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1. Introduction

The Arabic manuseript 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 manuseript 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-Biriini® (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-Birani (1367 H./1948 A.D.)*
and the Rasd’il ibn Sindn (same year),! following in most cases the incorrect

*History of Math. Dept. Box 1900, Brown University Providence R. 1. 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-Biriini see the article by E. S. Kennedy in DSB 11, 147-158. The mathematical
and astronomical works of Al-Biriini have been listed in GAS 5, 375-383 and 6, 261-267. and D. J.
Boilot, ““L’euvre d’al-Beriini: Fssai bibliographique””, Mélanges. Institut Dominicain d’Etudes Orien.
tales du Caire, 2 (1955), 161-256. Complete bibliographical references to GAS and DSE are in
section 3.

3. OnIbrihim ibn Sinin see GAS 5, Pp- 292-295 and 6. pp. 193-195,

4. Complete references are in section 3.
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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- Birani in “Istikhrdj al-Awtir” (the Extraction
of Chords) and “Ifrad al-Magal fi Amr al-ilal” (the Exhaustive Treatise
on Shadows) and in the Rasd’il ibn Sindn in “Kitab fi Harakdat al-Shams”
(Book on the Movements of the Sun) and “A4l-Handasa wa- ilm al-Nujim™
(Geometry and Astronomy). The parts of the manuscript that were printed
as “Istikhraj al-Awtdr” and “Al-Handasa wa Silm al-Nujam” contain frag-
ments of three works which do not exist elsewhere. These can beidentified as

1. “Treatise on the Solution and the Division of the (solar) Egquation”
(Magala fr’l-tahlil wa'l-tagti® fi’l-ta*dil) by Al-Biriini,

2. the “Exquisite Problems” (Al-masa’il al-mukhtira) by ::.mr.mg ibn
Sinin,

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 tajazzw’ al-magddir ila la nihdya qariba min amr al-khattayn
alladhayn yagruban wa-la yaltagiyan fi’l-istib°ad), a work by Al-Birioni
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 Rasad’il al-Birini and the Rasd’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 1956.7 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 Rasd'il of Biriini and Ibn Sinan, A Rearrangement’’, Tslamic 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), Obigestvennie nauki b Uzbekistane (1977), 30-36.

7. H. Hermelink. **Al-Birani:Lehrbriefe. Vier Abhandlungen aus der mathematisch-astronomi-
schen Sammelhandschrift Bankipore Nr. 2468, Zentralblats fir Mathematik und ihre Grenzgebiete
54 (1956) 2.
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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-
seript (with the exception of the last leaf), in the correct order and with biblio-
graphical references. Because the numbering on the manuscript 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, Dimirdash did not
fully realize to what extent the manuscript had become disarranged; thus
his 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 I shall attempt to prove by means of references in other works of Al-Birdini
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 Sinin. 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 Ibrihim
ibn Sinan. 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-Bir{ini.

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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tion in the text between f. 217b and f. 220a.1° 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 manuseript can be divided into five continuous parts A, B, G, 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, 220298, 326.
B = 325,322, 299305, 309——316.

C = 324, 321, 318, 320, 319, 306308, 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 Dhi’l-Qada 631/July-Aug. 1234, nos. 36-38 (267a-280a) in
Mubharram 632/Sept.-Oct. 1234, no. 39 (280a-282a) in Safar 632/0ct.-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 » (6), a fragment of a ;
(7), and a & (9) on ff. 54, 62, 78, 86, 102 respectively; « (10), b (11), =~ (13),
“ (14), « (15), » (16), »(17) and % (19) on f. 110, 118, 138, 146, 154, 162,
170, 186 respectively; and 4 (20), 5 (21), <5 (22), =5 (23), ™ (24), < (25),
5 (26), 5 (27), 5 (28) and =5 (29) on . 194, 196, 204, 212, 221, 229, 237,
245, 253 and 261 repectively.

@

10. See E. S. Kennedy, The Exhaustive Treatise on Shadows by Abi al-Rayhan Muhammad b.
Afmad al-Birdni (Aleppo: JHAS, 1976), vol. 1 (translation), p. 174 note 4.
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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:

4045 (7), 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 4 131-137, 138-145, 146-153, 154~
161, 162-169, 170-177, 178-185, 186193, 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, 261268 (or 266 7?) (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). T have
not found other numbers indicating gatherings of A, which does of course
not imply that such numbers never existed. The text on #. 267a-282a and
282b-298 -+ 326 is continuous.

- B, G 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, G 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 net belong.
The contents of B, C and D will be listed in section 3.

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

Atthe 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 staie,

3. The contents of A, B, Cand D

This section is a list of the treatises and fragmentsin 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-
script, 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
“restored”” 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, € and D is MS Berlin, Ahlwardt 5658, now
Tiibingen, Or. Quart. 71, containing the Stellar Constellations (Suwar al-Kawdkib) by ‘Abdarrahmin
al-Sufi. See A4S 6, 214 and the facsimile of the colophen of this manuscript (dated 630 H., Mosal),
plate 10 in:

Ab’l-Husayn “Abdu’r-Rakmdn as-Sifi, Swwar’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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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, Ab#’l-Rayhin Muhammad ibn
Ahmad al-Birfini 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 (Da’irat al-MaSarif 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 pageq
of the p-th text in volume X Y.

RB = Rasd’ilu'l-Birani. Containing four tracts, 1361 H./1948 A. D.

RH = Majmi® al-Rasd’il li’l-alldma al-failasif Abid °Ali al-Hasan ibn al-Hasan ibn al-Haytham,
1358 H, plus the appendix: Risala f1khawdss muthellath min Jihat al-*amid, 1366 H./1947 A.D.

