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Matériaux Pour
L’Histoire des Nombres Amiables

et de L’Analyse Combinatoire.
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nous en avons joint deux autres. Dans le premier, d’al-Tantikhi (1307), on
rencontre un calcul du couple de Fermat; mais comme 1’auteur y reprend
des résultats connus, pour composer un traité manifestement destiné & ’en-
seignement, et non a P’exposé de découvertes, tout ceci laisse penser que le
couple de Fermat était trés vraisemblablement connu avant la fin du XIIIéme
siécle.

Viennent ensuite deux courts chapitres du traité d’al-Yazadi, “Les sources
de I’arithmétique”, on y trouve, avant Descartes, (de peu, il est vrai), le calcul
du couple de nombres amiables qui porte le nom de ce dernier.

Quant au dernier texte, un chapitre du Commentaire d’Ibn Haydir (mort
en 1413) de Talkhis amal al-Hisab d’Ibn al-Bana’, son principal intérét est
de montrer quele couple de Fermat n’a pas cessé d’étre transmis, pour devenir
I’héritage commun des mathématiciens tardifs.

Nous établissons done, dans ’ordre:
1- Kamail al-Din al-Farisi : “Mémoire aux amis pour démontrer ’amia-
bilite”.
2~ Al-Tanikhi : un paragraphe de son “Traité en arithmétique”.
3- Al-Yazadi : deux chapitres de son “Sources de Uarithmétique”.

4~ Tbn al-Bana’ : un chapitre de son commentaire de sa propre arithméti-
que, “‘Les dévoilement de *Talkhis a*mal al-Hisab” ». Sur D’établissement de
ces textes, nous nous sommes expliqués dans I'Introduction arabe.

5- Ibn Haydir : un chapitre de son Commentaire de Talkhis amal
al-Hiasb d’Ibn al-Bania’.
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la théorie des nombres. Sans étre encore purement arithmétique, il n’est
plus cependant géométrique, et adopte de plus en plus d’aspects conbinatoires
et algébriques. Il ne faut pas oublier en effet qu’al-Farisi, parfaitement in-
formé de I’algébre arithmétique selon la tradition d’al-Karaji et de son école,
comme le laisse voir son grand commentaire du traité d’Jbn al-Khawam al-
Baghdadi, procéde en théorie des nombres au moyen de cette algébre. Or
¢’est précisément ce style qui caractérisera la théorie des nombres jusqu’en
1640 au moins, méme s’il demeure quelques survivances d’une terminologie
et d’une représentation des nombres encore liées 3 la conception euclidienne.

Par ailleurs, plus encore que par les régles combinatoires qu’il comprend,
le mémoire d’al-Farisi s’impose en ce domaine par ’interprétation délibéré-
ment combinatoire des éléments du triangle arithmétique, et par l'usage
qui est fait de ce dernier pour le calcul des ordres numériques. Afin d’évaluer,
dans P’état actuel de notre connaissance, la distance parcourue, nous con-
frontons le mémoire d’al-Farisi au texte, établi ici, de ’'un de ses contem-
porains : Ibn al-Bani’ (mort en 1321). Si cette étude n’atteint pas, de toute
évidence, la généralité de celle d’al-Farisi, elle laisse cependant penser qu’elles
ont pu, 'une comme ’autre, profiter d’une longue tradition de travaux com-
binatoires. La connaissance que nous avons de cette tradition ne s’appuie
encore que sur des témoignages tardifs, que nous reprendrons dans un pro-
chain article. Nous nous contenterons, pour I’heure, d’en rappeler un, déja
évoqué ici, celui d’al-Yazadi®. On ne manquera pas alors de constater que
I’analyse combinatoire s’est déja constituée en un chapitre dont le souci de
précision terminologique exprime la volonté d’autonomie.

Parmi les principaux résultats, on trouve:
(n), = n(n-1) ... (a—r+1),

(n), =n! 5

(=9,

ny_ (n
(r) - (n—r) .
A ces deux textes, le mémoire d’al-Farisi et le chapitre d’Tbn al-Bana’.

1. Voir al-Yazadi : Sources de arithmétique; mss no 1993, E. Hazinesi, Suleymania, Istanbul,,
ff. 97v - 99r.
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Les cing textes que nous établissons ici, et qui tous étaient jusqu’a
présent inédits, modifieront sans aucun doute notre connaissance de I’histoire
de la théorie élémentaire des nombres, et del’analyse combinatoire. Il appa-
rait en effet  leur lecture que de nombreuses découvertes, jusqu’ici attribuées
4 des mathématiciens du XVIIéme siécle, si ce n’est plus tardifs encore, sont
le fait de leurs prédécesseurs du XIIIéme siécle. Ainsi plusieurs propositions,
que I’histoire a baptisées des noms de Descartes, Montmort, I’abbé Deidier,
entre autres, et qui se rapportent aux fonctions arithmétiques élémentaires,
avaient déja été énoncées et démontrées par Kamal al-Din al-Farisi, (mort en
1320 environ). D’autres, essentielles, sur ’analyse combinatoire, ‘“1’usage
du triangle arithmétique pour les ordres numériques”, selon la fameuse ex-
pression de Pascal, apparaissent déja elles aussi dansle mémoire du mathéma-
ticien du XIITéme siécle. C’est afin d’établir ces propositions qu’al-Farisi
dut s’assurer que tout nombre se décompose, et d’une maniére unique,
en un nombre fini de facteurs, énongant ainsi le théoréme fondamental de
Parithmétique, dont il tentait la démonstration. Encore faut-il ajouter a
celale calcul du couple de nombres amiables communément attribué a2 Fermat.

A peine évoqués, ces résultats suffisent a manifester 'importance de la
contribution d’al-Farisi & la théorie des nombres, ¢’est-a-dire a ’étude des
parties aliquotes, des diviseurs, des nombres figurés et des fonctions arithmé-
tiques élémentaires; aussi bien qu’a I’analyse combinatoire, dont I'interven-
tion s’est alors imposée.

Nous n’entendons pas résumer ici ce que nous avons décrit ailleurs® en
détail; il nous faut simplement rappeler que cette recherche fut suscitée par
une autre, de portée plus restreinte certes:la re-démonstration, selon d’autres
voies, d’un théoréme de Thabit b. Qurra sur les nombres amiables, déja prouvé
par son auteur dans le meilleur style euclidien.

Non moins important que ces découvertes est le nouveau style que revét

1. Voir R. Rashed: ‘“Nombres amiables, parties aliquotes et nombres figurés aux XIIIé¢me et XIV
&me siecles’’, Archive for History of Exact Sciences’’, vol. 28, n°2, pp. 107-174, 1983;
et “‘Remarques sur I’histoire de la théorie des nombres dans les mathématiques arabes”, Proceedings
of the 16th international Congress of the history of Science (1981), Meetings on specialized topics, pp.
255-261.
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Observation

Al-Qabisi énonce les formules (1) et (2) sans démonstration. La structure
de (1) rend possible la démarche suivante (voir fig. 1) : Abaisser CH perpen-
diculaire & AD. Les triangles CHD et ABD sont semblables.

CH CD CH BD BC _BD BC AB
4B~ 4D c°mme CD = BD - BC,ona Jp="5~ 25 = 45~ 4B 4D
CDsin D _ sin(90°- C)

Mais CH = CDsin D. D’ot = sin (900 - D) .sin D

sin C

AB
sin (90°— C).sin D

sin C

On en tire AB = CD sinD:[ sin (90° - D) — ] (1)

On obtient BC en multipliant 4 B par %)—
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10) Trouver un nombre parfait, ¢’est-a-dire égal ala somme de ses diviseurs.

Si(l +2 + 22+ ... + 27) est premier alors 2" (1 + 2 + 2> 4 ... +27)
est un nombre parfait. Exemple (1 4 2)2 = 6; (1 + 2 4 2?) 22 = 28;
(142 + ... 2% 2¢ — 496.

11) Nombres amiables, c’est-a-dire, deux nombres tels que chacun égal ala
somme des diviseurs de ’autre. Des formes

A=(1+24+22+...+2),B=4+2",C=A4-2""

Si B et C sont premiers, différents de 2, un des nombres amiables est
2" BC. Le 2&me égal a [27+7 (27+1 4- 2°2) - 1] 2°

Somme des nombres contenus dans les cases d’un échiquier

Al-Qabisi en fait le calcul effectif 18.446. 744, 073. 709. 551. 615. Pour
faire comprendre I’énormité de ce résultat, il recourt 2 une comparaison clas-
sique. 10 du méridien terrestre vaut 563 milles, d’aprés les observations
astronomiques ordonnées par le calife al-Ma’miin (renvoi au livre de ’auteur:
Misahat al-Ard, Mesure de la terre: dans le ms. misifat). La circonférence de
la Terre est donc 20400 milles; le diamétre est donc 6491, car Archiméde a
montré que T = 35 (!). La surface de la terre d’aprés la régle trouvée par
Archiméde est 134.416.400 milles carrés, ou en coudées carrées 134.416.400x
(400)>= 2.118.662.400.000.000. L’auteur ajoute que, d’aprés ses expériences,
une feuille d’argent d’une coudée carrée pése 500 dirhems. Par suite, en cou-
vrant la Terre avec une feuille d’argent de la méme épaisseur, le poids dela
feuille sera 1.059.331.200.000.000.000 dirhems. Le nombre trouvé dans 1’é-
chiquier est 17:— fois ce nombre.

A qui demande siI’on peut assimiler la Terre avec ses vallées et ses monta-
gnes, ses continents et ses mers, a une sphére, ’auteur répond que si I'on
représente la Terre par un globe, la plus haute montagne n’y serait qu’une
rugosité, i peine sensible. Mais comment peut-on mesurer la hauteur d’une
montagne, dira-t-on ? Voici une régle pour cela.

Soit A le sommet d’une montagne A
(voir fig. 1), 4B sa hauteur. De deux
points C et D dont on mesurera la
distance CD, on calculera les angles H

P N
ACB, ADC grace a un astrolabe.

Alors AB — CD. sin D : [sin (990- ﬁ B c D
_ sin (90°- C) X sin D] (1)

sin C
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2) 1—|—3+5+...—|—(2n~1)=[(2—nﬂ-—1] Exemple: 1 4 3 4...4+9 =

) -

3) 24446+ + 20 = Z(n 1), Exemple: 2 4 4+ ... + 12 =

12 6 +1) — 42

4) 1.2 + 2.3 + ... + (n-1). n. Parmi les trois nombres n, n+1, n-1il y en
a un divisible par 3. Multiplier son tiers par des deux autres pour
n(n+1)(n-1)
3

avoir la somme. Soit

Exemple: 1.2 + 2.3 + ... + 9.10. La somme est 5 10.11 = 330

5) Probléme du jeu d’échecs. On pose 2 sur la 1ére case du jeu d’échecs, 2 sur
la 2&me, et ainsi de suite en doublant toujours. Quel estle total des nom-
bres posés? Si la case de rang k contient 2%, alors la case de rang 2k-1
contient (2¢1)% Calculer alors 22 (38me case), 2* (5éme case), 25(9éme
case), 2!¢ (17¢me case), 22 (33¢me case), 2% (65&¢me case). Le contenu
d’une case diminué de 1 donne la somme des nombres précédents. Le
calcul de 2%-1 sera fait ultérieurement.

6) Autre facon de remplir les cases. Mettre 1 dans la lére case, 2 dans la
2¢me, 6 dans la 3éme, 18 dans la4éme, et ainsi dans chaque case, le double
de ce qu’il y a dans toutes les précédentes. Si u, est le contenu dun éme

casier, alors u, = y u? - 1.
7) 12 4 22 + ... +n2 o n_(il)éill—l__l)

2 2
8) 14+ 2% 4o 40 =(1+ 2 oo+ 0)? [ Soit, dapres (1) (=57 ]
W42+t nt =+ D)+ D(E+3) -]

L’auteur fait remarquer que le produit des deux premiérs facteurs est
un entier.

Ces trois régles sont illustrées respectivement par les sommations:

12122 4 . 45513 423+ 410514 424 . 46
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naturels.® La proposition 11 sur la formation des nombres amiables appar-
tient a Thabit b. Qurra (211-288 H.).*

Les régles ne sont pas démontrées mais illustrées par des exemples. Quel-
ques décades plus tard, vers 402 h. al-Karaji insére dans son al-Fakhri, la
sommation:

1.2 + 2.3 + ... + (n-1) n, proposition 4 d’al-Qabisi® et il ajoute avec
leurs démonstrations:

123 4234 + .o+ (-1 (o +1) = (D00~ Dy i
1 1

1.3+ 3.5 ... +(2n-3).(2n-1) + 2.4 + 4.6 + ... + (2n-2).20°

Nous ne savons quel accueil I’émir Sayf al-Dawla réserva a ce mémoire.
En des circonstances analogues, le prince bouyide “Adud al-Dawla (324-
372 h.), autre grand promoteur des lettres et des sciences, fit la moue quand
son maitre le grammairien et linguiste al-Farisi lui dédia son livre al-Idah
(L’explication). L’ayant parcouru, “Adud al-Dawla dit & ’auteur: “Il n’y
a rien la-dedans que nous ne connaissions déja. C’est bon pour des écoliers””
Sayf al-Dawla eiit pu aussi demander & al-Qabisi plus de résultats nouvaux.

Propositions

2 2
B . Exemple:14+24-... +10 zli—_—?}:—l—oz

) 14243 4. +n="o

55

n
3. Calcul de ¥ 2, chez Archimede, Traité des spirales voir Paul Ver Eeeke, Les ceuvres com-

p— n
pleétes d’Archimé:l‘e (i’aris, 1960), tome 1, pp.253-255. Calculde ¥ 2, dans la tablette babylonienne
n =1
AO 6484 (Van der Waerden, ibid) ¥ x2 étaient comme desxRomains est donc, selon toute possibi-
x=1
lité, des Grecs. (Gino Loria, op. cit., p.137).

4. Thabit b. Qurra, Istikhrdj al-addd al-mutahdbba, Paris ms 2457, 38, fol. 170b-180b; analysé
par F. Woepcke, Notice sur une théorie ajoutée par Thabit ben Korrah a I’arithmétique spéculative
des Grecs, Journal Asiatiques 20éme série, tome 4 (1852), 420-429. Pour les nombres amiables chez
Pythagore, voir T.L. Heath, A manual of Greek Mathematics (Oxford, 1931), p.42.

5. Al.Fakhri, Le Caire ms V, 212, fol. 15b, 1. 11.

6. Ibid.fol.17a,l.1;fol.16b,l.4.

7. Al-Farisi composera alors al-Takmila et “Adud al-Dawla de dire ‘‘Le maitre s’est fiché! Ni
lui ni nous ne comprenons plus rien de ce qu’il a écrit... Yaqat al-Hamawi, MuSjam al-udabd’, (éd. Le
Caire, 1936-), tome 7, p. 238.



Un mémoire d’al-Qab1sT (4e siccle H.) sur certaines

sommations numériques.

ADEL ANBOUBA¥*

Introduction

L’auteur loue dans son mémoire Sayf al-Dawla (émir d’Alep de 333 4 356 h.)
pour 'intérét qu’il porte aux lettres et aux sciences. Et évoquant la grande
habilité de I’émir dans le calcul digital, il ajoute qu’il a réuni, pour le servir,
des propositions interessantes relatives a la sommation des nombres, qu’il
a trouvées éparpillées dans des écrits divers ou qu’il a découvertes lui-méme.

Il est possible, en effet, que lui appartiennent:

1) La sommation des quatriémes puissances des entiers naturels, ce
qui représenterait un résultat important. (Prop. 9).

2) Le calcul d’une suite récurrentielle, extension du probléme du jeu
d’échecs, savoir (Prop. 9):

n-1
. 9 1 3 2
siug =1, uy =2,etu, = u;, alors u, = 3 up—1
i=1

3) Une formule trigonométrique donnant la hauteur d’une montagne.
(Fin de mémoire).

En tout cas, nous ne connaissons pas de mémoire antérieur qui contienne
les propositions 6 et 9.

Sont trés anciennes, comme on le sait, les propositions 1, 2, 3 sur les pro-
gressions arithmétiques;' la proposition 5 sur la progression géométrique 1,
2, 4, ...;? la proposition 10 surla formation des nombres parfaits (Euclide,
IX, 36); les propositions 7 et 8 sur la somme des carrés et des cubes des entiers

*Institut Moderne du Liban, Fanar-Jdaidet, Beyrouth, Liban.
1. B. L. Van der Waerden, Science Awakening, 3éme éd., Groningen, p.77, 99. Gino Loria, His-
toire des Sciences Mathématiques hellénes (Paris, 1929), p.132.
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2. Van der Waerden, ibid. D’autre part on trouve le calcul de 3 2/ dans ’ceuvre d’al-Khawa-

i=1
rizmi (cité par Shuja® b. Aslam, Kitab al-Jabr wa’l-mugabala, Qara Mustafa Ms 379, fo. 110°).
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Moreover, several passages in the Alphonsine treatise have such striking
similarities with the corresponding ones in the pseudo-Mashi’alldh’s Latin
text that we might very well suggest that one of them is a direct translation
of the other. This leads us to the contributions made, in 1951, by G. Menéndez
Pidal on the translation techniques of thu Alphonsine School. According to
him, in the first period of translations (1250-60) one of the translators who
knew Arabic dictated a translation of the text into Castillian and this was
re-translated orally into Latin by another scholar, while a scribe copied it out;
the originality of the alphonsine translations lies in the introduction of an
intermediate link consisting in a scribe who copied out the Castillian version®.
If we accepted Menéndez Pidal’s hypothesis. then it might be tempting to
consider that in some of the chapters of De Compositione Astrolabii we might
have the remains of an Alphonsine Latin version for which the Castillian
version would be the intermediate link?’.

9. G. Menéndez Pidal, ‘*Como trabajaron las las alfonsiés'’, Nueva Revista de Filologi
Hispanica, year V, no. 4 (Mexico, Cambridge Mass., 1951) pp. 363-380.

10. About the alphonsine treatise and the hispanic tradition on the plane astrolabe see:

M. VILADRICH and R. MARTI, En torno a los tratados hispénicos sobre construccién de astrolahio
hasta el siglo XIII. Textos y Estudios sobre Astronomia Espafiola en el siglo XIII. Barcelona, 1981,
79-99.

R. MARTI and M. VILADRICE, Las tablas de climas en los tratados de astrolabio del manuscrito
225 del **Srriptorium’’ de Ripoll, *“LLull,’” (Boletin de la Sociedad Espaiiola de Historia de las Ciencias)
4,1981, 117-122.

R. MARTI v M. VILADRICH, En torno a los tratados de uso de astrolabio en al-Andalus, la Marca
Hispanica y Castilla hasta el siglo XII1. Nuevos Estudios sobre Astronomia Espafiola en el siglo de
Alfonso X. Barcelona 1983, 9-74.

M. VILADRICH vy R. MARTI, Sobre el ““Libro dell Atagir’® de los Libros del Saber de Astronomia
de Alfonso X el Sabio, ibidem, 75-100.
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MERCE

Chap. II. Aptatio Rethis sive Tele
Aranee seu Valzagore Rubrica.

Chap. 13. De inscriptione almucan-
tharach capitulum.

VILADRICH

Chap. VII. De cuemo deue seer enta-
llada la red dell astrolabio.

Chap. VIII. De cuemo se deuen fazer
las laminas en que son los almocan-

tarat et los azimut et las oras et pri-
meramientre de cuemo deuen seer
fechos los almocantarat en ellas.

Chap. IX. De cuemo deuen seer
fechos los azimut.

Chap. 14. De Divisione e orizontis et
ayzimucht per arcum.

It is now appropriate to recall the contribution made by J. Sams6¢ whose
principal aim was to suggest that the notes on Ptolemy’s Planisphaerium
by the Xth century astronomer Maslama al-Majriti are one of the sources
used to compile the Libro del Astrolabio Llano by Alphonso X the Wise. He
bases his argument on the coincidences and parallelisms that could be estab-
lished between Maslama’s work and chapters V, VI, and IX of the Alphonsine
book, which respectively concern the division of the ecliptic in signs and
degrees, the projection ol the fixed stars onto the spider and the tracing of the
azimuthal circles. As has been observed, these are some of the very chapters
which identify most closely with those bearing the same content in the section
of the text De Compositione Astrolabii contained within chapters 7 to 16.

The relationship that can therefore be established between the three texts
allow us to suggest the hypothesis of the attribution of chapters 7 to 16 of
De Compositione Astrolabii to Maslama’s School. This hypothesis seems to re-
ceive support from Kunitzsch’s remark on the explicit appearing in some
manuscripts of the pseudo-Masha’allah, at the end of the chapter 16 (Finit
opus astrolabii secundum Marcellania): according to him “the name given
in the MS is unequivocally a transcription of the Arabic Maslama”.” At the
same time, this would lend further support to the relationship established
by Samsé between Maslama’s notes on Ptolemy’s Planisphaerium and the
Alphonsine Libro del Astrolabio Llano. Even if Maslama never actually wrote
a complete treatise on the construction and use of the astrolabe, it is likely
that his disciples Ibn al-Saffar and Ibn al-Samh were aware of his methods.
Bearing in mind that we have knowledge of a lost book by Ibn al-Samh on
the construction of the astrolabe, and knowing that he was a well-known
author at the Alphonsine court,® we might consider the possibility of iden-
tifying part of a Latin version of this lost text with chapters 7-16 of De Com-
positione Astrolabii.

6. J. Samsé ‘“Maslama al-Majriti and the Alphonsine Book on the Construction of the Astrolabe®’.
Journal for the History of Arabic Science (Aleppo, 1980), vol. 4, pp. 3-8.

7. P. Kunitzsch **On the authenticity....”” p. 46.

8. See J. Samsé, **Maslama al-Majriti ..."* (see note 6), p. 8. For Ibn al-Samh see F. Sezgin, Ges-
chichte des arabischen Schrifttums, vol. 6 (Leiden: Brill, 1978), p. 249.
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gradus ex Geminis.3
Hunc divides universum ciruculum
signorum per singulos gradus,

grados de cancro.

Et en exiemplo desto sobredicho podrés
partir todo el cérculo sobredicho de
los signos por grados 6 por qual cuento
quisieres.

Et esta esla figura desto que auemos
dicho.

ut patet in figura.

(R. T. Gunther, Chaucer and (Rico y Sinobas, Libros II, pp.
Messahalla on the astrolabe, 232-233.)
pp. 204-205).

Recently, P. Kunitzsch* has put forward a whole series of arguments
about the origins of the text published by R. T. Gunther. He claims that
the treatise in question is, in fact, a compilation of different texts written
between the Xth and the XIIIth centuries, some of them literal translations
from the Arabic into Latin®. Although it is not possible, as yet, to establish
the exact origins of all the materials of which the text consists,
Kunitzsch does point out that it is wrong to attribute to Masha’allih the
section to the treatise De Compositione Astrolabii which includes chapters7 to
16. It is precisely this part of the treatise which is related to the Alphonsine
text, as is shown in the following list of chapter-headings, which demonstrates
the correspondences between the two texts:

Chap. 7. Preambulum ad Compositione
Rethis et Tabularum Altitudinis.

Chap. I1I. De cuemo se deue fazer
la red et primeramientre de cuemo
deuen sennalar en ella el cérculo
de capricornio et de aries et de
libra et el cérculo de cancro.

Chap. 8. De constitutione Zodiaci
et eius divisiones.

Chap. 9. De divisione circulisignorum
sive Zodiaci Capitulum.

Chap. 10. Sequitur de inscripcione
Stellarum fixarum in Rethe in eius
Zodiaco.

Chap. IV. De cuemo deue seer fecho
el cérculo de los signos dell astrolabio

Chap. V. De cuemo deue seer partido
el cérculo de los signos.

Chap. VI. De cuemo se deuen poner
las estrellas fixas en la red.

3. This difference between the two texts is due to Gunther’s correction (see R. T. Gunther, p. 205,
footnote I).

4. See P. Kunitzsch ‘‘On the authenticity of the treatise on the composition and use of the as-
trolabe ascribed to Messallah’’, Archives Internationales d’Histoire des Sciences vol. 31, no 106, 1981,
pp. 42-62.

5. See P. Kunitzsch ‘‘On the authenticity ..."” p. 43-48.



168

MERCE VILADRICH

bd in puncto k, deinde

extrane dyametrum bd in directo,
donec abscindat circulum signorum
super h. Tunc punctus a erit
punctus capitis Libre,

et punctus h Capricorni,

et punctus ¢ Arietis, et punctus

z capitis Cancri.

Post hoc pone arcum dl et arcum bm
unumquemgque scilicet istorum ex
30 gradibus. Deinde queres arcum
qui est super punctum m et k

et | et abscindet circulum

signorum super ns,

eritque hs arcum signum Sagitarii,

et arcus zn signum Geminorum.
Post hoc pones unumquemque ex
arcubus Ig et mf 30 gradus.

Deinde queres arcum qui vadit per
puncta f, k, g et absicindet circulum
signorum super gx,

eritque arcus sx signum
Scorpionis, et arcus ng

Tauri, et remanebit arcus xa
signum Libre, et arcus

gc signum Arietis.

Post hoc pone arcum ho

sicut arcum hs

et arcum or sicut arcum sx,

eritque r¢ signum

Piscium et arcus ro signum
Aquarii, et arcus ho signum
Capricorni. Postea etiam pones

arcum zp sicut arcum

zn et arcum yp sicut

arcum ng, eritque arcus ap
signum Virginis et arcus pt
signum Leonis, et arcus vz
signum Cancri. Et similiter
si poneres arcum

dl 3 gradus, et arcus

bm similiter esset

arcus hs 3 gradus ex
Sagittario et arcus zn 3

de db sobrel punto de g et desende
saca el didmetro de bd en drecho
fata que taie et cérculo de los signos
en el punto de h et sera el punto de a
el punto de la cabega de libra

et sera el punto de k el punto de la
cabega de capricornio

et el punto de g sera el punto de la
cabega de aries et el punto de

z sera el punto de la cabega de cancro
Et desende faz en ell archo de dibm
cada uno dellos de

XXX grados et faras un archo

que passa por el punto de m et de g
et del et tafara el cérculo

de los signos en los dos puntos de n et
dep

et serd ell archo de hp el signo de sa-
gittario

et ell archo de zn el signo de gémini.
Et desende faras otrossi cada uno de
los archos de Ixmf XXX grados

et fards un archo que passe por

el punto de fgx et tafara el cérculo

de los signos en los dos puntos de kc
et serd ell archo de pc el signo de
escorpion et ell archo de nk el signo de
tauro et fincara ell archo de

kg el signo de aries.

Et desende faras ell archo de hs
tamanno cuemo ell archo de kp

et ell archo de so tamanno cuemo ell
archo de pc

et sera ell archo de go el signo

de piscis et ell archo de os el signo

de aquario et ell archo de sk el signo

de capricornio. Et desende fards otrossi

ell archo de zx tamanno cuemo ell archo
de zn et ell archo de xo tamanno cuemo
ell archo de nk et serd ell archo de ao
el signo de virgo et ell archo de ox

el signo del leon et ell archo de xz

el signo de cancro. Et

si ouieres puesto de primero ell archo
de dl por tres grados et ell archo

de bm por otros tres seria

ell archo de hs tres grados de

capricornio et ell archo de zx tres



NOTES AND COMMENTS

On the Sources of the Alphonsine Treatise Dealing
with the Construction of the Plane Astrolabe

MERCE VILADRICH®

The aim of this paper is to demonstrate that some of the chapters of the Al-
phonsine book on the construction of the plane astrolabe are a translation
-1in some cases only a partial translation and in others a complete translation -
of the same Arabic original used as the source for part of the De Compositione
Astrolabii attributed to the astrologer Masha’allah, who lived in Bagdad in
the second half of the eighth century A.D., and published by R. T. Gunther!
To show some of the similarities between the two texts, I give below, in two
parallel columns, the chapter from the Latin text published by Gunther
and the corresponding passage from the Alphonsine treatise,® which deal
with the division of the Zodiac:

9. De divisione circuli signorum V. De cuemo deue seer partido el cérculo
sive Zodiaci Capitulum. de los signos
Cumgque feceris circulum signorum Quando ouieres fecho el cérculo de
los signos
oportet te postea dividere eum per déuesle partir por

signa et gradus signorum,

cuius rei exemplar est ut
facias circulum capitis Arietis
et Libre qui est abed

et diametra abscindant se
super circulum signorum azch.

Deinde divides abcd

per 360 gradus.

Post hoc pone arcum ct similem
dimidio tocius declinationis.
Deinde iunge a cum ¢,

et abscindet linea at dyametrum

los signos et por los grados de los
signos.

Et damoste 4 esto exiemplo que
fagas el cérculo de aries

et libra et este cérculo de abgd

et los dos diametros se ayuntaran
sobrel punto de e et escreuiras sobrel
cérculo de los signos azgh

et desende parte el cérculo de abgd
por CCC et LX partes eguales

et faz ell archo de gt tamanno cuemo
la meatad de la declinacion general
et desende llegala a conlat¢

et tafard la linna de at el diametro

* Facultad de Filologia, Universidad de Barcelona. Barcelona.

1. R. T. Gunther, Early Science in Oxford, vol V: Chaucer and Massahalla on the astrolabe, (Oxford,
1929) pp. 195-231. I am grateful to J. D. North, who sent photocopies of this edition to Barcelona.

2. Rico y Sinobas, Libros del Saber de Astronomia, vol II, (Madrid, 1863) pp. 242-252. See a fairly
recent survey on Alphonsine astronomical works and King Alfonso’s collaborators in D. Romano
*‘Le opere scientifiche di Alfonso X e I’intervento degli ebrei’’. Oriente e Occidente nel Medioevo: Filo-
sofia e Science, Accademia Nazionale dei Lincei (Roma, 1971) pp. 677-711.
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phy of the respective author (pp. 75-96). The bibliography includes a list of
the existing editions of medieval Arabic treatises on the subject and a list
of selected studies on Arabic chemistry and alchemy. The volume is rounded
off by an Arabic-German glossary of technical terms.

These carefully prepared and annotated readings can be warmly recom-
mended to everyone who wants to get acquainted with the medieval (al)che-
mical literature of the Arabs, especially to beginners in the Arabic language.
Teachers in the history of Arabic science will also welcome this chrestomathy
as a valuable — and long overdue — auxiliary for university courses. It is to
be hoped that further source-books of this kind will soon follow!

UrsurA WEISSER
Institut fiir Geschichte der Medizin
Friedrich-Alexander-Universitit Erlangen-Niirnberg.
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Quellengeschichtliches Lesebuch zur Chemie und Alchemie der Araber im
Miutelalter ( Kitab fi “Ilm as-sind‘a ). Herausgegeben von Karl Garbers und
Jost Weyer (Quellengeschichtliche Lesebiicher zu den Naturwissenschaften
der Araber im Mittelalter, Bd. 1). Hamburg: Buske 1980. XII, 114 pp. DM
19.80.

This bilingual source-book contains a collection of short medieval chemieal
and alchemical texts in the original Arabic language with facing German
translation. It is the first volume of a new series of anthologies on Arabic
science edited by the Institut fiir Geschichte der Naturwissenschaften, Ma-
thematik und Technik of the University of Hamburg(Germany), which are
intended primarily for university students. The establishment of such a series
may be regarded as an indication for the growing awareness among western
historians of science that, in view of the important role played by Muslim
scholars in the general development of science, a certain knowledge of the
Arabic language is a desireable qualification for everyone working in this
field. To promote the spread of this knowledge is the principal aim of the
new “Lesebiicher”. Didactically prepared texts will help the beginner to
familiarize himself with terminology and linguistic peculiarities of Arabic
scientific prose. At the same time, he can get a first orientation in the history
of the particular science in medieval Islam, its methodology, standards and
achievements.

The chrestomathy reviewed here is a cooperative work of Karl Garbers,
one of the last surviving pupils of the great Julius Ruska, and Jost Weyer,
an historian of chemistry with particular interestin alchemy, who is responsi-
ble for the choice of texts. Most of the 28 Arabic passages presented here are
taken from works which have appeared in print before. The selection, which
includes sections from treatises by Ja®far as-Sadiq, Jabir ibn Hayyin, al-
Kindi, Abi Bakr ar-Rizi, Ibn Umayl, Ibn Sina, al-Hamadani, al-Khazini,
Abi 1-Qasim al-‘Iraqi and the encyclopedist al-Qazwini, seems to be fairly
well-balanced. The various aspects of medieval chemistry, alchemy and the-
ory of matter as well as practical chemistry, are adequately considered. A
minor short-coming is perhaps the extreme brevity of some of the excerpts;
none of them comprises more than two pages, and several are considerably
shorter. All texts have been provided with a new German translation by Gar-
bers, whose close rendering of the Arabic wording will be appreciated by
readers to whom the language of the original still presents some difficulties.
The second part of the book comprises the commentaries written by Weyer.
He starts with a concise historical introduction to the background and evo-
lution of Arabic alchemy and chemistry and to the main problems the me-
dieval alchemists were concerned with (pp. 53-73). There follow technical
and terminological annotations to each single text, preceded by a short biogra-
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Reference Books for the Historian of Science: a Handlist, compiled‘by S. A,
Jayawardene (London: Science Museum Library, Occasional Publications
2, 1982). xiv -+ 229 pages. £ 2.50.

This Handlist contains well over a thousand items and is divided into forty-
four sections arranged under headings “The History of Science and its Sour-
ces”, “History and Related Subjects”, and “General Reference”. It includes
for instance, sections on biographies, patents, theses, international exhibi-
tions, scientific manuscripts, historical method, and encyclopaedias.

In the field of medieval science there are some noticeable omissions: e.g.
A. B. Emden’s bio-bibliographical works, such as his 4 Biographical Register
of the University of Oxford to A.D. 1500 (Oxford, 1957-9); F. E. Peters, Aris-
toteles Arabus. The Oriental Translations and Commentaries on the Aristotelian
Corpus (Leiden, 1968); and F. Stegmiiller, Repertorium Commentariorum in
Sententias Petri Lombardi (Wiirzburg, 1947; supplementby R. P. V. Doucet,
Florence, 1954). More serious is the omission of Brockelmann’s Geschichte
der arabischen Literatur and supplements (Leiden, 1898-1942) and J. D. Pear-
son’s Index Islamicus. These and similar oversights will reduce the value of
the Handlist for the beginning student, though such specialist works can
doubtless be found through the references that the Handlist does give. But,
as every maker of bibliographies knows, it is easier to carp than to compile.
Besides, the strength of the Handlist lies in its general reference and history
sections.

Not only will the Handlist give the student a useful survey of bibliograph-
ical resources, but it will save almost every historian of science many hours
of tedious work, To take one example, in section XII there are bibliographical
details of the Proceedings (and related literature) of all the International
Congresses of the History of Science.

