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I, =3 fi(xi-%) et C,= I fi(x,,-%)

avec (I,),, > une suite monotone croissante, (C,), > une suite monotone
décroissante.

20 On montre, al’aide des propriétés arithmétiques des deux suites, qu’il existe
une grandeur 4 telle que pour tout n, I, < 4 <C,.

3° On montre également que

(C.-I)=3 (fT‘ 1;) (®i1 = %)
tend vers zéro pour une suite donnée de subdivisions de I'intervalle en sous-
intervalles de plus en plus petits; et par conséquent lim C, = lim I,=1L,

n— *® n —> o

puisque ce sont deux suites adjacentes.

4° On montre par réduction 4 ’absurde que 4 — L , démonstration qui sous
entend les propriétés discutées ci-dessus. Encore ne faut-il pas oublier que tout
ceci est fait seulement dans le cas particulier des fonctions continues mono-
tones; ce qui exclut toute interprétation anachronique de la méthode d’Ibn
al-Haytham, et notamment des sommes intégrales utilisées.

Tels sont done en fait les résultats et la méthode d’Tbn al-Haytham dans
le Traité sur la Mesure du Paraboloide. Un acte simple, mais jamais accompli
auparavant, celui de faire tourner la parabole autour de 'ordonnée, a non
seulement soulevé un probléme jusque la impensé, mais a exigé la refonte
de la structure théorique elle-méme; c’est ainsi qu’il faut comprendre la ré-
flexion d’Ibn al-Haytham sur la méthode. Les difficultés techniques qu’aucun
probléme d’intégration n’avait jusqu’alors rencontrées se sont avérées théori-
quement fécondes. Mais,pour juger a notre tour de ’'ampleur de cette fécondité,
attendons un prochain article dans lequel nous examinerons 1’étude d’Ibn
al-Haytham surle volume de la sphére. Nous nous demanderons alors pour
quelles raisons ces modifications, aussi importantes fussent-elles, n’eurent
pourtant pas une portée révolutionnaire.
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et
W=nv,,
donc
v,+I,>V' +o,
d’ou

I.>V';

et ainsi il existe des solides inscrits dans le paraboloide, plus grands que V*;
V' n’est donc pas un majorant de {I,}.

Il suppose ensuite ¥* > = V', et montre d’une maniére analogue, mais

en utilisant les propriétés de (C,),>;, qu'il existe des solides circonscrits au
paraboloide tels que

C,<V,

et ainsi qu’il existe des solides circonscrits au paraboloide, plus petits que v,
et donc que V' n’est pas un minorant de {C,}. Par conséquent aucune valeur
Vv # ‘s_s V ne vérifie la double propriété indiquée. D’ot la caractérisation
de v(P) = 1—85 V, et son unicité.

Selon Ibn al-Haytham, ce serait une erreur de considérer la preuve par
réduction a ’absurde comme la raison qui donne un sens réel a la détermina-
tion de la mesure de ce volume. Ce sens est effectivement donné par les procédés
de construction des sommes intégrales, puisque c’est grice a celles-ci que ’on
peut calculer la mesure — aire ou volume — cherchée, et démontrer son unicité.
Position en quelque sorte “intuitionniste” avant la lettre, qui a infléchi la
méthode en un sens beaucoup plus arithmétique qu’auparavant. Et de fait
Ibn al-Haytham n’a pas seulement introduit beaucoup plus massivement que
ses prédécesseurs des suites arithmétiques (jusque la ignorées pour certaines
d’entre elles), dont il a exploité les propriétés arithmétiques en vue de la dé-
termination du volume; il est également allé contre la régle de I’homogénéité
des grandeurs; on peut en effet aisément vérifier qu’il n’a point hésité, au cours
de son exposé, devant la représentation d’une grandeur, aussi bien que de
son carré ou son cube, par un segment de droite.

Cette méthode est en fait une version infléchie de la méthode d’exhaustion,
et nous en donnons un résumé selon ’ordre suivi par Ibn al-Haytham lui-
méme, mais en des termes bien différents:

1° On considére d’abord une subdivision;

f; et f; Tespectivement la borne inférieure et la borne supérieure de f sur

(%5 %i41) 5
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effet mené en des termes suffisamment généraux pour étre transposable en
des situations analogues. Ainsi, en quelques phrases d’une extréme concision,
Ibn al-Haytham dégage ’idée qui justifie en ce domaine le recours au rai-
sonnement par ’absurde. Nous pouvons, sans réduire en rien la portée générale
du raisonnement, nous restreindre  la deuxiéme espéce de paraboloide. L’idée
estla suivante: 1is V est le plus petit majorant de ’ensemble {I,} des valeurs

de la suite monotone croissante (I,,), >, et le plus grand minorant de’ensem-
ble {C,} des valeurs de la suite monotone décroissante (C,),>1; et elle est
la seule valeur qui posséde cette propriété. Ibn al-Haytham n’a certes pas
formulé son idée dans de tels termes, mais tout est présent pour qu’une telle
traduction soit permise. Ici, il affirme explicitement que pour tout n, on a

8 8
I.<oVet gV<C,;

mais il avait déja montré que:

pour tout ¢ > 0,il existe IV tel que pourn > NN, on ait

8 8
sV-I,<ecet C,-V<e.

Ainsi v(P) apparait comme le plus petit majorant de (I,) et le plus grand
minorant de (C,). Il montre alors que cette double propriété caractérise
v(P). Pour cela, il procéde de la maniére suivante:

Soit V' # % V, et vérifiant la propriété donnée; supposons d’abord que
Vi< l—i V. 1l existe donc 7 > 0 tel que

Vigkg=5V;

or, pour tout ¢ > 0, il existe NN tel que pour n > IV, on ait

14
Va=<e
mais
v, < Vn ’
d’ou
v, < €,

done, pour ¢ = ,il existe N, tel que pour n > N, on ait
’ 8
14 + v, < i3 V.
Mais on a montré précédement que pour tout n

W+I,=5V,
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I - 3. Méthode apagogique et ““intégration™

Une fois achevées ses recherches sur le paraboloide, et une fois le probléme
entiérement résolu, Ibn al-Haytham conclut son Traité sur ’examen d’un
point de méthode. Et de fait, il arrive souvent a cet éminent mathématicien—
physicien de traiter de problémes de philosophie mathématique — ainsi par
exemple dans son important mémoire sur ’analyse et la synthése —, ou, selon
sa bibliographie, de questions de philosophie de la physique, ou bien encore
de thémes de philosophie générale. Rien de tel ici cependant: ce n’est ni la
philosophie du savant, ni celle du philosophe, qu’lbn al-Haytham expose
dans ce Traité, mais une réflexion interne aux mathématiques elles-mémes.
L’auteur, il est vrai, évoque des préoccupations didactiques: il craint en effet
que le contenu du raisonnement échappe a un lecteur insuffisamment averti
et pénétrant, qui n’en retiendrait que la forme, en privilégiant ainsi la preuve
par reductio ad absurdum aux dépens des idées du phénomeéne; or seules ces
derniéres sont véritablement fondatrices de 1’ensemble de la méthode, y
compris de la dite preuve. Séparée de ces idées, la preuve risque en effet, aux
yeux d’un tel lecteur, de se réduire 4 une pure forme, susceptible d’épouser
indifféremment, et donc sans raison, plusieurs contenus différents, et par
conséquent d’engendrer la pernicieuse illusion de valoir aussi bien pour d’autres
solutions que celles effectivement trouvées: } V dans le premier cas, 1% |4
dans!’autre.

Devant un semblable risque, Ibn al-Haytham a choisi, selon ses propres
dires, d’engager une clarification des moyens de la preuve, en élucidant le
rapport de la forme de la démonstration aux idées du phénoméne; ou, pour
parler le langage de I’époque, “la cause grice a laquelle s’est parfaitement
réalisée la démonstration” olaJl ¢ L I ilJl, , ou bien encore “le concept
qui a produit la démonstration” ol i CJ @il oAl . Ainsi par exemple,
dans le cas du paraboloide, il s’agit de déterminer avec rigueur la principale
raison qui fait que son volume est égal a 3V - a % V si ’on considére le
deuxiéme cas —, et égal & cette valeur seulement. C’est 1a le vrai motif d’Ibn
al-Haytham, peut-&tre suscité par I’exigence d’une restructuration des concepts
qui ne pouvait que déplacer le regard du mathématicien pour ’orienter non
plus simplement sur la technique mathématique, mais aussi sur les rapports
qu’elle entretient avec la configuration conceptuelle a laquelle elle se référe.

Cette tiche de clarification s’exprime d’abord dans la rédaction d’un
exposé, certes court, mais qui offre néanmoins ’'intétét de manifester la véri-
table pensée d’Ibn al-Haytham, sa version de la méthode d’exhaustion. Il
nous permet en outre de connaitre les raisons pour lesquelles Ibn al-Haytham
a jugé, sans ambiguité aucune, que cette méthode est a la fois apodictique et
heuristique. C’est également cette tentative d’élucidation conceptuelle qui
confére 4 un exposé centré sur le paraboloide une allure générale. Il est en



IBN AL-HAYTHAM ET LA PARABOLOIDE 203

Seient D, Sy, ..., S, 3, S, les disques horizontaux centrés sur BC dont
les carrés des rayons sont respectivement (4n* + 1) k2 b4, (n2-12)2 k2 h¢,
-o» n* k2% et W, W,, .., W,,, W, les cylindres correspondants de
hauteurs égales a h. Il vient

d’ou1
n-1
W = v (P) -ZW,.= v(P)-I,=wv,
i=1

avec v, la somme des volumes des parties intérieures des solides d’encadre-

. ) v
ment. Mais on a montré que ¥V, St 7 k% kS nt,
d’ou
14 4 1 2
u,=V,-v,= —I—L——W= T (3nt - 5 n) K2 RS,
done
4 1
B, _ 30 - gn
= 1
Un tn*+g5n

On montre facilement que si u,y;, v, correspondent a la (n 4 1)iéme
subdivision, alors on a

Unt1 > EL
Vpt1 Un !

ce que fait Ibn al-Haytham.

I1 montre en effet que
Pt -gmtl)  dnt-gn
o+l 45+l T dnt4gn

pourn=1,2,....

. 2 < . s tim U
11 n’a cependant pas démontré une expression équivalente a ,,li,m v—"=1;
®Up

peut-éire est-ce en raison de 1’étroite dépendance d’une telle notion a I’égard
d’une autre langue; peut-étre aussi parce qu’il s’intéresse essentiellement 3
I’allure de la variation du rapport: la croissance. Il serait cependant sur-
prenant qu’il n’en ait pas eu, au moins intuitivement, I'idée.



202 ROSHDI RASHED

équivalent?® a celui de'intégrale définie

b b b b
v(P) = fnkz(bz—yz)zdy= J’ nk2bddy - J'2nklb2y’dy+fnk2y‘dy,
0 0 0 0

ce qui implique notamment un calcul du dernier terme au moyen d’une éva-
luation de la somme des puissances quatriémes des n premiers entiers naturels.
De tels résultats ont généralement été attribués aux mathématiciens dela
premiére moitié du X'VIIeéme siécle.?

Ibn al-Haytham ne s’arréte pas la. Il se tourne & nouveau vers les petits
solides d’encadrement, afin d’étudier leur comportement lorsqu’on augmente
indéfiniment les points de la subdivision. Nous nous trouvons cette fois en
présence d’une pensée franchement infinitésimaliste, et en quelque sorte
fonctionnelle, dans la mesure ol I’enjeu du probléme est explicitement le
comportement asymptotique d’étres mathématiques dont on cherche a dé-
terminer la variation. Expliquons quelque peu le parcours d’Ibn al-Haytham.
Il veut montrer que le rapport de la somme des parties extérieures de ces
petits solides d’encadrement 4 la somme des parties intérieures croit lorsqu’on
augmente indéfiniment le nombre des points de la subdivision.

Il montre d’abord

avec V,la somme des volumes des petits solides d’encadrement, et ¥ le volume
du cylindre circonscrit. Il établit ensuite d’aprés les lemmes arithmétiques

que

n-1
' 8 1 1
2 (=i = (m-1)nt+ Gnt-gn,
i=1
d’o
n-1
1 . 8
(4n*+ 5m) + D (2 —i)2 = & ns.
i=1
2. Cf. Suter, “Die Abhandlung iiber die A g des Paraboloides von el-Hasan b. el-Hasan

b. el-Haitham”’, Bibliotheca Mathematica, II1. Folge. XII. Bd. (Leipzig, 1912), pp. 131-132.

Voir également Jamal al-Dabbagh, *‘Infinitesimal Methods of Ibn Al-Haitham’’, Bulletin of the
College of Science, 11 (1970), Baghdad, 8-17.

3. Cf. Kepler: Nova Stereometria doliorum vinariorum (Linz, 1615). Cavalieri . Exercitationes
Geometricae Sex (Bologna, 1647), IV, prop. 24.
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B
34 ;]—-b."' Yin
a. 5
» b Y
L
A (4
Fig. 2

mais, d’aprés ’inégalité (3), on obtient

8
I, <5V<C,.

Dans un langage différent de celui d’Ibn al-Haytham: comme la fonction
g(y) = ky?est continue sur [0, b], le calcul d’Ibn al-Haytham est équivalent a

n—

n
o(P) = lim S« k2 h(n2-i2),
i=1

avec v (P)le volume du paraboloide de la deuxiéme espéce; d’ott

"
v(P)=lim 3% = K (b*-252y7 + 5k,

i=1

donc
b

Mm=an@hM@Mﬁﬁ@,

0

d’ot1

v(P)=nk?bS= % ma2b =3 V.

Il est donc clair que le calcul d’Ibn al-Haytham est mathématiquement
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20 posséde une loi générale pour les sommes de n premiers entiers i une
puissance quelconque, ainsi qu’on peut le vérifier en examinant ses
démonstrations.

S’il n’est pas allé plus loin que la 4éme puissance, c’est en raison de 1'iné-
galité que ceslemmes sont précisément destinés a établir.

En effet, la loi générale repose sur la formule suivante :

n n n P
(n+1) E ko= Zk"“-l- Z ( Zk"),
k=1 k=1 p=1 k=1

explicitement utilisée par Ibn al-Haytham. Il pouvait donc calculer la somme
des puissances des n premiers entiers pour n > 5. Mais Ibn al-Haytham n’a
pas poursuivile calcul, caril entendait seulement démontrer la double inégalité:

n n

®) DL+ BT < f5(n+1) (n +1)F < > ln+1)*-k2 T,
k=1 k=0

elle-méme destinée a la recherche du volume du paraboloide de la deuxiéme

espeéce. Or, cette double inégalité n’exige que le calcul de la somme des puis-
sances quatriémes des n premiers entiers naturels.

Ainsi, tout est désormais en place pour la détermination du volume du
paraboloide engendré par la rotation de la portion de la parabole 4CB d’équa-
tion x = ky? autour de ’ordonnée BC. A I’exemple d’Ibn al-Haytham, nous
appellerons ce solide ““paraboloide de la seconde espéce”.

Soit done (Y));_, une subdivision de [0,b] en intervalles égaux, de longueur
h,avec BC = b = nh.

Notons r,=a-a;b pour 0 <i <n;
il vientr; = k (b2~y?) = kh*(n?-i?) ;
d’une maniére analogue & ce qui précéde, on a

n-1
I,= Z nk2hS(n?-i?)?,
i=1
et
n-1
C,= 2 n k2R3 (n? - i?)?,
i=0
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Ibn al-Haytham s’attache ensuite & démontrer le méme résultat dans le
cas d’un paraboloide engendré par une parabole dont les ordonnées ne font
pas avec le diamétre un angle droit, autrement dit dans un systéme d’axes
non orthogonaux. Il considére alors respectivement les deux cas ou I’angle

g T . A :
C < g et C> 3" Il revient alors, et c’est d’une extréme importance, sur les

notions fondamentales déja introduites, et notamment sur les sommes inté-
grales. On remarque sans peine, a la lecture de cette analyse ou du texte méme
d’Ibn al-Haytham, que celui-ci ne cesse de souligner le réle capital de ces
sommes dans le calcul des volumes. Mais avant d’engager une discussion sur
ces points essentiels, examinons I’autre espéce de paraboloides, ceux qui sont
engendrés par la rotation d’une parabole autour de son ordonnée.

C’est précisément pour calculer le volume des solides de cette espéce qu’Ibn
al-Haytham traite au commencement de son mémoire de la sommation des
puissances des n premiers entiers successifs, et obtient des résultats qui font
date dans I’histoire de la théorie des nombres. Ainsi, aprés avoir démontré

il prouve d’une maniére différente de celle d’Archiméde dans Des Spirales:

n

P =n@m+HEn+H =4+ in*+ n.
k:l
Il aborde ensuite la preuve de
Z E=n*(n+1)(3n+1)=1%n*4 0+ in?
k=1
et, pour la premiére fois dans I’histoire, il montre que
D k=nm+3)(sr+5)inm+D)-4]
k=1
11 est hors de doute que Ibn al-Haytham

1o procéde par une induction compléte un peu vieillie?,

1. Voir R. Rashed: **L’Induction mathématique: al-Karaji, as-Samaw’al,’”” Archive for History
of Exact Sciences, 9 (1972), 1-21.
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Maintenant, pour montrer que v»(P) = 1V, Ibn al-Haytham suit la voie
traditionnelle:

1°) Supposons d’abord que v(P) > 1V, c’est-a-dire qu’il existe € > 0 tel que
v(P)- 1V = ¢.

Mais on a pour tout n
v(P)- 3V =((P) - L)+ (I,- 3 V).
Mais, pour tout ¢ > 0, il existe IV tel que pourn > N, on ait
v(P)-I,< ¢,

et
I.-3V<0,

done
v(P)-%V<e,

ce qui contredit ’hypothése; doncv (P) < 3 V.

20) Supposons ensuite v(P) < 3 ¥, c’est-a-dire qu’il existe ¢ > 0 tel que
1V -y(P)=ce.

Mais on a pour tout n
3V -9(P)=(3V-C,) + (C,-v(P)).

Mais, pour tout ¢ > 0, il existe N tel que pour n > N, on ait

C,-v(P) <«
et

1V-C,<0,
donc

3} V—v(P)<e;

ce qui contredit I’hypothése, donc
v(P)>24V.
De 10) et 2°) on déduitv (P) = 1 V.
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1) I,=5m-1) k2 <3V .
n-1
De méme, posons C.,= Z T (% -x) R,
i=0
avec Ri=  sup  flx)=flxir),
XS XS X4y

puisque fest croissante sur [0,a] ; donc
n
C,= Z whr?
i=1

2) C,= g(n—i-l) hr2> 31V,
De (1) et (2) on déduit que
I,< 1V <C,.

Notons qu’Ibn al-Haytham montre que si

C,-1,=4d.
et si on augmente le nombre des points de la subdivision (x;);_,en ajoutant
X + X1

les points d’abscisses , avec 0 <i <n-1; ona alors une nouvelle

. 2
subdivision (£);", ;

d
CZn_IZn ':-2'"

Ce procédé constructif lui permet de déduire que :
Pour ¢ > 0 quelconque fixé, on peut rendre la subdivision de [0,a] suf-
fisamment fine pour avoir

C‘P(n)"I‘P(n) < €.

Pour obtenir ¢(n) — le nombre des intervalles de la subdivision — il suffit en
fait de réitérer la précédente construction p fois, pour p suffisamment grand,
vérifiant
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mais

done

Posons

il vient

avec

oh
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st

Fig.1

2 2
r2=2r

in’

n-1

2r3= 3 (n-1)r2.

i=l1

n-1

I_=Z'n: (nloH_l -x) 12,

i=0

n-1
I,= Z 7 hr?,

i=1

= inf f(x) = f(=),

X, <X <X

puisque f est croissante sur [0,a]. Il s’ensuit
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I.< $V<C,

avec (I n)n>, la suite des volumes des solides inscrits dans le paraboloide,
(Cn)nZ, la suite des volumes des solides circonscrits, V le volume du cy-
lindre circonscrit au paraboloide. Dans le deuxiéme lemme, al-Qiihi montre
comment procéder pour rendre une subdivision suffisamment fine. I prouve
ainsi que si (x;)7_, est une subdivision du diamétre de la parabole — dont
la rotation autour du diamétre engendre le paraboloide — on peut ajouter
les points x—_,-+12+ %i, avec 0 <i <n- 1, afin d’obtenir une nouvelle subdivi-
sion, pour laquelle on a C’,-I', = % (C,-1,), et qu’on peut réitérer le
procédé un nombre de fois suffisamment grand.

A T’aide de ces deux lemmes, al-Qiihi montre finalement que le volume
du paraboloide de révolution est égal 4 la moitié du cylindre circonscrit.

La méthode suivie par Ibn al-Haytham pour calculer ce méme volume est,
pour I’essentiel, équivalente a celle d’al-Qihi, & ceci prés cependant qu’il
compléte sa démonstration, et qu’il comble les lacunes qu’elle pouvait com-
porter.

I -2. Le volume du paraboloide selon Ibn al-Haytham.

Dans son Traité, aprés cette introduction pour ainsi dire historique et les
lemmes arithmétiques sur lesquels nous allons revenir, Ibn al-Haytham re-
prend donc le raisonnement d’al-Qthi pour montrer que le volume du para-
boloide de révolution est égal a la moitié du volume du cylindre. Résumons
sa démonstration, mais dans un autre langage.

Soit AB une portion d’une parabole d’équation y* = kx, qui engendre
une portion de paraboloide P par la rotation autour de son diamétre AC.

Prenons une subdivision (x,)]_, en intervalles égaux de longueur h de

[x,,%,], avec x, abscisse du point A, et x, abscisse du point C, x; < %41,
pour 0 <i < n—1, et n pair. Notons c; le point du diamétre AC d’abscisse
%;, r;=¢;b;pour 0 <i < n, v(P) le volume de la portion de paraboloide, et
V celui du cylindre circonscrit. On pose AC = a et nh = a.

Il vient, d’aprés ’équation de la parabole
2412, =kih+k(@m-i)h=r?,
d’on

rf+r§+...+fzi...l +r;n+l+ e +72 = (4n-1)r%;
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Sur le Cercle et Sur la Sphére et le Cylindre, 1a mesure de la parabole et du
paraboloide.

Archimédien au sens large, il ne peut cependant pas se conformer stric-
tement au modéle; illui a done fallu ouvrir d’autres voies. Aussi dans le premier
texte sur la parabole lui a-t-il fallu 21 lemmes avant d’en donner Paire; et
c’est cette longueur de la solution qui a incité son petit-fils, Ibrahim b. Sinn®
a s’attaquer 4 nouveau au probléme, pour ainsi réduire le nombre des lemmes
3 deux seulement. Le cas est le méme pour le paraboloide, o il a fallu & Thabit
b. Qurra 35 lemmes avant d’atteindre son but. Or, c’est précisément cet aspect
qu’al-Qzhi dénonce, lorsqu’il écrit® que ce livre:

est volumineux; il comporte beaucoup de propositions arithmétiques et géométriques, ainsi que
d’autres encore. Les propositions atteignent le nombre de quarante environ. Toutes sont des
lemmes et une seule proposition, qui est: connaitre la mesure du paraboloide. Quand nous
avons étudié cet ouvrage, le livre d’Archiméde sur la Sphére et le Cylindre, en dépit de sa difficulté
et en dépit du fait qu’il contient plusieurs développ en géométrie, <nous a paru> se lire
plus facilement que celui-ci, qui pourtant ne comporte qu’un seul développement, la mesure du
paraboloide. Aussi n’avons-nous rien pu en retenir, malgré la résolution qui était la nétre, et
croyons-nous que tous ceux qui ont voulu le lire sont dans la méme situation que nous, et ceci
depuis le temps ot il fut composé par Thabit jusqu’ notre temps. Je veux dire que personne
n’a rien pu retenir de ce livre, de méme que nous n’avons rien pu en retenir. C’est pourquoi nous
avons i nouveau examiné la détermination de la mesure de cette figure, et nous avons trouvé sa
mesure par une méthode qui ne fait appel 2 aucun de ces lemmes, et qui ne nécessite aucun d’eux.

Encore faut-il noter que Thabit b. Qurra a réintroduit les sommes intégrales
d’une maniére différente de celle d’Archiméde; tel est en effet le cas dans son

. b
calcul de ’aire d’une portion de parabole,” calcul équivalent & | v/ % dx .

De méme pour le paraboloide de révolution: alors qu’Archiméde considére®
des cylindres de méme hauteur, Thibit b. Qurra a recours a des troncs de céne
adjacents, dont les bases déterminent une subdivision du diamétre de la para-
bole — qui engendre le paraboloide — dont les intervalles sont proportionnels
aux nombres impairs successifs commengant par un; et dont les hauteurs
sont les mémes. Al-Qthi, pour parvenir a réduire le nombre de lemmes a
deux seulement, retrouve indépendamment les sommes intégrales telles qu’elles
figurent chez Archiméde. Sa méthode ne différe du reste de celle d’Archiméde
que sur quelques détails, notamment lorsqu’il s’agit de prouver qu’on peut
rendre la différence entre les cylindres inscrits et les cylindres circonscrits
aussi petite que ’on veut. Dans le premier lemme, al-Qihi montre que

5. Voir notre article du Dictionary of Scientific Biography sur Ibrahim ibn Sinan ibn Thabit ibn
Qurra,

6. al-Qiihi, op. cit. ff. 191r - 191v.

7. Voir A. Youschkevitch, ‘‘Note sur les déterminations infinitésimales chez Thabit ibn Qurra’’,
Archives Internationales d’Histoire des Sciences, 17 n° 66 (1964), 37-45.

8. Voir notamment les propositions 19 a 22 de Sur les Conoides et les Sphéroides, d’Archiméde.
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Et c’est seulement au terme de ce travail préliminaire que nous pourrons
revenir au probléme capital, oublié par les historiens.

Les titres mémes des traités sont évocateurs: Ibn al-Haytham ne fait que
reprendre deux problémes déja étudiés depuis Archimede. Il est vrai que dans
le premier traité il calcule, pour la premidre fois, le volume d’une portion de
paraboloide engendré par la rotation de la parabole autour de I'ordonnée.
Jusque la, en effet, on n’avait considéré qu’une portion de paraboloide de révo-
lution. Ce résultat d’Ibn al-Haytham, dont I’importance est unanimement
reconnue, justifie sans aucun doute la rédaction du premier traité. Mais si
Pon privilégie la nouveauté et 1'originalité des seuls résultats, on manquera
les raisons qui ont incité Ibn al-Haytham a composer son Traité sur la Mesure
de la Sphére: celui-ci n’ignorait en effet ni le travail d’Archiméde, ni celui
de Banii Misa sur le méme sujet. Or, dans ’Introduction a ce deuxiéme traité
~1édigé aprés le Traité sur la Mesure du Paraboloide—Ibn al-Haytham invoque
pour raison la nouveauté de la méthode, et par conséquent la clarté et la con-
cision de la preuve. La question se précise donc: quel changement conceptuel
a-t-il pu s’opérer, qui non seulement a permis de nouvelles découvertes, mais
qui justifiait aussi aux yeux d’Ibn al-Haytham qu’il reprit un probléme deux
fois étudié auparavant, le probléme du volume de la sphére ?

Un tel changement conceptuel, s’il eut lieu, a donc dii s’accomplir a ’oc-
casion de I’étude du volume du paraboloide, que nous allons examiner ici.
L’histoire du probléme a été relatée par Ibn al-Haytham lui-méme, lorsqu’il
présente sa propre étude du paraboloide de révolution dans la suite des travaux
de Thabit b. Qurra, repris ensuite par al-Qiihi. Quant au calcul du paraboloide
engendré par la rotation de la parabole autour de I’ordonnée, il s’en attribue
enti¢rement la paternité. Or, si nous écartons Sur les Conoides et les Sphéroides,
d’Archiméde, ouvrage qu’Ibn al-Haytham ignorait puisque, nous ’avons vu,
il n’était pas traduit en arabe, nous ne connaissons sur ce sujet que les deux
mémoires cités par Ibn al-Haytham, celui de Thabit b. Qurra et celui d’al-Qthi.
A cet égard, du reste, le témoignage de ce dernier est précieux. Il écrit:¢ «“Il
n’existait pas d’autre livre sur la mesure du paraboloide que celui composé
par Abw’l-Hasan Thabit b. Qurra, et il est en la possession de la plupart de
nos collégues”., Ibn al-Haytham s’accorde donc avec son prédécesseur al-Qiihi
pour reconnaitre a Thabit la priorité dans la solution de ce probléme, mani-
festant indirectement, lui aussi, ’ignorance dans laquelle on se trouvait du
texte d’Archiméde. Sur un point encore, il suit al-Qiihi lorsqu’il reproche a
Thabit b. Qurra la complexité et la longueur excessive de son étude. Mais-
plutdét qu’un simple reproche, il faut voir 1a une critique au sens strict, c’est-
a-dire un acte a portée créatrice. Thabit b. Qurra, en effet, fut le premier
mathématicien arabe 2 aborder, aprés la lecture des deux Traités d’Archiméde

4. Cf. le manuscrit du Traité d’al-Qihi, de la Bibliothéque Khuda Bakhch de Patna, Inde.
n® 2519 (33) 191r.
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lacune i laquelle s’ajoute, et qu’explique du reste a certains égards, ’idéologie
historique que I’on sait. C’est ainsi qu’il faut comprendre la tentation de ra-
mener, sans précaution aucune, a3 Archiméde, les travaux et les résultats de
ses successeurs arabes, lorsqu’il ne s’agit pas d’apporter en commentaire des
affirmations fausses, voire contradictoires.? Une fois encore, I’ignorance des
faits et le voile idéologique ont assurément empéché de poser ce probléme,
qui ne laissera indifférent ni 1’épistémologue, ni I’historien.

La contribution des mathématiciens arabes n’est certes pas indépendante
des travaux d’Archiméde. Tout comme ces derniers, elle a sans doute été
suscitée par 1’étude des aires et des volumes des figures géométriques, non
limitées par des segments de droite uniquement. Mais elle a directement
tiré parti de la traduction de trois livres: les Eléments d’Euclide, La Mesure
du Cercle, et De la Sphére et du Cylindre, d’Archiméde. Cependant, alors que
ces trois ouvrages traitent de la méthode d’exhaustion, aucun n’a vraiment
recours aux sommes intégrales — sommes de Darboux — lesquelles figurent
dans Sur les Conoides et les Sphéroides, et Des Spirales. Or rien n’indique que
ces deux ouvrages, pas plus d’ailleurs que La Mesure de la Parabole, aient
été traduits en arabe.® Toute tentative de réduire ’oeuvre des mathématiciens
duIXéme au XIéme siécle a celle d’Archiméde s’effrite donc déja sur I'igno-
rance dans laquelle se trouvaient ces derniers de la notion essenticlle par la-
quelle Archiméde a complété la méthode d’exhaustion.

Tel est, en tout cas, le bagage dont disposent les trois fréres Banii Misa,
Thabit b. Qurra, son petit-fils Ibrahim b. Sinin, al-Qihiet Ibn al-Haytham,
autrement dit les représentants de la tradition infinitésimaliste arabe. Il n’est
pas question de reprendre ici I’histoire de cette tradition, ni de son apport
global a ce domaine. Nous voulons nous attacher aux éléments: reconstituer
d’abord les faits eux-mémes, et nous limiter en premier lieu aux travaux d’Ibn
al-Haytham — dont nous poursuivons déja I’édition de I’oeuvre mathématique—
afin de les traduire et de les commenter. C’est donc de 1’oeuvre du dernier grand
mathématicien de la tradition infinitésimaliste arabe qu’il s’agit, et ainsi de
I’héritier du progrés accompli de Banti Musi a al-Qhi. Successivement, dans
deux articles, nous nous attacherons

1 — au Traité sur la mesure du Paraboloide.
2 — au Traité sur la mesure de la Sphére.

2. Récemment encore, par exemple, en 1970, Ch. Mugler écrit: ‘‘Notre civilisation a df attendre
le XVIIéme etle X VIII&me si¢cles pour voir apparaitre des travaux continuant la pensée d’Archiméde’’.
Cf. Archiméde, T. 1, p. XIX, ¢‘Les Belles Lettres’’.

Pour illustrer cette idéologie et ses contradictions, on peut aussi citer, entre autres, M. Baron,
The Origins of the Infinitesimal Calculus (Oxford: Pergamon Press, 1969).

3. C’est & cette conclusion que 1’on parvient aprés avoir consulté les livres des biobibliographes
et ceux des mathématiciens.
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I - 1. Introduction

Le calcul des aires et des volumes infinitésimaux, ainsi que Jes méthodes d’in-
tégration qui s’y appliquent, ont, 4 deux reprises, constitué dans 1’histoire
un secteur avancé de la recherche mathématique. La premiére fois, c’est
principalement le nom d’un seul homme que l’histoire a retenu: Archiméde.
Onze siécles plus tard, les recherches en ce domaine sont associées au nom de
quelques mathématiciens, parmi les plus prestigieux de leur temps. Mais on
ne saurait trop s’étonner qu’a ’époque hellénistique, aussi bien qu’avec les
mathématiciens arabes des IXéme, Xéme et XIéme siécles, I’élan qui animait
I’étude de ces matiéres ne tardat pas a se briser, et I'activité des savants a
s’exténuer. Reprise par les mathématiciens du X' VIIéme siécle, cette recherche
connut un essor qui, depuis, ne s’est pas démenti. Mais ces deux interruptions,
A onze siécles d’intervalle, ce contraste entre les deux premiéres tentatives
et la troisiéme, représentent un fait capital, bien que non souligné, de I’his-
toire des mathématiques.

En effet, les raisons pour lesquelles une telle activité s’est épuisée dans deux
contextes scientifiques et culturels aussi dissemblables que celui des hellénes
et celui des arabes, risquent aussi d’éclairer et d’expliciter la fécondité du
recommencement de la discipline au XVIIé¢me si¢cle. La connaissance de ces
raisons pourrait nous étre précieuse, en nous aidant 4 comprendre pourquoi
les mathématiciens du XVII¢me siécle, qui ne possédaient pas davantage que
leurs devanciers grecs et arabes de véritable définition de I’intégrale, sont
parvenus a inventer des algorithmes et a saisir les rapports entre les problémes
des aires et ceux de la tangente. Or, au lieu de tenter d’élucider cette opposition
et d’en développer les prolongements, fondamentaux pour ’histoire de I’ana-
lyse, on n’a conservé de I’histoire que la simple succession des auteurs.

11 est vrai qu’une certaine méconnaissance des faits eux-mémes et en par-
ticulier de ’apport des mathématiciens arabes, est en partie responsable d’une
telle négligence. Si ’on connait bien en effet, dans la limite des documents
disponibles tout au moins, les travaux d’Archiméde, on connait beaucoup
moins! ceux de Thabit b. Qurra, d’al-Q@hi, d’Ibn al-Haytham, par exemple;

*C.N.R.S.

