*b\/7) >0, et comme a> b ilreste a>b+b /2 et
a>b(1+4/2).
Résolution de I’équation: x* 4 (y2)? = 2% 2)

Observation préliminaire: L’égalité (a+b)2 = (a—b)2+4ab (3) montre que si on prend
(a—b) ou ab égal a un carré ’équation (2) sera satisfaite. De méme, si I’on part de a2 + b2 =
¢2, en multipliant les deux membres par a2 ou b2 on satisfait a ’équation (2). Les diverses
méthodes de I’auteur se raménent a des transformations de ce genre.

La solution générale de I'équation (2) s’obtient en posant y2 = Y et appelle les mémes
remarques que x2 + y2 = z2, Cependant I’auteur dans les paragraphes 13-19 est sous l'influence

de Diophante: au lieu de rechercher une solution générale dont il était capable, il multiplie
les artifices en vue de recueillir un grand nombre de solutions particuli¢res. La questions sur
laquelle convergent tous ses efforts est la résolution en nombres entiers et en nombres rationnels
(rapports d’entiers) du systéme x2 + a = [] o1 a est un nombre donné, question qui tient
une grande place dans les recherches du 4¢me siécle H.

lére méthode pour résoudre x* + (y?)% = z* (2)

. 2 1
Tia:te Prendre x2 = ‘%—a‘ l et (y?)? = 4-a*- bT . On aura alors
4

2 b " 2
-+ 4-q ) (% + a‘-‘) . On peut choisir a®=1, b*=16 et on

4
b__a4

aurait le plus petit triplet (x, y, z) vérifiant (2) (4—1)2+4-1-4= (441)%
2éme méthode:

Texte L’égalité dab+ (a—b)? = (a-b)? montre que l’on peut choisir
15 aetb tels que:

1) a=ks* b=1k* alors 4ab = (2kst)?,

2) a—b=c?

12 et 3 sont des exemples de tels nombres a et b:
12—3 =13 12 =322 3 =3.1°

d’ott 4-3-12 4 (12—3)? = (3-4 4+ 3-1)=
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Recherche de 2, 3, 4 ... nombres dont la somme des carrés est un carré.

Texte Nous pouvons trouver 2, 3,4 . . . nombres dont la somme des carrés
11  est un carré.

Cas de deux nombres. Prenons a® et b® quelconques, ah* et

a2 e— b2 2 2 _|__ bZ 2

(—) ont pour somme ( ) ¢ : Démonstration par les segments.

Cette égalité vaut pour des nombres fractionnaires. Mais dans ce dernier
cas, nous ne dirons pas carré, mais mal, & la maniére des algébristes.

Cas de trois nombres. Prenons a* > b* + ¢ Nous avons

a_bz_czz a2+b2+c22
a*b®+a’c? .
Ho¥et +( ) =C—=2")
Texte Démonstration par les segments. Par ce procédé nous pouvons
12 obtenir un grand nombre de triplets de carrés dont la somme est un
carré.

Observation: Le procédé est généralisable et 'auteur s’en rend compte. Il n’explicite pas
cependant 1'égalité suivante. Si a2 > b2+ c2+ ...k2 + I2, alors:

(B—h—c—..—R—DkY
@b2 @22 ...+ a2 + . =
(B+B 4. 4By
\ . .
Texte Trouver un triplet (x,y, z) tel que x24y* = (2?)% (1) Prendre
13 un triplet (a,b,c) tel que a*4b* = ¢ DPoser x> = (a*—b?)?,

yt = 4a? b?, d’ou x*+y? = (a® 4 b*) = (¢?)?% z=c.
Observation: La solution donnée par al-Khizin est partielle bien qu’ingénieuse. Nous pen-
sons que I’auteur avait les moyens de résoudre
2 32 = (2)2 o
pour x,y, z premiers entre eux.
Posons z22 = Z d’oir
x2 + y2 = Z2 (2)
Comme x et y sont premiers entre eux, donc premiers avec Z, alors:
x=M2— N2, y=2MN, Z= M2+ N2
(M et N premiers entre eux et de parités différentes).
Par suite: 22 = M2 + N2 a pour solution
M= m2—n2 5 N = 2mn ¥ 3 =m2 + n2
(m et n premiers entre eux et de parités différentes).
Done % = (m2—n2)2—(2mn)2 , y=4mn(m2—n2), z=m2-+ nl
D’ailleurs, quels que soient m et n, ces valeurs verifient (1) car

[(m2—n2)2 — (2mn)2]2 + [4mn(m2—n2)]2 = (m2 + n2)4
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L’égalité (1) donne:
z = (ac + bd)2 4 (ad —bc)?2 2)
z = (ac—bd)2 4 (ad + bc)? ®3)
déja rappelées et immédiates.

On obtient de la méme maniére:
22 = [(ac + bd) (ac —bd) + (ad—bc) (ad + bc)]?
+ [(ac + bd) (ad + bc) — (ad — be) (ac —bd) 2

Donc
2 = (a22 — b2d2 + a2d2 — b22)2
+ (a2cd + abc2 + abd? + b2cd — aZcd - abd2 + abc2 — b2cd )2
Puis 2= [(a2—b2) (¢:2+d2)]2+[2ab (c2+4d2)2

Ainsi on a bien obtenu la solution dérivée

(c24d2)(a2—b2) , (c2+d2)(2ab) (c2+d2) (a2 + b2)
proportionelle a:
a2 — B2 , 2ab , @2+b2 , (asbh).
De méme on verrait que
22 = [(ac+bd)(ad+be) + (ad—bc)(ac—bd ) ]2 + [(a2c2—b2d2) — (a2d2—b2c2)]2
aboutit & 22 = [(a2+452) (2cd) 24 (a2+b2) (2—d2)]2

solution proportionelle a
2—d2  , 2d , +4d2 (c>d).
Si x,y sont pairs, on a vu que z = 2z'+x, z'-+x nombre composé,
Py 2 1 42 S T 1
z' résidu (fadla), z'+x = %, =18, V(' 1 x)z = - y=st (y: al-
murabba® al-akthar, x,y: al-murabba‘ayn al-awwalayn) (texte 10, L.4).
D’ou la conséquence que l'auteur énonce en général: quand un carré
d’entier 22 se décompose en une somme de deux carrés, sa racine z se
décompose en une somme de deux carrés s® et #* qui sont premiers
entre eux ou admettent un diviseur commun ou bien z se décompose
en deux nombres plans semblables (a-b et c-d sont plans semblables si
a:b = c:d, Euclide VII, déf. 21).
Observazion: x = s2 — 12, y = 2st, s> 1.
Si x et y sont premiers entre eux alers s2 et 12 sont premiers entre eux [si s2 et 12 ne sont pas
premiers entre eux, s et ¢ ont un diviseur commun d (conséquence d’Euclide VII, 27) et d
diviserait x et y]. Plus généralement on peut avoir
1) x = k252 — k22 y = 2k2st 7z = k2s2 4 K212
ou 2) x = Ks2— K2 y =2Kst z= Ks2 4 K2

avec K non carré dans 2). Dans ce dernier cas, ks2 et K2 sont plans ensembles car ks.s et kt.t
ont leurs cotés proportionnels Ks:s = Kt:t.
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Cette égalité devient s2s/2 - 120/2 — 125’2 — s2t/2 — 4ss/tt/ = O ou (ss/ —it/)2 = (s’ st/ )2,
. s’ s t
En posantss’ > tt/, ss' —ut' =1s’' + st’ qui donnes’'(s—t)=1'(s+41t), e i :

Ainsipours =4, t =3, ona s’ =7, ¢t = 1.
D’ott 2—12 =1 2st = 24 s2412=25
$/12—¢/2 =48 2s't! = 14 s'2 412 =50

On peut, par exemple, prendre s et t consécutifs.

Si on prend s* = 4 et 12 = 121 lesquels sont premiers entre eux z =
4+121 = 125 est un multiple de 5, sans que x = 121 — 4 = 117 ni
y = 2:2-11 = 44 ne soient équimultiples de 4 et 3. Comment expliquer
la chose? [savoir que dans les triplets (x, y, z), (%', ¥', z') solutions,
z soit multiple de z', sans que x et iy soient des équimultiples de x' et y'].
Cela tient au fait que 125 est le produit de deux facteurs (5-25) qui se
décomposent chacun en une somme de deux carrés 5 = 144 et 25 =
9+16. Tout nombre produit de deux facteurs qui sont chacun la somme
de deux carrés se décompose en une somme de deux carrés, de deux
maniéres, comme nous le verrons plus loin. 125 = 100425 = 4-121.
D’olt deux couples (s, t) différents pour un méme z 125 = 102452 =
1124-22. Quand z se décompose ainsi une des solutions (x, y, z) n’est
pas primitive. Cela est comme le triangle primitif (3, 4, 5) qui donne
naissance au triangle (dérivé) de c6tés doubles (6, 8, 10).

Observatian: Le couple (4,121) a fourni & ’auteur le triangle 1172 + 442 = 1252 qui s’asso-
cie dans sa pensée avec (25'3)2 4 (254)2 = (25-5)2. Al-Khizin a I’air de se demander comment
1252 s’est décomposé ainsi de deux maniéres différentes, et pourquoi la solution (75, 100, 125)
n’est pas primitive? Cela tient, dit il, au fait que si deux nombres sont la somme de deux carrés,
leur produit est une somme de deux carrés de deux maniéres.

u=a2+ b2 v =¢2-} d2
donne uv = (ac + bd)2 + (ad — bc)2
uv = (ad + bc)2 4 (ac —bd )2 (Texte 38)

Il montrera dans le texte 41 que si un nombre est une somme de deux carrés de deux ma-
niéres, son carré est une somme de deux carrés de quatre maniéres (dont certains peuvent se con-
fondre, c’est le cas pour 1252).

1252 = 1202 4 352
1252 = 1002 4 752
1252 = 1172 442

L’idée d’al-Khazin est difficile 4 suivre. Il semble partagé entre deux préoccupations:
Partage d’un carré en somme de deux carrés de plusieurs maniéres, probléme repris plus tard
d’une fa¢on si magistrale par Fermat [voir T. L. Heath, Diophantus of Alexandria (Cambridge
Univ. Press, 1885; Dover repr.), pp. 106-110, 267-276] et la formation de triangles dérivés c-
a-d., de la forme hx, hy, hz.

Montrons, en nous aidant des égalités employées par al-Khazin, que si

5= (a2 +b2) (2 d2) )

alors, parmi les solutions de x2 - ¥2 = 22, il y en a nécessairement qui sont dérivées.
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Le systéme d’al-Khazin est x = s2—¢2 s>t
II { y = 2st
z = s24+12

oil s et t sont premiers entre eux, I'un pair U'autre impair. Il y a équivalence entre les deux sys-
témes. On voit en particulier en égalant les valeurs de y puis celle de z:

p2—q2 = 4st, P2+ q2 = 2524 2¢2,
D'ou p2={(s+t)2 et p=s+t¢,

2= (s—1t)2 et g=s—1.
Onabien x=pg=s2—12.

Conclusion: Appelons triangle primitif (asl) ou solution primitive une solution (%, y, z)

de nombres premiers entre eux. Celle-ci sera fournie par le couple (s,t) ol s et ¢t sont premiers
entre eux et de parités différentes. L’idée sera reprise dans le paragraphe 8. Dans le paragraphe

6, al-Khizin reléve cependent que le systéme II, ol s et ¢ peuvent étre quelconques, est tou-
jours solution de x2 4 y2 = 22,

Pour *=2% et s*=3% x=3*-22=35. y=232=12, et
z = 32 4 22 = 13. Le couple (5,12) est primitif (asl). Il engendre des
couples de nombres proportionnels dont la somme des carrés est un
carré [c-a-d. (5k)® + (12 k) = (13 k)*] De méme (1%s%) = (1%,4%) don-
ne (x,y) = (15,8), 15+ 8 = 172

Ainsi pour former (x%, ¥%, z2) on prendra (2, s?) les plus petits
carrés dans un certain rapport, ils sont donc premiers entre eux comme
(1. 4), (4, 9), (1, 16) et on opérera comme plus haut. On n’obtiendra pas
deux fois le méme couple (x°, ¥?) ni deux couples proportionnels (I’ex-
pression arabe est vague: “ala siratihima, & leur image).

Observation: En effet considérons deux couples générateurs (s,t), (s, ¢/). Il est facile de

. A A 2 —¢2 2st 2412 . s s’
voir que si deux des trois rapports 572172 357g1 572 ¥ 7 sont égaux alors T=v
Comme (s,t) et (s/,1’) sont des couples formés de deux nombres premiers entre eux alors
s=s', t=t/,

s2—12 st
Ainsi dans le cas I = o
s28/t! — 25/t = sts'2 — 5112
et §25/t! — 251t/ —stsi2 4 st'2 =0,
ona ss’(st! —us!) 4 w/(st! —1s1) =0,

(sst+u') (str—sit) = 0,

l

»

|

- S
d’ou st/ =ts’ =

~

Les autres cas sont immédiats.

Cependant deux couples (s,t), (s/,t’) différents peuvent produire deux triplets (%.y.z)
s2 — g2 2 st

(95’,)",:’)telsquei=—=i Ilsufﬁtquei=Lou*=———
y T ' 2s' ¢! §12 —p2

! % z y x!
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Comme 12 et 3, 12:3 = 22 : 12 d’otx 12.3 et 12:3-4 sont des carrés; de
méme 8 et 2. Prenons z'+x et 2’ les plus petits possibles [donc premiers
entre eux]. Nécessairement z'+x et 2z’ sont des carrés. [Euclide,

VIIIL, 9].

Posons z'4x = s? et 2/ = 1% Dés lors z = s*+1% y = 2st,
x = s:—i2

La régle qui donne (x, y, z) a partir de (s,t) est générale, [c-a-d.
méme si aucune condition n’est posée pour s,t les valeurs s* — ¢, 2st,
s* 4 ¢ vérifient 2% + y® = 2%].

Pours =2, t =1, (x,y,2) = (3,4,5).
Pours =3, t=1, (x,5,2) = (8,6,10).

Remarquons que (8, 6, 10) sont doubles de (3, 4, 5). Plus générale-
ment, si x = 4k, y = 3k, alors z = 5k.

Observation: Al-Khazin utilise un langage visiblement influencé par Euclide quand il parle
de x2 impair et y2 pair les plus petits possibles (texte 5, 1.2) [Euclide VII, 22; VIII, 2, 3, 4; IX,
15]. On trouve également chez Diophante: Etablissons donc maintenant deux triangles rec-
tangles compris sous les moindres nombres, tels que 3, 4, 5 et 5, 12, 13 (Arithmétique, trad.
Paul Ver Eecke Paris, 1959, livre III, 19, p. 109). Pour que ’expression d’al-Khiazin fit tout
a fait claire, il eut fallu dire: les plus petits possibles dans leur rapport. Nous pensons que c’est
la pensée d’al-Khazin, car si on devait prendre a la lettre ’expression les plus petits possibles
I’équation x2-+y2 = 22 n’aurait q’une solution (3, 4, 5) alors que I’auteur en donne plusieurs
dans le paragraphe méme. La méme expression utilisée plus loin & propos de z'+x et z’ dans
(z'+x):z’ ne présente plus le méme inconvénient puisque le rapport dez’/+x et z’ est formé.
L’expression correcte des deux plus petits nombres dans leur rapport est utilisée au début du
texte 8. Pour la rigueur du raisonnement il nous resterait & établir que si x et y sont premiers
entre eux (donc x et z le sont aussi) il en est de méme de z’+x et z’, et réciproquement: ce
qui ne présente aucune difficulté.

Le texte ne précise pas que s et t doivent étre de parités différentes (si s et ¢ étaient de
méme parité x = s2—2 et z = 522 seraient pairs tous deux ce qui est contraire au texte).

Euclide 2 montré que g x = mnpy
1

1
y =3 (mnp? — mng2)

z =% (mnp2 + mngq2)
est solution de 42 4 y2 = 22 (Eléments X, 29, lemme 1). Cependant Euclide ne donne que la syn-
thése et par la il manque d’établir que la solution proposée est générale. Pour cette raison, Ba-
chet en donne P’analyse dans son édition de Diophante (1621).1 C’est justement ce qu’al-Khazin
a fait ici.
Nous pouvons nous en tenir aux valeurs de (x, y, z) premiéres entre elles dans leur ensem-
ble. Le systéme d’Euclide devient x = pg, y= % (p2—q2),z = ;— (p2-+q¢2), ot p et g

sont premiers entre eux et impairs.

1. Jean Itard, Les livres arithmétiques d’Euclide, (Paris 1961), p. 163.
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Construction en entiers de x2 + y? = 22

Propositions préliminaires
Lemme 1. Deux carrés impairs ne peuvent avoir pour somme un carré.

Supposons que x* + y* = 2%, x ety étant impairs. Donc z est pair
(Euclide, IX, 22). De plus

ot = (3—y) (3+y) = ()" + 2y (=)

Mais [r—(z—)] [x+(z—y)] + (—y)* = ="
Il s’ensuit que [x—(z—y)] [x+ (z—)] = 2y(z—y)-
Les crochets sont pairs tous deux. Dans le 2éme membre y et z—y sont
impairs. Donc 1’égalité est impossible.
Lemme 2. Deux carrés de la forme 2 ne peuvent avoir pour somme un carré.

Six = 2P et y = 29 (avec p<g) onne peut avoir x*4y* = 22 11
existe s tel que % = 2ls [Euclide IX, 11 ; voir observation de T. L. Heath,

1 x? 1

et =
()2 Tyt (@P 1
Or (2°)2+1 n’est pas un carré, car en ajoutant 1 3 un carré on

n’obtient pas un carré. Par suite x? + y? ne peut &tre un carré [si x* 4 y*
était un carré, alors (2°)2+1 serait un carré d’apreés Euclide VIII, 24].

Lemme 3. (2m+4-2n+1)* = (2n+1)*4+4m(2n+1+m), [Euclide II,8]
(2m+2n)? = 2m)*+4(2m+n)n

Observation: Les démonstrations dans les lemmes 1, 2, sont faites sur des segments comme
dans les Eléments d’Euclide.

2
The Thirteen Books,vol. 2, p.396]. Dot - —
y

Formation de x* + y* = 2*

Nous voulons trouver deux nombres carrés I'un impair x? D’autre
pair y* [premiers entre eux] (dans le texte: les plus petits possibles)
tels que x*4-y? = z2. Supposons par Panalyse qu’ils existent. (Posons
z—x = 22’). Appelons z'-+x: nombre composé (“adad murakkab)
et z’: résidu (fadla). Alors z = (2'+x)+2z et x+4(7+x)z' = 2
[lemme 3]. Mais 22 = 224y d’olu 4(2'+x)z = »% Il en résulte
que (2'+x)z' est un carré, car le rapport de 4(z'+x)z' a (2'+x)z'

a

est le rapport d’un carré & un carré et 4(z'4x)z’' est un carré, donc
/
(#'+x)z’ est un carré (Euclide, VIII, 24). Par suite e

zl
rapport de deux carrés (Euclide IX, 2, puis VIII, 26) et z’'4+x et z' sont
des équimultiples des plus petits carrés qui ont le méme rapport qu’eux.

est un
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est confirmé par I’histoire.* Un autre traité sur les triangles rectangles du
mathématicien Abii’l-Jid, 2¢ moitié du 4e siécle. H., vient d’ailleurs étayer
toutes les vues précédentes.’® Signalons également sur le méme sujet un traité
d’al-Sijzi (2¢ moitié du 4e s. H.): Risdla fi jawab mas’ala adadiyya wa hiya
kaifa najid (murabbe®yn yakin) majma‘uhuméa murabba®a (12 pages, Bibl.
Hakim M. Nabi Khian Jamil Suwayda, Téhéran). Nous devons i la courtoi-
sie du Dr. Anton M. Heinen d’en avoir pris connaissance.

14, Woepcke, op. cit., p. 317.
15. Leiden Cod. Or. 168 (14), f. 116-134a.

Sommaire du traité d’Abu Ja'far [al-Khazin),
Paris BN MS arabe 2457,49, ff. 204a - 2152,

a

Ce sommaire n’est pas a proprement parler une traduction, cependant
nous croyons qu’il ne laisse rien échapper du texte. Les passages importants
ou difficiles y ont recu des développements plus grands. D’autre part, les
démonstrations d’al-Khazin bien qu’exposées sur des exemples numériques
sont générales et entendues par l’auteur comme telles: nous n’exagérons
donc pas leur portée en représentant les nombres par des lettres, ce qui a
Pavantage de rendre les démonstrations plus claires. Des observations impri-
mées en petits caractéres et précédées de la mention observations accompa-
gnent certaines questions et sont étrangéres au texte; de méme en est-il des
expressions placées entre crochets dans le texte méme. Dans un souci de
meilleure présentation et pour faciliter le travail de référence nous avons
sectionné le mémoire en paragraphes.

Remarques

1. Nous avons mis en italique dans le texte certains mots ou phrases clés.
Le nombre au dessous du mot texte désigne le numéro du paragraphe.

2. Nous employons le signe [0 pour désigner un carré d’entier (ou parfois
de rationnel: rapport d’entiers).

3. Les nombres dont il est question —saut mention expresse du contraire —
sont des entiers naturels.

4. Certaines phrases insérées entre crochets n’appartiennent pas au texte
et sont ajoutées en annotations.
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ques mémoires qui nous sont restés sur x2 + y2 = z2 nous font revivre les
efforts conjugués, les erreurs commises, les insuffisances et les corrections
successives. Nul doute qu’a cet effort collectif d’édification bien des mathéma-
ticiens célébres ou obscurs n’aient participé dans les divers centres scienti-
fiques: Baghdad, Chiraz, Rayy, Marw, Balkh, et autres.’?

La préface de M3 presente un détail historique qui confirme cette persis-
tance dans I’effort. Motivant I’envoi de son mémoire, Ab@i Jafar écrit: Frére
je t’avais adressé un mémoire sur la construction des triangles rectangles.
J’y avais énoncé, sans démonstration par les segments, que deux nombres dont
la somme des carrés est un carré ne pouvaient étre impairs (on aura remar-
qué la ténuité du résultat). Or cette proposition est absente du mémoire M2
et il est difficile de lui trouver 1a une place naturelle dans I’enchainement du
raisonnement. Il faut donc admettre qu’Abt Ja“far fait allusion a un 3¢ mémoi-
re qu’il avait adressé également a “Abdallah b. “Ali. La chose n’a rien qui
nous surprenne. Il est tout normal qu’Abid Ja“far, et les autres chercheurs
creusant la question, aient rédigé au fur et 4 mesure bon nombre de notes
bréves sur ce sujet alors a ’ordre du jour.

Nous possédons d’ailleurs sur les triangles rectangles numériques un frag-
ment de traité anonyme, Paris MS 2457, ff. 81a—86a, dont la qualité montre
un progrés sensible sur le mémsire M2 d’Abi Ja®far. Les deux traités M2
et anonyme, ne manquent pas d’ailleurs de points de ressemblance, ce qui
avait fait dire 3 F. Woepcke, a une époque ol les conditions de l’activité
scientifique arabe étaient moins claires: “On ne pourra méconnaitre 1’uni-
formité que présente en général la marche suivie dans I’exposé de la théorie
des triangles rectangles numériques, tant par ’auteur du fragment anonyme
que par Abou Dja’far M. b. al-Hocain, uniformité qui pouvait indiquer une
certaine tradition d’école, un certain cadre commun qu’il était d’usage de
remplir, en enrichissant d’ailleurs le sujet d’autant d’observations et de décou-
vertes originales que possible.’* F. Woepcke en venait 4 supposer qu’il existait
des rapports plus ou moins suivis entre les mathématiciens d’Orient, ce qui

12. De cette multiplicité d’efforts, bien naturelle d’ailleurs, nous donne une idée le bref chapitre
des triangles rectangles numériques (a2 = b2 4 ¢2),(3), qu’al-Samaw’al insére dans son livre al- Bahir
cité en note 1; al-Samaw’al y est représenté par 2(a—)(a—b) = [@ — (a—c) — (a—b)]? consé
quence de(3); Al-Sijzi par ’égalité bien connue et trés ancienne a2} 2bc sont des carrés;Ibn al-Haytham
par la construction d’un triangle rectangle dont un cété de 1’angl—e droit est connu (al-Bghir, op. cit.,
pp. 146-151). Dans un chapitre voisin, al-Samaw’al cite un nom obscur: Ja®far b. “Abdallah al-Hariri
(pp- 155, 159, 117) auteur de I'identité b(a+b+c) + ac = (a+b)(b+c). D’autre part on doit a Ibn
Yanus une note sur la proposition: ‘‘Deux carrés impairs n’ont pas pour somme un carré”’, Berlin
6008, fI. 437a-438b.

13. F. Woepcke a traduit et analysé remarquablement les traités, Paris MS 2457, ff. 81a-86a anony-
me, et celui d’Aba Ja“far, Paris MS 2457, ff. 86b-92a, ““Recherches sur plusieurs ouvrages de Leonard
de Pise. . .,”" Atti dell’ Accademia Pontificia da Nuovi Lincei, 14 (1861), pp. 211-227, 241-269 (pour le
traité anonyme); pp. 301-324, 343-356 (pour le 2¢ traité), cf. p. 317.
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personnage qui a joué le rdle important d’intermédiaire et d’arbitre entre
les savants de son temps et & qui sont adressés d’ailleurs les deux mémoires
M2 et M3.” Cette discussion est intéressante car elle nous révéle existence
d’une correspondance scientifique entre les mathématiciens — ce dont nous
avons par ailleurs de nombreux témoignages'' — ainsi que les tentatives
répétées entreprises par les Arabes, tét dans la premiére moitié du 4¢ sidcle
H., pour résoudre x* + y2 = z* (1) ou la difficile x? + y3 = 23 (2). Les quel-

11. La correspondance joue un réle important dans la vie scientifique de 1’époque: elle supplée
les déficiences de ’édition et épargne aux consultants des voyages longs et pleins de risques, en méme
temps qu’elle assure aux consultés une plus grande notoriété et aussi des sujets de recherche. Bien
des &crits ont vu le jour sur une sollicitation amicale. Dans I'Orient d’hier et de jadis ot le temps n’avait
pas valeur de monnaie ces demandes ne semblaient pas déplacées. Citons les 15 lettres adressées par
Abi Nasr b. “Irdq a son éléve al-Birani pour lever certaines de ses difficultés mathématiques et ot
il I'encourage dans la voie de I’étude (Hayderabad, 1948); la réponse d’al-Sijzi a dix questions que
lui avait adressées un géométre de Chiraz, Paris MS 2457, 151a-156b; la lettre d’al-Sijzi (Ahmad b.
Muhammad b. “Abd al-Jalil) & Aba’l-Husayn Muhammad b. “Abd al-Jalil (son pére) et dont il dit
étre d’esclave, min “abdih (Paris MS 2457, 137b-139a). Ibn Tawis (m. 664 H.) nous apprend dans
Faraj al-mahmam fi tarikh “ulama’ al-nujim (al-Najaf, 1368 H.), p. 127, que le pére d’al-Sijzi, M.b.
°Abd al-Jalil était versé dans la science des astres et qu’il était 'auteur de livres connus a ’époque
&’Ibn Tawiis: Kitab al-zijat fi istikhraj al-hylaj w’al-kadkhudd et Magdla fi fath al-bab (’édition trés
fautive porte al-Sinjari au lieu d’al-Sijzi, erreur due au déplacement d’un point diacritique. Citons
aussi la lettre d’al-Sigzi & Aba °Ali Nazif b. Yumn en 970 A.D. MS Paris 2457 f. 136b-137a; la lettre
d’al-H ashimi (vit en 320 H.) & Pémir Abd’l-Fadl Ja“far b. al-Muktafi sur le calcul des radicaux, MS
Paris 2457, 16, f. 76a-78a; la correspondance entre Abii Jafar al-Khizin et le géométre Ibrahim b.
Sinan (296-335 H. 908 - 946 A.D.) qui commenca sa carriére de chercheur & ’age de 15 ans (Ibn “Iraq,
Rasd’il: Tagshih zij al-Safd’ih (Hyderabad, 1948), p. 45; Ibrahim b. Sinan, Rasd’il: Kitdb fi harakat
al-shams (Hayderabad, 1948), p. 70: la correspondance entre al-Buzjani (m. 387 H.) et le cadi mathéma-
ticien Aba °Ali al-Hubbi (Ibn “Iraq, Rasa’il: Al-qusiyy al-felakiyya (Hyderabad, 1948), p. 2; I’abon-
dante correspondance d’Abii’l-Jad Ibn al-Layth avec ses contemperains: Al-Sijzi (Leiden Cod. Or.
168, 13, 108b-115) avec al-Birdni op.cit., f. 45a-54a); avec Ibn al-Ghady? (op.cit., f 116-134a); avec
Aba Ja“far al-Khazin (op.cit., f. 102-108a); voir aussi notre article *Tasbial-dd’ira’’, JHAS, 1(1977),
379-380, 373. Rappelons aussi la correspondance scientifique avec les pays musulmans de Fréderic
II, (1194-1250 A. D.) qui connaissait ’arabe et aussi le grec, le latin, I’italien, I’allemand et le francais
(Amari, ‘“Questions philosophiques adressées aux savants musulmans par ’empereur Frédéric 1I"°,
Journ. As., 5¢s., 1 (1853), 240-274; A. F. Mehren, ¢‘Correspondance du philosophe soufi Ibn Sab®in
Abd oul-Haqq avec ’empereur Frédéric de Hohenstaufen sur I'immortalité de 1’4me,”” Journ. As.,
7¢ 5., 14 (1879), 342-344, 347; Aldo Mieli, La Science Arabe (Leiden, 1966), pp. 152, 209. G. Sarton,
Introd., vol.11, part II, p. 600 et pp. 575-579. Al-Qazwini, Athdr al-bilad wa akhbdr al-“ibdd (Gottingen,
1848), p. 310. (Voir aussi Ibn Khallikian, Wafayat al-A°yan, vol. 4, (Caire, 1948), pp. 396 et suiv., ou
un habitant de Damas interessé par les mathématiques ecrit & Ibn Yanus (Mossoul) et recoit quelques
mois plus tard la réponse a ses difficultés (en 633 H.) Arrétant ici une énumeration que nous pourrion$
d entre astronomes ObSeIVant en

all dérablement disons la nécessité de la corresp
des lleux différents pour concerter leurs observations et remarquons que dans de nombreux manus-
crits les en-téte des mémoires ont disparu cachant ainsi le caractére épistolaire des écrits. D’autre part
cette pratique est commune a toutes les branches du savoir. Ansi Aqa Buzurg, dans sa Dari‘a, vol. 2.
(Najaf, 1355 H.), pp. 71-94, donne une longue énumération de 186 traités religieux, juridiques ou
philosophiques composés en réponse & des questions posées par des correspondants, et il idére
que la plus grande partie des mémoires dis 4 la correspondance a d se perdre.
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la théorie des nombres en général. Diophante y est nommé expressément.®
Ce mémoire que nous désignerons sous le sigle M3 traite de la résolution en
nombres entiers de x2-+y? = 22, de x? + (y2)? = 22, al+4y? = (22)? et
d’un certain probléme que I'on peut qualifier de diophantien, encore qu’il ne
figure pas absolument dans I’Arithmétique de Diophante. Calculer x rationnel
pour que x2 -+ K égale un carré de rationnel. Il existe un 2¢ mémoire d’Abg
Jafar M2 sur le méme sujet: construction des triangles rectangles en nombres
entiers, Paris MS 2457 fol. 86b—92b mais la méthode d’approche de la solution
y est tout a fait différente.

L’auteur y construit un tableau numérique donnant tous les triplets (=,
¥, z) solutions de x2 + y2 = 22 jusqu’a z < 461 et y étudie diverses propriétés
de ces triangles.® Ce mémoire est apparemment antérieur 2 M3 si on en juge
par les inadvertances et les erreurs qui s’y rencontrent.!® On sent que ’auteur
n’a pas acquis la pleine maitrise de son sujet alors que dans M3 la solution
de x2 + y2 = 22 se présente sous une forme élégante, presque ciassique, comme
on le verra. La préface de M2 est intéressante du point de vue historique,
elle nous apprend qu’Abfi Ja‘far avait été précédé dans sa tentative par Abi
Muhammad al Khujandi, mais que la formule établie par ce dernier pourla
solution de x2 4 y2 = 22 n’était pas générale. De méme Abd M. al-Khujandi
avait cru démontrer I'impossibilité de #* + y® = z* en nombres entiers, mais
Abi Ja®far avait montré son erreur. Il en avait résulté une discussion entre
les deux auteurs, discussion qu’avait suivie “Abdallah b. “Alj ’arithméticien,

8. MS Paris 2457, ff. 213a, 214b.
9. Si x, y, z n’ont pas de diviseur commun alors la solution générale de ’équation x2 4 y2 = 22
est z == a2 4 b2,y = a2 — b2, x = 2ab, 00 @ et b sont premiers entre eux, I'un pair, ’autre impair.
Par suite pour obtenir toutes les va-
leurs possibles de z, Abd Jafar écrit

dans une 18T€ colonne, les nombres 1,2, 1 1 2 5 10 17 26 37 ‘
3, ..., n; dans une 2¢ co!onne leurs car- 9 4 8 13 20 29 40 i
rés 12, 22, 32, ..., n2. Il ajoute alors 124

12,22,..., n2 et écrit les sommes obtenues 3 9 18 25 34 45

dans la ligne horizontale passant par 1.