The Handlist is well produced, with clear type and ample margins (and over
twenty pages of blank paper at the end, no doubt for the user’s addenda).
There are two execllent indexes: author/title and subject. At £ 2.50 the book
is remarkably good value.

Ricuarp Lorcu
Institute for the History of Arabic Science

Aleppo University.
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7 — Anyone working with manuscript sources sympathizes with Sezgin’s dif-
ficult task of identifying the authorship of those manuscripts. What Sezgin
does in the doubtful or anonymous cases is to try to determine the authorship
by internal evidence (e.g. p. 106, 149 n.1.), select important identifying items
for future researchers (pp. 128, 170), and does not refrain from correcting
catalogue entries Whenever they exist ( e.g. pp. 128, 131), or even correct
secondary literature on the subject (pp. 133, 290). If all attempts fail, he
hopes that future research will reveal the authorship, and to facilitate
that research he gives the reader detailed contents of the manuscript with
full incipits and key phrases (e.g. 184, 305).
8 — Manuscripts existing in fragments are identified as such and an attempt
is made to bring together parts that are scattered in libraries as far apart as
Damascus and Munich (p. 163).
9 — While discussing specific topics, Sezgin goes through voluminous works
in an attempt to isolate the relevant material, although these works may
already exist in print as belonging to other subject matter. Anyoneinterested
in the problem of tides will find it very convenient to know that the subject
was discussed by Mas‘di in Murdj I, 244f, as already identified by Sezgin.
10 — Finally, this reviewer has nothing but admiration for the kind of labor
Sezgin must have gone through in order to sift the multivolume work of Ihn
Sidah in search for its sources that are mainly lost, or in search of material
relating to astrology or meteorology (pp. 365 - 369).

The following notes are given in the hope of being incorporated in the fu-
ture “Nachtrige”.
1 - p. 26. The attack of °Ali b. ‘Isi al-’Asturlabi against astrology was used
by Ibn Qayyim al-Jawziyyah in his Miftah Dar al-Sa‘ddah, Beirut ed. vol. 2,
p. 148f.
2~p.43. The tafsir of Tabari of the Tetrabiblos is extant in Uppsala 203.
3 — p. 43. An early copy of Hunain’s translation of the Tetrabiblos is extant
in Escorial 1829.
4 — p. 132. Kindi’s treatises 8,9, and another one on astrology were pub-
lished by L. V. Vaglieri & G. Celentano in “Trois Epitres d’Al-Kindi”, An-
nali, Instituto Orientali di Napoli 34 (ns. xxiv) 1974, pp. 523 - 562 giving the
text in facsimile and a French translation.
5 — p. 223. Another fragment of Theophrastus’s meteorology is extant in
Aligarh, University Collection 119.

GEORGE SALIBA

Department of Middle East Languages and Cultures
Colum bia University, New York, NY, 10027.
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feel, as this reviewer does, the debt to Sezgin’s patience and dedication.

The following remarks are organized in two main types: A) an attempt
is made in the first set of notes to isolate the main features that distinguish
this work from others comparable to it, and B) a few additional remarks are
supplied in the hope that they may be considered for the future “Nachtrige”
which I am sure will appear in the forthcoming volumes in this series.

1 — After placing astrology and meteorology in their proper context within
the Arabic literary tradition (7 — 14, 205 f), unlike the authors of comparable
works, Sezgin goes to great length in evaluating the works of specific authors
whenever he thinks that such works are of major importance in that tradition
(cf. e.g. the evaluation of the meteorological works of Ibn al-‘Amid 278f,
and those of Ibn Sina 292f) .

2 ~ In his detailed discussion of early Arabic astrology (8, 163) Sezgin correctly
notes that at least during the Umayyad period (p. 8) astrology was closely
related and depended on political power for its survival.

3 In the same area of general observations, it is significant to note with Sezgin
that most of the Arabic astrological works that were translated into Latin
in the Middle Ages were not of the mathematically technical type (p. 13)-
The whole topic of that transmission, however, has yet to be studied in detail.
4 - Unlike the authors of comparable works, Sezgin continues to exploit
every primary source he can lay hands on, be it published or in manuscript
form, to collect the data he needs for bio-bibliographical information, and
thus brings to light works of which we should otherwise have been unaware
(cf. e.g. 18, 19, 81, 93,129, 343, et passim). To give an example of the width
of the range of the research,we note that Sezgin has gone through the mul-
tivolume Murij al-Dhahab of Mas‘@di to collect the information on Hunain
Ibn Ishdq’s al-Mas@’il al-Tabi‘iyyah from volume VII of Mas‘di’s work (p.
267). In another instance he goes through the treatise of Ibrihim ibn Sinin
on the movement of the sun—which belongs properly in astronomy — to define
Ibrahim’s position on Aristotle’s meteorology (p. 274). Finally, Sezgin does
not shy away from going through voluminous Arabic philological works to
gather information on Arabic meteorology.

5 — Several times Sezgin goes beyond the short references to earlier sources
and tries to analyze the contents of the manuscripts he is surveying in order
to determine their possible sources (p. 249) or originality (pp. 263, 274), or to
draw attention to their importance for specific subjects (p. 146 astrology
and ghayb. p. 155 astrology and medicine, p. 163 astrology in war).

6 — At other times he quotes the manuscripts at great length to highlight their
importance, thereby rendering an incomparable service to the reader who
has neither the time nor the means to investigate these manuscripts first

hand (cf. e.g. p. 85, 164 ~ 165, 172, 314, 359 et passim ).
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Fuat Sezgin, Geschichte des Arabischen Schrifitums, Bd. VII, Astrologie —

Meteorologie und Verwandtes bis ca. 430H., xvi 4 486p., bibliog., indices,
Leiden: Brill 1979.
Students of Arabic and Islamic studies need no introduction to the works
of Sezgin, for the early volumes of this series are now standard references
for the early period of Arabic studies. In this volume Sezgin adheres to the
method he followed in the earlier volumes, and once more the student of the
History of Arabic Science is treated to a detailed reference work, this time
on Arabic Astrology, Meteorology and related matter.

This volume is divided into two major parts: 1) Astrology and 2) Meteo-
rology. Under each division Sezgin reviews the state of the art, the sources
of our knowledge of the subject — usually and excellent bibliographical list
of primary reference material, sources of the subject itself - mainly Greek,
Syriac and Indian, and finally a list of the Arabic authors on the subject—
some 100 astrologers and a similar number of writers on meteorological and
related disciplines. Following the practice established in the earlier volumes,
Sezgin adds his corrigenda in the form of “Nachtrige” to the present volume
as well as to the earlier ones. There is also a ‘select’ bibliography — not inclu-
sive of all the works cited or mentioned in the body of the text, and extensive
indices.

Although most of this working apparatus may look as if it isroutine work,
the reader should be advised that Sezgin’s own interpretation of the status
of the fields under discussion and their significance is to be found on almost
every page, but especially in the sections titled “Anfinge, Entstehung und
Entwicklung” (26f, 205f). Moreover, the reader is made aware of Sezgin’s
attempt to place these fields within their social context, as in the case of list-
ing the attacks upon and defenses of astrology, (22f). In short, no student
of Arabic astrology or meteorology, no matter what background or method-
ological persuasion he comes from, will, for a long time to come, be unable to
do any serious work in either subject without a frequent reference to Sezgin’s
work.

The other comparable works that come readily to mind are those of Suter
— for astrologers —, Brockelmann — for both subjects —, and Ullmann — for both
subjects and others —, but none of these works come in any way close to the
richness of Sezgin’s, be it in its extensive survey of manuscripts or in its wide-
ranging survey of holdings in libraries scattered in the most inaccessible
parts of the world. Any one who has been engaged in any way with research
in manuscripts held in India, North Africa, Turkey and Iran, will for ever
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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-
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Examples :

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

Sevim Tekeli, *Takiyiiddin’in Sidret iil-Miintehd’sma aletler bahsi”,
Belleten 25 (1961), 213-238.

After the first quotation, if the reference is repeated, then the author’s
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footnotes by author or short title.
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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 °s. Long vowels before hamzat al-wasl are printed
long (thus “ab#’l-Qisim” and not “abu’l-Qasim”).
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tempted to disprove the existence of such lines because they believed the par-
allel postulate to be true. It is therefore interesting that D refers to a medi-
eval geometer who doubted some of the consequences of the parallel postulate.

6.2 Conjectural identification of D.

Following Saidan, Bulgakov and Ahmedov® I shall attempt to identify D.
Al-Biriini saysin the list of his own works mentioned above that he wrote a

Treatise on (the fact) that the necessities of the infinite subdivisibility of magnitudes are related

to the matter of the two lines which approach each other but do not meet in the distance, in ten
leaves.58

The contents of D agree with this title, especially the reference to the two
converging parallel lines. The infinite subdivisibility of magnitudes is also
used in D.

It seems plausible that D is part of a work of Al-Biriini, because D is found
between other works of Al-Biriini (B, A 40) and because D is well-written in a
concise Arabic, which is different from the monotonous style of many other
geometers.

So D is probably a fragment of the above-mentioned work on parallels
of Al-Birtini. This fragment seems to contain between one-half and one-

fifth of the work.*®

—_—
prima ipsa universae geometricae principia (Milano, 1733), book 1, propositions 30-33. Translated into
German in: F. Engel, P. Stickel, Die Theorie der Parallellinien von Euklid bis auf Gauss (Leipzig,
1895), pp. 41-136 (esp. pp. 104-109). Translated into English in G.B.Halsted, Girolamo Saccheri’s
Euclides vindicatus (Chicago-London:Open Court Publications, 1920).

58. Sachau, Chronologie (see note 18), XXXXIV:4. Following the MS (Leiden, Or. 133, 45:12-13),
Sachau reads tajazzu’ al-maqadir ld ila nihdya. The correct reading is tajazzu’ al-magadir ild 1a nihaya.

59. This is apparent from a comparison between the length of some other treatises of Al-Biraini
in MS Bankipore 2468 and their length according to his own indications in the list edited by Sachau
(note 18). See the following table:

Treatise No. of leaves in No. of leaves see Sachau page
Bankipore 2468 acc. to Al-Biriini

A 33 50 200 XXXXI

A 34 51 15 XXXXII

A35 22 60 XXXXII

A 40 17Y 80 XXXXIV

B 18 extant 70 XXXXI

D 1 extant 10 XXXXIV
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6. D: a fragment of Al-Birini’s Treatise on (the fact) that the necessities of the
infinite subdivisibility of magnitudes are related to the matter of the two lines
which approach each other but do not meet in the distance.

6.1 Description of D.

The beginning of D is a proof that any segment of a straight line is infinitely
subdivisible; the proof uses the existence of parallels and the fact that one
can find infinitely many points on a straight line on one side of a given point.
This proof s attributed in D to Al-Kindi (died after 256H./870 A.D.).*

Next D discusses an ““objection” by a person whose name is not mentioned.
This objection probably refers to part of the text which is now lost. It is based
on the opinion of this person that the existence of parallel (that is: non-inter-
secting and being in the same plane) straight lines which approach each
other ““on one side” would not be surprising.

The author of D states that in his opinion two non-parallel straight lines
do meet.* But then he gives some examples of in which two non-parallel
straight lines (i. e.line segments) approach each other without ever meeting.
The idea is basically that one or both of the segments may be extended an
indefinite number of times in such a way that the point of intersection is ap-
proached but not reached.

The historical interest of D is in the reference to the person who believed
that there may in fact be parallel straight lines which approach each other
in one direction. This assumption contradicts the parallel postulate of Euclid
(if the other axioms of Euclid are assumed to hold). However, asymptotically
approaching parallels exist in hyperbolic geometry, which was created by
Bolyai, Lobachevski and Gauss early in the 19th century® The idea of two
converging parallels is mentioned by earlier geometers, for example Proclus
(5th century A.D.)*® and Saccheri (1733).” However, these geometers at-

53. See GAS 5, 255-259 for the mathematical work of Al-Kindi.

54. The ing of this st t is not clear, because by definition two non-parallel straight
lines have a point of intersection. Perhaps the author meant that he believed the parallel postulate
to be true; or he may have taken mutawdzin in the sense of ‘‘equidistant”.

55. For a survey of the history of the parallel postulate and non-Euclidean geometry and referen-
ces see M. Kline, Math ical thought from ient to modern times (New York: Oxford University
Press, 1972), Ch. 36 (pp. 861-88), R. Bonola, Non-Euclidean Geometry, a critical and historical study
of its development (translated from the Italian), (New York: Dover, Reprint 1955); see also notes 56
and 57. For attempts by medieval Islamic geometers to prove the parallel postulate sce A. P. Jusch-
kewitch, Geschichte der Mathematik im Mittelalter (translated from the Russian), (Leipzig, 1964),
pp- 277-288.

56. See Proclus, Commentary on the First Book of Euclid’s Elements, Translated by Glenn R. Morrow
(Princeton, 1970), pp. 151, 285 (= Proclus, ed. Friedlein, Leipzig 1873, pp. 192, 364-5).

57. See G. Saccheri, Euclides ab omni naevo vindicatus, sive conatus geometricus quo stabiliuntur

—
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S
Fig. 2 7

eral reasons. First, the problems and their solutions areinteresting medieval
mathematics. Secondly, the work sheds some light on the geometrical activity
in the early 4th century H./10th century A.D. This is of some importance
because we have few traces of other work on advanced geometry in thisforma-
tive period. Thirdly, the “Exquisite Problems” contain references to works
of Apollonius which are not otherwise extant,” thus providing us with some
new information about one of the greatest geometers of classical antiquity.

It seems that many of the *“exquisite problems” were inspired by the
work of Greek geometers. Among these is a famous problem of Apollonius:
to construct a circle tangent to three given circles. At the end of the “Exqui-
site Problems’ Ibrahim ibn Sinin gives solutions of his own and of his con-
temporaries Ab@i’l- €Ala’ ibn Abi’l-Husayn (GAS 5, 300) and Abl Yahya(GAS
5, 303)%%. Hitherto it was not known that the medieval Islamic geometers
had also found solutions to this problem.

51. f306b:20, 307a:22, 308a:1-4 = RB 1, 142:5, 144:5, 148:1-6 = Dimirdash 279:5, 281:2, 283:
16-21.

52. f 16b:20-20b = RI 6, 89:10 - 99:11. On the problem see T.L. Heath, 4 History of Greek
Mathematics, (Oxford At the Clarendon Press, 1921) vol. 2, pp. 182-185; H. S. M. Coxeter, ‘“The
Problem of Apollonius’’, American Mathematical Monthly, 75 (1968), 5-15.
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We draw lines GS40 and ND parallel to 4B .Then they (8) are known4! because they meet
two assumed lines.

We join KN. We draw (9) GM42 parallel to it and meeting DN in point M. Then point M43
is known, since KV (10) is known in position.

Let SE and HE meet AB in F44 and 0. Then (11) the ratio of LT to TG becomes equal to the
ratio of L F'to GS,45 and the ratio (12) of LT to DI becomes equal to the ratio of OL to DN.

But the ratio of DK to (13) KG is equal to the ratio of DV to NM.46. So the ratio of LF to GS45
(14) is compounded of the ratio of OL to DN and the ratio of DV to NM.47 (15) But that is the
ratio of OL to MN.

So, permutando, the ratio of (16) LF48 to OL becomes equal to the ratio of GS, which is known,
to MN, which is known (17). And line OF49 is known.

So point L is known.

The solution of this problem by Ibrahim ibn Sinin is in a mathematical
sense related to the theorem of Desargues;® this can be shown in the follow-
ing way (fig. 2) .We repeat the same procedure, for the same points K, D,
G and the same lines EZ, EH but for another line A’ B’ || AB, using the
notations I’, T°, L’, F” and O’ as in fig. 2.

Wehave F’L’ : L’0’ =GS : NM = FL : LO,so L’, L and E are collinear.
This result can also be derived by means of the theorem of Desargues: lines
DG, I’T’ and IT, joining the vertices of triangles DI’I and GT"T, pass through
one point (K), so the points of intersection E, L’ L of the corresponding sides
(I’ and T°T, DI’ and GT”, DI and GT) are collinear.

It should be emphasized, however, that there is no such idea as the theorem
of Desargues in the reasoning of Ibrahim ibn Sinan. Ibrahim ibn Sindn prob-
ably viewed the problem simply as the construction of a plane transversal
figure LG KG KIT LID such that K, D and G are three given collinear
points and L, I and T are on three given lines.

The “Exquisite Problems” constitute a work which is interesting for sev-

40. GSin MS, HS in RI.

41. both in position (because GS || 4B, ND “ AB) and magnitude (because G and EZ are known
and D and EH are known). The two assumed lines are EZ and EH.

42. GM in MS, HM in RI. _ _

43. 1 have emended the MS to L sla < ¢ &t > _f 42 fe ; RI has only & yla ¢ ks

44, The MS is illegible. RI has B.

45. LK to GS in MS, LK to HS in RI.

46. NM in MS, IM in RI.

47. NM in MS, LM in RI.

48. LK in MS and RI.

49. OF in MS, OB in RI.

50. See for example C. Boyer, 4 History of Mathematics (Ne Ywork: Wiley, 1968, ), p. 395, and any
introductory book on projective geometry.
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From the book of Ahmad ibn Muhammad ibn ©Abdaljalil (al-Sijzi) on the exquisite problems
which were currently being discussed between him and the geometers of Shiriz and Khorasan,
and his (own) additions.

1. Our synthesis of an important proposition from the book of Ibrahim ibn Sinin on the exqui-
site problems.

2. Iflines 4B, ZE and EH are assumed, and points G, D and K on one straight line are known,
how do we draw two lines GTL and DIL, meeting <AB> in one point and meeting ZE and EH
in points T'and I such that the points T', I and K are on one straight line ?(fig. 1)

3. Let us draw GS and DN parallel to AB. We join NK.

4. We draw GM parallel to NK. We extend IND in a straight line to M such that it meets line
MG <in M>.

5. We extend ZE and HE in a straight line towards F and 0. We make the ratio of LF to OL
equal to the ratio of GS to MN.

6. We draw GL and DL such as to meet lines ZF and HO in points T and I. We draw KT.

7. I say that line KT passes through point I.

8. Proof of that: the ratio of OL to MN is compounded of the ratio of OL to DN and the ratio
of DN to NM.

9. But the ratio of LF to GS is equal to the ratio of LT to TG, because of the similarity of
triangles LFT and GST.

10. And the ratio of LO to DN is equal to the ratio of LI to ID because of the similarity of trian-
gles LOI and DNI.

11. And the ratio of DN to MN is equal to the ratio of KD to KG because of the similarity of
triangles DNK and DMG.

12. So the ratio of LT to TG is compounded of the ratio of LI to ID and the ratio of KD to
KG (by 5,9,10,11).

13. So point I is common to lines LD, HO and KT, since figure LG KG KIT LID is a plane
transversal figure.36

14. That is what we wanted to prove.

The analysis which corresponds to this synthesis is in €1 f 4b:3-19 = RI
6, “Al-handasa wae-“tlm al-nujim”, 17:19-18:17. I give an English transla-
tion below. The figure is the same as the figure belonging to the synthesis of
Al-Sijzi. Numbers between parentheses refer to page and line numbers in RI
6. I shall use the conventions of section 4.2.

If lines AB, ZE and EH are assumed and two points (18:1) G and D are known, and point K is
known, and points G, D and K (2) are on one straight line, how do we draw two lines GTL37
and DIL (3), meeting AB in one point and meeting ZE38 and EH in points (4) T and I such
that pointsT', I and K are on one straight line?

Let us assume (5) that this is the case. Then the ratio of LT to TG is compounded of the ratio
(6) of LI to DI and the ratio of DK to KG, asis proven in(7) the Almagest.39

36. If X is the point of intersection of LD and KT we have according to the theorem of Menelaos:

LT LX KD LT LI KD
TC XD KG - By line 12 ¢ = 1D K& hence X=1I. The theorem of Menelaos for plane trans-

versal figures is proved in the Almagest of Ptolemy, I:13, ed. Heiberg, Leipzig 1898, vol.l p. 69-70.
German translation (of K.Manitius) in Ptolemaiis, Handbuch der Astr ie (Leipzig, 1963), vol. 1,
p- 46.

37. HTL in RI,GTL in MS.

38. ZE in MS, DE in RI.

39. Almagest,1:13; see note 36.
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will be transcribed according to the conventions of Hermelink and Kennedy.*
Sentencesinto which I have divided the text areindicated by numbers.*

34. H. Hermelink, E.S. Kennedy, **Transcription of Arabic Letters in Geometrical Figures’,
Journal of the American Oriental Society, 82 (1962), 204 = *‘Transkription mathematischer Bezei-
chnungen in arabischen Schriften’’, Siidhoffs Archiv, 45 (1969), 85.

35. The Arabic text is from MSS X 52a:10-20 and I 61b:10-62a:3.

el ot S J ikl BLL G (gomall ) S ae gp a2 o el OIS
Sl 5 Ol =y 51
sl B g 0l g l ] Ol o e IS8 LSS
de TIT Ly Bysge raa) o) boks S 13 2
Tor Ton o ot o O G o s
‘:;LB‘_L:E;EDL:AL,I.\»I,ZUJJ:<:T>0Q}13
s bt fe D5 L kB O - s L
‘_‘_OMJ;-_‘OL:'J"){(J—;[J];CJ;‘:‘B 3
wld e 53 E—J."J:J_SL_SJ.[){{_? GJ;J 4
<pde> S ks b
L by g o Ll e ar a5 24y S
opdl xS Jp d 33
GhB Je g 55 s OUA I Jx g4y 6
14 Sy 6 b
s ks e Sse LA ke o Jyl
53 dl Jg i or W3 O p dl Jp bed O s b g
O—rJlii,—Jbu
;,.;r‘_}gu,_,_.dlja,.sut 9
Fow B0d gl o=y o3 T
I P R R S N = PR U
(L £.623) 0> spd Sl
oLy 73 Jf 3 S 6 Op 05 A L, 1
So dl od b o W B ST 4T s 12
P { P  SO Y
35z 50 bobd Wi T g das 13
g ¢ 56 Tsd 28 2
o ol Lall alsy

g0y T

T omitsin 8 thesecond J ¢ /T § : £03,4/X 0Laki : 0Liby 2/ &b : L (2x)2
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That this is really so is proved by reference in a work of Al-Sijzi, namely
the “Book by Ahmad ibn Muhammad ibn €Abdaljalil (al-Sijzi) on the exqui-
site problems which were currently being discussed between him and the
geometers of Shirdz and Khorasan, and his (own) additions” (Kitab Akmad
ibn Muhammad ibn “Abdaljalii fi'l-mas@’il al-mukhtara allaii jarat baynahu
wa-bayna muhandist Shirdz wa-Khordsin wa-taliqituhu, see GAS 5, 333 no.
23.). A version of this work survives in two manuscripts:

I = MS Istanbul, Resit 1191, ff. 31b-62a, undated.

X = MS Dublin, Chester Beatty Library 3652, ff. 35a-52b, dated 612
H./1215 A.D**®

In I and X Al-Sijzi presents his synthesis of what he calls an important
proposition from the book of Ibrihim ibn Sindn on the Exquisite Problems.
The corresponding analysis is in C; on f. 4b, which proves that G, is in fact
the Exquisite Problems.

Below I give English translations of the synthesis of Al-Sijzi and the
analysis of Ibrihim ibn Sinin. My reason for doing this is first to present
in detail the sources for identifying C;, and secondly to draw the attention
of the reader to a hitherto neglected work which seems to be of some impor-
tance for the history of geometry.

In the translated passages Ibrahim ibn Sinan and Al-Sijzi deal with the
following problem (fig.1): B F L O A

Given: three straight
lines AB, EZ, EH and
three collinear points G,
D, K. Required: two st-
raight lines GL, DL in-
tersecting in a point L
such that the following
relations are satisfied:

1. Lis on AB.

2. GLintersects EZ
in a point T, and DL
intersects EH in a point
I such that T, I and K
are collinear. Fig. 1

I have added some words to the texts in the manuscripts; these words
will be translated in pointed brackets. Arabic letters in geometrical figures

33. See A.J.Arberry, A Handlist of the Arabic Manuscripts in the Chester Beatty Library, vol. 3
(Dublin, 1958), p. 59 no. 7.
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This is a proof of a method for calculating the equation of the sun, which
is the same as the proof in the second section of the third magala in B. This
section is entitled:

On the proof of a calculation which came to my mind by means of the properties of the broken

line in the circle27 .

From the material presented above we can draw the conclusion that B
contains a version of Al-Biriini’s Treatise on the solution and the division
of the equation. This treatise must have been written in or before 418 H./
1027 A. D. because it is mentioned in the version of the Extraction of Chords
which Al-Biriini finished in Rajab 418 H./July-Aug. 1027 A.D.2®

5. Identification of C; asthe Exquisite Problems of Ibrahim ibn Sinan.

Ibrahim ibn Sinin says in his Letter on the Description of the Notions he De-
rived in Geometry and Astronomy (A 24) that he wrote a treatise called the Ex-
quisite Problems® (Al-masa’il al-mukhtara). This treatise contained solutions
of
41 geometrical problems, namely difficult problems on circles, lines, triangles, tangent circles
and other things30

Ibrahim ibn Sinan says that he

followed the method of analysis only, without giving syntheses, except in the case of three
problems, where syntheses were necessary.30

C, is a geometrical text from which only part of the preface is missing.
In C; about 40 geometrical problems are treated. The exact number is to
some extent arbitrary, depending on whether certain auxiliary problems are
counted séparately. The author of C; must be Ibrahim ibn Sinan ibn Thiabit,
because it contains a reference to “‘my grandfather Abi’l-Hasan Thabit”.*

In C; an analysis is given of all problems, but only three syntheses occur.®?
So it is likely that €, is part of the Exquisite Problems.

27. RB 1, 136:4-5 = {. 305b:7-8. The proof is in 305b:7-22, continued on f 309a:1-7 = RB 1,
136:3-138:1, continued on RB 1, 153:19-154:10, edited in Dimirddsh 213-216. The corresponding
method of calculation is explained in the second section of the second maqgala, whichisin RB1,117:
13-118:10, edited in Dimirddsh 184-185. It is discussed by Kennedy and Muruwwa op. cit. p. 115-116
as method 2. Note that RB 1, 117:13-118:10 is part of Cj, and that the remark of Kennedy and
Muruwwa, p. 116 left column, *“In this connection Biriini gives the proof... Apollonius is mentioned
several times in the passage’’ refers in fact to Cy, not to B.

28. The date is in MS Bankipore 2468, f. 326a, printed in RB 1, 226:11-12; = Dimirdash 287:
6-7. .
29. f.132a:23-24 = RI 3, 69:5 = edition by Saliba (see A 24), 200:230 .

30. f.132a:12-15 = RI 3, 68:8-11 = ed. Saliba 200:20-22.

31. f. 308b:20 = RB 1, 153:1 = Dimirdash 286:19. This was already pointed out by Anbouba
in ““Tasbi® al-Da’ira’’, JHAS, 1 (1977), 382 note 6.

32. The syntheses are on ff. 308a:28-308b:30 = RB 1, 150:4-152:12 = Dimirdash 285:7-286:
18;f 3a:7-29 = RI6,11:1-12:8; £ 10a:10-10b:18 = RI 6, 46:12-50:16.
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This description agrees with the extant part of the preface in B. In order
that the reader can check this statement himself, I give a tentative transla-
tion of f. 325a:1-15 = RB 1, 219:16 - 220:13 below. Dots indicate places
where one or two words in the manuscript are illegible. All additions of mine
are in parentheses. I have indicated in footnotes all places where I read the
manuscript differently from the editors of RB.

...19 containing the values of the equation of the sun from the zij of Habash. He found in ... a
place where there was a big difference between the two lines in smallness (?) in the two margins...
to it, and at this (point) the matter of those numbers became irregular. Therefore he asked me
about this situation... as somebody trained in working with geometrical lines and accustomed
to work on geometrical proofs ... at (that) time, with al® number20 of methods for calculation,
to which thinking on them (the geometrical lines and proofs) had led me, some of them being
easy, others being difficult. Thereupon none of them produced to the person who had asked2!
(the question) anything which agreed22 with what he had asked about.

I was inclined to attribute this to the negligence of Habash in calculating those tables,
or to inattentiveness on the part of transcribers, till I returned to the collections of zijes23 men-
tioned above. Then I found in them a method of Habash for solving the equation, dividing it,
explaining it and making it clear. When I tried it, it produced for that place (in the table) a value
equal to the value in the table. Thus I learnt that Habash had used it, but nobody else.

Then I thought over its proof, and I enjoyed myself by thinking over the proofs of other
(methods), till the ways to the knowledge of all of them had opened up, and the ways to the
proof of them had been illuminated by tireless attention24 to what made the perception of them
obscure. Because of the multitude of them it was possible to devote a book to them, containing
a very useful25 specialism in astronomy, and for training those who dislike the dreariness of
uncritical copying, not the remaining (uncritical) followers. I have made it, and it is this book.

The following reference is also of interest for the idenfication of B. In the
Extraction of Chords Al-Biriini presents what he calls a

Solution of the equation<and division of it> for half of the deferent, from my book concerning

this subject.
(RB 1, 72:1 — 74:14, the words in angle brackets are not in the Bankipore
manuscript, but they are in the Leiden manuscript translated by Suter® ).

19. f 325a:1-4 have been printed incorrectly in RB 1, 219:16-220:1. I read the manuscript as
follows:

3 (5) i e g bk QﬁLJéw%SFLpL\J_,A,,,é.\?_,i‘_;.._» @j&.wﬂl&;lﬁ Syl
Lol Ll desles Uz o8 L JUT 58S g LS ol oo shas§l ol Sl di, 4l el
G- Lo il g ddl il lf GGl

20. The MS is not very legible. I conjecturally read s

21. JLJ asin 325a:6,n0t JSlud asin RB 1,220:2.

22. RB 1 omits Uil s» which is in 325a:6 after 15 .

23. &% )| olaidlll as in 325a:8.

24. < 535UL as in 325a:12.

25. JLall e as in 325a:13.

26. Op. cit. (see section 3, A 40) p.45-46 no. 11.
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4.1 The contents of B.

The subject of B is the calculation of the equation of the sun, For a discussion
of the problem and terminology I refer to the article by Kennedy and Muruw-
wa mentioned in section 3 under B.

B is part of a text which once consisted of four magalat (plural of magala =
big chapter). The extant part of the first magala contains a fragment of a pre-
face, which will be translated below, and a full discussion of terminology and
preliminary theorems.

The second and third magdla are extant in B. They present 16 methods
for calculating the equation of the sun and give geometrical proofs for the
correct methods. The 16 methods are discussed in full in the article by Kennedy
and Muruwwa mentioned above. These authors say that the text they discuss
is part of the Rasd’il al-Birani (letters of Al-Biriini), but they do not give
a further identification.

Only part of the fourth magala is extant in B. Kennedy and Muruwwa
do not discuss this magdla, but I use their notation for the second and third.
It deals with the following problem. Given two of the following four parame-
ters: the mean anomaly 2, the true anomaly A, the equation e and its maximal
value e,,,, required to determine the other two parameters. This leads
to six combinations (qgirinat), which are listed in the extant part of the fourth
magala: to solve the problem if 1. A, €,,,,, or 2. X, €, or 3. X, A, of 4. €nass €,
or 5. €, A, 0r6.e, A, are given. Then the text runs:

““It is necessary that we finish the book by mentioning
them (the 6 combinations) in detail’’ (RB 1, 179:13). Hence the fourth magala
was the last one. The text is broken off in the middle of the second combination.

In conclusion: B is almost the complete text of a treatise on the solar
equation.

Dimirdash edited a small part of the first magala and the complete second
and third magalas as part of Al-Birini’s Extraction of Chords. He erroneously
rendered the beginning of C; (the Exquisite Problems of Ibrihim ibn Sinan)
as “fourth magala”. C; begins on p. 246 of his edition.

4.2 Identification of B.

In the list of the works he completed before the end of 427 H. Al-Biriini says
that he had composed:

because of a question of somebody who suspected (something) in the tables of the equation
of the sun and who did not discover the method of Habash for solving it, a treatise on the so-
lution and division of the equation, in 70 leaves.18

18. The list has been edited in: Chronologie on : Orientalischer Vilker von Alberiini. Herausgegeben
von Dr. C. Edward Sachau (Leipzig 1878), pp. XXXVIII-XXXXVIII. The quoted passage is on
p- XXXXI lines 1-2. On Habash see G4S 6, 173-175.
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f. 324 = 214:10 wa-annahi (MS: wa li annahd) - 219:16 maluma +
fig. 117.

f.321 = 201:9 kadhalika — 206 : 11 ma®lam + figs. 109, 111.

f.318 = 184:12 fa-TC — 190:5 murabbauhu -+ fig. 102.

£.320 = 196:1 ma‘liman — 201 :9 fadl 4 figs. 107, 108.

f. 319 = 190:5 fa-murabba® BZ — 196:1 ila DG + figs. 103, 104.

(figs. 103, 104 are the same as figs. 105, 106 respectively)

f.306a:1-4 = 108:9 ma‘lima—108:14ila HZ.

f. 306a:4 — 308 = 138:1 ild khatt malam — 153:19 nugta 4+ figs. 74-
79.

ff. 2-20b has been printed in RI 6,:“Al-Handasa wa °Ilm al-Nujim” (5:7
idh- end). Ff. 324, 321, 318, 320, 319, 306-308b :24. have been edited in the cor-

rect order in Dimirdish 246:9-286:23 as part of the Extraction of Chords
of Al-Biriini.

G, Cat 3 (p 62) f 21a-39b. Magdla li-Ibrahim ibn Sindn fi tariq al-tahlil wa’l-
tarkib wa-sa’ir al-a°mal fi’l-masa’il al-handasiyya. Treatise by Ibrahim ibn
Sindn on the method of analysis and synthesis and the other procedures in
geometrical problems. GAS 5, 294, no.2. Printed: RI 2. The last leaf of the
treatise is missing. The complete text, which is in MS Paris, Bibliothéque
Nationale, Fonds Arabe 2457, 1b-18b and MS Cairo, Dar al-Kutub Mustafa
Fadil Riyada 40m, 130b-153b, is about 15 lines longer than the text in MS
Bankipore 2468.

D

F. 317 is a fragment of Al-Biriini’s Magdla fi anna lawdzim tajezzu’ al-
magqadir ila 1d nihaya qariba min al-khattayn alladhayn yaqruban wa-la yal-
taqiyan fi’l-istibad. Treatise on (the fact) that the necessities of the infinite
subdivisibility of magnitudes are related to the matter of the two lines which
approach each other but do not meet in the distance, see section 6 of this
paper. The treatise is listed in GAS 5, 383 no. 13 as a lost work. Printed in
RB 1, “Istikhraj al-Awtar” (180:15 farada - 184:12 B + figs. 100-101). Rus-
sian translation with commentary in P. G. Bulgakov, A. A. Ahmedov, “Ber-
uni i al-Kindi o teorii parallel’nih”, Obstestvcennie nauki b Uzbekistane (1977),
30-36. Review by E. S. Kennedy in Mathematical Reviews, March 1981,
no. 8lc: 01008. F. 317 was not edited by Dimirdash.