1. Voir cependant les travaux de H. Suter, au début du siécle. Plus récemment, A. Youschkevitch
n’a cessé de souligner ’importance des travaux des mathématiciens arabes. Cf. par exemple: A.
Youschkevitch: Les mathématigues arabes (Paris: Vrin, 1976), pp. 127-130.
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170 APPENDIX

Of some interest is the obtrusion of an unknown “Titanus” (154:6) in
front of “Menaechmus’ (106:8). The correspondence of text and translation
isby no means clear in this place, but it is possible that ., .l (the reading »»
is uncertain) is a corruption of 7. 7ol, which precedes ‘“Menaechmus’ in the
Greek. If this is so, some at least of the corruption probably occurred in Greek,
since one of the manuscripts reads entfpayuryr, apparently for the whole phrase
émi Bpayd v o, It is worth noting that ;» <l does not occur in MS Escurial
960.
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parallel (to each other) mapddhe 110:11 AR RSP
in the parallels.... ... (i.e. &v ... Tals ... mapoAMfiotg JUDN S LR | P S
because ... is parallel to ) 108:12 Ye—19 : Yoo
parallelograms mapaAGypappa 108:2 o Voo gVl e C_,lu
the middle parallelogram 700 péoov TapaAAAoYpd(LLOL @il L N L e
108:5 V=1 Voo gyl
middle 6 ... péoog 110:5 toroyon Lyl
successively gpekic 108:3 (o3 Bl Yoz voo Yl

Technical terms are sometimes translated by descriptive phrases. Thus
xatomodTind xol MBoPéra &'pyave (106:20-21), “‘catapults and stone-throwing
implements”, becomes (154:15.) s ladi Ol Je Jud oy bl & Jomd J oYY
(in the MS there is a s wrongly inserted before the last word). é&oyacta (110:11),
“without a gap”, becomes (156: 6-7) e~ 3 ¥, Jlv L oSy For the liquid
measure petpyric (see 106:17) the description is preceded by a transcription
(154:13) ab 5 ols¥l @ IS L yay s e

An example of difference of form without real change in meaning is the
expansion of ev‘pelv (110:21), “to find”, into (156:11) £ i o OF 45 amey
But distinct differences in meaning do occur, though it is seldom clear that
they are intentional. For instance, the Arabic in 153:13-14 omits the condition,
foun din the Greek of 104:12-15, that one of the lines mentioned is double
the other. Again,in 154:12-14 of the Arabic there appears to be no mention
of a cube and its side, as in the Greek of 106:16-19 — though the whole passage,
106:8-19/154: 8-14 is not very clearin either language. tpeic mvaxioxoug i'covg ébg
Aemtotdroug (110:4-5) “three equal panels as thin as possible”, becomes (156:3)
Gl 56 Db ‘:” (Escurial 960 is nearer the Greek in this passage). Other dif-
ferences are to be found in 104:15-16/153:15-16 and 110:14-16/156:8-9. There
is a subtle difference between 7o 3068v otepedy mapadqhoypdupors mepexduevoy, ““the
given solid bounded by parallelograms” (106:12-13) and gho¥1 5lsm b o
(154:9). A final example: in the votive offering - avaewa, translated as - f-L.
(see 110:12/156:7-8 & foll.) - the instrument is placed ‘vx’ adiy Ty oTepdvyy
s otiis “under the very crown of the stele””, but fun a3 UJ 5 Je . The Arabic
here is a simplified translation, “on top of the stele’’, thus avoiding the difficult
technical terms of Greek temple architecture. Parts of the Greek may have
given the translator some trouble. For several words — e.g. énwotés, yohédpa,
npocpotvpoyéw (see 110:6,6,14) — Liddell & Scott’s Greek-English Lexicon gives
only this text of Eratosthenes. Of course we have no guarantee that the
Arabic is a straight translation and has not been reworked.
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double

eightfold. eight times
(the cube) will be doubled
duplication (of the cube)

sides
by the lines called curved

two given lines

two given [lines]

ivory

above

a hundred feet

diagonals in them [rectangles]
let there be erected

cube

base, frame, board (in the shape
of a brick. The Arabic repeats
the Greek etymologically)

is fixed in

has been attached with solder

let it meet
small, thin tablets, panels, plates

tablets, panels, plates,

lying alongside one another
evenly

proportional
ZK : KH = BZ : GH

two means in continued
proportion

produced
at [point] K
geometers

in terms of geometric surfaces

APPENDIX
Surhdatog 104:2 Vi VoY e
dntamhdoloy 104:6 Voorvor g Ol WL

SumhacracOioetar (6 x0Bog) 104:15 Ve: ey ( S Cans
(x6Bov) Sumhaatacuds 104:9 VY osver ( S ) Sl

TAevpdv 104:4 4 : Yoy gkl
3ud Td@v xohovpEvev xapmOAwY o ‘_;" Lok
Yeapudv 106:4-5 o—g 1 Vot Lilenll
360 Tav Sobetadrv edberiv 110:20 VY s 10 Gusdas et
3%0 tév Soberoiv 106:2 v 1ot guolll Gkl
Eepdvrivoy 110:4 Yoo gle g
éndve 108:6 Viloo s m
éxatbpnedoc 102:24 Nivey el
Sudpetpor &v adrolc 108:3-4 1 veo bl
cuvesTatw 108:2 €100 o
xOPov 104:9 1Yz Vor S
mAwblov 110:3 Yo
éviipposton 110:5 ¥eensdl B Sy

xaffppocTon ... mpoopewoiuP-

Sen el gl 6
Soyonuévoy 110:13-14 Aven pelos L gl 6

cvpmintéte 108:9 4t veo ab o
mwaxioxovg 110:4,10 110 C‘Jﬁ voven Lbe c'}”
nlvaxag 110:22 IMERERFCFRL
OpaAde cuvamTépeva oandd Ly Lt 0,5
dHrows 110:11-12 VR LR P
dvdhoyov 112:4 WV e dwlee
&6 .. ZK mpds KH, % B R RU T
BZ npd¢ TH 108:21 Vo i ooz I
dbo péoag dvaroyov ... de (Ld) Gl oplas
&v ouveyel dvohoyly 106:28-9 Y i Yoo sl
the same 104:14-15 B3 o Lb ol L s
VE =Y 2 Yoy
ExPinbeton 108:9-10 4 : Yoo i
xatx 16 K 108:10 4 vo0 G fe
ToU¢ ... Yeouétpas 104:19-20 Vi Vot el

énl TEY yewpETOUUEVLY

empaverdv 110:1 Vi Vet duidl gl Jom



English equivalent of Greek

half-cylinder

in the instrument

with an instrument

a way ... by using an instrument
has been shown

remaining

problem

we shall show

below

in grooves

solid

I move

Let them be drawn (pl.)

let there be drawn through points
wooden

line

two means

lines
with no gap [between them]

let it approach, be brought
together

are capable of being pushed
forward

surface
equal
unequal

in a straight line

bronze, brass

putting together, assembly
figure

has been drawn

doubled
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Greek Arabic
Huxohivdpewyv 106:4 t:v0¢ Bl,bal s
&v 18 dpydve 110:22 VYo @Y g
dpyovixdc 110:2 Viyen dh
TLG ..o Spyavind) Ajdrc 106:8-9 Vet 3T Jew il e
dmodédetxton 110:2 \Witoo [La] s
wévovroc 108:5 1100 (G correctly) i)
mpoPAnpa 104:9 VY Ve oL
delbopev 112:3 1N Ve G
‘uroxdre 108:6 VYoo cs o
év yoAé&dpars 110:6 (c’f ALY giren b gole 3 (0L _=)
orepedy 104:6 Voryor e
owvdyw 110:22 VY et d ey,
#xBwoayv 108:3 0 : Yoo CJ‘
3uiyfe Sud w8y ... onpeiov 108:8 =9 A:tos ... L o p 2
Edhwov 110:3 YoiYen ks e
ebfeio 108:9 (o fo Bl) Az voo [
dbo péoag ( 106:2 (o JEL) v 2 yog et

106:10 A Vot Gy [l

110:3 Yy on Gl sne Gl
yeaupds 110:9 (e B3l 0z yor bk
doyaora 110:11 V=1V e v Y el oS04
cuvectire 108:5-6 Vo:oYeo sy
¢rwotol elow 110:6 £¥ 0% Ol o Oldw L. oSy
2nineSov 104:5 (65 Bl)a: vor p
{"oovc 110:4 rooyen gl
gvoor 106:28 £ 100 usleze

xoer’ €00etoy 110:22-23, 108.8( y¥—1v: 1 on dly [ pmm] e

A:\oo [J_,:.al]J;)\.a;.
xorxoby 110:4 Y o:ryoad e
ouvdyecBor 110:10 1Yo A
oynearos 108:7 A 10034
Yéypanrow 110:18 Vo i Vo &g
SimhactacBeiciv 104:4-5 (o5 1) a s vor cdns B



Appendix

A Note on the Technical Vocabulary in Eratosthenes’ Tract on Mean Propor-
tionals

Ricuarp Lorcu*

This Note is appended as a small contribution to the study of Greek mathematical and mechanical
texts in Arabic translation.

The table below is organized alphabetically by the roots of the Arabic
words, or, in the case of phrases, of the principal Arabic words involved. Apart
from such changes as the occasional removal of the Arabic article or inseparable
preposition, the words have not been reduced to standard from, such as nomi-
native singular for Greek nouns. By this means it is hoped that a spurious
generality will be avoided, for it may be that a Greek word is translated in a
given way only when it appears in a certain form or forms. In addition, the
forms given serve as a reminder of the syntactical contexts from which they
have been taken, contexts often different in the two languages. Greek third-
person imperatives are normally rendered in Arabic by the first person plural
of some form of the imperfect. Participles are normally rendered by clauses.

References by pairs of numbers divided by colons are to page and line of
the Greek text (see reference 3 in the article above) for pages 102-114, and to
page and line of the Arabic MS reproduced above for pages 153-157.

* Institute for the History of Arabic Science, Aleppo University.
It is a pleasure to thank Professor Paul Kunitzsch (Munich) for looking over this appendix and
pointing out several errors in it. He considers the suggesstion of the last paragraph speculative.
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Editor’s note

The Arabic Eutocius in MS Escurial 960 item 2 (ff 22v — 42v, of which ff 27v — 29r are the Eratosthenes
section) is not identical to the above, though in parts it is very similar. Possibly it is another redaction—~
al-T'asi is supposed to have written a tahrir of the Eutocius commentary. Lines 4 and 5 of f 22v are
very similar to the title given by Sezgin (Geschichte des arabischen Schrifitums, Band V, 1974, p. 130)
of the fragment in MS Bibliothéque Nationale 2457 (item 44, ff 191 — 192). These manuscripts and the
Cambridge fragment also mentioned by Sezgin (ibid) would repay investigation.



164 AN ARABIC VERSION OF ERATOSTHENES
[MS page 157]

1 Thus we have found, between the two given lines, two lines proportional
to them. If the two given lines

2 are not equal to AE and A®, then we make the ratio of 4E to A® equal
to their ratio,

3 and we take between them the two mean lines. Then, going back to the
original lines, we shall do what was required.

4 If we want to find more than two lines, we insert more tablets in the instru-
ment (according to the number of means to be taken).

5 The proof is the same in all cases. The book is completed. At the end there
was some poetry and praise to Ptolemy.

A A Jr
A
E z H )
A
v
K
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[MS page 156]

1 that by using geometric surfaces. And if we wished to do that with an
instrument in order that we may find

2 the two mean lines, we [set up] a board of wood, or ivory, or bronze, but
having in it

3 equal tablets, that are small and thin, of which the middle (ene) is fixed
and the remaining two

4 are pushed to run in grooves. Let the sizes and amounts of those grooves
be according to the needs

5 of each. We then set up the proof for this as well. In order that the lines
may be found with the greatest accuracy,

6 we make the tablets with careful skill, so that when the tablets are to our
satisfaction everything remains parallel, smoothly fitting

7 without a gap, and they are evenly touching. As for the instrument which
we put on the square pillar,

8 it is (made of) bronze and it is fastened at the top of that pillar with lead.
So we made the proof and description shorter for

9 that instrument and the figure. I have written on that square pillar a
writing which I copied

10 in order that you may have what was fastened to the square pillar. Also
I have drawn there the second figure

11 on the square pillar. As a result of this we wish to show how to find, between
two given lines, two lines.

12 in continued proportion to them. Let AE and A® be the lines. Move the
tablets in the instrument until

13 points 4, B, T, A, are in one [straight] (line), as it is clearly pictured in the
second figure.

14 [The ratio of AK to KB, since AC and BZ are] parallel, is as the ratio
EK to KZ.

15 (?) That is, its ratio is also as the ratio of DKH <ZK> to KH, and so the
ratio of EK to KZ is as the ratio of KZ

16 [to KH ], so that the ratios are as the ratio of AE to BZ and (as) the ratio
of BZ to T'H. Similarly we show

17 [that the ratio of BZ to T'H]is as the ratio of I'H to A®. Therefore the lines
AE, BZ, TH, A® are proportional.



162 AN ARABIC VERSION OF ERATOSTHENES

[MS page 155]

o

We cannot do this without finding

2 the two means. I have made the construction and (demonstrated) the proof
of this instrument after the discussion. For

3 we make the two given lines between which we want to find two lines in
continued proportion, AE and A®,

4 unequal and we make line OF perpendicular to AE at a right angle. Then
we erect

5 uponline EO three successive parallelograms AZ, ZI, 10 and we draw

6 their diagonals AZ, AH, 10, These diagonals also will be parallel. Let
the

7 middle parallelogram AI <ZI> remain (stationary), and (let) us push AZ
above the middle (one) and line 10 below it, as

8 in the second figure, until 4, B, T, Alie along a straight line. We join points
A, B, T, Ain aline,

9 and produce it until it meets line E® at point K. It follows that the length
of [A] <K>%to KB,*because of the parallelism of

10 AZ to line BH, is as the ratio of DBH <ZK> to ZH. Therefore the ratio
of A<K>to AH <K B>, the shadow (?sic), whichis EK to K [Z],

11 and as the ratio of KZ to KH. Also, since the ratio of BK to [KI® is as
the ratio of KZ to KH, and, from the parallelism of BH and I'0,]

12 as the ratio of H [K] to K®. Therefore the ratio of BK to KT [is equal
to ZK to] KH [and to the ratio of KH]

13 to K [©. But] the ratio of Z <K> to KH is as the ratio of [EK] to [KZ.
So the ratio of E]1K to KZ is.

14 as the ratio of Z <K> to KH and as the ratio of HK to K [0]. But the
ratio of EK to KZ is as the [ratio of AE]

15 to BZ. And the ratio of ABT <ZK>to LH <KH> is as the ratio of BZ
to TH. And the ratio of HK to K [@is as the ratio of ]

16 TH to BO® <A®>. Thus the ratio of AE to BZ is as the ratio of BZ to TH
and as the ratio of TH to A®.  [Thus]

17 we have found between AE and A® two lines proportional to them, namely

BZ and TH. So we have proved

3. Here, and often until line 16 Cj (or similar) is found in the MS instead of K — an obvious mis-
transcription. In the translation only <K> appears.

4. Missing here from the text is: because of the parallelism of AE to ZB, the ratio of AK to KB is
as the ratio of EK to KZ.

5. The reconstruction of the text omits here: because of the parallelism of BZ to GH. The gap in the
MS is not big enough to accommodate everything in the Greek.
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[MS page 154]

When they fell into the same dificulty, they sent over to ask the geometers
who were

(with Plato®) in the land of the Academy, to find for them how this thing
that was mentioned before could be done. They set themselves energetically
to work,

and sought to find two lines between the two given lines. It is said that
Archytas of

Tarentu<m> had discovered that, and he did it by means of a half-cylinder
and that Eudoxus did it by means of the so-called

curved lines. As it turned out, they all gave demonstrations with proofs
but none were able to make

the actual construction or reach the point of pratical application, except
to a small extent what was done by Titanus [b.]Menae [chm]us?, and this
(person) also

did what he described but with hardship and dificulty. We also thought
out an easy way, using an instrument, with which we can find between

two given lines, not only two mean lines, but as many of them as one
desires. And if this

device is available, [we could find a cube] equal to every given solid with
parallel sides,

and change the figures of these [solids] from one to the other so that they
become (i.e. remain) similar to the solids. Also

those solids may be increased [while retaining] their forms as they are, and
do the same in the case of altars and temples.

By this we can [determine...] the measure of dry and wet things, as much
aswewant [...],

and the measure which is called [m]arifis — it being that in which liquids
(lit. wet things) are measured — [to determine] the amount

[measured by] the vessels in which these things ... are placed. The disco-
very of that (finding mean proportionals) is also useful if we wish to increase
the power of instruments used in warfare for throwing rocks at walls to
demolish them. All that

involves increasing all their parts proportionally over and above increasing
in a single ratio their power, thickness,

range, the parts attached to it, and whatever stretches the springs which
increase the throwing power by that amount.

1. In the Greek text moapdk 76 ITAdteww.
2. See appendix, p. 166.
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IV Translation

10

11

12

13

14

15

16

17

[MS page 153]

In the name of God, the Merciful, the Compassionate.

A treatise by Aristanes <Eratosthenes> on the construction of an instrument
by which ~

a line is <two lines are> found between two lines.

To King Ptolemy greetings from Aristanes <Eratosthenes>. One of the
poets is said to have visited

Minos, he being occupied with the erection of a tomb for Glaucus the King,
and inquired from him about the size of the tomb that he wanted

to construct. He told him that its total dimension is one hundred feet
(each way). He (the poet) said to him: “This amount is little. It

is too small to be worthy of housing a King’s tomb. But you should make
it double this amount so that it does not depart from this

fair form. Hasten to make each part [of its parts] double what it is. It was
thought

that he had made a mistake. For when the sides are doubled, the surface
becomes [four] times what it was at first,

and the solid becomes eight times what it was. [The geometers] sought
a way [to make]

a solid double a given solid without [changing its shape]; and they called
this

problem the problem of the duplication of the cube, for they were doubling
[a given cube. It seemed] a difficult matter.

The people were all puzzled for a long time. The first to conceive that
if between two lines it was possible to find two mean

proportionals in continued proportion then it would be possible to double
the given cube,

was Hippocrates of the island of Chios. Thus befell among the geometers,
in attempting to construct two lines

in continued proportion between two lines, a puzzle no less (difficult) than
the first puzzle. It was related that after

a time people of Dilwa <Delos>, attempting in accordance with orders
of the [oracle] to double one of the altars, decided to do that.
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Université de St. Joseph, Beirut, Arabic MS 223, p. 157.
Reproduced by kind permission of the Librarian.
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Université de St. Joseph, Beirut. Arabic MS 223, p. 156.

Reproduced by kind permission of the Lil
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Université St. Joseph, Beirut, Arabic MS 223, p. 155
Reproduced by kind permission of the Librarian.
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Université St. Joseph, Beirut, Arabic MS 223, p. 154.
Reproduced by kind permission of the Librarian.
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Université St. Joseph, Beirut, Arabic MS 228, p. 153.

Reproduced by kind permission of the Librarian,
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and the rightmost slides under it. To find the two mean proportionals between
the height of the rectangles (AE in figures 1 and 2) and some smaller distance
(A®), the two given quantities, the two outer panels are shuffled so that
the intersections thus created of the verticals and diagonals will be aligned
with the upper ends of the given quantities. In figure 2, B, the intersection of
the moving vertical A Z with the stationary diagoral A H, and I, the intersec-
tion of the stationary vertical IH with the moving diagonal 16, must be in the
same straight line as 4 and A. BZ an TH are then the mean proportionals. The
justification depends upon similar triangles created by the parallel lines, the
verticals and the diagonals.

AK : KB = EK : KZ

—ZRKE ;. EK:KZ=ZK :KH

BK:KP:KZ:KH)

— HK : Ko 5. ZK:KH=KH:KQ

. EK:KZ=ZK :KH = HK : K®

" AE:BZ=BZ:TH=TH: AD
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The authors wish to express their appreciation and thanks for the continued
help and the constructive suggestions of the editors of the JHAS. Also they
wish to thank Professor Thsan Abbas for assistance with the reading of the
manuscript, and the librarian of the Bibliothéque Orientale de 1’Université
de St. Joseph for permission to reproduce the manuseript.

II The Problem

In his commentary on Archimedes’ work On the Sphere and Cylinder 11.1,
Eutocius [3] has preserved for us a precious collection of solutions of the
problem of the Duplication of the Cube. This problem consisted of constructing
the edge of a cube having twice the volume of a given cube. In fact, such
aline cannot be constructed, except by approximation, with a straightedge and
compasses alone, though the impossibility was not established until the nine-
teenth century. But the search for solutions to this problem influenced Greek
geometry to a great extent and led to many important discoveries, notably
in the field of conic sections.

The first real progress in the duplication problem was the reduction of the
problem by Hippocrates (ca. 400 B.C.) to that of constructing two mean
proportionals between two given line segments a and b. If we denote the two
mean proportionals by x and ¥y, then

a:x = x:y = v:b.

From these proportions we have (a:x)? = (a:x) (x:y) (y:b) = a:b. If bis chosen
to be 2a, then x3 = 2a°. Thus x is the edge of a cube having twice the volume
of the cube on edge a.

Among the many solutions to this problem is that of Eratosthenes ( ca.
230 BC), a younger contemporary of Archimedes. It is given in what purports
to be a letter from Eratosthenes addressed to Ptolemy ITI (Euergetes) to whose
son, Philopator, Eratosthenes was tutor [5]. In this letter, describing the solu-
tions of this problem and the tradition regarding its origin, Eratosthenes
says that a certain tragic poet had represented King Minos as wishing to
erect a tomb for his son Glaucus, but, being dissatisfied with the dimensions
(100 feet each way) proposed by his architect, the King exclaims: ¢The
enclosure is too small for a royal tomb. Double it, but fail not in the cubical
form”. A little later, Eratosthenes says, the Delians, who were suffering
under a pestilence, were ordered by the oracle to double a certain cubical altar
and, being in difficulty, consulted Plato on the matter [6]. He then describes
an instrument by which he himself solved the problem, giving the proof of
it and adding directions for making the instrument by which the mean propor-
tionals between two given lines can be found.

The instrument consists of three equal rectangular panels set in a pair of
parallel grooves. The middle panel is stationary, the leftmost slides over it



An Arabic Version of Eratosthenes on Mean

Proportionals

Amin Muwar* & A. N. PuiLippou**

I. Introduction

In his catalogue of Arabic manuscripts at the Université St. Joseph, Beirut,
L. Cheikho [1] describes MS 223 (s §=os gmtny Sl ot ) @5 2
photographic reproduction of a precious manuscript, whose original was disin-
tegrating, and of which he was able to save a great deal. The original was
at the Library of the Greek Orthodox Three Moon School, Beirut. It was
previously catalogued under No. 248, and later changed to No. 364. The
manuscript consisted of 162 pages (19 cm. high, 14 cm. wide, with 17 lines
in each page). It is without date, but goes back to the fifteenth century. The
original is now missing, and the authors were unable to locate its whereabouts.
Fortunately, Cheikho had a photographic reproduction of the manuscript,
and the library of the American University of Beirut obtained a microfilm
of this copy.

Cheiko describes item no. 20 of MS 223 as “Traité d’Aristanes(?) sur la
construction des deux moyennes proportionnelles par la méthode de la géomé-
trie fixe”. Jensen [2] pointed out that the tract mentioned is actually an
Arabic translation of a letter concerning the construction of two mean propor-
tionals between two given lines, purporting to be by Eratosthenes, and of
which several copies are extant” [3,4].The name of the author occurs twice
in the tract, each time in a corrupt Arabic transliteration as Aristanes.

In this article we give the Arabic text of this tract, as best we can, from
a microfilm of the negative photographic prints in the library of St. Joseph’s.
Any missing or faded parts that could be guessed from the context or by
help of the Greek text [3, 4] were inserted between square brackets, [ ].
The manuscript is reproduced in facsimile. In our transcription, corrections
to the text are inserted in angle brackets, < > . These brackets have
been copied into the translation, and any added words are inserted in paren-
theses, (). We have tried to make the English translation as close to the
Arabic as possible, even at the expense of good English style.

The Arabic text shows some peculiarities of style and there are a few
scribal errors. By and large the Arabic translation conveys the meaning of the
Greek, but it is by no means word for word.

* Department of Mathematics, American University of Beirut, Beirut, Lebanon.
“* Department of Mathematics, University of Patras, Patras, Greece.
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To Contributors of Articles for Publication

in the Journal for the History of Arabic Science

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

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

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

Examples :

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

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

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

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

*,b,t,th,j,h,kh,d,dh,r,z,s,sh,
[ ] < z T C 3 3 IS R R
s,d,t,z,°,gh,f,q,k,l, m,n,h,w,y,
v ot b b ¢ t' S 40 d ¢ SIS 3 1]
Hamza at the beginning of a word is omitted in transcription. The lam of the
Arabic article before sun-letters is not assimilated (thus al-shams and not
ash-shams).

For short vowels, a is used for fatha, i for kasra, and u for damma. For
long vowels diacritical marks are drawn over the letters: 4, i, #. The diphthong
aw is used for °y'and ay for °¢’. Long vowels before hamzat al-wasl are printed
long (thus ““abii’l-Qasim” and not ‘‘abu’l-Qasim”).
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Jamil Ragep is completing the requirements for a doctorate in the history of science at Harvard
University. His dissertation includes an edition of Nasir al-Din al-Tisi’s Tadhkira.

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

Eminent historian of Islamic medicine, Manfred Ullmann is also editor of the authoritative Wir-
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gebraucht den Ausdruck gawsu l-ghaymi, und der andalusische Dichter Ibn
Bulayta, bei Ibn Zifir, op. cit., p. 47 ult. sagt:
ol QUsh Oy U5 e LSl bl s Gk g Y
Der Sprachgebrauch ist also nicht einheitlich,aber die Tendenz ist ganz deutlich:
Der alte, verponte Ausdruck gawsu quzaha wird in spiterer Zeit durch neutrale
Verbindungen wie gawsu l-ghamami und dergleichen verdringt. Wenn im
Sirr al-khaliga nun qawsu l-ghamami steht, so weist dies gerade ni ¢ h t auf
ein hohes Alter des Textes. In dhnlicher Weise mufite man viele Wortunter-
suchungen machen, aber der Aufwand ist lohnend, und man kann so am
ehesten festen Grund unter die FiiBe bekommen.
Zum SchluB seien noch einige Berichtigungen und Ergiinzungen mitgeteilt:
p- XXI: Ibn Nubsta’s Buch trigt den Titel Sar} al-‘uyin, nicht Shark al-
‘wyin. Zu Seite 50 Anm. 21: Das Zitat bei Ibn al-Mubarak, K. al-Mungidh
min al-halaka, Ms. Chester Beatty 3795, fol. 80 a 1-15 lautet:
o0 B2 ae ol o 6] 1 gendl UL GL S5ttty s 0l § el gl OB
Y3 S IO R TN WS S L PR P N R N T RSO RN RO PR g R P ATR
why ol d oy bt eda o B2 e L oom 6] UGB ¢ty e b Ll BT o180 0
IS e gon sy OLl dawy 5 Oliall ¢ ells amy ar gl G AL Joazyy s O daea f: sty
db aoslll alis e 44 s an S WA e q,:q,z»),w,c.l.aﬁl‘_j.u.;,l Ly
[ S . I LR S S PR E PR I S PR A O
S PORTY: e PRTRS PR PRIF v A UL;T‘_‘EJUJT(J;B};-U;!M}..J:_ Yy e sk iy
donls g 2l pte 06 Zltic] G e Lisl 055 Gghne o T L o Aol wot o,
o L OBl A e S L2 OF 8L 59 450 61w Iy ol e 05 s 55 o+ o bl d
. Al o3
p. 79 nr. 2.3.14: Statt “Das Sein”’ (al-kawn) lies “Der das Sein Verursachende”
(al-mukawwin). p. 180 Anm. 47 lies dabir “Westwind” und gabal <“Ostwind”.
P. 187 Anm. 84 u. 85: Zur Bezeichnung des Planeten Merkur als “Sekretir”
(katib) vgl. Werterbuch der klassischen arabischen Sprache, vol. I, p. 543 b 44
ff. p. 190: Die Cherubim, die hier in der aramiischen Form karaba (kroba)
angefiihrt sind, heiBlen arabisch sonst al-kaerabiyyin, s. WKASI115b 9 ff.;
556 a43 f.; I1 52 b 23 ff.; 43 ff. p. 196: Statt istida® lies irtida®. p.209: Statt
samit lies sakhib “laut tonend, prasselnd”. p. 226: Statt za®dra lies za‘iqa
“bitterer, salziger, ungenieBbarer Geschmack des Wassers”. p 226 nr. 16:
Statt #ib lise tayyib. p. 32: DaB Balinis den Mugshaf al-gamar ins Arabische
iibersetzt habe, steht nicht im Text. Zu lesen ist dort: thumma nugile ila
l-arabiyyi. p. 190 Anm. 103: Statt karabin lies karabiyyan. p. 150 nr. 28.5:

Statt “Baumwolle” lies “Flachs”.
MANFRED ULLMANN

Universitdt Tibingen
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Ibn ar-Riimi (ed. H. Nassar, Cairo 1974), vol. IT, nr. 377,46):
35 Yy Lss o JIFY 3 LUy L o 2l ot
Al-°Alawi al-K&fi, bei Ibn abi “Awn, K. at-Tashbihat (London 1950), p. 258,5=
Tha“alibi, Thimar al-qulab (Cairo 1965), p. 24 ult.:
TP oS st e p—d-‘li‘ e St
Da Quzak nun aber der Name einer vorislamischen Gottheit war und in
islamischer Zeit als einer der Namen des Teufels galt, sollte nach einer Tradi-
tion, die teils auf den Propheten Muhammad, teils auf Ibn “Abbis zuriickge-
fithrt wird, statt gaws Quzal der Ausdruck gaws Allik gebraucht werden, s.
Jahiz, Hayawan 1, 167,3 / 341,9; Marziqi, K. al-4zmina (ed. Hyderabad
1332), vol. II, p. 109.1 f.; Yaqat, MuSjam al-buldin (ed. Wustenfeldt), vol.
IV, p. 85,19 / (Beirut 1955), p. 341 a 26 ff.; Ibn Manzar, Surar, p. 265, § 788;
I. Goldziher, Abhandlungen zur arabischen Philologie (Leiden 1896), vol. I,
p. 113. Diese Sprachregelung ist befolgt in einem Vers des “Abd al-Muhsin
ag-Sari, bei Nuwayri, Nihaya, vol. I, p. 94 ult.:
A dL B e L) 4 g B s b
und in einem anonymen Vers bei Ibn Manziir, Surir, p. 265 paen.:
g Gan et S G QEE e B s Yy
Als Ersatz fiir gawsu quzaha werden in spiiterer Zeit nun aber auch andere
Ausdriicke gebraucht, z.B. gawsu l-ghamami: Vgl. Abi 1-Faraj al-Wa'wa’
(ed. S. Dahan, Damascus 1950), nr. 156,1 = Nuwayri, Nihaya, vol. I, p. 94,3 =
Ibn Zafir, op. cit., p. 47, — 4 = Ibn Manziir, Suriar, p. 266,8:

o Bl E i el @ Ll 8 by ) LR
mit der Variante aoledl o33 65 p ozt Gmm
bei Tha“alibi, Thimar al-qulib (Cairo 1965), p. 25,7.

Sa“id b. Hamid al-Qayrawini, bei Nuwayri, Nihdya, vol. I, p. 94,6;:
Dl olpbl e g 8y oLl § il o5 U
Qawsu l-ghamami kommt sodann in einem Vers vor, der in den verschiedenen
Quellen bald dem Ibn ar-Riimi, bald dem Sayf ad-Dawla al-Hamdani, bald
dem Astrologen Abi Saqr al-Qabisi zugeschrieben ist. Er lautet bei Ibn Rashig,
K. al-°Umda (Cairo 1955), vol. I1, p. 237,8 = Ibn Zsfir, op. cit., p. 47,8:
e daey asl G et fe il plll osi bk
Die Variante gawsu s-sahabi haben Ibn ash-Shajari, Hamdse (Hyderabad
1345), p. 231,2 / (Damascus 1970) , nr. 722,2 = °Abbasi, Ma‘ahid al - tanis
vol. I, p. 109,7 = Tha‘alibi, Yatima (Damascus 1304), vol. I, p. 20,3 = Tha“a-
libi, Thimar, p. 25,14 = Nuwayri, Nihaye, vol. I, p. 94,16 = Ibn Khallikén,
Wafayat al-a®yan ( Cairo 1310), vol. 1, p. 365,7. Die Variante qawsu s-sama’i
steht Ibn ar-Riimi, Diwan (ed. H. Nassar), vol. IV, nr. 1082,4 = K. al-Jumana
(ed. Hasan Husni °Abd al-Wahh3ab, Cairo 1953), p. 23,3 = ash-Sharishi,
Sharh Maqamat al-Hariri (Bilaq 1284), vol. I, p. 13,19 = Ibn Manzir, Surar,
p- 266,5. Ibn Durayd, K. al-Malakin (ed. Jaza’iri, Cairo 1347), p. 37 ult. f.
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kutub), vol. VII, p. 233,9; ab&t Tammam (ed. “Azzam) nr. 79,24; al-Buhturi
(ed. Sairafi) nr. 555,275 560,3 etc. Genauso ist das sehr hiufige an-nakbd’u
“von der Seite wehender Wind’’ nie mit einer bestimmten Richtung assoziiert.
Man kann sich also des Eindruckes nicht erwehren, da8 der Verfasser des
Sirr al-khaliga von einer zwolfstrichigen Windrose nur eben gehért hat und
daB er sie willkiirlich mit Namen, die er aus den verschiedensten Quellen
kannte, bestiickt hat. Das Ganze scheint Schwindel zu sein. Zieht man diese
Fiktionen und Mystifikationen in Betracht, so wird offenkundig, daB das
Sirr al-khaliga etwas von der “hermetischen’ Art hat, die auch das Ibn-
Wahshiyya-Schrifttum bestimmt.

