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18 CHARLES GENEQUAND

above, even the selection of passages from the Enneads may have
been in part dictated by the interests of a Hermetic school®2,

There are other traces of the influence of Hermetism on Arabic
philosophy and the subject requires further research. I only men-
tion one instance which seems to have been entirely overlooked
In spite of the amount of work expended in the field. The
“Longer Version” of the Theology of Aristotle has some intriguing
references to a doctrine of the word and of the will of God.
shared (or taken up) by Isma‘ili theology®®. Zimmermann seems
to regard the Sirr al-Khaliga as the source or at least the ear-
liest known occurence of these elements in the Islamic world and
tries to explain the importance of the “Word” in the Theology of
Aristotle as a misinterpretation of the Stoic roYoL oTmEpULATIXG.
While the confusion may have played its réle, 1 think it is sim-
pler to assume a direct influence of Hermetic conceptions. Also
the pervasiveness of the term riAdni in our texts with a positive
valuation (= incorporeal) which corresponds neither to the Stoic
nor to the medical usage common in Greek is best explained as a
reflex of Hermetic-Gnostic terminology®?,

¢ This assertion would naturally require to be substantiated by a detatled
study of the Theology. Cf. e. g. p. 51,4-5 Dieterici: afdda ‘ald nafsi-hi (scil.
al-mar’ al-salih) al-niru al-awwaly min nari-hi; 118,11-119.5; ete.

8 Zimmermann, op. ¢it. 196 [T, after Pines. For the word of God, cf. Corpus
Hermeticum 1,6; 8; 10; 11; IV.1; XII1,14; for his will: 18, 31; iv,1; v.7;
XI1L,2. The “doffing metaphor” (Zimmermann 138-141; al-Kindi’s Risdla
274,3; 8; 275,12 etc.) also belongs here.

8 Cf. Endress, Proclus Arabus 128-131. In Theol. Ar. 32 Dieterici, jawdhir
rihdniyya = Qr. dohuata. Quite often, rihdni will be an equivalent of ‘agli
or ildhi.

THE TREATISE ON GEOMETRY IN AL-HINDI'S
PROBLEMS OF PHILOSOPHY

Jan P. HoceEnprok*

L. Introduction and summary.

The Institute for the History of Arabic-Islamic Science in
Frankfurt published in 1985 a facsimile-edition of the Problems of
Philosophy (Jumal al-Falsafa) of Muhammad ibn ‘Alj ibn ‘Abd-
allah al-Hindi. The facsimile was made from & manuscript written
by Al-Hindi himself in 529 H./A. D. 1135. Before the publication
of this facsimile neither the author nor his work were known.
The Problems of Philosophy consists of seven treatises {magqdldt)
on arithmetic, geometry, astronomy, music, logic, natural philos-
ophy and theology. All treatises are in the form of questions and
answers. Al-Hindl says that his work contains “‘doctrines of the
learned”” and “‘opinions of the wise philosophers™, but he does
not mention his sources explicitly.

In this paper we will analyze the treatise on geometry on
pages 16-442 of the facsimile edition. In Section 2 we discuss the
nature of this treatise and we translate the beginning of it. Al-
Hindi compiled his treatise from a large number of sources, of
which I have only been able to identify the three that have been
listed in Section 3. His most important sources seem to have
been two 10th-century encyclopedic works written by non-math-
ematicians, namely the letters of the Ikhwan al-Safa’ {“Brethren
of Purity”)® and the Keys of the Sciences by Abu ‘Abdallah

* Department of Mathematics, Budapestlaan 6, P. Q. Box 80.010, 3508 TA
Utrecht, Netherlands.

Y aquwdl al-‘wlamd’, dra’ al-faldsifa al-hukamd’ see p. 2, lines 7-8 of the
facsimile-edition.

® Pages 33-34 in the facsimile-edition should be placed between pages 16
and 17. Compare footnotes 7 and 35.

3 0n the Ikhwan al-Safi' <ee El2, 111, pp. 1071-1076. The Arabic text of




al-Khwarizmi®. Section 4 is about material in al-Hindi's treatise
that derives ultimately from the Greek geometers Heron of Alex-
andria® and Geminusé, who lived in the first century A. D. This
material has not been found in other Arabic sources, and one
wonders how it was transmitted. In Section 5 we will show that
al-Hindi had no advanced mathematical training, although he
knew the geometry necessary for the study of astronomy. The fi-
nal section is devoted to traces of contemporary discussions in
Arabic-Islamic mathematics in al-Hind[’s treatise. The most inter-
esting of these traces is a statement that contradicts Euelid's
parallel postulate.

2. A survey of Al-Hindi’s treatise on geomelry.

Al-Hindi’s treatise is in five parts’, on lines and angles, on sur-
faces, on solids, on mensuration and on units of measurement re-
spectively. We will mainly be concerned with the first three
parts, containing a total of 185 questions and answers. Most of
these concern the definition of terms and the classification of fig-
ures (for example triangles and quadrilaterals), but in some ques-
tions a property of a figure is asked for, and the answer is then a
simple theorem. No proofs are given.