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

RM = Rasd’ilu °I-Mutafarriga fi'l-Hai’at li*l-mutaqaddimin wa mu‘dsiray il-Birini. Containing
eleven important treatises on astronomy and other subjects contributed by the famous predecessors and
contemporaries of Al- Birini (9th, 10th, 11th century A.D.). 1367 H./1948 A.D.

RN = Rasd’il Abi Nagr ild I-Birini, by Abi Nagr Mangstir b. <Alf b. “Iraq, for Al-Birimi. 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-khafiyya. 1359 H./1940 A.D.

The following abbreviations will also be used.

GAS = ¥. 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, 1972-178).

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

Cat. (or catalogue), see footnote 1.

Dimirdash m:m = line n of page m of Istikhrdj al-awidr fi’l-dd"ira bi-khawdss al-khagt al-munhand
al-wigi® fihd. Ta’lif Abi’l-Rayhan Mukammed ibn Afimad al-Birini. Tahqiq al-ustddh Ahmaed SaSid
al-Dimirdash, Murgja®at al-ustadh °Abdalhamid Lutfi (in Arabic). (Cairo, no date). This is the edition
by Dimirdash of Al-Birani’s Extraction of Chords.

Kennedy = E. 8. Kennedy, ‘“A survey of Islamic astronomical tables.”” Transactions of the Ameri-
can Philosophical Society, New Series, vol. 46, part 2. (Philadelphia, 1956).

Samsé = J. Samsé Moya, Estudios sobre Abd Nasr Mangstir b. “Ali b. “Irdg (in Spanish). Barcelona
1969.

JHAS = Journal for the History of Arabic Science.

IMI = Istoriko-matematiceskie Issledovanija (in Russian).
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A1 Cat4(p 63) f 40a-42b rest 1a-3b. Maqila li-Tbrahim ibn Sinan ibn Thabit
tbn Qurra fi rasm al-quti® al-thaldtha. Treatise by Ibrahim ibn Sinin ... on
drawing the three conic sections. G.AS 5, 293 no. 1. Printed: RI 4. Russian
translation in “Ibrahim ibn Sinin ibn Thabit ibn Qurra, Kniga o postroenii
treh honiceshik secenii”, TMT 16 (1965).
A 2 Cat 5 (p 63) f42b-45a rest 3b-6a. Risala li-Ibrahim ibn Sinan ila Abi Yisu

al-Hasan ibn Isr@’il fi *l-asturldb. Letter from Ibrihim ibn Sinin to Abii Yiisuf...
on the astrolabe. G456, 194 no. 2. Printed: RI 1.

A 3 Cat 6 (p 64) f45a-47b rest 6a-8b. Risala {i’l-abid wa'l-ajram “an Kishyar
tbn Labbin al-Jili. Letter on the distances and sizes (of the celestial bodies)
by Ktshyar ibn Labban ... (This is part of AI-Zij al-jami® by the same author
see GAS 6,248, no.1) Printed: RM 11. See Kennedy, 125, 156-157.

bl

A 4 Cat 7 (p 65) f 47b-50b rest 8b-11b. Risdilat Ab’l-Wafa” Muhammad ibn
Muhammad al-Bigjani ilé Abi Ali Ahmad tbn Ali ibn al-Sukr fi igamat
al-burhan “ala "l-d@%ir min al-falak min qaws al-nahdr wa'rtifé® nisf al-nahar
wa'rtifd® al-wagt. Letter from AbG’l-Wafa’ ... to Aba Ali ... on establishing
the proof of the (rule for finding the) arc of revolution from the day are, the
noon altitude and the altitude at the time. GAS 6, 224, no. 3. Printed: RM
5. See Nadi Nadir, “AbG°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 Mansir ibn Al
ibn “Irig Mawld Amir al-Muminin ild Abi’l-Rayhin Mulammad ibn Abmad
al-Birini fi barahin a“mal jadwal al-taquwim fi zij Huabash al-Hasib, Letter
by Abi Nasr ... to ... Al-Birfini 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-Taqwim” 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 Cat9 (p 67) f 66b-75b rest 27b-36b. Risalat Abi Nasr Mansir ibn Ali ibn
*Irdg Mawlda Amir al-Muminin il Abr’l-Rayhin Muhammad ibn Almad
al-Biriani fi tashih ma waqa®a Li-Abi Jafar al-Khdzin min al-sahw fi zij al-
safd’ih, Letter by Abti Nasr ... to ... Al-Biriini on the correction of what Abfi
wmnmﬁ al-Khazin overlooked in the Zij of Plates. GAS 6, 243 no.3. Printed
RN 3. See Samsé 30; M. T. Debarnot, “Introduction du Triangle Polaire par
Abi Nasr b.°Iraq,” JHAS 2 (1978), 126-136. On the Zij of Plates see D. King,
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“New Light on the Zij al-Safi’ih of Abg Jafar al-Khazin”, Centaurus,
23 (1980) 105-117.

A7 Cat 10 (p.67) £ 75b-78a rest 36b-39a. Magalar Abi Nasr Mansar ibn Al
ibn “Irdg Mawli Amir al-Mu’minin fi islah shakl min kitab  Manalawis fi'l-
kuriyya ‘adala fihi musalliti hadhd’l-kitab “an  maslakihi 22 Treatise by
Abll Nasr ... on the correction of a proposition in the Spherics of Menelaos,
in which the correctors of this book have digressed from his method. GAS

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 Mangsir ibn A4l
ibn “Iriqg Mawld Amir al-Muw minin Jil-burhan “ala hagigat al-mas’ala allati
waga®at bayna Abi Hamid al-Saghani wa-bayna munajjimi al-Rayy fihd muna-
zaa. 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 19b-83a, rest 40b-44b. Risdlat Abi Nasr Mansir ibn <AL
ibn “Irdq Mawla Amir al-Mu’minin ila Abi’l-Rayhan Muhammad ibn Ahmad
al-Birini i majdzdt dawd’ir al-swmit fi'l-asturlab, Letter from Abi Nasr ...
to ... AL-Biriini 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, commenta

1y in Samsé
49-53.