Puis il ajoute 22222, 32,..., n2, et| T | 16 | 32 | 41 | 52

&crit les resultats dans la ligne horizon- | 5 25 50 61

tale passant par 2. Il suffit de choisir

dans les lignes horizontales les z impairs: [ 6 36 72

a2et b2 en découlent d’olx y et x.

Ainsi 17T=1416 = 12 4 42,

Par suite y =42—12=15 et x= 241 =8,
29 =4+ 25 =224 52

Done y =052—22=2letx=252=20.

10. Les étourderies ou les erreurs sont fréquentes, semble-t-il, dans 1’cuvre d’al-Khazin. Le mémoire
M3 n’en manque pas; et voir: Abi Nasr b. “Iraq, Tashth 27 al-safd’ik (Rasa’il Abi Nagr, Hyderabad,
1948); Al-Birtini, Tamhid al-mustagirr, (Rasd’il al- Birini, Hyderabad, 1948), pp. 77-78.
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en méme temps qu’il traduit I’Arithmétique de Nicomaque et revoit la tra-
duction des Eléments d’Euclide? fait des propriétés des nombres 1’objet de
ses méditations et on lui doit des écrits qui restent parmi les uvres mathéma-
tiques arabes les plus profondes en méme temps qu’il frole le raisonnement
récurrentiel dans certaines relations numériques.® A en juger par la liste de
ses ouvrages, il ne semble pas que Thabit se soit intéressé a I’Arithmétique
de Diophante. De ce livre aucune trace non plus dans 1’Algébre pourtant si
riche de Shujac b. Aslam, qui d’aprés nous a fleuri autour de 265 H.4

Dés le début du 4¢ siécle H. I'influence de Diophante se fait cependant
sentir et elle persistera jusqu’a la fin du siécle et bien entendu au-dela. Al-
Biizjani (m. 387 H.), venu de la Perse Orientale touche Baghdad en 348 H..°
a un moment ot Baghdad vit des années relativement calmes sous le régne
du bouyide Mu®izz al-dawla.® Il écrit un “Commentaire sur le livre de Dio-
phante’’ un “livre d’initiation a I’Arithmétique’” (théorie des nombres ou livre
de Nicomaque ?), le “livre des démonstrations employées par Diophante et
celles employées par ’auteur dans son Commentaire”.® Or, avant d’arriver a
Baghdad il avait regu son instruction sur la théorie des nombres, al-‘adadiyyat,
et les questions arithmétiques de ses oncles Abii “Amr al-Maghazili et Aba
€Abdallah M. b. “Anbasa, auteurs d’ouvrages perdus.®

Le mémoire que nous publions; Paris MS 2457, f. 204a - 215a, appartient
i un auteur qui est également de la Perse Orientale: Abf Jafar Muhammad
b. al-Husayn al-Khurasani al-Saghani al-Khizin dont le nom et Pactivité
remplissent la premiére moitié du 4 siécle H.”

Objet du mémoire

Le mémoire d’Abii Ja®far reléve de cette catégorie d’ouvrages nés sous
le signe de I’activité qui régne autour de ’Arithmétique de Diophante et de

La formule attribuée par Proclus 4 Platon pour la construction des triangles rectangles numériques
était connue des Arabes: [ (m—1) (m+1) ]2 + (2m)2 = (m24-1)2. Elle figure, par ex., dans un mémoire
anonyme dont il sera question plus tard (voir note 14).

2. Al-Fikrist, p. 385. Al-Qifi7, Ikhbar, p.47; T. L. Heath, The Thirteen Books of Euclid’s Elements.
(New York, Dover Publ., 1956), vol. 1, pp. 75-76.

3. F. Woepcke, ‘“Notice sur une théorie ajoutée par Th3bit b. Korrah”, Journ. 4s., 20 (1852),
4€s.,420-429 (sur les nombres amiables). Voir le jugement de G. Sarton sur les quadratures de Thabit,
Introd., vol. 1, p. 600.

4. Ibn Aslam, Al-Jabr w’al-mugdbala, MS Qara Mustafa, 379. Adel Anbouba, Un algébriste arabe,
(Beyrouth, 1963), Horizons Techniques du Moyen Orient, n° 2, pp. 6-15. Adel Anbouba, *“L’algébre
arabe aux IX¢ et X siécles. Apercu général,”” Journal for the History of Arabic Science, 2(1978), 66-100.

5. Al-Fihrist, p. 408; al-Qifti, p. 188.

6. Voir les événements des années 336-350 H., dans Ibn al-Jawzi, Al-Muntazim (Hyderabad,
1357-8H.), vols. 6 et 7.

7. Pour quelques détails biographiques sur Abi Jafar (et “Abdalizh b. Ali dont il sera question
plusloin) on voudra bien se reporter a l'article Anbouba, ¢‘L’algébre arabe’”, pp. 89-90. Voir aussi
pp- 98-100.



Un Traité d’Abu Ja'far [al-Khazin]

sur les triangles rectangles numériques

ApEL ANBOUBA*

Introduction

L’intérét des Arabes pour la théorie des nombres a commencé aussitét que
le 3¢ siecle H. A la base de cet intérét se placent les trois livres arithmétiques
des Eléments d’Euclide, le Xéme, I’Arithmétique de Nicomaque de Gérase,
I’arithmétique de Diophante, certaines questions de quadratures et a4 n’en
pas douter des traités ou fragments de traités grecs obscurs qui ne nous sont
pas parvenus, voir méme des passages de philosophes grecs.! Th 3bit b. Qurra

* Institut Moderne du Liban, Fanar-Jdaidet, Beyrouth, Liban. Cet article envoyé a 1’edition aussi
t6t que mai 1978 a subi, comme on le voit, un retard accidental assez long. Entre temps nous avons
appris que le Dr. Ahmad Saidan avait publié dans la revue Dirdsdt, de 1'Université Jordanienne,
(décembre 1978), le mémoire objet de notre article (avec une analyse en langue anglaise): Paris MS
2457, 49 (non 41), ff. 204a- 215a. Nous nous sommes demandé alors si nous ne renoncerions pas i notre
publication. Mais outre qu’une variété d’éditions d’un méme texte ancien peut étre de quelque utilité
pour les chercheurs, nous avons pensé que la partie francaise de notre article en justifiait ’apparition.
Il est vrai que le Dr. Saidan écrit: ““This is the text of the tract translated by Woepcke in Atti dell’
Acc. pontif. d. nuovi Lincei 14 (1861). It is edited to form chapter two. . .’ (op.cit. p.7). En fait,
Woepcke dont la vie fut, hélas, assez bréve, n’a pas traduit en frangais le texte concerné ici, mais:
Paris MS 2457, 19, ff. 82-86a, fragment d'un traité anonyme et MS 2457, 20, ff. 86b-92a d’Abii Jafar
dont on trouvera I’analyse frangaise dans Woepcke, op.cit. pp. 211-227, 241-269; et pp. 301-324, 343-
356 respectivement. Nous profitons de cette occasion pour remercier ici le Conservateur des manus-
crits orientaux & la Bibliothéque Nationale de Paris, Mlle M.-R. Séguy dont nous avions sollicité et
obtenu, au début de 1978, autorisation de publier le mémoire d’Abii Ja“far. Notre reconnaissan ce
va également a Mlle M.-T. Debarnot qui « lu avec beaucoup de soin le sommaire frangais de notre
article et dont les remarques et les suggestions nous ont permis de reprendre la rédaction de certains
passages et d’y apporter des rectifications.

1. Nous ignorons si des commentaires de I’Arithmétique de Nicomaque furent traduits en arabe;
la chose est plausible, les noms des commentateurs Proclus, Jean Philopon, Jamblique n’étaient pas
étrangers aux Arabes. (Al-Qifti, Ikhbdr al-°ulama’ (Caire, 1326 H.), pp. 44, 70, 232. G. Sarton, In-
troduction to the History of Science (Baltimore, 1927) vol. 1, pp. 253, 351. T. L. Heath, 4 Manual of
Greek Mathematics (Oxford, 1931), p. 62. Al-Qifti cite de Proclus d’Alexandrie un ouvrage sur “la na-
ture des nombres, en 4 livres’ (Dans 1’édition, Proctus pour Proclus). Ibn al-Nadim nous apprend
qu’on avait écrit des abrégés du livre de Nicomaque (al- Fihrist, Caire, s. d. p. 391). On doit a al-Kindi
(m. 257 H.) un mémoire sur les nombres employés par Platon dans sa Politique (al- Fihrist, p. 373).
Al-Samaw’al 6¢ s. H. cite un livre sur les nombres, apparemment apocryphe, attribué a Pythagore.
(Al-Bghir, éd. Ahmad et Rashed, (Damas, 1972), pp. 9, 120, 122. Que ’on compare les nombres évoqués
comme bases de pumération par al-Jahiz (al-Tarbi® w’al-tadwir, éd. Pellat, (Damas, 1955), p.81) et
le nombre choisi par Platon pour la population de la cité idéale (Les Lois, III, VI, coll. des U. de France,
Tome XI, 2¢ p., trad. E. des Places, (Paris, 1951), p. 92).
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INSTITUTE FOR THE HISTORY OF ARABIC SCIENCE

Al-Razi’s Ma al-Fariq (Book of Criteria)
1979. 27 X 20 em. illus. 530 pp. 50 L.S. / $13,

The Arabic text edited by Salman Katayé. Abu Bakr Muhammad bin Zakariya
al-Razi (fl. 251/865-313/925) uses the medium of questions and answers for
the diagnoses of illnesses.

Proceedings. First International Symposium for the History of Arabic Science.
5-12 April, 1976. Volume II (European languages).
368 pp 60 L.S. / §15.

Papers by: (Exact Sciences) 1. Garro, H. Hermelink, S. Hurreiz, K. Jaouiche,
E. S. Kennedy, D. A. King, P. Kunitzsch, R. Lemay, J. Murdoch, A. J. Naji,
H. M. Said, A.S.Saidan, J. Stroyls, F. Zimmermann, (Medicine) A. G. Debus, |
R. Degen, N. Gallagher, G. Karmi, M. Ullmann. (Technology, et al) T. Fahd,

D.R. Hill, J. Piaskowski, W. Spencer, A. R. Zaki.

Order directly from the Institute for the History of Arabic Science
University of Aeppo, Syria

Pre-payment requested. Payable by check, money order or bank draft.

B orthcoming

Banu Musa ibn Shakir; Kitab al-Hiyal. Critical edition of Arabic text by
A.Y. al-Hassan, in collaboration with M. A. Khayyata.

Studies in Arabic-Islamic Exact Sciences. The collected articles of E.S.Kennedy
and students in the history of astronomy, astrology, planetary theory; mathe- |
matics.

“Umar al-Khayyami, Al-Jabr w’al-muqabala. The Arabic text edited by
Roshdi Rashed.
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Volume 3, 1979. 27 X 20 cm. 384, 56 pp. in Arabic, French and English.
41 pp. of photos and figures.

Omar Dakkak The Dazzling Discovery: Ebla. (In Arabic), 16 pp. photos.

Abmad Y. al-Hassan Decline in the Use of the Water Wheel and the Advent of
Modern Irrigation Methods in Syria. Figures.

Néophytos Edelby La Cathedrale Byzantine d’Alep. (In Arabic), with plans.

Sami K. Hamarneh Arabic Glass Seals on Early on Eighth-Century Containers
for Materia Medica. (illus.)

Mohamad K. Fares The Minarets in Aleppo and their Architectural Development
(In Arabic), 12 pp. photos.

Abdul Karim Chéhadé Al-Baghdadi, a Pioneer Arab Archaeologist. (In Arabic).
Wahid Khayata Les Ivoires Pheniciens (In Arabic), with 8 photos.

M. Altounji The Gold-Wiredrawer (al-altunji) (In Arabic), with 5 photos.
Basil Ayoub Origine de I’Ecriture. (In Arabic), with figures.

Farid Jiha Les Sources des Monuments Historiques d’Alep (In Arabic).

Abstracts in English or French are given for articles written in Arabic.

Order from: INSTITUTE FOR THE HISTORY OF ARABIC SCIENCE
UNIVERSITY OF ALEPPO, ALEPPO, SYRIA

Pre-payment requested. Payable by check, bank draft or money order.
L.S. 25/$6.



Sources & Studies in the History of Arabic-Islamic Science
Natural Sciences Series 1

BUCH UBER DAS GEHEIMNIS DER SCHOPFUNG

UND DIE DARSTELLUNG DER NATUR
(Buch der Ursachen)

von

PSEUDO-APOLLONIOS VON TYANA

URSULA WEISSER, EDITOR

(Sirr al-Khaliga wa san@*at al-tabia; Kitab al-°Ilal by Belinus al-Hakim and
including Tabula Smaragdina and Kitib al-Tabiat al-insin by Nemesios of
Emesa).
1979. 27X 20 cm., 702 pp., Arabic text and index; 66 pp. Introduction and notes (in German). Bibliog
L. S. 60/ $15
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 Command-
ments.

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;
two recensions with a concordance and a description of the style characteristics
of each.
Book I On the Creation
IT On the Spheres and Space
III On Minerals
IV On Plants
V On Animals
VI On Man

Payment by check, bank draft or morey order to:
Institute for the History of Arabic Science

University of Aleppo, Syria




INSTITUTE FOR THE HISTORY OF ARABIC SCIENCE, ALEPPO, SYRIA

Al-Jazart o ns
A Compendium on the Theory and Practice ofthe Mechanical Arts

Edited by
AHMAD Y. AL-HASSAN

This is a critical edition of an Arabic text of over 500 pages.
Five manuscripts have been used from among the fifteen extant.
All are amnotated in the introduction. The 175 figures have been
drawn after careful study and collation of the various illustrations
in the manuscripts.

The text describes in careful detail various mechanical and hydraulic
machines from the period before the 14th century, in the Arab world.

Glossaries include all technical terms used in the original text as
well as English and modern Arabic equivalents.

This work is important for historians of téchnology, historians
of science, and anyone working in the history of the Middle East.

31x 28, 676 pp., 208 drawings, 16 color plates, paperbound. L.S.100/$25.
Payable by check, money order, or bank draft to the Institute.




To Contributors of Articles for Publication

in the Journal for the History of Arabic Science

1. Submit the manuscript in duplicate to the Institute for the History
of Arabic Science. The text should be typewritten, double-spaced, allowing
ample margins for possible corrections and instructions to the printer. Please
include a summary in Arabic, if possible, about a third the length of the ori-
ginal. Otherwise let us have a summary in the language of the paper.

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

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

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

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

,a,b,t,th,j,h,kh,d,dh, r,z,s, sh,
. | o o & T d B 5 J ) - U
s,d,t,z,°,gh,f, q,k,l, m,n,h,w,y
T I R S S T A R
For short vowels, a for fatha, i for kasra, and u for the damma.

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

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



NOTES ON CONTRIBUTORS

Adel Anbouba works on the history of algebra and geometry. He has taught the history of Arabic
science and mathematics at the Lebanese University and at the French Faculty of Economics. His
publications include studies on al-Karaji, Shuja® b. Aslam, Sharaf al-Din al-Tisi, al-Samaw’al b.
Yahya al-Maghribi and other Islamic mathematicians.

Bernard R. Goldstein studies the history of the medieval exact sciences. Among his notable achieve-
ments was the discovery, publication, translation from the Arabic, and analysis, of a major portion of
Ptolemy’s Planetary Hypotheses.

Robert E. Hall is interested in the history of Islamic science and philosophy in general, and in
psychology, optics, and mechanics in particular.

Ahmad Y. al-Hassan, Rector of Aleppo University and Director of the Institute for the History
of Arabic Science, is a historian of Arabic technology. He is currently preparing a text edition of the
book by the Bani Miisd on mechanical devices.

Ghada Karmi is a physician and historian of Arabic medicine. She has been particularly interested
in the Kunndshdt, medical compendia used as manuals by medieval practicioners.

E. S. Kennedy has centered his efforts upon the history of Islamic astronomy, having studied
intensively several of the works of al-Bir{ini and al-Kashi.

Mustafa Mawaldi, of the staff of the Institute for the History of Arabic Science, has written articles
on economics and statistics. He is preparing a critical edition of al-Nasawi’s Kitdb al-tajrid, an intro-
ductory manual of geometry.

Seyyed Hossein Nasr is a scholar whose very numerous publications range over a wide gamut of
subjects, including cosmology, religion, mysticism, and law, as well as the history of science.

George Saliba has recently joined the faculty of Columbia University. His interests include the
réle of Syriac in the transmission of Greek science to Islam.
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this field his achievements have won him well deserved fame. So far he has
published English translations of the most significant Arabic books on ingen-
ious devices, even before these treatises had been printed in the original.
Naturally, any detailed work of this sort will be found to contain occasional
errors. However, in view of the importance of his accomplishments, such errors
are insignificant, almost negligible. By his labors Hill has paid the Bant Masa
their full tribute. Thanks to him, the Kitab al-Hiyal is no longer a shadowy
work concerning which the non-specialist must speculate on the basis of the
remarks of Ibn al-Nadim, Ibn al-Qifti, and Haji Khalifa. It has taken its rightful
place as a book of science and engineering, a work which we comprehend and
enjoy reading. It is to be hoped that the complete Arabic text will soon appear,
to complement Hill’s English translation.

AuMAD Y. AL-HASSAN

University of Aleppo
Institute for the History of Arabic Science
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published by him on Islamic-Arabic mechanical technology.

The distinctive feature of this English version is that it is the first in any
language (including Arabic) which presents the Kitab al-Hiyal) in its entirety.
The discovery of the Topkapi MS in Istanbul has been of great value, giving
Hill’s work notable precedence over the German version by Hauser.

Hill’s book comprises two sections, the first being the Introduction. Among
other important matters dealt with in this part are: (1) the life and work of
the Banti Miis3, (2) manuscripts of the source, (3) earlier information on The
Book of Ingenious Devices, (4) historical context, and (5) motifs.

The second part of the book contains a complete translation descriptive
of the hundred devices or models which occur in the Kitab al-Hiyal. Following
each model are notes and commentary.

Hill’s book ends with an appendix comprising three models whose relation
to the Kitib al-Hiyal is challengeable. One occurs in the Vatican MS, another
in the Topkapi version, the last in Leyden MS (Or. 168). There is a list of
references consulted. and a glossary of Arabic terms and their English equiva-
lents.

In his research, Hill depended basically on the Topkapi MS. Wherever
a passage occurs in this MS, Hill relied on it primarily, comparing it to
that Vatican copy. He deemed it unnecessary to collate it with the
Gotha-Berlin MS. Elsewhere, the Vatican MS was taken to be the primary
document, that is, in relation to those models missing in the Topkapi MS.
Insofar as the last ten models are concerned, the Berlin MS is the only source
available, since these are missing in both the Topkapi and the Vatican copies.

Following the translated description of each model, Hill provides a pho-
tographic reproduction of the drawing of that model as it occurs in one of
the MSS. Then he displuys a simplified version of the same drawing, omitting
unnecessary details, such as the handles of pitchers, decorations, etc. He also
puts, on these redrawn sketches, the Latin letters corresponding to the Arabic
of the original. Occasionally he also provides a modern illustrative drawing,
sometimes adapted from Hauser’s book, with due acknowledgment. Finally,
Hill inserts, following most of the drawings, appropriate remarks elucidating
obscure ideas, or illuminating the fundamentals on which the particular model
relies. Much repetition in these places has been saved by devoting a special
section in the Introduction to an explanation of the common principles and
recurrent methods used by the Banii Miisi in designing their models.

Judging by any standards, the work undertaken by Hill is stimulating;
it is to to be highly esteemed. Whoever attempts to edit a book of this nature
realizes the amount of experience and the mastery of technique needed for
such work. It also presupposes good knowledge of Arabic. Researches by Hill
stand almost unique. For some time he has concentrated on translating and
annotating works pertaining to Islamic Arabic mechanical technology, and in
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The Sublime Methods of Spiritual Machines, by Taqi al-Din ibn Ma‘rif al-
Risid al-Dimashqi.* These three books, separated as they are by long inter-
vals of time (respectively, the 3rd/9th, 6th/12th, and the 10th/16th centuries)
constitute three major links in the chain of mechanical engineering
achievements, a component of Islamic-Arabic civilization. It is to be hoped
that the recovery and publication of other books will supply the missing
links to the chain.?

Thus the Islamic-Arabic legacy in the field of ingenious devices begins
with the work of the Banii Miisa, a book which won resounding fame in the
Arabic literature. Fortunately, this is one of the few books by the Bana Misa
that have survived. However, in spite of its being widely known, the extant
MSS are few. Today there are only three major copies: Topkapi Saray Ahmet
I1I 3474; Vatican MS 317; and a third MS, divided between the Gotha library
(No. 1349) and Berlin (No. 5562). The Topkapi MS has only recently come to
light.®

It was towards the end of the last century that historians of science began
to devote their attention to the Kitab al-Hiyal by the Banti Misa. Serious
studies on this book, however, were not conducted before the first decades
of this century, when Wiedemann and Hauser published articles on the drink-
ing pitchers, and described figures 85-87 of the Kitab al-Hiyal.” Hauser later
published a lengthy book into which he incorporated the remaining figures,’
Thus the work became available in German. Wiedemann and Hauser depended
primarily upon the Vatican MS, and, in a secondary sense, upon the Gotha-
Berlin version. Because the texts in these MSS were sadly truncated and
seriously defective, Hauser exerted much effort in attempting to interpret
the figures. In consequence he had to take liberties with the translation, recast-
ing the German in such manner as to render the text intelligible from the
technical point of view.

The latest and most important research on the Kitab al-Hiyal is the book
here reviewed, the English translation of the complete text by Donald Hill.
He thus continues an important project commenced in 1973 with his English
translation of the book of al-Jazari.® This is in addition to other research

4. The Arabic text has been edited by Ahmad Y. al-Hassan, Al- Turug al-saniya fi al-dldt al-rihdniya
(Aleppo, THAS, 1976).

5. For word of an additional link, see Donald R. Hill, *‘A Treatise on Machines...”’, Journal for the
History of Arabic Science, 1 (1977), 33-46.

6. See the review of Hill’s al-Jazari translation by David A. King, ‘‘Medieval Mechanical Devices”,
History of Science, 13 (1957) 284-289.

7. Eilhard Wiedemann and F. Hauser, ‘““Uber Trinkgefisse und Tafelaufsétze nach al-Gazari und
den Banii Masa’’, Der Islam, 8 (1918), 55-93, 268-291.

8. F. Hauser, “Uber das Kitab al-Hiyal. . . ”’, Abhandl. zur Gesch. der Naturwissenschaften und der
Medizin (Erlangen, 1922).

9. See Note 3 above.
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Donald R. Hill (Translator). The Book of Ingenious Devices (Kitib al-
Hiyal) by the Bana (sons of) Misa bin Shakir. Translated and annotated by
Donald R. Hill. Dordrecht, Holland: D. Reidel Publishing Co., 1979. x + 267
pages. Dfl. 130 / $63.

The Banii Misa lived in the 3rd (H.)/9th (A.D.) century, when Arabic
civilization had reached its zenith. In the reign of al-Ma’miin and the caliphs
who succeeded him, the three sons of Miisa bin Shikir-Muhammad, Ahmad,
and al-Hasan - played a prominent part in promoting the sciences, particularly
mathematics, astronomy, and mechanics. This they did through their writings,
as well as by their pervasive influence on the translation movement from
Greek into Arabic. But while the writings of the Banii Miisi were voluminous
and varied, the work which stands out as distinctive is The Book of Ingenious
Devices (Kitab al-Hiyal). Wherever mention is made of the Banti Misa, this
ingenious piece of work stands as their greatest achievement.

In the Mafatih al-°Ulam,' al-Khwarizmi sets down al-hiyal (the science
of ingenious devices) as one of eight fundamental disciplines. He then divides
it into two parts: one pertains to the moving of weights by application of
mechanical advantage; the other deals with ingenious devices for moving wa-
ter, and the making of curious vessels, along with the related art of automata.

In later classifications of the sciences, al-fiyal found itself categorized
as a branch of al-handasa, not in the mathematical sense (geometry), but
rather in the technological (the engineering)? sense.

In any case, and apart from classifications of the sciences, so widely differ-
ent from age to age, the science of ingenious devices, or al-fiyal, falls within the
scope of mechanical engineering, as it deals with machines, instruments, and
hydraulic and mechanical equipment.

Until recently, only two Arabic books on the subject had been widely
known, one, The Book of Ingenious Devices by the Banii Misi, the other A
Compendium on the Theory and Practice of Ingenious Devices by Badi® al-
Zaman ibn al-Razziz al-Jazari.? To these two have now been added a third,

1. Muhammad b. Ahmad b. Ydsif al-Khwarizmi, Mafitik al-°Ulam (Cairo, Idarat al-Tiba® at
al-Muniriya, 1342 H.), p. 191.

2. Ahmad al-Qalqashandi, Subl al-I°shd (Cairo, al-Matba“at al-Amiriya, 1913) , vol. 1, p. 476.

3. The Arabic text has recently been published: Al-Jimi® bayn al-®ilm w’al-°amal al-ndfic fi
sind“at al-hiyal, by Ibn al-Razzaz al-Jazari, edited by Ahmad Y. al-Hassan, Institute for the History
of Arabic Science, hereafter IHAS, (Aleppo, 1979). This was preceded by the English translation: The
Book of Knowledge of Ingenious Mechanical Devices by Ibn al-Razzaz al-Jazari, translated and annotat-
ed by Donald Hill (Dordrecht, Reidel, 1973).
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Professor al-Haschmi Honored

On June 7, 1979, the Institute for the History of Arabic Science held a
ceremony in honour of Professor Muhammad Yahya al-Haschimi. The program
included a poem in praise of this noted historian of science by “Omar Abu
Qaws. Drs. Taha Ishaq Kayali, “Abd al-Salam Ujeili and Mr. Fuad Aintabi
delivered speeches dealing with Professor Haschmi’s life and work. His
books were ‘on display during the ceremony, and he was nominated for the
Syrian Order of Merit. His book on plants, which Dr. Nazir Sankari is
presently revising, will be published in the near future.

Professor Haschmi was born in Aleppo in 1904. He studied chemistry and
philosophy in Germany, and took the doctorate for his study on al-Birlini’s
Kitab al-A#jar. During his long professional career he has taught in secondary
schools in Aleppo, and lectured at the university. His special interest has
been the history of Arabic and Islamic science and its transmission to the
West. He has published a number of articles and several books. His most
important achievement was the establishment of the Syrian Society for
Scientific Research in 1957. Professor Haschmi has retired from teaching,
but is still pursuing his scientific activities, in addition to being an active
member of the Syrian Society for the History of Science.



Professor Sezgin Winner of King Faisal
International Award

Professor Fuat Sezgin, the candidate of the Institute for the History of
Arabic Science for the King Faisal International Award, won the award for
Islamic studies, bestowed in recognition of his six volume work, Geschichte
des arabischen Schrifitums. Professor Sezgin has already spent twenty years
collecting and compiling his source material for this monumental publication,
and two further volumes are still in preparation.

One of the orientalists present at the congress held in Wiirzburg (FRG)
in 1968, said in praise of this great achievement, “Brockelmann was the centre
of attention for many a year, but the Geschichte des arabischen Schrifitums
will become one of the 20th century’s most important contributions to Arabic
literary culture and the classification of the immense Arabic heritage”.

In the introduction to the first volume of the Arabic translation from its
German original, Dr. Fahmi abu al-Fadl says, “This is not only a book on
science, but also a proof of great achievement if we consider that such a work
is usually compiled by a group of scholars. Yet the Geschichte des arabischen
Schrifttums is entirely the work of Professor Sezgin”.

Professor Sezgin was born in Istanbul in 1924 where he studied, taking
his doctorate in Islamic Science and Persian Studies. For a number of years
he was on the faculty of the University of Istanbul.

The History of Rhetoric written in Turkish (1947), and Studies on Bukhari’s
Compendium of Sources, published in 1956, are only two of Professor Sezgin’s
numerous works. In 1960 he moved to Germany, where he lectured for two
years at the Institute for Semitic Languages of the University of Frankfurt.
Subsequently he was named a visiting professor at the Institute for the His-
tory of Natural Science at the same institution. He then obtained a chair at
the University of Frankfurt with all the rights of a German professor, although
he retained his Turkish nationality.

He was granted the award on February 27, 1979, in an official ceremony
held in Riyad under the patronage of His Majesty King Khaled ibn Abdul
Aziz. Dr. Ahmad Y. al-Hasan, Rector of the University of Aleppo and Director,
Institute for the History of Arabic Science, attended the official celebration.

The award consists of a certificate bearing the name of the prize, a valuable
medal, and a sum of money equivalent to 200,000 Saudi Rials.



The Second International Symposium for the History
of Arabic Science

The opening ceremonies were convened on Thursday, 5 April, 1979, before
an audience of seven hundred people. The scientific meetings commenced on
the same day. These continued through Monday, 9 April, being held in various
auditoriums of the University of Aleppo.

The meetings included three seminars, having the following themes:

The Place of Science and Medicine in Medieval Islamic Civilization
The History of Algebra
and The Transmission of Arabic Science to the Latin West
Each seminar was addressed by a group of from two to four invited speakers,
after which the meeting was thrown open for general discussion.

In addition to the seminars, there was a total of seventeen sessions for the
presentation of some 114 short papers on topics chosen by the participants,
opportunity being given for questions and remarks from the floor after each
paper. These sessions were organized by fields of study, with two or more
running simultaneously. The history of medicine was by far the most popular
subject with thirty-four papers. Next was mathematics with eighteen, thence
lesser numbers of presentations involving astronomy, the earth sciences, tech-
nology, astrology, alchemy, physics, agriculture, and so on.

Interspersed with the scientific sessions were lectures and film showings
of general interest, notably of the excavations at the famous nearby site of
ancient Ebla.

The Institute for the History of Arabic Science prepared exhibits of publi-
cations of the University of Aleppo and of the numerous objects which make
up the first acquisitions for the Institute’s future history of science and
technology museum.

The last day of the Symposium concluded with a general meeting of par-
ticipants, for the adoption of resolutions, and a final banquet.

On Tuesday, 10 April, those of the departing visitors who so chose were
escorted on tours to Ebla and the Krak des Chevaliers via Homs, or to Lattakia
and Ugarit.

Scholars resident in a total of twenty-seven different countries were present.
Naturally, the twenty-three from Syria, the host country, made up the largest
group. There were twenty-seven from the other Arab countries, about a third
of these being from neighboring Iraq. The eleven participants from the USSR
made up the largest single delegation, with West Germany, France, the U. S. A.,
and the United Kingdom not far behind.

Many of the participants expressed gratification at the level of the material
presented, and with the arrangements in general. The organizers of the Sym-
posium may congratulate themselves upon a job well done.
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by Shath in his published catalogue, is not noted by either Brockelmann,
Sezgin, or Ullmann in their bibliographies.®

The Manuscript
(Number: Antaki 1)

Damaged and faded leather cover. The binding has come apart and most
of the pages are loose, but otherwise the manuscript is well-preserved. Stained
pages. Almost no marginal notes. The first page contains one owner’s seal
and four entries in different hands. One of these, which appears to be more
recent than the text, reads:

S dl SE bl s ol S ey el Bie el Ol
I LS5 e

182 ff. Complete. Paginated in ink. Ends on p. 364.

18.5 x 11.5 cm. 22 lines.

Legible naskhi script, partly vocalised. Red ink headings. No scribe’s name.

Undated. Probably 7th/13th century (as Sbath).

Begins:
sl gL S g e [siE] all QS el el e ) el B
Tl oo Uy WGy labymy Sher ol & JBT el wle G J oy Joael Gl

o Y Lo STy SleVly slesyl s g b,

Ends:

s Z:_,Jﬂjl xe Al @ g gt Lo Y BEHERRVSEY ébw RSTICI PRI |3 r,L ke

o Lols U5 s Qb e sio § HSH dadlly SV e Jo Ll 3l JLS &1L 0

aedly QU @l L G0 Y155 Y e Yy ST oy B g Ol 8L el
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It is of course always useful to discover the whereabouts of an Arabic
scientific manuscript. But it is particularly useful in this case for two reasons:
firstly, there is no modern printed edition of K. al-Mansiri, and secondly,
the book is of great importance to the history of Arabic medicine and medi-
aeval learning. In addition, this manuscript is especially valuable because it is
complete, well-preserved, and appears to be early. Many of the surviving
manuscripts of K. al-Mangiri are incomplete, sometimes lacking as much as a
half or a third of the original text.