4. B: The Treatise on the solution and the Division'’ ofthe Equation by Al-Birani.

17. The word division probably refers to the different ways in which the equation has to be cal-
culated according to the different positions of the sun.
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B

B is not mentioned in the catalogue. It consists of ff. 325, 322, 299-305, 309-
316. B is a fragment of Al-Birini’s Magala fi’l-tahlil wa’l-tagti® Ii’l-ta’dil:
Treatise on the solution and the division of the (solar) equation, see section
4 of this paper. The treatise is listed in G.4S 6,273 no. 11 as a lost work. Print-
edin RB 1, “Istikhrdj al-Awtar”:

£325 = 219:16 al-muhtawa — 2241 ‘anhu;

322 = 206:12 fa-amma — 209:10 min - figs. 110-114;
£299 — 305 = 108:15 al-mutasawiyatayn — 138:1 sira;
£309 — 316 = 153:9 lana— 180:15 ila + figs. 85-99.

The Arabic text in ff. 299-305 and . 309-316 has been edited in Dimirdash

172:2 - 245, as part of the Extraction of Chords of Al-Biriini. Dimirdash realized
that the text on f. 305b continues on f. 309a.

F. 316b:1-23 (= RB 1, 179:1-180:15) and ff. 322, 325 was not edited by Di-
mirdash,

Part of the treatise is discussed in E. S. Kennedy, Ahmad Muruwwa,

“Biruni on the solar equation,” Journal of Near Eastern Studies, 17 (1958),
112-121.

C consists of two parts C; and C,.

Cy: £ 324, 321, 318, 320 ,319, 306-308, 2-20b is part of Ibrihim ibn Sinin’s
Al-Masa’il al-Mukhtara, the exquisite problems. See section 5 of this paper.
The work is mentioned in GAS 5, 294" under no. 6. The first 8 extant leaves
have been printed in RB 1, “Istikhraj al-Awtar”:'®

15. Sezgin mentions references made by Ibrahim ibn Sinin to Abi’l-°Ala’ ibn Karnib (GAS 5,
300), Abu’l-°Abbas ibn Yahya (GAS 5, 300-301), Aba Yahya (GAS 5, 303) and ©Ali ibn al-Hasan ibn
Macdan (GAS 5, 304). These references are not in the ‘‘Letter ... on the description of the notions he
derived in geometry and astronomy”’(A 24), but in the ‘‘Exquisite Problems’’(Cy).

Sezgin says (GAS 5, 381 under no. 6) that a fragment of a book by Al-Biriini on tangent circles
has been preserved in the printed text of Al-Biriini’s Extraction of Chords, RB 1:218-129. However,
this part of the printed text is part of the ‘‘Exquisite Problems’’ of Ibrihim ibn Sinan, who refers
to his own book on tangent circles (which is mentioned in GAS 5, 294 no. 6) .So GAS 5, 381 no. 6 has
to be omitted.

Anbouba also remarked that Al-Bir{ini probably did not write a book on tangent circles, and that
Ibrahim ijbn Sinan is the author of part of the text edited by Dimirdash as Al-Birini’s Extraction
of Chords. See A. Anbouba, Tasbi® al-dd’ira (in Arabic), JHAS,1(1977), 352-384, esp. 382 note 6.

16. At this point Saidan’s references are not altogether correct (op. cit, see note 5).
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book on Making Easy the Roads to the Geometrical Propositions (kitabuna
fi tashil subul ila °l-ashkal al-handasiyya, £.280a:24 = RM 8, 3:5) and “our
book on the Properties of the Egg-shaped and Lentil-shaped Figures” (kita-
buna fi khawass al-shakl al-baydi wa’l-adasi, f 280b:18 = RM 8, 5:5) Al-Sijzi
is known to have written a work on ‘“making easy the roads for deriving
geometrical figures ** (GAS 7, 410 no. 38). Al-Sijzi refers to a work of his on
the egg-shaped and lentil-shaped figure (the solids of revolution of an ellipse
around its major and minor axis respectively) in his Introduction to the Science
of Geometry (al-Madkhal ila “ilm al-handasa, GAS 5, 333 no. 20, MS. Dublin,
Chester Beatty 3652, 16a:17). As far as is known, no other Arabic geometer
has written about these figures. We know that Al-Sijzi also wrote on the “fact”
that all figures are derived from the circle (GAS 7, 410, f) Thus Al-Sijzi is
probably the author of the treatise A 39.

A 40 Cat 42 (p 92) f 282b-298,326a, rest 243a-260a. Kitdb Abi’l-Rayhan Mu-
hammad ibn Ahmad al-Birini fi ’stikhrdj al-awtar fi’l-d@’ira bi-khawdss al-
khatt al-munhand al-wagi® fiha. Book of ... Al-Biriini on the extraction of
chords in the circle by means of the properties of the inscribed broken line.
GAS 5, 381 no. 3. Printed in RB 1, “Istikhraj al-Awtar”: f 282b-298 = be-
ginning - 108:8 al-musawiya li-zawiya + figs. 1-72; £ 326a = 224:2 ... 0 — end
+ fig. 118, right side.

Edition of the Arabic text in ff. 282b-298 in Dimirdash 32 - 172:2; f. 326a:
21-29 is edited in Dimirdish 286:24-287:7. The text in f. 326a:1-20 has not
been edited by Dimirdash (it is, however, on the facsimile of f. 326a on
p- 31 of his edition). German translation with commentary, both based on a
Leiden ms. in H. Suter, “Das Buch der Auffindung der Sehnen im Kreise von
Abt’l-Rayhan Muhammad al-Birtni,” Bibliotheca Mathematica, 3. Folge,
11 (1910), 11-78. A facsimile edition of this Leiden MS (?) was published by
Muhammad Athar Milli (?) (Teheran (?) 2535 Cyrus (?)), Silsilat Intisharat
124. The Leiden and Bankipore manusecrpits of the Extraction of Chords are
slightly different. Russian translation by S. A. Krasnova, and L. A. Karpova
with commentary by B. A. Rosenfel’d and S. A. Krasnova in: Iz istorikii
nauki i tehniki b stranah Vostoka, vol. 3 (Moscow, 1963). See also Muhammad
Saud, “A part of al-Biriini’s Istikhraj al-Awtar fi ’l-Da’irah” in Hakim Mu-
hammed Said (ed.), Al-Birini Commemoration Volume (Karachi: Hamdard
Academy, 1973), pp. 691-705. See also A. S. Saidan, “The Trigonometry
of Al-Birini” in the same volume, pp. 681-690.

On f. 326b there is a geometrical figure which apparently does not belong to
any of the treatises and fragments in MS Bankipore 2468. The figure has
been printed in RB 1, “Istikhrdj al-Awtar”, fig. 118, left side.
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mad ibn Ahmad al-Birini rakimahuw’llah fi rashikat al-Hind. Treatise by ...
Al-Biriini, may God have mercy upon him, on the Indian rule of three. GAS
5, 380 no. 2. Printed: RB 4. Russian translation by B. A. Rosenfel’d in Iz
istorikii nauki i tehniki v stranah Vostoka vol. 3, Moscow 1963. See also Abu’l-
Qasim Qurbani, Birani-ndma (in Persian), (Teheran, A.H. solar 1353), pp.
206-219. On the word rashikat see E. Boilot, “I’Oeuvre d’al-Beruni, Essai
Bibliographique,” Mélanges. Institut Dominicain d’Etudes Orientales du Caire,
2 (1955), 161- 256, esp. 188.

A 35 Cat 38 (p 89) f 245a-266b rest 206a-227b. Tamhid al-mustaqarr li-tahqiq
ma‘nd’l-mamarr li-Abi’l-Rayhin Muhammad ibn Ahmad al-Biriini. Smooth-
ing the basis for an investigation of the meaning of transits by ..... Al-Biriini
(this is the translation of Professor Kennedy). GAS 6, 267, no.3. Printed:
RB 3. English translation and commentary in: Al-Biruni on transits .A study
of an Arabic treatise entitled Tamhid al-Mustaqarr li-tahgiq ma°nd’l-mamarr
by Al-Birani Translated by Muh. Saffouri and Adnan Ifram. With a commen-
tary by E. S. Kennedy. American University of Beirut, 1959. See also G. J.
Toomer, “Notes on Al-Biriini on transits,” Orientalia. 34 (1965), 45-72.

A 36 Cat 39 (p 90) f 267a-276b rest 228a-237b. Kitab fi kayfiyyat tastih al-
kurra “ald sath al-asturldd .... istikhrdj Akmad ibn Muhammad ibn al-Husayn
al-Saghani. Book on how to project the (celestial) sphere on the plane of the
astrolabe... by ... Al-Saghani. GAS 5, 311, no.4. Printed: RM 7.

A 37 Cat 40 (p 90) £ 276b-279b rest 237b-240b. Risilat Akmad ibn Mukammad
ibn °Abdaljalil al-Sijzi fi’l-shakl al-qatta®. Letter by ... Al-Sijzi on the trans-
versal figure. GAS 5, 332 no. 15. Printed: RM 10, pp. 1-22. See J. L. Berggren,
¢“Al-Sijzi on the Transversal Figure”, JHAS, 5 (1981), 23-36.

A 38, not mentioned in the catalogue, f 279b-280a rest 240b-241a. Al-shakl
al-mutassa®. The nine-sided figure (i.e. the regular nonagon). Anonymous,
not mentioned in GAS. Printed: RM 10, p. 22-24. English translation and
commentary by J. L. Berggren, “An Anonymous Treatise on the Regular
Nonagon”, JHAS, 5 (1981), 37-41.

A 39 Cat 41 (p 91) f 280a-282a rest 241a-243a. Risala li-Nasr ibn °©Abdallah
fi anna *l-ashkal kullahd min al-d@’ira. Letter by Nasr ibn “Abdallih on
(the fact) that all figures are derived from the circle. GAS 5,314 no. 1. Printed:
RM 8.

The author of this treatise was probably not Nasr ibn “Abdallih but Al-
Sijzi, for the following reasons. The author of the treatise mentions “our
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by F. A. Shamsi in: Hakim Muhammed Said (ed.), Ibn al-Haytham, Proceed-

ings of the Celebrations of 1000th Anniversary (Karachi: Hamdard Academy
1969), pp. 228-246.

A 32 Cat 34 (p 84) f 191a-193b rest 148a-150b. Risdla fi misahat al-mujassam
al-mukafi li’l-shaykh Abi Sahl Wayjan ibn Rustam al-Qihi. Letter on the vol-
ume of the parabolic solid by the master ... Al-Qihi. G4S 5, 318, no.5. Printed:
RM 6. German translation in: H. Suter, “Die Abhandlungen Thabitb. Kurras
und Abd Sahl al-Kuhis iiber die Ausmessung der paraboloide.” Sitzungs-
berichte der Physikalisch-Medizinischen Sozietit zu Erlangen, 48-49 (1916-7),

186-227. The preface in the MS on f 191a corresponds to the translation on
p. 213-215.

A small collection of propositions without marginal number is appended to
the preceding treatise. : A - Cat 35 (p 85) f 193b rest 150b. Min kalam Abi
Sahl al-Qihi aydan fima zdda min al-ashkal fi amr al-magala al-thaniya min
kitab al-Usal Li-Uglidis lamma yuhtaju ilayhi fi'l-magdla al-thiniya wa’l-thali-
tha min kitab al-Makhritat. From what the same ... Al-Qihi said on the pro-
positions he added to the second book of the Elements of Euclid because
they are necessary in the second and third book of the Conics (of Apollonius)
GAS 5, 319 no, 15. Not printed.

A 33 Car 36 (p 85) f 194a-195, 125-131, 196-217, 220-239b, rest 151a-200b.
Ifrad al-magqal fi amr al-zilal tasnif al-shaykh Abi’l-Rayhin Muhammad ibn
Almad al-Birani. The exhaustive treatise on shadows, composed by the
master ... Al-Biriini. GAS 5, 380 no. 1. Printed: ff. 194a-195 = RB 2, “Ifrad
al-Magal” (beginning - 5:10 ataduhd); ff. 125-131 = RI 3, “Kitab fi Harakat
al-Shams’’ (34:8 min al-dkhar - 63-4 tisifa); ff. 196-217, 220-239b = RB 2,
“Ifrad al-Maqal” (5:10 bi-annahi - end). English translation with commen-
tary in: E. S. Kennedy, The Exhaustive Treatise on Shadows by Abu al-Rayhin
Muhkammad ibn Akmad al-Birini (Aleppo: THAS, 1976), 2 vols. See also H.
Hermelink, “Bestimmung der Himmelsrichtungen aus einer einzigen Schat-
tenbeobachtung nach Al-Biriini, “Sidhoffs Archiv, 44 (1960), 329-332;
E. S. Kennedy, “Birani’s graphical determination of the local meridian,”
Scripta Mathematica, 24 (1959), 251-255; E. S. Kennedy, Al-Birini on the
Muslim Times of Prayer, in: P. J. Chelkowski (ed.) The Scholar and the Saint,
Studies in Commemoration of Abi’l-Rayhin al-Birini and Jaldl al-Din al-
Rami (New York: New York University Press, 1975), p. 83-94; B. A. Rosen-
fel’d, L. G. Utseha, “Some mathematical discoveries in al-Birini’s Shad-
ows”’, JHAS, 4 (1980), 332-336.

A 34 Cat 37 (p 88) £ 239b-244b rest 200b-205b. Magalat Abi’l- Rayhan Mukam-
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Handasa. Book of Archimedes on the Elements of Geometry. GAS V, 135,7.
Printed: RT 1. This treatise is a version of the “Book of Assumptions by
Aqitun”. A facsimile-edition (of an Aya Sofya manuscript) with English trans-
lation and commentary (also on the present manuscript) is in Y. Samplonius,
Book of Assumptions of Aqatun, thesis, Amsterdam 1977. See also Y. Dold-
Samplonius, “Some remarks on the ‘Book of Assumptions by Agatun’”,
JHAS, 2 (1978), 255-263.

A 28 Cat 30 (p 80) f 144b-145b rest 101b-102b. Fasl fi takhtit al-si‘at al-zama-
niyya fi kull qubba wa fi qubba yusta®malu laha li’l- Fadl ibn Hitim al-Nayrizi.
Chapter on drawing the lines demarcating the unequal hours in every cupola
orin a cupola which is used for them, by ... Al-Nayrizi (on sundials). GAS 6
192 no. 3. Printed: RM 2.

A 29 Car 31 (p. 80) f 145b-169a, rest 102b-162a. Risalat Abi “Abdallah al-
Hasan ibn Muhammad ibn Hamla al-ma°rif bi’bn al-Baghdadi fi’l-maqadir
al-mushtarike wa’l-mutabdyina. Treatise by Abt “Abdalldh ... known as ibn
al-Baghdadi, on commensurable and incommensurable magnitudes. GAS
5, 392. Printed: RM 9. Russian translation in: G. P. Matvievskaja, “Ma-
terialy k istorii uenija o ¢isle na srednevekovom Bli?nem i Srednem Vosto-
ke, in: Iz istorii totnyh nauk na srednevekovom Blifnem i Srednem Vostoke

(Tashkent, 1972).

A 30 Cat 32 (p. 81-83) f 169a-188b rest 126a-145b. Kitab inbat al-miyah al-
khafiyya tasnif Abi Bakr Muhammad ibn al-Hasan al-Hasib al-Karaji. Book on
finding hidden waters, composed by ... al-Karaji. GAS 5, 328,9. Printed: Inb.
French translation by A. Mazahéri in: Al-Karagi, La civilisation des eaux
cachées (Nice, 1973). The Persian translation of this work has been edited
by Husayn Khadivjam: Istikrdj-i abhd- yi pinhdini (Teheran, Iranian Culture
Foundation, 1966), 127 pp. See “Muhammad ibn al-Husayn Karaji, Kitab-i
istikhraj-i abha-yi pinhini tarjuma-yi Husayn Khadivjam” (in Persian,)
Sokhan-i Ilmi, 4 (1344 (A.H. Solar)), 408-411. See also Mehdi Nadji, “Kara-
djis Erschliessung verborgener Gewisser”, Technikgeschichte, 39 (1972),
11-24, and F. Bruin, Surveying and surveying instruments, being chapter
26, 27, 28, 29 and 30 of the book On Finding Hidden Waters by Abu Bakr
Muhammad al-Karaji, Biruni newsletter no. 31. (American University of Beirut
1970).

A 31 Cat 33 (p 84) f189a-191a rest 146a-148a. Qawl Ibn al-Haytham fi khawdss
al-muthallath min jihat al-amid. Treatise by Ibn al-Haytham on the proper-
ties of the triangle with respect to the perpendicular. G4S 5, 366 no.4. Printed:
RH, appendix, See H. Hermelink, “Zur Geschichte des Satzes von der Lot-
summe im Dreieck”, Sidhoffs Archiv, 48 (1964), 240-247. English translation
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Printed: ff. 118a-124b = RI 3, “Kiwab fi Harakdt al-Shams” (beginning-
34:8 qaws AE), f. 323 = RB 1, “Istikhrdj al-Awtar” (209:10 mithl - 214:10
al-murabba® 4 figs. 115, 116). F. la, has not been printed. This is the reason
why Saidan stated that the treatise is incomplete.?

A 24 Cat 2 (p 61) f 1b, 131a-132b rest 87a-89b. Risdlat Ibrahim ibn Sindn
ibn Thabit fi wasf al-ma°ani allati *stakhrajaha fi'l-handasa wa Silm al-nujim.
Letter by Ibrahim ibn Sinin on the description of the notions he derived
(i.e the works he composed) in geometry and astronomy.* GAS 5, 294 no. 4.
Printed: f. 1b = RI 6, “Al-Handasa wa-<Ilm al-Nujim” (beginning — 5:7
al-khat al-wiqi®); ff. 131a-132 = RI 3, “Kitab fi Harakdt al-Shams.,” 63:4
li-kull - end. Edition of the Arabic text in G. Saliba, “Risalat Ibrahim ibn
Sinan ibn Thabit tbn Qurra fi’l-maani allati *stakhrajeha fi’l-handasa wa’l-
nujim” (in Arabic), Studia Arabica et Islamica, Fesischrift for Ihsan ©Abbas,
ed. Wadad al-Qadi(American University of Beirut, 1981), pp. 195-203.

A 25 Cat 27 (p 78) f 132b-134b rest 89b-91b. Kitab Ibrahim ibn Sinan ibn
Thabit fi misahat qat° al-makhrit al-mukafi. Book by Ibrahim ibn Sinan ...
on the area of the parabola. GAS 5, 293, no. 1. Printed: RI 5. German trans-
lation in H. Suter, “Die Abhandlung iiber die Ausmessung der Parabel von
Ibrihim ibn Sinin ibn Thabit”, Vierteljahresschrift der Naturforschenden
Gesellschaft in Zirich, 63 (1918), 214-228. See also B. A. Rosenfel’d, M. M.
Rozanskaja, “Geometriteskie predstazovanija i peremennye veli¢éiny u Ibra-
hima ibn Sinana” (in Russian), Istorija i metodologija estestvennyh nauk,

9 (1970).

A 26 Cat 28 (p 78) f 134b-141a rest 91b-98a. Kitab Arshimidis fi’l-dawa’ir
al-mutamdssa. Book of Archimedes on tangent circles. GAS 5, 134 no.6. Print-
ed: RT 2. Edition of the Arabic text and German translation in: Archimedes
Opera Mathematica vol. IV, Uber einander berihrende Kreise. Aus dem Ara-
bischen von Yvonne Dold-Samplonius, Heinrich Hermelink, Matthias Schramm.
(Stuttgart: Teubner, 1972). Russian translation by B. Rosenfel’d in I.N.
Veselovski (ed.), Archimed, Sotinenija (Moscow, 1962). Spanish translation
in J. Vernet, A. Catald, “Arquimedes 4rabe: El tratado de los circulos tan-
gentes, “Andalus, 33 (1968), 53-93. See also Y. Dold-Samplonius, “Archimedes:
Einander beriihrende Kreise”, Siidhoffs Archiv, 57 (1973), 15-40.

A 27 Cat 29 (p 79) f 141a-144b rest 98a-101b. Kitab Arshimidis fi Usil al-

13. Op. cit. (see note 5), p. 174.

14. In GAS 6, 194 under no. 3 it has been stated, though wrongly, that this work deals with the
geometry necessary for astronomical calculations. In GAS 5, 294 note 1 Sezgin mentions ‘‘autobio-
und bibliographische Angaben aus einer nicht identifizierbaren Schrift Sinan’s’’; these references are
found in this work of Ibrahim ibn Sinan on ff. 131a-132b.
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A 17 Cat 20 (p 73) f 106b-109b rest 67b-70b. Magalat Abi Nasr Mansir ibn
All ibn “Iraq fi kashf “awdri al-Batiniyya bimdé mewwahi ali “ammatikim
fi ru’yat al-ahilla. Treatise by Abi Nasr ... on the disclosure of the error of
the Batiniyya (school of thought) with which they have misled their people
in the observation of the new moon. GAS 6, 245 no.12. Printed: RN 6. See
Samsé 36, on the Batiniyya school see EI?, I, 1131-1133.

A 18 Car 21 (p 74) f 109b- 110b rest 70b-71b. Risalat Abi Nasr Mansir ibn
“Ali ibn “Iraq Mawld Amir al-Mw’minin ila Ab’l-Rayhin Muhammad ibn
Ahmad al-Birini fi kall al-shubha “aradat lahu fi’l-magala al-thalitha “ashar
min kitab al-Usal. Letter from Abii Nasr ... to Al-Birdni on the solution of
an uncertainity which came to his (Al-Biriini’s) mind, in the 13th book of the
Elements (of Euclid). GAS 5, 339 no. 1. Printed RV 7. See Samsb 33.

A 19 Cat 22 (p 74) f 110a-114a rest 71b-75a. Fasl min kitab li-Abi Nasr
Mangsar ibn Al ibn “Irdqg Mawli Amir al-Muminin ila Abi’l-Rayhan fi
kuriyyat al-sam@’. Chapter from a book of Abii Nasr ... to Abw’l-Rayhan

(al-Birfini) on the spherical shape of the heaven. GAS 6, 245 no. 11. Printed:
RN 9. See Samsé 34.

A 20 Caz 23 (p 75) £ 114b-115a rest 75b-76a. Magala fi *stikhraj sa®at ma bayna
talu®  al-fajr wa’l-shams kull yawm min ayydm al-sana bi-madinat Qa’in k-
Ab?l-Hasan ibn °Abdallih ibn Bamshadh al-Qa’ini. Treatise on the calcula-
tion of the hours between the beginning of dawn and sunrise on every day of
the year for the city of Qa’in by ... Al-Qa’ini. GAS 5, 337. Printed: RM 4.
English translation with commentary in Marie L. Davidian, E.S. Kennedy,
“Al-Qayini on the Duration of Dawn and Twilight,” Journal of Near Eastern
Studies, 20 (1961), 145-153.

A 21 Cat 24 (p 76) f 115b-117a rest 76b-78a. Magala fi ’stikhrdj ta’rikh al-
Yahid wa-ayadihim ta’lif Abi Jafar Muhammad ibn Misi al-Khwarizmsi.
Treatise on the calculation of the calendar of the Jews and their feasts, com-
posed by .. Al- Khwarizmi. GAS 6, 143 no. 4. Printed: RM 1. See E. S. Kennedy
““Al-Khwarizmi on the Jewish Calendar”, Scripta Mathematica, 27(1964), 55-59.

A 22 Cat 25 (p 76) f 117a-118a rest 78a-79a. Magaila fi ’stikhraj ta’rikh al-
Yahid li-Abr’l-Hasan Ali ibn °Abdallah ibn Muhammad tbn Bamshadh al-
Q2a’ini. Treatise on the calculation of the calender of the Jews by ... Al-Qa’ini.
GAS 6, 243 no. 3. Printed: RM 3.

A 23 Cat 26 (p 77) and Cat 1 (p 60) f 118a-124b, 323, la, rest 79a-87a (f. 1a
has been catalogued wrongly as a separate treatise called *“Ar-risalatu f1 ustl
al-rasad”). Kitab Ibrahim ibn Sinan ibn Thabit ibn Qurra fi Harakdt al-Shams.
Book by Ibrahim ibn Sinan ... on the movements of the sun. GAS 6, 194 no. 1
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in his treatise “The Table of Minutes”, Centaurus, 16 (1972), 1-19; Samsé
31.

A 12 Car 15 (p 70) f 93b-96b rest 54b-57b. Risalat Abi Nasr Mansir ibn °Ali
ibn ‘Irdqg Mawla Amir al-Mu’minin ild Abi’l-Rayhin Muhammad ibn Akmad
al-Birani f’l-burhan “ald “amal Muhammad ibn al-Sabbak fi’mtikin al-shams.
Letter from Abd Nasr ... to... Al-Birini on the proof of the procedure of
Muhammad ibn al-Sabbah in observing the sun. GAS 6, 244 no. 4. Printed:
RN 2. Spanish translation in Samsé 121-133, commentary in Samsé 59-66. See
also J.Samsé in DSB IX, 84.

A 13 Cat 16 (p 71) f 96b-98b rest 57b-59b. Risalat Abi Nasr Mansir ibn Al
ibn “Irig Mawld Amir al-Mu’minin ild Abi’l-Reyhin Muhammad ibn Ahmad
al-Birini fi’'l-dewd’ir allati tahuddu al-si‘at al-zamaniyya wa ba*d ma yattasilu
bi-‘amal al-asturlab. Letter from Aba Nasr ... to ... Al-Bir@ini on the circles
demarcating the unequal hours and on something related to working with the
astrolabe. GAS 6, 224, no.8. Printed: RN 1. Spanish translation in Samsé
105-114, commentary in Samsé 53-58.

A 14 Cat 17 (p 72) £ 99a-100a rest 60a-61a. Risilat Abi Nasr Mansir ibn “Ali
ibn “Irag Mawla Amir al-Muw’minin ila Ab’l-Rayhan Muhammad ibn Ahmad
al-Birini fi’l-burhan “ald “amal Habash fi matali® al-samt fi zijihi. Letter
from Abi Nasr ... to ... Al-Biriini on the proof of the procedures of Habash
for the ascension of the azimuth in his zij. GAS 6, 243 no. 2 Printed: RN 11.
See Samso 32.

A 15 Cat 18 (p 72) f 100b-103a rest 61b-64a. Risalat Abi Nasr Mansir ibn
€Ali ibn °Irag Mawla Amir al-Mu’minin ild Ab’l-Rayhin Muhammad ibn
Almad al-Birani fi marifat al-gisi al-falakiyya ba°diha min ba°d min ghayr
tariq ma‘rifatiha bi’l-shakl al-qatia® wa’l-nisbat al-mu’allafa. Letter from Aba
Nasr ... to ... Al-Biriini on the determination (lit. extraction) of the arcs on
the sphere from each other without the transversal figure and the compound
ratio. GAS 5, 339 no. 3. Printed: RN 8. German translation in P. Luckey,
“Zur Entstehung der Kugeldreiecksrechnung,”” Deutsche Mathematik, 5(1940),
405-446 See also Samso 32.

A 16 Cat 19 (p 73) f 103a-106b rest 64a-67b. Risalat Abi Nasr Mansir ibn
Al ibn “Irdaq Mawld Amir al-Muw’minin ila AbP’l-Rayhin Muhammad ibn
Ahmad al-Birini fi’l-jawab “an masa’il handasyyia sa’alahu “anhd. Letter
from Abd Nasr ... to ... Al-Biriini on the answer to geometrical questions
he (Al-Biriini) asked him (Abi Nasr). GAS 5, 339 no. 4. Printed: RN 10.
See Samsd 33.
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“New Light on the Zij al-Safa’ih of Abdi Ja°far al-Khazin”, Centaurus,
23 (1980) 105-117.

A7 Cat 10 (p 67) f 75b-78a rest 36b-39a. Magalat Abi Nasr Mansir ibn Al
ibn “Irdqg Mawla Amir al-Mu’minin fi islah shakl min kitab Manalawas f7l-
kuriyyat “adala fihi musallihi hidha@’l-kitab an maslakihi.’* Treatise by
Abii Nasr ... on the correction of a proposition in the Spherics of Menelaos,
in which the correctors of this book have digressed from his method. G4S

5, 339 no. 2. Printed: RN 12. Spanish translation in Samsé 134-150, commen-
tary in Samsé 60-70.

A 8 Cat 11 (p 68) f 78a-79b rest 39a-40b. Magalat Abi Nasr Mansir ibn “Ali
ibn “Irag Mawla Amir al-Mwminin f’l-burhan “ala hagiqat al-mas’ala allati
waga®at bayna Abi Hamid al-Saghini wa-bayna munajjimi al-Rayy fihd mund-
za‘a. Treatise by Abi Nasr .. on the demonstration of the truth in the ques-
tion on which there was a controversy between .. Al-Saghini and the astrono-
mers of Rayy. GAS 6, 244 no.10. Printed: RN 13. Spanish translation in
Samsé 115-120, commentary in Samsé 58-59.

A9 Cat 12 (p 69) f 79b-83a, rest 40b-44b. Risdlat Abi Nasr Mansar ibn Al
ibn “Iraqg Mawld Amir al-Mu’minin ild Abi’l-Rayhin Muhammad ibn Ahmad
al-Birini fi majazat dawa’ir al-sumat fi’l-asturlab. Letter from Abt Nasr ...
to ... Al-Birlini on the crossings of the azimuthal circles on the astrolabe (i.e.
their points of intersection with for example the equator). GAS 6, 244 no. 6.

Printed RN 14. Spanish translation in Samsé 89-104, commentary in Samsé
49-53.

A 10 Cat 13 (p 69) f 83b-86b, rest 44b-47b. Risalat Abi Nasr Mansir ibn Ali
ibn “Irag Mawla Amir al-Muminin ild Abi °Abdallih Muhammad ibn Akmad
al-Ma’min? fi san®at al-asturldb bi’l-tariq al-sind°i. Letter from Abi Nasr ...
to ... Al-Ma’miini on the construction of the astrolabe in the practical way.
GAS 6,244 no.5. Printed: RNV 15. Spanish translation in Samsé 75-88, com-
mentary in Samsé 46-49.

A 11 Cat 14 (p 70) f 86b-93b rest 47b-54b. Risalat Abi Nasr Manysir ibn Al
ibn ‘Irag Mawla Amir al-Mu’minin ila Ab’l-Rayhan Muhammad ibn Ahmad
al-Birani al-musamma jadwal al-daqa’iq. Letter from Aba Nasr ... to ... Al-
Biriini, called the Table of Minutes. GAS 6, 244 no. 7. Printed RIV 5. See C.
Jensen, “Abii Nasr Mansir’s approach to spherical astronomy as developed

12. The word used in the manuscript is mushkilihi (instead of maslakihi), which makes little
sense in the context. RV and Samsé read shaklihi. The word maslak also occurs at the beginning of
the treatise (f. 75b:14,15 = RN 12, 3:10,12), thus confirming my reading.
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A1 Cat 4 (p 63) £ 40a-42b rest 1a-3b. Magala li-Ibrihim ibn Sinan ibn Thabit
ibn Qurra fi rasm al-quta® al-thaldtha. Treatise by Ibrahim ibn Sinin ... on
drawing the three conic sections. GAS 5, 293 no. 1. Printed: RI 4. Russian
translation in “Ibrahim ibn Sinin ibn Thibit ibn Qurra, Kniga o postroenii
treh honiceshik se¢enii”, IMI 16 (1965).

A 2 Cat 5 (p 63) f42b-45a rest 3b-6a. Risala li-Ibrahim ibn Sinan ila Abi Yasuf
al-Hasan ibn Isrd’il fi’l-asturlab. Letter from Ibrahimibn Sininto Abd Yisuf...
on the astrolabe. GAS 6, 194 no. 2. Printed: RI 1.

A 3 Cat 6 (p 64) f 45a-47b rest 6a-8b. Risala fi’l-ab°dd wa’l-ajram “an Kishyar
ibn Labban al-Jili. Letter on the distances and sizes (of the celestial bodies)
by Kishyar ibn Labban ... (This is part of Al-Zij al-jami® by the same author,
see GAS 6, 248, no.1) Printed: RM 11. See Kennedy, 125, 156-157.

A 4 Cat 7 (p 65) f 47b-50b rest 8b-11b. Risilat Abi’l-Wafi> Mukammad ibn
Muhammad al-Bizjani ila Abi “Ali Ahmad ibn “Ali ibn al-Sukr fi igamat
al-burhan ala °l-d@’ir min al-falak min qaws al-nahdr wa'rtifd® nisf al-nahar
wa’'rtifa® al-wagt. Letter from Abt’1-Wafa’ ... to Aba Ali ... on establishing
the proof of the (rule for finding the) arc of revolution from the day arc, the
noon altitude and the altitude at the time. GAS 6, 224, no. 3. Printed: RM
5. See Nadi Nadir, “Ab@’l-Wafa’ on the Solar Altitude”, The Mathematics
Teacher 51 (1960), 460-3. Dr. Richard Lorch and Dr. Haskell Isaacs have pre-
pared an English translation, to be published in due course.

A 5 Cat 8 (p 66) f 50b-66b rest 11b-27b. Risdlat Abi Nasr Man;%?r ibn <Al
ibn °Irdg Mawla Amir al-Muw’minin ila Abi’l-Rayhin Muhammad tl'm Abmad
al-Birini fi barahin a°mal jadwal al-taquim fi zij Habash al-Hasib. Letter
by Abi Nasr ... to ... Al-Biriini on the proofs of the procedures of the table
of rectification in the Zij of Habash ... GAS 6, 342 no. 1. Printed RN 4. See
Samsé 30; R. Irani, The «Jadwal al-Taquwim” of Habash al-Hasib”, thesis,
American University of Beirut, 1956; Kennedy, 153 ; the article Habash al-
Hasib by W. Hartner in EI?, 111, 8-9.