A 10 Cat 13 (p 69) £'83b-86b, rest 44b-47h. Risdla Abi Nasr Mansar ibn Al
ibn “Iraq Mawlid Amir al-Mwminin ili Abi < Abdallih Muhammad ibn Ahmad
al-Ma’mani fi san®at al-asturlab bi’l-tarig 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: RN 15. Spanish translation in Samsé 75-88, com-
mentary in Samsé 46-49.

vee

A 11 Cat 14 (p 70) f 86b-93b rest 47b-54b. Risalat Abi Nasr Mangéir ibn <Al
ibn “Irdq Mawld Amir al-Mu’minin ila Ab?’l-Rayhan Muhammad ibn Almad
al-Birini al-musamma jadwal al-daqd’iq. Letter from Abt Nasr ... to ... Al-
Biriini, called the Table of Minutes, GAS 6, 244 no. 7. Printed RN 5. See C.
Jensen, “Abii Nasr Mansir’s approach to spherical astronomy as developed

12. The word used in the manuscript is mushkiliki (instead of maslakihi), which makes little
sense in the context. RIV 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.

REARRANGING THE ARABIC MANUSCRIPT BANKIPORE 2468 141

in his treatise “The Table of Minutes”, Centaurus, 16 (1972), 1-19; Samsé
31.

A 12 Cat 15 (p 70) £ 93b-96b rest 54b-57h. Risdlat Abi Nasr Mansar ibn Al
ibn “Irag Mawla Amir al-Mu’minin ilg Abr’l-Rayhin Muhammad ibn Akmad
al-Birani fi'l-burhin “ald “amal Mubammad ibn al-Sabbal, fUmtihin al-shams.
Letter from Abii Nasr ... to... Al-Biriini 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. Risdlat Abi Nasr Mangir ibn AL
thn “Irig Mawli Amir al-Mu’minin il AbCl-Rayhin Muhammad ibn Ahmad
al-Biriini {’l-dawd’ir allati tahuddu al-si<at al-zamaniyya wa ba®d ma yattasilu
bi-‘amal al-asturldb. Letter from Abi Nasr ... to ... Al-Birini on the circles
demarcating the unequal hours and on somethin g related to working with the
astrolabe, GAS 6, 224, no.8. Printed: RV 1. Spanish translation in Samsd
105-114, commentary in Samss 53-58.

A 14 Cat 17 (p 72) £ 99a-100a rest 60a-61a. Risdlat Abi Nasr Mansar ibn Ali
tbn “Irdg Mawla Amir al-Mu’minin ilg AbUl-Rayhan Muhammad ibn Ahmad
al-Birani fi’l-burhan “ald “amal Habash fi matali® al-samt fi zijiki. Letter
from Abi Nasr ... to ... Al-Birini 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 Samsé 32.

A 15 Cat 18 (p 72) f 100b-103a rest 61b-64a. Risalat Abi Nasr Mangiir ibn
CAli ibn “Iraq Mawli Amir al-Muwminin ila Ab’l-Rayhin Muhammad ibn
Abmad al-Birani fi ma‘rifat al-qisi al-falakiyvye ba*diha min bad min ghayr
larig ma®rifatiha bi’l-shakl al-qaitd® wa’l-nisbat al-mi’allafa. Letter from Aba
Nasr ... to ... Al-Birani on the determination (lit. extraction) of the arcs on
the sphere from each other without the transversal figure and the compound
ratio. 6AS 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
CAli ibn “Irdqg Mawla Amir al-Mu’minin ila AbPl-Rayhin Muhammad ibn
Ahmad al-Birani fi’l-jawib “an masa‘il handasyyia sa’alahu “anhd. Letter
from Abid Nasr ... to ... Al-Birlini on the answer to geometrical questions
he (Al-Biraini) asked him (Abii Nasr). GAS 5, 339 no. 4. Printed: RN 10.
See Samsé 33.
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A 17 Cat 20 (p 73) f 106b-109) rest 67b-70b. Magqalatr Abi Nasr Mangsir ibn
‘Al ibn “Irag fi kashf “awdri al-Batiniyya bimd mawwahi ali “ammatikim
Ji ru’yat al-ahilla. Treatise by Abl Nasr ... on the disclosure of the error of
the Batiniyya (school of thought) with which they have misled their people
in the ovmowa\mmob of the new moon. GAS 6, 245 no.12. Printed: RN 6. See
Samsé 36, on the Batiniyya school see EI% 1,1131-1133.

A 18 Car 21 (p 74) £ 109b- 110b rest 70b-71b. Risalat Abi Nasr Mangsir ibn
“Ali ibn Iraq Mawls Amir al-Mu’minin ila Abi’l-Rayhan Mubammad ibn
Abmad al-Birani fi hall al-shubhq ‘aradat lahu fPl-maqala al-thilithg “ashar
min kitib al-Usil, Letter from Abi Nasr ... to Al-Birini on the solution of

an uncertainity which came to his {Al-BirQini’s) mind, in the 13th hook of the

Elements (of Euclid). 6AS 5, 339 no. L. Printed RV 7. See Samsé 33.

A 19 Cat 22 (p 74) f 110a-114a rest 71b-75a. Fasl min kitab li-4bi Nasr
Mangsir ibn Al ibn “Irag Mawli Amir al-Mwminin ilg Abr’l-Rayhan fi
kuriyyat al-sama’. Chapter from a book of Abg Nasr ... to Ab@’l-Rayhan

(al-Birini) on the spherical shape of the heaven. GAS 0, 245 no. 11. Printed:
RN 9. See Samsé 34.