It is fortunate that this manuscript has been released from private owner-
ship and is now available for scholarly use.!®

9. C. Brockelmann, Geschichte der arabischen Litteratur (Weimar: Felber, 1898-1902), Vol.I, pp.
233-5 (one would not of course expect the Shath manuscript to be mentioned in this edition); Supple-
ment, (Leiden: Brill, 1937-42), Vol. I, p. 417; Sezgin, op. cit., Vol. III, pp. 281-2; M. Ullmann, Die
Medizin im Islam (Leiden: Brill, 1970), p .132.

10. In this connection, it should be mentioned that I am currently preparing an edition of Book 9
for publication by the ITHAS. This MS will be one of those used in the preparation of this edition.
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scripts of the work extant, dispersed in various eastern and western libraries.
This large number and the wide temporal span of the surviving manuscripts
is further testimony to its popularity.® Yet, apart from Reiske’s Arabic and
Latin edition of 1776, there has been no Arabic edition of the work in modern
times. The first maqgala was edited and translated into French by de Koning
in the early part of this century.’

K. al-Mangari is moderately large, (the manuscript length averages at
200 ff.). It deals with all the major topics of medical importance of the time,
as the subjects of the ten magqalat indicate:

The Form and Appearance of Organs

Knowledge of the Temperaments of Bodies and the Preponderant Humours in Thern
The Faculties of Foods and Medicines

The Preservation of Health

Cosmetics and External Diseases

The Management of the Traveller

Bonesetting, Wounds and Ulcers

Poisons and Insect Bites

The Diseases from Head to Toe

Fevers, Coction, Crisis, the Urine and the Pulse

In 1977, the Institute for the History of Arabic Science at Aleppo received
a gift of 255 manuscripts from a well-known art collector of Aleppo, Mr. George
Antaki. Among the medical works was a manuscript of K. al-Mansiri. The
only copy of this book previously known to have been in Aleppo was the one
mentioned by Father Paul Sbath in his 3-volume catalogue of the manuscripts
held in private collections in Aleppo. Here, he refers to a manuseript of K. al-
Mangiir: in the collection of the consul for Holland, M. Rodolphe Poché. The
entry in Sbath’s book is characteristically brief and gives no description of
the manuseript.® Careful inquiry has established that this manuscript of the
Dutch consul is the same as that donated to the THAS. It had passed from
that owner into the posession of others and thence to the final purchaser who
donated it to the THAS. With the manuscripts came also a hand-written list
of their titles, authors, and brief descriptions. This is contained in a small
exercise book, said to have been written by Paul Sbath in the 1930s in prepara-
tion for a fuller catalogue (which he never undertook). The entry for K. al-
Mangir: dates it as 13th century (A. D.) and marks it as ‘précieux’. No other
description is given. The existence of this manuscript, although it was listed

6. There are manuscripts of this work dating from the 5th/11th century until the 12th/18th cen-
tury. For details, see F. Sezgin, Geschichte des arabischen Schrifttums (Leiden: Brill, 1967), Vol. III,
pp 281-2.

7. P. de Koning, Trois traités d’anatomie arabe (Leiden: Brill, 1903), pp. 2-98.

8. P. Sbath, al- Fihrist, catalogue des manuscrits arabes, 3 volumes plus supplement, Cairo, 1938-
40, Vol.I, p.99. Elsewhere (Introduction, p.vii), Shath says that this Consul had a large collection of
Arabic manuscripts.



NOTES AND CORRESPONDENCE

Notice of Another Manuscript

of al-Razr’s Kitab al-Mansur1
Guapa Karmr*

NE OF THE MOST FAMOUS of Abi Bakr Muhammad b. Zakariyya al-

Riazi’s books was the comprehensive book on medicine which he dedicated
to the Samanid prince, Abfi Salih al-Manstir b. Ishaq, (after whom it was known
as the K. al-Mangiri). It was an extremely celebrated work in the Latin West
throughout the Middle Ages, and was translated into Hebrew, Greek and
Latin, the last by Gerard of Cremona in 1175.> It was printed in Latin in 1481,
and was reprinted many times thereafter. There are also many Latin manu-
scripts of the book extant, further proof of its popularity in the West.? K. al-
Mangirri is divided into ten treatises, or magalat. The 9th magald, or Liber
Nonus (alternatively known as the Nonus Almansoris), which deals with the
diseases from head to toe, became especially important in Latin translation.
It was printed many times, particularly in the 15th century, and was extensive-
ly used and commented on in the 15th and 16th centuries.> The most famous
of these commentaries was Andreas Vesalius’ paraphrase, which was published
in 1537.%

K. al-Mangiiri was also popular and important in the Arabic East. Ab@’l-
€Abbis al-Majiisi, the 10th-century author of the medical encyclopaedia, Kamil
al-Sini‘a, says in his introduction that al-Razi had surpassed all others in the
excellence of his book, K. al-Mangari.® Today, there are no less than 47 manu-

*The Wellcome Institute for the History of Medicine, 183 Euston Road, London, N.W.1, U.K.

1. See M. Steinschneider, Die europdischen Ubersetzungen aus dem Arabischen bis Mitte des 17. Jahr-
hunderts (Vienna, 1904-5), p.25.

2. See L. Thorndyke and P. Kybre, A Catalogue of Incipits of Mediaeval Scientific Writings in
Latin, revised and augmented edition, (Mediaeval Academy of America, 1963), pp. 272, 471, 1053,
1375, 1538; also, S. Pansier, ‘‘Catalogues des manuscrits medicaux des bibliothéques de France”,
Sudhoffs Archiv, 2(1908), 36-7.

3. See H. Schipperges, ‘‘Bemerkungen zu Rhazes und seinem Liber Nonus®’, Sudhoffs Archiv,
47(1963), 373-7.

4. Andreas Vesalius, Paraphrasis in Nonum Librum Rhazae (Basle, 1537).

5. Al-Majasi, Kamil al-sina®a (Cairo, Bulaq, 1294/1877), Vol. I, p. 5, 1. 1-3.
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En collaboration avec René R. J. Rohr, “Deux astrolabes-quadrants turcs”,

Centaurus, 19(1975), 108-124.

1976

«Un cadran solaire juif”’, Centaurus, 19(1976), 264-272.

«Un compendium de poche par Humphrey Cole (1557), Annali dell’ Istituto
¢ Museo di Storia della Scienza di Firenze,1(1976), 1-11.

1977

“Quelques aspects récents de la gnomonique tunisienne’’, Revue de I’Occident
Musulman et de la Méditerranée, (Aix-en-Provence, France), 1977, 207-221.

«Un cadran de hauteur”, Annali dell’Istituto e Museo di Storia della Scienza di
Firenze, 2 (1977), 21-25.

En collaboration avec D. A. King: “Ibn al-Shatir’s Sandiiq al-Yawaqit: An
Astronomical Compendium”, Journal for the History of Arabic Science,

1(1977), 187-256.
1978

“Un cadran solaire grec a Ai Khanoum, Afghanistan”, L’ Astronomie (Paris),
92 (1978), 357-362.

En collaboration avec D. A. King: «“Le cadran solaire de la Mosquée d’Ibn
Tilin au Caire”, Journal for the History of Arabic Science, 2(1978), 331-
357.

“Un texte d’ar-Rudani sur I’astrolabe sphérique”, Annali dell’ Istituto e Museo
di Storia della Scienza di Firenze, 3(1978), 71-75.

1979
“Astrolabe et cadran solaire en projection stéréographique horizontale”,
Centaurus, 22(1979), 298-314.
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tan. Toutes ses recherches furent brutalement interrompues par son décés en
décembre 1978, alors que deux articles étaient encore sous presse.
On trouvera ci-aprés une liste de ses publications.

1969

«T’histoire du cadran solaire”, La Suisse Horlogére, (1969), 93-101.

1970

“Note sur le cadran solaire de Brou”, L’ Astronomie, Paris (1970), 83-85.

“Les cadrans solaires polyédriques du musée du Pays Vaurais”, Bulletin de
la Société des Sciences, Arts et Belles-Lettres du Tarn, N. S., 29(1970), 357-
365.

1971

“Les méridiennes du chiteau de Versailles’, Revue de I’Histoire de Versailles,
59(1971).

“Un cadran solaire astronomique”, L’ Astronomie, Paris (1971), 251-259.

1972

“Le cadran polyédrique du cloitre de Brou”, Bulletin de la Société des Natura-
listes et Archéologues de I’Ain, Bourg-en-Bresse, France, (1972), no. 86,
77-82.

“Le cadran aux étoiles”, Orion, (Schaffhouse, Suisse), 30(1972), 171-175.

“Un cadran solaire de hauteur”, Sefunim IV, Bulletin 1972-1975, (Haifa),
60-63.

“Le cadran solaire de la mosquée Umayyade 4 Damas”, Centaurus, 16 (1972),
285-298, reproduit dans E. S. Kennedy, and I. Ghanem, eds., The Life
and Work of Ibn al-Shatir: an Arab Astronomer of the Fourteenth Century,
(Alep: Institute for the History of Arabic Science, 1976), pp. 107-121.

1973

“Le monument solaire de Bagneux’, Histoire Archéologique, Bulletin de
I’Association des Amis de Bagneux, (Bagneux, France), 1973, 521-529.

1974

“Le cadran solaire multiface de ’Abbaye Sainte-Croix de Bordeaux”, Revue
Historique de Bordeaux et du département de la Gironde, (France), 1974,
31-41.

“Le cadran solaire analématique, histoire et développement”, Centre Technique
de IIndustrie Horlogére, (Besangon, France), no. 74. 2057, 1974, 1-37. 1l
existe une traduction allemande due & René R. J. Rohr parue dans Uhren

Technik (U. T.), 2 (1974), 1-15.
“Le cadran lunaire”, Orion, (Schaffhouse, Suisse), 32(1974), 3-11.

1975
“Un cadran solaire oublié”, Orion, (Schaffhouse, Suisse), 33(1975), 179-182.
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17 OCTOBRE, 1897 — 29 DECEMBRE, 1978

Par C. Nallet*, René R. J. Rohr,et D. A. King

IPLOME des Hautes Etudes Commerciales, Docteur en Droit, M. Louis

Janin a fait toute sa carriére dans le commerce international en tant que
Directeur d’une grande banque parisienne. Il a eu six enfants, dix-huit petlts-
enfants et de nombreux amis.

Au cours de sa vie professionnelle, M. Louis Janin a travaillé en Algérie
et a eu de nombreux contacts avec les pays arabes.

Ce n’est qu’aprés avoir pris sa retraite, en 1965, a 1’dge de 68 ans, qu’il
sest intéressé a la gnomonique, et c’est a partir de cette date 1a qu’il lui a
consacré son temps et ses efforts. Son intérét pour la gnomonique arabe remonte
4 sa découverte de I’absence de publication sur le splendide cadran de la Mos-
quée Omayyade & Damas. Par la suite, il a visité le Caire pour examiner tous
les cadrans médiévaux que I’on peuty trouver, et ily a appris que le plus splen-
dide de ceux que I’on connait était celui de la Mosquée d’Tbn Tiilin qui n’existe
Plus que dans une reproduction fidéle préparée par les savants qui accompa-
gnaient Bonaparte en Egypte. Une de ses publications les plus récentes traite
d’un cadran extraordinaire, d’origine grecque, qui a été découvert en Afghanis-

*12, avenue Carnot, 75017 Paris, France.
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primarily of doctrinal responses; and when philosophy became focused upon
illuminationist metaphysics, the desirability of natural philosophy and the
mathematical sciences of nature was seriously reduced.’® But Avicenna’s
thought, as the foremost exemplar of falsafa, would also have played the
leading part on the side of the ancient disciplines in the general ‘religious
dialogue’ that I have posited. If the description is essentially correct this far,
then one may affirm with confidence that Ibn Sina’s theoretical psychology
exercised a decisive influence upon the history of the Greek sciences and upon
the evolution of Islamic cultural history in general. This is the conclusion that
I have been the most anxious to substantiate; but even in a longish paper
adequate support can be produced for only a part of the necessary argument.
I hope, though, that I have treated primarily those points which have most
significance for the broader issues.

Let me add a final observation. If this historical assessment has been an
accurate one, then the career of philosophy and of all the Greek sciences was
pressed forward in the very centre of Muslim culture, not at the periphery as
is often supposed. Indeed philosophy and her sister disciplines will need to be
regarded as having developed in ways and by processes which were common
to most fields of intellectual endeavour in the Islamic middle ages and which
seem to have been among the most characteristic and important features of
Muslim civilization.

45. All the natural sciences were harmed in this way, including psychology itself. But psychological
theory escaped to a considerable exteiit, because it was able to direct its inquiries towards the ontology
of intellects and related subjects; having thus been itself transformed, it came to occupy a position
midway between ‘physics’ and metaphysics.
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of the acquisition of knowledge which left him in exactly the moderate
illuminationist posture he wanted. The analysis of ‘experience’ (tqjriba) in
the Burhan was a crucial step in securing his epistemological doctrines. Tajriba
could be useful, but it had a strictly limited role, and there was no instance
in which it could not, in the end, be avoided. ‘Experience’ belonged to the
estimative faculty, ‘knowledge’ to the intellect; and the active principle of
intellection resided in a celestial being. Avicenna’s establishing of this external-
intellection theory of knowledge was what was most decisive, I have argued,
in determining the subsequent relationship of the Greek sciences ard their
proponents to the followers of the other ways of Muslim knowledge.

Ibn Sina’s attitude to empirical knowledge I have mainly attributed to
an ultimately Muslim belief in personal salvation. To this, too, I have credited
his interpretation of the ensoulment of the human embryo presented in the
Kitib al-Hayawén. Finally, since paradise was to offer eternal intellection
as its highest reward, it was in this connection also that the chief ontological
problems were generated. Avicenna took various measures to reconcile actual
intellection with incorporeal individualization, but he had no real success.

The discussions in this paper were designed to show how very much of
the philosophy of Ibn Sini was connected to his psychelogy and how crucially
his system depended upon the elaboration of a consistent general theory of
the soul. In the Islamic intellectual world of the late ninth, tenth, and early
eleventh centuries, moreover, it is correct to say that a very large proportion
of the leading issues lay within psychological theory or derived immediately
from doctrines there — an assertion for which my earlier list will have to provide
a sufficient prima facie case. In passing, without proof, I have offered an analy-
sis of the development of Islamic intellectual culture wherein the fundamental
process is seen as a ‘dialogue’ among the several groupings of Muslim thinkers,
one of which comprised the faldsifa and other adherents of the Greek sciences.
Conceived here as basically a religious debate, it had as its underlying question
the sort of “ilm that was to be accepted as true and was thus to supply the
proper understanding of the religion. The full examination of tajriba and
related matters above was intended in part to clarify this picture of a general
debate and to present a notable example of what I conclude was involved in
it. If this interpretation represents the historical situation properly, then the
further statement may be made, that through the medium of this ‘dialogue’
psychological theory exerted a major force in the final shaping of medieval
Islamic culture.

Probably no one doubts that Ibn Sina was a key figure in the history of
Muslim thought. The real task is to learn by what means Avicenna’s philosophy
came to change the course of the Greek sciences in Islam and thus to alter
the development of Muslim culture as a whole. A tentative answer is now
available. The transformation in falsafa itself was relatively direct, a matter
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But if Ibn Sini was not mystical in his outlook, neither was he empirical,
He had arrived at a position where he hoped to have the best of both worlds.
The practical result, in fact, was almost to gain neither. The salvaging of his
philosophy did not begin until two centuries later, and then only in the Iranian
schools; there it was made something wholly mystical, with logic and the
sciences as pure propaedeutic.

Avicenna’s illuminationism rendered tajriba superfluous and left falsafa
impotent to serve as a basis for the progressive investigation of nature. The
cpistemological foundation of philosophy was made exactly the same as that
of the traditional religious sciences in Avicenna’s system, viz., revelation from
the Active Intellect; but of course philosophy could be given neither the direct
authority of a God-sent Message nor the social support available to the Qur-
’anic disciplines or even to kalim. Yet the illumination accessible to the phil-
osopher had little of the bliss and ecstasy of the union with God claimed by
the sifi’s. Without saving the sciences of nature, without gaining the felicity
of the mystics, and without capturing any of the social might or religious
authority of the jurists or even the lesser strength of the theologians, Ibn
Sini failed his side badly in the general Islamic cultural debate over the
nature of proper Muslim “ilm.

His was, to be sure, an extraordinarily difficult task, and one cannot deny
the brilliance, or at the very least the thoroughness and competence, of the
philosophical synthesis achieved by Avicenna. He provided solutions to the
primary, psychological problems with which he had been faced, even if he
left unanswered a set of derivative questions in ontology. Using an exceptional-
ly oblique method of presentation Ibn Sini produced a non-Aristotelian account

esp. to the notes), pp. 129-131, and ch.5 (pp. 145-196; published separately as La Connaissance
mystique..., also cited in note 34). Gardet and Massignon had viewed Avicenna’s system as ultimately
‘mystical’, whether Plotinian or sifi; but in the next year appeared Shlomo Pines’s ‘La *‘Philosophie
orientale’” d’Avicenne et sa polémique contre les Bagdadiens’, Archives d’histoire doctrinale et littéraire
du moyen-dge, 27(1952), 5-37, which found Avicennianism to be an esoteric Peripateticism of essen-
tially the sort that has been described in this paper. A rejoinder came from Henry Corbin, in his Avicenne
et le récit visionnaire (2d ed., Paris, 1954), Eng. tr. by W. Trask as Avicenna and the Visionary Recital
(New York, 1960), pp. 271-278; there he examined both the article by Pines and one by Massignon
(‘La Philosophie orientale d’Ibn Sina et son alphabet philosophique’, pp. 1-18 in Mémorial Avicenne,
IV: Miscellanea (Cairo, 1954)) before pressing an even more mystical reading than that of Massignon.
Pines’s ‘La Conception de la conscience de soi . . .” (see note 34 above) is also pertinent here; and ¢f.s
finally, Louis Gardet and M. M. Anawati, Mystique Musulmane (2d ed., Paris, 1968), passim.

The present paper has relevance to the problem of mysticism in Ibn Sin3 only if Pines’s side of the
argument is largely correct. I am gratified in this respect by the support received from the conclusions
of the careful investigator of Al-Risdla al-Adhawiyya, Francesca Lacchetta, who in her introduction
to that work (ed. cit., note 4 above, pp. 1v-1vi) says she has found no evidence for ittihdd of any kind,
for ittisal with entities other than the Active Intellect, or for direct contemplation, intellectual or other-
wise, of the One. Avicenna’s philosophy seems to have held within it only that moderate illumination-
ism of an intellective kind which has been presented above.
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But such knowledge is still intelligible, not more, and is logically — syllogis-
tically — ordered, although all interrelationships among the intelligibles are
known at the same time. I have not found any passage in the Shifa’, nor in
the Isharat the Adhawiyya, nor elsewhere, that suggests the least possibility
that a human soul or intellect, in this life or the next, may become conjoined
to a being higher than the lowest of the celestial intellects, or, in other words,
that it may participate in any knowledge or mode of being higher than ‘that
of the Active Intellect. Ibn Sina’s whole cosmological system demonstrates,
and is in part designed in order to demonstrate, the impossibility of the unit-
ing or conjoining with the One by any finite being, even the highest celestial
intellect.®* Moreover, far from proving mystical fana’ (extinction of self) in
the state of ‘conjunction’, Avicenna commits his efforts to preserving individual
identity there.

One may talk of more than one sort of spiritual union: the mystic may say
‘T am God’, in which case there is izrifad (‘unification’) unqualified, and the
identity of the mystic has been lost in that of God himself (or of the One);
or he may claim that he is within or joined te God, a qualified ittihad, where-
in his identity is retained; a thinker of Aviceuna’s persuasions, however, may
only assert that he is within or joined to a celestial intellect, where his condi-
tion is the intellective ittisal that has been discussed. This state is nothing like
the <light’ (nar) or the ‘tasting’ (dhawq) described by the siifi’s nor the kind
of union with the One that Plotinus claimed to achieve. In the Isharat and
other places Ibn Sini makes use of the language of the sifi’s; but it is not
their doctrines he proceeds to expound. So, although he is unquestionably
an illuminationist in a certain precisely restricted sense, Avicenna cannot
be considered a mystic of either a sifi or a Plotinian kind. Nor, it seems to me,
can he be termed a mystic in any other significant way.*

pp- 190-209 and 214-215, ed. cit. in note 4.

The notion of eternal, or prophetic, intellection as timeless, or simultanecus, syllogizingis reasonably
clearly expressed in the Kitb al-Nafs passage (Eng. tr., p. 36 in Avicenna’s Psychology, cited above
in note 10; in the Arabic text of the Najdt, p. 167, ed. cit. in the same note); timeless syllogizing seems
also to be the activity that Aristotle attributed to the Prime Mover at the end of Metaphysics XII: 9.

43. Avicenna’s cosmology is fully expounded in the Shifa’. See al-Ilahiyyat VIII: 7 and IX: 2, 3,
and 4, esp. IX: 3 and 4; ¢f. Nasr, Introduction ... (cited in note 35 above), pp. 202-207 — but use this
account with care, for much of it is based on a risdla that is almost serteinly spurious.

44. Ibn Sina’s ‘mysticism’ and the associated issue of his ‘esoteric philozophy’ have been taken up
by nearly every Avicennian scholar active since World War II; and for good reason, as the solutions
to these problems must form a fundamental part of any general interpretation of Avicenna’s thought.
I shall mention here only enough writings to furnish the basic information and make clear the main
points of view. The state of opinion at the end of 1950 was compactly exhibited in the special issue
of La Revus du Caire for June, 1951, which had articles on the subject by Louis Massignon and (two)
by Louis Cardet, plus two more on related topics by Ahmad Fu’ad al-Ahwani and M.M. (G. C.) Anawati.
Gardet’s views were more fully explained in his La Pensée religieuse... (cited in note 34 above) published
the same year; see pp. 23-29 (which follows the text of the first. Cairo article, but with additions,
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a potential intellect, how can it be genuinely a component of the soul, which
ought to subsist at a different ontological level ? If, again, it really is an in-
tellect, how can it have been individuated for a given matter (i.e., its body) in
the first place? Why should the rational soul (whether truly soul or truly
intellect) be supposed able to return to the dator formarum as something self-
subsistent when it has left it fit only to be joined in a necessary connexion to
one particular body ? What, principally and finally, is a ‘soul’ doing in a celes-
tial intellect qua soul, or, if it is there as an intellectual entity, how can it have
retained its individuality ? Ibn Sina by no means avoids these questions, but
he does not answer them cogently. He seems to exploit the intrinsic ambiguity
of designations such as ‘rational soul’ and ‘individual intellect’, using them
equivocally in senses that are in fact incompatible.

This is but one place, although a principal one, to be sure, where the phil-
osophical structure erected by Ibn Sina reveals large cracks in its fabric. The
source of many of them lies in psychological theory, as has already been said,
but of these, most emerge to view only as flaws in his ontology. The ontolog-
ical problems that are created by basic psychological doctrines like the ex-
ternal-intellection theory of ilm often may be traced further back, to the
basic Muslim belief in individual immortality, in particular. Many of the
difficulties in the ontology of Avicenna he himself fails to isolate, and not a
few he covers over; they remain largely unsolved. Like the intricate Chris-
tological enigmas of Patristic theology they are most obvious in what may be
called, rather pedantically, ontological anthropology. These faults in the on-
tology of Ibn Sini must be ranked among the intrinsically most damaging
in his entire system; some of them, moreover, relate to doctrines meant to
replace traditionally interpreted Qur’anic dogmas. It is not surprising that
the ontological failings as a group become particularly injurious to the repu-
tation of Avicenna’s philosophy in the Islamic world.

Since relevant information is now to hand, it is perhaps excusable to turn
briefly aside to the issue of Ibn Sina’s mysticism. Certainly it is the teaching
of Avicenna that authentic knowledge comes to the human mind only through
conjunction (ittisal) with a celestial intellect. Prophets, and some others, at
least in their moments of greatest insight, grasp the whole or most of the
intelligible world of the Active Intellect simultaneously; and continuous,
or rather timeless, existence in this condition of complete understanding is
the highest felicity in Avicenna’s paradise. This state of being is an immaterial
and eternal possession of conscious, self-aware, and necessarily actual knowledge
of the sort just described.*

42. The main theoretical treatments of the higher human intellectual (or psychical) states are
Al-Shifa’:Kitab al-Nafs, V: 6, esp. pp. 249-250, ed. cit. in note 8 above, and al-Ilghiyyat IX: 7, pp-
425-426 and 429 (in vol. IT), ed. cit. in note 13; and Al-Risdla al-Adhawiyya, ch. 7, passim, esp.
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individuation and has indeed evolved the fundamentals of an ego-doctrine.®®
His ‘ego’, I believe, may be described by the formula ‘individual rational
soul’ = ‘intellect’ 4 ‘ego’; that is to say, the rational soul comprises an in-
tellective faculty and an unanalysed immaterial principle of individuation,
which may be called an ‘ego’ (literally, and in the standard philosophical sense,
if not precisely in any of the technical meanings of the term in modern psy-
chology). It also seems that the potential intellect, in the narrowest sense,
does, when actualized, become identical to the intelligibles which the rational
soul is ‘borrowing’. But even so little as this is never made explicit. Some
negative conclusions may be confidently drawn, however: that there is little
real influence here from the Plotinian ‘we’, or the Stoic ‘attention’, and none
from an ‘attentive’ (prosektikon) faculty (even though it was conceived as a
part of the rational soul) of the logically abominable type adopted by John
Philoponus (Yahya al-Nahwi; ca. 490 - ca. 570).4°

Avicenna, as I mentioned above, is aware of his failure in the Shifd’ to
cope fully with the individualizing of a ‘resurrected’ intellect. But the treat-
ment in Al-Risdla al-Adhawiyya goes little further; the discussion may be
‘esoteric’, but it is scarcely more ‘demonstrative’ than that in the Shifa’.*
In the Adhawiyya the carrier of human individuality is considered to be the
rational soul, which also is the element of a person that is saved at his death.
How, though, is it to retain its intellective capacity, to become, indeed, an
eternal intellect-in-act ? If the rational soul or any essential ‘part’ of it is really

39. Rahman’s well-known views on Ibn Sina’s idea of the ‘ego’, expressed in Avicenna’s Psychology
(cited in note 10 above), pp. 12-19, 102-104, and 109-114, were necessarily tentative, for he was speak-
ing there only in relation to Ibn Sina’s remarks in ch. 15 of the psychological part of the Najat (Eng.
tr., pp. 64-68 in the same work; pp. 189-192 in the Arabic text, ed. cit. above in note 10). In this place
Avicenna merely indicates that the ultimate substrate of experience is in one sense the soul as a whole.
The more developed doctrine of the ‘ego’ is found in the Shifa’, Kitab al-Nafs V: 7, ed. Rahman (cited
in note 8 above), pp. 256-257; see especially p. 256, 1I. 9-11, a passage that follows upon the analysis
of the ‘floating man’ (see preceding note): ‘The referent (magsid; ‘object referred to’) in the know-
ledge I have about myself, that I am the ““I’” whom I mean in my saying that I have sensed [some-
thing] and that I have intelligized [something] and that I have performed [some] act and that I com-
bine these characteristics [within myself],is another thing, which is what I call the ““I’* (and)".

Cf. also note 34 above; see especially the Shifa’, al-Ilghiyyat III: 8 and VIII: 6 (for background),
al-Risdla al-Adhawiyya, ch. 4, and Pines, ‘La conception de la conscience de soi. . .”, among the ref-
erences there.

40. Rahman, Avicenna’s Psychology (cited in note 10 above), pp. 111-114, presents an English trans-
lation of Philoponus’s remarks on the ‘attentive faculty’; cf. Iohannes Philoponus, In Aristotelis De
Anima libros ia [C ia in Ari lem Graeca, XV], ed. M. Hayduck (Berlin, 1897),
p. 464, 11. 13 et seq. (on De An. I1: 2, 425b12fF).

41. See above, p. 74 and note 34. The seeming hesitancy of Ibn Sina over his doctrines of individua-
tion of immaterial things appears in the Shifa’ in Kitdb al-Nafs V:3 and al-Ildhiyydt IX: 7 and X:
1; in al-Ilahiyydt X: 1 (and to some extent in IX: 7) his dubiety is due at least in part to a desire to
keep the discussion exoteric (with, of course, hints to the wise), but in the Kitdb al-Nafs the doubt
seems wholly unfeigned.
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reduces to ontology. The problem of knowledge comes to be examined mainly
through discussion of the ontological status of intelligibles and intellects.
And to this same topic the study of the higher functions of the soul leads also
at the end.

The ideas of the ‘essential definition’ (kadd) (cf. note 13), the species, and
the genus are treated the most interestingly not in the logical books of the
Shifa’ but in the Ildhiyyat: for it is their mode of being that is principally at
issue, and this is an ontological matter. Avicenna’s rejection of Platonic Ideas
on ontological grounds has already been noted; the ontological content of the
problem of intelligible memory, too, will have been evident. Finally, it is in
ontology where the problems of psychological theory as such, having been
averted earlier, now reappear to do battle.

How can a rational soul be said really to become an eternal intellect-in-act ?
Would this not require a change from one hypostasis into another, a change
of a single subject from one level of being to an entirely distinct one? And
would not such a change be entirely inexplicable in anything like Avicennian
concepts ? It is true that Ibn Sina speaks of a child as entering a different
species upon gaining its capacity for intellection, but this is simply a case,
although a peculiar one, in which a properly prepared matter receives an
entelechy that is common to all members of its (new) species.®” {Scholars who
seek to make Avicenna Plotinian must be especially careful on these matters:
he never speaks of an individual ‘undescended’ intellect, and the realization
of a rational soul as an eternal intellect-in-act, however grotesquely it may
distort Peripatetic views, is simply inconceivable in the cosmology of the
Enneads).

The rational soul qua individual is not an intellect, whereas qua intellect-
in-act it cannot be individual. Is the rational soul of a person, however, sup-
posed to be identical with his intellect, and is this in turn to be identical with
the intelligibles it receives ? If so, there are grave problems here, surely insu-
perable ones. But in fact, as has been remarked above, Ibn Sini often speaks
as though the potential intellect is merely a capacity for intellection inhering
in something non-passive, namely the rational soul, which in one aspect is
the hegemonikon, the ‘controlling faculty’, of the individual. One should note
also the self-awareness that Ibn Sini attributes even to the so-called ‘floating
man’ (i.e., someone conceived as deprived of all sensory information what-
ever).®® Thus he has hinted in several places at an immaterial principle of

37. Shifa’, Cairo ed., al-Hayawdn XVI: 1, p. 403, 11. 7-8. ‘If a child (sabiy; lit., ‘boy’) [duly]
endowed with seusation (‘hassds 2 ) becomes [fully] human (insdn an) through reason (nufg = Gk.
logos), he progresses by this perfection (istikmal; ‘entelechy’) from one species (naw®) to another’.
(Because, according to Peripatetic philosophy, ‘man’ is the ‘rational (nufgi) animal’, differentiated
from all other species by his reason). The present passage is part of « longer one discussed above
(p. 52) in connection with the ensouling of the embryo.

38. Kitab al-Nufs, I: 1, ed. cit. in note 8 above, p. 16,and V: 7, ibid., pp. 255-256; also, differently
expressed, in the Ishardt (Le Livre des théorémes et des avertissements, ed. J. Forget (Leiden, 1892), p. 119).
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Whatever the reasons and motivations of Avicenna, and whatever the
nature of his mystical tendencies, his theory of the acquisition of knowledge
through ‘conjunction’ with the Active Intellect thoroughly undermines natural
philosophy and the sciences, for his solid and integrated account effectively
obviates empirical investigation. The examination of tajriba in the Shifa’ may
well be intended to save the disciplines traditionally based on experience —
Avicenna’s own intellectual biography very strongly suggests as much; but
the epistemology developed by Ibn Sina moves so far in the opposite direction
as to become a form of illuminationism. One cannot avoid the impression that
the hardships of tajriba are really for the intellectually unlucky. Individual
immortality has been saved, but empirical research has been made superfluous,
at least in essence. Direct intellectual insight can be effective anywhere that
tajriba can be but is also able to go further and deeper, Avicenna will rightly
be understood as saying. Logic and mathematics supply good mental training;
noetics, epistemology, and ontology are important for their actual content.
The rest of the Greek theoretical disciplines, especially natural philosophy
and the mixed sciences, have a lesser value and are perhaps trifling to the
best minds. Such is the eventual significance of Ibn Sina’s treatment of empei-
ria for the Greek way of knowledge in the Islamic world. There are strong
intellectual and social forces against which the falasifa are obliged to make
themselves felt, but Avicenna’s philosophy turns too much towards illumina-
tionism, and keeps too little of Peripateticism to provide a healthy envirenment
for science. This is the cost that the successors of Ibn Sini in falsafa and the
natural and mathematical sciences will have to meet in order to pay for his
success in constructing a system of logic, biology, and metaphysics that gains
its coherence through these distinctive theories in psychology.