A 6 Cat 9 (p 67) f 66b-75b rest 27b-36b. Risalat Abi Nasr Mansir .ibn Al ibn
¢Irag Mawla Amir al-Mwminin ila Abr’l-Rayhan Muhammad Lbn_ A_[z‘mad
al-Birani fi tashih ma waga®a li-Abi Ja*far al-Khazin min al-:sahlv fi zij al:
saf@’ih. Letter by Abli Nasr ... to ... Al-Biriini on the correction of what. Abtu
Jafar al-Khizin overlooked in the Zij of Plates. GAS 6, 243 no.3. P.rmted
RN 3. See Samsé 30; M. T. Debarnot, “Introduction du Triangle Polaire 'par
Aba Nagr b.“Iraq,” JHAS 2 (1978), 126-136. On the Zij of Plates see D. King,
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The title of every treatise will be rendered in Arabic, exactly as it occurs
in the manuscript, and also in English translation. I have made some ex-
planatory additionsin brackets. Arabic names will be rendered in abbreviated
form in the translations ;thus, for example, Abi’l-Rayhan Muhammad ibn
Ahmad al-Birini will be abbreviated to .... Al-Biriini.

Reference will be made to such modern editions, translations and other
relevant publications as are known to me. The cyrillic alphabet will be tran-
scribed according to the system used in the Mathematical Reviews and the
Zentralblatt fir Mathematik.

Practically the whole manuscript has been printed (in Arabic) by the Os-
mania Oriental Publication Bureau (D&’irat al-Ma®arif al-“Uthminiyya)
in Hyderabad, in several volumes. These volumes will be abbreviated as
indicated below. The notation “XY p, q:r” always refers to line r of page g
of the p-th text in volume XY.

RB = Ras@’ilu’l-Birini. Containing four tracts. 1367 H./1948 A. D.

RH = Majma® al-Rasd’il li’l-allama al-failasif Aba °Ali al-Hasan ibn al-Hasan ibn al-Haytham,
1358 H, plus the appendix: Risdlafikhawdss muthallath min jihat al-°amid, 1366 H./1947 A.D.

RI = Rasa’ilu ibn-i-Sindn, by Ibrahim b. Sinan’ b. Thabit b. Qurra al-Harrani, containing six tracts.
1367H./1948 A.D.

RM = Rasa’ilu ’l-Mutafarriqa fi’l-Hai’at li’l-mutagaddimin wa muCdsiray il-Birini. Containing
eleven important treatises on astronomy and other subjects contributed by the famous predecessors and
contemporaries of Al-Biriini (9th, 10th, 11th century A.D.). 1367 H./1948 A.D.

RN = Rasa’il Abi Nagr ila’l-Birini, by Abi Nasr Mengar b. “Ali b. “Iraq, for Al-Birini. Con-
taining fifteen tracts. 1367 H./1948 A.D.

RT = Rasd’ilu ibn Qurra, by Thabit ibn Qurra al-Harrani. Containing translations of two geo-
metrical tracts of Archimedes. 1366 H./1947 A.D.

Inb = Muhammad b. al-Hasan al-Karkhi, Inbat al-miydh al-khaftyya. 1359 H./1940 A.D.

The following abbreviations will also be used.

GAS=F. Sezgin, Geschichte des Arabischen Schrifttums (Leiden, Brill), Band 5, Mathematik, 1974;
Band 6, Astronomie, 1978; Band 7, Astrologie, Meteorologie und Verwandtes, 1979.

DSB = Dictionary of Scientific Biography, 15 vols (New York: Scribner’s Sons, 1972-78).

EI? = Encyclopaedia of Islam, second edition. (Leiden-London: Brill, 1960 - .....).

Cat. (or catalogue), see footnote 1.

Dimirdash m:n = line n of page m of Istikhrdj al-awtar fi’l-dd’ira bi-khawass al-khatt al-munhand
al-wdqi® fiha. Ta’lif Abi’l-Rayhan Muhammad ibn Ahmad al-Birini. Tahqiq al-ustadh Ahmad Sa‘id
al-Dimirdash. Murdjaat al-ustadh °Abdalhamid Luifi (in Arabic). (Cairo, no date). This is the edition
by Dimirdash of Al-Birini’s Extraction of Chords.

Kennedy = E. S. Kennedy, ‘A survey of Islamic astronomical tables.”’ Transactions of the Amen-
can Philosophical Society, New Series, vol. 46, part 2. (Philadelphia, 1956).

Samsé = J. Samsé Moya, Estudios sobre Abii Nasr Mangiir b. “Ali b. “Irdq (in Spanish). Barcelona
1969.

JHAS = Journal for the History of Arabic Science.

IMI = Istorik ifeskie Issledoyanija (in Russian).
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These numbers correspond to a division of the first part of A into 29 gath-
erings, almost all consisting of 8 leaves, in the following way:

40-45 (?), 46-53, 54-61, 62-69, 70-77, 78-85, 86-93, 94-101, 102-109,
110-117 (nos. 1-10); 118-124 + 323, 1 + 131-137, 138-145, 146-153, 154—
161, 162-169, 170-177, 178-185, 186-193, 194-195 + 125-130 (nos. 11-20);
196-203, 204-211, 212-217 4 220, 221-228, 229-236, 237-244, 245-252,
253-260, 261-268 (or 266 ?) (nos. 21-29).

We can now describe the effect of the rebinding on A as follows: The
gatherings 11,12 and 20 fell apart and the pieces were rebound in the wrong
order.

The situation regarding the rest of A is more obscure. At the top of f. 267a
there is a clear » (36). This may be a scribal error resulting from the fact that
the treatise numbered 36 also begins on f. 267a. F.269 has a J (30) with per-
haps another (illegible) letter attached to it. f. 282 has clearly <’ (32). I have
not found other numbers indicating gatherings of A, which does of course
not imply that such numbers never existed. The text on ff. 267a-282a and
282b-298 - 326 is continuous.

B, € and D are undated fragments of texts, written in the same hand as
A T have not found any letter indicating a gathering, nor any marginal
number in B, € and D, It is therefore conceivable that B, C and D are remain-
ders of what was originally a separate manuscript to which A did not belong.
The contents of B, C and D will belisted in section 3.

E is a fragment of a treatise on stellar constellations written in Persian
in another hand and obviously at a later date. I shall not discuss it further.

At the very beginning of the manusceript there is an index, which was
also compiled at a later date. This index must have been added after the
manuscript had been rebound, because it corresponds to its present state.

3. The contents of A, B, G and D
This section is a list of the treatises and fragments in A, B, € and D.

The notation “A 1 Cat 4 (p 63) f 40a-40b rest la-3b”’ means that the rel-
evant treatise is part of A, that it is numbered 1 in the margin of the manu-
seript, 4 in the catalogue' (on page 63) and the secondary literature, that it
is on ff. 40a-42b in the numbering of the manuscript but on ff. 1a-3b in the
“pestored”” numbering of A. I have devised this “restored”” numbering in
such a way that it corresponds to the correct order of the leaves.

11. Another manuscript written by the scribe of A, B, C and D is MS Berlin, Ahlwardt 5658, now
Tibingen, Or. Quart. 71, containing the Stellar Constellations (Suwar al-Kawakib) by “Abdarrahman
al-Sufi. See GAS 6, 214 and the facsimile of the colophon of this manuscript (dated 630 H., Mosul),
plate 10 in:

Abi’l-Husayn “Abdu’r-Rakmdn as-Sifi, Suwaru’l-Kawdkib or Uranometry, edited from the oldest ex-
tant Mss. and based on the Ulugh Beg Royal Codex, Hyderabad (Da’irat al-Ma“arif al-“Uthmaniyya),

1373 H./1954 A.D.
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tion in the text between f. 217b and f. 220a.° The leaves were numbered
after being rebound in the wrong order, so the numbers are of no help in es-
tablishing the correct order of the treatises. The last leaf of the manuscript
is not numbered.

The manuscript can be divided into five continuous parts A, B, C, D and
E. These parts consist of the following leaves in the following order:

A =40—124,323,1,131—195,125—130, 196—217, 220—298, 326.
B = 325, 322, 299305, 309—316.

C = 324, 321, 318, 320, 319, 306—308, 2—39.

D = 317.

E = the last leaf of the manuscript.

A contains 40 complete treatises. These are numbered 1-40 in the margin
of the manuscript in eastern Arabic numbers. A list of the 40 treatises is in
section 3.

All treatises in A were written in Mosul. The copyist wrote on f. 188b
that he finished the first 30 treatises in Muharram 632 H./Sept.-Oct. 1234
A.D. The remaining treatises 31-40 are dated separately: nos. 31 and 32 (ff.
189a-193b) were written in Safar 632 H./Oct.-Nov. 1234 A.D., nos. 33 and 34
(194a-195, 125-130, 196-244b) in Dhi’l-Hijja 631/Aug.-Sept.1234, no. 35
/(245a-266b) in Dhd’l-Qa‘da 631/July-Aug. 1234, nos. 36-38 (267a-280a) in
Muharram 632/Sept.-Oct. 1234, no. 39 (280a-282a) in Safar 632/0Oct.-Nov.
1234, and no. 40 (282b-298, 326a) at the end of Dhi’l-Qa‘da 631/Sept. 1234.
So the order of the treatises in A and their marginal numbers do not corre-
spond to the order in which they were copied. But it is likely that the same
copyist who wrote the treatises also numbered them, because the numbers
in the margin are written in exactly the same way as the numbers in the
text.

At the top of some of the leaves of A one can make out Arabic letters
whose numerical values indicate the numbers of gatherings. These letters
and their numerical values are rendered below, because they show what hap-
pened to A when it was rebound incorrectly.

The tops of many pages of the manuscript are damaged. But one can read
a fragment of a = (3), a fragment of a > (4), a clear 5 (6), a fragment of a ;
(7), and a L (9) on ff. 54, 62, 78, 86, 102 respectively; « (10), b (11), = (13),
4 (14), « (15), » (16), > (17) and = (19) on f. 110, 118, 138, 146, 154, 162,
170, 186 respectively; and £ (20), & (21), <5 (22), =5 (23), S (24), € (25),
5(26), 5 (27), & (28) and &5 (29) on ff. 194, 196, 204, 212, 221, 229, 237,
245, 253 and 261 repectively.

10. See E. S. Kennedy, The Exhaustive Treatise on Shadows by Abii al-Rayhan Muhammad b.
Ahmad al-Birini (Aleppo: JHAS, 1976), vol. 1 (translation), p. 174 note 4.
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In section 2 I shall discuss this division and shall investigate what happened
to the manuscript when it was rebound.

Section 3 consists of a list of all the treatises and fragments in the manu-
script (with the exception of the last leaf), in the correct order and with biblio-
graphical references. Because the numbering on the manuseript corresponds
to the present incorrect order of the leaves, I have devised a “restored’” num-
bering corresponding to the original correct order of the leaves. All treatises
will be listed in dual numbering. Saidan’s statements on the order of the
disarranged treatises appear to be correct, apart from a very few exceptions.

M. Dimirdash used MS Bankipore 2468 for his edition of the Arabic text
of the “Extraction of Chords” of Al-Biriini. However, Dimirdish did not
fully realize to what extent the manuscript had become disarranged; thus
%11'5 edition also contains parts of 1. and 2. Detailed references will be given
in section 3.

Sections 4-6 deal with the three fragments in the manuscript. In section
4 1 shall attempt to prove by means of references in other works of Al-Biriini
that one fragment is part of 1. So Hermelink and Saidan correctly identified
this fragment.

Section 5 deals with a second fragment, which was identified by Saidan
as part of the “Exquisite Problems” of Ibrihim ibn Sinén. I shall attempt
to prove that this identification is correct by means of a passage in a work
of Al-Sijzi,® in which Al-Sijzi refers to the “Exquisite Problems” of Ibrahim
ibn Sinadn. I give English translations of the reference and of the passage
in the “Exquisite Problems” to which reference is made. These translations
may also give the reader an impression of the contents of the “Exquisite
Problems”.

Section 6 consists of a brief discussion of the reasons why the third frag-
ment probably is the above-mentioned work 3. of Al-Birtini.

2. The manuscript and the correct order of its leaves

The first 324 leaves of the manuscript are numbered 1-326 in eastern Arabic
numbers.® There are no leaves numbered 218 and 219, but there is no interrup-

8. On Al-Sijzi see GAS 5, pp. 329-334.

9. The manuscript has apparently been rebound again in recent times. Professor Toomer’s photo-
graphs show the effects of a second rebinding; at the time that these were taken the leaves of the
manuscript were in the following order: 1- 262, 264, 266, 263, 265, 267-304, 308, 306, 307, 305, 309-
313, 315, 314, 317, 316, 318-326, last leaf.

Thus on the photographs f. 262b appears next to f. 264a, f 264b appears next to f. 266a, et cetera.

No effects of the second rebinding are visible on the film which the Oriental Public library sent
to Leiden in 1980; on this film f. 262b is next to f. 263a etc.

Somebody attempted to change the numbers 263, 264, 265, and 266 into 264, 265, 266, 267 res-
pectively. I refer to the original numbers (these are still legible).
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order of the leaves in the manuscript. Thus the printed text is not in the
correct order in the Rasa’il al-Birini in “Istikhraj al-Awtir” (the Extraction
of Chords) and “Ifrad al-Magqal fi Amr al-Zildl” (the Exhaustive Treatise
on Shadows) and in the Ras@’il ibn Sinan in “Kitab fi Harakat al-Shams”
(Book on the Movements of the Sun) and “Al-Handasa wa-ilm al-Nujim”
(Geometry and Astronomy). The parts of the manuscript that were printed
as “Istikhraj al-Awtar” and “Al-Handasa wa “ilm al-Nujim’ contain frag-
ments of three works which do not exist elsewhere. These can be identified as

1. “Treatise on the Solution and the Division of the (solar) Equation”
(Magala fr’l-taklil wa’l-taqti® fi’l-ta°dil) by Al-Birani,

2. the “Exquisite Problems” (4l-masa’il al-mukhtara) by Ibrahim ibn
Sinan,

3. “Treatise on (the fact) that the necessities of the infinite subdivisi-
bility of magnitudes are related to the matter of the two lines which
approach each other but do not meet in the distance” (Magdla fi anna
lawazim tajazzu’ al-maqddir ila ld nihdya qariba min amr al-khattayn
alladhayn yaqruban wa-la yaltagiyan fi’l-istib°ad), a work by Al-Birani
on parallels.

Most of what has been mentioned above was already described in 1960
in a remarkable article by Saidan.® Relying completely on the printed texts
in the Rasa’il al-Birini and the Rasa’il ibn Sindn, Saidan attempted to
re-establish the correct order of the treatises. He correctly identified the
fragments of 1. and 2., without, however, giving detailed evidence for the
identification. The fragment of 3. was identified correctly by Saidan in 1973
and also by Bulgakov and Ahmedov in 1977.° It should be noted that the
fragment of 1. was also identified correctly by Hermelink in 1956.” Unfor-
tunately these results have not yet been incorporated in F. Sezgin’s Geschichte
des Arabischen Schrifttums.

Following the suggestion made by Saidan in his 1960 paper I have studied
the manuscript Bankipore 2468. This paper contains the result of my research.
It appears that the manuscript can be divided into five disconnected parts.

5. A.S. Saidan. ‘*‘The Rasa’il of Birlini and Ibn Sinidn, A Rearrangement’’, Islamic Culture, 34
(1960), 173-175.

6. A. S. Saidan, ,,The Trigonometry of al-Biruni’’, Al-Biruni Commemoration Volume, ed. Hakim
Muhammed Said (Karachi: Hamdard Academy, 1973), p. 690, and P. G. Bulgakov, A.A.Ahmedov,
¢*Beruni i Al-Kindi o teorii parallel’nih **(in Russian), Obsestvennie nauki b Uzbekistane (1977), 30-36.

7. H. Hermelink. *“Al-Birsini:Lehrbriefe. Vier Abhandlungen aus der mathematisch-astronomi-
schen Sammelhandschrift Bankipore Nr. 2468, Zentralblau fir Mathematik und ihre Grenzgebiete
54 (1956) 2.
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1. Introduction

The Arabic manuscript Bankipore 2468 (now 2519)' in the Khuda Bakhsh
Oriental Public Library in Patna (India) consists of a valuable collection
of over forty treatises by medieval Islamic mathematicians and astronomers
The greater part of the manuscript was written in 631-2 H./1234 A.D. in
Mosul.

Somewhere in its history the manuscript fell apart and several leaves were
lost. It was rebound in an incorrect order; as a consequence the leaves of
several treatises of Al-Birtni® (362 H./972 A.D.- 440 H./1048 A. D.) and
Ibrahim ibn Sinan® (296 H./909 A.D. - 335 H. /946 A.D.) are displaced.

The Osmania Oriental Publications Bureau in Hyderabad printed the dis-
arranged parts of the manuscript in the Rasa’il al-Birini (1367 H./1948 A.D.)*
and the Rasa’il itbn Sindn (same year),’ following in most cases the incorrect

*History of Math. Dept. Box 1900, Brown University Providence R. I. 02912, USA.

1. See Maulavi Abdul Hamid, Catalogue of the Arabic and Persian Manuscripts in the Oriental
Public Library at Bankipore, vol. 22, Arabic Mss, Science (Patna, 1937), pp. 60-92.

2. On the life of Al-Bir(ni see the article by E. S. Kennedy in DSB II, 147-158. The mathematical
and astronomical works of Al-BirGini have been listed in GAS 5, 375-383 and 6, 261-267. and D. J.
Boilot, “‘L’ceuvre d’al-Beriini: Essai bibliographique’’, Mélanges. Institut Dominicain d’Etudes Orien-
tales du Caire, 2 (1955), 161-256. Complete bibliographical references to GAS and DSB are in
section 3.

3. On Ibrahim ibn Sinén see GAS 5, pp. 292-295 and 6. pp. 193-195.

4. Complete references are in section 3.
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circle that passes through the points G and D-circle GHD. We cut off from
arc HD [an arc] equal to the difference between the two longitudes — arc HT.
Through points Z, T we draw a circle that lies on the surface of the sphere —
circle LZTK. From arc ZT in the direction of TZL we cut off [an arc] equal
to the latitude of Mecca — arc TM. Through points E, M we draw arc EMN.
Then we join point N and the intersection of lines A B, GD, which is point S,
by the line SV. I say: SN is the straight line that passes through the foot of
the imam and the Ka‘ba.

Proof: Because the pole of the equator is point Z and points G, D are on
the equator, arc GHTD in the semicircle of the equator; and because HT is
the difference between the longitudes, semicircle LZTK [is the meridian of
Mecca and] the Ka‘ba is bisected by it. Point M is the zenith of Mecca and
point E is the zenith for the town [%..]. So circle EMN is the circle passing
through the azimuth of the Kaba, and the line IVS is the line passing through
the foot of the imam who leads the people in prayer and through the Ka‘ba.
These premises and these principles that we have mentioned in this treatise
I have set forth in a treatise on the structure of the celestial spheres. If there
is someone seeking the azimuth of the gibla at the place known as the equator
line, then he does these operations with circle GDE and dispenses with circle
GHTD, because the pole of the equator is then at the level of point B and
the region has no latitude there [i.e. on the equator]. The remaining operations
of it [the instrument] I portray in this diagram. God is beneficent to what
is right.

The treatise is finished. Praise be to God, the Lord of the Universe, and His
blessings be upon His Prophet Muhammad and all his family! Copied in Bagh-
dad in the year 557 from the exemplar of the qadi Ibn al-Murakhkhim, which
was poor. It should be compared with another transcription, God willing (be
He exalted!). He is sufficient for me.
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3. Translation
In the name of God, the Merciful, the Compassionate.

The treatise of Nasr b. Abdallah the Geometer'® on the Determination of the
Azimuth of the Qibla.

[ This has been written] because necessity calls on people to build cities
and mosques in them and also because the construction of the mifrab needs
knowledge of the azimuth on which the mifrab must be constructed, since
the purpose in constructing the mifrab is that the imam face towards the
Kaba — because the prayer of the imam is the prayer of those who pray
behind him. Seeking this object by way of calculation is difficult. There came
to me a method, easy and close to hand, by means of an instrument that
takes the form of a hemisphere. I have already mentioned this method in
another treatise. Whoever comes across that method should know that it is
that; and if something [in that treatise] contradicts this treatise, it is be-
cause it was a long time ago and I do not remember it. So I did the treatise
again, and I describe for you how to operate with this instrument, as follows.

A well-formed hemisphere is taken, as accurate as possible, and two semi-
circles are drawn on it that intersect at right angles and pass over the convexity
[of the sphere]. Then we go to an open place and take in it an even surface
parallel to the horizon. On this surface a straight line is drawn, which is the
meridian-line and conformable to it [i.e. is called the meridian-line and is in
the same direction as the real meridian]. A line is also drawn at right angles
to this line. Let the intersection be the point S.

This common section [belongs] to the intersection of the horizon-circle
and the equator-circle. So if we want to determine the azimuth of the gibla,
we draw on the even surface a circle whose centre is the intersection of the
two straight lines previously mentioned, which [the intersection] is point S,
and whose semidiameter is equal to the semidiameter of the circle that is the
baseof the hemisphere. Then we fit the hemisphere on this circle [so that] the
common section [belongs] to the intersvction of the two circles delineated
on the hemisphere and the plane of the horizon-circle — I mean the even[surface]
in which we drew the two lines at right angles. Then at the ends of the meridian-
line and the ends of the equator-line we inscribe 4, B, G, D, making point A
the southern side, B the northern side, G the eastern side and D the
western side. On the convexity of the sphere we mark point E at the inter-
section of the two arcs. Then from point B towards point E [ L JI J ki i>U e
Y s ] we cut off [an arc] equal to the latitude of our region [1,] —let this arc
be BZ. We make point Z a pole and on the surface of the sphere we draw a

10. The translation geometer has been used instead of the more usual engineer, architect, since this

meaning seems to be required here and can find support, for instance, in the usage of the translator of
Eutocius (see Journal for the History of Arabic Science, 5 (1981),p. 168).
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with projected circles was followed to find the gibla with the astrolabe-quad-
rant.? It is surprising that al-Wafa® did not adapt his da’irat al-mu®addal
to the purpose, for all that would be needed would be graduations on the
semicircular sighting-vane and an extra quadrant that could stand upright
on the horizon-circle.

Nasr b. “Abdallzh says he has written before on the subject in a treatise,
which seems to be lost, on tarkib al-aflak, probably one of the books on astro-
nomy that follow Ptolemy’s Hypotheses.

Note added in proof. Mr. J. P. Hogendijk tells me that the treatise on the
circle as the origin of all plane geometrical figures is probably by al-Sijzi. For
his reasoning see his article in this issue, §A 39. If this is correct, the tenta-
tive dating of Nasr b. “Abdallah in the first three sentences of this article
must be ignored.

2. The Text

The text is taken from the only known MS, Damascus Zahiriyya 4871, f. 83r. For adescription of the
whole codex see Ragep & Kennedy. From this article the transcription of *Tbn al-Murakhkhim’’ in
the colophon was taken. Angle brackets, < >, indicate additions; square brackets, [ ], words to be
deleted; and round brackets, (- ), restorations from a physically demaged part of the MS. The appara-
tus gives the MS-reading when the text has been emended. Hamzas have been silently added, but
several grammatical mistakes have been left. In the translation, which is as literal as possible, square
brackets indicate words not in the text as given below.

9. Schmalzl, pp. 61-62.
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heriz3 \ sast point

Fig. 1. The case represented here is for a place west of Mecca. The semicircle GED
is omitted for clarity.

is known and a rule, fitting the sphere, for use when two of the circle’s points
are known. The rule must be graduated so that the latitudes and longitude-
difference can be marked off. No indication is given about the nature of these
instruments, but suitable compasses are described in the thirteenth-century
Libros del Saber,’ and a suitable rule is described by al-Marrakushi for use
with his “solid sphere”.®

Essentially the same procedure is given by “Abd al-Rahmin al-Khazini
in the fifteenth application of his “sphere that rotates by itself”.7 In this case
the pole and equator-circle are already marked and the only extra mark
made on the sphere is a dot at the position of Mecca; a rule is used to join this
dot and the local zenith to find the azimuth of Mecca on the horizon-circle.
Since the sphere is being used here purely as a “solid sphere”, or dhat al-kursz,
further research may well reveal this determination of the gibla in other trea-
tises on this instrument. Further, one of the uses of the spherical astrolabe,
which was furnished with a horizontal co-ordinate-system, was to find the
azimuth of one place with respect to another.! The equivalent procedure

5. Seemann & Mittelberger, p. 54.
6. Al-Marrikushi, f.15v, lines 13-16.
7. Lorch, pp. 314, 324.

8. Seemann & Mittelberger, p. 27.



Nasr b. “Abdallah’s Instrument for Finding the Qibla

RicHARD LorcH*

1. Introduction

According to Sezgin (V, 314 and VI, 208),! Nasr b. °Abdallah, the author
of the text given below, was called al-Azizi and wrote treatises on eclipses
and on the circle as the origin of plane geometrical figures. For his date the
only evidence appears to be the passage at the beginning of the latter treatise,
where he says he has already written a book on the subject “for the library
of the King al-Manstr” (li-khizanat al-malik al-Mangar).? The cataloguer of
the manuscript confidently identifies this al-Malik al-Mangiar as Mansiir “Adad
al-Dawla, thus putting Nasr b. Abdallah in the latter half of the fourth/
tenth century. The instrument that the author describes here is one of the
few that find the gibla (the direction of Mecca) geometrically. The gibla may
be found with other instruments, such as the sinecal quadrant,® by following
trigonometrical calculations; and many an instrument, such as the da’irat
al-mu€ addal,* carry mikrabs, presumably found by calculation, on a horizontal
circle .

Nagr b. “Abdallah’s procedure is to draw the requisite diagram, which
consists of arcs of great circles, directly on a hemisphere. This hemisphere,
ABGD, which is bisected by each of the orthogonal circles AEB and DEG,
is aligned so that B points towards North. If ¢ represents the geographical
latitude of the place in question, AL the difference in longitude between the
place and Mecca, and ¢,, the latitude of Mecca, the remaining steps may be
summarized thus (see fig. 1):

BZ = ¢. Z is the north pole.

Draw equator GHD about pole Z.

HT = AL.

Draw LZTK.

TM = @, M is position of Mecca.
Draw EMN. SN gives the direction of Mecca.

To make these constructions on a hemisphere one would require two instru-
ments for drawing great circles: compasses for drawing the circle when the pole

* Institute for the History of Arabic Science, Aleppo University. It is a pleasure to thank Dr.
Saleh Omar, Col. Muhammad °Ali Khayyata, and Mr. Muhammad Kamal, of this Institute, for help
at various times with the Arabic text given in this article.

1. Here and elsewhere the references are to the bibliography at the end of the paper.

2. Ashkal f. 280r.

3. King, pp. 111-115.

4. Dizer; Janin & King, p, 217 and plate 10; Tekeli.
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17/17 el s G A ] 0805 A oS ke
17/90 PR PR

17/20 alal s ol

21/22 Wesbe + b Wil o Lyl
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22/3 On the basis of the clearly observed distinction between Kitdb and ma-
gala in al-Birlini’s Fihrist and the reference to its subject here, the magala
cited is to be identified with his — lost — Magqala fi tashik al-til wa-l-‘ard li-
masakin al-ma*mir min al-ard (Chron., p. XXXXI, 1. -3).

22/4 R EERVIRE YA 1PN

22/6 o
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I have not been able to find either of the two verbs in the dictionaries although
their meanings appear understandable enough in their derivation from the
commonly attested forms of the two roots: “to find gross/obscene”, and “to
examine, scrutinize’’.

14/3-7 1 would suggest the following translation:

As for those who find it absurdly silly, they may dismiss it altogether and, in refuting its pro-
ponents, go to such lengths as to feign ignorance and to vent their anger at them. Such is the
case with al-Farghani. As for those who examine it critically, some believe that in the ‘“melon-
shaped’ astrolabe, the sphere is imagined as flattened like a melon on one pole and split open
toward the other, and others believe that this astrolabe and the aforementioned projection
share no common features, but that it resembles those instruments which are designed for
reading off ascendants and celestial altitudes, such as plane and other sundials.
14/8 “In relation to the opinions of these two groups mine represents a
third.”” Al-BirQini’s attitude to the “‘melon-shaped” planispherium obviously
had changed since al-Isti‘ab; here, in the Tastih, he censures al-Farghani
for his babbling (hadhaydn) and outright refusal even to consider its validity,
while in his previous treatise, he had only mildly criticized his predecessor
and even exonerated him on the basis of his and his peers’ ignorance of Greek
writings on conic sections and of the involved curves’ exact construction.
Moreover, the arguments al-Biriini quotes here as those of the critics of the
“melon-shaped” instrument, are (1) those of al-Farghani as put forward in
al-Kamil, and (2) his own as witness al-Isti‘ab (see Aufsitze 11 522-25). There
arise the questions of why Abii I-Rayhan’s opinion had shifted — was it sim-
ply that he was quoting from his memory here ? — and of why he levelled such
attacks at al-Farghani.

14/8 ff.  This paragraph is a close repetition of what he had announced in
al-Isti‘ab (Aufsitze II 524 center). Whether or not he ever composed the book
he envisaged cannot be determined; he may have treated the subject in his
Takmil sind‘at al-tastih ( Chron., p. XXXXVI, 1. - 4), but certainly not in
Tahdhib Fugsil al- Farghani as Sa‘idan surmises in note 16.

14/13 pltl ol 3 lell s

14/14 (cf. Chron p. 359, 1. 3£.) RPN

14/20 el ¢ el

14/21 Gl bl ol

17/11 and note 23: delete the reference and the note; al-Biriini is here re-

ferring to pictorial representations of constellations, the outlines of which
are to be determined by the locations of the respective stars.
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13 /11 G, oo ¢ JE5 0
13/14 <t,L.3J|>:(L_,J=J-'|)
13/22 And A :and B

13/23 f.  Since writing al-Isti‘ab, Abli 1-Rayhin evidently came to know
more manuscripts of al-Farghini’s Kamil, for in the earlier book he only
mentioned al-Farghini’s attribution of the ‘“‘melon-shaped” astrolabe to al-
Kindi whereas here, on the basis of a different transmission of al-Kamil, he
also refers to Khalid b. ‘Abd al-Malik al-Marwarriidhi as a possible writer
on the subject. In the absence of manuscript evidence for either al-Kindi or
al-Marwarriidhi, the respective merit of the two variants cannot at present
be assessed. Al-Farghini obviously belonged to the coterie of the Bani
Misa (see Ibn abi Usaibi‘a, al- ‘Uyin, ed. Miller, Cairo 1299/1882, I 207,
1. -6 ff.), who were engaged in a bitter feud with al-Kindi (ibid. and Aufsdtze
II 522-23); thus it would seem plausible that al-Farghani also inveighed
against him. Unfortunately, no corresponding title is transmitted among
al-Kindi’s writings so that it remains unknown whether he undertook a schol-
arly examination of this kind of astrolabe or simply based on it whatever
astronomical operations and computations he performed. Of Khalid al-Marwar-
ridhi’s grandson, ‘Umar b. Muhammad, Muhammad b. Ishiq al-Nadim
mentions a treatise on the plane musattah astrolabe in al- Fihrist (tr. Dodge,
New York 1970, vol. II, p. 656 ) while no such work by his grandfather is
listed anywhere. Ithas to be borne in mind, however, that a rare and strange
term like mubattakh might, by some copyist, have been “corrected” to mu-
saftah. On the other hand, in the same Fihrist, there is a rather garbled ref-
erence to Khialid b. “Abd al-Malik among the makers of astronomical instru-
ments (ibid., p. 671); thus, it cannot be dismissed out of hand that he left
a tract on the “melon-shaped’ astrolabe as well — unless it were assumed that
either in some of the manuscripts al-Biriini knew of al-Farghani’s Kamil,
or in the transmission of the Tastik itself, the names “‘Umar b. Mulilammad b.
(Khalid) were dropped and so led to this confusion.

14/1 Lo+ nkee

14/1 LLS 2d B gy 0 LIS ped s

Here al-Biriini mentions Habash al-Hasib’s monograph on the ““melon-shaped”
astrolabe, about which, as we have seen, he studied and corresponded with
Abii Nasr; regrettably, it is not known at which time exactly this took place.

14/2 et Ly ez L
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it aslate as 427 / (Chron., p. XXXXVI, 1. 14 f1.).°
Notes on the Text of at-Tastih

In the case of emendations the faulty readingis given first (i.e. on the right )
and, after a colon, the correction. References are by page and line of
Sa‘idin’s edition: e.g. 11/13 means page 11, line 13.

9/-5 LAV PN |

11/13 A whole book by al-Biriini on the construction of a spherical instru-
ment does not appear among his works as listed in his Fihrist nor does he cite
it in any of the writings which have been accessible to me. The only titles
from his works which come to mind are his “Discourse on the use of the
spherical astrolabe’ (magala fi sti‘mal al-asturlab al-kuri, Chron., p. XXXXIII,
1. 6) and a section in al-Isti‘Gh on the construction of spherical astrolabes
(fi san‘at al-asturlab al-kuri dhi l-‘ankabit wa-ghayrik, Ahlwardt V 231a,1.-9),
the first of which does not fit the topic, while neither meets the format of
what al-Birtni calls a kitab, book. It has to be admitted, however, that the
relationship of some of his preserved writings on instruments to the cor-
responding titles of his Fihrist still awaits examination.

12/1 Lilesle o ol ¢ lar & Lisiae
12/3 DU daad 35100 Sl s LU Oslail gyl
12/ 4 Sl Gslast gl ¢ LA Jaad & 51,0 ol S ladl

12/20 ff. In spite of al-Birlini’s formulation which seemingly implies the
contrary, the books mentioned here did not necessarily have samt al-gibla
in their titles; rather, the author may have meant that this subject formed
part of their contents. As for Abii Nasr b. ‘Irdq, this interpretation is lent
special credence by what he himself named as the central topic of his Kitab
as-sumit: to meet Ab’l-Rayhian’s request of proofs for computational me-
thods for determining the azimuth of the qibla (Risala fi ma‘rifat al-qusi
al-falakiya, in Rasa’il Abi Nasr ... ila l-Birini, Hyderabad 1368 /1948,
p.5, L. 6 ff.). Unfortunately, Abi Mahmiid al-Khujandi’s methods for tracing
azimuthal circles on the astrolabe are not related to a specific book of his in
Abi Nasr’s Risdla fi majazat dawd’ir as-sumit (ibid., pp. 3-9), nor is it known
which book by Abii Sa‘id al-Sijzi al-Biriini had in mind here.