A 20 Car 23 (p 75) £ 114b-115a rest 75b-76a. Magqala fi stikhrdj saa

a*at md bayna
it al-fajr wa'l-shams kull yawm min ayydm al-sana bi-madinat Qd’in Ii-
Ab2’l-Hasan ibn ©Abdallih ibn Bamshadh al-Q@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-Q&’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. Magqala fi 'stikhraj ta’rikh al-
Yahid wa-a°yadihim ta’lif Abi Ja*far Muhammad ibn Masd al-Khwarizmi.
Treatise on the calculation of the calendar of the Jews and their feasts, com-
posed by .. Al-Khwarizmi. GAS 6,143 n0. 4. Printed: RM 1. See E. S. Kennedy
“Al-Khwirizmi on the Jewish Calendar”, Scripta M athematica, 27(1964), 55-59,

A 22 Car 25 (p 76) f 117a-118a rest 78a-79a. Magqdla fi *stikhrdj ta’rikh al-
Yahid li-Abr’l-Hasan Ali ibn “Abdallih ibn Mubammad ibn Bamshddh al-
Q&’ini. Treatise on the calculation of the calender of the Jews by ... Al-Q&’ini.
GAS 6, 243 no. 3. Printed: RM 3.

A 23 Cat 26 (p 77) and Car 1 (p 60) f 118a-124b, 323, la, rest 79a-87a (f. la
has been catalogued wrongly as a separate treatise called ““Ar-risilatu fi usiil
al-rasad”). Kitab Ibrahim ibn Sindn ibn Thabit ibn Qurra fi Harakat al-Shams.
Book by Ibrihim ibn Sinan ... on the movements of the sun. GAS 6, 194 no. 1
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Printed: ff. 118a-124b = RI 3, “Kitab fi Harakdt al-Shams” .?@mmu:mcm.
34:8 qaws AE), f. 323 = RB 1, “Istikhraj al-Awtar” Awoouw@ :.::& - 214:10
al-murabba® + 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 N?&ﬁ.i tbn mmﬁw@@
ibn Thabit fi wasf al-ma®ani allati ’stakhrajaha fi’l-handasa wa “ilm iﬁ:&:«:.
Letter by Ibrahim ibn Sinidn on the description of the notions he derived
(i.e the works he composed) in geometry and astronomy.’* G.AS mg N.mS no. %1.
Printed: f. 1b = RI 6, “Al-Handasa wa-Ilm al-Nujaim” (beginning - 5:7
al-khatt al-wigi®); ff. 131a-132 = RI 3, “Kitab fi Harakdt &..wbsz.mm, am 4
li-kull - end. Edition of the Arabic text in G. Saliba, “Risdlat Ibrahim lw:
Sindn ibn Thabit ibn Qurra fi'l-maani allati *stakhrajaha \N.d-bzimamm :,.:.N.
nujim” (in Arabic), Studia Arabica et Islamica, Festschrift for Ihsin ©Abbas,
ed. Wadad al-Qadi (American University of Beirut, 1981), pp. 195-203.

A 25 Cat 27 (p 78) 1 132b-134b rest 89b-91b. Kitab ;ﬂ&z.w: tw: MS.R:W ibn
Thabir fi misakat qai® al-makhrat al-mukdfi. Book by Ibrahim ibn Sinin ...
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
Ibrahim ibn Sinin ibn Thabit”, Vierteljahresschrift der zﬁz%&mqrmz%z
Gesellschaft in Zirich, 63 (1918), 214-228. See also B. A. Wcmﬁ%& m, Zw.uz.
Rozanskaja, “Geometriceskie predstazovanija i peremennye veli¢iny u I H.w.-
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 \‘N,N.&az,.mo:
al-mutamassa. Book of Archimedes on tangent circles. GAS 5, 134 no.6. .HVE:T
ed: RT 2. Edition of the Arabic text and German S.mbm_mﬁ.mon in: Archimedes
Opera Mathematica vol. IV, Uber einander beriihrende Kreise. x:.a dem Ara-
bischen von Yvonne Dold-Samplonius, Heinrich Hermelink, Matthias %Q«SES.
(Stuttgart: Teubner, 1972). Russian translation by B. wow@nwo_m:w HHZ.
Veselovski (ed.), Archimed, Sodinenija (Moscow, 1962). mmemv.ﬁmnm ation
in J. Vernet, A. Catald, “Arquimedes drabe: El tratado &A.w Fm:c:.oz_.om 3:..
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. Kitdb Arshimidis fi Usil al-

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

14, HM Q\AMA? 194 under no. 3 it has been stated, though wrongly, that Zi.m work mmim:aﬁnrvn.vo
geometry necessary for astronomical calculations. In GAS 5, 294 uuog w m,ms.mﬂ_ mentions ‘‘autobio-
und bibliographische Angaben aus einer nicht identifizierbaren Schrift Sindn’s""; these references are
found in this work of Thrahim ibn Sinan ¢n f. 131a-132b.
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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
Aqgatun”. A facsimile-edition (ofan Aya Sofya manuscript) with English trans-
lation and commentary (also on the present manuseript) 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 Aqatun’”,
JHAS, 2 (1978), 255-263.

A 28 Car 30 (p 80) £ 144b-145b rest 101b-102b. Fasl fi takhtit al-sicar al-zama-
niyya fi kull qubba wa Ji qubba yustamalu laha IPl-Fadl ibn Hitim al-Nayrizi,
Chapter on drawing the lines demareating the unequal hours in every cupola

or in a cupola which is used for them, by... Al-Nayrizi (on sundials). GAS 6
192 no. 3. Printed: RM 2.