Eine wichtige Methode fiir die Datierung des Werkes wird die Untersuchung
seines Sprachgebrauches sein. DaB man dabei sehr behutsam vorgehen mu8,
sei an dem Beispiel des Ausdruckes fir den “Regenbogen” erliutert. Im
Sirr al-khaliqa steht gawsu l-ghamami (nicht al-ghimami, wie Frau Weisser
p. 196 schreibt). Der in der Ubersetzungsliteratur gewéshnlich verwendete
Begriff lautet dagegen gawsu quzaha, vgl. z.B.: Aristoteles, K. al-Athar al-
‘ulwiyya (ed. Badawi, Cairo 1961), p. 79,6 /(ed. Petraitis, Beirut 1967), p.
89,10 ff.; Hunayn b. Ishaq, Jawamic al-Athar (ed. Daiber, Amsterdam 1975),
lin. 281; Galen, K. al-Tashri} al-kabir (ed. Simon, Leipzig 1906), p. 36 ult.;
Dioscurides, K. al-Hasha’ish (ed. Dubler, Barcelona 1952-57), p. 11,20; Ythan-
na b. Masawayh, K. al-Jawdhir (ed. Ra®uf, Cairo 1976), p. 47,5; “Ali b.
Rabban at-Tabari, Firdaws al-fikma (ed. Siddiqi, Berlin 1928), p. 27,9 ; Pseudo-
Plutarch, K. al-Ara’ at-tabiiyya ( ed. Daiber, Wiesbaden 1980 ), p. 41,19 ff.
Es wiire jedoch falsch, zu folgern, daB gawsu l-ghamami ein Indiz fiir den
angeblich altertiimlichen Sprachcharakter des Sirr sei. Denn gawsu quzaha
ist der altarabische Ausdruck, vgl. die folgenden Verse: Al-Hakam b. “Abdal
al-Asadi (gest. ca. 100/718), in Hamasat abi Tammam (ed. Freytag), p. 778
v. 1/ (ed. Cairo 1358), vol. IV, p. 295,1/ (Marziiqi) nr. 801,3:

CF s gde o S dl s WS
€Abd Allzh b. Hammam as-Salili (gest. ca. 96/715), bei Abii Hayyan al-
Tawhidi, k. al- Basa’ir (ed. Kaylani), vol. II, p. 639,9 f.:

ST T B P R [ Q|
Diwan Jarir (ed. Numan T3zhi, Cairo 1969), nr. 251,3:
o o el Ol
Der Ausdruck kommt natiirlich auch bei jiingeren Dichtern vor, z.B.: as-Sari
ar-Raffa®, bei al-°Abbasi, Ma‘ahid al-tansis (Cairo 1947), vol. 11, p. 208,16 =
Ibn Zafir, Ghard®ib at-tanbihat (Cairo 1971), p. 48,2 = Ibn Manzir, Surir
an-nafs (ed. I. “Abbas, Beirut 1980), p. 266,13:
SIS BORU W S A
Zahir ad-Din al-Hariri, bei Nuwayri, Ni{lgdya, vol. I, p. 94,12:

dts o ety Moy i 25 o 0L 4
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azyabu, 12. (Name ist nicht genannt). Diese Nomenklatur hat in der zeitgenos-
sischen Literatur keine Parallele. Bei Hunayn b. Ishiq, Jawami® al-athar
(ed. Daiber, Amsterdam 1975), p. 47, lauten dieselben Winde folgendermafBen:
1. ash-shamalu, 2. nakba’u sh-shamadli, 3. nakba’u s-saba, 4. as-saba, 5. nakbi’u
s-yaba, 6. nakba’u l-janabi, 1. al-janibu, 8. nakba’u l-janibi, 9, nakba’u d-dabiri,
10. ad-dabiru, 11. nakbd’u d-dabari, 12. nakba’u sh-shamdli. Dieselben Bezei-
chnungen sind in den Rasa’il Ikhwan as-safa’ (Beirut 1957), vol. II, p. 71, 15
fl., verwendet. Qustis, K. al-Filiha al-yaniniyye (XKairo 1876 ), p. 10,26 ff.,
unterscheidet 12 Winde, nennt die vier Hauptwinde mit ihren griechischen
und arabischen Namen, die Nebenwinde sind dagegen nur mit den griechischen
Bezeichnungen angefiihrt. Ibn Rushd, K. al-Adthar al-‘ulwiyya (Hyderabad
1365), p. 34,1 ff., kennt die 12 Windrichtungen des Aristoteles, nennt aber
auch nur die vier Hauptwinde bei Namen (AuBerdem kennt er nach Alexander
von Aphrodisias die elf Windrichtungen). Eine weitere Nomenklatur findet
sich bei Olympiodoros, Tafsir li-Kitab al-Athar al-‘ulwiyya (ed. A. Badawi.
Beirut 1971), p. 125 f., bei al-Majiisi, al-Kitab al-Malaki (Bulaq 1294), vol.
I, p. 163, 18 ff. und bei Fakhr al-Din ar-Razi, K. al-Mabakith al-mashrigiyya
(Hyderabad 1343), vol. II, p. 196, 3 ff. Dort lauten die Namen: 1. ash-shamalu,
2. an-nis‘u bzw. al-minsau, 3. al-mis‘u, 4. as-saba, 5. an-nu®ama 6. al-
azyabu, 1. al-janibu, 8. al-harbiyinu (?) bzw. al-purjgju, 9. al-hayru bzw.
al-hayfu, 10. ad-dabiiru, 11. al-jirbiya’u, 12. al-mafwatu. Die Lokalisierung
der von Olympiodor, al-Majiisi und Fakhr al-Din gebrauchten Windnamen
stimmt mit der allgemeinen lexikographischen Tradition iiberein, vgl. Ibn
Khalawayh, k. ar-Rik (ed. Kratschkovsky, Islamica 1926); al-Marzigqi, K.
al-Azmina (Hyderabad 1332), vol. II, pp. 74 ff.; al-Biriini, k. al - Athar al-
bagiya (ed. Sachau, Leipzig 1878 ), p. 340; Th. Néldeke, Neue Beitrige zur
semitischen Sprachwissenschaft (Strassburg 1910), p. 62 f. Wihrend al-azyabu
generell den Siid- oder Siidostwind bezeichnet, ist es im Sirr al-khaliga der
Nordwestwind! Dgjinun und sarafun sind wohl kaum aramiische Lehnworter,
sondern eher aramaisierende Phantasiegebilde. Da8 al-‘agimu ‘‘der unfrucht-
bare Wind”, belegt im Koran, Sure 51 (adh-dhariyat), 41 und bei Kuthayyir
(ed.I.°Abbas, Beirut 1971), p. 150 v. 2, iiberhaupt auf eine bestimmte Richtung
festgelegt ist, ist reine Willkiir, und ebenso verhilt es sich mit ar-ri al-mayyita-
tu ““der tote Wind . Noch deutlicher wird das willkiirliche Vorgehen des
Verfassers bei dem Worte harjafun, das in der Poesie sehr hiufig ist und “hef-
tiger, boiger Wind”” bedeutet, aber nie auf eine Richtung festgelegt ist. Vgl.
die folgenden Stellen: Tarafa (ed. Ahlwardt) 9,1; abii Dhii’ayb 10,9; al-
Mutanakhkhil 3,5; Umayya b. abi s-Salt (ed. Hadithi Baghdad 1975), nr.
116; al-Farazdaq, in Naga“id nr. 61 v. 45; Dhi r-Rumma (ed. abd Silih)
66,3; 67,4; “Amr b. Sha’s (ed. Jubtri, Najaf 1976), 4,19; 8,7; al-Qutami (ed.
Barth) 24,21; 32,1; al-Kumayt b. Zayd, Hashimiyyat (ed. Horovitz) 3, 105;
as-Sayyid al-Himyari (ed. Shukr, Beirut 1966), nr. 59,3 = Aghani (Dar al-
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den sei. Diese Annahme kann sich jedoch auf kein einziges sicheres Datum
stiitzen. Die élteste Handschrift ist im Jahre 584 A.H./1188 A.D. geschrieben.
Al-Ya“quibi bringt in seinem Ta’rikh (ed. Houtsma, Leiden 1883), vol. I, p.
134 paen. f., einen kurzen Abschnitt, in welchem er Apollonios von Tyana
und Apollonios von Perge kontaminiert hat. DaB er Apollonios den Beinamen
al-yatim “die Waise” gibt, ist ein Indiz dafiir, daB er das Sirr al-khaliga ge-
kannt hat, denn dort nennt Apollonios sich selbst ‘“eine mittellose Waise’
(yatimun la shay’a l7). Somit wire die Abfassungszeit des Geschichtswerkes des
Ya“qibi, also ungefihr das Jahr 267 A. H./881 A. D., das alteste Datum fiir
die Existenz des Sirr. Dieses Indiz ist jedoch noch kein Beweis. DaB im Corpus
Gabirianum Anspielungen auf das Sirr und einige kurze Zitate aus ihm enthal-
ten sind, bedeutet nur, dal das Sirr in der zweiten Hilfte des 9. und der ersten
Hilfte des 10. Jahrhunderts bekannt war. Es ist ein arger MiBgriff, da8 Frau
Weisser, die sonst niichtern und kritisch ist, in diesem Punkt eine hoffnungslos
antiquierte These nachbetet und “eine Datierung der Ubersetzung (des Sirr)
in die traditionelle Lebenszeit Jabir’s, also um 750-800”, fiir méglich hilt
(p. 54). Ich persénlich glaube, daB das Sirr im 9. Jahrhundert in arabischer
Sprache verfaBt worden ist und daB es k e i n griechisches Original dafiir
gegeben hat. Wire es tatsichlich ein alter Text, so wiire zu erwarten, daf er
von Autoren wie al-Kindi, Ali b. Rabban at-Tabari, an-Nazzim oder al-
Jahiz benutzt und zitiert worden wire, Autoren, denen ja noch nicht sehr viele
naturphilosophische Informationen zur Verfiigung standen.

Im Text kommt eine Anzahl merkwiirdiger Namen von Gewihrs-minnern
vor, zum Beispiel: Kilis, Bightjasiyas, “Ayir, Arthiyas, Aylas, Arsilijanis,
Munis, Tisis, Taltiqis und Platon der Kopte. Frau Weisser nimmt an, daB
hinter diesen Namensformen tatsachlich griechische Autoren stecken, die
nur noch nicht zu identifizieren seien (p. 162). Aber meiner Meinung nach sind
diese Namen fiktiv. Es sind Mystifikationen, durch die der arabische Autor
seinem Werk den Anschein eines groBeren Alters und einer hoheren Autoritit
zu geben versucht hat. Solche Fiktionen kommen auch in anderen Schriften
dieses Genres vor, zum Beispiel im Mushaf al-gamar (s. mein Buch “Natur-und
Geheimwissenschaften”, Leiden 1972, p. 380) und im K. Muhaj al-muhaj
(s. meinen Katalog der Chester-Beatty Handschriften, Teil I, Wiesbaden 1974,
pp. 139 ff.).

DaB der Verfasser vor Filschungen nicht zuriickgeschreckt ist, sei an dem
Beispiel der Namen der Winde erliutert (arabischer Text p. 136 f. Kommentar
p. 180 £.): Sie sind im Text zum Teil verderbt, konnen aber mit Hilfe des K.
Sifat Jazirat al-Arab von al-Hamdzni (ed. D.H. Miiller, Leiden 1884), p. 154,
20 ff., emendiert werden (al-Hamdini hat hier das Sirr al-khaliga ausge-
schrieben). Danach lauten sie in der Uhrzeigerrichtung: 1. ash-shamalu, 2.
2. al-°agimu, 3. al-harjafu, 4. al-qabalu, 5. al-mayyitatu (= pers. badh-i khoshk),
6. an-nakbd’u, 7. al-janabu, 8. ag-sarifu, 9. ad-ddjinu, 10. ad-dabiru, 11. al-
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Ursula Weisser, Das “Buch iber das Geheimnis der Scképfung’ von Pseudo-
Apollonios von Tyana (Ars Medica. Texte und Untersuchungen zur Quellenkun-
de der Alten Medizin, ITI. Abteilung: Arabische Medizin, Band 2), Walter de
Gruyter, Berlin-New York 1980, 258 Seiten.

Der arabische Text des Kitab Sirr al-khaliqa ist 1979 von Ursula Weisser
in Aleppo ediert worden (s. meine Resension in dieser Zeitschrift, vol. 4, pp.
90-94). Mit dem hier anzuzeigenden Buch hat die Herausgeberin wenig spiter
eine umfassende Studie iiber das Werk veréffentlicht, die im wesentlichen aus
drei Teilen besteht: Im ersten Teil ist Apollonios von Tyana als historische
Personlichkeit und als Gestalt der Legendenbildung der nachfolgenden Jahr-
bunderte dargestellt. Unter anderem ist pp. 28 ff. ein Inventar der arabisch
erhaltenen Pseudepigrapha, die unter dem Namen des Balinis kursieren,
gegeben. Es handelt sich um acht Werke: 1. K. Sirr al-khaliga, 2. K. at- Talasim
al-akbar, 3. Mushaf al-qamar, 4. Ris. fi Ta’thir ar-riahaniyyat, 5. K. al-Mudkhal
al-kabir, 6. K. al-Asnam as-sab’a, 7. K. Inkishaf as-sirr al-maktim, und 8. K.
al-Khawass. Frau Weisser hat gut daran getan, die Geoponika, die Maria
Concepciéon Vazquez de Benito 1974 in Madrid-Barcelona (leider unzureichend)
veroffentlicht hat, nicht in diese Liste aufzunehmen. Denn dieses Werk stammt,
wie die syrische und die armenische Version zeigen, von Vindanios Anatolios
aus Berytos, nicht von Balinas, wie F. Sezgin, Geschichte des Arabischen Sch-
rifttums, vol. IV, pp. 315 fI., vol. V, pp. 427 £. und vol. VII, pp. 318 f. und
399, hartnickig behauptet (Die siebzehn Uberschriften, die Sezgin mitteilt,
sind nur die Kapiteliiberschriften der ersten Maqala dieser Geoponika. )

Der zweite Teil (pp. 73-153) enthilt eine summarische Inhaltsangabe des
Sirr. Eine integrale Ubersetzung zu liefern schien der Verfasserin wegen der
Schwierigkeiten des arabischen Textes nicht angezeigt zu sein (p. 2 ). Ein
fortlaufender Kommentar bildet den dritten Teil (pp. 154-232). Hier sind
Begriffe erklirt, Quellen nachgewiesen, Parallelen beigebracht und Verweise
auf Sekundirliteratur gegeben. Die Verfasserin bemuht sich, die mannigfachen
Unstimmigkeiten und Widerspriiche des Werkes aufzuzeigen, die ihren Grund
in der eklektischen Arbeitsweise des Autors haben. Das Sirr al-khaliga wird
als eine “unselbstindige Kompilation, in welcher das Material der Vorlagen
nicht zu einem widerspruchsfreien System verschmolzen ist”, charakterisiert
(p. 40). Insgesamt kann man der Verfasserin Belesenheit, vielseitige Kenntnisse
und ein kritisches Urteil bescheinigen. Allerdings sind wir von einer Losung der
vielen Probleme, die das Sirr aufwirft, noch weit entfernt.

Eines dieser Probleme ist die Herkunft und Datierung des Werkes. Frau
Weisser ist der Meinung, daB ein griechischer Autor anzunehmen sei (p. 52 f.)

und daB das Werk noch im 8. Jahrhundert A. D. ins Arabische iibersetzt wor-
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recension of Habash’s z7j (3rd-4th/8-9th century), though both authors gave
the correct formula as well.® Further, the formula (or equivalent) was used
by later Muslim authors and underlies several tables to find the time from the
height of the Sun or vice versa. It also occurs in a Byzantine treatise on astro-
nomy. Finally, al-Marrikushi cites it in his treatise on instruments.?® The
formula may be derived from a proof by Abw’l-Wafa’ (late 4/10th century) of
a formula for the time in terms of solar altitude® that Habsah had stated and
had probably obtained from
Brahmagupta® (7th century
AD). For we find in this proof
(see fig. 4), in which GZTD is
the day-circle, TM and ZS are
perpendiculars from T (the
Sun’s position) and Z (the
Sun’s position at noon) to the
horizon-plane GDA, that®

Fig. 4
TM : TL = SZ : ZE.

Now TM : SZ = sin h : sin H and, if only we take GZTD as a semicircle
(which, of course, in general it is not), TL : ZE= cos t. Actually, Aba’l-Wafa’
does not make this approximation (or mistake), but goes on the prove Habash’s
correct formula. But the diagram, which in some form must surely have been
drawn or thought of to find the correct formula in the first place, is suggestive.
That formula (1), or its equivalent in geometrical terms, could have been derived
from a mistake is shown by Wiirschmidt’s ‘“derivation’* of it by an error
similar to that suggested above. Of course, the formula, which is correct for
the equinoxes, may have been simply assumed for other times.2

In sum, it is suggested here that the horary quadrant was the result of an
adaptation — one of great geometrical ingenuity — of an instrumental solution
of formula (1), which is an approximation of the true formula. How the formula
was arrived at and who invented the instrument remain unknown to us.

19. King, section, 2.5, especially note 21. For al-Khwarizmi, King cites the Hebrew translation
of Ibn al-Muthanna’s commentary on theZij(Goldstein, pp. 81-83,207-208).

20. King, sections 2.5, 4.3 and 4.3.2. On al-Marrakushi, see Sédillot, p. 39.

21. Abi’l-Wafa’, first part.

22. Nadir, pp. 460, 462. Al-Khwarizm1 (see note 19 above) uses the value 150, common in Indian
astronomy, for the radius underlying his treatiment of sines.

23. Abia’l-Wafa’, p. 4.

24. Wiirschmidt, pp. 185-186.

25. Thisis hinted at by Wiirschmidt, p. 185, and Cittert, p. 45.
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sin § for the day when the declination is § — deviate little from those given
by formula (1). The errors for the 8 a.m. /4 p.m. line are the greatest, but even
along the summer tropic, where the error is the highest for all hour lines, its
deviation is only about 1949, equivalent to an error of a little over 83/ minutes
in non-seasonal time.!® Since the other errors of the instrument — including
those of reading the position of the bead and estimating the time when the bead
falls between two hour lines — must often exceed a degree or two, such an error
would have been acceptable and might even have passed unnoticed. For a
contruction of this kind, however, one needs to assume that the bead is set at a
distance of ACsin H from the apex 4 — a condition hard to justify a priori.

Easily the most likely origin of the
horary quadrant lies in a development
of the instrument called by Millas!®
quadrans vetustissimus. Instead of
curved lines this instrument has a large
number of parallel lines perpendicular
to the side carrying the sight and
reaching from them to the circular arc.
The quadrans vetustissimus is clearly
related to the horary quadrant, since
is has a cursor, a thread, and a bead,
which is again set at a distance AC
sin H from A (see fig. 3)— albeit by
means of the parallel lines — and it
works on formula (1). The bead M** is Fig. 3
put against theline KL corresponding
to h (see fig. 3); and, since AL = 4C sin h and AM" = AC sin H, angle CAM"*
will measure ¢ according for formula (1) and can be read off on the scale.l?
Since the horary quadrant, with its hour-lines, is easier to use, but is a less
obvious embodiment of the formula, we must suppose that it was a develop-
ment of the quadrans vetustissimus and not vice versa. Whether the quadrans
vetustissimus was a specialisation of the sine-quadrant®® or the sine-quadrant
a generalization of the quadrans vetustissimus is a matter for speculation. It
can be noticed here that the sine-quadrant was usually supplied with at least
one semicircle having a side of the quadrant as diameter.

The equivalent of formula (1) is to be found both in al-Khwirizmi’s zij
(early 3rd/9thcentury) and, in a calculation of the duration of twilight, in a

15. Drecker, p. 86, gives 10, 13, 12, 9, 5 minutes for an instrument for latitude 48°.

16. Millds, p. 235.
17. For four Latin descriptions of the operation of the instrument, see Millas, pp. 225-226, 227,

239, 239-240. There were other graphical solutions of formula (1) - see, e. g., Sédillot, p. 26.
18. For this instrument see Schmalzl, p. 62 et seq.
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find the centre.’ In 1531 Orontius gave al-Marrikushi’s method, which he
probably found in his medieval sources.!?
The lines on the quadrant yield graphical solutions of the formula

sin h = cos tsin H 1)

where ¢ (in degrees) is fifteen times the number of seasonal hours before or
after noon and is measured by angle CA F (the quadrant is actually graduated
directly in hours after sunrise); h is the corresponding solar altitude and is
measured by angle BAM ; and H is the solar altitude at noon on the same day,
measured by angle BAM’ (AM = AM'). Formula (1) is easily shown to corres-
pond to the hour-lines, since AM/AF = AM'/AC = sin H, and angles M
and F being right in semicircle A F'Y,

AM : AF = sin AYM :sin AYF = sinh :sin ¢

If the instrument were used continously from sunrise to noon, or from
noon to sunset, on a day when the solar declination is §, the bead would trace
out the on quadrant an arc of a circle of centre 4 and radius 4C sin H = AC
cos (¢ — 8), where ¢ is the local latitude. But the quadrant seems not to be
directly related to instruments, like the astrolabe, that directly imitate the
motion of the Sun about the pole. The quadrant’s scale serves not only
to measure the time, but also the solar altitudes. The front of the astrolabe
which certainly has curved seasonal hour-lines approximated by circular arcs,
measures altitudes quite differently. Besides, the radius of a parallel-circle on
the astrolabe corresponding to declination 3 is R cos 3/ (1-+sin 3), where R
is the radius of the circle representing the equator; and if, as is usual, the
projection is from the South pole, these parallel-circles are in inverse order
to those found on the quadrant, where the smallest circular arc traced out
by the bead corresponds to the winter tropic. Furthermore, the hour-lines
on the quadrant cannot be projections of the circles of equal azimuth on the
celestial sphere, since the hour-lines meet at only one point (A4 in figs. 1 and
2).

It is conceivable that the curves were formed by joining the appropriate
positions of the bead found empirically or by calculation. Such procedures
were indeed used by instrument-makers.!* In fact the hour-lines so plotted
for latitude 36° — on the understanding that the length of AM is set at AC

12. Robertus Anglicus, pp. 599-600: ,,... et alius pes [of the compasses] extendatur ... et queratur
punctus in linea AC ... donec pes existens in puncto A4 fiat mobilis et transeat per puncta 4 H directe’’.
A and C are as in our diagram; H is our F.

13. Orontius, f. 188v, book II, prop. VIIL

14. Michel, pp. 79-81; Higgins, pp. 109-114.
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in Arabic describing the instrument.* Seasonal-hour diagrams of the same type
were inscribed on the backs of astrolabes at least as early as the 4th/10th
century, when “Abd al-Rahman al-Stfi described them,’ and examples survive
from the 7th/13th century.® The Latin treatise on the astrolabe attributed to
“Messahala” mentions the lines, but this text has recently been shown to be
a western compilation of elements of uncertain date, though the latter part
of the treatise (on the use of the astrolabe) appears to be based on astrolabe
treatises from the school of Ibn al-Saffar.” In the Museum of the History of
Science in Oxford there is a splendid western example of an astrolabe carrying
these lines — not, as usual, in one or both of the top two quadrants, but occupy-
ing the entire back of the instrument.® Seasonal hour-lines on the backs of
astrolabes appear to have been relatively popular in the medieval West,®
and only went out of fashion in the mid-seventeenth century.®

The hour lines are drawn by dividing the arc BC into six equal parts at
points D, E, F, G, H, and joining each of these points to 4 with a circle whose
centre lies on AC (or AC A
produced). Al-Marrzku-
shi, of the Tth/13th cen- 5
tury found the centre of
the circle AF (to take an T
example; see figs. 1 and 2) \
as the intersection of 4C \ e
and the perpendicular \
bisector of the straight M
line AF.! at about the M \ Y
same time Robertus An- !
glicus described a tri- .
al-and-error method to A

Fig. 2

4. Prof. David King informs me that he is preparing for publication u ninth-century Abbasid
Iraqi treatise on the horary quadrant with and withour cursor, found in 2 manuseript in Istanbul.
The treatise casts no light on the earlier history of either instrument, and the author makes no claim
to have invented either.

5. Al-Sufi, chapter 174, p. 161.

6. E. g. the astrolabe of Sultan Ab{i’l-Fath Miisa. See Gunther, plate LIV (between pp. 234 and
235).

7. Kunitzsch, especially pp. 45-46 and 56. The treatises on the astrolabe by John Philoponus and
Severus Sebokht (see Gunther, pp. 61-81 and 82-103, for English translations) do not contain a desrip-
tion of these lines.

8. The instrument belongs to Oriel college and dates, perhaps, form 1450. The horary-quadrant
lines appear on a spherical instrument in the National Museum in Damascus..

9. See previous note by Professor North.

10. Higgins, pp. 109-114. See Cittert, plates XVIII and XXI and p. 35 for late examples.

11. MS Bodleian Hunt. 201 (Uri I, 902), ff. 69v-70r.



A Note on the Horary Quadrant

Ricuarp Lorcu*

HE HORARY QUADRANT WAS OF THE FORM indicated in fig. 1. It

is the purpose of this note to enquire about its origin. To tell the time, the
instrument was placed in the same vertical plane as the Sun, the sights x and
y were aligned with the Sun, and it was observed between (or on) which of the
curved hour-lines AC, AD, AE, AF,
AG, AH — which severally represent A
6,5,4, 3,2,1 seasonal hours after sun-
rise or before sunset-the bead M was
found. The straight line 4B served as
the zero hour-line. The seasonal hours
thus measured (approximately) were
each one twelfth of the time of day- y
light. To set the bead at theright posi-
tion for the day, it could be put against 5 ¥
the noon-line, the curved line AC, either 0
when the Sun was sighted at noon or F
when the angle between the thread and
AC was made equal to the sum or s
difference (as appropriate) of the local Fig. 1
latitude and the Sun’s declinaton for
the day. In the latter case the addition or subtraction could be made with
tables and calculation’ or by means of a cursor that slides round BC.2 We
are here not concerned with the cursor, nor with extraneous lines on the
quadrant, but only with the hour-lines.

Examples of the horary quadrant, of Near Eastern provenance, survive
from the 4-5/10-11th centuries®, and there are 3rd-4th/9-10th century treatises

o

* Institute for the History of Arabic Science, Aleppo University.

It is a pleasure to thank Professor David A. King, of New York University, for reading though
this note, making several pertinent criticisms and supplying much information from his unpublished
work (see particularly notes 4, 19 and 20). My thanks, too,, go too Professor E. S. Kennedy for his
patient advice and help.

1. See Robertus Anglicus, p. 617. Here and elsewhere references are to the bibliography.

2. Ibid,p. 615-616. For a photograph of a horary quadrant with cursor, see Poulle, p. 19. Diagrams of
such instruments are given by Schmalzl, p. 127 (for Alphonso X’s quadrant) and by Tannery in
Robertus Anglicus, p. 564.

3. Maddison & Turner, p. 151 (items 70 and 71 in the catalogue). The dates are estimated.
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Three European instruments, and two eastern, have concentrics, one of
each set having been counted previously for its graduated alidade. The con-
centrics are at best for the divisions between zodiacal signs. In one European
case, the concentrics are drawn as though for all solar altitudes between 0° and
900, The concentrics on both eastern astrolabes are quite useless, being for the
wrong latitude (see below). In only one case out of 41 has the maker given any
indication that his unequal-hour lines are — as the graduations stand — of value
at specific latitudes. (I say latitudes rather than latitude, since in one of his
quadrants the graduations are for latitude 529, and in the other for latitude
490,)

Thus out of our 41 instruments, only six are at first sight of any value
whatsoever as horary instruments, and of these, only one is earlier in date than
the sixteenth century. This solitary medieval exception is a Fuseris-type inst-
rument, IC 192, and on closer inspection it appears that the graduations on its
alidade are worthless. The others, with their IC numbers where appropriate,
are: IC 165 (Flemish ?, 1558); acc. no. 73-11/2 (Italian, 1558); IC 274 (German,
¢ 1580); IC 211 (French, 1595 ); IC 276 (German, 1609 + pasteboard); IC 19
Persian, AD 1641); acc. no. 57-84 /164 (Indo-Persian, AD 1666 /7).

In summary : out of 132 astrolabes examined, 41 instruments have the
unequal-hour lines, and yet only four could have been used in at best a rough
and ready way to find unaided the unequal hour. At a season well removed
from equinox or solstice, only one of these (57-84/7, with its scale of mid-day
altitudes) could have given the time with an accuracy approaching that of the
main astrolabe, without the curious technique of using the astrolabe as an
auxiliary instrument. Not a single medieval instrument has survived in a form
which would suggest that the unequal-hour lines were used meaningfully.
But finally, we note the possibility of our using the graduations associated
with the unequal hour lines ( either the graduations on the alidade, or the
concentrics) as a means of deducing the geographical latitude for which the
astrolabe (if properly constructed) was intended.

Thus on IC 19, the best eastern example, the six o’olock line intersects the
concentric for the summer solstice at a point P for approximate altitude
(shown on the rim, when the alidade passes through P) 57°, Subtracting 23140,
the approximate geographical colatitude emerges as 3314°, making the latitude
5614°, a nonsensical result. (The four plates now with the instrument range
from latitude 21940’ to latitude 37°. The instrument was made for a man in
Mashhad, where the geographical latitude is 36° 21'). As a European example:
on the instrument IC 211, made for Paris (48° marked) or Lille (51° marked),
the horary quadrants (one of equal hours) prove to be of value at geographical
latitude 50°, a very reasonable figure.



Astrolabes and the Hour-Line Ritual
J. D. NorTr*

IT SEEMS TO BE COMMONLY BELIEVED that a standard part of
the engraving of the back of an astolabe is a set of hour-lines forming, as
it were, a double horary quadrant. Although I have made no systematic
study of the extant astrolabes of the world, I have examined 132 astrolabes
in the Museum of the History of Science in Oxford for unequal-hour lines in
the form of circular arcs, with rather surprising results.

Out of a total of 57 European astrolabes from before the year 1800, 25 have
these unequal-hour lines, whereas only 16 of a total of 75 eastern astrolabes
have them. Of the 25 European astrolabes, 15 have the lines symmetrically
arranged as between the two upper quadrants, whereas only two of the eastern
16 have the lines in two quadrants. More significant is the empty ritual in
accordance with which the lines are included on almost all of these 41 astrolabes.
At best, the lines can give the (unequal) hour with an accuracy only about half
as great as that given by the conventional astrolabe itself. At worst, the lines
are carelessly drawn, unnumbered, very small indeed, and — worst of all — not
associated with an auxiliary scale of solar positions.

This auxiliary scale may be included in at least three different ways:

1. Through graduation of the alidade.

2. Through concentric arcs, crossing the unequal-hour lines, marking as
many solar positions during the course of a year as possible.

3. Through a scale of solar positions (mid-day altitudes) on the rim of the
astrolabe.

The third possibility is never found on the Oxford astrolabes, although one
might have imagined that the idea would have occurred to at least one astrola-
bist in history, for it is the alternative found on the ‘old’ quadrant—with—cursor.
(On that instrument the date scale is movable, as it should be if the observer’s
geographical latitude is to be taken into account.)

Graduation of the alidade is found on only three of the European instru-
ments, and on on’y two of the eastern — in both cases ignoring graduations
with a separate purpose. Out of 41 instruments, the alidades of 5 are lost,
and of three or four are possibly modern. Even so, it appears that, at best,

about one in six of the 41 instruments is likely to have left the workshop
with a graduated alidade.

* Filosofisch Inst. der Rikjsuniversiteit, Westersingel 19, 9718 CA Groningen, The Netherlands.
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Mathematics and Astronomy in the Works of scholars of the Medieval Orient,

ed. by S. Kh. Sirazhdinov, Taskhent: Fan, 1977), 144pp. Contains seven
articles.

Mathematics in the Medieval Orient, ed. by S. Kh. Sirazhdinov, (Tashkent:
Fan, 1978), 193 pp. Contains ten articles.

From the History of Science in the Epoch of Ulugbek, ed. by S. Kh. Sirazhdinov,
(Tashkent Fan, 1979), 199 pp. Contains thirteen articles on a wide
range of subjects.

Izvestiya, Academy of Sciences of the Tadzhik SSR, Division of Biological

Sciences, 1980, No.3, 116 pp. Fifteen articles about Ibn Sini, to whom
the volume is dedicated.

Izvestiya, Academy of Sciences of the Tadzhik SSR, Division of Physico-
mathematical, Chemical, and Geological Sciences, 1980, No.3 (77), 104
pp. Dedicated to Ibn Sina, the volume has ten articles about his work,
concluding with a list of his writings in the natural sciences.



NOTES AND COMMENTS

Recent Soviet Publications in the

History of Arabic Science

The information below has been supplied by the directors of the Institute for the History of Natural
Science and Technology of the Academy of Sciences of the USSR (103012, Moscow, Staropanskii per.
1/5) and the Institute of Oriental Studies of the Uzbek Academy of Sciences (700000, Tashkent, Pros-
pekt M. Gor’kogo, 81). All the publications are in Russian. There are also many publications in Uzbek
and Tajek, but they are not listed below.

Selected Works of Ibn Sina, Vol. 1. Russian translation by A. M. Bogoutdinova,
M. Dinorshoeva, et al. (Dushanbe: Irfon, 1980), 420 pp.

Yu. N. Zavadovskii, Abu Ali ibn Sina. Life and Work (Dushanbe: Irfon, 1980),
302 pp.

M. M. Voltaev, Abu Ali ibn Sina - Great Thinker, Scholar, Encyclopedist of the
Medieval Orient (Tashkent : Fan, 1980), 164 pp.

Abu Ali ibn Sina. To 1000 Years Since the Day of Birth,
ed. by M. B. Baratov, P. G. Bulgakov, and U. E. Karimov, (Tashkent:
Fan, 1980), 248 pp. Fifteen studies of various aspects of Ibn Sina’s work,
including medicine, mathematics, astronomy, and musi¢.

N. G. Berozashvili, The “Tahrir Uklidis (Euclid)”’ of Nasir ad-Din at-Tusi,
and the Lexico-grammatical Peculiarities of this Monument, a dissertation
for the degree of candidate in philology ,(Thilisi, 1980).

A.T. Grigor’yan and M. M. Rozhanskaya, Mechanics and Astronomy in the
Medieval Orient (Moscow : Nayka, 1980), 200 pp.

G. P. Matvievskaya and Kh. Tllashev, Mathematical and Astronomical Manu-
scripts of Middle Asian Scholars of the X-XVIIth Centuries (Tashkent:
Fan, 1981) , 147 pp.

Nauchnoe Nasledstvo (The Scientific Heritage), vol. 6. From the Physico-
mathematical Sciences of the Medieval Orient, ed. by G. P. Matvievskaya,
(Moscow: Nayka, in preparation). To contain treatises by al-Khazini,
al-Biriini, al-Husayn, and al-Shirazi.

Ibn al-Haitham. “Treatises on the Burning Mirror”, Istoriko-astronomicheskie

Issledovaniya, 15 (1980), 305-338. The article gives translation and
commentary.
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Auswahl von 25 Schriften aus den Jahren 1934 — 1967. In den folgenden Jahren
kam eine Reihe gewichtiger weiterer Titel hinzu. Hartners Arbeiten sind
Musterstiicke interdisziplindrer, Fachgrenzen iiberschreitender Studien, die
zugleich das Charakteristische der Leistungen innerhalb einzelner Kulturen
wie auch die Verbindungen und Ubergiinge zwischen den Kulturen und deren
gegenseitige Einfliisse sichtbar machen.

Der Verstorbene war iiber die Grenzen Deutschlands weithin bekannt.
Er geizte nicht mit seinen Kriften und Kenntnissen und stellte sich bereit-
willig in den Dienst wissenschaftlicher Gesellschaften und internationaler
Gremien. Von 1971-77 war er Prisident der Académie Internationale d’His-
toire des Sciences. Aus vielen Lindern wurden ihm im Lauf der Jahre Ehrun-
gen zuteil.

Willy Hartner vereinte in sich aufs gliicklichste die Eigenschaften des
grossen Gelehrten mit denen eines noblen Charakters und eines Freundes
fiir alle, die seine Hilfe suchten. In gefihrlicher Zeit - wird berichtet — bot er
Bedringten uneigenniitzig und ohne Riicksicht auf eigene Gefihrdung tatkrif-
tige Unterstiitzung. Wer mit ihm zusammentraf, fand in ihm den gewandten,
welterfahrenen, kenntnisreichen Mann, dessen Umgang Genuss gewihrte und
Bereicherung schenkte.

Die angemessenste Art, das Andenken dieses grossen Gelehrten zu ehren,
wiire jetzt wohl, das Institut fiir Geschichte der Naturwissenschaften an der
Universitidt Frankfurt im Geiste seines Griinders Willy Hartner weiterzufiihren.
Wenn es zunichst leider auch aussah, als ob dies nicht der Fall sein wiirde,
gibt es in jiingster Zeit doch erfreulicherweise Nachrichten aus Frankfurt,
die hoffen lassen, dass das Institut wieder belebt und Hartners verwaister
Lehrstuhl neu besetzt werden soll.

Paul Kunitzsch*

*Institut fiir Semitistik der Universitit Miinchen.

Die biographischen Angaben stiitzen sich auf den Nachruf von Matthias Schramm in der Frank-
Sfurter Allgemeinen Zeitung vom 21.5.1981.