There is also a price that is exacted within Ibn Sina’s own philosophy for
this triumph. The various problems of his noetic, both psychological and
epistemological, have largely been solved; but the solutions that have been
reached create further difficulties. The new complications cluster together
in the area of ontology. They are taken up in the Shifd’, then, in the Ildhiyyat
(meaning, ‘[science of]things divine’, but of course equivalent in meaning
to ‘metaphysics’), not in the Kitib al-Nafs, which is a physical investigation
of the soul, nor in the Burhan, the mainly epistemological work placed, however,
in the logic jumla.

Ibn Sina’s psychology in general has a tendency to merge into metaphysies.
‘How do we think?’ and ‘how do we know ?’ are primary questions in his
psychological enquiries, and they clearly presuppose the basic epistemological
inquiry into the nature of knowledge. But the connection to metaphysics is
much more intimate than that, for Avicenna’s epistemology in turn largely

ili\;AvicenM [Mémorial Avicenne, IIT] (Cairo, 1952) or W. E. Gohlman, ed., The Life of Ibn Sind (Albany,
LY., 1974).
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1 have not meant to imply that Ibn Sini has no other motives in adopt-
ing his intellective theory of “ilm than to save individual salvation, although
T bave maintained that this is much the weightiest one. But there are indeed
further advantages to his account of the external active principle of human
intellection. For one thing, all the benefits of a pure, Platonic epistemology
are preserved without having the Ideas themselves self-subsistent, which was
surely something ontologically objectionable (see Shifa’, Ilahiyyat, VII: 3,
and the preliminaries in III: 8; al-Farabi has already made these points);
the Ideas become the conscious contents of the more credibly self-subsistent
celestial intellects (which were posited even by Aristotle; see especially Metq-
physics XII: 8). Furthermore, intelligibles are necessarily immaterial and
cannot be retained in a corporeal medium. (What, Avicenna asks, would half
a spatially extended abstract man be ?) The Active Intellect, however, provides
a suitable storehouse from which they can be borrowed conveniently; other-
wise, intelligibles would actually have to be abstracted anew each time from
remembered images or intentiones. The solution of the problem of intellectual
memory must be one of Ibn Sina’s chief grounds of a purely philosophical
sort for making the active principle of zbstract human knowiedge something
external.

Finally, the intellection theory of Avicenna allows a quasi-mysticism 1o
be present in his philosophy, and he lives in a period when mystical thought
is beginning to pervade Islamic cultural life. Talk of separated intellects and
abstract contemplation will help to attract followers and will make the in-
troduction of neophytes to his thought easier to accomplish. It is also very
likely that Ibn Sina himself finds this aspect of his philosophy satisfying.
Certainly he believes it, for he says that he prays (intellectually) for middle
terms. It is probable even that he views what I have just called his ‘quasi-
mysticism’ as the only legitimate mysticism. In any event, it comes to be
regarded by others as an altogether essential feature of his system.®

Syed Hasan Barani in ‘Ibn Sina and Alberuni. A Study in Similarities and Contrasts’, Avicenna Com-
memoration Volume [ A.H. 370-A.H. 1370] (Calcutta: Iran Society, 1956)). I find the tone authentic.

The poem is also quoted by Seyyed Hossein Nasr in An Introduction to Islamic Cosmological Doc-
trines (Cambridge, Mass., 1964), p. 183, and again in his Three Muslim Sages (Cambridge, Mass., 1964),
p. 41, each time in a discussion of Ibn Sina and Islam; either will provide an interesting preliminary
account.

36. In a positive sense, by the Iranian philosophers beginning with Nasir al-Din al-Tisi and his
neo-Avicennianism in the mid-thirteenth century, and culminating with Mulld Sadra (Sadr al-Din
al-Shirazi, ca. 1573-1640) and his synthesis of Ibn Sina’s philosophy and the theoretically developed
sufism of MuhyT al-Din Ibn “Arabi (1165-1240). On the modern controversy over Avicenna’s mysti-
cism see below.

Ibn Sini mentions praying for middle terms in his autobiography, and his ideas on the nature of
prayer are expressed compendiously in the essay ‘On Prayer’; both are conveniently accessible in
English in A. J. Arberry, tr., Avicenna on Theology (London, 1951). There is no critical Arahie text
for the Risdlat al-Saldt, but for the autobiography see A. F. al-Ahwani, ed., Aper¢u sur la biographie
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Avicenna’s doctrine of individual salvation, although far removed from
Qur’anic teachings, is in the end a conviction that springs from religious
rather than philosophical motives. Responsibility for his ideas lies here with
his thoroughly (if not always stringently) Muslim surroundings, not with his
reading of the philosophers.

The examples from embryology and epistemology considered in this paper
attest the fundamental importance of personal immortality to Avicenna’s
philosophy. They should help to confirm my introductory remarks concerning
the dialogue in medieval Islam between the more traditional groups of religious
intellectuals and the Muslim philosophers. I trust they will also begin to show
why it may be asserted that these philosophers, even Ibn Sina, who is more
difficult to analyse than some, consider their thought not merely to be accept-
ably Muslim but to be the one true interpretation of their religion.®

4 above). The Najat offers nothing of real interest, except where it repeats the Shifa’; but a bit may
be gleaned from Rahman, tr., op. cit. in note 10 above, chs. 11 and 12, passim (= pp. 182-184 of the
Arabic text, ed. cit. in the same note).

Certain modern studies may also be consulted: Louis Gardet, La pensée religieuse d’ Avicenne (Ibn
Sind) (Paris, 1951), pp. 88-94 and 98-105 in ch. 3, pp. 129-131 in cp. 4, and 145-183, passim, in ch. 5;
idem, La connaissance mystique chez Ibn Sind et ses présupposés philosophiques [= Mémoricl Avicenne,
1I] (Cairo, 1952), which is a preliminary version of ch. 5 of the preceding, but with certain passages in
Arabic included in the notes — pp. 7-49; Shlomo Pines, ‘La Conception de la conscience de soi chez
Avicenne et chez Abu’l-Barakat al-Baghdadi’, Archives d’histoire doctrinale et littéraire du moyen-dge,
20-21 (1953-54), pp. 20-99, one of the few really excellent studies on any aspect of Ibn Sina’s thought;
and Francesca Lucchetta, ‘Introduzione’ to the Adhawiyya, ed. cit. in note 4 above.

Cf. also note 39 below. It should be pcinted out that the Adhawiyya presents doctrines that are
consistent with what the sophisticated reader of the Shifd’ would expect; bodily resurrection is drop-
ped, individual salvation is kept, and ittihad is still rejected — there is only intellectual contemplation-
in-act of the One as duly ‘reflected’.

The aspects of ma®dd that relate to moral purification are not taken up in this paper, nor is the
question of the original individualization of the rational soul for its body considered (but it should
be noted that this is done on the basis of the material attributes of the embryo), although both topics
are important and are treated in both the Shifa’ and the Adhawiyya.

As regards the traditional Peripatetic doctrines in this area of ontology, it must be said that Aris-
totle nowhere provided an adequate examination of the ‘governing’ part (or aspect) of the soul, or
gave a focused analysis of the relationship of the rational soul to the intellector of the intellect to the
intelligibles. For the Aristotelian view that a nous as such is identical to its noéta, see, passim, De An.
II1: 4,5, and 7, and Meta. XII: 7 and 9.

35. Virtually all the faldsifa (a notable exception being Muhammad ibn Zakariyya al-Razi, Lat.
Rhuzes, ca. 854 - ca. 930) feel their philosophy and their religion to express the same Truth; a more
precise statement than this, however, would require lengthy elaboration. Many of the consequences
of that belief are expressed in their political philosophies, on which see, first, the Islamic part of Ralph
Lerner and Muhsin Mahdi, eds., Medieval Political Philosophy: A Sourcebook (New York, 1963). The
tdle of Islam in the life and thought of Tbn Sini is peculiarly hard to assess, not least because of his
ability to be ‘all things to all people’. Louis Gardet in La pensée religieuse d’Avicenne (cited in the
preceding note) has devoted a book essentially to this subject; for his conclusions see esp. pp. 201-206.

There is a Persian poem attributed to Ibn Sini that ends, ‘I am the unique person in the whole
world and if I am a heretic /Then there is not a single Muslim anywhere in the world’ (Englished by
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which enters the embryo, and the ‘acquired intellect’) are necessary in the
philosophy of Ibn Sina in order to explain personal intellectual immortality.
Many of the contortions in Avicenna’s psychology, his metaphysics, and even
his biology are in fact introduced to this same end.

Ibn Sina claims that the ‘saved’ human intellect remains individual in its
eternal state of ‘conjunction’. The only possible way for him to justify this
assertion philosophically is to elaborate his conceptions of the rational soul
and of the passive intellect. The two seem to me to be effectively identical, but
let me for the moment call the entity which achieves ‘resurrection’ and immor-
tality the ‘rational soul’ and let the passive intellect be simply the capacity
for intellection which is attached to it. The rational soul, first of all, is very
‘active’ in certain respects, even if its most important function is to be con-
scious of the intelligibles of which it is receptive qua intellect; it serves the
same purpose, indeed, as the hégomonikon of Aristotle (and in this role is less
ambivalently described than was Aristotle’s ‘governing power’). The Avicen-
nian notion of the ‘ego’ is closely connected with the idea of the individual
rational soul (which in essence has the logically difficult attribute of being
an individuated intellect). Unlike Aristotle’s nous, the rational soul of Avicen-
na has the faculty of receiving or sharing, but not simply of becoming, the
intelligibles; the human aql, when Avicenna means by it, as he very often
does, either the rational soul or at least something more than a pure intel-
lective faculty, never is identical to its ma®qilat. The preserving of the identity
of the ‘resurrected’ rational soul cum intellect is a major requirement of his
authentic teachings on salvation and not (in contrast with his remarks in the
Ilahiyyat of the Shifa’ on the miraculous resurrection of the body) a view put
forward for the sake of religious expediency. But, in my opinion, Ibn Sina is
able to make only a start on the necessary analysis. He does seem more con-
fident about his doctrines in Al-Risala al-Adhawiyya fi’l-Ma®dd than in the
Shifa’, and in the Adhawiyya he speaks primarily in terms of the (rational)
soul rather than the intellect. Now it is certainly true that the Active Intellect
as dator formarum is also the source of the rational soul as the form of the
individual human being, and thereby as the form of those other, intelligible
forms that he will receive — as Aristotle said, the mind is a ‘form of forms’
(De Anima II1: 8, 432a2). The obvious ontological difficulties are not solved
in a demonstrative way, however, in any of Avicenna’s writings that I know.®

34, On the problems in ontology, and especially the individuation of intellects, the following are
among the principal discussions: in the Shifd’, al-Ildhiyyat I11: 8 (on the intellect as substrate for
‘quiddities’, mdhiyydt), VIII: 6 and IX: 5 (background), [X: 7, and X: 1 (relevant but disappointing),
and in the Kitab al-Nafs, V: 3 (particularly), and also V: 7, passim — but note Avicenna’s warning (p-
238, ed. cit. in note 8 above) that the condition of the soul after death does not belong to the subject-
matter of natural science (but rather to metaphysics); and in Al-Risdla al-Adhawiyya (an esoteric
but scarcely apodeictic work), chs. 1, 4-6, and parts of ch. 7 (pp. 190-209 and 214-223, ed. cit. in note
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ported by a general view of Aristotle’s ontology and epistemology based upon
passages found in De Anima II1: 5, Metaphysics I1: 1 and XII: 7 and 9, Vi-
comachean Ethics X: 7, and elsewhere (not excluding the ‘Theology of Aristo-
tle’), as well as in the works of Aristotelian commentators such as Alexander
of Aphrodisias and Plotinus (for so he was regarded). Tbn Sina believes that
this tradition of thinking, supplemented by various Islamic insights, has the
Truth. But for individual tenets within that structure he feels no real need
(I am persuaded) for particular textual justifications. Indeed in pressing his
own views Avicenna usually finds the specific texts of others simply conven-
ient props or annoying barriers.

Apart from their deviation from the purer Aristotelianism, however, what
has been learned of general significance about the doctrines in Book III,
chapters 5 and 8, and Book IV, chapter 10, of the Burhan? Tajriba, one has
been told, develops through the products of estimation as they are retained
with increasing orderliness in the memorative faculty. This ‘experience’ is
‘illuminated’ by the Active Intellect in such a way that the corresponding
intelligibles are made present to the human potential intellect — which there-
upon becomes an intellect-in-act, the agl mustafid or ‘acquired intellect’.

The careful noetic built up in the Kitab al-Nafs is consistent with the last
of the accounts in the Burhan, which indeed smoothes the way for it. The
essence of Avicenna’s explanation when it has finally been consolidated is
simple: through the workings of sensation and imagination and the formation,
ultimately, of ‘experience’, the grasping of true, intelligible knowledge ‘from
without’ is occasioned ; but this knowledge can be conserved only in the sep-
arate Active Intellect, and whenever an individual person shares in these
intelligibles his intellectual faculty must be conjoined to the higherintelligence.
The absolutely intellectual and incorporeal nature of human knowledge
has thus been upheld, while a réle in acquiring knowledge has nevertheless
been found for man’s sensory faculties.

The main consequence of keeping true cognition independent of things
bodily, as Ibn Sini intends it,is the possibility of immortality for the individ-
ual intellect. It is his belief, already examined briefly above, that a person’s
soul eventually can reach a point where it no longer depends at all upon cor-
poreal faculties in attaining the intelligibles, but is in fact prevented by the
body from prolonging its periods of intellectual contemplation. Thisindepend-
ence is to be achieved by constantly actualizing the rational faculty as an
intellect — through ‘conjunction’, and in most cases, at least at first, from a
basis of ‘experience’. To a soul thus elevated the death of the body is to come
as a release that will allow it to enter the supremely happy condition of eternal
intellection.

The rejection of purely empirical theories of knowledge and the postulating
within each human being of two entities from above (the rational soul itself,
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(6) involve direct intellectual tasdig. Tajriba enters explicitly into (5), but
also, implicitly by way of tasawwur, into (2) and (3). It scarcely need be added
that in every case the unexpressed phrase ‘from the Active Intellect’ is to be
understood after the verb ‘receive’ or its equivalent.

Much has thus been said about ‘experience’ by Ibn Sina in those chapters
of the Burhin. Bui however helpful tajriba may be, in the end it does nothing
that is absolutely essential. This conclusion is already implied clearly enough,
except in one case; but it holds, as one learns elsewhere, even for tasdiq in
respect of propositions like ‘scammony purges yellow bile’. Tajriba cannot
serve as a proper originative source for “ilm. Here in Avicenna’s system
with regard to the acquisition of knowledge through experience, even more
than earlier on with regard to the ensoulment of the human embryo, there
is a lesson to be drawn concerning Ibn Sina’s attitude to Aristotle. The greater
part of the Shifa’, as was said above, follows the standard arrangement of the
Aristotelian corpus. Yet within this minutely structured framework of topics,
Avicenna is his own man: it is the questions and not their treatment that are
routinely taken over. Ibn Sini philosophizes in a well-defined tradition, but
departs from his predecessors, from Aristotle himself, not merely in details
but in major doctrines. In the accounts of tajriba that have just been examined,
the First Teacher’s opinions are first twisted, then ignored. The radical dicho-
tomy between the sensible and intelligible worlds is stoutly maintained.
Regardless of his esteem for Aristotle, Avicenna refuses to allow the senses or
anything that is at all corporeal to create genuine, intellectual comprehension.
Despite the soothing words of the preliminary discussion in II1: 5, empeiria/
tajriba is allowed only to lead towards, not actually to produce authentic
knowledge. Notions from ‘experience’ cannot have any actual connection
with abstractions proper. In some instances ‘experience’ may become a neces-
sary cause of the acquisition of intelligibles; but it is never, as it was for Aris-
totle in the Posterior Analytics, the stuff out of which true knowledge is refined,
the actual origin of the arts and sciences, which is continuous with them. The
real source of “ilm as conceived by Ibn Sini is something entirely different,
the intelligibles subsistent in act in an eternal higher intellect. Although not
at all an unprecedented rewording of Aristotle, in the context of the [Kitb]
al- Burhan this is a boldly consistent one. The empirical theory of knowledge
is effectively destroyed in a chapter that pretends to save it! The rational soul,
which comes to the embryo ‘from without’, does indeed require that second
entity ‘from without’ to make it think; only with the ‘acquired intellect’ is
it really rational.

The un-Aristotclian treatment of the Aristotelian topics is itself very coher-
ent, as the reader of Avicenna gradually discovers. Not that Ibn Sini would
regard his own philosophy as anti-Peripatetic; quite the contrary. The liber-
ties taken with Posterior Analytics 11: 19 and Metaphysics 1: 1 may be sup-
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in IV: 10 one does not possess an integral, esoteric presentation of the theory
of how the human mind obtains knowledge (although Ibn Sini goes well
beyond the professed goal of the chapter, which is only to describe the acqui-
sition of primary premisses). What one does have is an accurate delineation
of the main tenets.

Reflection on the whole of Ibn Sina’s handling of the acquisition of know-
ledge in the Burhin leaves the impression that all is not well, even when al-
lowance has been made for the peculiarities of the method of presentation.
Inconsistencies remain between the discussions in IIT1: 5 and IV: 10. There
is no hint in the earlier account that tajriba may be considered a cognitive
state, nor is this a matter which can be corrected by a simple elaboration.
Again, there is no indication in III: 5 that ‘experience’ has a role to play in
tasawwur, despite the not inconsiderable discussion there of tasawwur and the
senses. The earlier conceptions of istigra’ and of the tajriba that generates
‘assent’ (tasdig) to premisses about the physical world (e.g., that ‘the lodestone
attracts iron’) Ibn Sind does not revise, and the necessary modifications are
left implicit. Nor, as was said, does he carry out a frank examination of the
necessity of the sensory and ‘estimative’ preparations for intellection that
he has described.

There is a further, more general shortcoming. Avicenna’s analysis really
amounts to little more than a mere exhausting of logical possilLilities, for he
pays scant attention to conditions which actually may determire ithe occur-
rence of the processes that he has identified. (This of course is also an obvious
flaw in Aristotle.) Especially to be noted is the case of tasdig with regard to
composite universals, where it is unclear which of the two possible routes is
to be followed in any particular instance — whether sensory (including ‘estima-
tive’) combination of ‘images’ is to give rise to tasawwur of the compcund
intelligible, which is then subject to tasdig; or whether sensory processes are
tolead to tasawwur of incomposite intelligibles, which are afterwards combined
intellectually into the compound intelligible.

From the material that Avicenna does present, however, one is able to
extract a list of six intellectual processes which he believes operate to acquire
“ilm. The intellect by its nature may, he says: 1) receive unimmattered, in-
composite intelligibles; 2) pare the ‘images’ of immattered forms and grasp
the corresponding incomposite intelligibles; 3) receive primary premisses by
way of abstraction from compounded ‘images’; 4) acquire primary premisses
through the combination of two intelligibles which it knows directly by in-
nate disposition (fitra); 5) gain secondary premisses through tajriba and the
recognition of certain conjunctions as essential rather than accidental; and
6) obtain derivative premisses (in what Aristotle designated ‘epistémé’, in the
narrowest sense) by syllogistic combination of intelligibles. Processes (1) and
(2) relate solely to tasawwur, the rest to both tasawwur and tasdig; (4) and
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khayal to prevent his statements from seriously misleading the reader. The
explanation was not complete, but neither was it actually wrong, he would
claim; moreover, he would certainly say that it was the proper and most
appropriate way to present the material at that stage in the exposition. After
all, to mention only the most difficult point, the intentiones are still sensory
and bodily as compared with the radically different intelligibles.

The treatment of tajriba and “ilm in the Kitab al- Burhan is not a wayward
example; on the contrary, it actually represents Ibn Sina’s regular manner
of handling a difficult subject. No more theoretical armament than necessary
is brought to bear in a given situation. Hence it is clear that to glean a theory
from Ibn Sina’s explanations where it is not the main subject at hand is a
very dangerous course indeed, and to find contradictions between such sub-
sidiary accounts is simply illegitimate.

But how can the reader know that in IV: 10 he has come to an essentially
complete portrayal of the réle of experience in the attainment of knowledge?
A preliminary answer is that when compared with the presentations in III:
5 and III: 8, at least, this one immediately can be judged preferable simply
because it is fuller and fits better with the rest of Avicenna’s philosophy. The
decisive condition which is met here, however, is that the last account finally
reproduces the entire psychological scheme as it appears in the main analysis
of the workings of the soul, by which I mean the description of the intellect
and its subordinate faculties found in the Kitab al-Nafs in the physics jumla
of the Shifa’. (Conversely, from his knowledge of the Burhan the reader can
see immediately that the summary of the functions of tajriba in the Kitib
al-Nafs, V: 3, reproduced in chapter 11 of the psychological part of the Najat,
provides nothing more than a glimpse of the subject in a special context and
should be accorded virtually no weight (see note 10 above).)

The more delicate question arises whether even in the principal discussion
of psychological theory certain esoteric doctrines are being suppressed. But
there must be a discernible motive on the part of Ibn Sina before the historian
may allow himself to entertain that suspicion: for example, that the intended
readers of the treatise are insufficiently advanced or religiously too unenlight-
ened to understand Ibn Sina’s real views. In this case no such considerations
seem to apply. Therefore, since the treatment of empirical knowledge in Bur-
han 1V: 10 is fully compatible with the system expounded in the rest of the
Shifa’ and, moreover, in the Ishirat and elsewhere it should indeed portray
his doctrines in a reliable way. This is not to say that one finds here a straight-
forward, closed, or exhaustive explanation. The actual positions of Avicenna
have to be teased out of the text, which superficially aims to ‘save’ Aristotle’s
opinions. No overt alterations are made to the assertions in III: 5, although
more than one is implied. The embarrassing but essential question of the
necessity of sensory information and of ‘experience’ is not explored. So even
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estimative and retentive faculties is a new, intermediate level of cognitive
object, the ma“ani (intentiones). More abstract and analytically powerful than
the sensory images even of the cogitative faculty, they are nonetheless cor-
poreal and only quasi-universal; so the ma®ani count ultimately as ‘sensible’,
not ‘intelligible’. ‘Experience’ (tajriba) results from the accumulating and
sorting of the ma®ani by the soul. It now transpires, moreover, that mere sen-
sible forms normally need to be refined into intentiones for intellection to occur.
Only then are the intelligible species and their relationships clearly enough
‘reflected’ (if a neo-Platonic term used in the Adkawiyya may be borrowed)
that individual human intellects may be stimulated to the grasping of the
actual intelligibles. This again accords with the Kitab al-Nafs (q.v., Bk. IV,
ch. 3).

Let that suffice for ‘experience’ as it is explained in Burhan: IV:10. A
comparison with certain features of what was said on the same subject in Book
11T will provide a striking illustration of a particularly important characteristic
of Avicenna’s expository methods. It must be stressed first that Ibn Sini does
not intend to describe a different doctrine of the acquisition of knowledge via
experience in Book IV of the Kitdb al- Burhan from what he has done earlier
on; he has not changed his theory, nor would he admit to being gravely incon-
sistent in his presentations — despite the fact that it would be difficult to infer a
role for combinative imagination from the earlier accounts and impossible to
do so for ‘estimation’. It is the case, rather, that Avicenna customarily deploys
only as much of his full theory as is absolutely requisite for the immediate
objective.

His practice in this respect is partly a matter of instructional method and
to some degree of mere convenience; it is also a natural correlative of
his policy of gradual disclosure (in religiously sensitive or highly abstruse
topics) of a fully ‘esoteric’ doctrine to an increasingly restricted audience of
the philosophically élite. Consequently, the works of Avicenna are fraught with
difficulties for any one who wishes to learn about his views on some specific
subject without studying his system as a whole. For the intellectual historian
the most relevant implication is the obvious one, that an understanding of
one of Avicenna’s doctrines must always be grounded upon the principal dis-
cussion of that teaching (if a full treatment exists) and never upon inferences
drawn from a series of passing mentions.(This restriction supplements two
others: that one must ignore, for the most part, rhetorical presentations
whenever a dialectical or demonstrative one exists, and that one must ‘read
between the lines’ in order to recognize places where esoteric doctrines may
be lurking — the latter by no means a particularly difficult feat for a reasonably
experienced and unprejudiced student.)

In the case of the empirical acquisition of knowledge, Ibn Sind in his earlier
descriptions has depended upon the latitude of meaning in the terms fiss and
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without intellectual help. (But, Ibn Sini reminds his readers, what the wahm
discerns is one thing, what the intellect grasps is another.) This discrimination
is accomplished, Avicenna says, not by sense-perception proper but specifically
by estimation. One may infer that the recognition of natural species is in fact
an elemental function of ‘experience’.®

Like Aristotle, Ibn Sini brings his analysis to a halt when he has identified
the faculty which acquires abstract and indemonstrable knowledge; any further
investigation of the means of knowing belongs elsewhere, that is to say in the
study of psychology. In the Posterior Analytics, sensation and its further
development via memory and experience seem to have formed a necessary and
sufficient source for all intelligible knowledge; but to Ibn Sina a sensory foun-
dation is necessary only in certain areas of enquiry (and for some few people
not even there), and in no case can it become a sufficient principle for intellec-
tion. The incomplete human intellect, in Avicenna’s view, always needs external
help to possess actual intelligibles. Moreover, the sensory and ‘estimative’
aids become obstacles to any intellect that has already developed its capacities
and come to know its way about in the intelligible world. Things relating to
sense are to be discarded as quickly as possible, Ibn Sina maintains; depen-
dence on corporeal faculties can lead one’s soul only to torment in an afterlife
where bliss is intellectual.

Tajriba is the final result of sifting and arranging the intentiones, but upon
the intentiones the light of the Active Intellect must shine if the mind is to
acquire real knowledge. Although still subject to all the detailed qualifications
presented before, Avicenna’s final doctrine can be summarized quite simply:
when something the intellect is supposed to know is displayed before it in
suitable ‘images’, it does know it, in an intelligible way —for that is its peculiar
power as an intellect. Of such ‘images’ the most highly developed and directly
stimulating ones are the sorted ma‘dni, the ordered intentiones that are held
in the retentive faculty and constitute ‘experience’. Prepared by ‘experience’,
the soul has become ready for its intellectual faculty to be actualized from
without, ready to grasp the intelligibles in actu through conjunction of its in-
dividual potential intellect with the eternally actual Active Intellect.

This discussion in Burhin IV: 10 provides the last instalment of ITbn Sina’s
explanation of ‘experience’. Here he correlates the analyses of the earlier chap-
texs with the psychological theories of the Kitab al-Nafs. The previous treat-
ments are elaborated in such a way as to disclose the parts played in the sen-
sory half of human cognition by two additional ‘active’ faculties, the combina-
tive imagination (al-mufakkira, the ‘cogitative’ faculty) and the estimative
faculty (wahm), and by the repository for the products of the wahm, the
retentive or memorative faculty (al-hdfiza, al-dhikira). Associated with the

33. Burhan, Cairo ed., IV:10, p.332, 11. 5-15.
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Under the influence of Aristotle’s exposition in Posterior Analytics 11:
19 (esp. 100a3-9), tajriba has become in Burhan IV: 10 not merely the
process similar to ‘a mixture of sensory induction (istigra’) with intellectual
deduction’ that was described in III: 5, but also a cognitive state of the
soul established by the well-marshalled contents of the retentive faculty.
Tajriba has been made the nearest possible Avicennian equivalent of Aristotle’s
empeiria, which ‘develops out of frequently repeated memories of the same
thing’ (100a4-6) and from which originate the arts and sciences (the latter
contention being explained more fully in Metaphysics I: 1, 980b25-981a12).

An analogous change should almost certainly he made retrospectively in
the interpretation of Avicenna’s notion of istigra’: although sensory in a general
way it too must belong primarily to ‘estimation’. Indeed in the light of state-
ments elsewhere in the Shifd’, especially regarding mathematical examples,
this is a safe inference and not simply a conjecture.?

Through the discussion in Burhan IV: 10 the word ‘tajriba’ has come to
denote the resultant state of the soul as well as the process, or family of process-
es, from which that state arises. Moreover, tajriba now may be described in
another way, as the settled judgements in the retentive faculty that have been
obtained through ‘estimation’, and thus ultimately from a sensory basis.

Having presented his alternative to Aristotle’s explanation of how univer-
sals, especially the primary premisses, are acquired, Ibn Sina turns for the
first time in the chapter to an explicit consideration of Aristotle’s text, to the
analogy drawn by the ‘First Teacher’ between the coming-to-a-stand of a
universal in the soul and the coming-to-a-stand in their proper battle-forma-
tion by troops after a rout (Posterior Analytics I1: 19, 100a12-13). Avicenna
concedes all that he can, but it is not really very much. Knowledge (“ilm)
and the intelligible universal form are delineated little by little from sensible
singulars, he agrees, and when these have been joined together, the soul ac-
quires upon this basis the universal as such and then discards the sensory
antecedents. Although the universa man is somehow contained in the individ-
ual man reported by the senses, the notion ‘man’ qua sensible is ‘diluted’,
Avicenna says; or, he continues, using a different and favoured metaphor,
the sensible ‘man’ must be ‘pared’ by the intellect (so as to remove the ‘husks’
and permit access to the intelligible kernel). Working upward from the sen-
sibles, however, the wahm, both in higher animals and in man, is able to dis-
tinguish between individuals of one biological species and those of others

32. See the references given on pp. 82-84 in Shlomo Pines, ‘Philosophy, Mathematics, and the
Concepts of Space in the Middle Ages’, The Interaction between Science and Philosophy, Y. Elkana, ed.
(Atlantic Highlands, New Jersey, 1974), pp. 75-80. The relationship of ‘mathematicals’, mathematical
reasoning, and the wahm in Tbn Sina’s system is more complicated than it appears there, however. I

hope to publish an article on this topic with full documentation, especially from the Shifd’, in the
reasonably near future.
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demonstrables.?® (The function of tajriba in tasawwur, it should be noticed,
emerges here for the first time).

The analysis is rounded off by Ibn Sina’s statement that the other compos-
ite universals, i.e., those that are not first principles, gain assent (tasdig)
from the intellect either by means of tajriba or by syllogistic demonstration
through a middle term.®* Tajriba in this case must relate to the extraction
as intentiones of that which is essential in the sensorily apprehended conjunc-
tions among things and from which the intelligible relations can be fully ab-
stracted. In looking back it seems that this is the process that was meant in
III: 5, and that scammony’s purging of yellow bile and the other examples
there were instances of this particular utilization of tajriba. It is made where
there can be no middle term, yet where the composition of the simple intel-
ligibles does not in itself necessitate assent. Finally, one may infer that the
apprehension of middle terms also can involve tajriba in the way just intro-
duced, or that, instead, it can be purely intellectual.

The account in Burhan IV: 10 is a disjointed one, even more dispersed in
the original than here. But, especially when supplemented, as indeed it must
be, by a reading of the Kitab al-Nafs (to which the reader is explicitly referred
at the end of the chapter), it is a very substantially coherent treatment. Insofar
as tajriba is concerned, one has gradually been informed that it assists in
tasawwur with respect to intelligibles generally and in tasdig with regard to
primary premisses. Tajriba of this kind is generated from a sorting of the con-
tents of the retentive faculty, so that the products of the wahm become almost
abstract. In creating tasdig about secondary premisses concerning the observ-
able world, tajriba is the most usual means and often it appears a necessary
one.Here again it would be pre-eminently the ma®dnithat areinvolved, although
Avicenna leaves this as an inference to be made by the reader. ‘Experience’,in
short, is the ultimate cognitive product of the sensory level of the soul and is
what the human intellect can use best when seeking the actual intelligibles
from the Active Intellect.

30. Burhdn, Cairo ed., IV:10, p. 331, 11. 16-20. Cf. Post. An. 11:19, 100a3-9, and also Meta I:1,
980b25-981a12. Although in Aristotle’s accounts, ‘memory’ is always mnémé, in the Arabic versions
it is sometimes translated by dhikr, sometimes by hifz. No Arabic MS of Meta. I (i.e., A): 1 is known
to survive, but the main source for the Arabic text of the Posterior 4nalytics, the translation by Abd
Bishr Matta ibn Yiuus, is extant. The Arabic translation of 100a3-9 (ed. Badawi, op. cit. in note 24
above, vol. II, pp. 463-464) has both dhikr and hifz, thanks to the rhetorical style favoured by the
Baghdad philosophers; the alternative word, moreover, is given as a variant in each case. Perhaps
the best reading is indeed that which is most suited to Avicenna’s purposes, viz., that in which dhikr
is connected with sensation and hifz with ‘experience’. The most important phrase is rightly worded,
in any case (with no variants given in the one — albeit very authoritative -~ MS used by Badawi): a-
ahfizu'l-kathira fi'l-°adad hiya tajriba wahida (‘many rememberings produce (lit., ‘are’) a single “‘ex-
perience’”’, where ‘rememberings’ comes from the root [b-f-z.]).