A 29 Cat 31 (p. 80) f 145b-169a, rest 102b-162a. Risilat Abi “Abdallih al-
Hasan ibn Muhammad ibn Hamla al-macraf bi’bn al-Baghdadi  f’l-maqadir
al-mushtarika wa’l-mutabdyina. Treatise by Abt “Abdallzh ... 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 ucenija o &sle na srednevekovom Bliznem i Srednem Vosto-

ke, in: Iz istorii tolnyh nauk na srednevelovom Bliznem i Srednem Vostoke
(Tashkent, 1972).

A 30 Car 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 abha- yt pinhani (Teheran, Iranian Culture
Foundation, 1966), 127 pp- See “Muhammad ibn al-Husayn Karaji, Kitab-i
istikhraj-i abhi-yi pinhani tarjuma-yi Husayn Khadivjam™ (in Persian,)
Sokhan-i “Ilmi, 4 (1344 (A.H. Solar)), 408-411. See also Mehdi Nadji, “Kara-
djis Mnmor:mmmzsm verborgener Gewiisser”, 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 Car 33 (p 84) £189a-191a rest 146a-148a. Qawl Ibn al-Haytham fi khawdss
al-muthallath min jihat ol-“amad. Treatise by Ibn al-Haytham on the proper-
ties of the triangle with respect to the perpendicular, GAS 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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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) £ 191a-193b rest 148a-150b. Risdla fi misahat al-mujassam
al-mukdfi i’l-shaykh Abi Sahl Wayjan ibn Rustam al-Qahi. Letter on the vol-
ume of the parabolic solid by the master ... Al-Qthi. GAS5, 318, no.5. Printed:
RM 6. German translation in: H. Suter, “Die Abhandlungen Thabitb. Kurras
und Abid Sahl al-Kihis 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 fimé zida min al-ashkal fi amr al-magila al-thaniya min
kitab ol-Usal li-Uqlidis lamma yubtdju ilayhi fi'l-magdla al-théniye wa’l-thal;-
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-magal Si amr al-zilal tasnif al-shaykh Ab’l-Rayhin Muhammad ibn
Afmad al-Birini. The exhaustive treatise on shadows, composed by the
master ... Al-Birini. GAS 5, 380 no. 1. Printed: ff. 194a-195 — RB 2, “Ifrad
al-Magal” (beginning - 5:10 ahaduha); ff. 125-131 = RT 3, “Kitab i Harakat
al-Shams™ (34:8 min al-gkhar - 03-4 tisifa); ff. 196-217, 220-239b = RB 2,
“Ifrad al-Maqal” (5:10 bi-annahj - end). English translation with commen-
taryin: E, S. Kennedy, The Exhaustive T'reatise on Shadows by Abu al-Rayhan
Muhammad ibn Ahmad al-Birani (Aleppo: THAS, 1976), 2 vols. See also H.
Hermelink, “Bestimmung der Himmelsrichtungen aus einer einzigen Schat-
nogmovmorﬁzzm nach Al-Birini, “Siidhoffs Archiv, 44 (1960), 329-332;
E. S. Kennedy, “Birtni’s graphical determination of the local meridian,”
Scripta Mathematica, 24 (1959), 251-255; E. S. Kennedy, Al-Biriini on the
Muslim Times of Prayer, in: P. J. Chelkowski (ed.) The Scholar and the Saint,
Studies in Commemoration of Ab&’l-Rayhin al-Birini and Jalil 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-Biriini’s Shad-
ows”, JHAS, 4(1980), 332-336.

A 34 Cat 37 (p 88) f 239b-244b rest 200b-205b. Magalat Ab?’l- Rayhin Mubam-
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mad ibn Akmad al-Birani rakimahu’llsh Ji 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 strenah Vostoka vol. 3, Moscow 1963. See also Abu’l-
Qéasim Qurbani, Birini-nama (in Persian), (Teheran, A.H. solar 1353), pp.
206-219. On the word rashikit see E. Boilot, “I’Oeuvre d’al-Beruni, Essai

Bibliographique,” Meélanges. Institut Dominicain d’Etudes Orientales du Caire,
2 (1955), 161- 256, esp. 188.

A 35 Cat 38 (p 89) f 2452-266b rest 206a-227b. Tamhid al-mustaqarr li-tahqiq
ma‘nd’l-mamarr li-Abr’l-Rayhin Mukammad ibn Ahmad al-Birini. 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 mand’l-mamarr
by Al-Birini Translated by Muh. Saffouri and Adnan I fram. With a commen-
tary by E. S. Kennedy. American University of Beirut, 1959. See also G. J.
Toomer, “Notes on Al-Birdini on transits,”’ Orientalia. 34 (1965), 45-72.

A 36 Car 39 (p 90) f 267a2-276b rest 228a-237b. Kitab fi kayfiyyat tastih al-
kurra “ald sath al-asturlab ... istikhrdj Ahmad ibn Muhammad ibn al-Husayn
al-Saghdni. Book on how to project the (celestial) sphere on the plane of the
astrolabe... by ... Al-Saghini. GAS S, 311, no.4. Printed: RM 7.

A 37 Cat 40 (p 90) £ 276b-279b rest 237h-240b. Risalat Ahmad ibn Muhammad
ibn “Abdaljalil al-Sijzi fr'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-Sijz1 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. Risdla li-Nasr ibn  Abdallah
fi anna °l-ashkal kullahd min al-dd’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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book on Making Easy the Roads to the Geometrical Propositions (kitabuna
1 tashil subul ilg ’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-
bund fr khawdss al-shakl al-bayds wa’l-*adasi, £ 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 (p92)f 282b-298,326a, rest 243a-260a. Kitdb Abi’l-Raykin Mu-
tammad ibn Ahmad al-Birani fi *stikhrdj al-qiotdr Srldd’ira  bi-khawdss al-
khait al-munhana al-waqi® fihd. Book of ... Al-Birini 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-Awiar”: f 282b-298 — be-
ginning - 108:8 al-musdwiya 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; £, 326a:
21-29 is edited in Dimirdash 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
Ab¥’l-Rayhin Muhammad al-Biriini,” Bibliotheca Mathematica, 3. Folge,
11 (1910), 11-78. A facsimile edition of this Leiden MS (?) was published by
Mubammad Athar Milli (?) (Teheran (?) 2535 Cyrus (?)), Silsilat Intisharat
124. The Leiden and Bankipore manuscrpits 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
nauvki i tehniki b stranah Vostoka, vol. 3 (Moscow, 1963). See also Muhammad
Saud, “A part of al-Birini’s Istikhraj al-Awtar fi *l-Da’irah” in Hakim Mu-
hammed Said (ed.), Al-Biran: Commemoration Volume (Karachi: Hamdard
Academy, 1973), pp. 691-705. See also A. S. Saidan, “The Trigonometry