Eloge
WILLY HARTNER
1905 - 1981

Am 16. Mai 1981 verstarb in seinem Haus in Bad Homburg nahe Frankfurt
plétzlich mitten aus dem Leben und Schaffen heraus Willy Hartner. Mit ihm
verlor die Welt der Wissenschaft einen ihrer universellsten Vertreter. Seine
Kenntnisse und seine Urteilskraft umschlossen den Raum von Ostasien bis
ins germanische Skandinavien, die Zeitspanne von den Babyloniern iiber die
Renaissance und Copernicus bis zu Newton und Einstein. Am 22. Januar 1905
in Ennigerloh /Westfalen geboren, hatte er sich in seiner Ausbildung, einer
familisiren Tradition folgend, besonders den Naturwissenschaften gewidmet
und zuniichst Chemie studiert. Nachdem dieses Studium erfolgreich abgesch-
lossen war, wandte er sich der Astronomie zu und absolvierte auch darin ein
fruchtbares Studium, das er 1928 an der Frankfurter Universitit mit der Pro-
motion beenden konnte. Er arbeitete dann hier an der Universitit weiter und
geriet dabei zunehmend in den Sog der Geschichte der Mathematik und der
Naturwissenschaften, die freilich nur in Form einer losen Interessengemeinschaft
interessierter Gelehrter betrieben wurde und die noch nicht ihre Heimstatt in
einem eigenen Institut gefunden hatte. Seine Begabung und seine weitge-
spannten Interessen kamen schon bald zum Durchbruch: er arbeitete am China-
Institut der Frankfurter Universitit iiber Gegenstinde zur Geschichte der
Naturwissenschaft in China, und im Kreise der Vélkerkundler um Leo Frobe-
nius iiber Zahlen und Zahlensysteme bei Primitiv- und Hochkulturvélkern.
1935-37 war er Gastprofessor an der Harvard-Universitit, wo er im Umgang
mit George Sarton seine Beziehung zum Studium der Geschichte der Natur-
wissenschaften weiter vertiefen und verfeinern konnte. Nach der Riickkehr
nach Deutschland und weiteren Arbeitsjahren in Frankfurt erhielt er 1940
eine Dozentur an der Frankfurter Universitit. Auf seine Initiative hin wurde
schliesslich 1943 an der Frankfurter Universitat das Institut fiir die Geschichte
der Naturwissenschaften eingerichtet, dessen Leiter er bis zu seiner Emeri-
tierung war und dessen Adresse unzihligen Kollegen und Schiilern in aller
Welt als Anlaufstelle wohl bekannt war, wenn sie Rat, Hilfe und Austausch
von Meinungen suchten.

Von der einmaligen Begabung Willy Hartners, seinen vielfiltigen Sprach-
kenntnissen, seiner Beherrschung der naturwissenschaftlichen Probleme und
Verfahren und seinem sicheren Blick bei der historischen Bewertung und
Einordnung der Phinomene zeugen uniibersehbar seine zahlreichen Schriften.
Die 1968 in Hildesheim erschienene Sammlung Oriens — Occidens vereint eine
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Landauer: Samuel Landauer, ed., Themistii in Aristotelis Metaphysicorum Librum A Paraphrasis.
Hebraice et Latine, Commentaria in Aristotelem Graeca, vol.V, part V (Berlin, 1903).

Lewin: B. Lewin, *‘Notes sur un texte de Proclus en traduction arabe’’, Orientalia Suecana, 4(1955),
101-108.

Lorch: Richard Lorch, **‘Al-Khazini’s ‘Sphere That Rotates by Itself’’’, Journal for the History of
Arabic Science, 4 (1980), 287-329.

Matthaei: C. F. Matthaei, Nemesius E: De natura hominis (Halle: J. J. Gebauer, 1802).

Pines, 1955: S. Pines, ‘‘Une version arabe de trois propositions de la Zotyelwats Georoyund)
de Proclus’’, Oriens 8 (1955), 195-203.

Pines, 1961: S. Pines, ‘‘A New Fragment of Xenocrates and Its Implications’’, Transactions of the
American Philosophical Society, N. S. 51/2 (1961).

Pingree: David Pingree, The Thousands of Abii Ma“shar (London: The Warburg Institute, 1968).
Sbath: Paul Sbath, Bibliothéque de Manuscrits, 3 vols. (Cairo: Friedrich, 1928-1934).

Storey: C. A. Storey, Persian Literature, a Bio-bibliographical Survey, Vol. 1, part 2 (London: Luzac
and Company, 1972).

Suter: Heinrich Suter, Die Math iker und Astr der Araber und ihre Werke (Leipzig: Teubner,
1900).

Telfer: William Telfer, Cyril of Jerusalem and Nemesius of Emesa, The Library of Christian Classics,
Vol. IV (Philadelphia: The Westminster Press, 1955).

Tiirker: Mubahat Tiirker, *“Yahya ibn-i “Adi’nin varliklar hakkindaki makalesi’’, Ankara Universitesi
Dil ve Tarih-Cografya Fakiiltesi Dergisi, 17 (1959), 145-157.

Ullmann: Manfred Ullmann, ‘‘Zur arabischen Uberlieferung der Disputatio de anima ad Tatianum
des Gregorios Thaumaturgos’’, Der Islam, 54 (1977), 114-117.

Van Ess: Josef van Ess, ‘“Uber einige neue Fragmente des Alexander von Aphrodisias und des Proklos
in arabischer Uhersetzung”, Der Islam, 42 (1966), 148-168.

Van Riet: Simone van Riet, ¢‘Stoicorum Veterum Fragmenta arabica’’, Mélanges d’Islamologie, volume
dédié a la mémoire de Armand Abel, sous la rédaction de P. Salmon (Leiden: Brill, 1974), pp.
254-263.

Verbeke & Moncho: G. Verbeke et J. R. Moncho, Némésius d’Emése. De Natura Hominis. Traduction
de Burgundio de Pise (Leiden: E. J. Brill, 1975).

Wied : Eilhard Wied Aufsditze zur arabischen Wissenschaft, 2 volumes (Hildesheim: Olms,
1970).

Yahya: “Uthman Yahya, ed., ‘Al-Subuf al-yinaniyya, in 4l-Kitab al-Tidhkdri: Shaykh al-Ishrdg
Shihab al-Din al-Suhrawardi ..., ed. I. B. Madkour (Cairo: Al-Hay’at al-Misriyyat al-‘amma
1i’l-kitab, 1394/1974).

Svhiriyya Catal.: Fihris makhtitat dar al-kutub al-Zahiriyya; Vol. 6, Ibrahim Khari, “Ilm el-hay’a
wa-mulhagdtuhu (Damascus, 1969). Vol. 8, “Abd al-Hamid al-Hasan, Al- Falsafa wa’l-mantiq wa-
ddab al-bahth (Damascus, 1970), Vol. 12, Muhammad Salah “Ayadi, 4l-Riyadiyyat (Damascus,
1973).
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21. Why were some things created prior to others, and why were they not created all at once?.
SERRRECES PP D NERPI I SRR ST P oS

22. Why have we said that all things are dependent on God and are realized through Him, while
we have stated elsewhere that God is realized from the various created things?

$ I gll O dl &l 0 T pdn US54 L oy JUS Bl Wil WHLEYI e O] LS
23. Why have wesaid that God cannotbe realized from a demonstration or a definition ?
?%V;bbﬂh&ﬂ?dlﬁ&lblwa
24. Why is God’s (existence) demonstrated in a negative and not a positive way ?
§ eVl gk Y A Gl ey o i o gam W Ul g
25. How does one realize the attributes of God even though He cannot be described ?
$ Cao g YOI 0y dW & Clive O ,85 aS
26. Why does every existing thing, in general, have (only) one name whereas God has many ?
€ alend e dU5 gty el 8 ST g IR0 e
27. Why is it said that some attributes of God are essential while others are not?
¢ asls gw,;lsatowwbugﬁ
28. Why does one say *‘the realization of God’’, ‘‘the realization of His unity’’, and “‘comeone
has realized God’’, but seldom does one say *‘someone knows God’’, ‘‘he knows the unity of God”’,
or ‘‘he knows ( )”’? Realization is by sense perception, while knowledge is through the intellect;

God, however, is an intelligible and not a sensible. What (then) is the difference between realization
and knowledge?

( ) fes ol fes dil pde 095 Uy L Jip il e 065 dom g3 B pme s BT S jae Iy
§ dolls Boall G G Ly o gt ¥ Jglinn Dy JAG Jally b 0455 L &l
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7. Why is the proof of the unity of God that derives from the motion of the heavens sounder than
the proof from all the other motions?
€ IS o o 0 Jiis U ol I B a5 o A BT n 0 S L s

8. Why is the evidence from the motion of the heavens for the Prime Mover, which is external to
it, greater than (the motion’s) evidence for its being natural (motion) or (motion) of a soul?

C L Sl 9 T U e WY e 5T e 1 80 2l e il 3 095 &

9. Why did the Logician determine that the motion of the heavens is natural, of a soul, and from
a mover?

€82 oo Wl B Uy T W 36 o glil] ol S g

10. Why do the Logician’s statements concerning the reason for the motion of the heavens contra-

dict one another?
§ oind Lpnan Wl ) 70 o § gl Lo Ju T 5o
11. Why have we said that some things move by themselves and other things move due to some-
thing else; and then, in the end, we assert that everything is moved by the Prime Mover?
ol o 8oz ] Lasas Of .J;Tgd_,illl;.}?r-‘a_,:;.gﬂ_,a.:.ila{.‘l.-,diigdf.b_LL«;..L_J"}HJlL‘.Li‘J
e JdL
12. How does one prove that the Prime Mover does not move in any direction?
§ Sled! o gt Dty ed J51 8l au;dxﬂﬁ
13. How does one prove that the Prime Mover is not a body?
sjr..s_mu_.ﬁtd,.uai‘ydxﬂﬁ
14. How does one prove that the Prime Mover is eternal?
¢ ST L gl o e duxy €
15. How does one prove that the Prime Mover is simple?
§ Lopy JY1 8l O Je duey
16. How does one prove that the Prime Mover is one?
$ amly Js¥ Al O o dazy
17. How does one prove that the Prime Mover is the cause of all existing things, the Creator of
all created things, and the giver of life to allliving creatures?
R TIAN] | E‘L ($ 0,5U0,) 0,8y 554l L2 C.:A- Al e oY 8l OIJ&JA:..:(:
¢ Olydl &.J- ‘é?.ll 3
18. Why have we stated that God originated something from nothing, whereas we observe that
He creates all things from what (already) exists?

S‘>,¢,15-‘_9:H;,-;,wa%u'l-u?i@eta_bm»gav@m gl l of L §

bsistent while in theology we say that

19. Why have we stated in logic that substance is self:
it subsists through the power of God ?

§ JLs @l 5ok oy LAY G sBY1 LBy anicy A6 a okl O] Goaleld sV G Uy
20. Why did God create the world and what was the reason that occasioned it?
¢l gl i Ly HLJI al ;,L-a
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it is a rather early example of an elementary text intended for teaching pur-
poses. Following Ibn Bahriz’s page-and-a-half introduction, the rest of the
work consists of a series of schematic diagrams.

Neo. 41. ff. 132b-133b. Hujaj Ubruglus allati yubarhin bihi anna al-‘ilam
abadi (Proclus’ Proofs that the Universe Is Eternal).

Edited in Badawi, 1955, pp. 34-42; see Endress, Proclus, pp. 15-18; French
translation of the first proof in Badawi, 1968, pp. 119-20.

No. 42. f. 134a,b Mas3’il Furuqlus fi al-ashya’ al-tabi‘iyya ) Questions on
Physical Matters), by Proclus.
Edited in Badawi, 1955, pp. 43-49; see Endress, Proclus, p. 26.

No. 43. ff. 135a-144b. Kitzb fi al-umiir al-ilahiyya (A Book on Theological
Matters), by Abi Ahmadb. Ishaq al-Isfizari.

Concerning the elusive al-Isfizari (fl. middle of 10th century A.D.), see
Gimaret (esp. pp. 153-163). This MS represents the only known surviving text
of the author, who is not to be confused with abi Hatim al-Muzaffar b. Isma‘il
al-Isfizari, the contemporary of Omar Khayyam mentioned by al-Khazini
in his Mizan al-Hikma (Introduction, fourth fasl, and more extensively later).
Hence a table of contents in English translation is given below, each item
followed by its Arabic original.

In the colophon the author states that he has completed this work while
awaiting unjust execution in a prison in Khuwarizm, this in spite of having
obeyed God’s command to seek the truth and to live according to it, to the
extent of his ability.

Table of Contents
1. Why do we not sense the Prime Mover, for it is stronger than that which is moved and we do
sense the thing moved?
§ 8 mally ot o 8 mall g o8l O Sy o Y LYl L
2. Why are the intelligibles more permanent and yet less accessible than the sensibles ?
PSRRI PRP-A G A (RO P
3. Why is the discussion of theological matters more difficult than that of other fields of knowledge ?
¢ ool Sl d o cnal LAY 081 3 eI Ll
4. Why is the aim of all philosophy the realization of God and the following of His commandment
and action ? .
(3.‘L\;,,_,.L!(f.tﬁyl).l@yi,&,}alu,‘.wl C:»Q;J;JL;H
5. Why is the realization of the unity of God the last step in all of philosophy, whereas God is the
first of all things ?
€Y o JT J5 Gl Bl e 1 5 Tt 0 86 e 0
6. Why is the most convincing of the indications by which one shows the way to the realization
of the Creator taken from motion?
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No. 37. ff. 119b-123a Magala fi al-radd ali Maqsimis fi tahlil al-shakl al-
thani wa’l-thalith ila al-awwal (A Treatise in Refutation of Maximus’ Reduction
of the Second and Third Figures of the Syllogism into the First), by Themistius
(author of No. 6 above, which see).

Edited in Badawi, 1947, pp. 309-325. French translation in Badawi, 1968,
pp. 166-180.

At the bottom of f. 123a is a selection from Kitdb al-Mufid by a certain
Abi “Abdallzh (the rest of the name is illegible). Possibly it is a fragment
of the Mufid al-‘ulim wa-mubid al-humam by Jamail al-Din aba “Abdallzh
Muhammad b. Ahmad al-Qazwini (see GAL, Gl, p. 499; S, p. 914).

No. 38.1f. 123b, 39bl-39bl5. Ajwibat al-mas3a’il al-warida min balad al-Shaykh
al-Fadil al-Hakim Abi al-Khayr al-Hasan b. Suwar (Answers to the questions
posed or answered by Ibn Suwar).

The author (b. 331/943) was a logician and philosopher of Baghdad who
studied under Yahyi b.°Adi. It is difficult to decide from the title whether he
has posed the questions which are here being answered, or whether he is the
respondent. It is clear from the text, however, that the person asking the ques-
tions is either ignorant of, or else wishes to challenge, basic Aristotelian notions.
Since the answers follow the standard Peripatetic formulations, it would seem
that the questions are being answered by Ibn Suwar.

There are three questions: (1) On whether fire can be both a substance
(jawhar) and a body (jism), (2) concerning the problem of the form of an element
falling under two genera, and (3) can a substance have an opposite ?

No. 39. ff. 125a-128b. Risdla fi al-madkhal ila “ilm al-mantiq (Introduction
to Logic), by Abd al-Hasan “Ali b, Ahmad al-Nasawi (author of No. 26 above,
which see).

There is a note in the beginning to the effect that this text was copied from
a copy in the hand of one of al-Nasawi’s students, to whom the work was
dictated. The work follows the normal order of the Organon and seems to be,
as the title states, an introduction to logic in much the same way that the
Tajrid (No. 26) is an introduction to geometry. There is one schematic drawing
on f. 126a. A note at the bottom of 128b discusses the ‘“‘universal intellect”
and the “world soul”’.

No. 40. ff. 129a-132a. Kitib taqyid hudiid al-mantiq allati wada®a Aristatalis
al-faylasif (A book Setting Forth the Definitions of Logic Established by
Aristotle the Philosopher), compiled by “Abd Yashii® b. Bahriz, archbishop
of Mosul during the reign of the Caliph al-Ma’min (see GCAL, vol. 2, pp.
119-120).

We are told in the introductory sentences that this work was compiled
for the Caliph al-Ma’miin in order to aid in the understanding and memorization
of the basic definitions and classifications of logic. As such, it seems clear that
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Edited in Badawi, 1947, p. 283; see Dietrich, p. 94, and Van Ess, p. 150;
French translation in Badawi, 1968, pp. 145-6.

No. 31. f. 114a. Magala fi anna al-quwwat al-wihida yumkin an takiin qzbila
li’l-addad jami‘an ‘ald ra’y Aristatalis (A Treatise to the Effect that It Is
Possible for One Faculty to Receive Simultaneously Opposite Stimuli, accord-
ing to the Opinion of Aristotle), by Alexander of Aphrodisias.

Edited in Badawi, 1947, pp. 284-5; see Dietrich, p.95, and Van Ess, p. 150;
French translation in Badawi, 1968, pp. 147-8.

No. 32. f. 114a,b. Magala fi anna al-mukawwan idhi istahil min adamihi
istahal min diddihi aydan ma‘an “alara’y Aristatalis (A treatise to the Effect that
the Generated Being, when It Is Transformed from Non-existence, Is also
Transformed from Its Opposite Simultaneously, according to the opinion of
Aristotle), by Alexander of Aphrodisias.

Edited in Badawi, 1947, pp. 286-8; see Dietrich, p. 95, and Van Ess, pp.
150-1; French translation in Badawi, 1968, pp. 149-50.

No. 33. f. 114b. Magqala fi al-stira wa-annahi tamim al-haraka wa-kamaluh3i
alara’y Aristi (A Treatise to the Effect that the Form Is the Completion and
Perfection of Motion, according to the opinion of Aristotle), by Alexander of
Aphrodisias.

Edited in Badawi, 1947, pp. 289-90; see Dietrich, p. 95; French translation
in Badawi, 1968, pp. 151-2.

No. 34. f. 115a. Magala fi ithbat al-suwar al-riihaniyyat allati 13 haytla
lahi (A Treatise on the Establishment of the Spiritual Forms Which Are Devoid
of Matter), by Proclus.

Edited in Badawi, 1947, pp. 291-2; also in Endress, Proclus, with German
translation and study, pp. 12-18, 260-266; see Dietrich, p.95. Pines, 1955,
and Lewin, have pointed out that this treatise, in the MS attributed to Alexan-
der, is actually Propositions 15-17 of Proclus’ The Elements of Theology.

No. 35. . 115a,b. Magala fi anna al-fi°l a°amm min al-haraka “ald ra’y Aristi
(A Treatise to the Effect that Action Is More Comprehensive than Motion,
according to the opinion of Aristotle), by Alexander of Aphrodisias.

Edited in Badawi, 1947, pp. 293-4; see Dietrich, p. 95; French translation
in Badawi, 1968, pp. 153-154.

No. 36. ff. 115b-119a. Magala fi anna al-fusil allati biha yuqassam jins min
al-ajnas ... (A Treatise to the Effect that the Characteristics by which One
Genus Is Distinguished from Another ....), by Alexander of Aphrodisias.

Edited in Badawi, 1947, pp. 295-308, see Dietrich, p. 96; French translation
in Badawi, 1968, pp. 155-165. There are glosses by Abii Bishr Matti b. Yiinus.



A DESCRIPTION OF ZAHIRIYYA 4871 101

this is difficult to read, but it is well worth translation in extenso. Apparently
the scientist was a well-to-do citizen of Rayy (near modern Tehran) who kept
open house for students who came to study under him.He would sit, surrounded
by books, to consult when callers asked questions. When thirsty he pulled
on arope, at the end of which was a jug. There Avicenna visited him, to consult
about the Qanin; also another savant, whose name defies reading.

The following eleven treatises (with the exception of No. 34) areby the
third-century Peripatetic philosopher Alexander of Aphrodisias. For a discus-

sion and bibliography of the Arabic Alexander, see G. Strohmaier’s article
“Al-Iskandar al-Afradisi” in EI2, vol. 4, pp- 129-130.

No. 27. ff. 107b-112b. Magqala fi al-qawl fi mabidi’ al-kull bi-hasab ra’y
Aristitalis (A Treatise on the Doctrine Concerning the Principles of the Uni-
verse According to the Opinion of Aristotle), by Alexander of Aphrodisias.

Edited in Badawi, 1947, pp. 253-277. There are other MS copies; for a
bibliography, see Dietrich, p. 93, and Van Ess, p. 150. A French translation
isin Badawt, 1968, pp. 121-139.

At the bottom of f. 112b are short quotations from al-Kindi, Ibn al-Tayyib
and Thabit b. Qurra.

No. 28. f. 113a. Hal al-mutaharrik °ala “izam m3i yataharrak fi awwal
harakatihi ald awwal juz’ minhu am 13 ? (For an object moving along a given
distance, does it move, at the beginning of its motion, along the first part
(of the given distance) or not ?), by Alexander of Aphrodisias.

Edited in Badawi, 1947, pp. 278-9; see Dietrich, p. 94; French translation
in Badawi, 1968, pp. 140-141.

No. 28a. f. 113a,b. “An qawl Aristatalis fi kitab al-nafs: inna al-hayawin
al-kulli... (On the Doctrine of Aristotle in De anima that the Universal Living
Creature ....), by Alexander of Aphrodisias.

Edited in Badawi, 1947, pp. 279-80; see Dietrich, p. 94; French translation
in Badawi, 1968, pp. 141-142. In the MS, this treatise appears as part of the
preceding work.

No. 29. f. 113b. Magalafi al-radd °als Ks (in) qratis fi anna al-sira qabl
al-jins ... (A Treatise in Refutation of Xenocrates’ (assertion) that Species
Precedes Genus...), by Alexander of Aphrodisias.

Edited in Badawi, 1947, pp. 281-2; see Dietrich, p. 94. French translation
in Badawi, 1968, pp. 143-4; English translation and study in Pines, 1961.

No. 30. f. 113b. Magala fi annahu qad yumkin an yaltadhdh al-multadhdh
wa-yahzan ma‘an ald ra’y Aristi(A Treatise to the Effect that It Is Possible
that the Happy (individual) Be Simultaneously Happy and Sad, according
to the opinion of Aristotle), by Alexander of Aphrodisias.
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thelength of the Prophet’slife, the fall of the Persian empire, rise of the “Abba-
sid dynasty, and so on. Professor David Pingree remarks that this document

utilizes not only inferences from conjunctions, but also the concepts of intiha’
and gisma.

No. 26. ff. 86a-106b, 145a. Kitib al-tajrid fi usil al-handasa (An Epitome
of the Elements of Geometry) by AbiG al-Hasan °Ali b. Ahmad al-Nasawi
(fl. 5/11th century).

The book is dedicated to a certain Imam al-Murtadi al-Fakhr b. abi al-
Hasan al-Mutahhar b. Sayyid al-Zaki Dhi al-Hasabayn b. abi al-Qasm (7).
Itis a textbook for beginners in geometry. In the colophon the author suggests
that students who have completed his book may then turn to the Elements
of Euclid.

The book consists of an introduction and seven treatises (maqalat); within
the treatises propositions or sections are numbered in the margin.

Treatise 1 (f. 86b): definitions of geometric entities — point, line, surface,
etc. There are theorems involving intersecting lines, parallels, and triangles;
in particular the Pythagorean Theorem.

Treatise 2 (f. 90a) : seems to be an introduction to geometric algebra,
involving the representation of arithmetic operations by geometric figures.

Treatise 3 (f. 91a) : introduces circles and theorems invelving chords,
tangents, inscribed angles, and such-like.

Treatise 4 (f. 94a): involves polygons inscribed in or circumscribed about
a circle.

Treatise 5 (f. 95b): is on the theory of proportions, including combined
ratios.

Treatise 6 (f. 99a) : deals with similar figures and their properties, especially
triangles.

Treatise 7 (f. 103a): introduces solid geometry, including considerable
material on the properties of spheres.

The colophon (f. 145a) recommends that one who seeks further enlighten-
ment may study the author’s Kitib al-balagh, a commentary on Euclid’s
Elements. This copy of the Tajrid was completed in the last part of Dhi al-
Qa‘da, 557/ November, 1162.

The book seems not to be of fundamental 1mportance Nevertheless its
contents should be studied in detail. Mr. Mustafa Mawaldi, of the Institute for
the History of Arabic Science, University of Aleppo, is preparing a critical
edition of the Tajrid.

(Cf. GAS, vol. 5, pp. 345-8, which has other references).

Al-Nasawi’s Life-Style
The lower part of f. 145a is taken up with a paragraph of recollections by
a certain judge, al-Sanawbari, about al-Nasawi, his life and times. Much of
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No. 20. f. 82a19-82b. Jawib Abi al-Wafi> Muhammad b. Muhammad al-
Biizjani “amm3 sa’alahu al-Faqih Abii °Ali al-Hasan b. Harith al-Hubtibi
(The Answer of Ab{i al-Wafia’ Muhammad b. Muhammad al-Biizjani to a Ques-
tion Put Him by the Jurist Abi €Ali al-Hasan b. Harith al-Hubibji).

This text has been published in facsimile in Kennedy & Mawaldi, together
with a paraphrase using modern symbols and a commentary. In it the famous
scientist Abi al-Wafa’ (328/940-387/997) was challenged by al-Hubibi to
produce and prove a rule for calculating the area of a triangle in terms of its
sides. He gives in fact three such rules, none identical with the well-known
“Heron’s Rule”, but all, of course, equivalent to it.

No. 21. f. 83a. Risala fi istikhraj samt al-gibla (A Paper on extracting the
Direction of Prayer) by Nasr b. “Abdallah (al-©Azizi, fl. 4/10th century, see
GAS,vol.5,p. 314; vol. 6, p. 208) the Geometer (muhandis).

The author’s method avoids the difficulties of trigonometric computation
by plotting the coordinates of Mecca and the locality in question upon a
physical hemisphere, the base of which is the local horizon - plane. Then the
required azimuth is constructed.

No. 22. f. 83b. Al-burkin °ali arna al-falak laysa huwa fi ghayat al-safa’
(A Proof that the Heavens Are Not Completely Transparent), by Abt Sad
al-°Al3’ b. Sahl (the author of No. 19 above, which see) .

There is a reference to the fifth treatise of Ptolemy’s Optics. The treatise
has four figures. In the colophon is a remark to the effect that this version
was copied from a copy made from a copyin the hand of Ibn al-Haytham.

No. 23. f. 84a. A page of quotations from Aristotle, Hippocrates, Galen,
Ptolemy, Apollonius (Balinas), and Plato.

No. 24. . 84b. Al-Adab al-saghir (The Small (Treatise on) Good Manners).

Despite the title, this page of apherisms does not correspond to Ibn al-
Mugaffa®’s well-known and oft-printed work (cf. GAL, Sl, p. 233). But as M.
Kurd °Ali has pointed out, this work does contain many of the same sayings
to be found in the text of a Cairo MS called Kitab al-Adab. This latter work,
which is likewise attributed to Ibn al-Muqaffa®, was published in Kurd °Ali,
Rasa@’il (second edition, p. 118). In subsequent editions those additional sayings
from the Zihiriyya MS (some 70 in all) were published as a supplement. A
selection of them can also be found in Kurd “Ali, Makhti.

No. 25. f. 85a. This is the last page only, including a colophon, of an astro-
logical work by a certain al-Razi.

It is evidently another example of the category of world histories based
on Jupiter-Saturn conjunctions (see e.g. Pingree). This one is centered on the
rise of Islam, establishing correlations between astrological indications and
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The full name of the author (d. 379/990) was Ab@i Hamid Ahmad b. Muham-
mad al-Saghani, see GAS, vol. 5, p. 311; vol. 6, p. 217, which spells it Saghani
and which gives other references. This is another example of a category of
astronomical writing which commenced with Ptolemy’s “Planetary Hypo-
theses” and which was carried on by Kiishyar, Ibn al-Shitir, al-Kashi, and
others (see Goldstein & Swerdlow).

Al-Saghani’s paper has three chapters: the first is an introduction, the second
is on planetary distances, the third on planetary magnitudes. He refers to a
book by Thabit (b. Qurra) and to one by Abii Ja®far Muhammad b. al-Husayn
(cf. Suter, p. 80) thus increasing by one the writings ascribed to the latter.

No.17. f. 80a,b. Risila Mahmid ibn abi al-Qasim al-tajir fi al-ihtiyal Li-
ma‘rifa miqdirayn min al-dhahab w’al-fidda fi jism murakkab (A Paper by
Mahmid b. abi al-Qisim the Merchant on the Determination of the Amounts
of Gold and Silver in an Alloy) .

‘Who Mahmiid b. Abi al-Qasim was we have not a clue.This treatise, however,
is a work of “Umar al-Khayyim and has been printed and translated several
times. The treatise (or parts of it) either occurs separately (as here) or as part
of al-Khazini’s Mizan al-Hikma (Hyderabad, 1359 H., 87,55 — 92,5). It should
be noted that there are a number of variations between our copy and other
versions, particularly in the beginning. (For the complete bibliography, see
Youschkevitch and Rosenfeld’s article “Al-Khayyami”, DSB, vol. 7, p. 332).

No. 18. f. 80b. Mas’ala handasiyya ((two) Geometric Problem(s)). Anony-
mous, (two figures) .

The author first announces and proves the trivial theorem: in any right
triangle the diameter of the incircle is the excess of the sum of the two legs
over the hypotenuse.

He then proves that for any triangle the diameter of the incircle is equal
to the area divided by the perimeter. In so doing he uses a theorem he attributes
to the Banii Miisi to the effect that the area of a triangle is the product of the
semiperimeter times the inradius. He also states that the area of a triangle
can be calculated in terms of its sides, thus assuming knowledge of Heron’s
Theorem or its equivalent (see No. 20 below).

No. 19. ff. 81a-82a. Risila fi al-alat al-muhriga (A Paper on the Burning
Instrument) by Abi Sa°d al-Ala’ b. Sahl (The author of No. 22 below, 5 figures).

According to Sezgin (in GAS, vol. 5, pp. 341-2; vol. 6, pp. 232-3) the author
lived in the 4/10th century, but no reference names this particular treatise.

The problem posed is to construct a device to burn an object from a given
distance, either by refraction (yanfudhu) or reflection. However, in the discus-
sion only reflection is discussed. A parabola is mentioned, so that the contriv-

ance is no doubt a parabolic mirror. Most of the text consists of geometric
proofs.
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Question 15, a solar eclipse.

Question 16, a matter concerning the king.

Questions 17 and 18, the rise or fall of a price (f. 75b).

Question 19, on encountering the enemy at the beginning of a war.

We find no mention in the literature of a work of this sort attributed to
Khayyam, see e.g. DSB, vol.7, pp. 323-334.

No. 12. f. 75b. San‘at al-ilat al-zamriyya li-Iliytis al-Hakim (Construction
of the Whistling Instrument by Iliyts the Sage).

The device is illustrated by a complicated, poorly drawn figure, which
with the explanatory text, takes up only half of a page. The mechanism is
water driven and involves a gear train, valves, levers, and two pierced floats
(tarjahara).

The author’s name is probably a mistranscription of Abulinis (only a slight
emendation is needed). The text is a short account of the “fluting machine” -
described in a treatise on musical automata ascribed to ‘“Apollonius the
Carpenter”. For MSS of this, see GAS, vol. 5, p. 143, and Hill, pp.15-16. Wiede-
mann, II, pp. 50-57, gives a German translation of the part on the * fluting
machine”.

No.13. f. 76a. “‘Amal ila li-giyas al-kaw3kib al-thabita (Construction of an
Instrument for Taking Measurements of the Fixed Stars). Anonymous.

From a drawing it seems that the device is simply a vertical, circular pro-
tractor equipped with an alidade for taking altitudes.

No. 14. ff. 76b-77a. Na°mal ila yu‘lam bih3 “amiid kull jabal wa-til kull
ha’it wa-irtifa kull shay’ aradnihu (We construct an instrument for determin-
ing the height of any mountain, the length of any wall, or the altidude of
anything desired). Anonymous.

There are four simple drawings. The material seems to consist of applica-
tions of elementary geometry.

No. 15. ff. 77a-78a. “Amal al-sandiq li’l-sa“at (Operation of the Hour Box).
Anonymous.

On f. 77b are two simple drawings; on f. 78a eight drawings of details plus
one (or two) crude but very complicated representations of the whole apparatus.
It is apparently water driven .There are twelve small metallic spheres, one
for each hour, presumably to be dropped at appropriate instants. There is a
semicircular dial containing the names of the zodiacal signs, perhaps to make
arrangements for the seasonal hours.

No. 16. ff. 78b-79b. Magqilat al-Saghani fi al-ab°ad wa’l-ajram (Al-Saghini’s
Treatise on (Planetary) Sizes and Distances).



96 JAMIL RAGEP AND E.S. KENNEDY

The device it describes consists of a celestial sphere set down halfway
through the top of a chest so that the top corresponds to the horizon plane
for the locality. The sphere is caused to rotate about its polar axis with the
speed of the daily rotation. It is driven by means of a weight which rests on a
slowly sinking surface of sand.

The sphere thus reproduces quantitatively the situation on the celestial
sphere in the course of each twenty-four hours. Hence problems may be solved
by direct measurement on it.

No. 11. ff. 74b-75b. Mas3’il nujimiyya, azunnuhi min kalam “Umar al-
Khayyami (Astrological inquiries which I take to be from the work of ‘Umar
Khayyam (d. c. 517/1123).

This curious document consists of a set of nineteen questions, presumably
addressed to some astrologer. For each, a horoscope has allegedly been cast
from which predictions are to be inferred . As an example we give Question 2
in full. Each (except Question 13) has a response written out. What is peculiar
isthat every single one of the responses is a demonstration that the configuration
described is astronomically impossible. For instance the position of a superior
planet in its epicycle may be incompatible with the stated solar position.
Has this set been compiled to entrap incompetent astrologers? Cf. No.9
above.

Question 1, concerning an impending difficulty.

Question 2. The commander of a certain army has drawn up his troops
in the face of the enemy. The moon is near the first of the (lunar) month. The
two luminaries are in the seventh locus, in auspicious aspect with Venus,
which is in the fifth locus, with Jupiter. The horoscope is in Cancer, in a pro-
pitious situation, except that the moon is in its deferent apogee opposite
Jupiter, in its epicyclic perigee, whereas Mars is ascending in its epicycle in
the seventh locus. Will the general be victorious or not ?

Question 3, concerning a prospective journey.

Question 4, concerning a prisoner, will he be released ?

Question 5, a runaway slave, will he be recovered ?

Question 6, concerning rain.

Question 7, a nativity.

Questions 8 and 9, on insanity (?) (f. 75a).

Question 10, concerning love.

Question 11, on an enthronement.

Question 12, another nativity.

Question 13, a marriage .

Question 14, on an impending birth.
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Problem 15. If the descending node is the nativity kadkhudd, does this
decrease the length of life (f. 70a)?

Problem 16. A topic involving the intiha’.

Problem 17. If the indicators at the year-transfer are the indicators for the
first month of the year, ... (f. 70b) ?

Problem 18. If the tasyir ends at the ascendant, or if ....?

Problem 19. In an interrogation, determine the mubtazz.

Problem 20. Action upon being interrogated simultaneously concerning
two affairs (f. 71a).

Problem 21. What if the domicile of the request is split between two signs...?

Problem 22. What if a client asks about about a journey and you do not
know his nativity ?

Problem 23. A client inquires about undertaking a raid (ghazw), and the
horoscope which is the indicator ...

Problem 24. If the choice indicated by the indicators is maleficent (?),
and ... (f. 71b).

Problem 25. An inquiry about sickness (f. 72a).

Problem 26. If the moon is eclipsed in Aquarius, and Saturn is in Pisces in
its domicile, and ...

Problem 27. At a locality of latitude 16°, what is the length of daylight if
the solar altitude is 90° (f. 72a) ?

Problem 28. This is a quotation from the poet Dhi al-Rumma involving
the Pleiades. Question: what is the latitude of the poet’s locality ?

Problem 29. Determine the height of a tree or a wall.

Problem 30. Find the shortest distance between two localities by the best
method in the zij.

The colophon gives the date of copying as the latter part of Ramadan,
555 / the early part of October, 1160.

(For other MSS, see GAL, Gl, p. 233; SI, p. 399, also according to the cata-
logue prepared by D. A. King: Cairo, Dar al-kutub, Miqat 447,1.)

No. 10. ff. 73a-74a. Maqala 1i’l-Khazini (text: al-Khazimi) fi ittikhadh kura
tadir bidhatiha bi-haraka musawiya li-harakat al-falak wa-ma°“rifat al-°amal
biha sikina wa-mutaharrika (A Treatise by al-Khazini (fl. 520/1126) On
Constructing a Sphere That Rotates by Itself with a Motion Equal to the
Motion of the Heavens, and Instructions for Its Use, Both at Rest and in
Motion).