31. Ibid., p. 332,11. 1-3.
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The incomposites are subsequently related to each other with the help
of the active imagination (i.e., the cogitative faculty). A commentator on the
Shifd’ would like to add here ‘and the help of the wahm’; but this does not
appear in the text, and it is conceivable that compound intentiones are to be
obtained only by abstraction from sensible forms joined together in the mufak-
kira, instead of through direct combination in the wahm. Whichever be the
case, Ibn Sina states that composites then appear among the macini; and
when one is produced that the intellect should know without instruction, it
does know it, and in a fully abstract and intelligible way. Where necessary,
the intellect tries out ([j-r-b], 1) the riew intelligible premiss, in order, it seems,
to comprehend it completely. So, Ibn Sini concludes, tasdig often arises from
the senses by way of tajriba. The term here may only refer to the ‘trying out’
that has just been mentioned; and it must designate the same kind of ‘experi-
ence’ as that which was discussed in Book TI1, for at this point Avicenna ac-
tually draws the reader’s attention to his earlier treatment of tajriba.?®

Specifically as regards first principles, apprehension (fasawwur) occurs
via sensation, cogitation, and estimation, Thn Sina now asserts; through these
the incomposites are ‘imaged’ and then combined so as to be apprehensible
qua composed. After being grasped in this way the composites are intelligized
in essence, and assent (tasdig) takes place spontaneously with respect to cor-
rectly related intelligibles — provided that the intellect thus prepared by sen-
sible forms and intentiones be conjoined to the ‘divine emanation’, i.e., to the
Active Intellect. These “first principles’ or ‘“first cognitions’, as Avicenna calls
them here, are what in the Kitab al-Nafs he terms ‘primary intelligibles’ and
describes as ‘the basic premisses to which assent (tasdig) is given without
being obtained ([k-s-b], VIII) [by any process] and without any awareness
that assent might be withheld’.?

Ibn Sina provides further and very enlightening information in this chapter.
The retentive faculty, he says, is reinforced by repeated sensory impressions
that resemble each other (mafsisat mutashabiha mutakarrira) — indirectly
reinforced, for first (in a necessary step rather confusingly omitted here) the
wahm must act upon the sensible forms. In the next stage, ‘experience’ (taj-
riba) is reinforced — nay effected, Ibn Sini adds, strengthening his assertion —
by repeated intentiones that resemble each other (mapfizat mutashabiha
mutakarrira). The mahfiazat are literally the ‘contents of the retentive faculty’,
but these are, of course, the ma‘ani or intentiones that have been retained by
the soul. And then from ‘experience’, Avicenna concludes, the intellect snares
universals, either incomposite or combined, as objects of apprehension (al-
mutasawwara) and composite universals as objects of tasdig, if they are in-

28. Ibid., p. 331, 11. 7-10.

29. Kitdb al-Nafs 1:5, ed. cit. in rote 8 above, p. 49; the passage is also contained in the Najat
(Arabic text, ed. cit. in note 10 above, p. 166; in Rahman’s Eng. tr., cited in the same note, p. 34).
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in its restricted technical sense. This meaning is explicitly utilized in IV:
10, where khayal designates the lower, ‘passive’ imagination or ‘representative
faculty’, which, as one is told in the Kitab al-Nafs, serves as the memory for
the synthesized sense-reports assembled by the ‘common sense’ and, when
required, ‘re-presents’ these integrated images for use by other faculties. But
there is also a higher, ‘active’, combinative imagination, able to divide, recom-
bine, and manipulate images, and thus ‘imagine’ in the usual modern sense;
Avicenna calls it the ‘imaginative faculty’, (al-mutakhayyila), or, without
ambiguity, the ‘cogitative’ (mufakkira) faculty. The mufakkira, like the khaydl
and, as noted earlier on, the wahm, is fully described only in the Kitab al-Nafs.
Unlike the estimative faculty, however, the combinative imagination is by
no means original with Avicenna. Even as early as Aristotle there was a similar
distinction which was made, namely that between ‘sensory” and ‘deliberative’
imagination (e.g., in De Anima I1I: 10-11; ¢f. also the analysis in De Me-
moria et Reminisceniia as a whole).

The introduction of ‘active imagination’ and ‘estimation’ in Burhdin IV:
10 elaborates the analysis of the acquisition of knowledge into a form coherent
with the theoretical psychology developed farther on in the Shifa’ in the Kitib
al-Nafs. The mufakkira and the wahm, while remaining on the sensory side
of the cleft between sensation and intellection, do help to narrow it; sensory
and intellective processes never can be continuous with each other in the sys-
tem constructed by Avicenna, but he is reasonably successful here in his
attempt to align them with precision in areas where tajriba has brought them
close together.

The fuller descriptions in I'V: 10 emphasize a second sort of tasdig, barely
noticed previously, where the ‘acceptance’ follows automatically upon the
apprehension’. It is this kind of acceptance which Ibn Sini assigns to first
principles. By these he means the indemonstrable universal statements that
serve as axioms for thought in general or for individual sciences. The example
which he gives here is the idea that the whole is greater than the part; elsewhere
he mentions the rule that quantities equal to the same quantity are equal to
each other and the laws of contradiction and of the excluded middle.

A full synopsis seems the only satisfactory way to explain the place alloted
to tajriba in the final scheme. From the contents of sense-perception, Ibn Sind
says, two kinds of cognizable entities are obtained: the sensible forms, stored
in the passive imagination, and the intentiones (ma‘dni), extracted by the
estimative faculty and stored in the retentive faculty. These forms and inten-
tiones are confirmed, or ‘reinforced’, in modern terms, by further sense-percep-
tion and estimation. From them are apprehended incomposite universals
(of entities sensible in essence).?’

27. Burhan, Cairo ed., IV:10, pp. 330, 1. 17 - 331, 1. 6.
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premisses by means of experience (tajriba), he adds. But even in these cases,
where sensation indeed allows one to reach the universal premisses, the actual
cognizing of them is not by sensory means.

The carefully delayed attack against Aristotle’s position comes at last
in al-Burhan, IV: 10% — predictably, for this chapter occupies the place cor-
responding to Posterior Analytics I1: 19. Avicenna, clearly, must oppose the
wholly empirical theory of knowledge which there received Aristotle’s most
lucid exposition.”® No mention of this delicate fact falls on the innocent ears
of the reader, however; the offending doctrines of the First Teacher are simply
not indicated. Instead of such argumentation, Ibn Sini at last provides a full
if discontinuous summary of his own theory.

The object of the chapter is indeed the same as that of Aristotle’s: the
identification of the faculty of the human soul whose business it is to know
primary premisses without being taught and the discovery of the manner
in which this faculty becomes operative. For both men the entity sought is,
in fact, the intellect: the nous (as ‘intuitive reason’) in the case of Aristotle —
a faculty immanent and complete in itself, at least in this analysis; and the
potential intellect (“agl bi’l-quwwa), which is actualized by the external Active
Intellect, in the case of Avicenna. The most interesting divergence here be-
tween their doctrines is that which concerns the relationship of knowledge to
experience. Before these accounts can be compared, however, Avicenna’s
needs to be studied with some care, the more so as it departs very considerably
from what might be expected on the basis of Book III.

Ibn Sini now presents an integrated epistemological and psychological
description of the acquisition of basic premisses. In the apprehension and
acceptance of these first principles, he explains, other faculties assist the intel-
lect, viz., the external and internal senses. Among the latter this time he names
the ‘estimative’ faculty, whose quasi-universal intentiones he discusses, the
special memory for the intentiones, and two carefully distinguished imagina-
tive faculties.

Whenever Avicenna spoke of imagination in Burhan III: 5 he used only
the term ‘khaydl’ and its derivatives and talked in a way appropriate to khayal

25. Burhan, Cairo ed., pp. 330-333.

26. Post. An. 11:19, 99b20-100b17. This account is complemented by that in Meta. I:1, 980a27-
981a30.

Aristotle’s ‘empiricism’ is, finally, a matter of interpretation, but the opposed view must take
account not merely of these two passages, and the two already discussed by Ibn Sina in Burhdn III:5
and I1I:8, but a great many others, all of which are ignored here. The idea that Aristotle believed
intelligibles to be abstracted from sensory ‘imagings’ by an internal active principle of human intellec-
tion, and to be stored, in potentia, in those images, receives powerful support from such texts as De
Anima II1:3, 432a 7-10, I11: 7,431a 14-20 and b2-19, and III; 8, 432a3-14, and De Mem. et Rem., 1,
449b30-450a 14, Avicenna deals with these in connection with other issues, mainly in the Kitdb al-
Nafs, and invariably dismisses any interpretation of Aristotle’s epistemology that makes it empirical.
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and its greatest importance lies in natural philosophy and in such related arts
as medicine. Indeed, Avicenna’s examples in this chapter are of physical cau-
sation, for instance, that ‘the lodestone attracts iron’ or that ‘scammony purges
yellow bile’.*

Ibn Sina has gone some way towards saving the letter of Aristotle’s dictum
that deprivation of sensation produces a deprivation of knowledge.* With a
few exceptions (which are not mentioned here), people usually need sensory
information to permit intellectual apprehension of species of existent things
that are sensible in essence. They may need observations of sense to
remind them of intelligible premisses not thoroughly acquired previously.
Most significantly humans usually require repeated observation of natural
things to produce ‘empirical’ laws, such as ‘the lodestone attracts iron’.

The greater part of the necessary technical analysis has just been presented
in connection with Avicenna’s first discussion of knowledge and experience.
His second account of these matters, in Magala 111, fasl 8 of al-Burhan need
only be touched upon.? Let one point alone be stressed: in this chapter Ibn
Sina is able to postpone the inevitable confrontation of Aristotle’s views only
by a deliberate but rather ingenious misinterpretation of what is said in the
parallel chapter (I: 31) of the Posterior Analytics. There Aristotle talks of the
effects produced by a lack of sensory data (literally, ‘a failure of sense-percep-
tion’, but the context is unusually limpid); Ibn Sina chooses to understand
this as concerning the effects of an ‘incapacity of sense to penetrate’, for which
there is no textual basis, Greek or Arabic.?* Avicenna thereby allows himself
to cover, rather more quickly, much of the same ground already traversed in
chapter 5.

It is the concern of the intellect, he states, to devise from repeated par-
ticulars an intelligible abstract universal (kulliyy mujarrad ma‘qil), an
intelligible meaning to which sense has no access. Thus, for example, neither
can one sense every eclipse nor can one sense any eclipse universally. Instead,
Avicenna tells the reader once again, the intellect obtains the abstract univer-
sal by the light from a divine emanation. The intellect often ‘snares’ universal

21. Ibid., p. 224, 1.2. The famous ‘empirical method’ (regarding the use of compound medicines)
in Ibn Sinad’s Canon of Medicine ( Al-Qaniin fi’l- Tibb ) is indeed ‘empirical’ in this sense. The discussion
there holds virtually nothing of epistemological interest, however, and nothing at all for psychological
theory. (See Canon II1:1.2 and .3; Arabic text, Cairo (Balaq), A.H. 1294 (1877), Vol. I, pp. 224-23L
Again one finds the example of scammony.)

22. See Burhdn, Cairo ed., p. 224, 1. 11, where Avicenna ends his discussion by saying, ‘Therefore,
everyone deprived of a certain [amount of] sensation is deprived in respect of a certain [amount of]
knowledge, even though sensation is not [itself] knowledge’. Cf. note 12, above.

23. Ibid., pp. 249, 1. 11 - 250, 1. 10, esp. p. 250, 11. 1-6.

24. The ‘misunderstanding’ of Aristotle here is thoroughly treated in °Afifi’s introduction, ibid.,
pp- 39-40. The crucial line comes at Post. An. 1: 31, 88a 11-12; in Matti’s Arabic translation, the
phrase is fagdu’l-hiss (ed. “Abdul’l-Rahmin Badawi, in Mantig Aristi, vol. IT (Cairo, 1949), p. 398).
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Although this degree of distortion in the use made of the inherited technical
vocabulary by Ibn Sini is rare, it should be emphasized that the method as
such is standard with him, and perhaps not much less so with Aristotle and
most ancient and medieval philosophers. The philosophical and scientific
usages of a term are analysed, and a meaning is then adopted which in part
‘saves’ the earlier ones but also reinterprets and refocuses them, so that the
significance of the word is shifted and may be greatly distorted. (Perhaps the
most amusing example in Ibn Sini is his blithe equation of the Galenists’ terms
for the higher psychological faculties with his own not dissimilar names, when
he knows full well that his psychological schema is radically different from
theirs and thoroughly anti-Galenistic. Many medieval and modern physicians
and scholars have thus been misled. Similar remarks might possibly be made
about his use of the language of the sifi’s in the Ishdrat). Potential con-
verts to an unfamiliar intellectual position are to be won over, Avicenna’s
writings reveal, by the use of a familiar language which contains some suitably
reinterpreted terminology.

Only the means designated as ‘tajriba’, which, however, is the most impor-
tant and interesting of the ways through which sensation can contribute to
tasdig, now remains to be treated in Burhan III: 5. In discussions relating
to cognition, ‘tajriba’, like ‘empeiria’, means ‘experiencing’, ‘gaining or having
experience of” or ¢. . . acquaintance with’ or ‘. . practice in’, with a connotation
of ‘testing’ or ‘trying out’ in the case of tajriba. Avicenna here describes tajriba
simply as having in it ‘a mixture of sensory “induction’ (istigra’ hissi) with
intellectual deduction (giyds “aqli)’.?® Aristotle’s ‘empeiria’ seems to have
been a hexis, a ‘developed state’ of the soul, but Avicenna’s ‘tajriba’ looks at
this point to be a process; on this, more below. In any event, tajriba is a judg-
ing through many particular examples that there exists a constant relationship
between two universals such that a certain premiss asserted of them may be
given assent. It seems reasonable to infer from Ibn Sina’s abbreviated explana-
tion that individual happenings gradually limn a universal, the representation
of which is then completed by examining (or ‘testing’ ?) further instances. One
is actually told only that after sense-reports of often-repeated happenings of
the same specific sort have been received, the intellect judges that the con-
junctions involved are essential (dhdti), not coincidental (ittifdgi), because
‘coincidence does not persist’. So the intellect is able to abstract what is in
essence from what is by accident after a sufficient amount of ‘experience’.
In this manner tajriba will generate tasdig, according to the present account,
and ‘experience’ will actually bring to pass ([w-q-"], II) in human minds proper
universal cognitions.

‘Experience’ necessarily is concerned only in things accessible to sense,

19. Ibid., pp. 223, 1. 16-224, 1. 5.
20. Ibid., p. 224, 11. 6-7; of. p. 223, 1. 16.
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it is not linked with zajriba. Indeed the sifting process is not granted a name,
nor in this chapter are its products given any special designation.

When he turns to tasdiq, Ibn Sina finds not one but four ways through
which sensation can contribute.’® The first is ‘by accident’ (bi’l-ardd) where
apprehension (tasawwur) of one or more of the simple universals has been
achieved with the help of the senses in the manner already explained, and
the intelligibles have then been combined directly. Tasdiq is here an immediate
result of the ‘light’ of the Active Intellect; in Avicenna’s words, this kind of
intellectual assent occurs only ‘through conjunction (ittisal) of the [human]
intellect with the light (nar) from the Creator emanated upon souls and
nature, which is called the Active Intellect (‘agl fa““al) and which is the agent
that leads the [human] potential intellect out into act’.’” It must be noted
that the ‘light’ is only ultimately, not immediately, ‘from the Creator’, and
that ‘the Creator’ designates the One or the Necessary Being of the philoso-
phers, not the creator-God of the Qur’an and the Bible.

The second way of reaching tasdig from sensory starting points is the ‘par-
ticular syllogism’ (qiyds juz’i). By this phrase Avicenna means a predicating
about some natural species of something already known to be predicable of
its proximate genus, through having apprehended by sense individuals which
belong to that species (and a fortiori to the genus).

In the third place comes ‘induction’ (istigrd’), a term which usually stood
for the Greek word ‘epagoge’. Whereas Aristotle meant by epagoge an advan-
cing from all available individual instances to a universal judgement, Thn
Sina perversely chooses to denote by istigra’ a process in which the attention
of the intellect is merely drawn to a relationship among universals by one or
more perceptible examples of it, whether this be in the first instance or later
on as a reminder. The intellect becomes aware of believing the intelligible
relationship, but the ‘induction’ itself does not create that belief. By means
of istigra’ sense is only able to occasion the acceptance of premisses, and that
almost trivially.®

For Avicenna, of course, the inductive leap in the usual sense is ontological
as well as logical, so a metaphorical understanding of epagoge is the best that
can be expected. Even so, his interpretation of istigra’ certainly must be
called guileful, for it does not preserve the meaning that a reader of works of
falsafa is justified in expecting. Its principal merit may be to obviate a later
explanation of Aristotle’s doctrine (100b3-5 in Posterior Analytics 11: 19)
that ‘the method even by which sensation implants the universal in us is
inductive’.

16. Burhan, Cairo ed., I1I:5, pp. 222, 1. 17-224, 1. 10.

17. Ibid., p. 223, 11. 3-4.

18. Ibid., 11. 11-15, contains the description of istigrd’. Perhaps it is meant as a gesture towards
Plato’s anamnésis — the main account, in the Phaedo, should have been known to Iba Sini.



IBN SINA’S PSYCHOLOGY 59

are either received completely and correctly by the rational faculty, since
they are its proper objects, or are not received. When the simple intelligibles
have been combined, connected, that is, in such a way as to be expressible
in syllogistic premisses, the resulting composites may be either true or false;
so beyond simply apprehending their intelligible content the mind must judge
whether they are right, must gain conviction about their truth or falsity.
The second stage, the accepting of the composite intelligible or premiss, Ibn
Sina calls tasdig. This word was regularly used by Arab translators to render
Aristotle’s pistis, which was something logically different, being the confidence
or conviction associated with the intellectual assent to a premiss. Nonetheless
the usage of tasdiqg employed by Ibn Sina and the distinction between tasawwur
and tagdig are standard in Islamic philosophy.!® The ideas of tasawwur and
tasdiq and their relation to simple and composite objects of thought seem to
depend ultimately on Aristotle’s remarks about the subject, for example
in Metaphysics I1X:10 and in De Anima III: 6, although there are perhaps also
Stoic influences.

The accounts of the acquisition of knowledge given by Aristotle in Pos-
terior Analytics I1: 19 and Metaphysics I: 1 did not make full and consistent
use of this analysis. Avicenna, however, is obliged by hindsight to do so. In
the Posterior Analytics Aristotle was writing about the starting-points for
episteme, so he should have concerned himself with the grasping of first premiss-
es; but his description seems really to apply only to the separate universals
contained in those premisses. In particular, empeiria emerges as the cognitive
condition which results from the sifting and ordering of repeated evidence
of the senses and which permits the rise of universal concepts in the soul. But
in the discussion in the Metaphysics Aristotle clearly referred to composites
and made empeiria the immediate source of the premisses in the arts and
sciences.

So Avicenna has a good deal of room in which to manoeuvre, even if he
wishes to be purely Peripatetic. His first move in Burhan III: 5, as was noted,
is explicitly to restrict the possible range of empirical cognition to objects
that are sensible of essence. He then separates his analysis of tasawwur from
that of tasdig, and for the present, limits his discussion of the function of
tajriba (i.e., ‘empeiria’) to the second stage of the acquiring of intelligible
premisses, to tasdiq.

The sorting of the sensory contents of the soul in preparation for the tasaw-
wur of incomposite universals remains more or less as it was in Aristotle, but

15, The standard examination of this topic, no longer completely satisfactory, is Harry Austryn
Wolfson, ‘The Terms Tasawwur and Tasdiq in Arabic Philosophy, and their Greek, Latin, and Hebrew
Equivalents’, The Moslem World 33 (1943), pp. 1-15, repr. in Harry Austryn Wolfson, Studies in the
History of Philosophy and Religion, vol. I, ed. I. Twersky and G.H. Williams (Cambridge, Mass., 1973),
Pp.478-492. (See also Josef Van Ess, Die Erk islehre des Adudaddin al-Iei (Wiesbaden, 1966),
Pp. 95-113; passim, and Fehmi Jadaane, I’Influence du Stoicisme sur la pensée musulmane (Beirut,
1968; Recherches... de IInstitut de Lettres Orientales de Beyrouth, sér. I, t. 41) pp. 106-113, passim.
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truly can be said to attain to knowledge. And indeed, despite his lengthy
discussion of the help provided by the senses, Ibn Sini does not deviate from
this position even here in Burhan III: 5. Were he forced to summarize what
he has actually asserted in this discussion he would be unable to save Aristotle’s
doctrine. He could come no closer than to claim that for people other than
prophets and the best philosophers, sensation provides support that is
widely necessary as an aid for intellection when they are first acquiring certain
branches of learning, and that lack of sensation under those conditions does
mean a loss of knowledge.

A résumé of Avicenna’s description in this chapter of the psychological
processes used in gaining knowledge of the temporal world will facilitate the
tracing out of the developments that occur in his next two accounts. That
the sensible and intelligible natures in things are distinct is his starting-point
here: sense does not encounter the nature of man, for example, qua general-
izable (al-insan al-mushktarak fihi). The ‘man’ apprehended in the human
intellect through the essential definition (add)® has been abstracted ( [j-
r-d], II) from all the accompaniments and individualizations of material exis-
tents, and qua abstract it is no object of sense. What the external senses do
is merely to take up the sensible form and deliver it to the representative
faculty (khaydl), i.e., to the sensory memory, where it becomes subject to
operations superintended by the individual potential intellect. The intellect
causes the images to be compared and, noting what is different, abstracts
that which is common; thus it pares away the accidents and obtains the in-
telligible essence — but not from the images themselves.*

As Ibn Sini explains in many places, but not in this passage, the potential
intellect after being thus prepared acquires the intelligible from a separate
and eternal intellect-in-act, the Active Intellect, indeed, which has already
been described. Nor can the human intellect store the universal thus gained;
it is able only to increase the degree and range of its receptivity and remember
where to ‘look’ for intelligibles previously possessed.

Up to this point Avicenna has been dealing with the apprehension (tasaw-
wur) of incomposite universals, which the mind either grasps or does not,
which, in other words, are not true or false in themselves but in every case

13. Tasawwur of the incomposite intelligibles is primarily by way of the kadd; see Shifa’: Ildhiyydt,
V: 5,7, and 8, passim, and ¢f. III: 8. (The best text of Avicenna’s Metaphysics is in the Shifd’, Cairo
ed.:Al-Ilahiyyat, vol. I ed. by G.C. Anawati and Sa®id Za’id, vol. II ed. by Muhammad Ysuf Miis3,
Sulayman Dunya, and Sa®id Za’id (Cairo, 1960).) The fadd in this, its narrowest technical sense, is
the abstract, intelligible nature (/agiga) of an infima species, which is also present in each individual
of the given species and comes to it from the Active Intellect as dator formarum (cf. Iahiyyadt 1X: 5,
passim). The hadd when expressed as the formulable essence of a species becomes its essential defini-
tion, still called the ‘hadd’ (now strictly = Gk. horos or horismos). This idea of the réles of the
hadd is u comparatively obvious extension of Aristotelian teaching; cf., especially, Meta. VII: 4,
1030a 2-17.

14. Burhan, Cairo ed., I1I:5, pp. 220, 1. 8-222, 1. 16.
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or used in imagination, are derived from sensations, Ibn Sini tells his readers,
and with such images the human intellective faculty can act in such a way as
to acquire incomposite universals. These it can then join together into defini-
tions, premisses, and syllogisms. Sensation in this way is a principle for the
apprehension (tasawwur) of intelligible universals, but only by accident (bi’l-
‘arad), not in essence (bi’l-dhat). In the sciences concerned with things that
have corporeal existence, and are thereby sensible of essence, that same divi-
sion of function between sensory and intellective processes is to be found also
in the acquiring of primary premisses, i.e., those from which demonstration
has its start; sensation plays a part in the recognizing of first premisses (pro-
vided they relate to things sensible) as well as in apprehending the universal
terms they contain and the subsequent middle terms that are needed to con-
struct the demonstrations. In other words, the products of sense-perception
are a source for the objects of nous, in the narrower Aristotelian sense of ‘direct
intellectual grasping’, whether they be incomposite or composite. Sensory
processes may also be employed, it turns out, in testing derivative premisses,
empirically.

But sensation will ultimately be allowed only as a basis, and often a dis-
pensable one, for acquiring the genuine universals. Even in this early chapter
one discovers that things which in their existence are sufficiently unconnected
with matter as to be intelligible in essence cannot be apprehended from any
sort of sensory foundation. Some few persons, moreover, have strong enough
intellectual faculties, Avicenna maintains, that they can attract all or most
intelligibles without recourse to information from the senses; other persons
less gifted but still intellectually able can develop their intellects to a level
where reference to sense-data and imaginings becomes unnecessary. These
doctrines, which are not developed in the Burhan, appear in the Kitdb al-
Nafs and elsewhere; furthermore, it is safe to infer from discussions in the
Kitib al-Nafs and the Ildhiyyar that all persons can obtain at least a few of
the universals that relate to the natural world without any recourse to the
senses or to imagination.1?® Since, finally, it is only the intellect, when com-
plemented from without, that can grasp the pure universals, only the intellect

remark by Aristotle about a loss of sensation, Post. An. I: 18, 8la 38-40, is repeated by Avicenna
at p. 220, 11. 5-7, in the present chapter (and cf. p. 224, 1. 11).

See also “Afifi’s description of the correspondences between Avicenna’s and Aristotle’s texts, pp.
36-37 in his very useful introduction to this work.

(At De Anima III: 3, 432a 7-10, and De Mem. et Rem., 1, 439b 31 seqq., Aristotle makes
a .rela;ted claim, that if onc perceives nothing though the senses, one is incapahle of learning any-
thing).

12a. That in principle every corporeal aid to human intellectual cognition is dispensable is some-
thing Avicenna seems never to assert outright; it is necessary to study all the possibilities one by one
to extract this generalization, which remains provisional, even though any exceptions will have to have
a narrow range. See, int. al., in the Shifd’, al-Ildhiyydt I11: 8 and IX: 7 and Kitab al-Nafs V: 3 (with
eare) and V: 5 and 6, as well as some relevant passages in Al-Risdla al-Adhawiyya. Note especially
.Kita'b al-Nafs V: 6, pp. 248-250, ed. cit. in note 8 above; English translation in Rahman, tr., op. cit.
In note 10 above, pp. 35-37 (= pp. 166-168 of the Arabic text of the Najat, ed. cit. in the same note).
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cognizable objects that are more abstract and less immattered, quasi-universals
like the lower kind of things that are now called ‘intuitions’. These products
of the wakm, which Ibn Sina designates ma‘dni, are perhaps best referred to
by the Scholastic term ‘intentiones’. A stock example is the intuition of ‘enmity’
that a sheep forms about wolves; although post-sensational, it is not com-
pletely abstract, not ‘intelligible’.’* For a person, intentiones are the final and
most abstract result of his apprebension of the sensory world. They provide
the nearest Avicennian equivalent to what Aristotle called ‘empeiria’ when
he spoke of ‘experience’ arising from repeated memories of the same thing
(cf. Metaphysics 1: 1, 980b 25-981al2, and Posterior Analytics 11:19, 100a3-9).
These intentiones can show a person’s intellect where to ‘look’ in the intelligible
world for the true universals — the concepts and ideas contained in the inde-
monstrable first premisses and subsequent middle terms which build up the
demonstrative sciences. But knowledge as such arises solely through intellec-
tion: through grasping the intelligibles, which emanate into human minds
only from the separate Active Intellect, in which also they are stored. In this
way Ibn Sina has found a réle for the senses and for experience in reaching
knowledge, but knowledge itself has been kept absolutely intellectual and
incorporeal, essentially independent of sensation and everything bodily.

The main account of this borderland between psychological theory and
epistemology comes, as one would expect, in that book in the logical jumla
of the Shifd’ which corresponds to Aristotle’s Posterior Analytics, viz., the
[Kitab al-]Burhan. As might also be anticipated, the treatment is not straight-
forward. One must look at three fairly widely separated chapters, III: 5,
III: 8, and IV: 10, and cope with a lack of candour concerning Aristotle’s
views that ranges from mild deviousness to intentional and unblushing misrep-
resentation. One is taught a great deal, however, about how Ibn Sina expounds
and develops his ideas — a sobering and cautionary experience for anyone
tempted to use the obiter dicta of Avicenna as a basis for construing his doctrines.

In his first discussion, the one in [Kitab] al-Burhan I11: 5, Avicenna con-
structs an interpretation of the subject-matter of Posterior Analytics 1:18 and
tries to show that loss of sensation results in loss of knowledge, as Aristotle
there has clearly stated.!? Images in the soul, including those stored in memory

11. The main treatment of the wahm is located in the Kitdb al-Nafs of the Shifa’, Bk. IV, chs.
1 and 3 (ed. cit. in note 8 above, pp. 163-169 and 182-194); other discussions are to be found in I: 5,
IIT: 8, and the last part of V: 6 (esp. pp. 45-46, 153-154, and 244-246). The connection with tajriba is
mentioned in IV: 3, pp. 182-185.

The Najit again presents a rudimentary but helpful summary of the doctrines. See Rahman, tr.,
op. cit. in note 10 above, pp. 30-31 in ch. 3 and pp. 39-40 in ch. 7 (but ignore the commentary, which
here no longer stands up well).

12. Shifa’, Cairo ed., Al-Mantig, 5: al-Burhdn, crit. ed. and introd. by Abu’l-Al3’ CAfifi (Cairo,1956)
(hereafter, ‘Burhdn, Cairo ed.’); Magdla I1I, fasl 5, pp. 220-227. Only Pp- 220-224, 1. 11 are relevant
here. Aristotle is not mentioned by name; Ibn Sina merely writes ‘qila . . .”, ‘it has been said. . .". The
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eternal world that is grasped by the intellect. (In this, of course, Ibn Sina
follows an ancient Greek intellectual tradition that goes back at least to Par-
menides). These realms never overlap, and they meet only in the human
species, in each individual soul. There, the lower world rises as far as sense-
perceptions (mapsisat) and ‘estimative’ intentiones (see below), and the intel-
ligible world reaches down to the potential intellect, which it renders actual.
Sensibles (makhsisat) — sensory information of any kind — do not contain, and
sensation cannot grasp, any true universals (kulliyyat). Consequently, Ibn
Sini may not allow any genuinely empirical theory of the acquisition of know-
ledge: in the end, authentic knowledge (“ilm) can be attained by a human
being only through his externally actualized intellect (“agl).'

Induction (istigra’; translates Greek epagoge),in particular, is strictly if
disingenuously proscribed as a generative source of knowledge. But when it
comes to empeiria (rendered in the Arabic texts as tajriba), Avicenna equivo-
cates, for he is anxious to save Aristotle’s all-too-unambiguous presentations
of the empirical basis of knowledge in Metaphysics I: 1 and, especially, in
Posterior Analytics I1: 19. Experience, Ibn Sina decides, can lead to knowledge;
and, tortured also by Aristotle’s plain speaking in Posterior Analytics I1: 18,
he even grants that sensation may be regarded as a principle of knowledge —
but, the reader can infer, not as a strictly essential (dhati) principle nor by
any means as a sufficient one.

The connection between tajriba and “ilm is eventually explained in
terms of two faculties that seem to be among Ibn Sini’s own contributions
to the analysis of the soul, the ‘estimative’ faculty (wahm, quwwa wahmiyya)
and the ‘storehouse’ or special memory associated with it, which is called
the retentive, or memorative, faculty (%dfiza; dhakira). From the sensible
images contained in the soul, whether they are simply remembered or have
been separated and recombined in imagination, the estimative faculty forms

10. Besides the main reference given on p. 52, above, see also the preliminaries contained in Kitab .
al-Nafs, Bk. 1, ch. 1 (last third); IV: 2 (passim ), V: 1 (second half), and V: 2 (passim) (ed. cit. in note
8 above, pp. 12-16; 163-169; 204-209; and 209-221). Short discussions pertinent to the question of
tajriba and “ilm, both subordinate to the main accounts in the [Kitdb] al- Burhan (for which see below),
appear in Bk. II, ch. 2, of the Kitab al-Nafs and in V: 3 (ed. cit., pp. 60-61 and 221-222).

An incomplete presentation of the psychological theory of the acquisition of knowledge is to be
found in the Najdt; see F. Rahman, tr., Avicenna’s Psychology: An English Translation of ‘Kitab al-
Najat’ ... (London, 1952), cks. 5, 7, and 11, pp. 33-35, 40, and 55 (corresponding to pp. 165-166, 170-
171, and 182 of the second edition (Cairo, 1938) of the Arabic text); for tajriba, see esp. p. 55.

Chapter 16 of this part of the Najit (Rahman, tr., pp. 68-69; Arabic text, ed. cit., pp. 192-193) is
also relevant, although unlike the other chapters mentioned it has not actually been excerpted from
the Shifa’. The full doctrine is simplified here by omitting the réle of ‘estimation’; compare the remarks
below on Ibn Sina’s similar procedure in the [ Kitdb] al- Burhdn.