of Al-Biriini” 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, “Istikhraj al-Awtar”, fig. 118, left side.
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B

Bis uoﬁ. mentioned in the catalogue. It consists of ff. 325, 322, 299-305, 309.
316. w 18 a fragment of Al-Birini’s Magala JUl-tahlil wa'l-tagti® Bltq 45l
Treatise on the solution and the division of the (solar) equation, see section

4 o%. this paper. The treatise is listed in G A4S 6,273 no. 11 as a lost work. Print-
ed in RB ], “Istikhraj al-Awtar”:

£325 = 219:1¢ al-mubtawa - 224:1 ‘anhy;

£322 = 206:12 fa-amma — 209:10 min +- figs. 110-114;
£299 — 305 — 108:15 &.55&@8@&@3 - 138:1 séra;
£309 — 316 — 153:9 lana - 180:15 il -+ figs. 85--99.

M_.gavb.ww Aﬂhwf qunw.wmobmv and fI, 322, 325 was not edited by Di-
mirdash,

Part of the treatise is discussed in E, 8. Kennedy, Ahmad Muruwwa,

:wmu:u_.obﬁro m&mwma:mﬁou,:,\eszi of Near Eqgstern Studies, 17 (1958),
112-121.

C consists of two parts C; and C,.

Cp: f 324, 321, 318, 320 »319, 306-308, 2-20b is part of Ibrihim ibn Sinin’s
Al-Masa'il al-Mukhtira, 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 Ibrdhim ibn Sinin to Ab§'l-*Ala’ ibn Karnib (GAS 5,
300), Abd’L-“Abbis ibn Yahya (GAS 5, 300-301), Aba Yahya (GAS 5, 303) and “Ali ibn al-Hasan ibn
Ma®dan (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*’(C,).

Sezgin says (GAS 5, 381 under no. 6) that a fragment of a book by Al-Birini on tangent circles
has been preserved in the printed text of Al-Birgni’s Extraction of Chords, RB 1:218-129, However,
this part of the printed text is part of the *‘Exquisite Problems’® of Ibrahim ibu Sindn, who refers
to his own book on tangent circles (which is mentioned in GAS 5, 294 no. 6).S0 GAS 5, 381 no. 6 has
to be omitted.

Anbouba also remarked that Al-Birgni probably did not write a book on tangent circles, and that
Ibrahim ibn Sindn is the author of part of the text edited by Dimirdash as Al-Biriini’s Fxtraction
of Chords. See A. Anbouba, Tashi® gl-di’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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f. 324 = 214:10 wa-annaha (MS: wa li annahd) - 219:16 ma‘luma -+
fig. 117,

£.321 = 201:9 kadhalika —206 : 11 matlim 4 figs. 109, 111,

£.318 = 184:12 fa-T'C— 1905 murabba‘uhu -+ fig. 102,

£.320 = 196:1 maliman — 201 :9 fadl + figs. 107, 108.

£.319 = 190:5 fa-murabba® BZ — 1961 la DG + figs. 103, 104.

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

£.306a:1-4 = 108:9 malima — 108:14 ila HZ.

f. 306a:4 — 308 = 138:1 ili khatt ma®lim — 153:19 nuqle -+ figs. 74-
79.

ff. 2-20b has been printed in RI 6,:“Al-Handasa wa Ilm al-Nujam” (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,

C; Cat 3 (p 62) f 21a-39b. Magqala Ii-Ibrahim ibn Sindn fi tarig al-tahlil wa’l-
tarkib wa-sd’ir al-a*mal fi’l-masa’il al-handasiyya. Treatise by Ibrihim ibn
Sinan on the method of analysis and synthesis and the other procedures in
geometrical problems. GAS 5, 294, 10.2. 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, Dir 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 S\.mnnw, al-
magddir il 1d nihdya qariba min al-khattayn alladhayn v‘n.mw.zvmz 8:-«& v\m&-
taqiyan fi’l-istib‘ad. Treatise on (the fact) that the necessities of ﬁ.rm Emz.§¢
subdivisibility of magnitudes are related to the matter of the two lines S_Eo.r
approach each other but do not meet in the distance, see section o of zp._m
paper. The treatise is listed in GAS 5, 383 no. 13 as a Fmﬁ,iola. Printed in
RB 1, “Istikhraj al-Awtar” (180:15 farada - 184:12 B -+ figs. So-:zv.:mgm-
sian translation with commentary in P. G. Bulgakov, A. A. >r5.mmo<, Ber-
uni i al-Kindi o teorii paralleP’nih”, Obitestvcennie :a:w«. @.QN@%QE:«W (1977),
30-36. Review by E. S. Kennedy in Mathematical Reviews, March 1981,
no. 8le: 01008. F. 317 was not edited by Dimirdash.

4. B: The Treatise on the solution and the Division"" of the 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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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 i
gy I refer to the articl
wa mentioned in section 3 under B. artieie by Rennedy and Muru-

. B is part of a text which once consisted of four ma
big chapter). The extant part of the first
face, which will be translated below,
preliminary theorems.