The author’s full name is Aba al-Fath Abd al-Rahman al-Khazini (DSB,
vol. 7, p. 335). This work is published in Lorch with translation and commentary.
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states that the astrological profession is plagued by ignoramuses who should
have no right to practise. He therefore propounds a set of thirty problems,
together with their solutions, three for each of the ten branches of the
discipline.
He divides the art of judgments (ahkam) into the following categories:
1. That having to do with the fate of the universe:year-transfers, eclipses,
conjunctions, etc.
2. Everything concerning nativities: the hayldj, the kadkhuda, etc.
3. Year-transfer of the nativity, the intihd’at, the lord of the year
(salkhuda), ete.
4. Interrogations.
5. Choices (ikhtiyarat).
The author requests that the Amir not divulge the contents to any save
qualificd persons, lest the ignorant take to learning the answers by heart and
it become impossible to distinguish the learned from the charlatan.

Problem 1. Why does the moon not retrodgrade (f. 67b) ?

Problem 2. Why are Mercury and Venus never eclipsed ?

Problem 3. Why is there zero duration of totality for a solar eclipse ?
Problem 4. Calculate a value of the solar equation without a table (f. 68a).
Problem 5. Determine the latitude of a locality on a cloudy day.

Problem 6. Determine the solar true and mean longitudes at given time, and
the solar equation, there being no observational instrument at hand.

Problem 7. Is it possible to take (celestial) altitudes with an astrolabe on a
cloudy day (f. 68b) ?

Problem 8. Is it possible to make an instrument to measure the magnitude
of an eclipse or the portion of the moon’s face which is illuminated ?
Problem 9. Given a local latitude, inscribe certain curves on an astrolabe

plate (f. 69a).

Problem 10. Suppose a solar eclipse, visible in one locality, invisible in
another, is taking place at the instant horoscopes are cast in the two localities.
What are the astrological implications ?

Problem 11. Why are judgments for a year taken from the entry of the sun
into Aries, and why are judgments not taken for months at the instants of
entry of the sun into the signs ?

Problem 12. How are the lots to be calculated for a nativity?

Problem 13. How can the horoscope be verified by use of the nimidar
(f. 69b)?

Problem 14. A topic involving the hayldj.



A DESCRIPTION OF ZAHIRIYYA 4871 93

This fragment consisting of Chapter 1 and part of Chapter 2 of Themistius’
(fourth century A.D.) commentary/paraphrase of Book A of Aristotle’s Meta-
physics has been edited from this copy by Badawi 1947, pp. 329 - 333. The
Greek original is not extant, but the Hebrew translation from the Arabic and
the Latin translation from the Hebrew have both been edited by Landauer.

Themistius spent most of his life in Constantinople as a politician and phi-
losopher. He wrote paraphrases and commentaries on the works of Aristotle
and Plato, many of which were translated into Arabic (DSB, vol. 13, pp.
307-309).

No. 7. ff. 39bl6 - 39b34, 39a; 124a - 124b. Magalat al - Shaykh Abi Zakariyya
Yahya b. “Adi fi maintaza®ahu min kitab al-sama® al-tabi®i wa-ghayrihi li-Arista
(A treatise by Abii Zakariyya Yahya b. “Adi concerning what he has extracted
from the Physics and other (works) of Aristotle).

The text of this essay by the celebrated logician of Baghdad (d.c. 975,
GAL,Gl,p. 207; S1, pp.342, 370) has been edited by Tirker, based on MS Istanbul
Universite Kiitiiphanesi ar. 1458, ff. 106a-108a. Endress (Yahyd, pp. 66-67)
lists other MSS.

No. 8. ff. 63b-66a. An untitled set of topics on astronomy, by one Muhammad
b. Manstir al- Marwazi having the kunya Abii “Abdallah (cf. GAS, vol. 6, p.191).

There are thirteen routine questions, with answers, involving spherical
astronomy. E.g.: in two localities of different latitude, the sums of the meridian
altitudes of the first points of Capricorn and Cancer are the same. What is the
latitude of each locality ?

There follows a paragraph of problems on eclipses, without answers. The
first question asks for the difference in immersion of a lunar eclipse as a function
of local latitude. Either this is a trick question or the propounder was ignorant,
for any lunar eclipse presents the same appearance at all locations.

The concluding paragraph is of questions concerning first visibility of the
lunar crescent. The author seems to have commenced an explanation which
terminates unfinished, followed by the colophon.

On f. 66a, written in vertical lines in the lower half of the folio, is a list of the
“middle books” is astronomy, these to be studied before the Almagest but
after Euclid’s Elements.

No.9.ff.66b-72 a. Risila “Abd al-°Azizb. “Uthman al-Qabisi al-munajjim
ild al-amir Sayf al-Dawla, fi imtihan al-munajjimin mimman huwa muttasim
bi-hidhi al-ism (A letter by the astrologer al-Qabisi (d.356/967) to the prince
Sayf al-Dawla, “On Putting to the Test Those Who are Called Astrologers™).

Al-Qabisi (DSB, vol. 11, p. 226; GAS, vol. 6, pp. 208-210) addresses this to
the Hamdinid governor of Aleppo. In a long-winded introduction the author
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Patrologia graeca, X, col. 1137-1146). Gitje has edited two Arabic versions
of the work (pp. 95-129) from several MSS. This copy, which he has not used
in his edition, corresponds to what he calls the “longer version”, though there
are some textual differences.

Ullmann has recently described another copy of the longer version that
occurs in a Lisbon MS (Academia das Ciéncias de Lishoa, Arabic MS V. 292,
60bl1-63b) and has listed a substantial number of variations from Gitje’s text.

For further bibliographical details cencerning other editions and trans-
lations of this work, see Gatje (pp. 54-62) and Ullmann.

No. 4. ff. 21a- 35a. Kitab al-Fawz (The Book of Attainment), by Aba
°Ali Ahmad b. Muhammad Miskawayh (d. 421/1030).

This work is not the Kitab al- Fawz al-akbar (The Larger Book of Attain-
ment), which Miskawayh promises to resume at the conclusion of the text;
rather, it is the Kitab al- Fawz al-asghar (The Smaller Book...), which has been
printed twice: once in Beirut (1319/1901), and once in Cairo (1325/1907).
Concerning the other writings of Miskawayh, see GAL, Gl, p. 342; S, p. 582.

No. 5. ff. 36a-37b, 40a-62a. Hidha Kitab Ghargharyis usquf Nasa al-ma°rif
bi-Kitab al-Abwab fi tabiat al-insin wa-hiya thalatha wa-arbatn bab (This
is the book by Gregory, the Bishop of Nyssa, known as the “Book of Chapters
on the Nature of Man’’ (consisting of) 43 chapters.)

This work, De natura hominis, is not by the well-known Saint Gregory of
Nyssa, but by his rather lesser known contemporary Nemesius of Emesa
(fl. fourth century A.D.). (For details of how this misidentification occurred,
see Telfer,pp. 203, 216-17). The edition of the Greek text is due to Matthaei
(veprinted in Migne’s Patrologia graeca, XL, col. 503-818), and the work has
been translated into various languages. In particular, we should mention the
English translation by Telfer and the recent edition of the Latin translation
(due to Burgundio of Pisa) by Verbeke & Moncho (both of which see for infor-
mation concerning Nemesius and for bibliography).

The Arabic text has not been handled with similar scholarly enthusiasm;
it has yet to be edited. The translation is apparently due to Ishiq b. Hunayn
(see Van Riet, p. 255). This attribution does not occur in our particular MS.
Van Riet has recently called attention to the need for a critical edition of the
Abwab, arguing that it contains important information on the transmission
of Stoic ideas to Islamic civilization.

For other MSS, see GCAL, 11, 130; also Van Riet, p.255. For the table
of contents, see the description by Sbath (MS 1010, vol. 2, pp. 128-9).

No. 6. f. 38a,b. Magalat al-lim. Sharh Thamistyiis, tarjamahu Ishaq b.
Hunayn (Book A Commentary by Themistius, translated by Ishaq b. Hunayn).
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And finally, back on f. 36a, a note states that in Muharram 1292 / February
1875 it was bought by Abi al-Hasan b. al-Sayyid Muhammad Ridwan al-
Khurasani al-Mashhadi, from the estate of the “Sultan of India”, the purchaser
being a teacher in the shrine of the Imam Rida at Meshed in northeastern
Iran.

The owner named in the next to the last paragraph above appears to have
been a great - grandson of Muhammad Shih, the Mughal emperor (Storey,
p- 1133, where his name and genealogy are given as Mirza M. H-Sh. b. Mirza
M. Kambakhsh Bahadur b. Mirza M. Sulaimin-Shukoh b. M. Shih).

Thus Zahiriyya 4871 has an illustrious span: in time extending over seven
centuries, and in space from Turkey in the west to India in the east, finally
returning to safe haven in Damascus,.

5. The Contents

No. 1.f. 5a-6b, 1a-4b. Al-Subuf. In other manuscripts the title is Al-Sufuf
al-Yananiyya (The Greek Epistles), Anonymous.

(A part of the first chapter Al-Sahifat al-gharrd’ is lost; f. 5al corresponds
to p. 333.3 of Yahya’s edition .This disarranged copy is otherwise complete.)

This work of ethical exhortation has recently been published by “Uthmin
Yahya (pp. 319-389), who claims that it had an indirect influence on Shihab
al-Din al-Suhrawardi. Yahya used only MS Aya Sofya 2144 (ff. 65b-89a) for
his edition, though other copies exist: Aya Sofya 2460,2 and Chester Beatty
4819,1 (ff. 1-16). Kurd “Ali, Makhtit, states that another copy of the work
exists in the Zahiriyya, but we have been unable to confirm this. The same
volume of the same journal (pp. 41-43) contains an extract from this work

(“Fi mukhitabat al-ghaniy”).

No. 2. ff. 7Tb -19a. Al-Ara’ al-tabiiyya allati tarda biha al-falasifa (Opinions
on Natural Philosophy Accepted by the Philosophers).

This is the translation by Qusta b. Liiqa (ca. 205/820-300/912) of the
Placita philosophorum. The work had usually been attributed to Plutarch
until Diels in his Doxographi graeci (1879) showed it to have been composed
by a certain Aétius (1st or 2nd century A.D.).

Badawi, 1954 (pp. 89-188) originally published the work using this single
manuscript. The excellent edition by Daiber, which includes a German trans-
lation and commentary, makes use of several other manuscripts.

No. 3. ff. 19b - 20b. Nuskhat al-sab°at abwib allati wa Ja®aha al-Hakim fi
sifat al-nafs (A copy of “The Seven Chapters Set Forth by the Philosopher
on the Character of the Soul”).

According to Gitje, this pseudo-Aristotelian work is a rather free translation
of the Syriac version of the Aéyoc xeparaddne mepi Juyiic mwpdc Tamavéy by Gre-
gorios Thaumaturgos (3rd century A. D.) (edition of the Greek textin Migne’s
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But at present the page on the right is blank, and there are only forty-there
treatises in the volume. Evidently about half of the original has vanished,
and the remaining folia have been rebound, out of order, for presumably f.
36a was the original title page.

That Baghdad was the place of origin is clear from the fact that the colo-
phons of several treatises (e. g. Nos. 2, 4, and 19) give it as the place of copying.

Another note indicates that in the year 550/1155 a certain Haykal b.
Fadlallah al-Hilli of Baghdad examined the volume, and a third states that
in Sha®ban 777 / January 1376 it was purchased by Ahmad b. Hasan al-
Marha al-Alawi for thirty dinars.

The name of a subsequent owner, Ali b. Ali b. Husayn b. al-Jammil
al-Jahiri appears four times, thrice on f. 36a, and once on f. 107a, associated
with the date 825 /1422.

A note on f. 85b states that a certain Ahmad b. Hasan b. Hasan b. Hikim
examined the manuscript in the year 856/1452.

The names of four additional readers appear, but without dates. They
are:

1. Ahmad b. Ma“rif b. Khalifa b. Malik

2. Isma‘ilb. Muhammad b. Ism3°il al-Juwayni
(named on ff. 36a and 85b)

3. Muhammad b. °Ali b. Jahir b. al-Jamma3l (the son of °Ali...
al-Jahiri ?)

4. Muhammad al-H:jazi

Thus far no evidence has been exhibited of its having left Baghdad, but
one of the inseriptions on f. 36a, dated 13 Jumada I,919 / 17 July 1513, cites
an owner in Constantinople, “Abd al-Rahman b. °Ali b. al-Mu’ayyad, a Hanafi
jurist (GAL, G2, pp. 209, 227-8; S2, p. 319) .

On the same folio a further displacement is indicated by a remark that
Abt al-Fath Muhammad b. Abd al-Salam, the Malikite mufti, presumably of
Damascus, borrowed the book in 943/1536. The new location is confirmed by
a statement that Ma®rif b. Ahmad b. “Umar purchased it in Damascus in
the year given above. The volume changed hands again in 1075 /1665, still
in Damascus, when Ibrahim Amin al-Fatawi bought it from the estate of
Anis Effendi. Another owner, in 1113/1701, was Muhammad T43j al-Din b.
°Abd al-Husayn al-Qal‘1 (f. 36a).

The last four dates given above are all from f. 36a. However, on the present
title page, f. la (hence written after the volume was rebound) is a statement
to the effect that on 9 Shawwal 1238 / 19 June 1823 the book was placed in
the library (Persian kitabkhana) of Mirza Muhammad (?) Kay Haydar-Shukoh
Bahadur.
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only one folio has survived, the total given, 14ff., can be used to estimate the
length of the non-extant complete Arabic text of Themistius’ commentary.

In the instances listed below in chronological order the scribe has given
dates, hence some information concerning the original order of the treatises.
When part or all of a work appears on a folio belonging to one which is dated,
approximately the same date applies to both.

Pl Title Date Folio Remarks
5 De natura hominis 550/1155 36a
(al-Abwab)
9 Imtikan al-mungjjimin Beginning of Ramadan, 72a | Same date for No. 8
555/September, 1160
39 Al-Madkhal ilg ilm Dha al-Hijja, 556/ 128b | Copied in one evening
al-mantiq October, 1161
2 Placita (al-Ara’) Beginning of Muharram, 557/ 19a | Same date for No. 3
December, 1161
4 Kitgb al- Fawz Beginning of Muharram, 557/ 35a
December, 1161
5 Probably includes
36 *s al-Fugil End of Rabic I, 557 119
Alexander’s al-Fugil e I:”[arcli, 1116'2 / a Nos. 28-35
37 Maximus Beginning of Rabi® 123a | Probably includes
II, 557/March, 1162 Nos. 38 and 7
26 Tajrid End of Dhii al-Qa‘da, 557/ 145a
November, 1162
21 | Sam:t al-gibla 557/1162 83a | Probably same date
for No. 22
40 Taqyid hudid al-mantiq | 557/1162 1322 | Perhaps should follow
No. 39; same
date as No. 41.
27 | Alexander’s Mabidi’ Dhi al-Qa‘da, 558/ 112b
al-kull QOctober, 1163

So the copying of the collection spanned at least eight years, suggesting
that it may have been done by the owner, slowly obtaining access to works
he wished to have for himself.

4. History of the Manuscript

F.36a, the title page of al-Abwab, is covered with over a dozen annotations
in various hands (cf. Jahiriyya Catal., vol. 8, pp. 5-7). One of these states that,
“This collection contains eighty works. The table of contents is on your right”.
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The second category is sharper, involving the exact sciences and technology,
subdivided further into: mathematies (Nos. 18, 20, and 26), astronomy and
astrology (Nos. 8, 9, 11, 16, 21, and 25), instruments (Nos. 10, and 12-15),
optics (Nos. 19 and 22), and specific gravity (No.17).

All the works are from the awa’il (or, as some Muslims called them, the
“foreign”’) sciences. Of those from the exact sciences, none are of fundamental
importance, although several are of considerable interest. Some are of a
preparatory nature. Thus, al-Nasawi’s two works (Nos. 26 and 39) are introduc-
tions to geometry and logic, and Ibn Bahriz states that his (No. 40) is to aid
the student with the basic terminology oflogic.

It looks as though the collection were assembled on behalf of a person
whose primary or professional interests were humanistic, but who desired
also a speaking acquaintance with scientific matters. This notion is reinforced
by the fact that at least two of the people whose names appear on the title
page were jurists.

3. The Manuscript and the Copyist

At present the volume has 146 folios, 17 X26 cm., badly preserved, with
ragged edges and some holes. There are usually 39 to 41 lines per page, although
sometimes as many as 46. The hand is a cramped but legible naskh, frequently
with dots left out, and normally no vocalization. Margins are narrow; the
scribe squeezed in maximum words per page.

Although there is some variation in the handwriting, we believe the entire
manuscript should be attributed to the same anonymous copyist, resident
in Baghdad. He was conscientious, inserting numerous marginal corrections,
and collating twelve of the surviving forty-three treatises (Nos. 1-5, 9, 11, 27,
31, 36, 37, and 41) with other copies. In the colophons of Nos. 4, 9, 21, and
40 he remarks that the version he is copying is bad (sagim), and urges collation
with other copies.

He names some of his predecessors, stating that for Nos. 19, 21, and 22 he
is using the copy made by the Qadi ibn al-Murakhkhim. In turn, the latter
used for No. 19 the copy of ““al-“Abd Hani”, and for No. 22 that of Ibn al-
Haytham. No. 27 is from the hand of “Tuma”, and Ne. 36 from al-Dimashgi,
the translator of the work.

The Ibn al-Murakhkhim named above was for some time one of the great
judges of Baghdad, and had amassed a large library. However, upon the ac-
cession of the Caliph al-Mustanjid in 555/1160 he was relieved of his post.
His library was dispersed, and the philosophical works burned (See, e.g.,Ibn
al-Athir, al-Kamil, S. a. 555).

In a few cases the scribe has indicated the number of folios in a particular
treatise, or set of treatises. In the case of No. 6, “The Lam Chapter,”” where
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22 Proof the Heavens Are Not Completely| al- °Ala’ b. Sahl 1
Transparent

23 Aphorisms various authors 1

24 Treatise on Good Manners Ibn al-Mugaffa® 1

25 Astrological History al-Razi 1

26 Kitab al-Tajrid (Geometry) al-Nasawi 42

27 Principles of the Universe Alexander of Aphrodisias 11 L
28 A Moving Object Alexander of Aphrodisias i+ .
29 Species and Genus Alexander of Aphrodisias 3 L
30 Happiness and Sadness Alexander of Aphrodisias 3 .
31 Faculties and Stimuli Alexander of Aphrodisias 4 L
32 Generation and Non-existence Alexander of Aphrodisias 1 .
33 Form the Perfection of Motion Alexander of Aphrodisias 3 *
34 Spiritual Forms Devoid of Matter Proclus E *
35 Action and Motion Alexander of Aphrodisias 1 *
36 Differentiating Between Genera Alexander of Aphrodisias 8 *
37 On Maximus’ Reduction of the Themistius 8 *

Syllogism

38 Questions to (or from ? Ibn Suwar 1%

39 Introduction to Logic al-Nasawi 8

40 Definitions of Aristotelian Logic Ibn Bahriz 7

41 Proofs that the Universe is Eternal Proclus 3 .
42 Questions on Physical Matters Proclus 2 b
43 Book on Theological Matters al-Isfizari 20

Leaving out two sets of aphorisms (Nos. 23 and 24), we may put the remain-
der into two categories: philosophical, twenty-four; and scientific, seventeen.
Philosophy is here broadly conceived as including not only logic (Nos.
37, 39, and 40), but also physics, psychology, ethics, and theology (Nos. 1-7,
27-36, 38, and 41-43).
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Smithsonian Institution, the Fulbright Commission, and the Fellowship
Program of the American Research Center in Egypt.

2. Contents of the Collection

A good notion can be obtained of the range of subject matter by consulting
the list below. It gives the title or topic, author, and approximate length of
each of the forty-three treatises or parts of treatises remaining in the collec-
tion, in their present order. Asterisks denote those which have been published.

Length
Ne Title and/or Topic Author inpp. Publ.
1 Al-Suhuf (ethics) Anon. 12 *
2 Placita philosophornm Aétius 24 *
3 Seven Chapters... on the soul Gregorios Thaumaturgos 3 .
4 Kitib al-Fawz Miskawayh 28 hd
5 De natura hominis Nemesius of Emesa 48
6 | Commentary on Aristotle’s Metaphysics | Themistius 2 .
7 On Aristotle’s Physics Ibn °Adi 3% .
8 Questions on Astronomy al-Marwazi 6
9 Questions on Astrology al-Qabisi 12
10 A Rotating Sphera Solida al-Khazini 2
11 Questions on Astrology al-Khayyim 2%
12 Construction of a Whistling Instrument | Apollonius 3
13 An Instrument for Observing the Fixed | Anon. 1
Stars
14 An Observational Instrument Anon. L
15 The Hour Box (a clock) Axon. 3
16 | (Planetary) Sizes and Distances al-Saghani 3
ﬂ 17 | Specific Gravities of Alloys Mahmid b. Abi al-Qasim 13 |
18 Two Geometric Problems Anon. 3
19 A Burning Instrument al- “Ala’ b. Sahl 2%
20 Area of the Triangle Abq al-Wafa® al-Bazjani 1 *
21 On Determining the Direction of Nasr b. “Abdallah 1
ayer




A Description of Zahiriyya (Damascus) MS 4871:
A Philosophical and Scientific Collection

JamiL Racep* anp E. S. KEnneDy**

1. Introduction

The manuscript volume here described has already received considerable
attention. The contents have been listed in Arabic in Kurd °Ali, Makhtit,
in Badawi, 1954, and in the Zahiriyya Catal., vol. 8. (Here and in the sequel,
references in italics are short titles of items in the bibliography which follows
the paper.) Twenty-two of the forty-three treatises which survive have been
published. However, almost half of the forty-three are on scientific subjects,
and until recently these have been ignored in favor of the philosophical ma-
terial. It seemed worthwhile to survey the work done thus far, to indicate
the contents of and assess those treatises as yet unpublished, to sketch the
seven-century history of the volume, and to speculate concerning the motives
of the unknown individual who selected these particular works for copying.

Section 2 below lists and classifies the components of the collection. Section
3 describes the manuscript as such, and Section 4 reconstructs its history.
The concluding Section 5, by far the longest, lists each treatise separately,
locating it in the manuscript. The length of the entry which succeeds depends
upon whether or not the text has been published, and upon our estimate of
its significance. In some cases tables of contents are given.

Our convention with dates is usually to give the Hijra, then the Christian,
separated by a slash. Years and months in one calendar normally fall into two
of the corresponding units in the other calendar. Here the Christian year or
month cited is the one more nearly corresponding to the Hijra unit.

In an effort involving such divers fields, it was inevitable that the authors
become essentially dependent upon assistance from friends and colleagues.
Without implicating them in blunders committed by us we thank Professors
Gerhard Endress, Josef van Ess, Dmitri Gutas, F. W. Zimmermann, A. I
Sabra, Ahmad Haridi, L. Richter-Bernburg, and Aron Zysow.

Part of the work for this study was done while both authors were at the
American Research Center in Egypt, appointments made possible by the

* Department of the History of Science, Science Center 235, Harvard University, Cambridge,
Mass. 02138, U. S. A.
** Institute for the History of Arabic Science, University of Aleppo, Aleppo, Syria
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EXTRACT FROM THE TRAVELS OF CHARDIN 81

(A

Extract from the travels of Chardin

Source: Michel 1, p. 485

Je viens a I’Astrolabe, & je dirai d’abord que ce nom vient d’Asterleb,
terme Persan, qui veut dire lévres des Etoiles; parce que c’est par cet Instru-
ment que les Etoiles se font entendre. D’autres disent, qu’il faut prononcer
Astir lab, c’est a dire, connaissance des Etoiles, & c¢’est comme les Persans
apellent d’ordinaire cet Instrument-li; mais dans leurs livres & dans leurs
legons ils I’apellent Veza Kouré, mot abrégé de Veza el Kouré, qui signifie
position de la Sphére, parce que cet Instrument & la projection des cercles
de la Sphére est un plan. C’est sans doute de ce terme Veza el Kouré qu’est
venu le terme barbare de Valzagore, qui se trouve dans Regiomontanus,
& dans les auteurs qui ’ont devancé, pour signifier 1’Astrolabe.
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Appendix

Arabic and Persian Texts

Note: The texts are numbered according to the numbers assigned to the authors in the main part of the
paper.
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Persian text! contains legends about Alexander and is stated to be taken from
a work entitled Sharafnama by Ibrahim Fartiqi, and I have been unable to
identify the author, or the relation of the work to the medieval Islamic
folklore on Alexander.?

The text translates as follows:

A first story: Alexander commanded all the sages to construct something
so that it would remain in the world as a memorial to him. So Aristotle const-
ructed an astrolabe which elucidated the secrets of the spheres for all the
sages. It is the balance of the sun, which is called in Greece astar-tardzii or
lab-i aftab. Some said that Lab is the name of another sage who by the request
of Alexander constructed the astrolabe. Another opinion is that Lab is the
name of the son of Aristotle who is the astrolabe-constructor. According to the
fourth story Lab is the name of a son of Idris — blessings and praise be upon
him - who had the greatest skillin the knowledge of science, and he made the
astrolabe with the greatest excellence. But the first story is the most correct.
It is also called asturlab and strulab and sturlab and sulab. Taken from the
Sharafnama of Ibrahim Fariqi”.

1. I am grateful to Prof. E. S. Kennedy of the Institute for the History of Arabic Science in Aleppo
and to Prof. Peter Chelkowski of New York University for reading and translating this text.

2. On the Alexander legends in general see the article ¢‘Iskandarnama’ in EI, by A. Abel. Ibrahim
Fardqi is not mentioned in Storey, and no such references to Aristotle and the astrolabe are contained
1n such basic works on the medieval Alexander legends as Southgate and Cary. The astrolabe is men-

tioned in the Iskandarnimeh of Nizami (c. 1175): in « decisive battle against the Russians Alexander
is guided by the calculations of an astrolabe (Chelkowsksi, p. 38).

Conclusion

The extent to which such popular etymologies gained acceptance in informed
Muslim circles is revealed in the entry for Lab in Steingass’ Persian-English
Dictionary, published in 1892.! Steingass lists the following meanings for lab:
“the sun; request; supplication; name of the son of Idris; also of the
inventor of the astrolabe; or of the son of a Greek King of the name of Istar(?)”.
In the last meaning given Istar is probably a corruption of astur. With the
identification of Lab as the son of Astur we should bring this survey of
medieval notions about the origin of the Arabic term as{urlab to an end.

1. Steingass, p. 1110. The article asturlgb in Lane’s Arabic—English Lexicon, published in 1863,

is based on the remarks of al-Nuwayri and al-Firtzabadi (nos. 17 and 23). Cf. Lane, I, 58, cited in
Gunther, I, p. 111 and Gandz, p. 475.
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extant in MS Alexandria Baladiya 3504 J (copied 1186H), the author quotes
the opinion of al-Damiri (no. 22) on asturlab, and adds that “Ptolemy was the
first person to make an astrolabe and there is a strange story about his making
it which we have related in the (longer) commentary”.

1. On Muhammad Bannani see Brockelmann, 11, p. 615 (where the Alexandria manuscript is men-

tioned), and SII, p. 686 (etc.). He is not mentioned in Suter, or even in Renaud, which is essentially
a list of Maghribi scientists overlooked by Suter.

32. Miscellaneous

In 1941 Henri Michel published an account by a seventeenth-century
French traveller named Jean Chardin describing the methods used by Persian
astronomers to construct astrolabes. This little-known study is of considerable
interest for the history of Islamic instrumentation, and also contains an account
of the opinions of the Persian astronomers on the meaning of the word asfurl-
ab.! These include the notion that “asterleb’ is a Persian word meaning “lips
of the stars’’, or that the word should be pronounced astir lab and means
“knowledge of the stars”. These meanings have no counterpart in the Islamic
written sources. Chardin adds that the Persians call the instrument veza
kouré (from Arabic wad® al-kura, meaning “placing the sphere”) “in their
books and in their lessons”. Again I know of no Islamic sources in which the
astrolabe is called by this name, although it was associated with Arabic sources
by medieval and renaissance astronomers in Europe.?

1. Michel 1, p. 485.
2. Cf. Hartner, p. 287 and Kunitzsch 1, pp. 20-21 sub vuazcalcora.

33. Ahmad Basha Muhktar

In a text-book on astronomy called Riyad al-Mukhtar and published in
both Turkish and Arabic in the 1880°s, the author al-Ghazi Ahmad Basha
Mukhtar states that asturlab is derived from two Latin words: astur meaning
“star or celestial body” and labiyim meaning “plate” (lawkha or safika).! He
also states that the astrolabe was invented by Ptolemy.

1. Mukhtar, p. 238. I owe this reference to the kindness of Prof. Paul Kunitzsch.

34. Ibrahim Fariqi

After this study was completed I came across a group of explanations of
the term asfurlab in Persian, some of which clearly represent quite different
traditions from those which I have documented in the Arabic sources. During
the course of preparing a photograph of the quote from al-Mutarrizi in MS
Cairo Dar al-Kutub Tal®at miqat 255, fol. 2v, for inclusior in my forthcoming
volume of photographic plates of extracts from the Cairo scientific manu-
scripts, I noticed another relevant quote immediately below - see Plate 1. This
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further information, translated the remarks of al-Birjandi (no.24), and intro-
duced some minor modifications. For example, he said that the meaning of the
Greek asturldfin (which is written asturlaniin in each of the copies I have
consulted) was mir’at al-kawakib, ““mirror of the stars” and that some had
said wahid al-kawakib, implying that the term meant “mirror of the star”.
Here, however, wafid must result from a corruption of akhdh.

1. The treatise exists in numerous copies, many of which include the marginalia. I have used MSS
Cairo Tal®at migds 154, Zakiya 782,and K 3844.

30. ©Abd al-Rakman al-Fasi

The seventeenth-century Moroccan scholar °Abd al-Rahman al-Fasi compiled
a lengthy poem called al-Ugnim on the different branches of knowledge,
which included a section on the astrolabe.! In the margin of a Cairo
manuseript of this work is a note on the orthography of asturlab and Batlaymis
(= Ptolemy),? as well as a remark that Ptolemy was the first person to make
the astrolabe, and a reference to the existence of a curious story about his
invention of the instrument.? The details of this story are preserved in a

==

commentary on al-Fisi’s section on the astrolabe: see the next section.

1. Onal-F3sisee R d,no. 541; Brockel I1, pp. 612 and 675, and SII, pp.694-695; and the
article ‘‘°Abd al-Rahman al-Fasi’’ by E. Levi Provencal in EI,.

2. Ptolemy’s name in Arabic was more often written Batlamyis, but in late texts both forms
occur. Cf. the article ‘Batlamiyiis” in EI, by M. Plessner.

3. MS Cairo Dar al-Kutub J3664 (287 fols. , copied ca. 1250H), fol. 179v.

31. Muhammad Bannani

Muhammad Bannini ibn “Abd al-Salam ibn Hamdin, a scholar of Fez
who died in 1163/1750, wrote an extensive commentary on al-Fisi’s poem
(see no. 30) which is extant in MS Cairo Taymir riyada 113 (144 pp., 1327H).
In a discussion of the etymology of asturlab, the author first mentions that
it is a foreign word meaning miqyas al-nujim, “instrument for measuring the
stars,”” or mizan al-nujam, “balance of the stars”. He adds that “it is said
that” firstly Lab is the name of the celestial sphere in Greek, and secondly
that Lab is the name of the inventor of the instrument and that it was originally
li-Ab, “to the Father’’, where Ab was the the name of “the Teacher’, that
is, Idris. Since astur is the plural of safr, asturlab are the “lines of the sphere”
(astur al-falak) and “lines of the philosopher” (astur al-hakim). Muhammad
Bannini concludes with a story about the invention of the astrolabe by Ptol-
emy, which was related by “a group of historians”. This story is none other
than the one related by Ibn Khallikan (no. 12), and Muhammad Bannini’s
treatise is the only medieval scientific work known to me which contains this
delightful story.

In a shorter commentary by Muhammad Bannani' on the same poem,
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26. al-Khafaji
The celebrated Egyptian philologist Shihib al-Din al-Khaf3ji (d. 1659) in his

book on Loan-words in Arabic entitled Shifd’ al-ghalil..., gives no information
on asturldb other than thatit, along with the terms farjahdra and binkam,
is not Arabic. He adds that the word is mentioned in the Nihayat al-arab, a
work by al-Nuwayri (no. 17), andin fact al-Khafiji’s remark is actually taken
directly from al-Nuwayri.

1. On al-Khaf3ji see Brockelmann II, pp. 368-369, and SII, p.396. I have consulted MS Cairo Dar

al-Kutub Mustafa Fadil lugha 20, in which agfurlab is mentioned on fol. 75v. Brockelmann lists only
the Cairo manuscript, which may have been the basis for the two printed editions that he mentions.

27. Hajji Khalifa

The seventeenth-century Turkish scholar Hajji Khalifa! in his bibliographical
encyclopaedia Kashf al-Junian records various interpretations of the name
asturlab.? He quotes Kishyar and al-BirGini without mentioning their names,
and also the Mafiiih al-culim. When quoting al-Birtani Hajji Khalifa presents
the name as asturlafin, perhaps reflecting a contemporary Greek pronunci-
ation of 8.3 He concludes the passage on the astrolabe with the statement
that the first person to make an astrolabe was Ptolemy and that the first
person in Islam to make one was Ibrihim ibn Habib al-Fazari, and then
cites titles of three books on the astolabe, none of which is extant.

1. See the article «“Kiatib Chelebi’’ in EI, by O S. Gékyay.

2. Hgjji Khalifa, I, cols. 106-107.
3. The 1892 Cairo edition of Hajji Khalifa’s work has asturlagin.

28. Munajjimak

Muhammad ibn Ahmad Faz3’i (?), known as Munajjimak (= the little ast-
ronomer), was chief astronomer in Istanbul about 1675 A.D., and wrote a
treatise on instruments of which only fragments survive. The fifth maqala
of Munajjimak’s treatise deals with regular planispheric astrolabes, universal
astrolabes, and quadrants, and begins with a discussion of the word asturlab.
Munajjimak’s remarks appear to be based on those of al-Birjandi (no.24),
but in the story attributed to Abl Nagr al-Qummi it is no longer clear whether
Hermes or Lab is answering the question who drew the lines. Having been
translated from Arabic to Persian and back to Arabic, the anecdote is now
hopelessly confused .See also the next entry.

1. Munajjimak is not listed in the modern bibliographical sources. The text of the passage is found
in MSS Cairo Dar al-Kutub migat 735 and 70, which are two fragments of the fifth magala of his treatise.

29. Ishaqal-Zakali(?)

In some marginalia to an anonymous Arabic treatise on the astrolabe in
fifteen fasls an individual named Ishaq al-Zakali (?),’ on whom I have no
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23. al-Firazabad;

The celebrated philologist al-Firtizabadi (b. 1329 in Shiraz, d. 1415 in Zabid)
included an entry on his @b in his lexicon entitled al-Qamds al-muhit.* Al-Firtza-
badistates that Lab was a man who drew lines and based calculations upon
them and that the lines were called asiur-Lab®, “the lines of Lzb”. This
became a compound word and the annexation construction was dropped.
With the definite article the name became al-asturlab, or al-asiurlab with a
sad because of the (2. This etymology from the Qamis is also found in an
astronomical manuscript copied in Amud about the year 1610 (see no. 10).

1. On al-Firtizabadi see the article by H. Fleisch in EI,. I have examined MS Cairo Dar al-Kutub
lugha 34 of this work, transcribed in 899H from the author’s copy. The entry on asfurlab in Lane’s
Arabic-English Lexicon is based mainly partly on al-Firtzabadi.