Persons unfamiliar with the area of thought to which Ibn Sina’s psychology belongs may be helped
by the rather advanced introduction to be had in Herbert A. Davidson’s ‘Alfarabi and Avicenna on the
Active Intellect’, Viator 3(1972), 109-178.
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In the present instance, Avicenna’s elaboration of the Aristotelian view
has required two entities from without, instead of only one, to complete each
human soul. Aristotle’s ambiguities were more economically resolved by
Alexander of Aphrodisias and by Themistius, and will be so done again by
Averroés. But these departures from Aristotle permit Ibn Sina to save his
non-Peripatetic conceptions of immortality and of intellection. It is not too
strong to say that his own peculiar idea of personal salvation determines the
nature of his solution to the problem of abstract (i.e., intellectual) thought
and, derivatively, to the ensouling of the embryo.

The main difficulty that Avicenna has to face is accounting for the individ-
uation of an intellect; nor does he ever satisfactorily explain it. His approach
to the question depends upon the materially individuated potential intellect,
which is not problematical in this respect. He attaches the potential intellect
to, or identifies it with, a person’s rational soul, which he has made the ‘intel-
lect’ that enters the embryo ‘from without’. But the continuing individuality of
the potential intellect when conjoined to the Active Intellect is left unexplained.
Qua individual, an intellect must be attached to a body and therefore
be mortal; qua actual and eternal it should not be individual. (Whether certain
aspects of the rational soul as presented by Ibn Sini justify recent talk of an
‘ego’-concept, or something similar, in his psychology, and whether, if so,
that would help solve the problem of individual intellects is a question that
1 shall take up briefly at the end of the paper.) Ibn Sina’s aim, in any event.
is to justify a scheme whereby the individual potential intellect perfects itself
by continually rising to the grade of ‘acquired intellect’ and receiving actual
intelligibles from the separate Active Intellect, so that it can function contin-
uously and in actu after the body has died. The Active Intellect, moreover,
with its eternal, actually intelligible contents, remains in Avicenna’s program
safely outside the corruptible human realm.

But however pleasant this knitting together of psychological, embryologi-
cal, and soteriological doctrines may be,® it is only byplay to the main philo-
sophical drama that derives from Ibn Sini’s conception of immortality. The
centre of the action lies in his metaphysics: in epistemology first and then,
without resolution, in ontology.

By way of preface to the second, epistemological example of the influence
of Ibn Sina’s psychological theories, it is necessary to emphasize the radical
distinction in Avicennian metaphysics between the corporeal and corruptible
world that is apprehended by the senses and the higher, immaterial, and

9. Of course the synthesis is not pleasing insofar as it multiplies entities. All too often Avicenna
systematizes by merely adding theories together; however well he finishes the joins his thought never
becomes a perfectly unitary structure, for he attempts to incorporate too much.

Even so, as will become evident, a great deal of his conciliatory discourse is aimed at disarming
criticism of what is actually rigorous and proper system-building on his part.
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In Avicenna’s Hayawdn it is the rational soul that corresponds to Aristotle’s
intellect ‘from without’, and this is the human intellectual faculty as such,
the undeveloped capacity for receiving intelligibles. For Aristotle, however,
one may reasonably conclude that the intellect ‘from without’ was of the
self-sufficient kind which seems to have been implied by his description in
Posterior Analytics I1: 19 of how universals are acquired, and which therefore
must include both the passive and active intellectual faculties that have so
tantalized the interpreters of De Anima III: 5. But howsoever one chooses
to resolve the ambiguities of Aristotle, there are none left here in the Shifa’.
The intellect ‘from without’ of the De Generatione Animalium has become the
rational soul, which is an intellect in potentia (bi’l-quurwa) (and which origi-
nates from the Active Intellect, in this entity’s réle as dator formarum; cf.
al-Shifa’, al-Ilahiyyat IX: 5). On the other hand, the active human intellect,
in accordance with an exegetical tradition descending from Alexander of
Aphrodisias (fl. early 3rd cent. A.D.), has been made external and is, indeed,
one aspect of the Active Intellect. The human intellect-in-act, however, is now
interpreted as the individual’s ‘acquired intellect’., produced through the
“llumination’ of his passive intellectual faculty by the true Active Intellect;
it has thus become the mere effect of another action ‘from without’, a collection
of intelligibles lent from above. In whatever way Aristotle is to be understood,
it is quite certain that he wished to have only one entity from without involved
in the human soul; but Avicenna, with Muslim largesse, has given us two.

There is no excuse for considering this a mistake on the part of Ibn Sina.
He is not explicating the texts of Aristotle, but is expounding a consistent
philosophy of his own within the general confines of Islamic Peripateticism.
That one may speak of a correspondence between chapters of the Shifd’ and
chapters of Aristotle’s works only reflects the fact that the Shifa’ is an encyclo-
paedic work covering the whole of Greek philosophy (in the first, second, and
fourth jumlit) and the mathematical sciences (in the third jumla), whose
basic order of exposition in logic, natural philosophy, and (to some extent)
metaphysics follows the standard Arabic arrangement of the Aristotelian
eorpus. (Material equivalent to certain other works, such as Porphyry’s Eisa-
goge, is added in; and in the Metaphysics (al-Ilahiyyat) are included various
further topics, owed mainly to al-Faribi, that are ethical, political, or reli-
gious in nature and replace the ‘theoretical’ content of the standard texts
in ethics and politics (of which Aristotle’s Nicomachean Ethics and Plato’s
Republic are the most important). It may be assumed that the Shifa’ is intend-
ed to be read by serious students in place of the books by the Greek authors).
Consequently, the Shifa’ often takes over the structure of Aristotle’s writings,
sometimes down even to the sequence of thought within individual paragraphs.
But its views are as independent of Aristotle’s teachings as Ibn Sini feels
to be desirable. The next example will make this assertion more obvious still.
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First, however, the biological matters. What specific changes does Avicen-
na’s theory of immortality generate in Peripatetic teachings about the ensoul-
ment of the human embryo ? The problem is set by Aristotle’s notorious dis-
cussion in De Generatione Animalium 11: 3, where he speaks of the intellect
(nous) “from without’ (thurathen). Ibn Sina’s treatment comes in the Shifz’,
al-Hayawan XVI: 1;% his account at the start follows Aristotle, but it ends
with a notable addition.

The vegetative level of the soul, which oversees the development and
growth of the embryo, is received with the semen of the father, Ibn Sinz
asserts; and in the semen there is also something which is ‘prepared to receive
the connection (°aldga) with the soul’, viz., the (vital) heat, which is not fiery
like elemental fire but is analogous, rather, to the heat which emanates (yafidu)
from the heavenly bodies and is ultimately related to their substance (jaw-
har).® So far, reasonably orthodox Aristotelianism. Also, Avicenna says,
when the heart and the brain have come to exist in the embryo, the sensitive
(hisstyya) soul emanates (tafidu) from the vegetative, and the rational (nu¢-
giyya) soul becomes attached to it (to the vegetative organism, apparently,
at the same time as the sensitive soul is produced). Still Aristotelian, although
everything has been consolidated in such a way as to permit the highly ten-
dentious constructions which now follow. The rational soul, Avicenna contin-
ues, is different from the other two levels and has nothing do to with matter
as a substrate: but the soul (qua rational) is not yet effective (“amila),being
like that of the drunk or the epileptic. It is completed ([k-m-1],X) only by
something external, when, in the person’s childhood, that entity first assists
the intellect (agl) (i.e., enables it actually to think).”

The last statement may be made more explicit by reference to the Shifi’,
Kitab al-Nafs, especially V: 5 and 6. The rational soul which enters the embryo
has but the bare potentiality for intellection, the grade of intellect that Ibn
Sin3 calls “material’ (hayilani). This potentiality becomes actualized, becomes
truly an intellect, by receiving intelligibles as such from the separate and
eternally actual Active Intellect (‘agl fa“dl),the lowest of the celestial intel-
lects. The grade of its potentiality increases by degrees, but the rational soul
attains the intellect in actu (bi’l-fil) only when it is ‘borrowing’, or ‘has ac-
quired’, actual intelligibles from the Active Intellect. It then possesses a true
intellect, called the ‘acquired’ (mustafid), which is correctly the second entity
referred to above, the intellect which ‘completes’ or ‘perfects’ the rational soul.®

5. Ibn Sina, Al-Shifd’, ed.-in-chief Ibrahim Madkir (Cairo, 1952- ), hereafter referred to as
*Shifd’, Cairo ed.; Al-Tabi“iyyd 8: al-Hayawdn [more properly, ‘Fi Tabd’i¢ al-Hayawan], ed. “Abdul-
Flalim Muntasir, Said Za’id, and “Abdullah Isma“il (Cairo, 1970), Maqdli 16, fasl 1.

6. Ibid., p. 403, 11. 1-3 and 8-11.

7. Ibid., 11. 3-8.

8. These chapters contain the main exposition of Ibn Sina’s theory of the acquisition of knowledge
through the intellect and its subsidiary faculties; see F. Rahman, ed., Avicenna’s ‘De Anima’ [Al'
Shifa’: Kitab al-Nafs] (London, 1959), pp. 234-250.
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le’), and, in some areas, from writings in the Galenic tradition. Specifically,
Ibn Sind’s psychology in both approach and content was principally Aristotel-
ian. There had been incorporated within it, however, certain insights that
belonged ultimately to Plotinian philosophy; and there had also been accom-
plished the more difficult and less precedented task of transplanting into it
certain ‘religious’ conceptions, Muslim in Avicenna’s own eyes but scarcely
so in most others.

Ibn Sinad’s idiosyncratic notion of individual immortality required an
elaborate and painstaking integration into his philosophy, into psychological
theory first and then into related areas throughout the system. Biology, epis-
temology, ontology, ethics, and political science, each and all needed to be
modified. The idea itself which Ibn Sind had formed of personal salvation
was simply that an individual’s intellect could be developed during the person’s
lifetime to the point that it would survive the death of his body and become
a part, still self-identical, of a celestial intellect.* Thus a human being of sound
mind would have as his chief task in life the full actualization of his mental
capacities, so that deprivation of his senses, his imagination, and his estimative
faculty would leave him still able to think. An intellect fully developed in
this way would not perish with the body, and the person’s resurrection (ma‘ad)
into paradise would amount to entering a self-conscious but bodyless state
of eternal intellection-in-act. One would have reached the intelligible world
contained in the lowest of the celestial intellects. This explanation was Avicen-
na’s own, although it had something of the spirit of Plotinus and of al-Farabi.
It was thoroughly non-Aristotelian, and thus proved to be anathema not
only to ordinary Muslims but also to pure Peripatetics such as Ibn Rushd.

The requirements of this sort of immortality greatly influenced Ibn Sina’s
theories. The two doctrines examined in the remainder of this paper both show
its effect. In the first, a fairly straightforward modification was made to Aris-
totelian embryology. In the second instance, a radically anti-Aristotelian
epistemological doctrine was adopted; neo-Platonic in appearance but unlikely
so in inspiration, it lay at the heart of Ibn Sina’s psychology and metaphysics.
Both tenets were at root, I believe, philosophical responses to the Muslim
precept of personal salvation; and they both had a place in the ‘dialogue’
between the falisifa and the other groups of Muslim intellectuals. Indeed in
the latter case, where Avicenna effectively denied the necessity and, rigorously
speaking, even the possibility. of acquiring knowledge from experience, the
doctrine should be considered one of the most important contentions in that
debate as regards the consequences for philosophy and the other Greek sciences.

4. This non-Qur’anic view is only adumbrated in the Shifa’ (Kitdb al-Nafs V: 5 and Ildhiyydt IX:
7 and X: 1); the complete, ‘esoteric’ teachings are presented in Al-Risdla al-Adhawiyya fi’l-Ma‘dd
(ed. with Italian tr., introd. and notes by Francesca Lucchetta, as Epistola sulla vita futura, vol. I
(Padua: Antenore, 1969)).
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thought during that period. Let me note in this connection, without undue
emphasis, that the title of the Kitab al-Shifa’ is to be translated as ‘The Book
of the Healing [of the Soul]’ and the name of the compendium of that work,
the Kitab al-Nejat, as “The Book of the Salvation [of the Soul]’!

The first of the two particular problems that I have chosen to investigate
illustrates the integration of a religiously motivated psychological doctrine
into a different area of philosophy, in this case embryology, in order to render
it more acceptably Islamic. The second and more important example, the
question of the empirical basis of knowledge, is intended to exhibit the signif-
icance of psychological theory for the career of Islamic science in all four
of the ways that I have just described — explicitly as regards the general ques-
tion of knowledge, and implicitly, but I trust plainly, with respect to the other
three. The second example, moreover, should isolate the part which was played
by Avicenna’s own psychological thought; and it should make clear a major
way in which Ibn Sina’s theories in psychology, acting through his philosophy
as a whole, led towards a transformation of the Islamic philosophical tradition
while coordinating it more closely with its Muslim surroundings.

Both problems will illuminate the relationship of Ibn Sina to his Greek
authorities, and the second will have a certain bearing on the vexed question
of his ‘mysticism’. The latter case, finally, will expose a serious but often
unrecognized hazard that one frequently encounters when trying to determine
Ibn Sina’s true position on some issue — a difficulty arising from his method of
presentation, even in his most straightforward discussions. Incomplete,
especially adumbrative, exposition rather than tentative or shifting views
will turn out to be his vice.

The examinations below of the zoological and the epistemological topics
will both follow the Shifa’. It is this work, indeed, which nearly always con-
tains Avicenna’s basic account of his doctrines, even though in certain cases
the explanation there is disingenuous or incomplete, and a franker or more
developed treatment must be sought elsewhere. In the present instances,
certainly, the Shifa’ appears to need no important corrections.

The two Avicennian doctrines which are about to be considered were both
consequences of the same basic Muslim belief, the idea of individual immortal-
ity and salvation. This tenet, stripped by Ibn Sina of any notion of bodily
resurrection (at least in his franker, or more esoteric, writings), was a corner-
stone of his psychological and metaphysical thought. The framework of theory
into which it had had to be placed, i.e., Avicenna’s philosophical system as a
whole, belonged in its methods and concepts to Greek philosophy in its Islamic
guise, especially in the form it had taken at the hands of al-Farabi (ca. 870-
950). The teachings derived chiefly from Aristotle and occasionally from the
Greek commentators, but they were also tinted — or tarred — with ideas from
certain neo-Platonic works (including the pseudonymous ‘Theology of Aristot-
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themselves in a dialogue principally about philosophy and Qur’anic religion,
both among themselves and against the other interpreters of Islam. What Isaid
earlier of the discussion in general is especially applicable here, namely, that
a cluster of psychological issues assumed exceptional importance. The older
questions of the definition of a believer, the nature of God’s attributes, the
createdness of the Qur’an (largely replaced as a problem for the faldsifa by the
createdness of the world), and freedom of the will had all been given stereotyped
sets of answers by the tenth century. But other issues arose and demanded
resolution: the nature of the scul; the distinctive characteristics of revelation,
inspiration, dreaming, prayer, and ritual wership; the identifying criteria of
true Prophethood (and thus of the basis for the Law — a vital matter for Islam);
the personal immortality of individual souls, the manner of their salvation,
and the nature of their bliss; the resurrection of the body, which was a promi-
nent Muslim belief, but one that remained inexplicable within the limits of
falsafa; the means whereby God can know particulars (and thus reward and
punish individual believers properly, carrying out the ‘Promise’ and the ‘Threat’
of the Qur’an); and the right mode and criteria of human knowledge. With
the one significant exception of the eternity of the world, the major doctrinal
problems that were set for the students of the ancient sciences by their Muslim
environment required solution within one or another area of psychological
theory. For Ibn Sina even political science reduced to an exercise in faculty
psychology: the “virtuous city’(i.e., the best political community) was conceived
as a society ruled through a Law that had been revealed by a true prophet,
and the true prophet he identified as a man whose soul had a special faculty,
an exira, higher degree of intellect called the ‘prophetic’ or ‘holy’ intellect,
and who, through the overflow from this powerful intellect into his imaginative
faculty, could put into images that were suitable for the common people all
the essential conceptions of the Law and the religion.

The history of philosophy and science in Islam, then, was very greatly
affected by the development of psychological theory in several ways: through
the transformation in the nature of philosophy, through the changing ideas
of the purposes of an intellectual life, through the framing of doctrines
concerning the origin of knowledge, and most basically through the handling
of contentious issues in the philosophers’ general debate against other intel-
lectual groups. Psychological questions were crucially involved in the proces-
ses that shaped classical Islamic culture, and theorization about the soul and
its functioning thus shared indirectly but decisively in fixing the destiny of
Islamic science.

I hope I have sketched enough background to make my initial assertions
more plausible and persuasive. What I can do now is only to paint in a very
small bit of the foreground. I shall discuss certain aspects of Ibn Sina’s psychol-
ogy in order to show the pervasive influence it had in his philosophy and to
reveal at the same time the importance of psychological issues in Islamic
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emphasis in philosophy away from cumulative investigation of the human
and natural world towards metaphysical illumination (a change where the
centrality of psychological questions has already been asserted) was in the
end a metamorphosis whereby speculative philosophy effectively distanced
itself from the several scientific disciplines and left them more suscepiible
to theoretical stagnation and to futile elaboration of a positivistic sort.

Secondly, the philosophers convinced themselves that the highest philo-
sophic and human good and the greatest happiness (sa“ada) was conjunction
(ittisal) with a higher intellect. By so doing they very largely reduced moral
philosophy to theoretical psychology. to discussion of this psychological state
of quasi-union and the means of achieving it. Such a goal for the philosophical
life would have appeared to most non-philosophers to be just a poor substitute
for ittihad, the uniting with God depicted by the sifi’s, and this view must
have had a considerable effect in channelling the interest of educated Muslim
youths away from philosophy itself and #ll that much farther away from the
scientific disciplines.

In the third place, classical Islam was characterized by the extraordinary
prominence granted by the entire society to the question of knowledge (“ilm) -
of the kind of knowledge that a Muslim ought to accept as right and of the
basis for certainty in that knowledge.® But asking what knowledge is, in
effect implied asking how knowledge is to be obtained; and that meant under-
standing the operations of the soul. Greek philosophy and science, suitably
modified, formed one way of knowledge that was open to the Muslim believer.
Apologists of the Greek sciences (al-culam al-aw@’il) were forced by the inter-
nal constraints of philosophical theorizing and the external demands of legit-
imization in Muslim society, to explain the special nature of their sort
of knowledge and the basis of its claims to truth. The burden of these
explanations fell upon psychological theory. But the account that was pro-
duced, viz., human participation in a higher intellectual world, left philosophy
without a ‘religious’ justification as convincing as that of the Qur’anically
based disciplines or s7fi mysticism and without any good ‘secular’ substitute,
such as, for example, a rigorous Aristotelian empiricism might have supplied.

Finally and most generally, psychology influenced the development of
Islamic science by its assumption of the leading réle when in the tenth century
the students of falsafa and the other Greek disciplines attempted to come to
terms with their Islamic environment. This they did by entering into the gen-
eral debate which I mentioned, where each of the several opposed groups of
Muslim intellectuals represented a different attitude to the religion and a
different approach to knowledge. The adherents of the Greek sciences engaged

3. See Franz Rosenthial, Knowledge Triumphant: the Concept of Knowledge in Medieval Islam (Leiden:
Brill, 1970); especially pp. 1-4 where something of Rosenthal’s analytical framework is disclosed.
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Nasir al-Din al-Tiasi (1201-1274) was able to effect through his exegesis of Ibn
Sina in the Sharh al-Ishirat and elsewhere. The philosophical cursus, which
in the ninth and tenth centuries comprised logic and mathematics, natural
philosophy and the mathematicized natural sciences, metaphysics, and ethics
and politics, retained with Avicenna something of the original Aristotelian
regard for research and the cumulative development of knowledge. Afterwards,
however, it became a mere propaedeutie, albeit an essential one, for a directly
illuminative, and supposedly more valuable, kind of knowledge, eventually
interpreted in the later Iranian school as mystical gnosis. Although I cannot
discover a real mysticism present in Ibn Sina’s works, and certainly not in
the frequently cited chapter on ‘The Stages of Those Who [Seek to] Know’
(Magamat al-°Arifin) in the Kitab al-Isharat (ed. cit., pp. 198-207), nevertheless
illuminationist features were decidedly prominent, and the ground for the fully
mystical development was thoroughly prepared by Avicenna’s philosophy.

The driving force behind this transformation of falsafe derived, 1 am
convinced, from the philosophical investigation of the soul, or rather from
the implications that psychological doctrines yielded in nearly all areas of
philosophical enquiry. The same ultimately psychological issues were also
present to the mutakallimin (the so-called ‘rational theologians’ of Islam) and
the intellectually inclined among the sifi’s — and indeed to all educated Mus-
lims of those centuries. In the development of classical Islamic thought the
primary task was the broadening and theoretical deepening of the Qur’anically
based religious culture. So it is not surprising that there was a scarcely inter-
rupted general debate among opposed groupings of Muslim intellectuals —
fundamentalist jurists, rationalist theologians, philosophers, sifi’s, and Isma-
“ilis, among others— which had a great directive influence on the culture, and
which very often addressed itself to matters in psychology. The question of
the soul and the problems of right knowledge and right belief that were insepa-
rably joined to it became and remained a fundamental concern, perhaps
the most basic one of all, to Islamic thinkers. Psychological issues formed a
vortex that eventually drew every theoretical system into its whorls, and
usually threw it out again a shivered wreck. To understand the cultural his-
tory of medieval Islam it is essential to study the theories of the soul.

In a single paper one cannot document nor even illustrate all features of
the description that has just been offered. But it seems appropriate to provide
some indication of how psychological theories in the Islamic world had such
importance specifically for the history of science.? In brief, I find that there
were four ways, all of them indirect. (Of course there was a direct way, too,
for psychology after all had long been a part of ‘science’!) First, the shift of

2. These remarks were originally made in answer to a question asked from the floor by Prof. A.I.
Sabra. They are incorporated here in their natural place in the text.
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Doctrines in Islamic Science and Culture:

Some Relationships between Ibn Sina’s Psychology,
Other Branches of His Thought, and Islamic Teachings
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SYCHOLOGICAL THEORY was a central concern of the medieval Islamic

world, and Ibn Sina! was a key figure in the history of Islamic thought.
Appropriately enough then, psychology was a main focus of Ibn Sina’s own
work, and his theories were of great importance in the history of psychology.
Indeed, during the Middle Ages in Islam or in the West and, I am tempted
to add, in the Renaissance, Ibn Sina was rivalled as a psychological theorist
only by Ibn Rushd (Averroés; A.D. 1126-1198). But if I am right in my
thinking, Ibn Sina’s psychology had a further significance in Islamic intellec-
tual history: for much of Ibn Sina’s thinking revolved around the analysis of
psychological issues; the philosophical system that he created signalled a
turning-point in the history of philosophy and science and theoretical enquiry
as a whole — even religious enquiry — in the Islamic world. So a correct grasp
of Tbn Sina’s psychological doctrines is prerequisite, I believe, to any full
analysis of Islamic intellectual history and, a fortiori, to a proper understand-
ing of the course of Islamic science.

Ibn Sina’s Shifa’ was the longest systematic exposition of falsafa (by
which T mean simply Islamic philosophy in the Greek tradition) to have been
produced in the classical period. Yet in the Shifa’ and in Avicenna’s other
philosophical works was contained potentially (and even actually, in the view
of certain present-day scholars) a radical transformation of the Islamic philo-
sophical tradition: witness the abuse that Ibn Rushd heaped upon Ibn Sina for
abandoning pure Peripateticism and the strikingly mystical philosophy which

*The Queen’s University of Belfast (Northern Ireland). Expanded from a paper given at the First
International Symposium for the History of Arabic Science, Aleppo, April, 1976. The author must
express his gratitude to the British Council, as well as to the University of Aleppo and its new Institute
for the History of Arabic Science, for the financial support which made his attendance at this congress
possible.

1. Ibn Sina (A.D. 980-1037) is the great physician and philosopher known in the West as Avicenna.
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gold which is the goal of human life and which allows man te play the role
for which he is destined, to act as the bridge between heaven and earth, as the
eye through which God views His creation, as the channel through which the
grace of heaven penetrates the earth and fecundates it. Through this inner
alchemy, to which all other aspects of alchemy are subservient, man comes
to see nature not as the chaos of coagulated matter but as the theophany which
reveals the paradise which is here and now and which man must rediscover
through the attainment of the gold which resides at the heart of all beings
and which remains to be extracted by means which tradition offers to those
who are willing to surrender themselves to it. Although Razi sowed the seeds
of what was to become known later as the science of chemistry, Islam continued
to harbor that spiritual alchemy which refuses to see nature as deprived of
life, which aims at transmuting the inner being of man and attempts to
bring about, through his transmutation, the spiritual revival of nature.
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Applied to nature, ta’wil means penetrating the phenomena of nature to
discover the noumena which they veil. It means a transformation of fact into
symbol and a vision of nature, not as that which veils the spiritual world, but
as that which reveals it.

Alchemy is precisely such a science, one based on the appearances of nature,
particularly the mineral kingdom, not as facts in themselves but as symbols
of higher levels of existence. It is not accidental that Jabir was both a Sufi
and also a Shiite and that in fact the Jabirian corpus later became closely
associated with Ism3°ilism which added certain treatises to the original body
of Jabir’s works.

Jabir, while also interested in natural occurrences, never divorced the facts
of the natural world from their symbolic and spiritual content. His famous
Balance (mizin) was not an attempt to quantify the study of nature in the
modern sense but “to measure the tendency of the World Soul”. His preoccu-
pation with numerical and alphabetical symbolism, with the study of natural
phenomena as determinations of the World Soul, with specifically alchemical
symbols, all indicated that Jabir was applying the process of ta’wil to nature
in order to understand its inner meaning.

Razi, by rejecting prophecy and the process of ta’wil which depends upon
it, also rejected the application of this method to the study of nature. In so
doing, he transformed the alchemy of Jabir into chemistry. That is not to say
that he stopped using alchemical terminology or ideas, but in his perspective,
there was no longer any Balance to measure the tendency of the World Soul,
nor any symbols to serve as a bridge between the phenomenal and noumenal
worlds. The facts of nature were studied as before, but as facts, not symbols.
Alchemy was studied, not as real alchemy, but as an embryonic chemistry.
The religious and philosophical attitude of Razi was therefore directly connect-
ed to his scientific views and was responsible for this transformation. In fact,
his case marks one of the clearest examples of how philosophical and religious
questions have played a role in many significant developments of science and
in the history of science in general, displaying the intimate relation between
man’s view toward the sciences of nature and his vision of Reality as such.

Islamie civilization however rejected the philosophical views of Razi and
his like and remained faithful to its own ethos and the burden which the hands
of Providence had placed upon it, namiely to bear the Divine Message of the
Qur’an for mankind te the end of the world. This truth has allowed Islam to
preserve to this day, despite all the vicissitudes of time, the knowledge and
practice of an inner alchemy which makes possible the cultivation of

Razi and his rejection of the alchemical view, see Corbin (with the collaboration of S. H. Nasr and O.
Yahya), Histoire de la philosophic islamique (Paris, 1964), pp. 194-201. On the alchemy of Jabir see
Corbin, ““Le ‘Livre du Glorieux’ de Jabir ibn Hayyan (alchimie et archétypes)’’, Eranos-Jahrbuch
(Zarich, 1950).
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Throughout these works, there is a description and classification of mineral
substances, chemical processes, apparatuses, and so forth, so that these works
could be easily translated into modern chemical languages. There is no interest
in the symbolic aspect of alchemy, in the discussion of metals and their trans-
formations as symbols of the transformation of the soul. The correspondence
between the natural and spiritual worlds which underlies the whole world-
view of alchemy'" has disappeared, and we are left with a science dealing with
natural substances considered only in their external reality, albeit the language
of alchemy and some of its ideas are still preserved.

The reason for Rizi’s departure from the alchemical view must be sought
in the peculiar philosophical position which he held. As we know from many
later sources including Birtini, who was scientifically sympathetic with him,
Razi wrote several works against prophetic religion and even denied prophecy
as such.’® He thus rejected a central theme of Islamic philosophy which in fact
is “prophetic philosophy”. Moreover, Razi was particularly opposed to Isma-
¢ilism and carried out a series of highly philosophical debates with one of the
leading figures of Isma‘ilism, Abii Hatim Razi.” When the religious and
philosophical attitudes implied by Razi’s position are analyzed, it becomes
clear why he transformed Jabirian alchemy into chemistry.

According to Islamic esotericism in general and Shiism — of which Isma-
“ilism is a branch - in particular, the sciences of nature are related to the science
of revelation. Revelation possesses an exoteric (zahir) and an esoteric (bdtin)
aspect and the process of spiritual realization implies beginning from the
exoteric and reaching ultimately the esoteric. This process is called ta’wil or
hermeneutic interpretation, which is applied by the Shiah, and also in Sufism,
to the Holy Quran, in order to discover its inner meaning. Only prophecy and
revelation can enable man to make this journey from the exterior to the inte-
rior, to perform this fa’wil which also means a personal transformation from
the exterior man to the inner one.’®

world view, there was no completely secularized domain of nature to which a totally ‘‘non-symbolic’’
science could apply. Therefore, although much chemistry was contained in the medieval alchemical
tradition, especially in the case of Razi, it was never totally divorced from alchemy.

The Sirr al-asrdr was translated and thoroughly studied by J. Ruska, Al-Razi’s Buch Geheimnis
der Geheimnisse (Berlin, 1937).

15. Concerning this correspondence see T. Burckhardt, op.cit.

16. One of Razi’s famous works on this subject is the Refutation of Prophecy, (al-Radd ala’l-
nubuwwakh ). See Birtini, Epitre de Beruni conterant le repertoire des ouvrages de Muhammad b. Zakariya
al-Razi, trans. et ed. P. Kraus, (Paris, 1936).

17. See P. Kraus, ‘“Raziana’’, Orientalia, 4 (1935), 300-334; 5 (1936), 35-56, 358-378. The complete
debate between the two Rizi’s, which centers mostly around the question of prophecy, runs through-
out the many chapters of .4ldm al-nubuwwah ( Peaks of Prophecy ), ed. by S. al-Sawy and Gh. Aavani,
(Tehran, 1977) Later Isma®ili authors such as Hamid al-Din Kirmani in his al-.4qudl al-dhahabiyyah
and Nasir-i Khusraw in his Jami® al-hikmatayn were to continue this debate.

18. This theme has been thoroughly stuiied in the many writings of H. Corbin. As far as it concerns
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And in fact, there is both similarity and difference when their alchemical and
chemical ideas are compared.

Jabir believed that the elixir contained animal and plant substances as
well as minerals, while Razi limited it to minerals and only casually mentioned
animal and plant substances.” Razi divided metals into seven species including
kharsini just like Jabir in his Kitib al-khamsin. However, contrary to Jabir,
Riazi showed no interest in the numerical symbolism connected with this
division. Jabir sought to discover the ultimate causes of things, while Razi,
following the views of the Peripatetics among the physicians, denies openly
that such a possibility exists.® Razi in his el-Madkhal and al-Asrar did not
follow the Jabirian view that minerals are composed of sulphur and mercury
but believed that they are constituted of body (jasad), spirit (rizh) and soul
(nafs).? However, the Jabirian belief that there are five principles—the first
substance, matter, form, time and space — certainly bears close resemblance to
the famous five eternal principles of Razi.'

Rizi also closely followed the terminology of Jabirian alchemy. He adopted
not only technical names from Jibir but also titles of books. A large number
of Razi’s writings in this field bear the same titles as those of Jabir, while some
are simply modifications of names of works belonging to the Jabirian corpus.*
This is particularly significant in the case of such an independent philosopher
as Razi. Even in the classification of simples (“agdqir), which is among the
most important scientific achievements of Razi in the field of chemistry, he
followed the example of Jabir’s al-Ustuqus el-uss al-awwel.

One may then ask why Riazi’s works have been called the first books of
chemistry in the history of science.’> We have several extant alchemical works
of Razi, such as al-Madkhal al-ta®limi which served as a basis for the section
on alchemy of Mafatip al-ulam,® and most important of all, the Sirr al-
asrar, well-known to the Western world as Liber Secretorum Bubacaris."*

7. Kraus, op. cit., p. 3.

8. Kraus, op. cit., p. 95, cites from Razi’s Kitdb al-khawdss to this effect.

9. Stapleton, op. cit., pp. 320 ff.

10. Xraus, op. cit., p. 137. Regarding the five eternal principles of Rizi and his general philo-
sophical views, see R. Walzer, Greek into Arabic, pp. 15-17.

11. Stapleton, op. cit., pp. 336-337, where he cites fifteen works of Rizi which have either identical
or modified titles of works of Jabir and seem to deal with the same subject.