The m@no.zm and third magila are extant in B. They present 16 methods
for calculating the equation of the sun and give geometrical proofs for the
correct methods. Hrw 16 methods are discussed in full in the article by Kennedy
.mbm ZE.M.QMN Mozﬁobmm above. These authors say that the text they discuss
1s part ot the Rasd’il al-Birini (letters of Al-Birini i
a further identification, ronih but they do ot e

Only part ow.ﬁpo fourth magala is extant in B. Kennedy and Muruwwa
do not ma.o:mm this magadla, but I use thejr notation for the second and third.
It deals with the following problem. Given two of the following four parame-

ters: the mean anomaly 1, the true anomaly 2, the equation e and its maximal
Sur.S €y .Hmmawom to determine the other two parameters. This leads
to six combinations (qiranit), which are listed in the extant part of the fourth
magala: to solve the problem if 1, 7, €maxs OT 2. A, e, 0r 3. %, X, or 4. e
Or 5. €4y, A, OT B¢, A, are given. Then the text runs: Y .
*“It is necessary that we finish the book by mentioning

them (the 6 combinations) in detail”’ (RB1, wﬂouuwv. Hence the fourth magala
was the last one. The text is broken off in the middle of the second combination.

Hu. 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-Biriini’s Extraction of Chords. He erroneously
rendered the beginning of C, (the Exquisite Problems of Ibrahim ibn Sinin)
as “fourth magala”. C; begins on p. 246 of his edition.

4.2 Identification of B.

In the list of the works he compl friini
pleted before the end of 427 H. Al-
that he had composed: ° AlBirini says

f qalat (plural of magala =
magala contains a fragment of a pre-
and a full discussion of terminology and

max> €y

because of a question of somebody who suspected (something) in the tables of the equation
of .nvn sun E.um. A&o 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 yon Alberiini. Herausgegeben
von Dr. C. N.m:;:i Sachau (Leipzig 1878), pPp- XXX VII-XXXXVII. The quoted passage is on
p- XXXXI lines 1-2. On Habash see GAS 6, 173-175.
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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 1 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 al9 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 asked?!
(the question) anything which agreed22 with what he had asked about.

1 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 1 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 useful?$ 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. £ 325a:1-4 have been printed incorrectly in RB 1, 219:16-220:1. 1 read the manuscript as
follows:

S (9) e ookl po b ol G gl e G e e S o e ol gyl
ER U A [ OV PRI SN PR WX N | S P H ST B | PR B
Gram o il g L bl el sl

20. The MS is not very legible. I conjecturally read 5.

21. BlJ asin 325a:6,not Jlwdd asin RB 1,220:2.

22. RB 1 omits 3! y» which is in 325a:6 after (L2 .

23. 42 olaali! as in 325a:8.

24. w3390 as in 325a:12,

25, »Lall .nrh as in 325a:13.

26. Op. cit. (see section 3, A 40) p.45-46 no. 11.
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This is a proof of a method for caleulating 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 circle2?

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 €, asthe Exquisite Problems of Ibrakim ibn Sindn.

Ibrihim 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

Ibrzhimibn Sinin says that he

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

G, is a geometrical text from which only part of the preface is missing.
In € about 40 geometrical problems are treated. The exact number is to
some extent arbitrary, depending on whether certain auxiliary problems are
counted separately. The author of €, must be Ibrihim ibn Sinin ibun Thabit,
becauseit contains a reference to “my grandfather Aba’l-Hasan Thabit”.#

In €; 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 = f. 305b:7-8. The proof is in 305b:7-22, continned 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 maqila, 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 Cy, and that the remark of Kennedy and
Muruwwa, p. 116 left columu, *“In this connection Birini gives the proof... Apollonius is mentioned
several times in the passage’’ refers in fact to €y, not to B.

28. The date is in MS Bankipore 2468, f. 326a, printed in RB 1, 226:11-12; = Dimirddsh 287;
6-7.

29. £.132a:23-24 = RJ 3, 69:5 = edition by Saliba (see A 24), 200:230 .

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

31. £. 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:28-3085:30 = RB 1, 150:4-152:12 — Dimirdash 285:7-286:
185f3a:7-29 = RI6,11:1-12:8; f 10a:10-10b:18 — RI 6,46:12-50:16.
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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 Khorasin, and his (own) additions” (Kitdb Ahmad
ibn Muhammad ibn °Abdaljalii fr'l-mas@’il al-mukhtire allati jarat baynahu
wa-bayna muhandisi Shirdz wa-Khordsin wa-taliqgiiuhu, 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. 352-52b, 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 €, 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 Sindn and Al-Sijzi deal with the
following problem (fig.1): B F L O A

Given: three straight
lines 4B, 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 IXH in a point
I such that T, I and K

are collinear. Fig. 1

Z

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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will be transcribed according to the conventions of Hermelink and Kennedy.*
Sentences into which I have divided the text are indicated by numbers.

34. H. Hermelink, E.S. Kennedy, **Transeription 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.

e ony s e I B (gl ) B e gy g g ] QST
Sl y ol sy 5l
lsdl Bl 5 ol el WS o e S LSS

%L»Y,_Pe..ﬁ&,\&.nv»\,(,.r\.rv.rt_.ﬂ 3 2
LG»LVW%YWSVYW\%(&M#&FW»P&&Y
GhB e za s OLiby -l W fe < ST > OLAL
phaee b de § g b BB O - 5 T
80 Jeabs o1 0bsl 05 [ 0] o n ﬂ.\\.vr.r 3
e 50 45 80 ilm tr A 4
A!ﬂ%vﬂﬂ_&.&&[ﬁ.&
B s p O d Wl e 57 5 22y s
5t dl xS Jp 3 SD
ﬁr.eunmm‘ﬁpcrvr.rrtuuuvﬁuhu 6
Ld Jais g L
s ki Lo ae LA ks ol Jal 7
E&lef&.ﬁ.rmﬂ&rﬂmﬁ&twovx 8

qﬂLwcumq.L,.\u

C S SV R g e B
Lo bod gl ol JF J T

LY S dE o B8 e 0s dlpd B Ll 10
(L £622) O g d gl

oL2Y 20 df 59 &S g Op dE 0s ke U, 1

>3 805 ﬁ_.v
UG&GL{Q&%Z!H&JN i 12
L Av.L.u
0¥ LY mlUr..F%?zw. dis 13
o e
s ol Gsoll alis,

Tomits in 8 the second o ¢ /I § :+ 4 03,4/X 0Lils : 0L, 2/ s : LE (2x)2
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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 Shiraz and Khorasan,
and his (own) additions.