24. al-Birjandi

There is no reference to the origins of asfurldb in the treatise on the astrolabe
by the celebrated thirteenth-century Persian scholar Nasir al-Din al-Tusi.
However, in the Persian commentary on this treatise by °Ali al-Birjandi
(fl. ca.1500),* there is a section in which the author quotes the opinions of
Kishyar, al-Birtni, and through him al-Isfahini (not named), as well as the
anonymous commentator on the Magamat of al-Hariri and through him Abd
Nasr al-Qummi.? In this quotation the answer to the question asked by
Hermes — not Idris — is either due to Lab or Hermes himself: the Persian is
ambigous. al-Birjandi also mentioned that some people had said that astur
means tasnif, “a written work or compilation,” and that Lab, a son of Hermes,
had invented the instrument. Al-Birjandi was later quoted by Munajjimak
(no. 28) and Ishaq al-Zakali (no. 29) .

1. On al-Birjandi see Suter no. 456; and Storey, pp. 54 and 80-82.
2. The Persian text edited in the appendix was kindly prepared by Prof. E. S. Kennedy.

25. Jalal al-Din al-Suyiti

MS London B. M. Add. 9599, fol. 7r, contains a note on the Arabic words
al-Mijisti and asturlab stated to be taken from al-Nafha al-miskiya, a work
by the late-fifteenth-century Egyptian polymath Jalial al-Din al-Suyiiti.!
The author states that Ptolemy was the first person to make an astolabe.
He adds that Kiishyar had said that the term asturlab was Greek and meant
“balance of the sun’’, and that some had said that Lab was the name of the
sun in Greek.

1. On al-Suyti see Brockelmann, II, pp. 180-204, and SII, pp. 178-194. On the treatise al-Nafha
al-miskiya see II, p. 202 (no. 291) and SII, p. 197.
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19. Anonymous

The author of a treatise on the astrolabe in 14 babs entitled Tukfat al-fullab
fi’l-°amal bi’-l-asturlab, which is probably a fourteenth-or fifteenth-century
Egyptian or Syrian compilation, discussed the etymology of asfurlab in the
introduction to his treatise.! He states that the name asfurlab is Greek and
means ‘“balance of the sun’’, and also that Lib was a wise man who drew the
lines (astur), so that the instrument was called asfur-Lab. This passage is
related to the parallel passage in the treatise of al-Mizzi (see no. 18 above).

1. I have examined MS Istanbul Fatih 5397,24 (fols. 190r-195v, cop. 1113H) of this work. Awwad
listed several manuscripts of what he thought to be copies of a work with this title and attributed the
treatise to the Andalusian astronomer Ab3°l-Qasim Ahmad b. “Abd Allah b. Muhammad al-Saffar,
but the listings and attribution are confused (¢f. Awwad, nos. 28 and 29). MS Princeton Garrett 1024
appears be to a copy of the same work as contained in the Fatih manuscript, and is likewise anonymous.

The other manuscripts listed by Awwad are copies of a different treatise by Ibn al-Saffar which has
been published (see the article ¢‘Ibn al-Saffar’* by B. R. Goldstein in EI).

20. Sharaf al-Din al-Khalil;

Sharaf al-Din al-Khalili, the nephew of the celebrated astronomer of mid-
fourteenth-century Damascus Shams al-Din al-Khalili, wrote treatises on
the standard instruments of his time, including one of the use of the astrolabe.?
In the introduction to this he states that asturlab is a foreign word meaning
“(instrument for) measuring the stars” or alternatively “balance” or ‘“mirror
of the stars”.

1. On Sharaf al-Din al-Khalili see Suter, no. 427, and Brockelmann, II, p. 157, and SIL. p, 158,
I have used MS Istanbul Fatih 5397 (fols. 65v-71r) of this treatise.

21. Anonymous

The anonymous author of a treatise in 25 babs on the spherical astrolabe
which was probably another fourteenth-century Syrian compilation,! states
that asturlab is a foreign word to be explained as “mirror of the stars” or as
“the balance of the sun”.

1. This treatise is extant in MS Istanbul Hamidiye 1453, fols. 213v-219r), cop. 869H.

22. al-Damiri

The late fourteenth-century Egyptian scholar al-Damiri is celebrated for
his encyclopaedia on zoology and folklore entitled Hayat al-hayawan.! In this
work al-Damiri states that asfurlab means “balance of the sun” because
astur means “balance  and lab means “sun’ in Greek. Al-Damiri was later
quoted by Muhammad Bannani (see no. 32).

1. On al-Damiri see the article in EI; by L. Kopf. I have been unable to locate the reference
to asturlab in the published text of his encyclopaedia.
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15. Ibn Jama‘a

Ibn Jamia was a scholar of Hama in the late thirteenth century!' and in
the first chapter of his work on the use of the astrolabe he states that asturlab
is a foreign word meaning “measurer of the stars” or “balance of the sun”,
or according to another opinion, asturligin ‘“mirror of the stars”, taking
astur as “star” and lagan as “mirror”’. Here perhaps lifan is intended : see the
remarks on Hajji Khalifa (no. 27). Ibn Jami‘a adds that the derivation from
astur and Lab is not to be relied upon.

1. On Ibn Jami‘©a see Brockelmann, 11, pp. 89-90, and SII, pp. 80-81; and Awwad, no. 179; and on
his family see the article *Ibn Djam3‘a’’ in EI by K. S. Salibi. I have used the unique copy MS Cairo
Dar al-Kutub Mustafa Fadil migat turki 6,1 (fols, 1v-20r, copied ca. 1150 H) of his work on the astrolabe.

16. Abi °Al; al-Farisi

Two etymologies for asturlab are proposed by Abii °Ali al-Farisi (fl. Hama,
ca. 1300) in his treatise on the astrolabe entitled Magéasid dhawi’l-albab ....!
Al-Firisi first states that the name is a compound Greek word, ustur (the
text is vowelled) measing “sun” and léb meaning “balance”, or, according
to others ““mirror”, and then states that “the Arabs” say that astur is the
plural of safr, “line”, and that lgb is the son of Idris.

1. Al-Farisi is not listed in the modern bio-bibliographic sources on Islamic science, except for

Awwad, no. 175. His treatise is extant in the unique copy MS Cairo Qawala migdt 2,1 (fols. 1r-57v,
copied ca. 800H).

17. al-Nuwayri

Al - Nuwayri (d. 1332 in Tripoli),! in his encyclopaedia entitled Nihdyat
al-arab fi funin al-adab, states that asturlab, as well as the terms farjahdra
and binkam for water- and sand-clocks, were not Arabic.2 This statement
is also recorded by al-Khafaji (no. 26).

1. On al-Nuwayri see Brockelmann, II, p. 175, and SII, pp. 173-174.

2. Quoted in Lane, I, p. 58, from the commentary on the Nihdyat al-arab by Muhammad ibn al-
Tayyib al-Fasi, (Brockelmann, SI, pp. 541 and 685?). I have been unable to locate any reference to
asturlab in the published text of the Nihdyat al-arab.

18. al-Mizzi

Shams al-Din al-Mizzi, a leading astronomer in Damascus in the midfour-
teenth century, wrote atreatise on the use of the astrolabe.! In the introduc-
tion he states that the word asturlib is Greek and that it means “balance
of /for the sun”.

1. On al-Mizzi see Suter no. 406; and Brockelmann, II, pp. 155-156, and SII, pp. 156 and 1018
(no. 15). I have used MS Istanbul Fatih 5397, 25 of his treatise on the astrolabe.
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a famous instrument-maker of late-eleventh- / early-twelfth-century Baghdad,
Ibn Khallikan cites first the etymology of Kiishyar (no. 5), and then presents
an anecdote about the invention of the astrolabe by Ptolemy, introduced with
the word gila, “it is said that ...”’. The story is that Ptolemy was taking a ride
with an armillary sphere in his hand; inevitably, he dropped it and the animal
on which he was riding tred on it and squashed it: the result was an astrolabe.
Ibn Khallikan goes on to relate that neither Ptolemy nor any of the ancients
realized that the sphere could also be represented on a line and that Sharaf
al-Din al-Tisi was the first to develop a linear astrolabe, later to be improved
by his student Kamail al-Din ibn Y@nus. Ibn Khallikan corcludes this section
with a discussion about the futility of trying to represent the sphere at a point!
Indeed Sharaf al-Din al-Tiisi? did devise a linear astrolabe, called “asal-
Tisi, “al-Tisi’s stick”, which was modified by his student Ibn Yinus,? also
a scholar of distinction. It is of interest that Ibn Khallikan early in his career
met Kamail al-Din ibn Y@nus in Mosul, but it seems unlikely that he would
have picked up the anecdote about Ptolemy from such a serious scholar. The
only reference to the anecdote known to me in later Arabic literature is in
the writings of the eighteenth-century Moroccan author Muhammad Bannani
(no. 32).
1. On Ibn Khallikin see the article in EI3 by J. W. Fiick. The passage is found in Ibn Khallikan,
11, pp. 184-185, translated in de Slane, III, pp. 581-582.
2. On Sharaf al-Din al-T'si see the article in DJB by R. Rashed. For a brief discussion of his linear

astrolabe see Michel 2, pp. 115-123.
3. On Kamal al-Din ibn Yinus see Suter, no. 354, and Brockelmann, SI, p. 859.

13. Anonymous (Maghribi or Andalusian)

Another etymology occurs in an anonymous Maghribi or Andalusian
treatise on the astrolabe preserved in MS Cairo Dar al-Kutub migat 1169,6
(fols. 45r-57r, 1158H). This treatise begins with the statement that asfurlab
is a Greek word which was originally asturlabal [read asturlabin!],! meaning
dhat al-nujim, “possessing stars’ and that the letters after the b were removed
“to make (the word) lighter”, that is, *“to make it easier to pronounce”.

1. There is a possibility that a Spanish influence is operating here to provide an ending -ol.

14. Masa ibn Ibrahim

Yet another etymology is containedin a treatise on the astrolabe attributed
to Miisi ibn Ibrihim, on whom I have no further information. The treatise is
contained in MS New York Columbia 285.1 (fols 1v-8r, of ca. 1000H ?), and
begins: “’sttrl’b [sic!] in Greek means taking the altitude of a star because
%str is star in that language and taking is lgb.! Some people say that it means
balance of the stars. It is attributed to Ptolemy”’.

1. The manuscript has lat rather than Igb, which is probably en error of the copysist rather than
the author.
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classic of Arabic belles-lettres.! In this work there is no mention of any aspect
of astronomy. However, a note on the etymology of asfurlab and the invention
of the instrument, stated to be taken from a commentary on al-Hariri’s Mag-
amat, is found in MS Cairo Dir al-Kutub Taymir Aikma 15, p. 137, immedi-
ately preceding a copy of the treatise Unmadhaj al-‘ulam by Jalal al-Din al-
Dawini.2 The author describes the instrument as ‘““one for measuring the
stars and the sun”, stating that the first person to make it was Lab, and
then adding an alternative derivation from Persian (due to Hamza al-Isfahani),
in which, however, the Arabic paraphrase in based on the meaning “mirror
of the stars”, not on the correct meaning of the Persian. The same note is
found in MS Cairo Dar al-Kutub Mustafa Fadil hay’a 1, fol. 1r, preceding
€Ali Birjandi’s marginalia to Qiadi Zide’s commentary on al-Jaghmini’s al-
Mulakhkhas fi’l-hay’a, copied about the year 1610 in Amud, Iran. The note
on asturldb from an unspecified commentary on the Magamat occurs together
with another stated to be taken from the Qamas (of al-Firazabadi (see no.
23)).

Another note stated to be taken from the commentary on the Magamat
by al-Mutarrizi (fl. Khwarizm and Baghdad, d. 1213)3 occurs in Cairo Dar
al-Kutub Tal®at migat 255, fol. 2v, amidst various notes preceding a collection
of treatises on instruments and timekeeping-see Plate 1. Al-Mutarrizi quotes
successively Ab#’l-Hasan (Kushyar), AbG Rayhan (al-Birtni), Hamza al-
Isfahini, and Aba Nagr (al-Qummi).

1. On al-Hariri see the article in EI, by S. 8. Margoliouth and Ch. Peliat.
2. On al-Dawani see the article in EI, by A. K. S. Lambton, and on his treatise see Brockelmann,
II, p. 282.

3. On al-Mutarrizi see Brockelmann, I, pp. 350-352, and also p. 327. I have been unable to locate
this passage in the Cairo manuscripts of al-Mutarrizi’s commentary listed by Brockelmann.

11. Aba Nasr Akmad b. Zarir (?)

MS Leiden Or. 591 (pp. 32-46, copied 630 H) contains a treatise on the
astrolabe with a crab-shaped rete (musartan) by an individual named Abg
Nasr Ahmad b. Zarir (?)! Since the author mentions the celebrated astrolabist
Hibat Allah al-Asturlabi(fl. Baghdad, ca. 1100) we may presume that he lived
in the twelfth century. Abfi Nasr states at the beginning of his treatise that
asturlab is a Greek word, and that the astrolabe is a fine instrument and the
“balance of the sun’ (mizan al-shams).

1. Aba Nasr and his treatise are mentioned in Suter, no. 484.

12. Ibn Khallikan

The celebrated thirteenth - century Syrian historian and literary scholar
Ibn Khallikan! discussed the origin of asfurlib in his biographical dictionary
Wafayat al-a°yan. In his entry on Abw#’l-Qasim Hibat Allzh al-Asturlabi,
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Plate 1: Two sets of stories about the early history of the astrolabe, one in Arabic and the other in
Persian, found in MS Cairo Talat migdt 255, fol. 2v (see nos. 10 and 30).

Reproduced with kind permission of the Egyptian National Library.
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Abw’l-Rayhin, that is, al-Biriini, but this attribution is called into question
by the fact that al-Biriini is mentioned in the text.! The treatise is divided
into two magalas, parts, the first of which contains six fusil, sections, but
the Cairo manuscript breaks off in the first fasl of the second magala.

The anonymous author asserts in his discussion of the origin and meaning
of the word asfurlab that Abu’l-Hasan Thiabit ibn Qurra (see no. 4) in a book
on the use of the astrolabe had stated that Hipparchus before Ptolemy had
invented (wada®a) the astrolabe and had made it plane (saifafa) in the same
way as Lab had done. The writer continues with a discussion of the reason
why Hipparchus had chosen a northern projection. Now the only work on the
astrolabe known to have been written by Thiabit is a translation of the treatise
by Abywn al-Batriq (see no. 4), but it seems unlikely that a scholar of the
calibre of Thabit would himself have subscribed to the story of Lab, or have
mentioned it without critical comment. We may perhaps conclude that the
reference to Hipparchus was found already in the treatise of Abywn, but how
could this Greek treatise have contained the nonsense about Lib ?

1. Onthistreatise see already Sezgin, VI, pp. 78 and 169.

9. al-Zarqallu

MS Istanbul Aya Sofia 2671,5, fols. 133v-151v, copied in 1224, is a unique
copy of an anonymous treatise on the planispheric astrolabe,! whose author
can be identified as the eleventh-century Toledo astronomer al-Zarqallu
(Azarquiel).? At the beginning of the treatise al-Zarqallu states that asturlab
is a Greek word which means akhdh al-kawakib, “taking the stars”, because
by means of it the derived knowledge of the positions of the stars can be ob-
tained. Al-Zarqillu quotes Ptolemy as stating that the astrolabe is like the
celestial sphere made into a plane, with the visible pole made to be its centre.
al-Zarqallu is probably referring to the introduction of the Arabic version
of Ptolemy’s Planisphaerium, a copy of which precedes his treatise in the Aya
Sofia manuscript.?

1. This work, falsely attributed to Euclid on fol. 1r of the manuscript, is listed in Krause p. 525,
no. 15.

2. On al-Zarqaillu see the article by J. Vernet in DSB and the references there cited. It was not
previously known that al-Zarqallu wrote on the regular planispheric astrolabe. The author of the
treatise on the astrolabe presents a star catalog for the year 459H, which is precisely the date mentio-
ned by al-Zarqaillu in one of his three treatises on the universal plate, extant in a unique copy in fols.
1r-751r of the same Aya Sofia manuscript (¢f. fols. 10r and 148v). This particular treatise is arranged
in 80 babs, as compared with his other two treatises of sixty and one hundred babs: thus each of al-
Zarqgallu's three treatise is now known to exist in the original Arabic.

3. Cf. Krause, p. 443, and Sezgin, V, p. 170.

10. al-Hariri and Commentators

The Magamat of the eleventh-century Basra litterateur al-Hariri are a
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Hamza stated that asturlab is an Arabicization of the Persian, sitira yab,
“taker of the stars”.

1. On Hamza al-Isfahani see Brockelmann I, p. 152, and SI, p. 221; Sezgin I, pp. 336-337; and
also the article in EI by F. Rosenthal.

2. Al-Birini cites al-Isfahani’s etymology of awj in his treatise On Transits (1, text, p. 17, trans.,
pp- 20-21).
3. Namely, MS Cairo Dar al-Kutub lugha 90 (49 fols., ca. 700 H).

7. al- Birini

The great eleventh - century scientist Ab&i’l - Rayhan al - Birtini mentioned
the etymology of the word asturlab at least twice in his writings.! In the first
instance that has come to my attention, namely, in his treatise on astrology
entitled al-Tafhim fi sina‘at al-tanjim, he states that the astrolabe was a
Greek instrument called asfurlabon meaning “mirror of the stars”, which was
why Hamza al-Isfahani (see no. 6) had explained it as being from Persian
sitara yab. Al-Biriini was not happy about this explanation, as we learn from
his book on shadows entitled Ifrad al-magal fi amr al - zilal. Here he states
that Hamza in his book al-Muwazana had stated that asfurlab is an Arabicized
Persian word, the origin being sitara yab, “‘taker of the stars”. Al-BirGini adds
that this Persian name may very well have been derived from the special
fuction of the instrument or may have been adapted (“arraba here does not
mean “to render into Arabic “but rather “to borrow a word into anylanguage™)
from the Greek, in the same way that Hamza maintains that the Arabic word
is an adaptation of the Persian. Al-Birlini indicates his knowledge that
the Greek name is asturlabon and that astur means “star” in Greek, as in the
Greek words astronomia and astrolojia.? He adds that he has found ancient
books on its construction and operation by the Greeks but not by other peoples,
and that the people of the east (the Indians) do not known about the astrolabe
and use only shadows.

As noted in the section on Ibn al-Nadim (no. 4), al-Birtni was familiar
with the treatise of Abywn in the translation of Thabit. See also the next
section.

1. On al-Biriini see the article in DSB by E. S. Kennedy, and Sezgin, V, pp. 375-383, VI, pp. 261-
276, and VII, pp. 188-192.
2. See further Pines.

8. Anonymous (al-Migqyas al-murajjah)

MS Cairo Tal°at migat 155 is a very unusual compendium of Arabic works
on the astrolabe and quadrant, some of which merit detailed study. The
manuscript was copied in Egypt about 1650 A. D. and several of the treatises
are of Maghribi origin. The first treatise (fols. 1r-15v) is entitled Kitab al-
Migyas al-murajjah fi'l-amal bi’l-asturlab al-musaeifah and is attributed to
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4. Ibn al-Nadim, p. 273.

5. See Sezgin, VI, p. 103. The orthography Abywn seems acceptable. Fliigel’s critical apparatus
indicates variant readings from two manuscripts: Aynwn and Abnwn in the first instance (p. 24) and
Abnwn and A x x wn (where each x indicates a letter which can be read as a b, n, y, etc.) in the second
(p. 26). I assume that Abywn is found in the other two manuscripts used by Fliigel for this section
(on which see p. 3). Fliigel suggested on original Ax{cy (p. 24).

J. Lippert, in his edition of Ibn al-Qifti’s Ta’rikh al-hukama’ (p. 71) gave the name as *nbwn and
listed no variants. The unique copy of al-Biriini’s treatise on different types of astrolabes, MS Paris
B. N. ar. 2498,1 gives the name as ahwn al-fryq (fol. Ir).

Dodge, pp. 670-671, translates Ibn al-Nadim’s remark thus: *‘The first [Muslim] to make a plane
astrolabe was Abiyin al-Batriq’’, despite the fact that elsewhere (p. 644) he translates; ‘“4biyin al-
Batriq: I believe that he lived a little before or a little after the advent of Islam’’, and elsewhere (p.
649); ‘al- Fazari... was the first person in Islam to make the astrolabe...”’ Dodge’s own notes on Abiyiin
(p. 943) are a mess: ‘‘He was the first person in Islam to make an astrolabe of the planisphaerum or
flat type. The name may be confused with that of Abii Yahya al-Batrig, who may have helped al-
Fazari to introduce the astrolabe. The name may be for Apion’’.

6. Private communication from my freind W. J. Fulco, S. J. I had previously wondered whether
Abywn might be identical with Ahron al-Qiss ‘‘the priest’’, who wrote on medicine in Syriac about
the time of the birth of Islam (cf. Sezgin, III. pp. 166-168) and who is also mentioned by Ibn al-Nadim
(p- 297). Although the names Abywn and Ahon could conceivably be confused in unpointed Arabic,
this identification seems highly improbable.

7. See note 5 above.

8. Both Suter, p. 99, and Boilot, no. 47, suggest that this work is the same as that found in MS
Berlin Ahlwardt 5794, which is not the case.

9. See note 5 above.

10. On Thabit see the article in DSB by A. B. Rosenfeld and A. T. Grigorian, and Sezgin, V. pp.
264-272, and VI, pp. 163-170, especially p. 169, no. 22. Dr. Richard Loroch has drawn my attention
to the coincidence that al-SGfi’s treatise on the sphere also contained 157 chapters.

5. Kishyar ibn Labban

Kashyar was an astronomer and mathematician of some distinction who
lived in Iran ca. 1000 A. D. In the introduction to his treatise on the use of the
astrolabe Kiishyar says that asfurlab is a Greek word and that the most com-
mon explanation of its meaning is mizan al-shams, ““balance of the sun”’.

1. On Kashyar see Sezgin, V, pp. 343-345, and VI, pp. 246-249, and VII, pp. 182-183. I have used
MS Paris B.N. ar. 2487 (copied 679H) of his treatise on the use of the astrolabe.

6. Hamza al-Isfahani

Al-Biriini (no. 7) informs us that the literary scholar Hamza al-Isfahani
(893 - ca. 970)* discussed the etymology of the word asfurlab, and also the word
awj (= apogee).? Al-Biriini specifically cites al-Isfahani’s work al-Muwazana
as the source for his information. The full title of al-Isfahani’s treatise is al-
Khas@’is wa’l-muwazana bayn al-Sarabiya wa’l-farisiya, and unfortunately the
only known copy thereof? is incomplete and there is no reference in the
surviving text of either of the terms asturlab or awj. According to al-Birtini,
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khatt = line, stressing that the word is Greek and that its derivation from
an Arabic root indicates stupidity and folly.
1. T have used the Cairo edition of his treatise: see al-Khwarizmi in the bibliography. This appears

to be based on the edition of van Vloten, as the *“English’” title page is in Latin. On the author see the
article ‘‘al-Khuwarizmi’* by J. Vernet in DSB.

4. Ibn al-Nadim

The tenth-century scholar Ibn al-Nadim, author of the bibliographical
compendium known as al- Fihrist,! states that Ptolemy was the first to make
(°‘emal) the astrolabe, and adds that it is said that it may have been made
before him although this cannot be known with certainty.? He goes on to
say that the first person to make an astrolabe plane (saffak) was Abywn (= Ap-
ion) the Patriarch, whom he lists elsewhere as the author of a treatise on the
planispheric astrolabe and states that he lived ¢a little before (the advent of)
Islam or a little after.””? Elsewhere he says that the mid-eighth-century Bagh-
dad astronomer al-Fazari was the first person in Islam to make (‘amal) an
astrolabe. Ibn al-Nadim also notes that astrolabes were made in the city of
Harran and that they spread from there throughout the Abbasid Empire
in the time of the Caliph al-Ma’miin, that is, in the early ninth century.

The identity of Abywn al-Batriq is by no means certain,® although it
seems probable that he was a Coptic patriarch, since the name Abywn is well
attested in Coptic.% The only other reference to Abywn known to me in the
later Arabic scientific literature, apart from a remark by the thirteenth-
century historian of science Ibn al-Qifti,” which is based on Ibn al-Nadim,
is in the introduction of a treatise on the use of the astrolabe by the ele-
venth-century scientist al-Biriini (see no. 7). This treatise differs from al-
Biriini’s other two treatises on the astrolabe, the Isti°ab and Ikhraj ma fi
quwwat al-asturlab ila I-fi°l, and is extant in a unique copy in MS Paris B. N.
ar. 2498,1.% The text is corrupt and indeed the name Abywn al-Batriq miscop-
ied.” However, al-Birtini states that he had seen Abywn’s treatise on the
astrolabe (in its Arabic translation), and notes that it contained 157 chapters
and that it was translated by Thabit ibn Qurra, the celebrated scholar and
translator of Baghdad at the end the ninth century.!® Al- Biriini further
observes that the text used for the translation was corrupt and that Thabit
had improved it where possible and that the chapters in the book did not
correspond to those listed in the table of contents. Abywn has previously been
overlooked in studies of the early history of the astrolabe. In the section on
al-Biriini (no. 7) I shall present evidence that Abywn ascribed the invention
the astrolabe to Hipparchus.

1. On Ibn al-Nadim see the article in EI, by J. W. Fiick.
2. Ibn al-Nadim, p. 284.
3. Ibn al-Nadim, pp. 270 and 284.
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Note added after the completion of this paper:

Prof. Paul Kunitzsch informs me that the Latin treatises on the astrolabe
ascribed to Messahalla appear to be based on Western Islamic compilations
based on treatise by Maslama al-Majriti or some of his disciples such as Ibn
al-Saffir. In the Latin texts there seems to be a confusion between Mezleme,
etc. for Maslama and Messahalla for Masha’allzh. Thus the Latin phrase accep-
tio stellarum and the equivalent akhdh al-kawakib used by al-Zarqallu seems
to derive from a western Arabic tradition. See further Kunitzsch 3.

2. Abi Nasr al-Qummi

Abi#i Nasr al-Hasan ibn Alf al-Qummi was an astronomer of the late tenth
century.! His major work was an extensive treatise entitled al-Mudkhal ila
¢ilm ahkam al-nujim, dealing mainly with astrology but also containing
sections on theoretical astronomy. In the second fasl of the third magale
al-Qummi wrote about the astrolabe and presented an etymology of asturlab
which was quoted by several later writers (see no. 10). No doubt the fact
that al-Qummi was an astronomer gave authority to his derivation of asturlab,
which was that the instrument was invented by Lab, a son of Idris, and that
when his father asked who had drawn the lines on it (man satarahu ?) he was
told that Lab had drawn the lines on it (hadha asturu Lab or satarahu Lab),
whence the name asturlab. There is no lexical evidence for the IVth form
(af °ala) of the root s-t-r, which occurs in one version of the text consulted.

In one of the copies of al-Qummi’s treatise that I have used there is the
additional fiction that astur is Greek for mizan (= balance) and lab for the
sun, whence asturlab, meaning mizan al-shams (= balance of the sun). This
etymology also occurs in later sources (see nos. 10 and 22).

1. On al-Qummi see Suter, no. 174; Krause, no. 174; Brockelmann, I, p. 253, and SI, pp. 388 and
398; and Sezgin, VII, pp. 174-175.

I have used MSS Cairo Dar al-Kutub Talat migat 222,2 (fols. 60r-177r, 619H) and Istanbul Fatih
3427,1 (fols. 1v-113v, 708H) of al-Qummi’s treatise, in which the texts of the passage are rather diffe-
rent. In a third copy consulted, MS Cairo Dir al-Kutub Mustafa Fadil migdt 208 (91 fols., ca. 1150H),
this section has been left out: in the introduction to the third magadla (fol. 34v) it is stated that the
section has been omitted because it could be done without (turika li-l-istighna’ “anhu).

3. Aba <Abd Allah al-Khwarizmi

Various etymologies of asturlab are given by the tenth-century encyclop-
aedist al-Khwarizmi (not to be confused with the ninth-century astronomer)
in his Mafatih al-“ulim. He first states that the word means migyas al-nujim,
“instrument for measuring the stars,” and derives the Greek asturlabon from
astar =najm=star and labon =mir’a=mirror, drawing a parallel in the Greek
word astronomia for astronomy. He then speaks contemptuously of those
who claim that Lab is the name of a man and that astir is the plural of safr =
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11 Ab{t Nasr ibn Zarir
Sharaf al-Din al-Tisi See no. 12
Kamal al-Din ibn Yiinus See no. 12
al-Jaghmini See no. 10
Nasir al-Din al-T'dsi See no. 24
Ibn al-Qifti See no. 4
12 Ibn Khallikan See also no. 31
13 Anonymous (Maghribi or Andalusian)
14 Misa ibn Ibrahim
15 Ibn Jami‘©a
16 Abi “Ali al-Farisi
71 al-Nuwayri See also no. 26
18 al-Mizzi See also no. 19
Shams al-Din al-Khalili See no. 20
19 Anonymous (Tukfat al-tullab) See also no. 18
20 Sharaf al-Din al-Khalili
21 Anonymous (spherical astrolabe treatise)
Geoffrey Chaucer See no. 1
22 al-Damiri
23 al-Firtzabadi See also no. 10
24 al-Birjandi See also nos. 10. 28, 29
25 al-Suyiiti
26 al-Khaf3ji See also no. 17
27 Hajji Khalifa
28 Munajjimak See also no. 24
29 Ishiq al-Zakali (?) See also no. 24
30 al-Fasi See also no. 31
31 Muhammad Bannani See also nos. 12, 22, 30
32 Miscellaneous
33 Ahmad Basha Mukhtar
34 Ibrahim Fartgqi

1. Masha’allah

The treatise on astrolabe construction attributed to the late eighth-/early
ninth-century Baghdad astrologer Masha’allah! is no longer extant in Arabic,
but the Latin translation? begins: astrolabium nomen grecum est cuius inter-
pretatio est acceptio stellarum..., that is, ““astrolabe is a Greek word whose mean-
ing is taking the stars”. This last expression corresponds to Arabic akhdh al-
kawakib, which is also attested in various later Arabic sources. The Latin
version of Masha’allah’s treatise on the use of the astrolabe, which is also no
longer extant in Arabic, has a different incipit.? Likewise, no etymology is
offered by Geoffrey Chaucer in his treatise on the use of astrolabe, which is
closely related to that of Mash3’allzh.*

1. On Masha’allah see D. Pingree’s article in DSB, and Sezgin, VI, pp. 127-129, and VII, pp.
102-108. His treatise dealing with both the construction and use of the astrolabe is mentioned in Ibn
al-Nadim, p. 273.

2. Cf. Steinschneider, p. 18, cited in Gandz, pp. 475-476. See also Carmody, pp. 23-25 and Skeat,
P. XXV. 3. Cf. Skeat, p. 88. 4. Cf. Skeat, pp. 1-14.
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I make no claim to have exhausted the available Islamic sources on the
origin of the astrolabe and the etymology of its name. I have not ventured
further than the standard lexicographical sources, although since asfurlab
is not an Arabic word it is not listed in the most famous medieval Arabic dict-
ionaries such as the Lisan al-Arab and the Taj al-‘aris. However, I have
checked all the medieval Islamic tratises on the astrolabe currently available
to me.!S Most medieval Muslim writers on the astrolabe do not broach the
subject of the origin of asturlab. The following are the exceptions.

15. The only list of medival Islamic works on the astrolabe is Awwad, but it is severely incomplete
and needs to be supplemented with various additional works listed in Suter, Brockelmann, Krause,
Renaud, Storey, Sezgin, and King 1. Kunitzsch 2, based on some three dozen texts in Greek, Syriac,
Arabic, and Latin, deals with the Arabic technical terminology of the component parts of the astrolabe :
but not the term asfurldb itself.

Table of Contents

The following is a list of the ancient and medieval authorities cited in the main part of this paper.
I have numbered those for whom direct quotes. are available concerning the etymology of asturlab
and the invention of the instrument. The corresponding Arabic and Persian texts presented in the

appendix aere similarly numbered.

Ab See no. 31
Hermes See nos. 24, 28
Idris See nos. 2, 16, 24, 31, 34
Lab See nos. 2, 3,8,10,15,16, 19,23, 24,28, 34
Alexander (= Iskandar) See no. 34
Aristotle See no. 34
Hipparchus See nos. 4, 8
Ptolemy See nos. 4, 8,9, 12, 14, 25, 27, 30, 31, 33
Abywn See nos. 4,7, 8
al-Fazari See nos. 4, 27
1 Masha’allah
Thabit ibn Qurra See nos. 4,7,8
2 Abi Nagr al-Qummi See also nos. 10, 24, 28
3 Abi °Abd Allah al-Khwarizmi See also no. 27
4 Ibn al-Nadim See also nos. 1,4,7
5 Kishyar See also nos. 10, 11, 24, 25, 27
6 Hamza al-Isfahani See also nos. 7, 10, 24
7 al-Birani See also nos. 4, 5, 6, 10, 24, 27
8 Anonymous (al-Miqyds al-murajjah)
9 al-Zarqallu See also no. 1
10 al-Hariri and commentators See also nos. 2, 5, 6, 7, 24, 34
Ibn al-Saffar See nos. 1, 19
Maslama al-Majriti See no. 1

Hibat Allah al-Asturlabi See nos. 11, 12
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explanations of the curious term kursi (whence English “throne”) for the
part of the astrolabe which projects outward from the main body of the ins-
trument to bear the ring and cord by which the astrolabe can be held or susp-
ended. The kursi of the astrolabe perhaps derives from the handle of a hand-
mirror.!!

The popular medieval Islamic attribution of the invention of the astrolabe
to an individual named L3b, a son of Idris (= Enoch), is pure fiction. This
attribution occurs in the writings of Abi Nasr al-Qummi, and is criticized
already by his late contemporary Abu “Abd Allah al-Khwiarizmi. There are
other stories about Idris in Islamic folklore, which credit him with the invent-
ion of geomancy, the art of writing, and the craft of making garments.!?
The association with Lab was popular because it provided a purely Arabic
etymology of the name asfurlab. The first element asfur is the plural of satr,
“line”, so that asturlab means “lines of Lab”. In the later Arabic sources on
asturlab Lab becomes a son of Hermes.’®* W. H. Morley, in the introduction
to a monograph published in 1856 which remains one of the most valuable
studies on Islamic astrolabes, wrote rather unkindly: “the fables of (the)
invention (of the astrolabe) by Abraham, Solomon, Enoch, or by a certain
person named Lib, are unworthy of notice.”*

The anecdote recorded by Ibn Khallikan about the invention of the astro-
libe by Ptolemy is also fiction. Ptclemy is said to have been riding on some
animal carrying a celestial sphere in his hand; he dropped the sphere, the
beast trod on it and squashed it, and the result was the astrolabe. The anecdote,
which I find as charming as the story of Newton and the apple, is not new
to the modern literature, because it occurs in the published text and translation
of Ibn Khallikin’s biographical dictionary, but it has hitherto been overlooked
by historians of science. I have no information on the origin of this anecdote.

Of greater historical interest is the statement attributed to Thabit ibn
Qurra that the astrolabe was invented by Hipparchus. This is the first instance
in the Arabic sources of a reference to Hipparchus in this connection. I have
attempted to trace Thiabit’s source for this information to a Greek treatise
on the astrolabe which has hitherto been overlooked in discussions of the early
history of the astrolabe. But the statement about Hipparchus attributed to
Thibit also includes a reference to Lab, which would hardly occur in a Greek
source. A Persian text discovered after this paper was completed associates
the invention of the astrolabe with Aristotle, which is again fiction.