13/ 7 FEE)
13 /7 il + dee

9. In his discussion of the perfect — kamil — astrolabe in al-IstiGb (s. Aufsitze 11 532 ££.), Abi’l-
Rayhéan stated that none of his predecessors had set forth the principles of its construction in his works.
Thus he himself had pored over the problem for a long time before arriving at a convincing soluticn.
It would seem odd indeed to assume that al-B iriini had forgotten all of that when composing the last
section of Chron., on the rudiments of projection.
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present treatise in terms which imply that it was the first work to be dedicated
to Abii I-Hasan Khuwarizm-Shah; together with his mention of exile, return
and reception at court, this would seem to suggest that it was a sadeh festival
soon after his return which offered him the opportunity to present, as it were,
his credentials as a scholar. In al-Birlini’s time, sadeh was celebrated on 10
Bahmanmih, which, according to the unintercalated Yazdagirdi calendar,
placed it around 20 January. Since. as we have seen, al-Biriini returned to
Khwirezm between August 1003 and July 1004, the sadeh mentioned in the
Tastih can most probably be identified as either that of 20 January 1004 or
that of 19 January 1005. Bringing tribute and gifts is not normally associated
with the customs observed at sadeh, but rather with those of nawriz and mih-
rajan; on the other hand, it may have formed part of the celebrations of all
the ancient festivals. In the light of the sadeh traditions incorportated by
Ferdowsi in the Shahnameh and also of the results of modern scholarship,
al-BirQni is evidently right in attributing great age and Sasanian back-ground
to this festival even though its actual origin — supporting the sun and other
forces of life against the harshness of winter — had been forgotten in thelit-
erary tradition.®

Given the similarity of subject-matter in the Tas/is and in the concluding
section of Chron., it has more than once been attempted to fix the date of the
Tastik on the basis of a comparison between the two texts. We have seen
above that the treatise under discussion here can be dated rather precisely
by means of such historical and biographical data as are contained in the text
itself. If additional evidence were wanted, however, that Chron. preceded
Tastih, it would be furnished by the sentence with which he introduced,
in Chron., the chapter on plane projection of the celestial and terrestrial globes:
he had not come across any discussion which he could adduce and use as a
basis of hisown treatment (wa-lam ajid li-ahadin qawlan fi dhalika fa-ahkiyahu);
instead, he was writing down what came to his mind and was asking the
reader’s forbearance. It would indeed be strange to assume that he had for-
gotten his own treatise on the subject and all the earlier books quoted there
when he formulated that sentence. However, al-Biriini’s subsequent references,
in Chron., to his own Kitab al-Isti‘ab and to Abii Hamid al-Saghani raise the
question of whether he simply meant that there was no comprehensive
survey at hand which he could follow or whether this section of Chron. as
it exists today is the result of later editing and revising as al-BirGini envisaged

8. On the feast of sadeh, Arabicized as sadhag, sce Mary Boyce, 4 History of Zoroastrianism. Vol.
1: The Early Period .Leideu/Cologne 1978 (Handbuch der Orientalistik. Erste Abt., VIII. Bd., 1. Ab-
schn., Lfg. 2, Heft 2A), p. 175 fI. (with reff.,); numerous Arabic and Persian poems pay tribute to its
observation in Islamic times.
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(Répertoire chronologique d’épigraphie arabe, ed. Et. Combe et al., Cairo 1931-
75, vol. VI, 91 f., no. 2169). The author also adhered, in the addresses to his
benefactors, to rules of inshd’ which stipulated that dignitaries and princes
not be called by their given names but by appropriate titles and honorifics.
Thus, in the text of al-Magalid, he refers to Abu 1-°‘Abbas Marzubin b. Rus-
tam b. Sharwin merely as al-Isfahbadh Jiljilin Padashwarjarshih and in
Chron., to Qibiis b. Wushmagir as Shams al-Ma‘ali ( Bir@ninameh, pp. 461,
1. 10. 462, 1. 13. 504, 1. 3; not all of Abii -°‘Abbas’ titles are used every time.
Chron., p. 20, s. v. Shams-alma‘ali). Most probably, the name (s) of the Khu-
warizm-Shih then reigning were included in the lost title of the Tasik as were
those of the Isfahbadh in the heading of al-Magalid. Al-Biriini was not the
only author among his contemporaries to use such a protocol of address to
his dedicatee, as is shown, e.g., by Abii Mansir Muwaffaq b. °Ali al-Harawi
in his Ketabo l-abnieh “an haqayeqo l-advieh (photographic reproduction of
the ms, Codex Vindobonensis A. F. 340, as vol. XXXIT of Codices selecti, Graz
1972; see fol. 2v, 11. 5-6).

Abii 1-Rayhian’s reference to his long exile and final return to his homeland
and to the warm welcome extended to him at the Khuwarizm-Shah’s court
in the capital, i.e., al-Jurjaniya, provide valuable clues as to the date of com-
position of the Tastih. In al-Tahdid, he briefly reports on going into hiding
from domestic troubles in Khuwarizm in 385/995 and on his eventual flight
(ed. Bulgakov, RIMA 8, 1962, p. 110, 11. 7-11). Unfortunately, he did not
leave us a similar account of his return, but from the record of his observations
of two lunar eclipses, one at Jurjan on Sunday, 13 Shawwal 393/15 August
1003, and the other in the Khwérezmian capital al-Jurjaniya on Wednesday,
14 Ramadan 394/5 July 1004, it may be gathered that he returned to Khwa-
rezm during the eleven months between these two dates (al-Qdnin al-Mas-
‘adi, ed . Hyderabad, II 741, 11. 16-19). Even if this were doubted, al-Biriini
entered the service of the then Khuwiarizm-Shah, Abi 1-Hasan ‘Ali b. Ma’miin
well before the latter’s death in 399/1009 since he named him in a list of his
major benefactors between Qibis b. Wushmagir and Ma’'min b. Ma’miin
Khuwarizm-Shah (Yaqit, al-Irshdd, ed. Margoliouth, E. J. W. Gibb Memorial
VI, 6, p. 312, 1. 11 = ed. Cairo XVII 187, 1. 5 f). In view of the fact that
Abii1-Hasan °Ali only came to power in 387/997, the author’s claim to have
grown up in the ‘protecting shade of his kingship’ cannot be taken literally,
especially given al-Birini’s close ties to the previous, dispossessed dynasty,
the Al‘Iraq, whose rule was ended by Abi °‘Ali’s father in 385/995. Only
in so far as the Ma®miinids had been governors of al-Jurjaniya for a long time
before that date is Abii 1-Rayhan’s statement correct.” He alludes to his

7. On Khwarezmian history of this period see Clifford Edmund Bosworth in EJ12 1V 1065b-68b,
s. v. Khwirazm-Shahs, esp. p. 1066 (with reff.).
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although Wiedemann and Frank more than sixty years ago thus established
it on the basis of irrefutable textual evidence (Aufsdtze 11, 522. 524): al-Birlni
here alludes to al-asturlab al-mubattakh, the “melon-shaped’” planispherium
in which the adjective refers to the shape of the rete, al-‘ankabi, as it does
in the other varieties, e. g., the dsi, mutabbal, zawragi, lawlabi, etc. In al-Taf-
him, Aba 1-Rayhan himself derives the term from bittikh, melon,’ and as
early as in al-Istiab, he draws the parallel to a tannir, a beehive -shaped
oven, as al-Farghani had done before him (Aufsitze II, 526. 529). In support
of this reading, if it were needed, attention might be drawn to manuscript
evidence such as that offered by Abii Sa‘idd Ahmad b. Muhammad b. ‘Abd
al-Jalil al-Sijzi’s autograph copy of Abli Ja‘far Ahmad b. “‘Abdallah’s Kitab
Fi san‘at al-asturlib al-mubattakh.5 Abi 1-Rayhin does use tabfikh and mubat-
takh in a more general sense, that of ‘flattened’, in the title of his tract on
projection, but in a way totally consonant with the rules of Arabic grammar.
Judging by his usage in the Fihrist, which distinguishes between kitab
and magdla according to length, it appears most likely that the title read
magqala fi tastik al-suwar wa-tabtikh al-kuwar, “Discourse on the plane projec-
tion of constellations and the ‘melon-shape’ projection of countries.”

In addressing his dedicatee, al-Biriini adopts a style closely resembling
that which the Khuwarizm-Shah Abii I-°Abbas Ma’miin b. Ma’miin employed
in his foundation document of 401/1011; there the shah is titled al-amir al-
sayyid al-malik al-‘adil ab#’l-°Abbds Ma’min b. Ma’min Khuwarizm-Shah

5. Ed. and tr. R. Ramsay Wright as The Book of Instruction..., p. arab. facing p. 198,1. 8f.:

ES A N | (g B JFFCRRRCNS RSPV - STPRY BT I CU NV S
In the Persian version, ka-l-biftikh is paralleled by &n kharbozeh (ed. Jalal Homa®i, Tehran 1316-18
h. sh., p.2917, 1.6). It will be noted that the meaning of ‘flattening’ is contained in the texrm mubattakh;
thus, a change to mubatfah would be erroneous.

6. Paris, Bibliothéque nationale, ms arabe (de Slane) 2457 XXX (fols 141a-150b, see Baron
McGuckin de Slane, Catalogue des manuscrits arabes, Paris 1883-95 [Bibliothéque nationale. Départe-
ment des manuscrits], pp. 430b-34a, esp. 432b, no. 30. Sezgin’s remark that this part of al-Sijzi’s
famous collection was a copy from his manuscript [GAS VI 188] is not correct since the bulk of the
manuscript is obviously in one hand.) In spite of the fact that al-Sijzi calls the author simply Aba
Ja®far Ahmad b. “Abdallah, there can be no doubt that it is Habash al-Hasib who is meant here.
( In the same manuscript, al-Sijzi calls Abai Ja“far al-Khazin only Abi Ja“far Muhammad b. al-Hu-
sain, see GAS V 305-07, esp. 306 f., nos. 1-3, and VI 189, note 1.) Fabash’s treatise on the ‘melon-
shaped’ astrolabe was well known and quoted by al-Sijzi himself in Kitab Fi amal al-asturldb where
he refrained from a discussion of its construction because of Habash’s exhaustive treatment in his
book (Istanbul, Topkap: Saray, MS Ahmet III 3342, fol. 150b, 11. 3-7; thanks go to the direction of
Topkap: Saray: Miizesi for permission to consult the manuscript). Abi Nasr b. Iraq offers u proof
for one of Habash’s constructions in it to al-Biriini in Risala fi majazat dawd’ir al-sumit fi l-asturlab
(MS Bankipore 2468, fol. 81a, 14 f. = ed. Hyderabad, in Rasd®il Abi Nagr ... ila I-Birini, Hyderabad
1368/1948, p. 12, 1. 4 where the manuscript’s clear al-mubaffakh was ‘‘unaccountably changed to al-
musatfah). Finally, al-Birini himself mentions Habash’s book in -Tastik (see below). Richard P.
Lorch’s generous help in providing copies of the Paris and Bankipore manuscripts is gratefully ac-
knowledged.
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Kitab Magalid “ilm al-hay’a’ and in Kitab fi sti°ab al-wujah al-mumkina
St sanat al-asturlab®, to name just two of his works which are not too far
removed in date from the treatise under discussion here.® Although neither
manuscript of it so far known to exist? preserves such a title, it can safely
be assumed to have once existed and to have closely resembled that of one
or the other of the two aforementioned books. The two verses which introduce
the Leiden manuscript appear suitable enough for a festive occasion such as
the ‘night of sadeh’ to be considered authentic.
The title of the treatise as al-Biriini entered it into his Fihrist (Chron.,
p- XXXXIIIL, 1. 4). < Magala> Fi tastih al-suwar wa-tabtikh al-kuwar, has
to this day been a source of doubt concerning the correct reading of tabtikh
List of abbreviations:
Ahlwardt. A., Wilhelm, Die Handschriften-Verseichnisse der Koniglichen Bibliothek zu Berlin. Siebzehn-
ter Band: Verzeichnis der arabischen Handschriften, 10 vols (Berlin, 1887-99).
Aufsitze. Wiedemann, Eilhard, Aufsitze zur arabischen Wissenschaftsgeschichte, 2 vols (Hildesheim,
New York, 1970) (Collectanea VI/1-2)
Birininameh. Qorbini, Abg 1 - Qasem, Birinindmeh, tahqiq dar dsar-e riazi-ye Ostad Abii Rayhdn-e
Birani (Tehran s.d. [ 1853 h. sh.] . Selseleh-ye (Enteshérdt-e Anjoman-e Asar-e Melli, 107)
Chron. Eduard Sachau, Chronologie orientalischer Vilker yon Albiriini Leipzig, 1876-78) .
GAS. Sezgin, Fuat, Geschichte des arabischen Schrifitums, T vols. to date (Leiden, 1867 ff.) .
Lo g amy T Tl s ot oo aloely 0T Joy a2 4l Je Slokory odem g 0 k]
s Bilall iVl QY ¥l dis ¢ Sl o Sl Glazed & ol a2 Ol
Sl gl % dl Blal s gl
The dedication of the book, to Abd Sahl al-Masihi, is incorporated in the text itself and follows a few
lines later (see Ahlwardt V 231, no. 5796, MS Sprenger 1869).
2. GoodlasT g s ole ) ol e 5 S b o § 242 LiAl e e OUST L iy
A I [ B JUPL R et
o W el e 2 e
It will be noted that the dedicatee is named in the heading itself while « proper hamdala is missing
(Biraninameh, p. 461, 1. 6 fI.).

3. On the basis of the quotation in Chron., p. 357, 1. 20, al-Istiab has, following Sachau, been
dated before 390/1000, the year he indubitably established for the composition of Chron. (ibid. p.
XXIV £.). Since, in its turn, al-Magdlid is quoted in al-Isti°ab, the sequence of the three works appears
clear. But even without relying on al-Isti°ab, it can be made plausible that al-Magdlid preceded
Chron., as witness the author’s testimony, in Chron., to his personal acquaintance with the Isbah-
badh Aba’l-°Abbas, the dedicatee of al-Magalid ( Chron., p. 209, 1. 7). As for a terminus post quem,
al-Biriini’s references in al-Magalid to a previous dedication of a book to Shams al-Ma®ali Qabis
(i e., of al-Tajrid) and to his sojourn in al-Rayy evidently rule out the possibility that it was written
before 385/995 when al-Bir{ini presumably left his homeland Khwirezm to go into exile (see Chron.,
p- 10, 1. 8 f.; Birininameh, pp. 462, 1. -2. 497, 1. -7. 501, 1. -10; Dictionary of Scientific Biography 11
147b-158a, s.v. al-Birdni [E.S. Kennedy]; in her forthcoming study of al-Magalid, Marie Thérése
Debarnot will discuss its date in detail). If the dating of al-Istiab is not to be questioned, it was com-
posed in the span of the same five years, 385-90, as al-Magalid (this writer harbors some doubt as to
whether or not the reference to al-Isti°ab in Chron. might not be a later interpolation).

4. See GAS V 381, no. 10, and VI 272, no. 19; unfortunately, the study by Dénaseresht which
Sezgin mentions has not been accessible to me. Sa°idan’s edition (University of Jordan, Amman,
Dirgsat al-Sulim al-tabi “tya 1V, 1 [1977], pp. 7-22) is based on the I eiden manuscript alone. For a
study of the corresponding section in Chron., see Birdnindmeh, pp. 249-67.
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Here T am who grew up in the protecting shade of his kingship and was,
after long exile, drawn to the pearl of his realm; in his august assembly—may
God the most high increase it in excellence and eminence—I obtained of intimate
company and friendliness, without title or merit, what made me surpass my
peers and equals and what brought me near my goal and perfection. It is the
duty of him who has been clothed in such garments to devote himself ex-
clusively to the service of his patron and lord of his benefactions, secretly and
openly, and to lavisb the utmost of his ability and the extreme of his endeavor
to render the dues of gratitude, even though his patron can dispense with
them, but choosing what is preferable and holding fast to what is most suit-
able, by the way of reason.

The night of Sadhaq is one of the noble nights and magnificent feasts
which the Khosroes held in veneration and during which they revived the
customs of the ancient kings; on these and similar occasions the little man
brings gifts to the great man, the one who is commanded propitiates the
commander by demonstrating the sense of worship concealed in his heart.
If it were possible, with body and soul, to win the grace of the august assembly,
this would be of little moment in view of the incumbent duty, but the service
rendered by scholarship is nobler than others and more exalted than all the
rest; in this book I have thrown open the door of service through scholarship
and lifted its veils; I have thereby smoothed the paths I will fittingly travel
in whatever I take up as long as I live, donning the cloak of this noble service
and seeking shelter under its shading protection; God is the giver of success
and succor for that !

Commentary*

Unlike many of his contemporaries or later Islamic authors, Abi 1-Rayhin
al-Biriini did not usually include his own name or the title of the work he
was writing in its introduction; instead, he often prefixed a brief separate
title to the texts proper which contained such bibliographical information
and the customary opening invocations. This was the style he adopted in his

* Warm thanks go to Edward S. Kennedy for suggesting that I undertake the foregoing trans-
lation as a supplement to Len Berggren’s comprehensive study of the bulk of the text; I appreciate
this opportunity for entering — admittedly only on the outlying reaches — hitherto unknown territory.
1 would also like to express my thanks to my colleagues at IHAS for lively and productive discus-
sions and my appreciation of the research facilities found there. While preparing the notes presented
here, I consulted Berggren’s study, Suter’s translation (in Beitrige zur Geschichte der Mathematik
bei den Griechen und Arabern, Abhandlungen zur Geschichte der Naturwissenschaften und der Medizin,
Heft 4, Erlangen 1922, pp. 79-93) and Suter’s and Wiedemann’s *“Uber alBiriini und seine Schriften’’
(Aufs ditze 1T 474-515) in addition to the sources quoted below.



Al-Birani’s Magqala FT tastth al-suwar wa-tabtikh al-kuwar:

A tranlation of the preface with notes and commentary

Lutz RICHTER-BERNBURG*

Translation of the Preface

By most excellent rule and mightiest victory,

By safest augury and most joyful circumstance;
By superlative bliss and most powerful kingship,
By felicitous duration and most cherished gift!

Gratitude for favors is a duty incumbent upon minds and intelligences
without premeditation, and thereby the recipient of favors deserves the merit
of increased benefaction. Thus it behooves me, at all times and in every situa-
tion, to illuminate the sign-posts of praise and encomium and to renew the
ceremony of thanksgiving and invocation. All subjects have customs — in
keeping them they uphold the rights of their masters and through them they
express their convictions at their feasts and at the times of their joy and
mirth, according to their situation and rank. And His Majesty, the commander,
the lord, the just king, the patron of benefactions, the Khuwarizm-Shih-may
God the most high prolong his life in power and excellence and make last
his might and eminence, may He give victory to his banner and standard,
guard his kingdom and magnificence, support his authority and strengthen
his rule and majesty, honor his grandsons and give power to his associates,
may He subdue his enviers and forsake his ennemies — is the crown of kings
in their entirety, whose days are the epoch of all days and whose presence
is the origin of sublime and glorious qualities, the source of praiseworthy
deeds and exploits, the refuge from the ruin of men from all quarters of the
earth, with the wholesomeness of safety they have tasted there, the sweetness
of justice, the loftiness of aspiration, overflowing generosity toward all, grace
encompassing far and close, intimate company with savants and sages, their
lodging in houses, their treatment with abundant generosity above merit
and their rise from the depths to the clouds in the sky — may God guard his
noble presence and preserve his inviolable, august threshold with His grace
and boundless generosity!

*Seminar fiir Arabistik der Universitit, Géttingen West Germany; 1980-81: IHAS, Aleppo.
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then the maxima are respectively 26926°, 1.678 and 1.571, which are 819,
94.%, and 1009, of the corresponding maxima for the whole hemisphere. Even
though these maxima occur at the boundary the corresponding numbers are
not that much better for any reasonable extent of longitude within the map
and the figures indicate there will be considerable distortions in shape. It is
evident that, with respect to the first two indices, 20 and (a), al-Birini’s
“rolling” projection is rather better.

Conclusions

We have shown that in this treatise, written sometime between 1004 and
1017, al-Biruni added three new map projections to the already considerable
store available to medieval Muslim cartographers. We have argued that the
inspiration for the first of the new projections he describes came from Ptolemy’s
second projection and have presented data analyzing the two most important
of his three new projections. Although these data show that, by almost any
measure, the two projections yield rather large distortions it is a fact that
both of them are in common use today, a fact which indicates how al-Birini’s
sure feeling for the subjects he investigated led him to important results.
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CHART I

The value of 2, the maximum distortion of an angle, at a given longitude
() and latitude ().

A
0o 150 300 450 600 750 900

0o | 000" | (054" | 3031'| 7038°| 12056" [ 190 3’ | 25029’
15 0.22 1.26 4. 1 8.1 | 13.13 | 19.16 | 25.51
30 1.30 2.43 5.21 9.8 | 14. 4 | 19.56 | 26.26
45 3.23 4.40 7.24 | 10.57 | 15.30 | 21. 4 | 27.25
60 6. 2 7.20 | 10. 7 | 13.27 | 17.32 | 22.40 | 28.47-
75 9.30 | 10.47 | 13.33 | 16.39 | 20.13 | 24.48 | 30.34
90 | 13.48 | 15. 3 | 17.45 | 20.37 | 23.36 | 27.31 | 32.47

The values of (a) the ratio of the longest to the shortest image of a unit
vector at a given longitude () and latitude (¢).

A
0o 150 300 450 600 750 900

oo | 1,066 | 1,083 | 1,134 | 1,219 | 1,337 | 1,489 | 1,675
15 | 1,073 | 1,092 | 1,143 | 1,227 | 1,344 | 1,495 | 1,678
30 {1,095 | 1,115 | 1,168 | 1,251 | 1,365 | 1,511 | 1,687
45 | 1,131 | 1,154 | 1,209 | 1,292 | 1,401 | 1,539 | 1,702
60 | 1,185 | 1,209 | 1,268 | 1,351 | 1,454 | 1,578 | 1,723
75 | 1,259 | 1,285 | 1,348 | 1,431 | 1,525 | 1,632 | 1,751
90 | 1,358 | 1,385 | 1,454 | 1,536 | 1,619 | 1,701 | 1,787

The values of o, the distortion of area at a given longitude (A) and latitude(p)

0o 150 300 450 600 750 900

0c | 1,000 | 1,016 | 1,063 | 1,143 | 1,254 | 1,396 | 1,571
15 | 1,007 | 1,023 | 1,071 | 1,150 | 1,260 | 1,401 | 1,571
30 | 1,026 | 1,043 | 1,093 | 1,173 | 1,281 | 1,415 | 1,571
45 | 1,061 | 1,078 | 1,130 | 1,211 | 1,316 | 1,438 | 1,571
60 | 1,111 | 1,130 | 1,185 | 1,268 | 1,367 | 1,471 | 1,571
75 | 1,181 | 1,202 | 1,261 | 1,345 | 1,434 | 1,514 | 1,571
90 | 1,273 | 1,297 | 1,361 | 1,445 | 1,521 | 1,567 | 1,571
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smooth surface onto another, [30]. Several good accounts of this theory
exist, e. g. in [23, pp. 49-56] and [24, pp.324-29], of which we follow the
latter, specialized to the case where one surface is a globe and the other a
plane. Let (9,2) be the geographical coordinates of a point on the globe and
(®,A) the image of this point on the plane. Locally the mapping induces a
mapping from the plane tangent to the globe at (¢,2) onto the image plane.
Taking a small circle, of unit radius, about (¢,2) in the tangent plane, Tissot
showed that there is a unique pair of orthogonal diameters (called the “prin-
cipal tangents™) of this circle which are mapped to orthogonal straight lines
through (®,A) in the image plane. Let 2a¢ and 2b denote the lengths of these
images, with a>b. If a point traverses the circumference of the small circle
about (¢,) its image in the plane traces out an ellipse whose center is (®,A)
and whose principal semi-axes have lengths a and b respectively. This ellipse
is called Tissot’s indicatrix and two perpendicular radii of the small circle
map onto two conjugate semidiameters of the indicatrix. It then follows
from the properties of conjugate diameters that if «,f denote the local scales
along the images of a parallel and a meridian passing through (@, A) then
a® 4+ b?> = o? 4 B2 and ab = «B sin Y where ¥ is the angle between the images
of the parallel and the meridian. We may solve these equations for a and b

by showing first that ,a® - b*\? 3 _ 2afsiny , .
(a2+b2) =1 —d? whered = 2z Then setting
1- S
k = b/a we find k* = -1_'_2 , where ¢ = Vv 1-d? and finally, solving this for

k and simplifying we find k = 1/d- v/ (1/d)?~ 1. Having found k = (b/a) we
may use ab = af. sin Y to calculate b = \/i ba and then ¢ = k! -b. When
a

these have been calculated it is easy to calculate 20, the maximum variation
of an angle U whose vertex is at (¢,1), by the rule sin © = (a-b)/(a+b), and
the local distortion ratio of areas, which is equal to a-b.

The calculation of these indices of distortion was done by L. Driencourt
and J. Laborde in their monumental work, [8, fasc. II], and we reproduce
parts of their Tableau XXXII as Chart I. It is evident from these that the
maximum distortion in angle (2©) is 32°47°, the maximum value of the ratio,
at a given point, of the longest image of a unit vector to the length of the short-
est image, (a), is 1.787 and the maximum of the ratio measuring the distor-
tion of area (o) is 1.571 (i.e. ©/2). For the stereographic projection the corre-
sponding values are 0°, 2.0 and 4.0 while for the projection obtained by rolling
the sphere along great circles passing through a point the maxima are, respec-
tively, 25039°, 1.571 and 1.571. (These values may be found in Driencourt
and Laborde [8, II, p.22].) Since al-Birini definitely wanted to construct
a map of the whole hemisphere these extreme values are relevant, but if we
ask how good it is for the constellations lying near the ecliptic, say ¢ < 30,
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is of course well-known as one which maps angles on the sphere onto angles
of equal size on the plane, though as Neugebauer says [20, p. 860] there seems
to be no mention of this fact in the ancient or medieval literature on the as-
trolabe. However, this projection does not preserve the areas of figures and,
while there are projections that do this, they do not preserve angles. The in-
compatibility of these two requirements is a consequence of the fact that a
spherical surface cannot be applied to a plane without distortions, a proof of
which is given in Craig [6].

This fact, that no mapping of the sphere onto the plane can preserve both
angles and areas, is of considerable theoretical interest but, as a practical
matter, there are many useful projections which preserve neither angles nor
area (e. g. the orthographic and azimuthal equidistant) and the real task of
the cartographer is to pick that projection which most nearly suits his pur-
poses, whatever it may or may not preserve.

Al-Birini’s requirements are fairly clear if we keep in mind his criticisms
of the other projections he mentions: the projection must be one that is suited
to representing a hemisphere, there must be no “crowding’ in some parts
of it, and it must represent the constellations, particularly the important
ones along the zodiac, by shapes reasonably close to these which we see.

It is clear that his projection satisfies the first two requirements. The ques-
tion is, how does it measure up to the third, that it not introduce too much
distortion of the shapes of the constellations along the central portien of the
sky? Al-Birini evidently thought it fulfilled this requirement reasonably
well and it is quite possible that he actually constructed a map to satisfy
himself on this point, even though he makes no mention of any construction
in this work. In fact a considerable amount can be learned about this mapping
simply by using a flexible ruler and protractor — for example, that circles
of longitude (latitude) of constant difference divide a given circle of latitude
(longitude) into arcs of constant length (though of course a different constant
for each one), that the ratios to the length of the equator of the arc length of
the parallels of latitude 9, ¢ < 30°, are very nearly cos ¢ (for ¢ = 30° the
ratio is approximately .89 while cos 30° =.87), and that the acute angles the
meridians make with the parallels ( which are right angles on the sphere)
decrease with increasing latitude and longitude (for example for ¢ = 300, A=
900 the angle is about 820 while for ¢ = 60°, A = 900 it has decreased to 74°).

It is possible to make these somewhat rough measurements more precise
by the calculation, for selected points on the map, of what cartographers
call Tissot’s indicatrix. Although the calculations which follow have little
relevance to the time of al-Biriini it may nevertheless be of interest to set
al-Biriini’s mapping against modern criteria to see how it measures up.

In 1881 M. A. Tissot established a theory of cartographic mappings which
yields a measurement of the local deformation of a particular mapping of one
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that these intervals faithfully represent the distances between the corres-
ponding parallels on the sphere and that each of the arcs faithfully represents
1800 of arc at the given latitude relative to the length of the central meridian.
For an arbitrary longitude A (0<2<909) one may use the scale on each of the
three ares to find the point corresponding to longitude A (say east of the central
meridian). These three points determine a unique circle and the part of that
circle between the two external parallels (the northern and southern bound-
aries of the map) represents the meridian of longitude A (east).

A modification of this procedure for someone who wanted to represent
an entire hemisphere would be to let the northern and southern boundary
arcs shrink to the poles and for the middle arc take the equator, represented
now by a straight line bisected by the central meridian and divided according
to the same scale as that meridian. The point corresponding to longitude
on the equator determines, with the poles, a unique circle whose arc containing
these three points represents the circle of longitude A. As for the circles of
latitude these, in Ptolemy’s map, divide the central meridian into segments
whose differences are equal to the differences in latitude. In al-Biriini’s map
this property is made to hold not only for the central meridian but for the
bounding semicircles of longitude A = 90° (east and west) as well, recognizing
of course that the scale there will be larger than that on the central meridian
by a factor of 7/2. Again, for each parallel of latitude, this requirement defines
three fixed points through which the curves representing parallels of latitude
must pass so, borrowing the idea for the circles of longitude, al-Birini used
circles for these curves as well.

Certainly al-Birani knew of Ptolemy’s Geography for he refers to it in
his treatise by way of introducing the mapping used by Marinos of Twyre.
Further, that the Arabic version of the Geography contained Ptolemy’s de-
scription of his mappings is likely since these are used in existing Arabic maps.
(See the examples in the maps reproduced by Fischer, [11, 4 et B*]) Thus
it seems that al-BirinI knew of these mappings and, in light of the relationship
we have described between his mapping and Ptolemy’s second mapping,
our conjecture that he devised his projection as a modification of Ptolemy’s
is a reasonable one. It is also likely that the reason al-Birini did not mention
Ptolemy’s mappings is that in this treatise he is only interested in mappings
that will represent a full hemisphere, and manifestly Ptolemy’s maps will
not do that. Indeed it is our conjecture that it was precisely the need to rep-
resent a full hemisphere that led al-Birini to modify what Ptolemy calls the
better of his two mappings and so to arrive at a map of a full hemisphere.

7. The Distortions in al-Biriini’s Mapping

It is, as al-Birini himself remarks, impossible to represent exactly the surface
of a sphere on a plane. The stereographic projection used in the astrolabe,
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Altough Suter calculated the differ-
ences in the radii of the correspond- A
ing images, a better measure of the
divergence between the two mappings
is how far apart the corresponding cir- \
cles get within the map. It is clear
that this maximum occurs on 4G or b O] S\ R \B
BD and we have calculated (see Fig.5) \
the segment SR, which measures the
distance between the points where al-

Birini’s image and the stereographic

image of a circle of longitude GP=x X

(expressed in radian measure) cross G

the east-west line. Since the segment Fig. 5

OS = tan (x/2) and OR = 2x/x it fol-

lows that the segment SR = f(x) = 2x/™ — tan (x/2). This function obtains a
maximum when cos? (x/2) = /4, i.e. when x = 2 arc cos V /4 =~ .96. This
yields a maximum value for the function f of about .09. Thus the maximum
difference between al-Birini’s projection and the stereographic projection of
circles of longitude is about 9%, of the total radius and al-Birini’s circles are
pushed considerably towards the bounding circle as compared to the stereo-
graphic circles.

Futther evidence that al-Birini would not have looked to the stereographic
projection for inspiration for a good star map is given by his own words in
the section describing map projections in the Chronology, [3, p. 357-8] He
writes there, “But it is not the purpose of the astrolabe to represent them
(the lines, circles, points on the globe) as agreeing with eye-sight . . . On
the other hand, the purpose of the representation of the stars and countries
(on even planes) is this, to make them correspond with their position in heaven
and earth, so that in looking at them you may form an idea of their situa-
tion...”. In view of al-Biriini’s clear perception of the different purposes of the
astrolabic and cartographic projections it seems unlikely he would have look-
ed to the former to find inspiration for the latter.

Our conjecture is that the projection al-Birini describes is in fact a sim-
plification of the second conic projection that Ptolemy describes in his Geogra-
phy. This second projection has been analyzed by Hopfner, [18, pp. 100-105]
and, following him, by Neugebauer [20, pp.883-885], where the reader may
find a detailed description of Ptolemy’s projection. For our purposes it suffices
to say that Ptolemy’s idea is to use three concentric circular arcs to represent
three parallels of latitude and a straight line bisecting all three arcs to repre-
sent the central meridian. The two intervals between the arcs on the central
meridian as well as the arcs themselves have lengths calculated to insure
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21:20-21. The three sources of star tables mentioned here are the same as
those mentioned in the Chronology [3, p. 358], though the warning given
there about taking into account the amount of precession is not repeated
here.

21:22. As Suter indicates [29, p.91] it is not certain whether the title Geo-
graphy refers to Ptolemy’s work or not.

21:26. The books on masalik wa-mamalik were works giving routes and dis-
tances between places, of use for postal authorities. The earliest known writer
on the subject was Ibn Khordidhbeh, postmaster at Samarra, who wrote,
according to Suter’s note on this point, around 845. Al-Birini in [5, p. 14]
speaks of ““the method of al-Jaihdni and others in their books on al-masalik’.
Inhis commentary on this work [13, p.3] E. S. Kennedy identifies al-Jaihani
as Abt ‘Abdallih Muhammad b. Ahmad al-Jaihani who flourished perhaps
around 920. These books had a long tradition and H3aji Khalifa, who died in
1657/58, lists in his bibliographical lexicon the ‘ilm masdlik al-mamalik,
referring it to the results of geography (see E. Wiedemann [33, II, pp.459-60]).

21:27. The coloring of maps seems to go back at least to the very earliest
Arabic maps, for Wiedemann [33, I, pp.66-67] in a note quotes from Mas‘ddi
as follows; “In Ptolemy’s Geography the seas are represented with different
colors and are distinguished according to size and form ... but their names
are, in this work, Greek and therefore difficult to understand’. This last
phrase dyes not necessarily mean he had seen a Greek map but only an Arabic
copy with the Greek names transliterated, hence still “Greek”.

22:3-4. The Arabic here, (magala fi tashih), exactly fits the beginning of the
title given as II.4 in al-Birani’s list of his own works, translated by E.
Wiedemann [33, II, P.492], namely Eine Abhandlung iber die Verbesserung
(Richtigstellung) der Linge und Breite fir die bewohnten Orte der Erde. We know
of no existing copies of this treatise.