12. Stapleton, op. cit., p. 320.

13. The text of this work has been translated with commentary by Stapleton in the above-mentioned
articles.

14. This work, whose title may have also been Kitdb al-sirr as cited by Ibn al-Nadim, is the most
basic work of Razi on chemistry, one in which the transformation of alchemy into chemistry may be
clearly discerned. It was well-known during the later centuries in the Islamic world not only in its
original Arabic version, but also in a Persian recension, and it was also influential in the West. But
everywhere it was considered an alchemical work rather than a chemical one because, in the medieval
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terials wed to the crafts and guilds.® Yet, it was also in Islam that the first
seeds of a science of chemistry were sown, although the symbolic view of nature
predominated and never allowed a secularized view of material substances
to become dominant, for it is not possible to have a chemistry until the living
body of nature has become converted into a cadaver and until nature has
become deprived, for him who has lost the symbolist spirit, of the sacred
presence which nevertheless continues to glow within all things.

The appearance of chemistry is related to the birth of a school of philosophy
at the margin of Islamic intellectual life, and is bound to a change in intellec-
tual perspective which corresponds directly to the profound difference between
the world views of alchemy and chemistry. Moreover, the creation of this
peripheral philosophical school and the birth of chemistry belong to the early
period of Islamic history and concern two of the most famous figures of Islamic
science, namely, Jabir ibn Hayyan, the Latin Geber (d. 3rd/9th eentury), and
Muhammad ibn Zakariyya’ Razi, the Latin Rhazes (d. 4th/10th century).

No two figures are better known in the annals of Islamic alchemy than
these two men of many-sided genius. Both men were celebrated masters of
alchemy. Both are believed to have belonged to the same school by later gener-
ations of alchemists in the Islamic and Western world.* Yet a study made
of the writings of both men clearly reveals that although Razi employed the
languages of Jabirian alchemy, he was in reality dealing not with alchemy
but with chemistry. One might even say that Razi transformed alchemy into
chemistry, even though alchemy endured long after him and chemistry con-
tinued to be cultivated in the Islamic world within the besom of alchemy. Thus
the chemistry of Rizi was by no means independent of alchemy,? and in fact
the two never parted ways completely in Islamic civilization as was to happen
in the West after Robert Boyle.

Before discussing the philosophical and religious divergences between
Jabir and Razi which led also to the separation of chemistry from alchemy,
it is worthwhile to note the similarities and differences in the alchemical views
of the two authors. Or rather, a comparison must be made between the Jabirian
corpus, of which certainly much was written by Jabir himself and some of the
treatises added later by Isma°ili authors, and the writings of Razi. Scholars
studying these writings differ as to how closely Razi followed Jabirian alchemy®

3. See H. Corbin, En Islam iranien, vol. IV, (Paris, 1978), pp. 205 ff.

4. Rutbat al-hakim considers Rizi to be a disciple of the school of Jabir, while in almost all Latin
alchemical texts the names of both men appear as unquestionable masters of alchemy.

5. See G. Heym, “‘Al-Razi and alchemy”’, Ambix, 1 (1938), 184-191; and J. R. Partington, ‘“The
Chemistry of Razi’’, Ambix, 1 (1938), 192-196.

6. For example, P. Kraus in his Jabir ibn Hayydn, vol. II, pp. 3 ff., does not believe that there is
any direct and close relation between them, while N. E. Stapleton in *‘Chemistry in “Iraq and Persia
in the Tenth Century A.D.”, written with R. F. Azo and M. Hidayat Husain, Memoires of the Asiatic
Society of Bengal, 1927, pp. 317-415, considers Razi as a direct disciple of Jabir.



Islamic Alchemy and the Birth of Chemistry

Seyvep Hossein Nasr*

LCHEMY is at once a science of the cosmos, or cosmology, a sacred science
of the soul, or psychology, a science of materials and a complement to
certain branches of traditional medicine. It is not a proto-chemistry although
it deals with physical materials from a particular point of view; nor is it
the origin of the modern scientific method-although alchemy has been con-
cerned in the profoundest sense with experiment and experience, that inner
experiment which alone leads to certitude and of which all external experience
is but a pale shadow.! The traditional alchemist serves as the window through
which the light of the spiritual world shines upon the natural domain and the
revivifying air—or more precisely ether—of the empyrean penetrates the arteries
of nature. His aim is not to work with sheer material substances from a purely
physical point of view, this being the work of charcoal burners. Rather, he aims
to transform nature in order to return nature to that primordial perfection,
that paradisal beatitude which nature s in reality, although this face of nature
remains veiled and hidden from the view of modern man. Through the trans-
mutation, based upon a sacred science of things, of the soul of the beholder
to pure gold, alchemy permits the solar element or the supernal Apollo to
shine upon the world of the gross elements and their compounds.

These general remarks on alchemy pertain as much to Islamic alchemy as
to the Alexandrian or Latin schools, for all schools of traditional alchemy
share ultimately the same world view and even the same symbolic language;
although each of course possesses certain distinct characteristics. Islamic
alchemy inherited at once Alexandrian and Chinese alchemy and created that
immense synthesis. The translation of some of their fruits into Latin in the
form of such texts as the Turba Philosophorum and Picatrix® brought Latin
alchemy into being.

Islamic alchemy has managed to preserve over the centuries and even to
our own day an integral spiritual alchemy wed to Sufism and other esoteric
schools, such as that of the Shaykhis in Persia, and a symbolic science of ma-

*The Iranian Academy of Philosophy, 6 Nezami Street, Avenue Francais, P. O. Box 14, 1699,
Tehran, Iran.

1. On the alchemical iradition and its spiritual significance see T. Burckhardt, Alchemy: Science
of the Cosmos, Science of the Soul, trans. W. Stoddart (Baltimore, 1971), and E. Zolla, Le meraviglie
della natura - Introduzione all’alchimia (Milan, 1975).

2. On Islamic alchemy see S. H. Nasr, Islamic Science - An Illustrated Study (London, 1976), pp.
193 ff. ; and S. H. Nasr, Science and Civilization in Islam (New York, 1970), pp. 242 f1.
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ment to a Jewish prayer book published in Venice in 1520 we learn that R.
Abraham ben Yom Tov Yerushalmi used the tables of Ulugh Beg. It is other-
wise known that this R. Abraham was in Istanbul in 1510.33

10. As a result of a comprehensive search of manuscript collections for
Hebrew astronomical tables, some of the fruits of which have been presented
here, it now appears that Levi ben Gerson (southern France, d. 1344) was the
only Hebrew author to construct tables based on original models, rather than
modifying or copying existing tables.”* Moreover, his tables are embedded in
a text that describes his models and their derivation from specified observa-
tions. In most other cases we find an introduction preceding the tables in which
only the procedures for using them are indicated-this holds true for a large
number of Islamic tables as well as those in Hebrew. Levi was certainly indebt-
ed to his Muslim predecessors, particularly al-Battani whom he often cites as
his source for tables representing Ptolemy’s models. Levi also mentions al-
Bitr@iji but rejects his models categorically, preferring to take those of Ptolemy
as his point of departure. In a general sense Levi’s entire research program was
an outgrowth of the Arabic scientific tradition, for his goal was to construct
a system that was philosophically sound and mathematically rigorous. This
view was expressed by a number of his predecessors including Ibn al-Haytham
(Egypt, eleventh century), Ibn Bijja (Spain, twelfth century), Averroes (Spain,
twelfth century), and al-BitrGji. Carrying through with these ideas, Levi not
only originated new planetary models, but proceeded to construct new tables,
based on his models. Although Levi’s astronomical treatise was translated into
Latin, the extant manuscripts of that version contain few of the tables that
belong to it.

Conclusion: We can see that the process of transmission is complex and
that it is not always the result of a specific plan. Some translators, such as
Moshe Ibn Tibbon, had clear goals to bring a certain literature to the attention
of a recognizable group,?® but in most cases we have too little information to
make an informed judgment of the translator’s motivation. What seems to
emerge is a sense that in the late middle ages astronomy took on the character
of an international enterprise despite the language barriers that separated
its practitioners.

33. B. R. Goldstein, The Astronomical Tables of Levi ben Gerson (Hamden, Ct., 1974), pp. 75-76.

34, On Levi, see Goldstein (op.cit., n. 33). In addition to the Hebrew manuscripts listed there (pp.
74 f£.), I have found a Geniza fragment of Levi’s Astronomy, chapters 97 and 98 (corresponding to Paris
Hb. 724, fol. 177a:24 to 178a:14 and including the marginal note on 178a) in Jewish Theological Semin-
ary of America, Ms. ENA 2905, fol. 1.

35. On Moshe Ibn Tibbon, see D. Romano, ‘‘La transmission des sciences arabes par les juifs en
Languedoc”, in Juifs et judaisme de Languedoc, eds. M.-H. Vicaire and B. Blumenkranz (Toulouse,
1977), pp. 363-386. For biographical information on a fourteenth century translator, see L. V. Berman,
“‘Samuel Ben Judah of Marseilles’”, in Jewish Medieval and Renaissance Studies, ed. A. Altmann (Cam-
bridge, Mass., 1967), pp. 289-320.
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al-Shatir or his models, they do yield information on other important aspects
of late Islamic astronomy, and one may yet find references to Ibn al-Shatir
and the Maragha School in Hebrew.* The main center for Islamic astronomy
in the fifteenth century was the observatory in Samarqand in Central Asia
established by the Mongol ruler Ulugh Beg, himself a noted astronomer.* The
scientific legacy of Samargand reached Istanbul, where the study of astronomy
flourished in the sixteenth century, and there is now some evidence that this
tradition also reached Italy. A Hebrew manuscript (Paris 1091) uniquely pre-
serves an anonymous undated Hebrew translation, without the introduction,
of Ulugh Beg’s tables originally composed ca. 1440, and indeed the observatory
at Samarqand is specifically mentioned in it (folio 70a): ““Table for half-daylight
for the latitude of Samarqand at the place of the observatory” (ha-rasad).
Although the planetary tables are taken from Ulugh Beg’s work, the star
catalogue in this manuscript is not the famous list that became known to west-
ern scholars in the seventeenth century,?® but an older list presumably from
a Hebrew source because its epoch is given in the text as *“the beginning of the
sixth millenium?’, i.e. 5000 A.M. (anno mundi), which corresponds to 1240 A.D.
Both Arabic and Hebrew names are displayed for each of the 50 stars together
with their longitudes, latitudes, and magnitudes (folios 73a-74a). In an unpub-
lished description of this manuscript on deposit at the Bibliothéque Nationale
in Paris, M. Georges Vajda dates this copy by means of paleographic evidence
to about 1500 A.D. Based on the watermark which is a simple anchor I am
confident that the paper was produced in Venice between 1477 and 1508.%
The pages are arranged in quires of 12 folios numbered in the upper left corner,
e.g. on folio 13a we find 2:1 (in Hebrew alphabetic numerals) meaning quire 2,
folio 1, on 14a we find just the numeral 2, and so on to 18a where we find the
numeral 6; then on folio 25a we find 3:1. The keeper of Hebrew manuscripts
at the Bibliothdque Nationale informed me that this arrangement is typical
for Italian manuscripts of this period.** Italy, of course, was an important
scientific center at the time and it is possible that knowledge of eastern Islamic
astrenomy was brought to the attention of Christian scholars by Jews. Ulugh
Beg is mentioned in a few Hebrew texts deriving from Istanbul and I think it
most likely that this translation was made there in the latter half of the fifteenth
century. Steinschneider noted that Elia Bashyasi (d. Istanbul 1490) mentioned
Ulugh Beg’s tables in a work published in Istanbulin 1530/1,*2 and in a supple-

25923?655% Kennedy (op.cit., n. 2), pp. 166 f.; A. Sayili, The Observatory in Islam (Ankara, 1960), pp-

29. See E. B. Knobel, Ulugh Beg’s Catalogue of Stars (Washington, 1917), especially p. 9.

30. Cf. V. Moshin, Anchor Watermarks (Amsterdam, 1973), especially tlat}: 19, 1}1,0? 233, Another
text is bound with these tables to form Paris Ms. Hb. 1091, and its paper has a completely different
watermark.

31. Cf. M. Beit Arié, Hebrew Codicology (Paris, 1976), p. 48.

32. Steinschneider (op.cit., n. 1), p. 196.

*Note added in proof: In July 1979 I discovered a copy of Ibn al-Shatir’s zij al-jadid in Hebrew
.characters: JTSA, Mic. 2580 (cf. Ms. Oxford, Bodleian Arabic Arch. Seld.aXfS?))fl]Aan{)‘:gzodn lt?)e i:y;eaf
in the same hand as the rest of the manuscript gives the solar, lunar, and planetary radices for 1260 AH
(1844 AD) for Aleppo, and on internal evidence it seems to be a nineteenth century copy: in the
mean motgon tables entries are listed for 750, 900, 1050, 1200, 1230, 1260, 1290 AT (e i:o] 16b).
Thhls .certamlylfl suggests ﬂ;ail:] thé hcropyist (or his mentor) lived in the thirteenth century of t‘hE.Hij;'a, ie.
the nineteent! t t isti « i irsi is ' i
Hebrle lete he:tactiir; ury of the istian era. It is surpirsing to find such a late copy of this text in
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geographical coordinates are given as 72°E, 38°N.?? Shelomo ben Eliyahu had
the nickname “golden sceptre’ (sharvit ha-zahav), an allusion to Esther 4:11,
and Steinschneider conjectured that there was an intention to find a biblical
paraliel to the Greek name Chrysococces;* this seems to be confirmed by the
character of the text. In the introduction to the Hebrew version (Paris, Ms.
Hb. 1042) we learn that the tables are arranged for the city Tivini (read :Tabriz)
whose longitude is 720 rather than for Saloniki whose longitude is given as 492°.
The mean motions are displayed for Persian years and months with radix 720
Yazdejird, i.e. 1350 A.D. The tables for the planetary equations are all derived
from the Almagest, but in a form introduced by Islamic astronomers that
Kennedy has called “displaced (Ar. wad®7) equation tables”.?* Asin Ptolemy
five functions are tabulated for each planet, but here some are displaced ver-
tically to eliminate negative entries, some horizontally, and some both vertically
and horizontally such that the resultant equations are in agreement with
Ptolemy’s values. For example, Jupiter’s first correction (fol. 64b) which is
due to the argument of longitude (or centrum) is tabulated at degree intervals
where the entry for 0° is 4;27°, the maximum entry 11;15° corresponds to
arguments 246° to 2520, and the minimum entry 0;45° corresponds to argu-
ments 700 to 78°. These values derive from the Almagest X1I,11, columns 3 and
4 with horizontal shift of 18° and a vertical shift of 6°; e.g. Ptolemy’s value
for an argument of 180 is -1;33° and 6° - 1;33° = 4,270, the entry for argument
00 in our table. Jupiter’s second correction (fol. 65a) which is due to the correct-
ed anomaly is given at degree intervals where the entry for 0°is 120, and the
maximum entry 23;3° corresponds to arguments 99° to 103°. All the entries
are exactly 120 greater than the corresponding values in the Almagest XI,11,
column 6. Kennedy? showed that these displacements must satisfy an alge-
braic relationship: the sum of the vertical displacements equals the horizontal
displacement, in this case 6° + 12° = 18°. This technique was already in use
in the ninth century by the Muslim astronomer Habash al-Hasib and continued
with many variants throughout the middle ages.*®

9. There has been considerable interest in the possibility that eastern
Islamic scientific material reached Europe at the time of Copernicus because
his models resemble quite closely those of Ibn al-Shatir (Syria, fourteenth
century).?” Although the Hebrew texts I have studied do not allude to Tbn

22. Pingree (op.cit., n. 21) pp. 143-144.

23. Steinschneider (op.cit., n. 1), p. 179.

24. E. S. Kennedy, ““The Astronomical Tables of Ibn al-Alam’’, Journal for the History of Arabic
Science 1 (1977), 14.

25. Kennedy (op.cit.. n. 24), p. 15.

26. Kennedy (op.cit., n. 24), pp. 16 f.; H. Salam and E. S. Kennedy, “‘Solar and Lunar Tables in
Early Islamic Astronomy®’, Journal of the American Oriental Society 87 (1968), 492-497.

27. Cf. Imad Ghanem and E. S. Kennedy (eds.), The Life and Work of Ibn al-Shatir (Aleppo, 1976).
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pended his own tables to this text, but they are unrelated to the Alfonsine Tables.
The Hebrew translation of the Alfonsine Tables was not made until 1460 when
Moshe ben Abraham de Nimes translated them from Latin in Avignon together
with the Latin introduction of John of Saxony (early fourteenth century), and
so the Hebrew version is of no help in recovering the early history of the text.’s
There is another text in Hebrew, called the Paris Tables, based on the Alfonsine
Tables and computed with radix 1368.” We read in this treatise that it was
translated by Solomon ben Davin de Rodez in southern France (a pupil of
Immanuel Bonfils of Tarascon), although no Latin title or author is cited.
These tables are very extensive and make use of double arguments for finding
the planetary longitudes and latitudes.’® Some Latin texts are related to it:
the earliest set of tables of this character are those of John of Ligniéres who
worked in Paris about 1320. Although the principles underlying the computa-
tions are the same, all the entries differ because of a difference in convention.
The entries in the planetary tables in this Hebrew text are, however, identical
with those in an Oxford text by Batecombe (?) with radix 1348.'® No copy of
this Oxford text has been found in France, and no Latin version with radix
1368 and arranged for Paris, Lyons, and Avignon (as in the Hebrew version)
is known.?¢

8. There were also translations of scientific works from the eastern Islamic
world into Hebrew. Shelomo ben Eliyahu of Saloniki (fl. 1374-86) translated a
text, called The Persian Tables, from Greek into Hebrew where the ultimate
sources are the Sanjari Zij of al-Khazini (ca. 1120) and the °Ala’i Zij of al-
Fahhad (ca. 1150).22 The author of the Greek text, George Chrysococces, is
not identified by Shelomo ben Eliyahu. In a passage written shortly after 1347,
George Chrysococces tells us that he studied Persian astronomy with a Greek
priest in Trebizond from whom he learned that a Greek scholar, Chioniades,
had traveled to Persia to study astronomy and had brought back a number
of texts which he then translated into Greek. Chrysococces wrote a commentary
on these Persian tables of Chioniades which were constructed for Tabriz whose

16. On Moshe ben Abraham de Nimes, see Steinschneider (op.cit., n. 1), pp. 196 f.

17. T have consulted two copies of the Paris Tables: Munich, Hb. 343, fols. 104-167; and Oxford,
Bodleian, Ms. Reggio 14, fols. 57-103. There is a Hebrew commentary on these tables by Moshe Farissol
Botarel (southern France, ca. 1465): cf Oxford, Bodleian, Ms. Hb. 2022.

18. Cf. M. J. Tichenor, ‘‘Late Medieval Two-argument Tables for Planetary Longitudes’’, Journal
of Near Eastern Studies 26 (1967), 126-128.

19. North (op.cit., n. 13), pp. 279 and 299 (n. 40). I have consulted two copies of the Latin version
of these tables: Oxford, Bodleian, Ms. Rawlinson D.1227, fols. 64r-87r; and Bodleian, Ms. Laud Misc.
594, fols. 51r-81v.

20. Private communications from J. North, University of Groningen, and E. Poulle, Ecole Nationale
des Chartes, Paris.

21. On Shelomo ben Eliyahu, see Steinschneider (op.cit., n. 1), pp. 178 ff. For the Greek version of

the Persian Tables, see D. Pingree, ‘“Gregory Chioniades and Palacologan Astronomy’®, Dumbarton
Oaks Papers 18 (1964), 135-160.
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method of Maestro Campano for the meridian of Rome and Novara” (cf. TCD
49r: Tabula equationis lune). At the end of the Hebrew manuscript (folio 129b)
one finds a page in Latin script but probably in Spanish; there is no heading
and the few words are all technical terms: Abril, Mayo, dias, altitud, etc. It
contains a somewhat confused version of a table of noon solar altitudes deriv-
ing from an Arabic or Hebrew original: in each entry the minutes precede the
degrees indicating a thoughtless transcription from a script written from right
to left. This table obviously was not taken from Campanus, and its source is
unknown to me.

TABLE I

Paris Hb. 1102, 31a-32a TCD, 63r
Mars [in Latin, Hebrew, and Arabic] Tabula medii motus martis
Table for the mean motion of Mars in in annis domini iesu christi
collected Christian years for the ad meridiem nouarie
meridian of Novara in Italy
Radix 2°17:46,15,0,0,0,0° 2° 17;46,15°
28 1°7:6,34,49,5,29,27° 1* 75 6,35°
56 11°26;26,54,38,10,58,54° 11° 26;26,55°
1512 1°12:4,5,10,56,30,18° 1°12:4,5°

7. The Alfonsine Tables were probably the most widely used tables in late
medieval and renaissance Europe. The original form, based on Islamic models,
was written in Spanish in the thirteenth century, but they were better known
in the Latin version that appeared in the early fourteenth century.’® Indeed
the Spanish form does not seem to have survived. A Hebrew text by Isaac
Israeli (ca. 1310), Yesod Olam, provides us with some background information:
Isazc ben Sid, a Jewish astrocnomer who worked for King Alfonso of Castile,
observed a solar eclipse in Toledo on 5 August 1263 to be about 7 digits in
magnitude and he noted that the times of the eclipse phases were all a quarter-
hour prior to the times predicted by the tables available to him (the Toledan
Tables ?).1* He also observed three lunar eclipses at the request of King Al-
fonso: 24 December 1265, 19 June 1266, and 13 December 1266.1> The discrep-
ancies between observation and calculation were undoubtedly presented as
part of the justification for constructing a new set of tables. Isaac Israeli ap-

13. J. North, ““The Alfonsine Tables in England”’, in Prismata: Festschrift fiir Willy Hartner, eds.
Y. Maeyama and W. G. Saltzer (Wiesbaden, 1977), p. 271.

14, Isaac Israeli, Liber Yesod Olam, eds. B. Goldberg and L. Rosenkranz (Berlin, part 1: 1848; part
2: 1846), part 2, 46b-47a.

15. Tsaac Israeli (op.cit., n. 14), part 2, 11b.
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to al-Battani in later Hebrew texts seem to derive from Bar Hiyya’s adaptation
rather than from a direct translation of the text. These tables were very popu-

lar in Hebrew, and they played much the same role as did the Toledan Tables
for the Latin world-bringing technical astronomy to a new scientific community,
It is puzzling that manuscripts of Bar Hiyya’s Tables also contain tables ascribed
to Abraham Ibn Ezra who lived somewhat later in the twelfth century. For
example, one finds two tables of solar declination: one based on Ptolemy’s
value for the obliquity, 23;51,20°, ascribed to Abraham Bar Hiyya; and one
based on the improved value, 23;33,80, ascribed to Abraham Ibn Ezra. There

are also many explanatory notes of a relatively trivial character written in the

margins that are ascribed to Ibn Ezra as well. I have not found a separate set

of tables in Hebrew composed by Ibn Ezra, though there are indications that

they once existed.’

5. Al-Battini’s tables were also the basis for the popular tables, called The
Six Wings, by Immanuel Bonfils of Tarascon (southern France, fourteenth
century) who mentions his debt to his Muslim predecessor in the introduction.?
These tables for computing conjunctions, oppositions, and solar and lunar
eclipses use the Hebrew calendar with its nineteen-year cycle. Curiously, they
were translated into both Latin and Byzantine Greek.'* In this instance com-
putations based on Ptolemy’s models went from Greek into Arabicinto Hebrew
and then back into Greek.

6. Another set of tables related to those of al-Battani can now be identified.
A unique copy in Paris (Bibliothéque Nationale, Ms. Hb. 1102) contains an
Arabic text in Hebrew characters that derives from the Latin text of Campanus
of Novara (Italy) composed in the thirteenth century. This version in Hebrew
script is anonymous and undated but seems to be from the fourteenth century.
Its most important difference from the Latin version, at least the copy consult-
ed by G. J. Toomer (Ms. TCD: Trinity College Dublin, D. 4.30), is that here the
mean motions are expressed to six sexagesimal places whereas in the Latin
they are only given to seconds (see Table I).}? Campanus is mentioned in the
Hebrew text (folio 93a): “Table for the equation of the moon according to the

9. Cf. J. M. Mills Vallicrosa (op.cit., n 8), p. 109 £.; and idem, El libro de los fundamentos de las
Tablas astronomicas de R. Abraham Ibn Ezra (Madrid-Barcelona, 1947), pp. 59 .

10. The Hebrew text was published (Zhitomir, 1872), and a large number of manuscripts survive.
Among the copies consulted in the course of this study is a fragment from the Cairo Geniza: Strasbourg
Ms. 4845, fols. 20-22 (on fol. 22a the heading is faint but legible: ““wing two”’).

11. On the Greek version of Bonfils’ tables, see P. C. Solon, *‘The Six Wings of Immanuel Bonfils
and Michael Chrysokokkes™, Centaurus 15 (1970), 1-20. The only copy of the Latin translation
is Florence, Biblioteca Nazionale, Ms. J.IV. 20 (the tables are on fols. 160r-182r). Despite the catalogue,
Ms. Munich cod. latin. 15954 is a Hebrew copy of these tables in which the headings were translated
into Latin.

12. I wish to thank G. J. Toomer, Brown University, for providing me with a detailed comperison
of Ms. TCD with my notes on Paris Hb. 1102. This Latin manuscript is noted in F. S. Benjamin, Jr.
and G. J. Toomer, Campanus of Novara and Medieval Planetary Theory (Madison, 1971), pp. 15-16.
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star catalogue, and in most cases few of the figures were drawn. A partial excep-
tion is Paris Hb. 1019 (Anatoli’s version) which has the chord table in Book I
but otherwise, although lines are drawn for tables, no entries appear.® One
wonders how working astronomers were able to make sense of the translation.

2. Southern France was the major center for translations from Arabic into
Hebrew in the thirteenth and fourteenth centuries, and most of the texts that
were in common use in Spain became available in Hebrew at that time. For
example, Moshe Ben Tibbon, mentioned above, translated al-Bitriiji’s On the
Principles of Astronomy, written in Spain about 1200 A.D.* A Latin version
by Michael Scot is also extant but it is much freer than the Hebrew. Al-Bitraji
attempted to harmonize Arisiotelian cosmelogy with Ptolemaic astronomy
by placing the geometric models for planetary motion on the surface of spheres
rather than in the plane of the ecliptic . A number of later astronomers (some
writing in Latin and others in Hebrew) found a variety of shortcomings in this
synthesis and it was ultimately rejected. Several other scholars attempted to
construct spherical models: for example, Joseph Ibn Nahmias (Spain, four-
teenth century). His treatise was composed in Arabic (the unique surviving
copy, in Hebrew characters, is Ms. V: Vatican Hb. 392), and translated into
Hebrew anonymously (Ms. B: Oxford, Bodleian, Canon Misc. 334). His system
was intended to be an improvement on that of al-Bitrdiji, whom he cites (Ms.
B 126v, 9; Ms. V 52b, 12), but the text awaits detailed analysis.

3. Another author whose work survives in Hebrew and Arabic versions is
Joseph Ibn al-Wakkar (Spain, fourteenth century). He composed a set of
astronomical tables for Toledo in Arabic and translated the introduction into
Hebrew himself. In the unique surviving copy (Munich, Ms. Hb. 230) the Arabic
text is in Hebrew characters and the Hebrew translation follows the Arabic.
In the introduction Ibn al-Wakkar mentions the tables of Ibn al-Kammad
which do not survive in the original Arabic, but only in a Latin version.” Ibn
al-Wakkar’s zij is not mentioned in Kennedy’s Survey of Islamic Astronomical

Tables (1956).

4. The earliest set of astronomical tables in Hebrew are those of Abraham
Bar Hiyya composed in Spain in the twelfth century.® His intreduction is large-
ly based on the introduction to al-Battani’s zij (Syria, ninth century), and the
tables agree very closely with those of al-Battani as well. Indeed, the references

5. On folios 209b, 227b, etc., of Paris Hb. 1019 we find notes by Abraham ben Yom Tov Yerushalmi
who lived in Istanbul in the sixteenth century (see paragraph 9, below).

6. See B. R. Goldstein, Al-Bitriji: on the Principles of Astronomy, 2 vols. (New Haven, 1971).

7. J. M. Millés Vallicrosa, Las Traducciones orientales en los manuscritos de la Biblioteca Catedral de
Toledo (Madrid, 1942), pp. 231 ff.

8. The introduction together with an excerpt from the tables was published by J. M. Millds Vallicro-

sa: Libro del calculo de los movimientos de los astros de R. Abraham Bar Hiyya Ha-Bargeloni (Barcelona,
1959).
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new light on many aspects of Arabic science, and this will be illustrated here
by concentrating on a few texts that I have studied in the past few years,
several of which have been identified for the first time.

1. The translations from Arabic include works originally written in Greek
such as Euclid’s Elements and Ptolemy’s Almagest. There are even two copies
of the Arabic Almagest in Hebrew characters out of some ten extant copies:
a complete copy with all the tables in a beautiful manuscript in Paris (Biblio-
théque Nationale, Ms. Hb. 1100), and an incomplete copy in Cambridge (Uni-
versity Library, Ms. Mm 6.27 (8)).> Another manuscript (Vatican Hb. 392,
folios 1-49) has been described as a copy of the Arabic Almagest in Hebrew
characters, but in fact it is only a summary of it. The headings suggest that it
is Ptolemy’s work: for example we find “Book Four of the Almagest” (folio 5b),
but later we find the heading “Book 7 and 8”’ (folio 28b), i.e. the entire discus-
sion of the star catalogue is combined. Steinschneider* had queried whether
this might be a copy of Tsi’s thirteenth century recension of the Almagest,
but a comparison with British Museum Ms. Ar. Reg. 16 A VIII excludes that
possibility, and the author of this text remains unidentified. There were two
translations of the Almagest into Hebrew, one by Jacob Anatoli in Italy and
the other by Moshe Ben Tibbon in southern France, both of whom lived in the
thirteenth century. I have looked at quite a few copies of these translations
and have been surprised to find that almost none of them has tables or the

including a few tables, by Yosef ben Yefet Halevi (fourteenth century) with a Hebrew translation;
(2) a version of the zij of al-Farisi (Yemen, thirteenth century) with tables; and (3) the Tashil al-Majisti
by Thabit Ibn Qurra. On the zij of al-Farisi, see E. S. Kennedy,4 Survey of Islamic Astronomical Tables,
in Transactions of the American Philosophical Society, NS 46 (1956), p. 132. Arabic manuscripts of this
zij are found in Cambridge (University Library, Ms. Gg 3.27) and Istanbul cf. M. Krause, ¢‘Stambuler
Handschriften islamischer Mathematiker”’, in Quellen und Studien zur Geschichte der Math ik
Astronomie, und Physik, Abt. B, Vol. 3 (1936), p. 491. Two additional Arabic copies in Hebrew char-
acters are preserved: Berlin, Ms. Hb. 682 Qu (cf. M. Steinschneider, ‘‘Schriften der Araber in hebri-
ischen Handschriften’, Zeitschrift der deutschen morgenldndischen Gesellschaft 47 (1893),355);and Jewish
Theological Seminary of America, Ms. Hb. Micr. 2650 (the text is incomplete and only one table ap-
pears). F. Klein-Franke has given a brief description of a fragmentary Yemenite copy in Hebrew char-
acters of al-Birini’s Elements of the Art of Astrology (Kiryat Sefer 47 (1972), 720, in Hebrew). Cam-
bridge University Library Ms. Add. 1191 contains two texts in Arabic written in Hebrew characters
in « Yemenite hand. The first text is another copy of al-Kharaqi’s Kitab al-tabsira (folios 1-18b);
both the beginning and the end of this treatise are missing in this copy (cf. (b) above). The second
text is Jabir ibn Aflah’s Isldh al-Majisti (folios 19a-131a), and its colophon (£. 131a) gives the date
of the copy as 1665 Seleucid Era (1354 A. D.); the beginning of this treatise is missing here. Another
Arabic copy of this treatise in Hebrew characters is found in British Library Ms. heb. Or. 10,725 folios
92b-175b.

3. P. Kunitzsch lists nine copies of the Arabic Almagest in Der Almagest: Die Syntaxis Mathematics
des Claudius Ptolemdus in arabisch-lateinischer Uberlieferung (Wiesbaden, 1974), pp. 34-46. The Cam-
bridge manuscript, which is not mentioned there, follows the Ishaq-Thabit version for the most part,
but the Hajjaj version for Book VII 2-4 (cf. Kunitzsch, pp- 131 ff.). The star catalogue is missing and
most of the tables come at the end, following Book XIII.