11. This connection was first noted by Prof. Derek de Solla Price of Yale University.

12. Cf. the article “‘Idris” by G. Vajda in EI,.

13. Cf. the article **Hirmis’ by M. Plessner in EI,.

14. Morley, p. 5. On the astrolabe in Jewish Bible exegesis and in the Talmud and Halakhah see
Gandz, pp. 480-482.
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are discussed in chronological order, as far as possible. The original Arabic
and Persian texts are presented in the appendix to this paper. A few of the
statements ihave been discussed previously by E. Wiedemann (1909),° F.
Rosenthal (1950),* S. Pines (1964),° S. Maher (1968),5 E. S. Kennedy (1976),”
and F. Sezgin (1978).® Also S. Gandz (1927) has surveyed the references to the
astrolabe and its terminology in medieval Jewish literature.®

In some early Arabic texts, such as the one attributed to Mashi’allah
(spurious ?) and an anonymous one (by al-Zarqallu?), we find the statement
that asturlab means akhdh al-kawakib, literally “taking the stars”. This corresp-
onds to an interpretation of the Greek, assuming that the second element
AxBov comes from the verb AapBdvewv, ““to take”, past stem Aep. In Persian
the phrase akhdh al-kawakib can be conveniently rendered sitara yab, the
Indo-Iranian sitéra meaning “star’” and yab being from the verb ydfian,
meaning “to find” or “to take”. Hamza al-Isfahini states that asturlab is an
Arabicization of this Persian phrase.

Kashyar explains asturlab as meaning mizan al-shams, “balance of the
sun”. This is curious not least because mizan al-shams is attested in early
scientific Arabic as referring to a special variety of sundial.!° Abi °Abd Allah
al-Khwarizmi and al-Birtni explain asturldb as meaning mir’at al-shams,
“mirror of the sun”, asserting that A«Bov means “mirror”, which is not the
case. Nevertheless, the reference to the notion of a mirror is interesting not
least because of the resemblance between the basic shapes of an astrolabe and
a hand-mirror. In this connection I have not found any medieval Arabic

3. E. Wiedemann records the etymologies of al-Birtini, Abii “Abd al-Khwarizmi Mafatih al-ulim),
and Hajji Khalifa (Wiedemann 1, I, p. 551, and II, p. 459).

4, F. Rosenthal, in an article on al-Samaw’al and Hibat Allih al-Asturlabi published in 1950,
mentioned the derivation of asturldb from astur and Ldb suggested by Abu “Abd °“Allah al-Khwarizmi
and Ibn Khallikan (Resenthal, p. 555).

5. S. Pines, in a study of the terms ‘“‘astronomy’’ and *‘astrology’’ according to al-Biriini, dis-
cussed the etymologies of al-Khwarizm1i and al-Birini ( Pines, pp. 346-347).

6. S. Maher, in her book on the navy in Muslim Egypt, cited and reproduced the text of the deriva-
tions in the marginalia by Ishiaq al-Zaqali to the anonymous treatise in 15 ‘agls, and in the fifth
magqala of the treatise by Munajjimak (Maher, pp. 255-256 and 386-387).

7. E. S. Kennedy discussed the statements of al-Biriini in the Shadows in his recently-published
commentary thereon (al-Birini 2, text, p. 69, trans., p. 111, comm., p. 53).

8. F. Sezgin in his monumental bio-bibliographical survey of early Islamic literature discusses
the attribution of the astrolabe to Hipparchus in the treatise al-Migyds al-murajjah which is falsely
attributed to al-Birni (Sezgin, VI, p. 78).

9. Gandz contains references to the etymologies of Masha’allah, Hajji Khalifa, and Lane. The
reference to an etymology by ©Ali b. ¢Isa (p. 475) is in fact a reference to the etymology of Abd “Abd
Allih al-Khwarizmi.

10, C¥. Dozy, 11, p. 809, where no specific medieval context is mentioned. See, however, E. S.
Kennedy’s translation and commentary of a passage on an instrument for reckoning time of day
called mizdn which is described by al-Birdni in his book on shadows (al-Birini 2, I, pp. 153-156, and
11, pp. 82-83), and also the remarks in King 2, pp. 49-50.
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Medieval Islamic Sources
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HE MEDIEVAL ARABIC asturlab or asturlib for astrolabe was
derived from the Greek dorpéhaosc (or dotpordPov &'pyavov), name
of several astronomical instruments serving various purposes, including
the demonstration and graphical solution of many problems of spherical
astronomy.! As Otto Neugebauer has shown in a section on the early history
of the astrolabe published in his monumental History of Ancient Mathematical
Astronomy, the underlying theory of stereographic projection was known
in the time of Hipparchus (ca. 150 B.C.) and the astrolabe as it was known
in medieval times was probably first described by Theon (ca. 375 A.D.).?
The purpose of this study is to draw attention to a series of statements
in the medieval Islamic sources about the etymology of the Arabic word
asturlab or asturlab and about the invention of the instrument. These statements
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we have shown how such a line may be drawn by fixed geometry”. On the
other hand, if the work on the nonagon were an early one, composed before
he framed his views on vergings, it is strange that he would write in his treatise
on trisection that “nothing relating to this problem (trisection) has been solved
either by the ancients or the moderns except for these two geometers (Abi
Sahl al-Kthi and Thabit ibn Qurra)”, [9, pp. 117-18]. Presumably the const-
ruction of the nonagon by trisection would “‘relate to this problem’’; so rather
than assume al-Sijzi was keeping silent about a youthful work he regretted,
we conclude that he did not write this treatise.

Two other persons known to have written on the nonagon during this
period were Abw’l-Jid and al-Birini; but the former used comic sections
rather than vergings and was more interested in an algebraic approach to
the problem, while the latter says of constructions of the nonagon by moving
instruments or conics that “they are of slight use when it comes to numbers”,
and then gives two algebraic methods for obtaining the side, [3, p. 287].
Moreover the rather ponderous style of proof in the present treatise, including
the citation of Book I of The Elements on the exterior angle of a triangle and
the proof that TG intersects AE in the direction of E, hardly recalls that of
either of these two mathematicians.

We conclude that the treatise is incorrectly attached to that of al-Sijzi,
since he did not write it, and that it is the work of a tenth-century geometer
whom, without further evidence, it is impossible to identify. In view of the
striking similarity of its key step to the proof of the Banti Miusa, this treatise
appears to be another instance to the influence of the Banii Miisa’s work in
medieval Arabic mathematics.
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be on His prophet Muhammad and his family. (19) Its editing was finished
in Masul in Muharram the year 632 (Hijra).

Commentary:

Only the inclusion of this treatise in Bankipore 2468 lends some support
to our supposition that The Nine-sided Figure was composed in the latter
part of the tenth or the early eleventh century, for that is the period from
which most manuscripts in this codex come. Certainly from the point of view
of the contents it could have been written at any time during the Islamic
period. Thus, when al-BirGini remarked in al-Qdnin al-Mas‘adi: that one can-
not trisect a general angle without moving instruments or using conic sections
[ 3. p. 287] and observed that to construct a regular nonagon it suffices to
trisect two-thirds of a right angle [3, p. 297], he was merely summarizing
what had been known to geometers since antiquity. Even the Bani Musa
gave in the mid-ninth century in their Book of the Knowledge of the Measure-
ment of Figures exactly the procedure for trisecting a general rectilineal
angle that is used here for trisecting one of 600, [1, p. 24].

When the lettering in their proof is adapted to Fig. 1 the proof runs as
follows. Draw a diameter YD || BG and draw NG. Thus GT is equal and
parallel to IVD, and so ING is equal and parallel to DT. This means GN 1 DE;
so GN, and hence G/]\\l', is bisected by DE. Thus EN —36N. But BY = éN
and AY = EN, so AY — 1BY, and so « ADY — }« ADB. Thus the
treatment by the Banii Misi makes it plain that TD is equal to the chord
of an arc that is 2 of BA, which is a key step in The Nine-sided Figure.

Thus the purpose of the present treatise appears to have been simply to
point out that when a well-known trisection procedure is applied to an angle
of 600, the verging produces directly the side of the regular nonagon iself. This
is a very nice observation, giving a surprise ending to the usual construction,
and certainly one worth a short treatise.

Since this short work immediately follows al-Sijzi’s The Transversal Figure,
it is tempting to suppose he was the author, for he also wrote on the trisection
of the angle and the construction of the regular heptagon, and such an elegant
construction of the nonagon would complete this activity very nicely. However,
in view of the fairly clear and consistent attitude al-Sijzi displayed towards
verging constructions he probably would not have considered such a const-
ruction of the nonagon as valid, much less elegant, for in his treatise on the
trisection of an angle he describes a verging construction in a “Proposition
resolved by one of the ancients by means of a straightedge and compass but
which we must resolve by means of fixed geometry”, [9, p. 120].

It does not seem likely that after expressing such a view al-Sijzi would
write a treatise using a verging construction without at least adding, ‘“and
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point T and the circumference at the point G, and TG is equal to half the
diameter, then I say that the line TD is always (20) equal to the side of the
regular nine-sided figure in it (the circle)””? The reply is that that is true;
(21) what I claim about it is sound. The proof of it (is as follows): We produce
the diameter AE and the chord BG in straight lines in the directions (22) of
E, G so that they meet; and I say first that their meeting is possible and the
contrary is impossible, for if it were possible that the two were produced (23)
and did not meet, then we draw from the point G a perpendicular to the dia-
meter, GL. Then the lines AE, BG are either parallels (24) or their distance in
the directions E, G is further as they run side-by-side. If they are parallels,
then TG is equal to (25) DL because of the parallelism; but it was supposed
equal to DE, i.e. equal to half the diameter, and that is a contradiction.
Thus their distance (26) in the directions E, G is wider than parallelism; and
that is even more of a contradiction because of what we proved (since such
a GT would be even smaller than the previous GT, and hence less than the
radius). Thus it is necessary (27) that the two lines EA, BG meet if they are
produced in straight lines in the directions E, G; so let them be produced and
let their meeting be at (28) the point K and draw BD, DG and produce GM
parallel to DK. Then the ratio of TM to MD is as the ratio of TG (29) to GK;
and TM is equal to MD, since TG is equal to GD ,and GM is perpendicular to
TD. Thus TG is equal to GK, and because of that (30) DL is equal to LK.
Since the exterior angle BGD of the triangle GDK is equal to the two opposite
interior angles GDK, GKD, as proved in the first book of The Book of The
Elements, while the angle (280r:1) BGD is equal to the angle GBD, since BD
is equal to DG, and the angle GDK is equal to the angle GKD, the angle KBD
(2) is equal to twice the angle BKD. Similarly, the exterior angle BDA of the
triangle BDK is equal to the two opposite interior angles DBK, DKB; (3)
(so) angle DBK is two-thirds of angle BDA and the angle BKD is one-third
of angle BDA. (4) However, triangle ABD is equilateral, since AB was sup-
posed equal to half the diameter, so angle BDA (5) is two-thirds of a right
angle and thus angle BKD, i.e. angle GDK which is equal to it, is two-ninths
of a right angle. Certainly (6) the sum of the angles around the center in any
circle is four right angles; (7) so it is necessary that the angle whose chord is
(8) the side of a regular nine-sided figure in any circle (9) four-ninths of a right
angle. We have already proved (10) that the angle GDK is two-ninths of
a right angle and the line GL (11)is half the chord of double the arc GE; (so)
the line (12) GL is half the side of the regular nine-sided figure (13) in the
circle ABG. Also certainly the line (14) TD is double the line GL, since its
ratio to it is as the ratio (15) of TK to GK, and TK is double GK by what we
proved. Thus TD (16) is equal to the side of the regular nine-sided figure in
(17) the circle ABG; and that is what we wanted to prove. This is its figure.
(18) It is finished with praise to God and with His good success. His blessings
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J. L. BErGGREN*

In 1948 Osmania Oriental Publications Bureau published a collection of
twelve treatises, mostly from the 10th and 11th Centuries, taken from the
codex Bankipore 2468, [7]. Over thirty years have elapsed since then but only
three of these treatises have been the subjects of published investigations
and one more has been translated (into Russian). Although the cover states
the volume contains eleven treatises there is in fact a twelfth, an anonymous
treatise attached both in the codex and the printed book to the work of the
10th century scholar Muhammad b. “Abd al-Jalil al-Sijzi, On the Transversal
Figure. Perhaps because this treatise ends half-way down f. 279v of the ma-
nuscript and the anonymous treatise The Nine-sided Figure begins on the
next line, there is no mention of the latter in such standard works as Brock-
elmann [4] or Sezgin [8], although Hermelink noted it in his review of the
volume [3] .

The purpose of the present paper is to translate and comment on The
Nine-sided Figure and to consider its authorship. In a separate paper [2] we
consider the treatise to which it is joined, the previously unstudied treatise
of al-Sijzi, On the Transversal Figure. A facsimile of the manuscript text
appears on p. 36-33 of this journal.

In the following translation “(m r/v:n)” denotes the beginning of line n
of folio m (recto/verso) of Codex Bankipore 2468, while a simple “(n)” denotes
the beginning of line n. Parentheses enclose additions to the text or explana-
tions, and the figure found in the text is copied as neatly as possible, with the
letters transcribed according to the system of Kennedy and Hermelink [6],
in Fig. 1; however the lines NY and NL are not in the text and have been
added by us to facilitate our later discussion of some work of the Banti Masa.

What follows is a translation of
The Nine-sided Figure. (279v:17) The
nine-sided figure. What is the proof of
the assertion of one who says, “(Given)
the circle 4 BG whose center is D and
whose quartering diameters (18) are
AE, ZH, if the two chords 4B,BG are
drawn in it subject to the condition
that AB is equal to half its diameter
and BG cuts the diameter (19) at the
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line AG. By similar triangles 4B:4AD = BE:DH =
(BE:EZ) (EZ:DH) and EZ:DH = ZG:GD (again
by similar triangles); so AB:4AD = (BE:EZ) (ZG:
GD). See Figure 2a.

We note that while the idea of the proof, so far
as it applies to a particular case, goes back to Pto-
lemy (The Almagest [3], pp. 45-6), the use of the
chart of permutations to produce twelve diagrams
to which one proof applies seems to be al-Sijzi’s
own, very attractive, idea. )

At the end of the proof (447) al-Sijzi writes:*The Fig.2a
proof of it was composed by the methods which I
proved in my book The Compound Ratio for Every Method, one explanation
for the twelve cases. And this is another one of those proofs, which I indicate
in red when it differs from them, and the extension of its lines and its letters
are also inred in the transversal (figure). This method is easier than the rest
of the methods I have seen in their books. At this point we will break off the
discourse since our goal is attained in this letter. Praise is God’s regarding
the goodness of his deeds and may God bless our lord Muhammad and his
family and his companions, and peace on them. It was derived on the first of
Muharram, the year 389 Hijra”.

There are no red letters or lines in the diagrams accompanying the treatise,
but there are additional lines in the diagrams, namely lines labelled BH and
passing through B parallel to DZ, just as the line used in the proof was
labelled DH, passed through D, and was parallel to BZ. These may be the
lines that were originally in red and there is no difficulty is forming a proof
using them, one that is entirely analogous to the proof al-Sijzi gives using DH,
(detailsin [1], p. 53). See Fig. 2a., an exact copy of one in the manuscript.

The passage quoted above makes it clear that the work al-Sizji refers to
in his Transversal Figure as The Compound Ratio is not the treatise we are
summarizing but an as-yet-unrecovered work of his whose full title was The
Compound Ratio for Every Method (al-nisba al-mu’allafa li-kulli tarig).

Then, though the passage quoted would seem to be the end, the treatise
in fact continues for another page and a half, including a table stating what
form the proportion a:b = (g:d) (e:w) takes if two quantities, such as a and g,
are equal. That this appendix is really by al-Sijzi is shown when, having given
the table just mentioned the author writes ““And we compose tables for deter-
mining the unknown one of six magnitudes when five of them are known, and
the proof is in my book On the Compound Ratio”. These tables, however, are
omitted by the scribe, even though the treatise ends with instructions for
their use.
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true, it is not of much use, since the other
ratios entering into the proportion are al-
tered). On 42r he comes to the main point
of the treatise. He realizes that if he is to
give one proof valid for the twelve cases
arising from one side of the diagram, the
lines in each of the twelve figures to which
his proof applies will have to bear some
permutation of the labels ADB, AEG, BZE
and GZD. To this end be makes the fol-
lowing chart of the permutations (ibdal)
of the three letters in each of these labels.

CHART 1la.
(as found on f. 42r of the manuscript)

The first ABD ADB BAD BDA DAB DBA
The second AEG AGE EGA EAG GAE GEA
The third BZE BEZ EBZ EZB ZBE ZEB
The fourth DZG DGZ ZDG ZGD GDZ GZD

There is no simple rule that would generate the chart from its first column
though the interchange of entries (2,3) — i.e. second row and third column-
with (2,4), (3,3) with (3,5), and (3,4) with (3,6) ,would produce a chart in with
the entries in any one column are generated from the corresponding entries
in the first column by the same permutation. In any case, al-Sijzi now shows
how, if we choose one of the above labels for any line of the tranversal figure,
we may use the chart to determine the labelling of the other lines. He takes
the case when we label the “first”’ line DBA. We find, he says, that among the
other lines there are two emanating from D and 4 with only one point in com-
mon, and so “we seek the common (letter) from the beginning of the two rows
of the second (table) and find G*°. Then the second row shows immediately
that the letter following 4G is E, and the fourth row shows that the letter follo-
wing DGis Z,

Thus the entries in the first and third rows allow us to form twelve dia-
grams illustrating the twelve cases of the transversal theorem in which the
letters 4,B,D,Z and E label the two right-hand lines. For each of these twelve
cases he proves (43v) that AB:AD = (BE:EZ) (GZ:GD), as follows. In each
figure draw DH parallel to BE, where H is the intersection of DH with the
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Appendix
Al-Sijzi’s treatise on the compound ratio in MS Leiden Or. 168

Since in the treatise we have discussed above al-Sijzi does not deal with
the plane case of the transversal theorem, we have thought that the reader
might wish to have a brief account of the one known treatise where he does
discuss the theorem, namely his Fi tahsil iga® al-nisba al-mu’allafa ..., Leiden
MS Or. 168 (ff. 41r — 44v). Another account may be found in [1].

Al-Sijzi begins (41r) by distinguishing among the twelve cases obtained
from “one side” of the transversal figure the four cases obtained by tarkib,
the two obtained by tafjil, and the other six obtained by ibdal (interchanging
antecedent and consequent in the previous cases). On 41v he next shows that
when we prolong BE to H, so that EH = EZ (Fig. la.), and complete the
figure to a transversal figure GHL, LAB, BZH and GZD, ratios such as BE:
EZ, which were examples of tarkib in the first figure, may be replaced by equal
ratios (in this case BE: EH) which are now examples o tafsil. (While this is
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THEOREMS IN ORDER

PROOF

SIX CASES
FOR ADB

Sin 4B _ Sin 4B _ Sin 62

Intersection of planes ATG, THE.

‘Whole to lower

Sin BD Sin EC Sin 7D From Theorem 3 of his book. part
2D . Cop . ]
Sin ﬂ) = Sml . S'LIE From Theorem 4. Lower to whole
— 2%
Sin AB Sin ZG Sin EA
Lo~ L ) .
Sin fjf - Sin B’f‘ . Sin (i{ Intersection of planes AEG, BDZ. Whale to upper
Sin 4D Sin EZ Sin GD From Theorem 1.
Sin AD in 6D in B2
. — = &17 . -SE__.EZ Number not given. Upper to whole
Sin AB Sin GZ Sin EB
SinBD  SinBZ Sin CE Intersection of planes DZG, BAE
— = — - < Lower to upper
Sin DA Sin ZE Sin G4 From Theorem 5.
—~ ~ —
Sin DA Sin GA i
= — = L — ¢ SmI:Jf From Theorem 6. Upper to lower
Sin BD Sin GE Sin ZB
SIX CASES
FOR BZE
Sin BE Sin Ba Sin éD Intersection of planes AEG, BDZ.
= == — — ) ‘Whole to upper
Sin EZ Sin AD  SinGZ Number not given.
- fp . P o T
Sin bz = SinGZ | St 1D From Theorem 8. Upper to whole

Sin BE  SinGD Si_gﬂa

Sin BE  SinAE Sin6D
N = ~~ . _—
Sin BZ Sin 4G  Sin GZ

Intersection of planes ADB, GEZ.

From Theorem 9.

‘Whole to lower

Sin BZ Sin6Z  Sin 4G
— = —~, * —~.
Sin BE Sin DG

From Theorem 10.

Lower to whole

SinBZ _ SnBD Sin4C
Sin 2 SinAD  Sin GE

Intersection of planes DZH, BAE.

Number not given.

Lower to upper

Sin B2 __ Sin EG  SinaD
Sin BZ Sin 4G Sin BD

From Theorem 12.

Upper to lower
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We conclude by comparing al-Sijzi’s treatment of the transversal theorem
with that of his two well-known predecessors, Ptolemy and Thabit b. Qurra.
Ptolemy states but two cases of the theorem and proves only one, for his
interest is in providing in brief compass a useful tool for astronomers to solve
such problems as that of finding the declination of the sun given its longitude.

Certainly both Thabit and al-Sijzi were also aware of the astronomical
applications of the theorem and the latter writes, near the end of his treatise
(279v: 13-14), “For it is my intention, when I have the time, to compose a
detailed book on celestial arcs, in which the uses of the sought goal in regard
to the transversal figure would be fulfilled.” However, both men evidently
saw the need of providing a complete mathematical basis for these uses. Ptol-
emy’s attitude, on the other hand, was probably well-summarized by Thabit
who wrote of him that he felt ““the reader who understands could, with one
example available, find the proofs of the remaining forms for himself” [1,
p- 27].

Although al-Sijzi and Thabit had the same goal, their procedures differ
considerably. While al-Sijzi aimed at deriving each of the twelve forms shown
in Chart I by a uniform method from the corresponding plane theorems,
Thabit saw that the first case described by Ptolemy was one from which all
the other cases could be derived. Thus he filled in the gaps in Ptolemy’s proof
of the one case and proved the other basic case, stated but not proved by
Ptolemy, from the first. He then went on to assert that all the other cases
could be reduced to these two, following which he shows how these two cases
could be proved without using the plane form of Menelaos’ Theorem. Finally
he concluded with a demonstration of how, given six (comparable) quantities
@, b, g, d, e, w, and a relation a:b = (g:d). (e:w) one could derive seventeen,
and only this many, other relations, such as a:g = (b:w) . (e:d).

Thus Thiabit’s basic contribution lies in pointing out that all forms of the
theorem are derivable from one form, even if such a derivation is carried
out in detail only for one case, whereas al-Sijzi carried out the details of the
proofs of the twelve statements given in Chart I according to a uniform pro-
cedure. With Thibit therefore the unity lay in the basic theorem while with
al-Sijzi it lay in the one procedure. Both treatises, in providing unified,
thorough treatments of a major theorem, were independent steps in recogn-
izing the mathematical discipline of trigonometry.
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The pair translated from al-Sijzi’s treatise is entirely typical in that the
twelve theorems fall into six such pairs, namely 1, 2; ...; 11, 12 — where the
second member of each pair proves the case obtained from the first by invert-
ing all three ratios. In the case of each pair the statement of the second opens
with the phrase “We repeat this figure””, and the proof is quite short, since
al-Sijzi is able to use the same plane transversal figure as in the first.

In his previous treatise The Compound Ratio al-Sijzi explains that in the
plane transversal theorem twelve cases arise because on the line 4B there
are three segments AD, DB and 4 B, any two of which form a ratio (in two
ways), and so we obtain six different ratios from 4B. Similarly, we obtain
six different ratios from BE for a total of twelve, “and as for the statements
of the ratios of 4G and its segments, they are like the statements of the ratio
of AB as far as obtaining them and similarly the statements of (the ratios
of ) GD are like the statements of ( the ratios of ) BE™, [6, f. 41v : 2-4]. The
corresponding twelve cases for the sphere constitute the propositions of the
present work.

In this treatise al-Sijzi, unlike Ptolemy and Thibit, states each of the
twelve theorems using Sines of the arcs. The proofs, however, proceed along
the same lines as Ptolemy’s: each case of the spherical transversal theorem
in reduced to one of the plane cases, which he usually cites by number from
The Compound Ratio. These plane cases are all generated in a uniform manner,
namely by intersectiong three radii of the sphere with chords of great
circles (both being produced if necessary), to obtain three points which he
proves lie on a straight line by proving they lie on two planes. (As we have
seen, the specification of the points is not always so clear as it might be.)
This straight line is then the fourth line of a plane transversal configuration.

Chart I states the twelve propositions of al-Sijzi’s work in the order he
proves them, giving for each one the intersecting planes that produce the
fourth line and the theorem number of the result he uses from his work on
compound ratio when he cites it. The third column gives for the reader’s
convenience a verbal description of the ratio that is to be expressed asa com-
pound ratio.

The chart reveals al-Sijzi’s systematic treatment of the twelve propositions,
in which for each of the two segments he deals first with the four cases of
tarkib and then with the two cases of tafsil. Were it not for one anomaly, his
arrangement of the spherical propositions would follow that of the corres-
ponding plane theorems, as the second column shows. One would rather have
expected the propositions to occur in the order 3,4, 1 and 2, but the possibility
that a later writer arbitrarily re-ordered them or that some codex folios got
out of order is excluded by the words “ it is necessary to retain this exception
for the totality of propositions in this book” in the opening part of Propo-
sition 1, for they show this is indeed the first theorem.
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and we draw (8) HG which we produce indefinitely (to some point T). We draw AE and pro-
duce it until it meets the line HT at the point T. We imagine (9) a straight line between the
two points B, T so the triangle ABT is on a plane. We (also) imagine a straight line from the
point D (10) to the Point T so the surface HDZGT is on a plane; thus the plane HDZGT cuts
(11) the plane 4 BT in a straight line common to the two of them. But (then) the points (12)K,
L, T lie on the common section and so these points lie (13) on a straight line. Thus the straight
line joining the two points (14) K, T passes through the point L, and so there results here the
figure (15) whose sides are related by composition, i.e. 4B, AT, T [K](L) and BE. Hence ,the
ratio of BK (16) to K4 is as the ratio of BL to LE compounded with the ratio of ET to TA,
which we proved (17) in the fifth theorem of our book on compounded ratios. However, (18) the
ratio of the Sine of the arc BD to the Sine of the arc DA is as the ratio of BK to K4, as we
proved by way of a lemma, and the ratio of the Sine (of the arc) BZ to (19) the Sine of the arc
ZE is as the ratio of BL to LE ,and the ratio of the Sine of the arc EG to the Sine of the arc GA
is as the ratio of ET to T'4 (20); and so the ratio of the Sine of arc BD to the Sine of arc DA is
as the ratio of the Sine of arc BZ to the Sine of arc ZE compounded (21) with the ratio of the
Sine of arc GE to the Sine of arc G4, and that is what we wanted to prove.

He now states and proves Proposition 6.

(278r:21) We repeat this (22) figure and we say that the ratio of the Sine of the arc DA to the
Sine of the arc BD (the copyist repeats the whole phrase from ‘ratio’’ to ‘“BD’) (23) is as the
ratio of the Sine of the arc 4G to the Sine of the arc GE compounded with the ratio of the Sine of
the arc EZ to the Sine of the arc ZB. (24) Its proof: We proved concerning the preceding figure
that the common section of the two planes GDZT, ABT is the line KLT, (25) and so the ratio
of AK to KB is as the ratio of AT to TE compounded with the ratio of EL to LB - and we proved
that in the sixth theorem (26) of the Book of the Compound Ratio.

The next four lines just apply the introductory lemmas to replace the
latter ratios by ratios of Sines, and we shall not repeat them here.

Before we comment on the above, we quote for comparison Ptolemy’s
proof of one of the two cases he discusses, since it is exactly that proved by
al-Sijzi in Propotion 5. (Since Ptolemy labels the points on the left D and B
and those on the right E and G, we have changed his lettering to fit Fig. 3.)
‘What follows is from the Almagest [3, p.50; lines 1-20].

From the center H of the circle draw straight lines HD, HZ and HG. Draw the connecting line

AE and prolong it until it cuts the prolongation of HG at T. Similarly the connecting lines EB

and AB will cut HZ and HD at L and K (respectively). Since the three points K, L and T lie
in the planes of triangle 4 BE and the circle GZD, they lie on a straight line. The line which joins
these points produces the following figure: the straight lines TK, BE, which cross at Z, are drawn

inthelines T4 and BA [3, p. 50].

The remainder of Ptolemy’s proof is simply the application of the plane
form of Menelaos’ theorem and the preliminary lemmas to obtain the desired
conclusion; however, the portion quoted shows plainly the dispatch with
which Ptolemy defines the three crucial points T, K and L and shows they
lie on a straight line. In contrast, al-Sijzi does not carefully define the two
points K and L and he dwells a bit longer than Ptolemy on the fact that these,
together with T, lie on a straight line, but to no more effect, for both authors
leave it to the reader to convince himself that each point is both on a line in
one plane and on a line in another.
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each other in the point Z. I say that the ra- A

tio of GA to AE is equal to the ratio of GD

to DZ compounded with the ratio of ZB

to BE” and, with the same hypotheses,

“the ratio of GE to EA is equal to the ra-

tio of GZ to ZD compounded with the ra- H

tio of DB to BA” [3, p. 45]. The first

case, in which one of the terms in the E
initial ratio is a whole segment, the
Greeks called kata synthesin and the
Arabs tarkib, while the corresponding
words for the other case were kata diai-
resin and tafsil. ; Al-Sijzi does not state
these theorems, but refers the readertoa g G
treatise of his that he refers to by the
title K. al-nisba al-mu’allafa whenever he
needs to refer to one of the twelve cases of
the plane transversal figure. The only treatise on this topic by al-Sijzi known
to us is in Leiden, MS Or. 168, and is entitled anit fi tahsil iga“ al-nisba al-mu’al-
lafa al-ithnai “ashara fi’l-shakl al-qatta® al-musaitah bi-tarjama wihida wa-
kaifiyat al-asl alladhi tatawalladu minhu hadhihi’l-wujith: see Sezgin [ 3, p.
332]. However, Mr. J. Hogendijk has called our attention to the fact that
this treatise ends with the sentence

Fig. 2

2 kit i A ) e
and this means that it was composed on the first of Muharram 389 A.H. ( =
end of December 998 A.D.). Since we have already pointed out that al-Sijzi
wrote the present R. fi shakl al-qatta® sometime prior to 969, it follows that
the K. al-nisba al-mu’allafa is not the treatise in Leiden, Or. 168.
Following the above lemmas al-Sijzi states and proves his twelve proposi-
tions, of which we now translate the fifth and sixth (see Fig. 3).

Proposition 5: A
(278r:4) We postulate the two arcs AB
AG of great circles containing the an-
gle A and we draw arcs (5) BZE, GZD E D
from the two points B, G meeting at
the point Z. I say that the ratio of the
Sine of arc BD to (6) the Sine of arc L
DA is as the ratio of the Sine of arc BZ
to the Sine of arc ZE compounded with
the ratio of the Sine of arc GE to the T
Sine (7) of arc GA. Its proof: We draw S H 8
AB and BE and produce from the cen-
ter of the circle, H, two lines HZ , HD Fig. 3
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and I am not unaware of the respect due of to you, but (for the fact) that it was mentioned that
Abi’l-Hasan Thabit b. Qurra al-Harrani had (written) a book inquiring (17) into this field, called
The Book of the Transversal. But I have not seen this book and it does not exist in this city (18)
I inhabit; so I requested the book be brought to this area, so that the burden of being exposed
to the notions (19) of those who (merely) leaf through (a work) may vanish from me - as well
as the opinion of those who really study. For a book, when it is separated from its author and is
far from him who makes clear its obscurity, will not (20) lack adverse hair-splitting judgement
from some people about it nor their calumnies against it, either because it conflicts with what
they customarily employ in (21) explaining, abridging or expanding or (because of) other things
that some of them have forbidden others to do. Thus their haste is (22) to find its author inade-
quate and their censure of him is in proportion to their submission to their whim. We are driven
(23) to this (judgement) by this town in which we are. Indeed, the great mass of people consider
the investigation of geometry blasphemous and count (21) ignorance of it a boast. They find it
lawful to kill him who believes in its correctness with perserverance, as well as (in) its ability to
strengthen insight, to train (25) the soul and to accustom behavior in the paths of truths. However,
when the days lengthened your delay and I did not succeed (26) in what I had hoped for in ob-
taining that book nor any other book written on this topic, I feared that (27) I would hold in your
opinion the status of one who promises but breaks (his promise). Thus I wrote this treatise and
with it undertook the elucidation and epitomization (28) of what is necessary to obtain the sought
goal. I shunned elaborating the superfluous. And that is where (29) I begin, relying on God the
Exalted, trusting in Him.

The introduction gives no clues to the identity of the friend to whom a
certain respect was due or the name of “this city I inhabit”, both items we
should very much like to know. It does say, however, that he wrote the work
without having seen either Thabit’s Book of the Transversal or any other work
on the topic. Now Sezgin records many copies of Thibit’s work, among them
«“Paris 2457/37 (ff. 164-170, 358 H., Abschrift von as-Sigzi)” [5, p. 268]. This
means that in 358 H. (969 A.D.) al-Sijzi saw and copied Thabit’s work so this
year is an upper limit of the date of composition of al-Sijzi’s The Transversal
Figure.

The body of this treatise begins with

statements and proofs of two lemmas G
stating (see Fig. 1) that when a chord

GD (GB) of a circle BGA is cut external- D

ly (inter ally) by a diameter at E (at s

K)then Sin GB: Sin DB=GE: ED (Sin 2 als E—

GD : Sin DB= GK: KB). The same
lemmas stated in terms of “the chord
of twice the arc”, appear in the Alma-
gest [3, pp. 46-7] the sole work al-Sijz1
names in his preface as his source. Fig. 1

Moreover, after stating these lemmas, Ptolemy states two cases of the
plane transversal theorem as follows (Fig. 2) : “Within two straight lines
AB and AG one draws two crossing straight lines BE and GD which cut



Al-Sijz1 on the Transversal Figure

J. L. BeErcGrREN®

HE MATHEMATICIAN AND ASTRONOMER Abi Sa‘id Ahmad b.

Muhammad b. °‘Abd al-Jalil al-Sijzi produced, in the latter part of the 10th
and early 11th centuries A.D., a series of important works of which only a few
have been studied. Among his unstudied works is the R. fi’l-shakl al-qatta®
(On the Transversal Figure), a work not mentioned by H. Biirger and K.
Kohl in their section on the history of the transversal theorem among the
Arabs in [1, pp. 47-58 ], perhaps because the work is known in only one
copy in MS Bankipore 2468, item 40, and was only published by the Osmania
Oriental Publications Bureau in 1948 [4].

In this paper we present from the treatise a translation of the introduction,
the fifth and sixth theorems with their proofs, and statements of all theorems
in modern notation. We close with a commentary which, among other things,
compares al-Sijzi’s treatment of the transversal theorem with that of Ptolemy
[3] aad Thabit b. Qurra [1]. Facsimiles of the entire text appear on pp.
36-33 below.

In the translation the notation *“(m r/v:n)” signals the beginning of line
n of folio m (recto/verso) of Codex Bankipore 2468, while a simple *(n)”” denotes
the beginning of line n. We enclose emendations in square brackets and supply
the original reading in paientheses immediately afterwards, while additions
to the text or explanations are enclosed in parentheses. Figures 1 and 3 are
copies of those in the text and the letters denoting points have been tran-
scribed according to the system of Kennedy and Hermelink [2]. The word
“Sine”’ denotes the medieval sine function, so that, when a is an arc of a circle
of radius R, Sina = Rsina.