6. The Source of al-Birini’s Projection

In his commentary Suter made the suggestion that al-Birini’s projection
“ist eine abgednderte oder vereinfachte stereographische Projektion” [29,
Pp-92-3] and made some sample calculations of the radii of the images of the
circle of latitude of 60°, under the assumption that the radius of the sphere
is 1. He found that the image in al-Birini’s projection has radius .725 while
that of the stereographic projection has image .577. The corresponding figures
for the circle of longitude 60° are 1.08 and 1.15. In fact the percentage differ-
ences (269, and — 6 9,) seem to us rather large and a slightly different anal-
ysis shows how far al-Biriini’s projection is from a stereographic projection.
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where the author reminds us that not only 4/B=C but 4 is equal to X and
B to Y. The analysis now proceeds as follows, (see Figures 2 and 3). If HK 1
AE then (by Euclid II1: 35,36) ZA-ZG = BE-ZH and so AZ-ZG/BZ = ZH,
where AZ = | ZE-90 | and, in the case of Figure 2, ZG = AZ -+ 180, while
in the case of Figure 3, ZG = 180-AZ. Then ZH:HK = ZB:BE and so
ZH - (90=BE) /| (ZB=R) = HK = Siny,, AH. Hence Sin,, 4H = Sin,,
AH -(1/3) Singg AH = 40° Singy AH and then AH = arc Sin,, (Sing, AH).
Thus AH = arc Sin,, (40’ - ZH-90/R), which will be measured in the direc-
tion of B when Z is outside the given circle and in the direction of D when
Z is inside. The first case will occur when ZE > 90 and the second when
ZE < 90, while when ZE = 90, Z falls on A.

19:24-20:6. To find (see Fig, 4) the center of the circle of latitude, MTL, we
drop (MS = Sin MD) and note SE = Sin (90° — MD = AM). Changing to a
nonagesimal scale SE = (3/2) Singg AM, SM = > Sing, DM, and then
TS = SE-TE. Letting R be the radius of the circle of latitude, MS* =TS X
(SZ+R) and so SZ+R = MS’/ TS is known. Thus since we also know TS
we may calculate R by theidentity R = 4 TS 4 4 (SZ + R), while ET+R =
EZ is the distance between the centers, again a formula not given in the
Chronology.

20:7-20:12. As al-Birini remarks, the calculation of HD for the circles of lat-
itude is exactly the same as calculating AH for the circles of longitude, so
it requires no further comment, although he goes into it in detail both here
and in the Chronology (p.364).

20:13-19. To complete his calculation of DH al-Biriini must show that the point
H is always measured from D in the direction of A,i.e.that the centers of the
circles of latitude lie outside the given circle. He first remarks that DT:DE =
DM :900, which is the defining property of the points M and T. Then, he says,
DM:90° < Crd (DM): Crd 90°, which is immediate from the general theorem
used by Ptolemy in the Almagest [21, p. 33] saying that if « and [ are arcs
of the same circle, with o >3, then Crd a: Crd ( < «:f. Thus, since 90° > DM,
DT:DE < Crd DM: Crd 90° and since Crd 90° > DE it follows that Crd DM>
DT. This, as al-Birlni sees, immediately implies that no circle with center
D could pass through both M and T and a fortiori (since the sum of two sides
of a triangle is greater than the third) that no circle with center between D and

E could pass through M and T.

21:1-21:11. It is possible that al-Biroini is recommending this method of pro-
jection only for a given constellation since he says that the two stars chosen
as a base are to be from one constellation (21:3). For further comments on this
projection see Section I'V.
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have said here ¢<a plane surface bounded by straight lines” for he would presum-
ably have known of Archimedes’ result in the Sphere and Cylinder (I, Prop-
osition 33) that any sphere has surface area equal to four times that of its
great circle. However, even with this provision thereasoningis a bit loose
since if the lack of a rational ratio of the given surface to aplane, rectilineal
surface were the key to the difficulty then the difficulty would also be present
for the surface of a cone, and that is not the case since it may be cut along one
generator and laid out flat.

17:16-20. This suggestion of making a second pair of maps, in which the
equinoxes are at the centers, does not occur in the Chronology.

17:21-23. The use of different sizes to represent the brilliancy of a staris re-
ferred to in the Chronology in connection with the melon-form projection.

17:24-25. The use of colors to represent the temperaments of the stars is not
mentioned in the Chronology, but many zijes had tables of the temperaments.

18:6-8. According to Luckey [16, p. 501], «‘al-Mahzni adds to the graphical
solution of two of his problems a calculational solution introduced by the words:
A procedure hereto through calculation (bab dhalik min al-hisab ... . Asis known
Ptolemy in The Analemma sets the corresponding calculational (procedure)
alongside the constructive procedure”. Such a calculational procedure for the
map would certainly be of some utility, for to construct the centers of the
circles of longitude or latitude of low degrees by ruler and compass would
lead to very flat intersections and a real problem with precision.

18:9-21. Given the circle ABGD (in Fig. 2) with radius EB = 90 and a circle
of longitude, DTB, with TE = 2 (0 < A < 90) it is required to find TZ (the
radius of the circle of longitude, which we denote by R )and EZ the distance
between the centers of the given circle and the circle of longitude. In the circle
of longitude the chord BD is perpendicular to a diameter at E, dividing it
into two parts A and EZ+ R. Hence EB*= A (EZ +R) and s0 8100/» = EZ +
R. Since EZ = R- A adding A to the quotient yields 8100/x + A = 2R.
Thus, though this is said only in the Chronology [3, p. 361] and not here,
R=8100/21+ /2. Also, subtracting A from this yields 8100/2x-2/2 = EZ,
the distance between the centers of the given circle and the circle of lon-
gitude ) , though the Chronology [p.361] states “we can dispense with the
knowledge of the distance between the two centers”.

19:1-17. Presumably al-Birini is interested in determining the arc AH be-
cause the line joining B and H will then intersect EA4 (extended if need be)
in the center of the circle of longitude and so provide one more way to find
these centers. In the following account of al-Biriini’s derivation of 4H, nota-

tion like (4=X) /(B=Y) = C is used to reflect faithfully the Arabic text
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11:13. Sezgin does not list any book by al-BirGini having this title though
al-Birani in [5, p.14] tells of making a large hemisphere 10 cubits in diameter
to derive coordinates from distances.

12:11-19. Al-Battani’s crude method for finding the gibla has received ample
comment in the modern literature on the subject, e.g. in King, [15], and
there is no point in paraphrasing here al-Birini’s description. In his forth-
coming paper “Some Early Islamic Approximate Methods for Determining
the Qibla’, King points out that the value of the gibla obtained from a Mari-
nos-type projection differs from that obtained by al-Battani’s method; so
al-Birini must have been classifying them together only on the grounds that
both represent meridians and latitudes by parallel straight lines.

13:4-15:11. This section, which follows the generalities introducing the trea-
tise, is al-Biriini’s ““review of the literature”. In a previous section we discussed
all the projections mentioned by al-Biriini and we only add here that apart
from the order and the concluding section on al-Siifi’s non - mathematical
mapping the projections he mentions are the same as those discussed in the
corresponding section of the Chronology, [3, pp.357-59]. The only differences
are : (1) The discussion in the Chronology gives exact descriptions of the
cylindrical and melon-form projections (through it does not use the phrase
«melon-form™) whereas the present treatise describes them mainly in terms
of their defects and gives more historical detail on the «“melon-form”. (2) In
the Chronology the 10th Century scientist Abi-Hamid al-Saghani is named
as the one who wrote on the projection of a sphere from a point on the axis
but not a pole, described in (13:10-13) of this work. This must be al-Saghani’s
K. fi kaifiyat tastih al-kura “ala sath al-asturlab, published in Risa’ilu muta-
farriga fil-hai’at li’l-mutaqaddamin wa-mugsir;’l-Birani, Hyderabad, 1948.
(3) In the Chronology he speaks of the cylindrical projection as one «which I
do not find mentioned by any former mathematician” whereas in this treatise
he explicitly mentions al-Farghani in (14:18) where he says, «As for the
cylindrical projection it is what comes to mind from the abundance of drivel
that al-Farghani spewed forth on it ... .”. It would be tempting to see here
further evidence that this was written after the Chronology, when he had
learned of al-Farghani’s book. However in the Chronology he refers to «my
book, which gives a complete representation of all possible methods of the con-
struction of the astrolabe’ and in this book, which can only be the K. isti‘ab
al-wujih al-mumkinat fi san‘at al-asturlab, he refers to al-Farghani’s book
al-Kamil (see the sections translated by Wiedemann and Frank [33, II, p.
522]. Thus since al-Birini had seen al-Farghani’s treatise when he wrote
the Chronology the meaning of the sentence about the cylindrical projection
not being «“mentioned by any former mathematician’ must be that the name
weylindrical projection” was coined by al-Birini. (15:1) Al-Birini ought to



68 J. L. BERGGREN

been constructed on a scientific basis. Such a study could illuminate the ques-
tions of the influence of al-Biriini’s treatise as well as providing a case-study
of the relation between theory and practice in medieval Arabic science.

5. Additional Commentary on the Text

A question that has occasioned some debate has been that of the date of com-
position of the treatise. The only internal clue is the preface which speaks
with fulsome praise of the (unnamed) Khwirazmshsh, and Suter takes this
to refer to the Khwiarazmshah Aba’l-*Abbas Ma’miin whose patronage al-
Birlini enjoyed from about 1004-1017 A.D. In assuming Ma’min is the
Khairazmshah intended Suter ignores the earlier Khwarazmrhsh who was
al-Birfini’s patron until he was overthrown in 995 A.D. Suter’s other reason
for supposing this treatise was written after the year 1000 A.D. is that while
n.mch of its contents can be found in the Chronology [3, pp. 357-64], published
circa 1000 A.D., that book contains no reference to the present treatise, which
fmlst. therefore have been written later. This argument, however, is unconvinc-
ing since it obviously cuts both ways.

On the other haud, Rozenfel’d, Rozhanskaya and Sokolovskaya in [26,
!). 265] date the treatise to 995 A.D., but without giving any reasons. Thus
it V\.fou]d have been written as late as possible (since al-Birini fled in 995)
during the reign of the earlier Khwarazmshih.

In fact it is not hard to decide between these two views on the basis of a
re'mark in al-Biriini’s introduction to the section in the Chronology where he
discusses his mapping. It is not just, as Suter says, because he makes no ref-
erence to this treatise in the Chronolgy but rather because he states positively
in the Chronology [3,p.357] that he does not know of ¢any special treatise
on the subject (of star maps)”. It is hardly possible that in writing these words
at th.e age of twenty-seven he had entirely forgotten about a substantial
treatise he had written at the age of twenty-two devoted entirely to the subject
of star maps, On the other hand the treatise Projection of the Constellations
makes no mention of its being a pioneer in this area and simply introduces
the new map with the words, «“Thus I say: If I want to copy the constellations
onaflatplane...”,(15:15-16).

Hence it seems fairly safe to suppose that the Khwirazmshih to whom
the treatise is dedicated is Abii’l-“Abbas Ma’miin and that, the substance
of the treatise being near at hand in his Chronology, al-Birtini was able to add
two new mappings, briefly described, to produce soon after 1004 A.D. a new
treatise to dedicate to his new patron.

In the remainder of our commentary we discuss points raised in the text
of this treatise, introducing each by the page and line number where it occurs.
We have tried to give, along the way, a comparison of the present text with
that of which it is an expanded version, namely the closing section of the
Chronology.
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distorted as one moves to the boundaries and the poles of the map, with the worst distortion occuring
in the polar regions near the boundaries. (See Fig. 6). Al-Biriini does not make any criticisms of this
projection.

7. Projection by great-circle distances from two fixed points, 21:1-21-11. (This is the modern
-*doubly-equidistant’’ projection described in DA, pp.176 and 202, where it is remarked [p.202] that
*‘apparently no map of this kind has ever been constructed’’.) Again al-Biriinl does not criticize this
mapping.

8. Projection by rolling a sphere on a tangent plane and forth through a fixed point, 21:12-21:17.
(This is the azimuthal equidistant projection described in D4, p.175 and is simply (3) of our list with
the pole replaced by an arbitrary point. Equally - spaced straight lines through the point represent
the great circles through that point, so azimuths from that point are faithfully represented, and great
circle distances from this point on the sphere are faithfully represented on these lines. DA, p.175,
names, G. Postel as inventor of this projection in 1581 but, as al-Biriini’s treatise shows, Postel was
over 500 years too late to be credited with its invention. Prof. E. 8. Kennedy has pointed out to us
that this projection is very close to al-Biriini’s first projection, (6) of our list, in the sense that the lines
representing meridians and parallels in this projection, while pretty clearly not circles, are very close
to the corresponding circular arcs used by al-Biriini in(6). Thus led p be the length of the radius vector

- —

r from the center of the map to the curves of latitude or longitude 45°, r making an angle of 30° with
the central meridian. Kennedy has communicated to us the results in the following table, where the
calculations are made using 1 for the radius of the whole map.

Globular Proj. **Rolling Proj.”’ % Difference

450 Parallel p =.620 p =.608 2.0

45° Meridian p =.693 P =.1704 -7

That the difference is so slight may be the reason why, in H. S. Roblin’s Map Projections [25, pp.
46-48], the directions given for drawing the azimuthal equidistant projection, for a point on the

g

equator, are in reality directions for drawing al - Biriini’s globular projection. ) Al - Biriini does not
comment on the defects of his mapping.

For further details of the history of some of the above projections the
reader should consult Fiorini, [9] and [10].

Conclusions: If we disregard the one non-mathematical projection of (5)
it emerges that al-Biriini was in possession of at least seven different mappings
of the sphere on the plane, all admitting an exact mathematical description,
and one of these, (2), admits an infinite number of variations. In addition,
as we will argue later, he knew of the three mappings Ptolemy describes in
the Geography, i.e. the two conical and the third, perspective, representation.
This brings the total to ten different mappings with a wide variety of proper-
ties, which could have furnished a rich storehouse for Muslim cartographers
of succeeding centuries. To what extent this store of mappings was in fact
exploited awaits a survey of the surviving maps now housed in manuscript
collections around the world, (for some references to these maps see Wiede-
mann, [33, I, p. 67] studying the projections used on those that appear to have
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and straight lines through it project points on the sphere onto a plane, 13-8-13:20. (When the center
of projection is on the sphere we have a stereographic projection, called *‘polar’’ in case the fixed point
is a pole of the sphere and ‘‘meridional’’ in case the point is on the equator. See DA, pp. 37-38 and 157-
58). In case the point of projection is not on the sphere but inside it or outside the point is one of the
perspective projections which are discussed in detail in Driencourt and Laborde [8, Vol.I, pp. 102-
107]. The case when the point is the center is the well-known gnomonic projection. Al-Biriini objects
that it does not well-represent the heavens as they appear to the eye and, in particular, it does not
map equally-spaced circles to equally-spaced circles.

3. The melon-form projection (mubattakh) due to al-Kindi or al-Marwarriidhi and described by al-
Farghani in his book al-Kdmil, 13:21-14:17. (This projection is described by Wiedemann and Frank
in [33, IL, pp. 524-25] and is called by modern cartographers the polar azimuthal equidistant projec-
tion. See DA, pp. 155-56 and p. 43. Meridians radiate in equally-spaced straight lines from a pole
and parallels of latitude are represented by equally-spaced circles, concentric at the pole. Clearly azi-
muth at the pole and distance from the pole are faithfully represented, but nothing else is.) Unless
we allow great widening of images the zodiac will be sliced into two halves, and it is exactly in this
region where the most important figures lie. However al-Birtini disassociates himself from the severest
critics of this projection and says he plans to write a treatise on it, though no treatise by him on this
subject is known beyond a chapter in his Thorough Treatment of All Possible Methods for Construc-
tion of the Astrolabe, partially translated by Wiedemann and Frank in [33, II, pp-522-532].

4. Cylindrical projection of the whole celestial sphere onto the plane of the equator or of any other
postulated great circle, 14:18-14:26. This is described more thoroughly in The Chronology [3, pp.
357-8] where al-Biriini makes it clear that a given star is projected from the sphere onto the foot of
the perpendicular from the star to the assumed plane. ( This is the modern orthographic projection as
described in DA, p.42. Though often used for the surface of the moon it is hardly a good visual repre
sentation of the celestial sphere as seen from the earth. ) Al-BirGini’s two objections are that the prac-
tice of representing the whole sphere by this projection leads to a jumble of stars that ‘‘pile up on
top of one another’’ and that stars near the circumference of the representing circle are very crowded
together.

5. A method ascribed to al-SGfT in which the stars are copied onto a piece of thin paper wrapped
around the sphere which is then unwrapped to yield a map, 15-1-15:10. (This is the only non-mathe-
matical projection mentioned by al-Birini and it has no counterpart in the modern literature. The
nearest modern equivalent would be a polyconic projection, as in DA, pp.29-30, in which the sections
of the sphere between two parallels of latitude are replaced by frustra of cones, whose surfaces may
then unwound onto a plane ). Al-Biriini correctly remarks that this method is, as a practical matter, not
too bad for small areas of the globe.

6. The *‘circular’’ projection, in which meridians and parallels are represented by arcs of circles,
15:16-20:20. (This is called by modern writers the globular projection, or Nicolosi’s projection, after
Gian Battista Nicolosi who, as Fiorini pointed out in [10, p.294], printed 2 map based on this pro-
jection in his Ercole Siculo of 1660. The well-known English cartographer Aaron Arrowsmith printed
maps of the world based on this projection in 1794, as is mentioned by Tooley in [31, p.57]. Accord-
ing to DA, pp. 158-59, this globular projection is a ‘‘method of projection more frequently used
[than the stereographic meridional projection] by geographers for rep ing hemispheres, though
in the globular representation, nothing is correct except the graduation of the outer circle and the di-
rection and graduation of the two diameters; distances and directions can neither be measured nor
plotted. It is not a projection defined for the preservation of special properties, for it does not corre-
spond with the surface of the sphere according to any law of cartographic interest, but is simply an
arbitrary distribution of curves conveniently constructed”’. On p.54 of this same source there is an
illuminating comparison of a man’s head drawn carefully onto u hemisphere in al-Biriini’s globular
projection and then plotted, maintaining latitude and longitude, in orthographic, stereographic and
Mercator’s projections. In a later section we present a detailed study of the distortions inherent in
al-Birini’s projection, but suffice it to say here tbat scale, angles, and area are progressively more
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here. Abii Said Ahmad b. Muhammad b. ‘Abd al-Jalil (al-Sijzi) (12:21 and
15:1) who died in 1024 A.D. was a geometer and astronomer whose astronomi-
cal works have not received study in modern times. Although a letter of al-
Biriini to al-Sijzi on Hibash al-Hasib’s analemma for finding the gibla has
been tranlated by E. S. Kennedy and Y. <Id [14] al-Sijzi’s own treatise on
the subject of the gibla has not been found. Abiu (Nasr) Mansir “Ali b. Iraq
(12:21-22), a Khwarazmian prince and teacher of al-Biriini who wrote impor-
tant scientific works, was the author of a work on the gibla of which no copy
is known. Abfi Mabmiid Hamid b. al-Khidr al-Khujandi (12:22) was a major
astronomer of the latter half of the 10th Century whose book on the gibla has
not been found. Abi’l-“Abbis (Ahmad b. Muhammad b. Kathir al-Farghini)
(13:21, 14:4 and 14:18) was active in the mathematical sciences during the
middle third of the ninth century. The work al-Birani cites here has for its
full title The Complete (Book) on the Making of the Northern and Southern
Astrolabe and their Explanation by Geometry and Arithmetic and has been
studied by E. Wiedemann and J. Frank. (Aba Yiasuf) Ya‘qab b. Ishaq (b.
al-Sabbah) al-Kindi (13:22) is the well- known ninth century Arab polymath
who wrote, among numerous other works, the book cited here and probably
titled, The Book of the Construction of the Astrolabe (see Sezgin [28,VI, p. 154]).
In the second half of the ninth century lived (‘Umar b. Muhammad b.) Khalid
al-Marwarriidhi (13:23). The lost work referred to here is probably his Book
of the Making of the Plane Astrolabe. Who Hasan (14:1) was is not at all clear.

4. Mappings Mentioned in the Text

This section contains a survey of the projections al- Birini mentions in
the K. tastih. Since we have not taken into account the mappings described
by al-Bironi in [2] we make no claim that this is a complete catalogue, but
provide this list only in order that the reader may have conveniently at hand
some projections known to a scholar of such matters around the year 1000
A.D. For each projection we identify it by its description by al-Biriini and the
place in the text where it is mentioned, followed (in parentheses) by its modern
name and a reference to a discussion of its properties in the modern literature.
The abbreviation DA refers to the work of Deetz and Adams, Elements of
Map Projection, [7]. The reader should however be aware that there is wide
variation in modern usage in naming projections. For an attempt to put some
order into the chaos see Maling, [17]. Finally we summarize al-Biriini’s ob-
jections to the projection. (We should add that we use the words “mapping”
or “projection’’ interchangeably to denote any function from the surface
of the sphere onto the plane.)

1. The projection of Marinos of Tyre as described by Ptolemy in his Geography, 11:20-12:9. (Modi-
fied cylindrical equal-spaced projection, D4, pp.31-33). This projection distorts lengths of latitudes

and represents the (non-parallel) meridians by parallel lines.
2. The conical projections, where a point is taken on a diameter (possibly extended) of the sphere
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17:5. one hundred and seventy-nine degrees. The text’s wa huwa mi’at wa sab‘a
darajat is bracketed by Sa‘idan as a copyist’s insertion and is, in any case,
wrong.

21:5. parf halgatin min halagi al-kurati al-“izam. The text cannot support

Suter’s translation *. . . daB du an je zwei der Sterne ein biegsames Lineal
(einen Papierstreifen ) anlegst, das sich also an einen GroSkreis der Kugel
anschmiegen kann, . . . ”, though the method Suter describes might be a

convenient way to carry out what al-Biriini asks.

21:16-17. illa ma bayn muthabii al-juz’ alladhi la yatajazza’ wa bayn nafatihi.
We infer from the context that the meaning of this phrase is that the
deviation between the representation of the sphere by al-Biriini’s third method
and the “true” sphere is so slight that any distinction between the two is of
only theoretical interest and has no more practical importance than theissue
of whether there are indivisible parts or not.

3. Biographical Commentary

For the persons mentioned in this treatise we provide some bio- and biblio-
graphical information based primarily on the material in Sezgin, [ 28], which
the reader may consult for further details. We provide the full name, as given
by Sezgin, enclosing in parentheses those parts of the name not cited by al-
BirGini. Immediately following the name parentheses enclose the page and
line numbers in this treatise where the person is mentioned. The information
following this is, on the whole, restricted to what is known about the work
to which al-Biriini refers.

‘Utarid b. Muhammad (al-Hisib), (11:3), was a mathematician and astron-
omer of whose life nothing is known. Besides two surviving works on burning
mirrors (see Toomer [32, pp.20-21] for further details) and on stones he wrote
several works, which have not survived, on astronomy, including the one
cited here by al-Biriini. (Abt Hafs) “‘Umar b. al-Farrukhin al-Tabari (11:3),
who seems to have flourished in the second half of the 8th Century, is known
primarily as an astrologer, Abii’l-Husayn (“Abdu’l-Rahmin b. ‘Umar b. Mu-
hammad b. Sahl) al-Safi (11:4, 15:1-2, 15:5 and 21:20) carried out careful
studies of the positions of the fixed stars (903-986 A.D.). The work cited by
al-Birfini exists in numerous manuscript copies, three Persian translations
(one by Nasir al-Din al:Tiisi ) and two 19th Century French translations.
(Claudius) Ptolemy (11:20), who is here cited as the author of the Geography
(12:1 and, perhaps, 21:22), flourished in Alexandria around 135 A. D. and
wrote The Almagest, which is cited in this treatise at 15:6 and 21:20. Marinos
(of Tyre) (12:1) wrote on geography around 110 A.D. (Abi ‘Abd’allah) Mu-
hammad b. Jabir (b. Sinan) al-Battani (12:11 and 21:21) who died in 929,
was the author of the z;j which has been edited and translated into Latin
by C. A. Nallino. It is the section of this zij on the gibla that a]-Birini cites
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translates this as “auch noch die Entfernung [von Mekka bis zum Beobach-
tungsort]” since that is not what al-Battani did (see [19, pp. 206-7] ) and
al-Biriini’s words here do not imply this.

13:7. mujassamat nagisa. Suter’s translation and explanation, “unvollkom-
mener Kérper (d.h. deren Grundflichen nicht’ Kegelschnitte, sondern un-
klassifizierte Kurven sind)” is a possible one but in the absence of other ap-
pearances of the phrase it is hard to be certain of what al-Biriini intended
by the word nagisa, one of whose uses is to describe the ellipse in the phrase
qat® naqis, and so we cannot be sure of what projections al-Biriini was refer-
ring to here.

13:23-14:1. asturlgban mubattakhan. With Suter we have preferred this reading
to that of mubattahan, chosen by Sa‘idan. Suter does not cite al-Biriini’s own
use of the phrase in the 4strology, «“There is [ among the types of astrolabes]
the mubattakh, called so because the muqgantaras and the zodiac circle are
flattened into an elliptical form like a melon”, [4, p.198].

14:1. There seems to be no reason to change the manuscript’s reading of wujida
li-Hasan to Sa‘idan’s wajadna lahu.

14:1-2. wa-ashad hadhihi’l-sina‘a fiki farigan imma mustamjin we imma mus-
tampin iyyahu. Suter has read the two words mustamjin and mustampin as
if they referred to types of astrolabes, taking the root meaning of majana to
be “thick’ and noting the root according to dictionaries does not possess a
tenth form. We prefer to take the root meaning of majana as “to scoff or
mock” and both words as referring to the attitudes of the two parties the text
mentions.

14:12. tastik al-mubattakh. Here we have preferred Suter’s reading mubastakh
to Sa‘idan’s mubattah, for the objection al-Biriini gives to this projection,
namely that it cuts the ecliptic into two halves, is an objection that exactly
fits the melon-shaped astrolabe as it is described in Wiedemann and Frank
[33. IL, pp. 524-5].

14:13 li-ittisg® al-ab’dd: In changing the printed text’s al-infad to al-ab'ad
we are adopting the suggestion of Lutz Richter-Bernburg.

14:19. al-asturlab al-mubattakh. In view of al-Biriini’s earlier remarks about
al-Farghini and the melon-form astrolabe we have preferred Suter’s reading
here to that of Sa‘idan, al-mubattah.

16:4. natlubu. In many cases we have read verbs as being in the first person
plural rather than second person singular or the passive voice of the third
person singular.
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11:4. In his Astrology [4, p.86] al-Biriini defines the nau’ of a star as its heliacal
rising and explains in his Chronology [3, p.339] that nau’ is also the rising
of a lunar station and that while the influence of its rising is called baris the
influence of its setting is called again its nau’. A plural is anwa’ and elsewhere
in the Chronology [3, p.231] he refers to «all annual consecutive occurrences
and also the meteorological and other qualities of the single days that experi-
ence has taught them (the Greeks and Syrians) in the long run of time, which
are called anwa’ and bawarif”. Hx also records Thibit b. Qurra’s initial opin-
ion that the anwa’ occurre1 ““one and the same day” everywhere and hence
could not be related to the (heliacal) rising or setting of stars.

12:1. ‘an marinus. Sa‘idin notes the Arabic text reads farbiyzs but his
emendation to marinus is certain (and Suter’s reading, “Hipparchus”, is

wrong) in the light of Ptolemy’s text, which does in fact ascribe the mapping
to Marinos.

12.2-5. The transliterated text of Sa‘idan’s edition reads (12:2) min takhst
khutit muwaziyat li-khayt al-itidal wa igamatiha (3) magam dawd’ir al-ard
a'ni aflak ansaf al-nahar wa takhtit khutat muwaziyat li-khatt (4) nisf al-nahar
(MS has li-khatt al-i‘tidal) wa igamatiha magam dawd’ir al-til a‘ni al-madarat
al-muwaziya li-mu‘addal (5) al-nahar. Suter neatly cut the Gordian knot
presented by this tangled passage by translating these lines, «“von der Zeich-
nung der zum Aquator parallelen Kreise und der auf ihnen senkrecht stehen-
den Langenkreise”. This certainly catches the mathematical import of the
passage but is hardly an accurate translation, since iggmatiha magam means
“to put them in place (of other things)”, i.e. simply to substitute one thing
for another, and Suter’s attempt to translate it as if it referred to perpendicu-
lars ignores its proper meaning. Even Sa‘idin’s emendation is only a partial
improvement since it leaves uncorrected the dawa’ir al-‘ard a'ni aflak ansaf
al-nahar (“circles of latitude, i.e. the meridian circles’’) in line 3 and the equally
contradictory dawa’ir al-tal a‘ni al-madarat al-muwaziye li-mu‘addal al-nahar
in the following part.

If we take the emendation Sa‘idan made and assume the copyist’s eye
transposed the two explanatory phrases, each beginning with a‘ni, then the
passage makes perfect sense and may be translated as we have in our
translation, even though other emendations are possible.

12:6-8. To avoid assuming the text is corrupt in these lines as well we translate
al-til al-kulli simply as “the whole length” ( of the map, from east to west)
and al-‘uriid as “the widths” (i.e. the lines measuring the width of this rectan-
gular map, from north to south).

12:18-19. fa istakhraja bihi hina’idhin migdar bu‘d samtihi. Suter incorrectly
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written a treatise on (4) the correction (tashik) of that and the nature of the
methods for knowing everything sought about them, but knowledge that will
accomplish (5) that requires a long life, which people usually do not have, and
authority that penetrates (6) the regions of the earth and means to distribute
among its inhabitants, especially those trained in it (geography), for agreement
in (helping in) that (endeavor) despite (7) whatever contemporary events
might occur. Seldom does (all) that combine in one person (8) and especially
in our present circles, so it is better to concentrate on the work of the ancients
(9) and to devote (our) endeavor to the emendation of one thing after another
on which suspicion falls, with whatever kinds (10) of corrections are possible.

For he who seeks everything will fail at everything and he who aspires
to the extremes is unable (11) to attain them and inflicts on himself the ca-
lamity of the loss of his life and the spoiling of the endeavor and the loss of
treasure. (12) The mean of everything is praised and is far from the two ex-
tremes of overindulgence or neglect. (13) And God the Exalted commends those
who listen to (His) teachings and who follow its best (doctrine). May God make
us one of those who (14) follow His pleasure and do not take their own desire
as their God. May He provide us with the necessities of the two worlds. He
is able to do what He wants, and He (15) knows (our) secret thoughts.

(16) The book of the projection of the constellations and making spheres
plane has finished. (17) Praise to God, Lord of the worlds. (18) And God’s
blessings on our master Muhammad (19) and on his family and all his compan-
ions (20) and may He grant (them) salvation.

2. Notes on the Translation

Title. . . wa tabtih al-kuwar. Wiedemann and Frank [33, II, p.527] suggest
that we should read “tabsikh™ for tabtih”, evidently seeing here a reference
to the melon-form astrolabe (al-asturlgb al-mubattakh) which appears in this
treatise. There is however no textual evidence for such a reading and we
prefer to read the title as Sa“idin has quite properly read it, tabti}.

10:9. hay’at al-aflak. The spheres (aflak) are the eight concentric celestial
spheres containing the seven planets and the fixed stars, with the earth at the
center.

10:16-17. f’l-mawalid wa-tahawiliha wa-tahawil sini’l-“alam. Al-Birini explains
these phrases in his Astrology [4. Sec.249] where he writes that (1) a year
is the return of the sun to the place where it was at its beginning, (2)
a world-year (sanat al-Glam) is the return of the sun to the first of Aries and
(3) a nativity-year (sanat al-mawdlid) is the return of the sun to its position
at the time of birth. He concludes “and it needs the knowledge of that by
which the ascendant is deduced, for the ascendant (*‘of the time determined
by the sun’s return’ — Wright) is the ascendant of the anniversary (tahwil)
of that year”.
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pass, and from these there is drawn on the assumed plane a triangle. Then
(7) a subsequent star is taken on the sphere and it is compared to two of the
three stars and a second triangle is made from that (8) and the measurements
of its two sides are known and are taken from the ruler by the compass and
there is drawn on that (9) base drawn in the first triangle a (another) triangle
from those two quantities in their direction. Similarly, we construct (triangles)
(10) until we finish all of the stars, so that the constellations are then represent-
ed on it (the plane). Moreover, on the sphere (11) each point forms with two
other points a triangle so that what we mentioned (the procedure) will not
trip up the workman.

(12) Also if he were to paint on the sphere on the places of the stars some-
thing that would leave a trace on that which touches it, then if the sphere
is put (13) on the assumed plane in which the representation is to be and it
is rolled on it with a circular movement (14) and it does not abandon the
(original) place (i. e. always returns to it) and one takes care so that the rolling
on it is in all (15) directions equally then the places of the stars would trace
with what was painted on them their likenesses on the plane. (16) And when
care is used in this last (method) there is nothing between what is obtained
and the truth except what is between (17) conceding the part which cannot be
divided and rejecting it.

(18) And the matter of representing what is on the terrestrial sphere is like
what we mentioned about the stars, (19) point-by-point (and) there is no
difference. As for the celestial sphere, tables of the fixed stars are needed for
it (20) and the position of the Milky Way, from The Almagest or the book of
Abu’l-Husayn al-$afi or the zij (21) of Muhammad b. Jabir al-Battani and such
works. (22) As for the terrestrial sphere one needs the information on latitudes
and longitudes of localities from the book Geography (23) and (the coordinates
of) villages, seas, rivers, sands, mountains, mines, (24) the ascents and decliv-
ities that occur, and other things so that its contruction in the plane will take
(25) them into account.

(26) It has been customary for those authors of the books on routes and
kingdoms who represent the earth (27) to color the seas pistachio-green, run-
ning waters with amber or sky-blue, (28) sands by saffron-yellow, the mountains
with violet mixed with alittle red, (29) the towns in square shapes, by cinnabar
red, and the roads by a dust color or blackish. So let (30) the imitation by the
agreement occurring between them (the real objects and their representations)
be similar to what we mentioned.

(22.1) So if we are not able to get these two kinds of books we need to un-
dertake the construction of their contents. (2) As for the observation of the
stars it is by the armillary sphere and the instruments made for that
(purpose) and as for things on the earth, (3) it is by the determination of the
longitudes and latitudes of each (feature) sought on it and I have already
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as we did for (8) circles of longitude. I
mean that the ratio of DZ to ZH is as Z

the ratio of AZ to ZB, so ZH will be
known. (9) And the ratio of HZto HK
is as the ratio of Z4 to AE,so HK
[becomes] (yasbiru) known. Then one
changes it to sexagesimal units (10)
and enters it as an arc in the table of
sines and there results the arc HD, (11)
And just as we perform these opera-
tions for the circles of latitude in the
half (circle) ADGE, so we will perform D
them also (12) in the half, A BGE. And
that is what we aimed at. K H
(13) The centers of the circles of L M
latitude always fall outside the circle, T
A

for the reason that where we want any G
(14) circle of latitude we lay down a
section of the line DE (DTin Fig.4),a

thing whose ratio to the line DE is as
theratio (15) of what it (the circle of lat-

itude) cuts from the two arcs DA and B
DG to the quarter of the circle. And Fig. 4
that will always be less than each (16)

one of the two chords of those two arcs. So, if the center of that circle were
the point D its radius would be (17) the chord of one of those two arcs, and so
it would not pass through the extremity of the section taken from half (18)
of the diameter DE; rather, it goes beyond it towards the direction of the
point E. And (so) when it (arc LTM) passes over it (T) the center falls (neces-
sarily) (19) outside the circle. And if the case of the point D (being the center
of the circle of latitude) is impossible, how much more with the other (cases),
that it is impossible that it be inside (20) the circle. And that is what we wanted
to prove, God helping.