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

2. If lines AB, 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 <A B> in one point and meeting ZE and EH
in points T and I such that the points T, [ and K are on one straight line ? (fig. 1)

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

4. We draw GM parallel to VK. We extend ND 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 MV,

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

7. 1say 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 DNV 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 DIV is equal to the ratio of LI to ID because of the similarity of trian-
gles LOJ 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 G f 4b:3-19 = RI
6, “Al-handasa wa-ilm 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 4B, 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 Aimagest.3?

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 = %D KGC ' . By line 12 TC = 1D KRG hence X=1. The theorem of Menelaos for plane trans-

versal figures is proved in the Almagest of Ptolemy, 1:13, ed. Heiberg, Leipzig 1898, vol.1 p. 69-70.
German translation (of K.Manitius) in Ptolemaiis, Handbuch der Astronomie (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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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 F#4 and 0. Then (11) the ratio of LT to TG becomes equal to the
ratio of LF to 65,45 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 DN to NM.46, So the ratio of LF to GS45

(14) is compounded of the ratio of OL to DN and the ratio of DNV 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 Ibrihim 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 A4’ B’ [| AB, using the
notations I’, 77, I’, > and O’ as in fig. 2.

Wehave FPL’ : IO’ = GS : NM = FL : L0, 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'T and GT°T, pass through
one point (K), so the points of intersection E, L’ L of the corresponding sides
(I'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 Sinin. Ibrahim ibn Sinan 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 : AB, ND : AB) and magnitude (because G and EZ are known
and D and EH are known). The two assumed lines are £Z and EH,

42. GMin MS, HM in RI. 3 3 a

43. I have emended the MS to 2 ylas < ¢ Lrs > ¢ i e ; RT has only e yla ¢ A

44. The MS is illegible, RI has B.

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

46, NMin MS, IM in RI.

47. NM in MS, LM in RI.

48. LK in MS and RI.

49. OFin 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.,

R o

REARRANGING THE ARABIC MANUSCRIPT BANKIPORE 2468 157

Fig. 2 7z

eral reasons. First, the problems and their solutions areinteresting Eo&mw&
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 this forma-
tive period. Thirdly, the “Exquisite Problems’’ contain wmm.ﬁ.m:amm to works
of Apollonius which are not otherwise extant,® thus providing us 2.%?. some
new information about one of the greatest geometers of classical antiquity.

It seems that many of the “exquisite problems” were inspired by .arm
work of Greek geometers. Among these is a famous problem of >wwn=9:=m."
to construct a circle tangent to three given circles. At the end of the “Exqui-
site Problems’” Ibrihim ibn Sindn gives solutions of his own and of his con-
temporaries Ab@’l- “Al3’ ibn Abi’l-Husayn {GAS5,300) and >vm.%md%ﬁ®hm
5, 303)%2. Hitherto it was not known that the medieval Islamic geometers
had also found solutions to this problem.

51. £ 306b:20, 307a:22, 308a:1-4 = RB 1, 142:5, 144:5, 148:1-6 = Dimirdash 279:5, 281:2, 283:
;-mmwm.. f 16b:20-20b == RI 6, 89:10 - 99:11. On the problem see T.L. Heath, 4 History of @.wmw
Mathematics, (Oxford At the Clarendon Press, 1921) vel. 2, pp. 182-185; H. 5. M. Coxeter, *“The
Problem of Apollonius’’, American Mathematical Monthly, 75 (1968), 5-15.
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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 proofis attributed in D to Al-Kindi (died after 256H./870 A.D.).5

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 ecreated 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).5 However, these geometers at-

53. See GAS5,255-259 for the mathematical work of Al-Kindi.

54. The meaning of this statement 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 mufawdzin 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, Mathematical thought from ancient 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 see A. P, Jusch-
kewitch, Geschichte der Mathematik im Mistelalter (translated from the Russian), (Leipzig, 1964),
pp. 277-288.

56. See Proclus, Commentary on the First Book of Buclid’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 naepo vindicatus, sive conatus geometricus quo stabiliuntur
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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-Birfini 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-Biriini. This fragment seems to contain between one-half and one-
fifth of the work.*

ﬁwlr”a ipsa universae geometricae principia (Milano, 1733), book 1, propositions 30-33. .Hmmuﬂmgm *Jao
German in: F. Engel, P. Stiickel, Die Theorie der Parallellinien von Euklid bis auf Gauss AH&GE.m.
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), XXX XIV:4, Following the MS (Leiden, Or. 133, #m.bm,uwv.
Sachau reads tajezzu’ al-maqadir ld ila nikdya. The correct reading is tajozzu’ al-maqddir ild ld :L«&Hnw )

59. This is apparent from a comparison between the length of some other treatises of Al-BirGini
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-Birini

A 33 50 200 XXXXI

A 34 5% 15 XXXXI1

A 35 22 60 XXXXIX

A 40 1714, 80 XXXXIV

B 18 extant 70 XXXXI

D 1 extant 10 XXXXIV