Al-Sijzi begins his treatise as follows:

(276v:8) In the name of God, the Merciful, the Compassionate. In Him there is congruity. (9)
The treatise of Ahmad b. Muhammad b. “Abd al-Jalil al-Sijzi (10) on the transversal figure.
(11) May God establish through you the abode of wisdom and make easy for you the paths of
achieving the goal and spare you the source of confusion, preserve you from the ruin (12) of un-
certainty and make you see the places of correctness and illuminate for you the roads of your
good fortune and not leave you in charge of yourself.You had, (13) may God support you, asked
me sometime since for a treatise on the derivation of Sines of arcs of the sphere by way of ex-
planation and demonstration (14) of the approach which Ptolemy described in his book the Al-
magest and I promised to reply to your request. I would not (15) have delayed for that until
now, neglecting what you wanted to know, nor do I consider your worth of little value, (16)

* Simon Fraser University, Burnaby, B.C., Canada.

This and the following paper were originally submitted as one, wtich was made into the present
two at the request of the editors.
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14 REGIS MORELON

par rapport a la valeur trouvée en premier lieu, comme quantité [de cette
diminution] pour le cas ot la distance entre 1’étoile et le soleil est d’un demi-
cercle. Il passe alors de [la situation ol I’étoile se trouve sur] la zone lumi-
neuse’’ située sur le cercle de hauteur a [la situation] ot elle s’en trouve
écartée lors de sa premiére apparition ou de sa premiére disparition; il prend
alors le rapport de la diminution de I’aic de dépression a la différence entre
ses deux valeurs trouvées lors de ’apparition de I’étoile a I’est le matin et le
soir, et il égale ce rapport au rapport de la distance, prise sur ’horizon, entre
Pétoile et D'intersection du cercle de luminosité [ du soleil ] avec I'horizon, a
cent quatre-vingt.

37. “amid al-diya’: cf. note 32.
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dépression] et de I’horizon, la valeur de I’arc de dépression du soleil est modifiée
parce que 1’étoile se trouve écartée de la zone lumineuse qui la cachait, et
[penche] vers la zone obscure qui lui permet de se manifester.

§4 Ptolémée, 2 propos dela diminution dela valeur de cet arc de dépression,
a établi un principe qu’il nous faut exposer: il a mentionné que ceux qui I’ont
précédé n’ont pas fait de distinction entre la valeur de cet arc de dépression
pour une étoile lors de sa premiére apparition le matin et entre la valeur qu’il
prend lors de la derniére apparition de cette méme étoile sur I’horizon est,’*
et qu’ils n’ont pas réalisé ce que lui a réalisé: la différence entre les deux telle
qu’elle apparait au témoignage des sens; en poussant trés loin la précision,
selon son habitude, il a trouvé que I'une deux est le double de ’autre.

Si nous prenons, pa1 exemple, une étoile de premiére grandeur, nous savons
que lorsque I’arc de dépression du soleil, a ’ouest, est de douze degrés, cette
étoile est a la limite de la trés faible visibilité, a la frange de I’occultation;
je veux dire par ““trés faible visibilité”” que lorsque I’arc de dépression du soleil
diminue tant soit peu au-dessous de cette valeur, la visibilité disparait, et que
lorsqu’il augmente au-dessus de cette valeur, la visibilité se confirme et ’on
n’a plus besoin d’examiner soigneusement la situation, ni de faire un calcul
délicat, ni de se fatiguer le regard a la recherche de I’étoile.

Ainsi, lorsque la distance entre le soleil et I’étoile augmente, sa visibilité
est plus facile parce qu’elle se trouve éloignée de la lumiére que le soleil laisse
derriére lui au-dessus de I’horizon et qu’elle se trouve rapprochée de 1’obscurité
qui, au début de la nuit, a soa origine a’est et qui s’avance d’un mouvement
circulaire;* si bien que lorsque la distance [entre 1’étoile et le point le plus
brillant de ’horizon] est d’un demi-cercle, I’étoile se trouve au milieu de cette
obscurité, et & ce moment-1a I’arc de dépression du soleil est & sa valeur mini-
mum pour la premiére apparition de cette étoile. Nous avons dit précédemment
que Ptolémée, aprés une recherche précise, a trouvé que cet arc est la moitié
de ce qu’il est pour la derniére visibilité a I’ouest ; cet arc est donc de six degrés
pour les étoiles de premiére grandeur, et de sept degrés et demi pour celles
de deuxiéme grandeur. Comme nous I’avons rappelé, la raison en est que la
densité d’obscurité, qui va en croissant et en se rapprochant de I'observateur,
concentre le regard de celui-ci du c6té opposé a celui de la lueur du crépuscule
qui, elle, dilue son regard a cause de sa blancheur et de sa luminosité.

§5 Ensuite il traite les diminutions de cet arc de dépression conformément
a ce principe de base: il prend la quantité de la différence de I’arc de dépression

35. L’auteur prend les deux cas ot I’étoile apparait du c6té est, a six mois d’intervalle environ,
ou lever puis au coucher du soleil. Dans le commentaire précédent, pour une plus grande clarté de la
figure, nous faisons le contraire: le soleil est & son coucher et 1’étoile apparait a I’ouest, puis a I’est.
les deux situations présentent des résultats identiques.

36. Le point diamétralement opposé, sur I’horizon, au ‘‘point le plus brillant’’, est alors présenté
comme source d’obscurité.



12 REGIS MORELON

terre 4 ce moment-la; c’est pour cette raison qu’on I’appelle “arc de dépres-
sion”: c’est le symétrique d’un “arc de hauteur” au-dessus de la terre, ce qui
les différencie, c’est leur situation respective. Il est évident que la croissance
progressive de la clarté de 1’aube, ou la décroissance progressive de la clarté
du crépuscule?? se fait sur I'intersection de cet arc de dépression du soleil avec
I’horizon.

Chacun de ces deux phénomeénes se présentant comme une clarté dans une
zone déterminée de ’atmosphére, le centre de ces deux zones est plus blanc
et d’une luminosité plus intense que leurs bords, et une étoile se trouve masquée
par ces zones de clarté selon sa proximité deleur centre. Pour traiter ce probléme
au cours, de ce chapitre, nous prendrons en considération ’arc de dépression
[du soleil], nous conformant ainsi a des résultats d’expériences faites en quelque
lieu que ce soit.

§ 3 Ptolémée et ses prédécesseurs ont porté attention ala connaissance
de la valeur de cet arc de dépression du soleil et 'ont trouvé, pour les étoiles

3N 2 5 : . 2 X 30
de premiére grandeur, égal a ——z— de signe,” [soit =—%— = 12°], et, pour
g s oy P g s = ., 30
les étoiles de deuxiéme grandeur, égal a la moitié d’un signe, [soit 5 = 15°].

A leurs yeux, les autres grandeurs ne se prétent pas i un résultat analogue,
et Ptolémée, dans son Livre sur le lever des étoiles fixes et les anwa’, en vient
a dire ce que je cite ainsi: il ya des étoiles que les anciens ont appelées cachées,
comme le Fléche ou le Dauphin ou les Pleiades,* et nous ne nous en sommes
pas préoccupés, car leur premiére apparilion est difficile a distingue ;les
anciens n’ont pas traité leur cas par observation directe, mais par simple
estimation: il faut mettre leur apparition en relation avec I’apparition de
I’une de celles qui leur sont proches, parmi les étoiles brillantes qui selévent
en méme temps.

Les deux quantités trouvées [ci-dessus] sont celles qui correspondent aux
deux grandeurs mentionnées, lorsque ces étoiles sont sur le cercle de dépression
du soleil, au moment ol la lueur qui les masquait se dissipe et ol leur visibilité
s’affirme.

Mais dans le cas ol 1’étoile, lorsqu’elle devient visible, se trouve a 1’écart
de ce cercle, et ol son apparition ne se fait pas sur ’intersection de [I’arc de

en plusieurs endroits une expression condensée, mot & mot: ‘dépression de I’étoile’’, dans le sens précé-
dent; nous rétablissons chaque fois: ‘‘arc de dépression du soleil’”.

32. °amid al-fajr wa “aemid al-shafaq: malgré les termes employés, le sens parait étre purement
classique, sans nuance technique.

33. Burj:unitéde mesure d’arc correspondant & un signe du Zodiaque: 30°.

34. Nous trouvons effectivement la mention des levers et couchers héliaques de ces trois étoiles
faibles chez un prédé ur de Ptolémée: Geminos, Introduction aux ph énes, édition et traduction
G. Aujac, (Paris: Budé, 1975), pp. 100-108, cet auteur fajsant systématiquement référence aux ob-
servations de ses devanciers.
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2- Texte d’al-Biriini.
Levers et couchers héliaques des étoiles fixes.

§ 1 Le [probléme] du lever et du coucher héliaque des étoiles, dans les
cas ol ces deux phénomeénes sont possibles, se pose par rapport au cercle de
luminosité [du soleil];?7 il est lié a 1a proximité ou a 1’éloignement de ce cercle,
et aussi a la taille de ’étoile, & sa “magnitude’ et & son “arc au-dessus de I’ho-
rizon”,2® avant de lever du soleil ou aprés son coucher: il y a épaississement
de la couche d’obscurité autour de 1’observateur, celui-ci peut avoir la méme
faculté de perception que lorsque la nuit s’obscurcit ou plutét la méme que,
de jour, a I'intérieur de puits profonds, ou encore sa faculté de perception est
analogue a celle qu’il peut avoir pour les astres trés lumineux lorsqu’ils sont
observés dessous une protection qui voile le soleil aux regards; se trouve alors
matérialisé ce pour quoi a été créé le sourcil au-dessus de 1’ceil: une telle
protection en double d’efficacité, comme lorsque ’on pose la paume de la
main ou les doigts joints sur I’arcade sourciliére ou moment ou I’oeil regoit
une image;?® on retrouve ainsi le méme procédé que celui des tubes a travers
lesquels on peut observer.

§ 2 [Les résultats de I'observation de ce phénoméne] sont variables en
fonction des régions et de la variété de leur climat, en fonction de la diversité
des conditions d’expérience et de leurs résultats numériques, en fonction de
la disparité des éléments de reférence choisis selon les diverses nations.®?
Pour de tels phénoménes, il n’y a pas d’autre solution que de se rapporter
a Ptolemée, le maitre de cet art, personne ne I’ayant rejoint a son trés haut
niveau. Il dit que I’observation de ce qui se passe a I’aube et au crépuscule
prouve que ces deux phénoménes se situent sur un cercle de hauteur, et I’'on
sait que tous les deux tirent leur existence du soleil et de ses rayons.

Ce cercle de hauteur passe par le soleil et ¢’est sur lui que I’on prend son
““arc de dépression”,® qui est sa plus courte distance & 1’horizon sous la

27. Dd’irat al-diyd’, expression reprise en fin de texte: il s’agit ici du cercle de hauteur du soleil.

28. Al-makth fawqa’l-ard: pour une étoile, c’est I’équivalent de **I’arc de jour ** du soleil, cf. al-
Battani, op. cit., vol. 3, p. 3, L. 4-5; pp. 48-49; p. 199. l. 16. De méme que la connaissance de ¢‘I’arc
de jour’’ du soleil permet, par I’intermédiaire de 1’équation du jour, de connaitre le lieu ot il se Iéve
ou se couche sur1’horizon, de méme la connaissance de cet arc, pour une étoile fixe, permet de connaitre
sa place sur ’horizon, & son coucher ou a son lever, lorsque 1’on connait la latitude du lieu.

En prenant un autre sens de makth, et en coupant le texte de fagon différente, nous pourrions
interpréter ce passage comme:,, Le temps écoulé entre le lever ou le coucher du soleil, et le lever ou le
coucher de 1’étoile’’; mais lc paramétre ainsi défini n’interviendrait plus dans la suite du texte, nous
avons alors préféré retenir I’interprétation précédente.

29. Cinda’l-athar bi’l-basar: il s’agit de’influence de ce type de procédé sur la vision.

30. C’est-a-dire les différents grands cercles sur lesquels on peut effectuer les mesures des arcs:
écliptique, équateur ou cercle de hauteur.

31. I s’agit toujours, dans ce texte, de la valeur de I’arc de dépression du soleil pour que I’étoile
devienne visible, c’est-a-dire la valeur de,,l’arcus visionis’’ de cette étoile .Par la suite, nous trouvons
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et de deuxiéme grandeur, et la formule de modification de “I’arcus visionis”.
Il serait bon de reprendre les calculs de Vogt en y incluant ces deux éléments;®
sur les quelques sondages faits dans son tableau général, la différence entre
les chiffres qui peuvent étre ainsi calculés et ceux qui sont tirés du deuxiéme
livre du Phaseis n’excéde pas un demi degré; mais il faudrait tout recalculer
pour que ce soit probant, en n’oubliant pas cependant que la liste que nous
trouvons dans ce deuxiéme livre n’est pas une liste de valeurs ¢ d’arcs de
dépression” du soleil, mais une liste de dates d’apparitions ou de disparitions
d’étoiles. Il faudrait alors intégrer dans le calcul une erreur possible d’une
journée dans la date signalée, erreur qui se reporterait sur la valeur de I’arc
de dépression du soleil, étant donnéle mouvement propre de ce dernier. Compte
tenu de tous ces éléments, il semble ainsi, contrairement a ce que dit Vogt,?
que Ptolémée raisonne ici & partir de valeurs fixes pour les ““arcus visionis”
absolus des étoiles mentionnées. D’autre part il n’y a qu’un type de calcul
pour les quatre phases des étoiles fixes: premiére ou derniére apparition sur
I’horizon est, premiére ou derniére disparition sur I’horizon ouest; ce calcul
n’est dépendant que de deux données: la valeur absolue de “I’arcus visionis”,
constante liée 4 la luminosité de ’étoile, et la distance, prise sur I’horizon,
entre cette étoile et le point le plus brillant de I’horizon, avant le lever du
soleil ou aprés son coucher.

Enfin cette identification nous permet de reconnaitre dans le premier livre
du Phaseis un référence importante pour un certain nombre d’astronomes
arabes dans leurs études sur les levers et couchers héliaques des étoiles fixes
et des planétes.

III Traduction.
1- Texte de Thabit b. Qurra.

N

... 5i nous appliquons a ce probléme ce qu’a arrété Ptolémée dans son Livre
sur Papparition des étoiles fixes, nous prenons la moitié de la valeur requise
du deuxiéme arc, nous la multiplions par le troisiéme arc, nous divisons ce pro-
duit par cent quatre-vingt degrés, nous soustrayons ce quotient de la valeur
requise du deuxiéme arc, le résultat est ce dont a besoin le deuxiéme arc [pour
que le croissant soit visible].

Nous appelons ce résultat *valeur requise du deuxiéme arc en fonction
du troisi¢me arc”, pour I’endroit o1 se trouve le croissant sur’horizon.

25. H. Vogt, op. cit., pp. 54-61, fait un tableau précis et complet de ses calculs sur toutes les don-
nées du deuxiéme livre du Phaseis. Dans le cours de son article il avait proposé une formule de calcul
pour H’, “I'arcus visionis’* modifi¢, en fonction de 1’élongation soleil-étoile, E. Nous venons de définir
d et h’, il faudrait alors remplacer E par d dans la quatri¢me colonne et H/ par k' dans la sixi¢me
colonne.

26. H. Vogt, op. cit., p. 17.
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A, B, C, sont trois étoiles de méme grandeur: A4 et B situées sur le grand
cercle de hauteur du soleil, en des points opposés de ’horizon, C en un point
quelconque de cet horizon, 4 une distance angulaire d du ““point le plus brillant”.

A apparaitra lorsque le soleil sera en S;, 3 une distance h de I’horizon,
B lorsqu’il sera en S,, & une distance h/2 de I’horizon, et C lorsqu’il sera en
S,, A une distance b’ = h ~ Ak de I’horizon, avec:

AR d . 360—d
W:m SOlth—h.W

Nous retrouvons ainsi la méme formule que celle qu’utilise Thibit.
q q

Conclusion

Le texte de Thabit b. Qurra nous a permis d’identifier la source d’al-Birfini, et
c’est sur le texte de ce dernier qu’il convient de conclure.

Dans ce fragment du Qanan al-masidi, le premier paragraphe pourrait ne
pas avoir Ptolémée comme source. Le deuxiéme paragraphe s’appuie sur un
raisonnement de Ptolémée qui se trouvait peut-étre dans le Phaseis, mais que
nous connaissons par ailleurs a travers I’ Almageste et le Livre des Hypothéses.
Par contre, le contenu des paragraphes trois, quatre et cinq ne se retrouve
dans aucun des livres connus de Ptolémée, alors qu’al-Biriini dit explicitement
que cet auteur en est la source. L’analyse précédente montre que nous avons
1a une partie du premier livre, perdu en grec, du Phaseis,

Revenons rapidement sur les deux résultats que nous y trouvons enregis-
trés: 12° et 15° comme valeurs des ‘““arcus visionis” des étoiles de premiére
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livre du Phaseis.?! Nous avons ainsi, dés le début de ce paragraphe, une trace
du premier livre perdu, juste avant le mention de son titre. Ces deux valeurs
sont admises par al-Birtni dans la suite du chapitre correspondant, et par un
certain nombre d’autres auteurs arabes.??

L’allusion aux astres plus faibles, dont on ne peut estimer I’apparition
qu’en rapport avec celles des étoiles brillantes qui leur sont proches, se re-
trouve dans l’introduction au second livre du Phaseis,?* avec la mention de
cing étoiles faibles dont les trois qui sont mentionnées ici. Dans cette intro-
duction au second livre nous retrouvons exactement le méme théme qu’ici:
Ptolémée s’excuse de ne pas avoir noté, dans ses listes d’apparitions, ces étoiles
plus faibles qu’avaient notées les anciens, car ceux-cil’avaient fait par estima-
tion seulement, non par observation directe; Ptolémée déclare se limiter aux
observations des étoiles de premiére et deuxiéme grandeurs.

Paragraphe 4.

La diminution de la moitié de la valeur de ’arc de dépression du soleil,
lorsque 1’étoile passe du “‘point le plus brillant de I’horizon™ au point qui lui
est opposé sur la sphére céleste, est signalée sans commentaire dans le Livre
des Hypothéses.?* Ici,1a mention de cette diminution n’est pas donnée simple-
ment comme le résultat brut d’une observation, mais comme la source d’un
principe de base a étendre & toutes les étoiles qui se trouvent situées en un
point quelconque de I’horizon, ce qui prépare directement le formule du para-
graphe suivant.

Paragraphe 5.

La formule de modification de I’arcus visionis”, pour une étoile en un point
quelconque de I’horizon, est constituée d’une égalité trés simple entre deux
rapports: la valeur de “I’arcus visionis” passe de h & h/2 lorsque la distance
d entre 1’étoile et le ““point le plus brillant de I’horizon’ passe de 0 2180°, et
la diminution de h pourl’étoile en un poeint quelconque est considérée comme
linéaire.

Faisons la figure dans la situation que donne Ptolémée, lorsque le solei!
se léve ou se couche, les deux cas étant équivalents.

21. Cf. H. Vogt, Der Kalender des Claudius Ptolemius (Heidelberg: S. B. der Heidel. Akad. der
Wissenschaften, Abh. 15, 1920). Les résultats des calculs ainsi effectués, p. 16, donnent pour les valeurs
maxima ‘‘d’arcus visionis’’ des étoiles de premiére et deuxiéme grandeur, respectivement, 12;24 et
15312, Seules les valeurs maxima sont i retenir, étant donné les éléments nouveaux présentés ici.

22. Cf. la note 8 ci-dessus. '

23. Cf.1’édition de J. L. Heiberg, op. cit., p. 12-13.

24. Cf. Goldstein, op. cit., texte arabe p. 34, l. 14-17, et, en p. 9, une traduction anglaise légérement
incorrecte, car il s’agit dans le texte de tous les astres qui peuvent étre en opposition avec le soleil,
et non des plandtes supérieures seulement. Cette différence entre les deux textes pourrait étre un ar-
gument pour ’antériorité du Livre des Hypothéses sur le Phaseis.
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L’observation a travers un tube et son influence sur le regard étaient
connues dans le monde grec: nous trouvons chez Aristote des principes géné-
raux trés semblables a ceux que reprend ici al-Bi-iini: “La personne qui abrite
ses yeux avec la main, ou qui regarde par un tube, ne distinguera ni mieux
ni moins bien les nuances des couleurs, mais elle verra plus loin. En tout cas,
du fond d’un trou ou d’un puits, il arrive qu’on apergoive des étoiles.”’!®

Les astronomes arabes ont appliqué ce principe aux observations astrono-
miques. Ptolémée ’avait-il fait avant eux? Il serait tentant d’en voir une
trace dans le texte présenté ici, mais rien ne nous permet de le conclure de
fagon suffisamment sfire, 4 partir des seuls éléments que nous possédons
pour le moment.

La reprise par al-Biriini du raisonnement de Ptolémée ne commencerait
alors qu’au paragraphe suivant avec la mention de son nom.

Paragraphe 2.

Al-Biriini s’appuie sur I’autorité de Ptolémée pour justifier son choix de ’are
de dépression du soleil sous I'horizon, et donner ainsi un “arcus visionis” qui
puisse étre une constante liée a la luminosité de chaque astre, indépendante
des coordonnées de lieu d’observation, de la place du soleil sur I’écliptique et
des conditions d’observation: la valeur de ’arc de dépression peut étre consi-
dérée comme un critére universel pour un astre de grandeur connue.

Nous trouvons ce raisonnement dans I’4lmageste et dans le Livre des Hypo-
théses;!® il se trouvait aussi probablement dans le premier livre du Phaseis,
mais nous n’avons la aucun élément nouveau par rapport a ce que nous pouvons
connaitre par ailleurs.

Paragraphe 3.

Nous avons ici la mention de la valeur de “I’arcus visionis” pourles étoiles
de premiére et de deuxiéme grandeur: respectivement 12° et 15°. Ces deux
ehiffres ne sont ni ceux de I’Almageste ni ceux du Livre des Hypothéses,?® mais
ils peuvent étre retrouvés par un calcul a partir des données chiffrées du second

18. Aristote, De Gener. An.,V, 1, 780b, (cité par R. Eisler, op. cit. p. 324, note 12);la traduction
francaise donnéeiciest celle de P. Louis(Paris: Budé,1961),p.183.

19. Dans I’ Almageste, livre VIII, chapitre 6, et livre X1II, chapitre 7. Traduction frangaise: Halma,
C thématique de Claude Ptolémée, (Paris, 1813-1816; réimp. Paris: Hermann, 1927),
vol. 2 pp. 108-113 et 416-422,

Dans le Livre des Hypothéses, cf. B. R. Goldstein, ¢‘The Arabic Version of Ptolemy’s Planetary
Hypotheses’’, Transactions of the American Philosophical Society, N. S., 57, 4, (1967); texte arabe
p. 34, I. 8-10, traduction anglaise p. 9.

20. Dans1’Almageste, Ptolémée donne des valeurs *‘d’arcus visionis’’ pour les planétes seulement:
en VIII, 6, il ne donne, pour les étoiles fixes, que les principes généraux du calcul. Dans le Livre des
Hypothéses, (op. cit., texte arabe p. 34, l. 11 et trad. anglaise p. 9), Ptolémée donne la valeur (approxima,
tive) de 150 pour *‘I’arcus visionis’’ des étoiles de premiére grandeur, et ne fait aucune mention de celles
de deuxiéme grandeur.
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(kaqq) du deuxiéme arc’. Lorsque d n’est pas nul, il cherche quelle est la diminu-
tion Ah de cette valeur absolue, étant donné I’éloignement du croissant du
“point le plus brillant de ’horizon”, etil calcule b’ = h— sh.

D d horizon ouest

©
Ah

11 applique alors la fo.mule de Ptolémée:

=2 o )i 360-d
AR = 180 soit h =h—W

11 appele k' “la valeur requise (hagq) du deuxiéme arc en fonction du troi-
siéme arc’’.
2- Texte d’al-Biriini.

Le texte est divisé ,pour des raisons de commodité, en cinq grands para-
graphes correspondants a des unités de sens.

Paragraphe 1.

Nous y trouvons un ensemble de principes trés généraux. La plus grande
partie de ce paragraphe est orientée vers la mention de I’observation des astres
a travers des tubes destinés a éliminer la lumiére parasite.’ Ce procédé avait
été utilisé par al-Battani, et repris par al-Birini lui-méme, pour la recherche
sur I’horizon du premier croissant lunaire.!

Nous n’avons retrouvé, actuellement, aucune mention chez Ptolémée de
la description ou de I'utilisation de tubes pour les observations astronomiques
en tant que telles: ni dans ses oeuvres d’astronomie, ni dans son Optique.'?

15. La question des tubes d’observation a été étudiée par R. Eisler, ‘*The Polar Sighting Tubes"’,
Archives Internationales d’Histoire des Sciences, XXVIII, 6, (1949), 312-332: leur utilisation dans le
monde grec est possible, sans étre certaine, par contre la tradition chinoise connaissait ce mode d’ob-
servation depuis longtemps déja (I’auteur se référe 13 aux travaux de Needham).

16. Cf. Al-Battani, Opus astronomicum (al-zij al-sabi), édition, traduction latine et commentaire
par C.A. Nallino, 3 vol., (Milan: Hoepli, 1899-1907), vol. 3 p. 137-138) (texte arabe), vol. 1, p. 91 (tra-
duction) et p. 272 (commentaire). Al-Birtini décrit le tube de fagon précise dans le Qdnin, op. cit., pp-
962-965, oii le tube est appelé, comme ici, barbakh, alors qu’al-Battaniutilise le terme unbib.

17. Cf. A. Le jeune, Euclide et Ptolémée, deux stades de I’optique géométrique grecque, (Louvain:
Bibliothéque de 1’Université, 1948), et, du méme auteur: L’optique de Claude Ptolémée, (Louvain:
Publications Universitaires, 1956).
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est: Phaseis aplanon asteron kai sunagoge episemasion. Chez Ptolémée, au
premier sens, le mot phasis signifie ““apparition d’une étoile qui se leve’ ;!
ce mot grec peut alors &tre traduit aussi bien par zuhir que par matali®.
Aplanon asteron se traduit par al-kawakib al-thabita; sunagoge signifie ““collec-
tion’’; episemasiai se traduit exactement par I’arabe anwa””.!? Le titre du
livre tel que le donne al-Biriini est alors une traduction presque littérale du
titre grec, et celui que donne Thabit, bien que légérement tronqusé, est prati-
quement identique.

La formule présentée par al-Biriini et le développement qui la prépare
sont donc également tirés du Phaseis. Dans la mesure out I’on ne retrouve pas
ces différents éléments dans le deuxiéme livre de cet ouvrage, nous pouvons
dire que la partie étudiée ici de ce chapitre du Qanan nous offre un fragment
non négligeable du premier livre, perdu en grec, du Phaseis.

Le texte de Thabit est encore inédit, nous le donnons tel qu’il a été préparé
pour D’édition, a partir du manuscrit unique de la British Library, daté de
639/1241-1242.

Le texte d’al-Biriini a été imprimé & Hyderabad, mais cette édition demande
a étre corrigée; les corrections proposées sont faites & partir de la lecture de
deux manuscrits du Qanin al-mas®idi: Londres, B.L.1197, . 205 v.,1. 25-206v.,
l. 2 et Paris, B.N. ar. 6840, ff. 160 v.,1. 9- 161 r., 1. 4.4

Ces deux textes sont donnés dans la partie arabe tels qu’ils ont été traduits.

11 Contenu de ces deux textes.
1- Texte de Thabit.

Pour comprendre le fragment ci-dessous, il faut le replacer dans son contexte:
pour poser le probléme de la premiére visibilité du croissant lunaire, Thabit
avait défini trois arcs: le “premier arc”, distance angulaire lune-soleil, déter-
mine la portion éclairée du croissant lunaire, donc la luminosité de ce croissant;
le “deuxiéme arc’’ est I’arc de dépression du soleil sous I’horizon, le croissant
sera visible si ce deuxiéme arc est au moins égal a “I’arcus visionis” du crois-
sant; le “troisiéme arc’’ est la distance, prise sur ’horizon, entre le lune i son
coucher et le “point le plus brillant de I’horizon”, pied de la perpendiculaire
abaissée du soleil dur I’horizon.

Appelons d le “troisiéme arc” et h *“I’arcus visionis” du croissant lunaire,
valeur minimum du ‘“‘deuxiéme arc’’. Pour d = 0, la lune se couche i la ver-
ticale du soleil, et Thabit détermine dans ce cas la valeur absolue de h pour
une luminosité donnée du croissant, il appelle cette valeur: “valeur requise

12. Dans un sens plus large, au pluriel, le mot phaseis inclut aussi le sens de krupsis, la disparition
de I’étoile qui se couche.

13. Pour I’équivalence entre ces deux termes, voir la note de Sachau, op. cit., p. 428.

14. Ces deux mauuscrits sont parmi les meilleurs de la tradition manuscrite du Qdniin al-mas‘udi;
celui de Londres est daté de 570/1174-1175, et celui de Paris de Ramadan 501/Mai 1108.

79 1215
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d’identifier de fagon stire un fragment du premier livre perdu du Phaseis.
Nous y trouvons en particulier deux éléments souvent repris par les auteurs
arabes dans leurs études sur les levers et couchers héliaques des étoiles fixes
et des planétes:® d’une part 12° et 15° comme valeurs des ‘““arcus visionis’®
pour les étoiles de premiére et de deuxiéme grandeur, et d’autre part une for-
mule de modification de “I’arcus visionis’ d’une étoile en fonction de sa place
sur I’horizon au moment de son coucher.

Aprés une présentation de ces deux textes, nous en analyserons rapidement
le contenu avant d’en proposer une traduction.

I Prés entation des textes.

Thabit b. Qurra cite une formule de “Ptolémée dans son livre sur I’apparition
des étoiles fixes” (Batlamiyas fi Kitabihi fi zuhir al-kawakib al-thabita) et il
I’applique & la modification de “I’arcus visionis’’ du croissant lunaire en fonc-
tion de son éloignement du “point le plus brillant de I’horizon”.

Al-Biriini, dans son chapitre sur “Le lever et le coucher héliaques des étoiles
fixes™ ( fi tashriq al-kawakib wa-taghribihi )'® consacre la premiére partie de
son développement aux bases théoriques de 1’étude de ce phénomeéne et la
seconde partie 4 un ensemble de démonstrations géométriques. Seule la pre-
miére partie nous intéresse ici. Nous y trouvons une citation de “Ptolémée
dans son livre sur le lever des étoiles fixes et les anwa” (Batlamiyis fi kitabihi fi
matali® al-kawdkib al-thabita wa’l-anwa’), puis, sur deux pages environ, un
développement qui est relativement indépendant du paragraphe précédent
et qui prépare une formule de modification de la valeur de “I’arcus visionis”
des étoiles fixes en fonction de leur éloignement du “ point le plus brillant
de I’horizon”, juste aprés le coucher du soleil. Al-Birini dit explicitement que
ce dernier développement vient de Ptolémée mais ne précise pas de quel livre
il s’agit; or la formule qu’il donne est celle-14 méme qu’utilise Thabit. Compa-
rons alors les titres que citent ces deux auteurs avec le titre complet du livre
de Ptolémée, tel que nous le trouvons dans 1’édition grecque de Heiberg,!! qui

paraitra prochainement dans I’ensemble des oeuvres scientifiques de cet auteur, sous la direction de
R. Rashed, que je remercie ici pour son amical soutien.

Pour Thabit b. Qurra, cf. Dictionary of Scientific Biography, (New York: Scribner, 1970-1978),
XIII, pp. 288-295.

7. Imprimé en 3 volumes 4 Hyderabad: Da’iratu-l-ma‘arif-il-Osmania, 1954-1956.

8. E. S. Kennedy m’a signalé, entre autres, le texte anonyme: Paris, B.N., ar. 2523, ff. 29v-30r,
dans lequel nous trouvons, comme chez al-Biriini, I’adoption des deux valeurs suivantes et celle de la
formule finale de modification de ‘‘I’arcus visionis’'.

9. En voir la définition ci-dessous, dans le texte traduit, au paragraphe 2, et la note 31.

10. Al-Biriini, op. cit.: traité IX, chapitre 7, pp. 1129-1139; la partie traduite ci-dessous se trouve
pp. 1129-1132.

11. Ils’agit 14 du titre le plus complet parmi ceux que I’éditeur a trouvés dans la tradition manus-
erite grecque.



Fragment arabe du premier livre du Phaseis

de Ptolémée.
REecis MoreLON*

E PHASEIS DE CLAUDE PTOLEMEE est considéré comme I'une

de ses oeuvres mineures. Le premier livre de cet ouvrage est perdu en
grec, mais nous possédons le texte original du second livre qui nous présente,
aprés une introduction générale, une liste du lever et du coucher héliaques
de différentes étoiles , selon le calendrier de ’année égyptienne, avec les pré-
visions météorologiques liées a ces phénoméne.! Le terme arabe “anwad’
recouvre cet ensemble de significations, ¢’est ce terme que nous emploierons
sans le traduire.?

Le Phaseis avait été trés tot traduit en arabe: il est cité par Mas°Gdi dans
son Kitab al-tanbih wa-l-ishrif;® et dans son livre Al-athar al-bagiya “an al-
qurin al-khaliya,* al-Birini cite le Kitab al-anwa’ de Sinan b. Thabit b. Qurra,
qui a été identifié par O. Neugebauer comme une reproduction partielle de
deuxiéme livre du Phaseis.’

Le rapprochement entre un texte de Thabit b. Qurra sur la visibilité du
croissant® et un passage du Qanin al-mas‘adi d’al - Birtini’ nous permet

* 20 Rue des Tanneries, 75013, PARIS. Je remercie les responsables de I’Institut d’Histoire des
Sciences Arabes, Université d’Alep ,et ceux de I’Institut Francais de Damas pour toutes les facilités
qu’ils m’ont accordées lors de mon année de recherches a Alep. En particulier, je suis trés reconnais-
sant au Pr. E. S. Kennedy pour I’aide qu’il m’a apportée et pour toute la documentation personnelle
qu’il a eu la gentillesse de mettre & ma disposition.

1. Claudii Ptolemaei, Opera quae extant omnia, vol. II, Opera astronomica minora, éd. J. L. Heiberg,
(Leipzig: Teubner, 1907), pp. 1-67.

2. Pour la signification précise de ce terme, et les travaux des astronomes arabes dans ce domaine,
cf. C. A. Nallino, “ilm al-falak,(Rome, 1911), pp. 117-140, (Conférences 18 et 19).

3. Imprimé & Bagdad (1357/1938), pp. 15-16: ,,... Claude Ptolémée a fait mention de cela dans
le Tetrabiblos et dans son Livre sur les anwd’, dans lequel il mentionne le temps qu’il fait pour tous le8
jours de I'année et ceux de ces jours ol se produisent les levers et couchers héliaques des étoiles’. (Ce
texte est signalé par Nallino, op. cit., p. 134). Al-Mas“d1 est mort autour de 345/956.

4. Edité par C. E. Sachau, (Leipzig, 1923). Traduction anglaise: C. E. Sachau, The Chronology of
Ancient Nations, (London, 1879; réimp. Frankfurt: Minerva, 1969).

5. Cf. O. Neugebauer, ,,An Arabic Version of Ptolemy’s Parapegma from the Phaseis’’ Journal of
the American Oriental Society, 91, 4, (1971), p. 506. Pour I’analyse détaillée de ce texte, voir: J. Samsé
““Las Phaseis de Ptolemeo y el Kitab al-anwa’ de Sinan b. Thabit>’, Al-4ndalus, 41 (1976), 15-48 et
471-479.

6. Thabit b. Qurra, Kitdb fi hisab ru’yat al-ahille, Londres, British Library, 7473 ad., ff. 108r -
113r; le passage en question se trouve f. 111v, I, 13-17. J’ai terminé I’édition du texte complet qur
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