(21:1) And for the representation of these constellations there is another
method, which is also simple, and it is that a ruler is made (2) divided into
one hundred and eighty parts, and on a level surface a straight line is drawn
that one divides into these (3) parts. Then on the sphere (to be) represented
two of the stars of some constellation are picked out and there is compared
to them (4) a third star so that the distances between them become a triangle
and the measurements of these distances are set down (5) by putting through
each pair of stars of them (the three) the edge of a ring of the great rings of the
sphere, and then their measurements are taken (6) from the ruler by the com-

wn
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we multiply ZH, which we kept, (9) by

D
ninety, which is BE, and the whole H
is divided by ZB which is the radius
of the (10) circle of longitude, and then \
there results HK which is the sine of
the sought AH. \)
G [ EY E Z K A
\k
B

(11) But these lines and sines and
diameters which have been deduced for
us are in a unit of which (12) the radius
of the circle A BGD is ninety parts and
it is necessary this be changed to the
sine (13) in which the radius of this
circle is sixty parts so that when we Fig. 3
enter the arc in a table of sines (14)
there will result the arc AH, and that we accomplish by subtracting from it
(HK) its third or we multiply it always by forty minutes(15) and it changes to
sexagesimal units. (16) And this arc, i. e. AH, whichis the arc of the intercept,
will be in the direction of B when (17) the point Z is outside the circle (Fig. 2)
and it will be in the direction of D when the point Z is inside, (Fig. 3).

The knowledge (18) of the position of the point Z using the relation of
the distance between the two centers to the radius of circle 4BGD: If the
two are (19) equal the point Z is on top of 4 and the arc of intersection disap-
pears; but, if (20) the distance is greater than ninety, i. e. AE, the point Z is
outside (21) the circle and if it is less than ninety the point Z is inside the circle.
(22) And certainly when we have determined those circles falling in the half
(circle) BGDE we know from these the half BADE.

(23) And so we now come to the circles of latitude and we repeat the circle
ABGD (Fig. 4) in which is the section (M TL) of the circle, (24) one of the
circles of latitude, and we want to know about it what we know about the
circle of longitude. Let (25) its center be Z, draw AH[Z] (D) and drop a
perpendicular MS, [the sine] (haythu) of arc MD, and SE is the sine of its
complement, (26) i.e. AM. And these two are known from the table of sines.
We increase each one of them by (20:1) its half, or always take its product
by ninety minutes, (so) it will change from a sexagesimal scale to (2) a nona-
gesimal scale. Then SE is known in this scale (of 90) and we take away ET. TS
remains (3) (as) known. And the area, T'S by the sum of SZ and ZT, is equal
to the square of MS. So when we divide the square (4) of MS by TS there
results the sum (of) SZ and ZT. And when we add half of TS to half the
sum (of) (5) SZ and ZT it totals up to TZ, and it is the radius of the circle of
latitude. And if we add ET to TZ it totals up to (6) the distance between the
two centers.

(7) If, then, we want to know the arc HD, which is the intercept, we proceed
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struction on knowing the measurements of the sizes of the circles, the distances
of their centers from the center (9) of the postulated circle, and the intercepts
of thelines (radii of these circles) (with) its circumference (i.e. 4H).

(10) So once again we make a circle A BGD (Fig. 2) about the center E
with two diameters AEG and BED and in it we put down (11) one of the
circles of longitude, DTB. Let its center be the point Z and we draw BZ.
It cuts (12) the circumference at the point H and we want to know TZ, the
radius of the circle through (13) B, T, (and) D, and EZ which is the distance
between the center of that circle and of the circle A BGD.

Fig. 2

(14) And so since each of ET and TG is known, because it is postulated,
and the area, TE (15) by the sum of EZ and ZT, is equal to the square of EB
so that when we divide the square of eight thousand one hundred, (16) i.e.
the square of BE, by ET, there results the sum of EZ and ZT. So, if we
add ET to the quotient (17) of the division it adds up to the diameter of the
circle of longitude. When we subtract half of ET from half (18) of the quotient
of the division, EZ is obtained, which is the distance between the centers.

(19:1) And as for the knowledge of the intercept, i.e. the (arc) distance
between the two points 4 and H, we make the perpendicular (2) HK. (3)
Thus, since the area AZ by ZG is equal to the area BZ by ZH the ratio of
AZ to ZH will (4) be as the ratio of BZ to ZG. So when we multipply 4Z,
the excess of what is between the 90 parts (the radius) and the distance
(5) between the two centers, by ZG, which is in the first picture (Fig.2) the
sum of 4 [Z] (D) and one hundred (6) eighty parts and in the second picture
(Fig.3) one hundred eighty from which AZ is lacking, and if we divide (7)
the whole by the radius of the circle of longitude there results ZH and it is
what is kept. (8) The ratio of ZH to HK is as the ratio of ZB to BE and so
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equal to its distance from the beginning of Aries (one hundred and seventy-
nine degrees) (6) dividing from the point 4. And so we would end up at Z its
degree, and the circle passing thgough it (7) is its circle of longitude. We count
on it in a southerly direction, i.e. the direction of B, an (amount) equal toits
latitude to F (8) and we say that it is the place of the assumed star. (9) And
thus we do for each star whose degree is between the beginning of Aries and
(the end of) Virgo so that (10) the copy of the half is completed. And we draw
around each constellation its shape, which goes along with it, according to (11)
what the locations of the stars making up its members necessitate.

(12) Then we repeat a circle like this one with which the representing (was
done) and we make on it those constructions mentioned (13) and we assume
it to be the half that is from the beginning of Libra to the end of Pisces and in
it we assume (14) the point A as the beginning of Libra and the point G as
the end of Pisces and we take the distances of the degrees of the remainder
of the stars from (15) the beginning of Libra and we construct what we con-
structed (before) so that we obtain all of the constellations in two circles.

(16) And if we do not want the constellations to be chopped off at one of
the two equinoctial points, which fall on the (17) edges of both of the two
circles mentioned, then we draw, along with these two aforementioned circles,
two other circles (19) in one of which we mark the point 4, the beginning of
the sign of Cancer, and we take the distances of the stars from the first (19)
of Cancer, and in the other the point A4 is the first of Capricorn and we take
the distances of the degrees of the stars from the first (20) of Capricorn and
so out of these two we complete what is in the first two pictures.

(21) And the brilliancies of the stars are among what is mentioned in the
(relevant) books so that will be what is indicated on their positions (22) accord-
ing of their degrees (of brightness), after determining magnitudes suiting these
points, in continuous succession (23) as befits the increase.

(24) And as for their temperaments we prepare pigments similar to the
colors of the planets and then blend from these (colors) (25) for each planet
according to what was mentioned of their temperaments and paint on the
void, the empty spaces that remain between them, with lapis (18:1) lazuli
similar to the bluish color seen in the heavens as far as the eye can see
around (2) the celestial sphere. And our representation of the constella-
tions will be over the lapis lazuli with white so that it will be (3) clearer to
the sight. (4) When we have finished that we obtain what was sought as
nearly as it can be from (these) methods. (5) God, the Exalted, permitting
and willing.

(6) But some craftsmen incline to calculation and prefer it to constructive
methods despite (7) all that we have found about it, (concerning the) methods
of the maker of the astrolabe and instruments, and for that reason we will
transfer what we mentioned to (8) methods of calculation and will give in-
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the place of that star and a point is (made) on it (the place).

(25) And so in the illustration we have assumed a star whose distance
from the beginning of Aries is one degree aml whose latitude is (26) one degree
north. Thus we have counted from the point A4 on the line 4EG one division
of (17:1) its divisions and we ended at the point H. And we said that this is
its degree (of longitude) and the circle that passes through it (2) is the circle
of its longitude. Then we counted on the circle of its longitude in the direction
D, the north, one (3) of its divisions and we ended up at O and we say that O
is the position of the star mentioned.

(4) And similarly, if we had assumed a star at twenty-nine degrees of Virgo
and its latitude in (5) the south one degree. We would count an (amount)
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seek on each of the two lines EA (and) EG centers of circles (5) all of which
pass through the two points B and D and through every [division of the
divisions] (qufr min aqtar) of the diameter. We also seek on (6) each of the two
lines EB (and) ED centers of circles that pass part-by-part through the divi-
sions of the diameter (7) and through the similarly numbered parts of the cir-
cumference of both sides.

(8) Thus in the illustration (Fig.1) we have made AH one division of the
ninety divisions of AE and we seek on the line (9) EG the center of a circle
that passes through the points B, H, (and) D, and so when we have found
it and have opened the compass that
by (amount) we describe with it also D
(10) in the other direction a similar one
so that it will be for example the circle

BZD. These circles are called (11) cir- S N M
cles of longitude. allz o L | A

(12) Then each of the two ares AM T L
and GS is assumed to be one of the K

parts (13) of the circumference (qufr).

We seek one of the parts of the diam-

eter and we seek on theline ED the cen-

ter of a circle that passes (14) through

the points M, NV, (and) S and so when B
we have found it and opened the Fig. 1

compass by that (amount) we draw

with it also in the southern direction (15) (one) similar to it, such as LKT
and it will be its [ corresponding circle] (qufraiha) in the south. These circles
are called (16) circles of latitude.

(17) So when we have done that to each part we have completed each of
the circles of longitude and of latitude, one hundred (18) seventy eight circles
(for each direction) not counting the two lines AEG and BED and the two
lines of the circle ABGD. (See Fig.6, not in treatise, constructed for intervals
of 6°.)

(19) Then you set forth every star whose degrees (of longitude) are between
the first of Aries and the last of Virgo, (20) so that you count one degree from
the beginning of Aries, and their equal is counted from the point 4 on the
line AEG so that where the end is (21) will be its degree (of longitude). The
circle of longitude passing through that degree is the circle of its longitude.
Then you take (22) the quantity of its latitude and you count its equal from
its scale on the circle of its longitude, from the parts into which the circles
of latitude divide it: (23) If to the north then towards D and if to the south
then towards B. And where (24) the counting comes to an end there will be
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or southern, and with it it is possible to project the stars of the celestial sphere
in their entirety in the plane of (22) the celestial equator or in the plane of
any postulated great circle. (23) However, the northern and southern con-
stellations are assembled all together in it and pile up on top of one another,
(24) and the stars near the circumference of the circle of the plane represen-
tation are very much cramped together and they vanish, so that (25) perhaps
some northern and southern stars are considered to be one in the view of the
eye. As for those opposite (26) the center of the circle of the plane of repre-
sentation, distant from its diameter, their occurrence (in the plane) is nearer
the truth.

(15:1) I have heard Abt Sa‘id Ahmad b. “Abd al-Jalil (al-Sijzi) the geome-
ter, say about Abd’l-Husayn (2) al-Safi that he had placed thin paper on the
sphere and wound it on its surface so that it fitted it (3) neatly on its surface.
Then he drew the figures on it and indicated the stars in accordance with their
appearance (4) on the transparency. And that is a (good) approximation
when the figures are small but it is far (from good) if they are large.

(5) And he, i. e. AbG’l-Husayn, claims in passages in his book, and for a
number of the figures, that they (6) are seen in the sphere differently from
what is seen in the heavens, and that is because of an error in the tables of
The Almagest from which (7) the sphere was made. So by my life, when this
slight error is on the sphere barely perceptible (8) to sight how much less
would one recognize it on the flat plane which does not conform with the
domed (9) neatly unless some places of it are bent, contorted and doubled
over, and when it returns to its evenness the bent becomes planarized and the
doubled becomes separated.

(11) And if all the cases mentioned are of such great difference between
what is seen in the sphere and (12) in the plane it is incumbent on us to make
some device with which to reconcile the two viewings (of the plane and sphere).
(13) But if the discovery of a rational ratio between a straight line and a cir-
cular line is impossible (14) and similarly it (a rational ratio) is absent between
a plane surface and a spherical surface we are prevented from making (15)
that as it is in reality.

Thus I say: (16) if I want to represent the celestial constellations on alevel
plane then we describe around the center E (17) the circle ABGD for the
half of the sphere which is from the beginning of the sign of Aries to the end
of the sign of (18) Virgo and we quarter it with two diameters AG and BD.
Let A be the beginning of Aries and G the end (16:1) of Virgo, B the south
and D the north. We divide each of the four quarters of its circumference
(2) into ninety equal parts and we also divide (each) of the four halves of the
two diameters (3) into ninety equal parts. We produce these two diameters
in their directions in a straight line outside (4) of the circle, indefinitely. We
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them is not (17) according to the relationship of their distances in sight, unless
the plane is tangent to the center of the constellation (18) intended (to be
represented) and the vertices of the cones are beyond the tip of the diameter
perpendicular to that plane, (19) and then the difference, in sight, is small,

but whenever the constellation is closer to the vertex of the cone (20) the
difference mentioned is more.

(21) It is possible to copy what is on the sphere onto the plane by another
way, which Abi’l-‘Abbas al-Farghani attributed (22) in a number of ma-
nuscripts of his book called The Complete to Ya‘qib ibn Ishiq al-Kindi
(23) and in a number of them to Khilid b. “Abd al-Malik al-Marwarriidhi.
It is called (14:1) [melon-shaped] (mubattah = flattened) and there is a short
book of Hasan’s on its making and the specialists in this art (2) are of two
parties concerning it: either they scoff at it or they try it out. (3) As for those
who scoff, they reject it fundamentally, so they refuse to have anything to
do with the reply to its author and they are annoyed at him, (4) such as al-
Farghani. As for (the party) trying it, some claim the sphere may be imagined
to be flattened at (5) one of the poles (and) cut at the other pole and some
claim that between this astrolabe (6) and the projection mentioned there is
nothing in common, but there came a flood of instruments for deriving the
risings (7) and altitudes, such as the sun dials and others. (8) I am the third
of these two parties, claiming about this astrolabe what I firmly believe, that
it is a kind (9) of conical projection previously mentioned and I will make
concerning its manufacture and demonstrations of (10) its validity a book
later on if God, the Exalted, wills.

(11) But (for) now I say: (12) In the projection of the melon-shaped (as-
trolabe) only the representation of one of the two halves of the zodiac is pos-
sible, either (13) the northern or the southern, and the annexation of the other
half to it is useless because of the wideness of the distances (14) every time you
increase a little bit in the sphere, and overstepping the acceptable limit by
its likeness in that. Then one must be content with (15) the representation
of each of the two halves of the zodiac in a figure separately, and the greater
the figures (16) with respect to advantage and the more of them in need of
being seen, i. e. those running across the middle of the zodiac and (17) the
celestial equator, it (the projection) cuts and divides into both of the two
figures (the two separate representations of the northern and southern halves)
and that is far from what is sought.

(18) As for the cylindrical projection, it is what comes to mind from the
abundance of drivel that al-Farghini spewed forth on it (19) at the end of his
book on the refutation of the melon-form astrolabe, but I think that 201
have beat him, and I have called it ‘“the (cylindrical ?) projection” for a reason
that is out of place here, It is a kind of middle ground, (21) neither northern
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the magnitude of the difference between the two latitudes — in a southern
direction if the latitude (13) of Mecca is less than the latitude of the locality
and in a northerly direction if it is greater than it. From the endpoint he drew
(15) the line of latitude parallel to the east-west line. Then he took from the
extremity of the north-south line which was in the direction (16) of the line
of latitude (just drawn) the magnitude of the difference between the two lon-
gitudes (and measured it along the circumference of the horizon circle) in the
direction of Mecca from the locality. He drew from (17) the extremity the line
of longitude parallel to the north-south line and he claimed that that (point)
of the line of latitude (which) the line of longitude intercepts (18) is the place
of Mecca in the horizon plane, and so with it he deduced then the magni-
tude of the distance (19) of its azimuth. (20) And that way of construct-
ing the azimuth of the gibla is a gross error which all of the scholars accused
him of in (21) their books on the azimuth of the gibla, e. g. Abi Sa‘ld Ahmad
b. Muhammad b. ‘Abd al-Jalil ( al-Sijzi ), Abéi Mansir ‘Ali b. ‘Irdq, and Abl
Mahmid Hamid b. al-Khidr al-Khujandi.

(13.1) That prompts me to establish principles with which one may attain
the two representations, of the stars and constellations in the celestial sphere
(2) and of the countries, mountains, seas, rivers and other features in the
terrestrial globe, (3) that he may build on them (the principles )I have set
forth by that (treatise) and not (need to) rely on anything else.

Thus I say: (4) It is known to those interested in astronomical instruments
and their construction, and inquiring into their true facts, (5) after investigat-
ing the science of astronomy and grasping the full portion of geometry, that
circles and points (6) on the sphere are not copied onto level surfaces other
than by passing through them straight lines and the surfaces (7) of cones,
right and inclined, and the surfaces of eylinders, and the surfaces of deficient
solids (al-mujassamat al-nagisa). (8) As for straight lines and the surfaces of
cones, it is (the projection) by which is set up the construction (9) of the astro-
labe. With the variation of the position of the vertex of the cones and of the
starting point of those lines in the two directions (10) of the north or soutb the
astrolabe becomes two types, the northern and the southern, but with the
variation (11) of their positions (i.e. the positions of the vertices of the cones)
on the axis of the sphere either at the two poles of the sphere or outside of it
on the extension of the axis (12) the circles copied on it [the plane] are of
various kinds: thus in the plane they become straight lines and circles and
species of (13) the three (sections): the hyperbola, the ellipse, and parabola.
(14) And it is known, necessarily and clearly, that equally spaced circles on the
sphere are projected in these (15) planes, either varying in distances but paral-
lel to each other or varying in distances and not parallel, (i.e.) the same distances
lessen (16) in some places and widen in others. When it is thus, the copy of
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and did not remain in the same state; (8) rather, they deteriorated and became
worthless even if the copy was by ruler and compass. Especially (is this so)
since (9) the constellations in those books were isolated, set apart one from
another (and) were not represented (10) in (their totality, so that one could
make use of the nature of their (relative) positions in knowing and compre-
hending them, as well as of their occurrence in relationship (11) to each
other.

And if someone wanted to copy the positions mentioned of these stars in
the books (12) and tables composed for them onto given spheres of whatever
substance, an imitation of them on the celestial sphere, (13) as I described
in the Book of the Making of the Sphere, it would not depart from the imitated
at all. (14) It would be an impression on the sight in (its) entirety with no
isolation (of the separate parts). Now it is evidently impossible with (15)
small spheres and possible with big ones, but the big ones are scarcely to be
found, of great inconvenience in (16) transport and carrying, as well as in use
and in practice. Thus the difficulty of that is in what corresponds to (17) the
benefit in it, if it (the difficulty) does not surpass it (the benefit).

(18) As for copying these stars and their constellations onto the surfaces
of flat planes, (19) what is difficult for spheres (transportation from place to
place) becomes easy for these; but the matter of imitation in them takes the
same course as (the other matter — transportation) on spheres. Then I came
across the book of Ptolemy on the figure of the earth, (12:1) called Geography
and what he said in it on the authority of Marinos (faribis) of instruction
on representing (2) the figure of the earth on a plane, among the topics being
the drawing of lines parallel to the east-west line and substituting them (3)
for the circles of latitude, I mean the circles parallel to the equator (the
meridian circles ), as well as the drawing of lines parallel to the meridian line
(the east-west line) and substituting them for the circles of longitude, I mean
the meridian circles (the circles parallel to the equator). (5) He claims that
(where) the circle of longitude of the place sought cuts the circle of latitude
is its place (6) in the representing plane; but, it is not hidden to him who
contemplates (the matter) that the total length, which is half a revolution
(7) in every day-circle, (if) this place (is) in the vicinity of (either of) the two
poles, be equal in magnitude to the terrestrial equator, (8) (and so) it has no
similarity (to reality) such as that of the day-circles on the (model) sphere.
Also the widths are found on parallel lines (9) while in reality they are found
on nonparallel lines, that all meet at two points, and that is a contradiction.

(10) And it was thus that Muhammad ibn Jabir al-Battani showed it in
his zij when he wanted to deduce the azimuth (11) of the gibla and the place
of Mecca relative to the horizon plane. He took, from the end of the east-west
[line] (plane) nearest (12) Mecca, on the circumference of the (horizon) circle,
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so on. (14) As for the art of judgements (i.e. astrology) that informs us
concerning the influence of the higher bodics on the lower bodies, (15) among
the (things) clearly needed here is determining their magnitudes, their tem-
peraments (kaifiyat mizdjatihd), and their colors, (16) by direct sighting as
well as their positions relative to the constellations which are used in nativities
and their anniversaries and (17) world-year anniversaries and the ascendants
of conjunctions and oppositions.

(18) It is also of no small advantage and profit in general knowledge, for
example in knowing the times (19) of the year in advance of their changes,
due to the succession of the seasons, and knowledge of natural conditions
occuring almost regularly in the years (20) throughout time, relating to land
and sea, to dryness, dampness (21) and in between, and those of them (natural
conditions) found in the vapors (of the atmosphere), unvarying except in places
and regions, (22) such as storms (anwd’) and strong winds (bawarif) and the
blazing hot days (waqdat), and the cold (kajrat), the great heat (bawdahir), and
the coldest ( Ayyam al-‘ajiz ) days, and similar ( means of identifying the
seasons) (23) that are used by the Byzantines, Indians, and Arabs, also knowl-
edge of the productive times, in which it is necessary to mate (24) animals,
plant trees, and sow seed, since it ( the result ) differs in other (times) than
these; as well as knowledge of the times (25) in which the seas become violent
and are agitated and they become unnavigable.

Then, too, (there is) knowledge of the position of cities in the earth relative
to each other, (26) of mountains, seas, and rivers and their bends, and the
course of the shortest routes (27) and how to make them for the travels of
armies (and) the sending forth of caravans. Also knowledge of the directions
of places (28) from one to another, either for heading toward them or for
facing their directions in accordance with the laws instituted in the books
of God, (29) Who is Exalted, and the writings of His prophets, on them be
peace, commanding (them) to face them (the places) as a duty (written) in the
laws.

(11:1) Rarely is someone found who by sight is able to take in the knowl-
edge of (all of) them (the stars) so that he points to each one of them as a sign
to satisfy the questioner and guide (2) the student to certainty; rather, the
most are those who rely in this matter on what the specialized books mention,
(3) such as the book of ‘Utarid b. Muhammad on The Astrologers’ Profession,
the book of ‘Umair b. al-Farrukhin al-Tabari On (4) the Representation of the
Sphere, the book of Abi’l-Husayn al-Stifi On the Fixed Stars, and the books
of authors on the (5) anwa’ limited to the teachings of the Arabs.

(6) Moreover it is certainly clear that those constellations represented
in those books, even if their representation was true (7) and their accounts
exact, changed with the succession of manuscripts and the multitude of copies,
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Of the above writings we have had access only to the study by Fiorini,
the translation by Suter and the text established by Sa‘idan. Since Suter’s
translationisincomplete, only summarizing the text at certain points, and he
devotes but a third of the one page of commentary to a study of the projec-
tions, we have written the present paper to give a complete translation of the
scientific text as well as a mathematical study of the mappings al-Biriini
describes in it. Since these are some of the few new mappings of the sphere
to be described since Ptolemy wrote his Geography almost 900 years earlier,
there seems to be sufficient reason to study this treatise in detail.

1. Translation

Our translation is based on the Arabic text of the treatise as edited by A.
Sa‘idan [27]. (On difficult passages we have of course consulted Suter [29]
and have followed him probably as often as we have departed from him.)
Where we have altered the readings in this text we enclose the alteration in
square brackets and supply a transliteration of the actual text in parentheses
immediately following. Additionally, any material we have added by way of
explanation is enclosed in parentheses. A short commentary on the translation
supplies any additional remarks that cannot be conveniently inserted by
brackets or parentheses in the translation itself. The notation (n:m) denotes
the beginning of line m of page n of Sa‘idan’s edition of the text while (m)
denotes the beginring of line m. We translate “jayb” by “sine”’, but the reader
must remember that the medieval sine function, usually written Sing 0, is
related to the modern by the rule Sing ® = R sin ©, where R is the radius of
the circle. When only one circle is under consideration we write simply Sin ©.

Since the Arabic MS of al-Biriini’s work lacks three diagrams we have,
following Sa‘idan, supplied these, and we have followed the system of Kennedy
and Hermelink [12] in transcribing letters in the text referring to points of
geometrical diagrams.

The translation follows:

(10:6) Acquaintance with the complete constellations comprising the ob-
served stars, from among those with which the heaven is decorated (7) and
which are made signs for those observing carefully the heavens and indications
for those who wander on dry land or sea, is (8) of no little advantage or utility
in both parts of the science of heavenly bodies. (9) As for the science of the
form of the heavens, it concerns the stars, their motions, the practice of ob-
servations (in terms of) what is necessary (10) for taking their altitudes and
the distances of what follows them, and in knowing the times at night when
there is need of (11) determining them, in showing quantities of the movements
and of the periods, past (12) and future, and the verification of returns in the
eccentric orbits and the comparison of the rest (13) of the stars to them, and
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Escorial ar. 909, fI. 63v, 64r.
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Escorial ar. 909, ff. 61v, 62r.
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Escorial ar. 909, {f. 53v, 5 Ir.
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Escorial ar. 909, ff. 49v, 50r.
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Escorial ar. 909, ff. 47v, 48r.
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Escorial ar. 909, ff. 45v, 46r.
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§ True daily lunar motion g True daily lunar motion
S22 13 ou 1 E! g 12 13 1 15
:E —; Amount of tl}e moon’s body § -; Amount of Fhe sun’s body
g = eclipsed o @ eclipsed
a digits digits digits digits A digits digits digits digits

1 12 12 12 12 1 12 12 12 12
2 12 12 12 12 2 12 12 12 12
3 12 12 12 12 3 12 12 12 12
4 12 12 12 12 4 8 8 10 11
5 12 12 12 12 5 6 6 8 9
6 8 10 11 11 6 4 4 6 6
7 7 6 9 10 7 3 3 4 6
8 4 5 ] 8 8 1 2 3 3
9 2 3 4 6 9 0 1 1 2
10 0 0 2 3 10 0 0 0 2
11 0 0 0 2 11 0 0 0 1
folio
Table of Lunar Latitude 62v
The argument is 2 = 10, 20, 30, ..., 360°.
Entries are 4;30°sin A , to minutes, the standard
Indian method. Cf. Suter 2, Tables 21-26.
Table of Eclipse Colors 63r
The table is in two parts. On the right the argument is: 10’, 20°,
30’, ..., 60’ of lunar latitude. Entries are colors of the moon.
On the left the argument is 5°, 10, 15/, ..., 35°
of lunar latitude. Entries are colors of the sun.
The same table is in Ibn al-Banna'.
Colophon (No date or name is given). 63v
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MS Paris B. N. ar. 6913, f. 102r of al-Zij al-Rigani, an eleventh-century
compilation; MS Escorial ar. 927, f. 6r of the anonymous recension of
the ninth-century Mumtahan Zij; and MS Cairo TFF 11, f. 61r of the
eleventh-century Persian astrological handbook entitled Rawdat al-
munaijimin.

Each of these tables is investigated in a forthcoming study by the
second author on early Islamic tables for determining lunar crescent

visibility.
ZODIACAL CLIMATES

SIGNS Ist 2d 3d 4th 5th 6th Tth
Aries 11;24 | 114 11;19 | 1036 | 11;17 | 939 9;28
Taurus 11;11 | 11;24 | 10;33 | 10;21 | 10;12 9;18 928
Gemini 11;2 11;11 | 10;10 | 10;32 9,29 9;24 9;3
Cancer 11;10 | 11;15 | 11;38 | 10332 | 12;25 | 12;46 | 12:9
Leo 13;14 | 13;18 | 13;4 [ 15;0 | 16;7 |16;17 | 13;15
Virgo 14527 | 16519 | 1752 17;10 | 23;27 | 23;21 | 2450
Libra 15;2 16;7 18;19 | 19;4 | 21;28 | 22;24 | 24;1
Scorpio 14;12 | 14;32 | 16519 | 17;17 | 1332 19;42 | 2152
Sagittarius 1250 18;39 | 13;18 | 14;42 | 14;31 | 1432 14,31
Capricorn 11;10 | 11;45 | 11;21 | 11;26 | 11;0 11;9 11;45
Aquarius 11:3 11;47 | 1152 11:4 9;15 9:7 9;15
Pisces 11;24 | 11511 | 1159 10;9 9;11 9;0 814

Table of Lunar Crescent Visibility, f. 61v

folio
Table of Eclipses 62r

There are in fact two tables, transcribed below, one for lunar,
one for solar eclipses. For each there are two arguments:

1, 2, 3, ..., 11, distance between moon and node,
12, 13, 14, 15, deg./day lunar motion.

Entries give the eclipse magnitude in integer digits.
This is a garbled version of a table given by Ibn al-Banna’.
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folio

Table of First Stations of the Five Planets (see Kennedy 1, p.142) 59v

Entries are to minutes of arc for argument 60, 120,180, ..., 1800,

Essentially this is the table of al-Battani (Nallino, vol. 2, pp.
138-9), hence originally from Ptolemy’s Handy Tables. See also
Suter 2.

Table, Equation of the Trepidation Motion 60r

Argument range: © = 10, 20, 30, ..., 3600°,
Entries, to minutes, are close to 10345 sin ©, Thabit (in Vernet 1, p,

91, note 182 and p. 92, note 187) has a maximum of 10;45°, and al-
Marrakushi(in Sédillot-pére, p. 131) has 9;59°.

Table of Right Ascensions 60v

Entries are to degrees (sic) for each degree of the argument. The
Function is in fact the normed right ascension function, 4 o 2)-90°,
commencing with Capricorn.

Table of Oblique Ascensions for (the latitute of) Fez 61r

Layout and precision as in the preceding table, except that this
commences from Aries.

Table of Evening Lunar Crescent Visibility, 6lv

transcribed below. The same table appears in Paris MS B.N. Or.
2513, f. 71v, of the thirteenth-century Egyptian Mustalah Zij;
f. 58v of an unnumbered Maghribi astronomical manuscriptin
the Museo Naval de Madrid ; MS Cairo Dar al-Kutub MM 23,f. 9r,
of a small z7j compiled in Cairo ca. 1700; MSS Milan Ambrosiana
C82, front flyleaf, and Escorial ar. 966, f. 192v of a redaction
of the astronomical tables of the late-fifteenth-century Spanish
Jew Abraham Zacuto (see note 15 to Section 2) prepared in
Istanbul in the early sixteenth century; and in MS Cairo TM
119, f. 1r on the title folio of an Egyptian copy of an early Iraqi
astrological treatise.

The table from al-Majriti’s recension of al-Khwarizmi’s z7j inves-
tigated by Kennedy & Janjanian is unrelated to al-Khwarizmi. It is
also found in MS Hyderabad Andra Pradesh State Library 298 of the
zij of Ibn Ishiq (see note 9 to Section 2) where it features as table no.
160. Here the table is attributed to an individual called al-Qallas, whose
name is new to the literature. This table is computed for a latitude
in northern Spain. Al-Khwiarizmi’s table for Baghdad is contained in
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Jolio
1,2,3,.., 30 days,
1. 2,3, ..., 12 Hijra months,
1, 2, 3, ..., 30 Hijra years.
Positions are given for
600, 630, 660, ..., 990 H.
Tables of Lunar Mean Motion, Anomaly, and Nodes 51v-52v
Layout, arguments, and precision as for the sun.
Tables, Mean Motion of Saturn, Jupiter, and Mars 53r-54r
Layout, etc., as for the sun.
Tables, Anomalistic Argument of Venus and Mercury, as for the
sun. 54v-55r
Table of Hourly Planetary Mean Motions 55v

Entries are to seconds, for 1, 2, 3, ... 24 hours, for the sun,

moon, Junar anomaly, lunar nodes, Saturn, Jupiter, Mars, and the
anomalistic arguments of Venus and Mercury.

Table of the Motion of Trepidation 56r
Layout, arguments, and precision as for the mean sun.
Table of the Solar Equation 56v

Entries are to minutes of arc for each degree of the ar-
gument. The function is discussed in Section 3 above.
Table of the Lunar Equation 56v

Same layout, arguments, and precision as for the solar equa-
tion. See Section 3 above.
Table, The Anomalistic Equation of Saturn 57r
Entries are to minutes of arc for each degree of the ar-
gument .The function is discussed in Section 3 above.
Table Equation of the Center, for Saturn 57r
Domain of the argument and precision of entries is as
for the other equation of Saturn. See Section 3 above.
Tables, Equations of the Anomaly and Center, for Jupiter and Mars 57v-58r
Layout, arguments, and precision are as for Saturn.

Tables , Equations of the Anomaly and Center, for Venus and Mercury,
as for Saturn. 58v-59r
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Jolio

Table for Extracting the R@mi Date (i. e. Seleucid epoch, Julian years)
from the Arab (i. e. Hijra) 49v

For 480, 510, 540, ..., 900 H the equivalent Riimi date is
given in years, months, days, and minutes (i. e. sixtieths) of days.

For 1, 2, 3, ... 30 Hijra years,
1, 2,3, ... 12 Hijra months,
1,2, 3, ,,, 12 Latin months (beginning with October),

the elapsed time is given in Riimi years, months, days, and min-
utes of days. The same table is in Suter 2, Table 3, Sedillot-pére, p.
97, and Ibn al-Bann?a’,

A Table of Signa (initial weekdays) of the Arab (i.e. Hijra) Years and their
Months, and the Apogees 50r
The entries are changes in the signa for:
30, 60,90, ..., 210 years,
1,2, 3, ..., 30 years (not in order).
1,2,3,...,12 Hijra months.

There is a table of planetary apogees, to minutes of are,
transcribed and discussed in Section 2 above. The list is
repeated at the top of £.53r. The same table is in Suter 2,
Table 2, and Ibn al-Banna’.

A Table of Signa of the Foreign (‘ajamiya) Months in the Calendar of
the Two-Horned (Alexander, i.e. Riimj) 50v

This is a rectangular, double argument table, in which the entries
are signa, and the arguments are:

1,2,3,...,27(Julian) years (since 28 = 7 days/week
X 4, the leap cycle)

and Oct., Nov., Dec., ..., Sept.

The leap years are also indicated. This table is also in
Suter 2, Table 3a, and Ibn al-Banna’.