4. M. Steinschneider (op. cit., n. 2), p. 359.
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BernarRD R. GoLDSTEIN*

Introduction: Hebrew manuscripts are an important source for Arabic
science, often containing texts that otherwise do not survive. Three types
of texts can be distinguished: Arabic written in Hebrew characters, translations
into Hebrew, and original Hebrew treatises based on Arabic models. In the
areas where Arabic became predominant most Jews adopted it as their ver-
nacular as well as their literary language. But beginning in the twelfth century,
particularly in Spain, they began to use Hebrew for scientific and philo-
sophical purposes. By the end of the middle ages we find such Hebrew texts
being written in Spain, southern France, Sicily, Greece, and Turkey.! More-
over, we find Arabic texts in Hebrew characters from these places as well as from
Egypt, Syria, and Yemen.? The study of this vast array of documents sheds
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with additional information about the Greek version of the Persian Tables which made the identifica-
tion of the text secure.

1. The best bibliographic study is still M. Steinschneider’s Math ik bei den Juden published in
a series of articles between 1893 and 1901 and reprinted in a single volume (Hildesheim, 1964). See also
E. Renan, ‘‘Les écrivains juifs frangais du XIVe siécle’’, in Histoire Littéraire de la France, Vol. 31,
1893.

2. (a) For Egypt we have a number of documents from the Cairo Geniza: See, for example, B. R.
Goldstein and D. Pingree, ‘‘Horoscopes from the Cairo Geniza’’, Journal of Near Eastern Studies 36
(1977), 113-144.

(b) For Syria I have found only one astronomical text in Hebrew characters and it is from Aleppo,
dated 1382 (Jewish Theological Seminary of America (JT'SA), Ms. Hb. Micr. 2621, folios 1-23). The
title is given in the colophon as Kitab al-tabsira. In fact, the text is Kitdb al-tabsira fi “ilm al-hay’a by
al-Kharaqi (d. 1138/39 in Merv) as I determined by comparing the manuscript in JTS4 with a manu-
script in the British Library (BL). The beginning of JTSA4 Ms. Hb. Micr. 2621, fol. la, corresponds to
BL Ms. Add. 23394, fol. 99b:3 (Part 2, chapter 1, in the middle); the end of the JTSA ms. (fol. 23a)
corresponds to the end of the BL ms. (fol. 110a: end of Part 2, chapter 14). The colophon of the JTSA
ms. indicates that this copy was executed by David ben Joshua Maimuni, Nagid of the Egyptian Jewish

ity and a d dant of Maimonides, who left Egypt for Syria in the 1370s and is otherwise

known to have been in Aleppo in 1375 and 1379 (Encyclopedia Judaica (1971), vol. 5, p. 1351). For a
descnptlon of the Arabic text see E. Wiedemann, Aufsdtze zur arabischen Wi fisgeschichte, vol.
2, pp. 634 ff. (Hildesheim, 1970). On al-Kharaqi, see also Encyclopedia of Islam, 2nd ed., vol 4,p. 1059.

(¢) For Yemen, see Y. Ratzaby, ¢‘The Literature of the Yemenite Jews,”’ Kiryat Sefer 28 (1952),
399-400 [in Hebrew]. Of special interest is British Museum Ms. Or. 4104, a Yemenite manuscript in
Hebrew characters, which contains (1) an Arabic treatise on the motions of the sun and the moon,
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the theorem of Ptolemy concerning a cyclic quadrilateral. He also used an
expression for the area of an oblique triangle inscribed in a certain manner
in a right triangle (cf. [7]). Abii al-Waf3’ exhibits no knowledge of al-Shanni’s
work, although we have seen in the introduction that it is just possible that
the former was required to use a method different from one already known.

Thus we have exhibited four algorisms for the area of a triangle, and five
distinct proofs. Of course, by using algebraic techniques, it is not difficult to
transform any one of the expressions into any other. But it must be remem-
bered that similarities made obvious by algebraic symbols may not be ap-
parent when the investigator is constrained to write out his rules in ordinary
prose. This was the case with our ancient and medieval forebears.
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Combining (29) and (30),
., TR . B A0
45 opt — (A8 BE —AC

which is equivalent to (27a), hence (27).

)2 = 2 area AABG,

Q.E.D.

The treatise closes with a curious passage (82v:36-38) in which the author
remarks apologetically that areas should not be multiplied together, but that
he has done so for the sake of simplication. His qualms are a vestigial remnant
of the ancient geometrical algebra in which terms of the first degree represented
line segments, quadratic terms areas, and cubic terms volumes. In his rules
indeed many quartic elements appear.

The Background of the Problem

The earliest of the rules for calculating the area of a triangle in terms of
its sides is the elegant

(31) Vs(s;a)(s‘—b)(s—ﬁ,

where s is the semiperimeter. Although it is known as “Heron’s Formula”,
its discovery is by Birfini (in [1], transl., p. 39) attributed to Archimedes (c.
250 B.C.). However, Heron’s “Metrica” (written c. 75 A.D.) contains a proof
which employs the properties of the incircle, similar triangles, inseribed angles,
and the properties of proportions ([4], vol. 2, pp. 34-35).

The same book proves a different rule, namely

c —2—7_—b§
(32) .3 \/az _( c +2ac )2 i

This expression differs only slightly from Abd al-Wafa’s third rule, (27) and
Heron’s proof is also strikingly similar, employing the same proposition from
Euclid as does Abii al-Wafa’. Nevertheless, the latter does not mention Heron
or anyone else in this connection.

Two proofs of formula (31) have been noted in the Arabic literature anterior
to Abi al-Wafs’. The earlier (c. 875) is by the Bant Misa, and exhibits only
trivial divergences from that of the Heronic Metrica ([2], pp. 279-289).

The second is by a certain geometer named Abfi “Abdallah Muhammad
b. Ahmad al-Shanni (c. 950). He uses the excircle, similar triangles, and a
property of a broken line inscribed in a cirele ([1], pp. 39-40). It is considerably
more involved than Heron’s proof.

In a different source the same al-Shanni states and proves expression (1),
Abi al-Waf3’s first rule. The two proofs differ widely, for al-Shanni applies
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Two More Rules

After completing the proof, the text states that it is possible to calculate
the area of a triangle by operations performed upon its sides as such. Expressed
in modern symbols, the rule is

1
(26) T\/{(C+b)24a2}{{c_b)z_uz . (82v: 21-25)
No proof is given; perhaps it was felt that (1la) and (26) are sufficiently
similar that proof of one suffices for the other.

The author goes on to say that there is yet another rule for the area of a
triangle in which no altitude is employed; it is

@7) %v gt _(%’i)z (82v:26-28)

For this a proof is given. Before presenting it we restate the expression
above in terms of the capital letters on the figure. The text has a separate
figure but the previous one will serve.

To prove
]_ _ o 1 D2 D2 . A2
(27a) 9 \/A_B2 -GB® — (AB + GzB AG )2= area AABG
Proof:
AB® 4+ BG® = AG® + 2-GB-BD. (82v:29)
This is Proposition 13 in Book 2 of Euclid’s Elements ([5], vol. 1, p. 406).
Hence .
4 D2 D2 A2
(28) BG.BD = 4B+ BG —4G (82v: 31)

2

Square both sides of (28) and subtract each side of the result from 4B** GB*
to obtain

9  AB-CH—BC.BD = 1B o — (B BC—ACY,
The left hand side of (29) is

(4B'— BD') BG* = AD* - BG®
= (4D - BG)? (82v:35)
(30) = (2 area A4BG)2,

by application of the Pythagorean theorem to A4DB, and the fact that AD
is an altitude of AA4BG.
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proportional, and the angle they enclose is common, the triangles are similar).

So angle BKY is a right angle (for triangle ZBT, similar to it, is inscribed
in a semicircle).

Also TZ/K[Y] = TB/BK

(The text has KB. The segments are corresponding sides of similar triangles.
Squaring both sides),

TZ*/YK® = TB*/ BK* (82r:34)

Further,
21) (TZ* —~KY?) | T2 = (TB*—KB®) | TB®
(sinceif x/y = u/v, then (x—y)}/x = (u—v) [u. )

But
(8) T7) — KY? = AD% (82r:35, 82v:1)
(This is the second lemma).

Moreover,
(22) TB'— BK® = [BIL*- (82v:1)

(The text has NL. To verify this, apply the Pythagorean theorem to triangle
EBL to obtain EB* — EL* = BL" and to this apply (2), (3), and (5). )

So (applying (8), (22), and (2) to (21) )

AD*/TZ® = BL*/BE™ (82v:2)
And (since 4D is the altitude to side ¢ and BE = a/2)
(23) AD*BE*? = area ABG* = TZ>BL*-
Now
(24) T7* — BZ® — BE* (82v:3)

(This follows by combining with (2) the Pythagorean expression
TZ' = BZ* — BT™)

Also
(25) BI' = BE* — 4Z%
(which is obtained by combining with (3) the Pythagorean expression
BL’ = BE' — EL").

(Substitution of (24) and (25) in (23) gives
(1a) area ABG® = (BZ' — BE’) (BE* — 4Z°)- (82v: 4)

Q.E.D.
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Now
7 DE* — 4Z° = KY*
(To demonstrate this, use (4) and (5) to write DE* — AZ* = BY' — BK® =
YK? the last by applying the Pythagorean theorem to triangle YKB. Itis

proved to be a right triangle at 82r:33 without invoking the second lemma, so
the demonstration is not circular).

Also
(18) BZ' — [BE' = TZ"). (82v:21)
(Here use (2) to put

BZ' — BE* = BZ’ — BT* = TZ%

the last by applying the Pythagorean theorem to triangle ZT B).

Finally, application of (17) and (18) to (16) yields
8) [TZ'— ] K[Y] = AD* (82v:21)
(The text has KG. A copyist apparently left out the few words so indicated

from line 21, but the intent of the author is clear).
Q.E.D.

The Main Demonstration
(19) BZ' — BE’ = TZ* (82r:30)
(By the Pythagorean theorem, BZ* — TB® = TZ% and invocation of (5)
yields (19). )
BE® — 47° = BL* (82r:31)
This follows from the Pythagorean expression BE* — EL* = BL’ and use
of (3).)
The first lemma says
(6) HB/BG = DE/ALZ. (82r:31)
Hence
ZB|BE = DE/A[Z]. (82r:32)

(The text has 4 B. The expression follows from the fact that HB — 2ZB and
BG = 2BE). And (by use of (2), (4), and (5) )

(20) ZB/BT = YB/BK. (82r:32)
Hence

YK || TZ (82r:33)
(since by (20) two pairs of corresponding sides of triangles ZBT and YBK are



ABU AL-WAFA' AND THE HERON THEOREMS 25

The Second Lemma
To prove:
8) TZ' — YK = AD* (82v:15)
Proof:
) BZ:+ 7ZA® = 2(BZ-ZA) + 4B® (82v:15)
(This is immediate upon squaring the identity BZ — Zd4 = AB).
(10) 2(B[Z}-AZ) = BH-AZ = BG-DE. (82v:16)

(The text has BE. The first equality is a consequence of the fact that
BZ = BH/2. The second equality is equivalent to Lemma 1).

1 AB* = BD® + DA®

(by application of the Pythagorean theorem to the right triangle ABD).

(12) BZ* + ZA® = 2(BE-ED) + BD* 4+ DA™ (82v:17)
(In the MS the first three terms are repeated. To obtain (12), note that by
@

! 2(BZ-AZ) = BG'DE = a'ED = 2BE.ED,
and apply it and (11) to (5). )
But
(13) 2(BE-ED) = 2(BID1-ED) + 2DE’ (82v:18)
(The text has BE. Multiply both sides of the identity BE = BD + DE by
2 ED to obtain (13).)
Also
(14) BE* = BD* + DE® + 2(BD-DE) (82v:19)
(This may be obtained by squaring both sides of the identity above,
BE = BD + DE).
So
() B_ZZ+ZT‘12:E2+BEZ+ETDZ
(obtainable by taking (12) and eliminating from it 2(BE-ED) by the use of
(13). There results BZ* + ZA* = 2(BD-ED) + 2DE* + BD* 4 DA* From
the right hand side of this expression, pick the elements of the right hand side

of (14), and substitute for them BE® the left hand side of (14). There results
(15).)

Or
(16) BZ* — BE* = AD* + DE* — AZ® (82v:20)
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to the relation between sides b and ¢. We have taken b > ¢, implying that both
sides of expression (7) below are negative, a concept foreign to medieval mathe-
matics. However, (7) is slightly misleading, for the Arabic word fagl does not
translate precisely as “difference”, but rather as “the excess (of one quantity
over another)”’. The proof is valid under all circumstances.

Construction

For the proof the text prescribes (82r:28) the dropping of altitude AD to
a, and the drawing of semicircles BTZ and BLE with bounding diameters
BZ and BE respectively.

Next the laying out of four line segments is called for (82r:29), all chords
or portions of chords in the semicircles just drawn. They are:

(2) BT = BE

(3) EL =47

4) BY = DE

(5) [BIK = AZ (The text has YK).

The First Lemma
To prove:

(6) e HB |/BG = DE | AZ. (82v:9)
Proof:

(7 BA* — 4AG® = BD* — DG (82v:10)

since, (by the Pythagorean theorem)
BA*—BD® = 4AD' = AG'—GD™
(The above expression is evidently intended, but the passage is garbled and
not easily restorable).
The right hand side of (7) is
BD" — DG = (B[D] + [DIC) (B[D]— [DIG)
= BG - 2DE.
(The text has at 82v:12 (BE 4 EG) (BE — EG), which is absurd).
The left hand side of (7) is
BA* —A[GP = (BA-A[G]) (BA — A[G)) (82v:13)
= (¢c+b)(c—b) = HB -2A4Z.

Hence
BG -2DE = 2A4Z - HB,
whence
(6) HB/BG = DE | AZ. (82v:14)

Q.E.D.



Restored version of the text figure.
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missing, and that the original version was a challenge to produce a proof dif.
ferent from one already current. Be that as it may, the verbal rule which follows
is clear. Expressed in modern symbols it is

W 1T -ETE = e

where a, b, and ¢ are the lengths of the sides of an arbitrary triangle. Passages
in the text will be identified, as is the expression above, by a pair of numbers
separated by a colon, the first giving the number and side of the folio, the
second the line.

For the demonstration which follows, a figure is utilized, transcribed
on page 23 below. The Arabicletters of the MS have been replaced on vur figure
by Latin characters according to the system given in [6].

To prove (1) Abf al-Wafa’ makes additions to the figure and then, with
the aid of two lemmas, goes through a long series of deductions which even-
tually yield what is desired. The next three sections below duplicate his argu-
ment, except that we have compressed his verbal statements into symbolic
expressions, and whereas be leaves the proofs of the lemmas until after the
main theorem has been disposed of, we prove the lemmas first.

The text has two more rules giving the area of a triangle in terms of its
sides, there being a proof for the second rule of the two. This material also is
paraphrased by us below.

But, of course, the problem of determining the area of a triangle in terms
of its sides is far older than Ab@ al-Wafa’. It apparently reaches back to Ar-
chimedes, and between his time and the tenth century several rules and variant
proofs were worked out. The concluding sections of our paper list these rules
in approximate chronological order and discuss the relations between them.

Enunciation of the Theorem

In the triangle ABG, (82r:25, see our version of the figure) extend 4B to
H, making AH = AG = b. Bisect BH at Z and BG at E. Tt is to be proved
that
(1a) (BZ*— BE") (BE' — AZ°) — area ABC® - (82r:21)

Since from the figure BZ = (¢c+4-b)/2, and

AZ = BZ — AB = {(b+c) 2} —c = (b—c) /2.

expressions (1) and (la) are equivalent.,

In the text figure, which has apparently suffered at the hands of succes-
sive copyists and is grossly inaccurate, 4B has not been extended, so no H

appears. Where Z should be, a second D has been written (the cognate Arabic
letters za’ and dal resemble each other). There is no indication in the text as
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Abu al-Wafa’ and the Heron Theorems

E. S. KenneEDpY* AND MusTaFA MawaLDI*

Introduction

ANUSCRIPT 4871 of the Zahiriya Library in Damascus contajns a

number of Arabic translations of philosophical tracts from late antig-

uity. Several of these have been published. What is less well known is that the

same manuscript includes many scientific works, in great part unique, and of
considerable historical interest.

This paper discusses the contents of one of them, a short treatise which
covers most of a single folio only, 82, reproduced in facsimile here on pages
20 and 21 by kind permission of the librarian of the Zihiriya.

Two individuals are mentioned at the beginning of the treatise, both being
known to historians of the exact sciences. The first, the presumed author of
the writing, is the famous Abii al-Waf3’ al-Biizjani (940-998), a mathematician
and astronomer of Khurasanian origin who lived and worked in Baghdad
({31, vol. 1, pp. 39-43. Here and in the sequel, references enclosed in square
brackets are to the numbered bibliography at the end of the paper. However,
any square brackets which appear in algebraic expressions denote restorations
of errors or omissions in the Arabic text of the MS).

The second is one Abii ©Ali al-Hasan b. Harith al-Hubiibi, here called a
canon lawyer (fagih), in other contexts given the title of judge ([11], p. 197;
[10, p. 336). He was evidently a contemporary of Abii al-Wafd’, as our text
bears witness. Beyond this, Abii Nasr Mansiir b. Iraq (in [9], p. 424) mentions
a letter sent by Abii al-Waf3’ to al-Hubiibi concerning some developments
in spherical trigonometry. Al-Birfini in his treatise on chords ([11, transl., p.
17), gives two proofs by al-Hubiibi of a certain theorem. Al-Kaishi ([8], p.
229) attributes to him a method of solving problems in the algebra of inheri-
tances. Al-Kashi calls him al-Khwirizmi, thus implying that he or his ante-
cedents stemmed from the region south of the Aral Sea.

The Zahiriya MS states that al-Hub@ibi requested from Abt al-Wafa’ a
proof of the rule for calculating the area of a triangle without having recourse
to an altitude. Here the text seems to be corrupt. It is possible that a clause is

*The American Research Center in Egypt, 2 Maydan Qasr al-Dubara, Cairo, Egypt; and the Ins-
titute for the History of Arabic Science, Aleppo University, Aleppo, Syria. That part of the study
carried out at the ARCE was supported mainly by the Smithsonian Institution. The authors also
acknowledge with gratitude assistance given them by Professors Adel Anbouba and M.-Th. Debarnot,
who rescued them from an egregious blunder in restoring the text figure.
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£.160r

by Ptolemy for the distances between the deferent center and the equant from
point Q, i.e. the center of the universe, for any planet, then what appears of
these motions will be in agreement with what appeared to him (i.e. Ptolemy)
by observation.

Appendix
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THE ORIGINAL SOURCE FOR QUTB AL-DIN AL-SHIRAZI 11

then its center will be point L and the sphere will be called the director (al-
mudir) sphere of the epicycle.

Let this sphere be sunk into the thickness of (another) sphere whose curved
parallel surfaces are around center K, so that it is tangent to its parallel sur-
faces in such a way that the surface of the director is tangent to its outer
and inner surfaces. That sphere is called the carrier sphere (i.e. deferent).

When this sphere makes a full revolution the center of the director will
then describe a circle whose center is point K, and that is the (above-)mentioned
middle circle.

And as the director moves around center L, the epicycle of the planet, i.e.
point E, will describe the small circle which is inside the sphere of the director,
i.e. the (above-)mentioned circle 4SE.

Now if the deferent moves uniformly, point L will move along the circum-
ference of the third (circle) LINM whose center is point K. It will then move
through its motion the sphere of the director. With the motion of the director
sphere the center of the epicycle will also uniformly move along the small
circle ASE and around its center, i.e. point L, at the same speed as point L.

So if point L moves along the circle LNM to point N and (then to) M on
the left-hand side of circle LINM, then point E will move on circle ASE on the
right-hand side to point O, then to point H.

Now if you imagine the situation as we described it, let the center of the
director and the epicycle be at any assumed position. Then we join lines KFN,
DZOC, and NOR to the circumference of the epicycle.

Then I say that the two lines KFIN (and) DZOC are parallel.

Its proof is that arc LN of circle LNM in all positions of point L, i.e. NV of
circle LINM, is similar to arc FO of the small circle. Then the two angles EKN
and FNO are equal. And lines KN and DO are parallel. Then ADO = angle
LKN. And the motion of point E, i.e. 0, around center D is similar to the
motion of point L, i.e. IV, around center K at any assumed time and place.

But the motion of point IV around center K is uniform, hence the motion
of point O around center D, i.e. the center of the equant, is uniform. This re-
sulting motion of point O around center D is composed of the two uniform
motions of points L and E, i.e. IV and O.

That demonstrates what we said, that if point E moves with the sum of
the two motions mentioned (above), it will have a uniform motion with respect
to point D and equal in speed to the motion of circle LINM.

If the eye is assumed to be at point Q of line TG, and its distance from T
were to be equal to the distance of point T from point D, then these distances,
when their values are of the same quantities assumed (over a millenium before)
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by as much as the distance between the two centers, and if the center of the
epicycle of the planet were imagined to be at the point where the small circle
is externally tangent to the one of the two original circles whose center is closer
to it, then if the small circle moves and with it the point of tangency, i.e. the
center of the epicycle, in the direction opposite to that of the motion of the
center. And if the center moves with the motion of its deferent, then the center
of the epicycle moves with its motion, i.e. with the motion

f. 159r
of the small circle and its own motion on itself, in a motion composed of these
two motions in such a way that it is thought to be simple and uniform at the
center of the circle that is more eccentric from the eye, which is called the
equant.

As for the center of the epicycle, i.e. the point of tangency mentioned
above, it looks as though it were carried along the circle whose center is closer
to the point of sight, on account of the fact that the center of the epicycle
will be on this circle at its two distances, i.e. its farthest distance from the eye
and its closest distance to it. And since it is very close to its circumference at
the remaining portions of its distances (dhurwa), that has led Ptolemy to
believe that the center of the epicycle is coincident with its circumference,
and it describes it with its motion (Fig. 2).

Let us give an example to illustrate (that) very clearly. Let there be two
equal circles intersecting in the same plane. The first of them, which is called
the equant by Ptolemy, has points ABG on it and its center is point D. The
second, which he calls the sphere carrying the center of the epicycle (i.e. defer-
ent), is circle EZH with center T. Let the two (circles) intersect at points W
and Y. We join the line DT that passes through the centers and produce it
to the circumference on either side. Let it intersect circle ABG at the points
E (and) H. We then bisect line DT at point K and with it as a center we draw
a circle with a distance DA, i.e. the radius of the first circle, and (mark) in it
points L, IV, (and) M. It will bisect each of the two lines AE and GH at points
L and M.

With point L as a center and with distance AL we draw circle ASE. It
will be tangent to circle 4 BG internally at point 4 and tangent to circle EZH
externally at point E. Let

f. 159v
point S be on the right-hand side of the small circle.
It is obvious then that the radius of this circle, i.e. EL, is equal to line DK,
i.e. half the line connecting the centers of the first two circles 4BG and EZH.

If we then assume that the first two circles 4 BG and EZH are fixed, and
that the sphere surrounding the epicycle of the planet is tangent to the epicycle,
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Butif
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the two equal angles were the interior ones that are on the same side, i.e. angle
GAB = DBA as in the remaining two cases, then we produce from D a line
parallel to AG and let it meet line 4B at point Z.

Since AG is parallel to DZ then angle GAB = DZE. Therefore DZB =
DBZ andline DZ = DB, i.e. AG and is parallel to it.

Then the two lines AB and GD are parallel, and that is what we wanted to

show.

In the same way, if two equal circles intersect on a plane surface and their
centers are joined with a straight line that is produced in both directions to
their circumference, and if we mark the midpoint of the line joining their
centers and make it a center of a circle whose radius is equal to the radius of
either of the two circles, then the circumference of this circle cuts the two
segments of the straight line that is between the two circumferences of the two
circles at their midpoints.

This circle intersects each of the two circles at two points other than the
points of their original intersection.

If we make the point at which this circle cuts the two segments that are
between the two circumferences a center and with it draw a small circle tangent
to the two original circles, then the diameter of this circle is equal to the dis-
tance between the centers of the two original circles.

When the center of the small circle moves along the circumference of the
third circle, which is the middle one of the three circles, until it reaches the
diametrically opposite position on this line, then the small circle will also be
tangent to the two circles to which it was tangent in the previous position,
internally and externally, so that it will be externally tangent to the one to
which it was internally so., and conversely with the other circle.

If one were to imagine the center of the epicycle of a planet to be carried
on the circumference of this small circle, and (the circle) itself were assumed
to be moving around its center in the direction of the zodiacal signs on the
upper arc, i.e. the direction of the movement of the center, and in the reverse
on the lower arc, and if the two motions were equal and the two original circles
assumed to be fixed, and the eye (basar) were assumed to be on the line that
passes through the centers and distant from the center of one of the two circles
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han) and is not obtainable otherwise. Its accurate determination is very diffi-
cult and rather cannot be achieved with high refinement (istigsa’) in a way that
no slight inaccuracy is incorporated into it. And when any amount (of error)
is incorporated into it, even if it be small, it will become quite apparent after
the passage of time and will increase as the time increases.

The verification of that can only be achieved through testing by observa-
tions time after time. For that reason we must select the observations that are
close to us in time so that the amount that we miss (i.e. the error) does not get
multiplied several times.

And since our contemporaries and the kings of our times and those who
have the authority have no bent toward this science, and we ourselves are
lacking on account of our weakness and the expenses of our dependents and
the lack of a helper, we did not say anything about it (i.e. observation) without
testing as would the authors of zijes do when they add and subtract on their
own without any evidence nor do they have any proof except their ignorance
of the method by which these things are derived. They are (encouraged ?)
to do so by what they see of the variations in the books of the people of this
science and hence each of them selects mean motions for himself and sets them
down.

For that reason the contradictions in these zijes are obvious. But let us
return now to our discussion of the planets and say:

The center of the epicycle appears to be carried by an eccentric sphere,
and its motion appears to be uniform with respect to the center of a sphere
other than the one by which it is carried on account of the motion of the epicy-
cle center which Ptolemy thinks is simple, but it is not so. (On the contrary)
it is composed of two equal and uniform motions around two centers other
than the ones described above, i.e. the centers of the carrier (deferent) and
of the equant that he had mentioned.

But when the center of the epicycle moves with the two motions that we
will describe the resulting uniform and composite motion will look as if it is
simple with respect to the center of the equant.

Let us then introduce that with a useful reminder (tadhkira) by saying:
Every straight line upon which we erect two equal straight lines on the same
side so that they make two equal angles with the (first) line, be they alternate
or interior, if their edges are connected, the resulting line will be parallel to
the line upon which they were erected.

Erect on line 4B the two lines 4G and BD so that they surround with it
the two equal angles deseribed (above). Let line GD be connected.

Then I say: Line GD is parallel to line AB. Its proof is to produce AB to
E. Then if the exterior angle DBE is equal to the interior angle GAB as in the
first two cases, it is obvious that the two equal lines 4G and BD are parallel.
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«Some of the esteemed modern workers in this science (sind®a) say in this
place: If something is to be taken as a reference point for any motion, it must
be stationary with respect to the moving thing so that motion will be due
only to the moving body as it draws away from it or comes close to it.””

This same statement is made by Shaykh Tmam in Marsh 621 in the relevant
discussion of the moving center of the lunar deferent and which he uses as his
own axiom to begin his new model. Furthermore, Qutb al-Din, as usual, takes
issue with this statement, hence proving that the author of Marsh 621 is a
different person. In addition, this demonstrates that the work of Shaykh Imim
was available to the Maragha scholars and was actually incorporated into
their works.

In what follows we give a translation of the text appended to this paper,
from Marsh 621, fol. 157v-160r, attempting to be as literal as possible, only
inserting a few explanatory words in brackets here and there to facilitate
comprehension on the part of the reader.

Translation
f. 157v

As for the correct astronomy which agrees with what is obtained by ob-
servation and is apparent to the eye and (also) agrees with the accepted prin-
ciples without any variation, we will explain it in the simplest way we can.
We will also show the position of the spheres, which produce the continuous
simple motion that is uniform with respect to their centers. The uniform
motion is the one through which the moving (body) describes equal angles
at the center of its mover in equal times. The non-uniform one is the one that
is not so.

You must know that achieving such a momentous result in a correct fashion
is of the highest human intellectual degrees and it is actual perfection of the
theoretical part of the mathematical (sciences).

The researcher ought to accept in this science the ancient observations
that he thinks are true, such as those of Hipparchus and Ptolemy, for they
were trustworthy in knowledge and in practice. Let us accept what they have
recorded by way of observations through which he (i.e. Ptolemy) himself used
to work and upon which he based his computations, that he derived through

f. 158r

geometry (khuyit), and mean motions that are taken from periods of revolution.
As for the period of revolution and the daily motion of the planet in mean
longitude (wasat) and in anomaly, its verification depends upon testing (imti-
5. We transcribe here the’ text from Marsh 621, fol. 124v:1-3, to facilitate the comparison.
O Sl dF il Tl O O ot 8 e Tad a2k ol Ll O

cw ke Sl 2 W ol el sl
Qutb al-Din’s text comes from the Idrdk, British Mus. Add 7;1182, fol. 52v:10-12.
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this paper. We summarize here the tentative results reached so far and report-
ed in the article mentioned above.?

The author of Marsh 621, at this stage, can be called al-Shaykh al-Imam
as the scribe refers to him on fol. 126r. He must have lived between 1138 A.D.
and 1272 A.D.

Shaykh Imam did not participate in the activities of the Maragha observa-
tory, for he says that he has no access to new observations. Hence he was
probably writing before 1259. This author suspects that Shaykh Imam was
not Mu’ayyad al-Din al-Urdi, a likely candidate.*

Shaykh Imim was not known to Ibn al-Shatir except through the works
of Qutb al-Din al-Shirzzi.

And finally, it is highly probable that the “Tiisi couple’ grew out of Imam’s
model as a logical consequence.

Due to the historical significance of this source, this author has undertaken
a full transcription of it, but will give bere only the relevant section on the
planetary model with an English translation for the benefit of the reader who
is not familiar with Arabic.

Qutb al-Din and Shaykh Imam

The first reading of Marsh 621 revealed the identity of Shirazi’s planetary
model and that of Shaykh Imim. A first working hypothesis, however, was
to assume that Marsh 621 was some earlier work of Shirizi reproduced in the
Nihayat al-’idrak of Qutb al-Din in a different format. That hypothesis ran
into immediate problems, for the author of Marsh 621 is referred to as deceased
by 1272 A.D., as was already noticed by Goldstein and Swerdlow,* whereas
Qutb al-Din was still writing in 1281 A.D. and lived till 1311 A.D.

The task remained, however, to prove beyond doubt that the phrase
qaddasa ’Allghu rahahu (May God bless his soul) is to be taken literally, and
hence to establish Shaykh Imzm as different from and earlier than Qutb al-
Din.

Hence it was necesary to examine the work of Qutb al-Din with this ques-
tion in mind. The present writer did so, braving Qutb al-Din’s “exasperating
traits” of prolixity and repetition, coming upon the following passage of the
Nihayat al-’idrak:

O g Wm il Bsle Jog Il sl OF L Bladll ol oo g usldl JUBI Jda JG
c ek Sl W2l Ll we Sl welS 0,80 Sl JE Ll TSl 0L8

3. These results were first reported on December 12, 1978, in a commentary read at the Boston
Colloquium for the Philosophy of Sci The full text of the commentary will be published in the
proceedings of the Colloquium.

4. Op. cit., p. 146.

* Note added in proof: In an article appearing in Isis the present author has now established
that al-Shaykh al-Imam was indeed al*Urdi (d. 1266) and that the text preserved in Marsh 621
was written before the building of the Maragha observatory in 1259.




Figure 1. Sketch (not to scale)illustrating the two models,



The Original Source of Qutb al-Din

al-Shirazi’s Planetary Model

GEORGE SALIBA*

Introduction

STUDY! published some twelve years ago reviewed the information then

available concerning late medieval planetary theory. In this article, more
space was devoted to the work of Qutb al-Din al-Shirazi (fl. 1280 A.D.) than
to any other individual. The model he uses for all the planets except Mercury
differs from those of his contemporaries, Nasir al-Din al-TGsi and Ibn al-
Shatir. It was then remarked that perhaps the unique feature of Qutb al-
Din’s arrangement had not been invented by him, but had been inherited
from a predecessor.

This paper introduces a text,? anterior to that of Qutb al-Din, in which
the distinctive device is fully described and motivated. As such, it constitutes
the earliest successful effort thus far discovered to eliminate a supposed fault
in the Ptolemaic system. It was a belief widely held in antiquity that the motion
of any celestial body must be circular and uniform, or a combination of uniform
circular motions. Ptolemy’s equant device (see Fig. 1 below), although imposed
by the facts of observation, violated this principle. The mechanism here ex-
plained conforms fully to the requirement of uniform circularity, retains the
effect of the equant and yields predictions differing only slightly from those
obtainable with the Ptolemaic model.

In a separate article, the involved problem of authorship and priority as
well as the relationships among the members of the “Maragha School’’ has
been treated in some detail, and further research is still going on to unravel
the intricate relationships and historical questions involved. Nevertheless,
there seems to be no way in which future research can change the thesis of

*Department of Near Eastern Languages and Literature, Faculty of Arts and Sciences, N. Y. U.,
Washington Square, New York City 10003.
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