Table of the Solar Mean Motion in Hijra Years, for Noon at the City of
Fez 51r

All entries are to seconds. Motions are given for:
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Section 2, On Determining the Day of the Week on Which a Given Arab
(Hijra) Year Begins

Section 3, On Determining the Initial Day of the Week of Months of
Foreign (Calendars)

Section 4, The Solar Equation

Section 5, On (true) Positions of the Moon and Its Equation
Section 6, On the Lunar Node
Section 7, On the (longitudes) of the Superior Planets
Section 8, On (the longitudes of ) Venus and Mercury
Section 9, Is the Planet Retrograde or in Forward Motion?
Section 10, In Explanation of Trepidation
Section 11, On Obtaining the Ascensions of the Signs
Section 12, On the Degrees of Rising with the Equation
Section 13, On How (to determine) the Transfer (ascendant)
Section 14, On the Equalization of the Houses
Section 15, On (first) Visibility o fthe (lunar) Crescent
Section 16, On Determining the Lunar Latitude
Section 17, On al-Fadl al-Muqawwam

(This seems to be a measure of the amount by which the planet

has passed the last cardine, perhaps for finding its house.)
Section 18, On Determining (the astrological doctrine of) the Tasyir.

Section 19, On the Determination of Eclipses
Table of the Solar Apsidal Motion
All entries are to seconds of arc. Apsidal motions are given for:
1,2,3, ... , 30 days,
1,2,3, ... , 12 (Hijra) months,
1,2,3, ... , 30 (Hijra) years.

Jolio
45r

45v
45v

46r
46r
461
46v
46v
46v
47r
47r
47r
47v
47v
48r
48r

48r

48v
49r

This table is practically identical with one in the zij of Ibn al-Banna’
(Vernet 1) found on f. 15r in the same MS. It was published in Millds,

p- 352, see also Section 3 above.

For the Hijra epoch Millas(ibid.) gives 28 16;44,17°. In the Escorial manus-
cript of Ibn al-Banna’’s zij (fol. 15r) there is a marginal note that the apogee in
990 Hijra (=1582) is 28 20;10,51°, which is consistent with the Hijra epoch posi-

tion and the motion of 3;26,33¢ for 990 lunar years given in the table. A mar-

ginal note, in the same hand, to al-Qusuntini’s table (fol. 49r) gives the apogee
in 990 Hijra as 28 20;12,27°, for reasons best known to the writer of the note.
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and obtain the epicyclic equation ( o(a’)) at its place. Look at the argument
a second time, (4) and if you have zodiacal signs exceeding six, subtract (the
epicyclic equation from the modified mean). Then note (5) any modified plane-
tary mean (here A is intended) as you find it, in its resulting place. (6) But if
the modified argument is less than your signs (i.e., if «'< 6#) (7) add it (the epicy-
clic equation) to the mean, and its place (i. e. true longitude) will be there, and
note, it, and do not lose it.

Several conclusions are immediate and unequivocal. The equation functions
are of Indian (or Iranian), provenance with no trace of Ptolemaic influence.
On the other hand, the characteristic “‘halving of the equation’” is conspicuously
absent .The calculation of «' is described completely and correctly. The only
objection to the adoption of expression (5) arises from the author’s prescription
of A’ as being A’ + p (x) instead of A'—g (x) as it should be. We must bear in
mind, however, that since negative numbers were generally unknown to medi-
eval scientists, they were often constrained to split a rule into special cases if
a function were sometimes positive and sometimes negative. The complete
rule would then demand addition in one case and subtraction in the other,
or vice versa. It is possible that a complete couplet has been dropped from
al-Qusuntini’s poesy by a careless scribe. If the passage beginning with line
25 could be restored as

Then enter with it according to what you see for the center, (obtaining) its

equation (p.(x)) there, for distinguishing it. [If the center is less than six

signs, subtract the equation from the center, then from the mean. But if it

is more than six signs] add it to the center, then to the mean...
the rule would be (5) without flaw. Or perhaps, in hammering out his doggerel,
the poet inadvertently left out our restoration. At any rate we prefer not to
accuse al-Qusuntini of having been an originator. We suspect he obtained the
algorism from a sequence of predecessors, including perhaps Maghribi, early
Islamic, Indian, and pre-Ptolemaic Greek elements. The discovery of addition-
al texts may settle the issue. Meanwhile we favor expression (5).

It is also possible that in its original form the procedure contained some
sort of ‘“‘halving the equation’ routine, as in (5), which was dropped some
where along the chain of transmission.

6. Table of Contents of the Zij
Solio

Introduction, with the customary praise of God, His Prophet, and
the author’s patron. 44v
Section (fasl) 1, On Foreign (“ajam) Calendars (a description of the
use of tables to transform a date from the Hijra to a different
calendar) 45r
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(3) A=2A—p(®) + o(a) + I(x).Ac(a),

where ' = @ + p (x), ¥ = x —p (x), I is an interpolation function
varying between + 1, and Ao is the difference between o calculated at mini-
mum and maximum epicycle distances.

For the simple eccentric configuration illustrated in our figure a practical
and accurate mode of determining true longitude (nowhere intimated in an
extant text, so far as we know) would be to put

4 A=A -p() + o(«) + I(x). Ac(a’) ,
where «‘, I, and Ac are as indicated above.

We will seek to show that the model intended by al-Qusuntini’s zij is
©) A= A—p() + o(x) =2+ o),

where we call %' the modified mean. This is expression (4) with the last term
missing. That is to say, it takes cognizance of the nodding of the epicyclic
apogee about its mean position, but it ignores the effect on ¢ of the varying
epicyclic distance from the earth.

Aside from the tables themselves, all the information upon which these
conclusions are based is found in Section 7 of the verse introduction (beginning
on folio 45r) which describes the calculation of A for the superior planets. The
next section does the same for Venus and Mercury, but adds nothing significant.

Section 7 of Qusuntini’s zij is translated below. Parentheses are used to
denote beginnings of lines in the text, and to interpolate explanatory material.
The redundant verbiage in the text consists of words or phrases introduced
to pad out the meter and the rhyme.

(£.46r:20) The first of those are Saturn and Jupiter, and after those two, Mars,
indubitably. (21) Extract the mean (}) for that situation, for any one of them
you choose (?), along the succession (of the zodiacal signs). (22) Then, without
fail, subtract it from the solar mean properly; (23) there will remain for you
the argument (¢ = A,— A ) in this operation. Retain it without fail. (24) Then
subtract its apogee from the mean. There will remain for you the center (x =
A —1,) in this style. (25) Then enter with it according to what you see for the
center, (obtaining) its equation (. (%)) there, for distinguishing (it). (26) Add
it to the center, then to the mean (i.e., form » 4 p(x) and A + p(x) = A, sic),
for any planet you suppose as a condition. (27) But subtract it (@ () ) from
its (the planet’s) argument if its center is greater than six signs — obtain it,
(£.46v:1) but if it is less than that number (x < 6°), (do) the opposite with it,
do not add continuously (i.e. form &’ = « 4 p(x) algebraically). (2) Enter
with this modified argument («‘) where you see it registered in the table, (3)
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and the planet on the epicycle are given by two linear functions of time: A,
the mean longitude, and « , the argument of the epicycle anomaly. Then the
true longitude is

(1) A= A+ o(a),

where o is the epicyclic equation. Note from the picture that o causes periodic
variations in A’srate of change; alternately A leads 2, then lags behind it.

At some time it was realized that (1) is too simple to yield precise predic-
tions of position for planets. The deferent was made eccentric, its center being
displaced from the earth. This caused a second periodic irregularity in the
planet’s motion, i (%), the equation of the center, where x = A - 1, is the
center. 1is the solar mean longitude.

The addition of the second equation greatly complicated the calculation
of true longitudes. The two equations cannot simply be added algebraically
to A because they interact with each other in a complicated manner. For one
thing, the initial point from which the argument is measured, the epicyclic
apogee, oscillates back and forth with respect to its fixed position in the simple
model. And secondly, the distance from earth to epicycle also varies. When
the epicycle retires from the earth, its effect is diminished, and conversely.

Tables of the o and p functions were prepared, the arguments « and x
being determined from the mean motion tables. Neither equation is in principle
symmetrical with respect to an « or x of 900, Nevertheless it was customary
in Indian and Sasanian Iranian astronomy to use for ¢ a sine wave of ampli-
tude Pmax for each planet. In addition to the equation tables, some computa-
tional device was necessary, to give numerical effect to the interaction de-
scribed above between the equations.

Indian astronomers used an ingenious if complicated technique to attain
this end. Its main lines are indicated by the expression

(2) A= i‘_— @2 + 03,

from 6y = o(a), M =2+ do1, =%+ Jop, =0 (M), n=2-%wm
+ % oy, etc. The general idea was to merge the effects of the two equations
by successively introducing half of the one into the determination of the other.
There were variants of the basic approach, some rules halving only one equa-
tion, and some neither. Details will be found in Neugebauer 1, and 2, pp. 23-30.

A basic improvement was effected by Ptolemy’s introduction (ca. 150 A.D.)
of the equant, a device to introduce a periodic variation in the speed of the
epicycle center along the deferent. After suitable modification of the p func-
tions, Ptolemaic longitudes are calculated by the expression
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5. Calculation of True Longitudes

Since the evidence upon which our further inferences are based is somewhat
ambiguous, it will be useful to preface its presentation with a sketch of several
ancient planetary models, to which al-Qusuntini’s is related. For all these
models the orbits of the planet and the earth about the sun can be thought
of as represented by two circles, the deferent and the epicycle shown in the
figure below. Which circle stands for which orbit depends upon whether an
inner or outer planet is being considered. Without essential loss of generality,
the figure and the discussion below are taken to be for an outer planet.

earth

An eccentric (non-equant) model
for planetary motion.

The simplest (and earliest) of the models described has the earth at the
center of the deferent. The planet advances along the periphery of the epicycle
at constant speed whilst the epicycle center traverses the deferent with a
different constant speed. At any instant the locations of the epicycle center



INDIAN ASTRONOMY IN FOURTEENTH CENTURY FEZ 11

tinI’s whole set of apogees is a rounded off version of Ibn al-Banna’s, which
is given to seconds (Vernet ).

It is worth remarking that 25 16;44,17°, the position given for the solar
apogee at the Hijra epoch (on f. 49r, cf. Azarquiel, p.352) is very close to the
28 16;45,21° used by Ibn al-Kammad, a student of al-Zarqallu (Toomer 2, p.
321). It is possible that the discrepancy is due to a difference in the calculation
of precession.

4. Planetary Equation Tables

By and large, these tables are, for al-Qusuntini, the same as the analogous
ones in the Khwarizmi zij (Suter 2, pp.132-167), except that, whereas in the
latter the entries for sun and moon have been carried to seconds, in the former
they have been truncated (not rounded) to minutes. Thus the solar and lunar
tables have been calculated by the “method of declinations”:

€ = emx . O(%)/c,

where e is the equation, 3 the solar declination function, x the center (see
Section 5 below and the accompanying figure), and ¢ is the obliquity of the
ecliptic. The planetary equations of the center are:

e = emax Sin X,

hence were computed by the “method of sines’”. The epicyclic equations are
based on the standard eccentric model.

center epicyclic

sun 2;1{4]°

moon 4:56

Saturn 8;3[6] 53440
Jupiter 5;[6] 10;52
Mars 11;13 40331
Venus 2;14 47;11
Mercury 41 2130

where square brackets around a digit indicate restorations of scribal errors.
Of these there are a good many. For instance, by plotting each of the ninety
entries in the solar equation table it can be shown that about a dozen of them
are erroneous.

The numbers cited above are standard parameters of Indian astronomy.
The method of declinations may be from Sasanian Iran or early Islamic; it
is not Ptolemaic (see Neugebauer 2, pp. 95-101).
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sun 0;59,8,11,30,5,56, close to the value in the Toledan Tables (see
Toomer, 1, p. 44) which is that of Ibn al-Banni’ (see Vernet, 1.).

solar apsidal motion 0:0,0,2,7,11, found with Ibn al-Banna’ due to al-Zargillu, see
Toomer, 2, p.316.

moon 13;10,34,52,48, the same as al-Khwérizmi, ibn al-Banna’, and the
Toledan Tables.

moon (anomaly) 13;3,53,56,19 essentially the value of Ptolemy and many others,
including the Toledan Tables.

lunar nodes - 0:3,10,46,57,52, close to Ibn al-Banna’ and the Toeldan Tables.

Saturn 0;2,0,27,50,55, close to Ibn al-Banna’.

Jupiter 0;4,59,7,37,54, close to Ibn al-Banna’ and the Toledan Tables.

Mars 0;31,26,30,0,51,

Venus (anomaly) 0;36,59,28,13,46,16, close to the value of the Ilkhani Zij (cf.
Kennedy, Zij No.6).

Mercury (anomaly) 3:6,24,7,55

trepidation 0;0,0,53,20,31

These numbers exhibit a relation to Andalusian and Maghribi astronomy,
which is not surprising. It will be seen in the next section that al-Qusuntini’s
planetary equation tables are simplified versions of those of al-Khwarizmi,
the extant version of whose zIj was transmitted via Muslim Spain. Neverthe-
less the mean motions above are independent of al-Khwarizmi’s ultimately
Indian parameters (cf. Neugebauer 2, p.93, and Burckhardt.).

On {. 50r (and again on 53r) the following list of apogee longitudes is given,
with no date ( a superscript s denotes a zodiacal sign, i.e. 309):

Saturn 8 29;430
Jupiter 5 943
Mars 4 2:;13
sun 2 17;19
Venus 2 171319
Mercury 6 18524

A marginal note, apparently in the same hand as the text, says that the
distance from the apogee of Mercury to that of the sun is 48 1;8°. In fact, since
2817;190 4 48 1;80 — 68 18;27°, the statement is almost correct. Since in the
Arabic alphabetical numeral system the symbols for 4 (3) and 7 (5 ) are easily
confused, restoration of Mercury’s apogee to 6¢ 18;27° would make the note
correct.

For the three superior planets the distances between their apogees is exact-
ly the same as those in al-Battani’s zj (IVallino, vol. 1, p.241). But al-Qusun-
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times of the five, or occasionally in the Maghrib six, daily prayers.

As elsewhere in the medieval Islamic world there existed in the Maghrib
alongside this scientific activity in astronomy a tradition of primitive folk
astronomy. The pronouncements of one Abli Miqra®, who lived in the thir-
teenth century, were accorded far more respect than was warranted by their
scientific content.?

About the year 1300 the astronomer Ibn al-Banna’ compiled an almanac
of the same kind as the earlier and better-known Calendar of Cordova.® At
the end of the fourteenth century a certain al-Jadariwrote a poem on timekeep-
ing which was much commented upon in later centuries.* This kind of ma-
terial is worth studying for its own sake but also has special rewards for the
historian of science: in an anonymous commentary on al-Jadari’s poem com-
piled in Tlemcen in the sixteenth century there are accounts of considerable
historical interest concerning earlier Maghribi activity in measurements of
the obliquity of the ecliptic (see above), trepidation, and twilight determina-
tions.®

Astronomical activity in the Maghrib continued until the colonial period,
but by then the great zijes of Ibn Ishiq and Ibn al-Banna’ and most of the
underlying theory had been long forgotten. Rather, a plethora of poems on
folk astronomy and on the use of the almucantar and sine quadrants for
timekeeping were the favorite reading of those who passed as astronomers.®
As we have shown, the earlier Maghribi tradition was relatively rich and is
of considerable importance to the history of Islamic astronomy. Furthermore
as we have noted, most of the relevant sources have yet to be studied properly.
The historical and biographical sources must also be exploited before we can
gain a clearer picture of astronomy in the medieval Maghrib.

3. Mean Motion Parameters and Apsidal Positions

From the mean motion tables the underlying base parameters were ‘‘suqeezed”
by a process of successive divisions of total mean travel by the respective
time spans involved. The results, in degrees per day, are tabulated below,
accompanied by comments where appropriate.

1. See, for example, Mayer, p. 67. Nevertheless, the term seems to relate originally to an as-
tronomer capable of reckoning the equations (ta°4dil) of the sun, moon, and planets.

2. On Abi Miqra® see Colin & Renaud. See also Cairo Survey, no. F17 and F49.

3. Translated in Renaud 8.

4. On al-Jadari see Suter 1, no. 424a; Renaud 1, no. 424a; and Cairo Survey, no. F26.

5. This commentary is extant in MSS Cairo K 4311 (defective) and also London B.L. 411, 2.

6. On some late Maghribi astronomical works see Renaud 2 and 7.

50 347
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fourteenth century, astrolabes of excellent construction were being produced.’
In the late thirteenth and early fourteenth centuries there were constructed
in Fez two astronomical clocks, of a kind known otherwise only from mid-
fourteenth century Damascus. The first clock was set up in the Qarawiyyin
Mosque® and the second in the Bu‘indniyya madrasa:® both were water-
clocks fitted with an astrolabic rete. The first clock, in its later form, is still
in situ although the gear mechanisms have gone, and most of the second
clock has disappeared: the remains of both clocks have been investigated
by Prof. Derek J. de Solla Price. Several later Maghribi astrolabes and quad-
rants survive in museums around the world,* attesting to a continuing
interest in instrumentation in the Maghrib until the nineteenth century.

In the fourteenth century extensive sets of tables for time-keeping by the
sun and stars and for regulating the astronomically-defined times of prayer
were compiled in Tunis after the model of the tables currently in use in Damas-
cus.® Another smaller set of tables for regulating the times of prayer was
prepared for different localities in Morocco.® A sundial from fourteenth
century Tunis reflects the interest of the Maghribis in times of day with special
religious significance that had no counterpart in contemporary practice in
Mamluk Egypt and Syria.” The times are not displayed on a later Tunisian
sundial in the Mosque of Sidi ‘Ugba in Qayrawan,® but yet other times are
tabulated in some Ottoman prayer-tables for Algiers.” The position of the
mu‘addil appears to have been the Maghribi equivalent to of the muwagqgit
of the Mamluk world, that is, the astronomers associated with mosques and
madrasas who were responsible for regulating the astronomically-defined

1. See, for example, Mayer, p. 32 on the works of Abl Bakr b. Ydsuf of Marrakesh and Supple-
ment, p. 294 on “Ali b. Ibrahim of Taza. (Another incomplete astrolabe made by him is preserved in
the Musée d’Histoire des Sciences in Geneva.)

2. See Mayer, p. 67 sub Muhammad al-Habbik, p. 77 sub Muhammad as-Sinhaji, p. 73 sub Muham-
mad b. Muhammad b. al-°Arabi, and Azzawi, p. 216 sub Ibn al-Laja’i, for references to the histurical
sources on this clock, and more recently Price for a thorough investigation. On the clock in Damascus
see the brief remarks in the article on Ibn al-Shatirin DSB by D. A. King.

3. See Mayer, p. 40 sub °Ali b. Ahmad, and also Price.

4. See, for example. Mayer, pp. 60-61 sub Muhammad b. Ahmad, and also Janin on a Tunisian
quadrant.

5. On these Tunisian tables see the brief remarks in King I, pp. 192-193 and on the Syrian tables
see King 2. More information is contained in the forthcoming Studies in Astronomical Timekeeping
in Medieval Islam by the second author. The various Tunisian tables are preserved in MSS Berlin
Ahlwardt 5724 and Cairo DM 689.

6. These tables are extant in MS Cairo TR 338,2 - see Cairo Cat. and Survey, no. F35 for details.

7. See King I for a detailed description of this sundial. (On p. 189 the dimensions of the sundial
should be 24 cms. X 24 cms. and not 24 X 34 as stated.) See also King 3, pp. 367-370 on some later
Maghribi and Andalusian texts on sundial theory.

8. Cf. Janin, pp. 208-211 and King 3, pp. 369-370 on this instrument.

9. These tables are preserved in MS Cairo TFT 9, 1: cee Cairo Cat. and Survey, no. F68 for details.
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The Moroccan scholar Ibn al-Banni’ commpiled a zij in Marrakesh about
the year 1300." This survives in several copies but the tables have yet to be
studied properly. The astronomer Ibn al-Raqqam compiled in Tunis in the
early fourteenth century two zijes, both of which are extant in unique manu-
scripts and have yet to be studied.? One of Ibn al-Raqqam’s zijes is said by
the author to be based on another by Ab@’l-Hasan ibn “Abd al-Haqq called
Ibn al-Ha’m, a person otherwise unknown to us. The zij of al-Qusuntini was
not the only baby zij compiled in the Maghrib. Ibn al-Qunfudh in the late
fourteenth century compiled a small zij for Tlemcen based on the zij of Ibn
al-Banna’.® No other zijes specifically for Fez or Tlemcen are known to us.

A recension for Algiers of the zij of Ibn al-Shatir, the celebrated astronomer
of fourteenth-century Damascus, is known from a single manuscript.* Consid-
erably more influential was the zij of Ulugh Beg, compiled in fifteenth-century
Samarqand : Tunisian recensions were prepared by Abii “Abd Allah Muhammad
al-Ttnisi known as Sanjaq Dar and by Husayn Qus®a, and both survive in
several copies.® The late fifteenth century Jewish astronomer Zacuto compiled
his perpetual almanac in Salamanca.® These tables in a modified form were
apparently used in the Maghrib (as well as in Ottoman Turkey), and the
introduction to them was translated into Arabic by Andalusian astronomers.

In Marrakesh in the early thirteenth century and in Taza in the early

1. On Ibn al-Banna’ see the article in the DSB by J. Vernet; Suter 1, no. 399; Renaud 1, no.
399; Renaud 5 ; and Cairo Survey, no. F23. The introduction to his zij is translated in Vernot 1.

2. On Ibn al-Raqqam see Suter 1, nos. 388 and 417 (?); Brockelmann, SII, p. 378; and Cairo
Survey, no. F 22. His Shamil Zij is in MS Istanbul Kandilli 249 and his Qawim Zij is in the Museo
Naval de Madrid - see Vernet 2, pp. 297-298.

Prof. F. Sezgin has recently drawn attention to a manuscript which he lists as a Maghribi recension
of the zij of the eighth-century astronomer al-Faziri (on whom see the article in DSB by D. Pingree),
this manuscript being supposedly preserved in Rabat. See further Sezgin, VI, p. 123, no. 1. The zij,
entitled al-Zij al-Qawim, has, however, nothing to do with al-Fazari — see already the discussion in
King 4, p. 57. Prof. George Saliba of Columbia University informs us that the manuscript is actually
in Fez, not Rabat, and that it was listed in a catalog of rare manuscripts exhibited at the Qarawiyyin
in Fez in 1960. In this catalog, published in Rabat, the author is identified as Muhammad b. Ibribim,
that is, Ibn al-Raqqam, not al-Fazari. Thus this manuscript is probably another copy of the Qawim
Zjj of Ibn al-Raqqam.

3. On Ibn al-Qunfudh see Suter 1, no. 422; Renaud 1, no. 422; Cairo Survey, no. F25; and also
note 4 on p. 4 above.

4. On the zij of Ibn al-Shatir see Kennedy I, no. 11. The Algerian recension is extant in MS Cairo
DM 533.

5. On the zij of Ulugh Beg see Kennedy 1, no. 12. On the copies of the Tunisian recensions pre-
served in Cairo see Cairo Survey, nos. F47 and F53-55.

6. On Zacuto see the article in the DSB by J. Vernet. On the manuscripts of his almanac see
Goldstein 2, especially pp. 239-248. MS Cairo DM 1081 contains a Maghribi version of the almanac
and several Arabic treatises relating to it — ¢f. Cairo Survey, no. F 31.
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appear to have had more influence in Europe than they had in later Islamic
astronomy.! The Andalusian astronomer Ibn al-Kamm3d seems to have based
his zijes on the work of al-Zarqillu, and at least one of his zfjes was in use in
the Maghrib in the thirteenth century.? A Maghribi astronomer who is known
to have relied on a zij of Ibn al-Kammid and also on the observations of a
Sicilian Jew, was Ibn Ishiq, a Tunisian who worked in Morrocco in the early
thirteenth century.® He compiled a zij which Ibn Khaldiin tells us was widely
used in the Maghrib in the fourteenth century; a copy of this work was recently
discovered by the second author in Hyderabad, and awaits detailed study.
Ibn Ishaq quotes several earlier scholars whose works are no longer available
in their original form: for example, in his chapter on lunar crescent visibility
he cites the opinions of the earlier Andalusian astronomers Ibn Mu“adh and
Abi’l-Hajjaj al-Sabti, the latter a student of Maimonides,* as well as others
whose names are new to the modern literature (see Section 6 below).

In passing we should mention that the late thirteenth-century scholar
Abii °Ali al-Marrikushi,’ author of an enormous compendium on spherical
astronomy and instruments entitled Jami® al-mabddi’ wa’l-ghdyadt, hailed
from the Maghrib but wrote his treatise in Cairo. Indeed, al-Marrakushi’s
work, which was highly influential in Egypt, Syria, and Turkey, appears to
have been unknown in the Maghrib. al-Marrikushi quotes such sources as
al-Zarqallu and Ibn al-Kammad, but a thorough investigation of his sources
for his writings on instruments has yet to be undertaken. Transmission and
influences are indicated in the chart below.

al-Knwarizmi & al-Battini &
the Sindhind Tradition  the Ptolemaic Tradition
- Al Zarqally
//’/ (And;ffia)
al-Marrakushi b I_H-‘,‘?” Ibnal-Kammad
Cegypt? n al-Ha’im __Ibn 1shaq
- The Toledan
1bn al-Banna* Tables

Ibn al-Raqgqdm

ton al-Qunfudh al=Quisuntint

1. On al-Zargallu see the article in the DSB by J. Vernet. See also Toomer I on the Toledan Tables
and 2 on al-Zarqallu’s solar theory.

2. On Ibn al-Kammad see Suter 1,no. 487; Kennedy I, nos. 5, 66 and 72; and Toomer 2, pp. 330-331.

3. On Ibn Ishaq see Suter 1, no. 356. See also Rosenthal, III, pp. 136-137 for the remarks of Ibn
Khaldin. The manuscript of his zij is MS Hyderabad Andra Pradesh State Library no. 298 (ca. 200
folios, copied ca. 1400).

4. On Ibn Mu®adh see the article *‘al-Jayyani’’ in the DSB by Y. Dold-Samplonius and H. Her-
melink. On al-Sabti see Suter 1, no. 342.

5. On al-Marrakushi see Suter 1, no. 363 and Cairo Survey, no. C17. The first half of his treatise,
which deals with spherical astronomy and sundials is translated in Sédillot-pére. The second half,
which deals with other instruments, was ized in a rather haphazard fashion in Sédillot-fils.
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it, but that he inherited the method from some much earlier source, probably
through unknown intermediaries.

Section 6 is a detailed table of contents of the entire 2ij. Readers who need
information concerning the contents of a normal zij, or conventions involving
symbols, may consult Kennedy I. The entries in the tables are expressed in
the standard medieval Arabic alphanumerical notation.! Standard topics
omitted by al-Qusuntini are: trigonometric functions, planetary latitudes,
fixed stars, geographical coordinates, and astrological functions. Of special
interest is a lunar ripeness table.

2. Brief Survey of Astronomy in the Maghrib

The following account is the first attempt in the modern literature to out-
line the history of astronomy in the Maghrib.? The evidence indicates that
such cities as Marrakesh, Tunis, Taza, and Flemcen, were the scene of an active
tradition of astronomy for several centuries. Until the available sources are
investigated more thoroughly it will be difficult to establish the connections
between the Andalusian and Maghribi traditions in astronomy.® Prof. G.
Toomer, in his penetrating study of the solar theory of the eleventh-century
Andalusian astronomer al-Zarqallu, has already demonstrated the importance
of Maghribi material based on earlier Andalusian sources that are no longer
extant in their original form.*

From the first five centuries of Islam only one author is known to us from
the Maghrib, namely, the astrologer Ibn Abi’l-Rijil, who worked at the
Zirid courtin Tunis ca. 1045.° Thereafter we have reports of isolated measure-
ments of the obliquity of the ecliptic conducted by an unnamed astronomer
in Meknes, by Ibn Hilal in Sebta, by al-Mirrikh in Marrakesh, and by Ibn
al-Turjuman in an unspecified location, all dating apparently from the twelfth
and thirteenth centuries.®

The activities of al-Zarqallu in Cordova and Toledo in the eleventh century

1. Cf. Irani on this notation.

2. The standard bio-bibliographical sources in which Maghribi astronomers and their works are
listed are the following: Suter 1; Renaud 1; Brockelmann, II, pp. 331-332 and 615-616, and SII, pp.
364-365 and 707-709; Azzawi, pp. 209-221; and Cairo Survey, Section F. See also Renaud 2 on astron-
omy in Morocco and King 1, pp. 192-193 on astronomy in Tunis. On Maghribi astrolabists and their
works see Gunther, I, pp. 248-301; Renaud 4; Mayer, passim; and Brieux & Maddison. Maghribi con-
tributions to mathematics are surveyed in Djebbar.

For catalogs of Maghribi manuscript collections see Sezgin, VI, pp. 329-332, 402-407, and 454-
456, and on two particularly rich collections of scientific manuscripts see Renaud 7 and Samsé.

3. On the Andalusian tradition see the numerous publications of J. Millds Vallicrosa, J. Vernet
Ginés, and J. Samsé Moya.

4. Cf. Toomer 2.

5. On Ibn Abi’l-Rijil see note 4 to Section 1 above.

6. These individuals are mentioned in the anonymous commentary on al-Jadari’s poem, on which
see note 5 on p. 9.
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extant in Arabic in which the planetary theory is essentially Indian rather
than Ptolemaic. This Indian planetary theory, popular amongst certain early
Muslim astronomers,! and not without influence in Andalusia and the Maghrib
throughout the medieval period, is known to be based on pre-Ptolemaic Greek
astronomical models.? The zij of al-Khwiarizmi was also based on Indian
planetary theory, but it has survived only in the Latin translation of an ex-
tensive reworking of the original by al-Majriti.?

The unique manuscript source of al-Qusuntini’s zij is ff. 44v-63v of MS
Escorial ar. 909.* The first part of the same manuscript contains a copy of the
zij of the thirteenth-century Moroccan astronomer Ibn al-Banna’, upon which,
as will be seen below, al-Qusuntini leans heavily. Al-Qusuntini’s 27 is repro-
duced in facsimile on pp. 22-41 below with kind permission of the author-
ities of the Biblioteca de El Escorial. The introduction is written in rajaz
meter.

In Section 2 we attempt to put al-Qusuntini in the context of astronomy
in the medieval Maghrib. No clear picture of this general topic can be presented
at this time. The known sources present a multiplicity of historical problems,
and some of the most important sources have only recently been rediscovered
and have not been studied yet.

In the next section, 3, al-Qusuntini’s mean motion parameters are dis-
played and discussed. They are seen to be from Western Arabic sources, inde-
pendent of al-Khwiérizmi’s mean motions. The same is true of his planetary
apogees, also presented.

In Section 4, however, it is shown that al-Qusuntini’s planetary “equation”
tables are essentially the same as those of al-Khwarizmi, except that seconds
of arc have been suppressed.

Section 5 is an attempt to infer from al-Qusuntini’s rules his method of
calculating planetary true longitudes. We suggest that the solution is an
algorism which, like the equation tables, is firmly in the Indian (and Sasanian
Iranian, and early Islamic) tradition, but which is considerably more primitive
than any related rule hitherto noted. We do not think our author originated

1. On the influence of Indian astronomy in early Islamic astronomy see Pingree 1. (Prof. Pingree
informs us that there are several Sanskrit manuscripts in existence of a work entitled Yantra Jarkali,
suggesting that al-Zarqallu’s works had some modest influence in later Indian astronomy.)

2. See Pingree 2 for an overview of Indian astronomy.

3. On al-Khwarizmi see the article by G. Toomer in the DSB. A medieval Latin translation of al-
Majriti’s recension of his zij is published in Suter 2. A translation and tary is in Neugeb
2. Further insight into the original work is provided in Goldstein 2. On the Byzantine and medieval
Latin traditions based on the Zij al-Sindhind, see Pingree 3, pp. 151-169, and Pingree 4.

4. On the manuscript see Renaud 2, pp. 7-10. The manuscript is of Maghribi provenance, but is
not dated. It contains (1) the zij of Ibn al-Banna’; (2) the z7j of al-Qusuntini; and (3) a commentary
by Ibn al-Qunfudh (Suter 1, no. 422) on the astrological poem of Ibn Abi’l-Rijal (see note 4, p. 3).
Renaud gives the name as al-Qustantini but the text has clearly al-Qusuntini.
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1. Introduction

A certain Abi’l-Hasan °Ali b. Abi °Ali al-Qusuntini’ compiled in fourteenth-
century Fez a sort of miniature zij, or astronomical handbook comprising
tables and explanatory text,’ which he dedicated to the Merinid Sultan Ibrahim
al-Musta“in. This zij is distinguished by the fact that the explanatory text is
in verse.® Many mathematical and astronomical poems, some of considerable
sophistication, were composed during the Islamic Middle Ages; most of these
were Maghribi compilations and most are as yet unstudied in modern times.*
The fact that al-Qusuntini’s zij is in verse, however, is not the reason for our
studying the work. Rather, it is because the zij is the only known document

* The American University of Beirut, Beirut, Lebanon.

** Department of Near Eastern Languages and Literatures, New York University, 50 Washington
Square South, New York, New York 10003, USA.

1. Al -Qusuntini and his zij are mentioned in Suter, no. 371; Renaud I, no. 371; and Brockelmann,
S II, pp. 364-365. (References in italics are to the bibliography at the end of the paper). The epithet
al-Qusuntini indicates that our author or his family was originally from Qusuntiniya (= Constantine)
on the Algerian littoral. He is not known to have compiled any other works, but we have not consult-
ed any medieval Maghribi biographical works. He is referred to as al-fagik, which indicates his
interest in law, and as al-mu‘addil, which indicates that he was a professional time-keeper associated
with a mosque and responsible for the regulation of the times of prayer.

2. A survey of Islamic zijes is Kennedy 1.

3. The only other z7j known to us which may have been written in verse is called al-Zij al-manzim.
and its arrang in verse is implied by the title, al-Sirr al-maktim fi-l-“amal bi’l-zij al-manzim
of a work attributed to the fourteenth-century Syrian scholar Abi’l-Fida’ (Suter 7, no.392), and ex-
tant in a unique manuscript in Oxford. See further Kennedy 2, pp. 18 and 22.

4. Some examples of the most popular scientific works in verse are the astrological poem of Ibn
Abi "I-Rijal (on whom see Pingree 5 and Sezgin, VII, pp. 186-188; the poem on algebra by Ibn al-Yas-
min (Suter 1, no. 320); the poem on timekeeping by al-Jadari (Suter 1, no. 424a); and the poem on all
aspects of science by “Abd al-Rahman al-Fasi entitled al-Ugniim (Renaud 1, no. 541). Each of these
authors worked in the Maghrib.
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