Al-Hindi first defines several basic concepts such as lines and
angles, surfaces, triangles, quadrilaterals, polygons, and different
figures bounded by two circular arcs or by one circular arc and
one or two straight lines. He then discusses spherical, cylindrical
and conical surfaces. Thereupon he defines several solids, such as
regular polyhedra, parallelepipeds, pyramids, pristms, the sphere,

the letter (risala) on geometry is in Dieterici, vol. 14, pp. 292-301 and in lkh-
wan al-Safa’ pp. 49-72, a German translation is in Dieterici vol. 3, pp. 23-45,

1 Abt ‘Abdallah Muhammad ibn Ahmad ibn Yisuf al-Khwérizmi (ca. A. D.
950) is not the same person as the famous mathematician Muhammad ibn
Musé al-Khwarizmi who wrote on Hindu-Arabic numbers and on algebra. For
the Arabic text of the section on geometry in the Keys of the Seiences see al-
Khwarizmi pp. 202-209, a German translation is in Wiedemann.

® On Heron of Alexandria see DSB vol. 6, pp. 310-315.

 On Geminus see DSB vol. 5, Pp. 344-347: for his date see Neugebauer
vol. 2, pp. 579-580.

? Here are the detailed references. First part: pp. 16, 33, 34, 17, 18 lines
1-2; second part: pp. 18 line 3-27 line 5: third part: p. 27 line 6-p. 32 plus p.
35 line 1; fourth part: pp. 35 line 2-42 line 16: fifth part: p. 42 line 17-p. 44,

" R -

the cone, the cylinder, and sections or segments of these. The
fourth part on mensuration contains rules for the determination
of the surface areas of different figures, without proofs but with
numerical examples. The rules and examples are given in the
form of 39 questions and answers. The highlights of this section
are a correct formula for the surface area of a segment of a cir-
cle®* and Heron’s formula for the area of a triangle in terms of its
sides®. The last part on units of measurement consists of 13 ques-
tions and answers.

Al-Hindi seems to have written his geometrical treatise not as
an introduction to geometrical problem-solving, but rather as a
preliminary for the study of the subsequent treatises on astron-
omy etc, with the treatise on theology as the final goal. It seems
to me that his treatise on geometry could not be very succesful
from a didactical point of view, because the explanations are
very concise and not accompanied by any figures. In order to
give the reader an idea of the plan of the work a translation of
the first thirteen questions and answers will now be presented.
The questions have been numbered for future reference. B

“In the name of God, the merciful. the compassionate. The
second treatise of the Problems of Philosophy on geometry.

(1) What is jamatriya'®? Jumafriyd is geometry.

(2) What is geometry? It is an art dealing with magnitudes and
the knowledge of their nature, their kinds and their properties,
and the quantitative relationship (gadr) between those (magni-
tudes) that are of the same kind!!,

(3) What are the magnitudes? They are the (things) that pos-
sess distances'?, and it is said that they (the distances) are the
quantity of each type of them (i. e. of magnitudes) with respect
to the (magnitudes) of the same kind!3.

¥ p. 35, line 14 - p. 37 line 7.
-7 p. 40, lines 2-12.

1® The same transcription of the Greek yewuerple oceurs in the Keys of the
Seiences (al-Khwarizmi 202:8)y .

1 Only magnitudes of the same kind can have a ratio according to Book V
of Euclid's Elements (see Heath, A4 kistory of Greek mathematics. vol. 2, pp.
384-385).

21 always translate bu'd as “‘distance” for sake of consistency, even
though “‘dimension” might be clearer in some cases.

'3 Here the “‘distance” seems to be defined as a ratio. However, length,
breadth and depth are magnitudes, not ratios.
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(4) How many are the magnitudes? Three: lines, surfaces and
solids.

(5) How many are the distances! Three: length, breadth and
depth.

(6) What is a line? It is a magnitude having one distance -
length - only.

(7) Where is it found? Abstractly: by way of the (human) mind
and imagination, not by way of the senses. By way of the senses:
it is in a surface because it is the end of it (the surface). Thus, if
the breadth is taken away from a surface, only the length re-
mains, and that is a line.

(8) What is the end of a line? Its end is two points.

(9) What is a point? It is a thing without distance, that is to

say, without length and without breadth and without depth.
(10) Where is the point found? In the (human) mind it is found
abstractly, and for the senses it is found in the line, because the
line is length without breadth. Thus if the length is taken away
from it, its end remains, and that end is a point. So the point
possesses neither length nor breadth nor depth by necessity.

(11) How many are the types of principal (i. e. general) lines?
Two, composite (murakkab) and incomposite (ghayr murakkab)ti.

(12) How. many are the types of incomposite lines? Three,
straight, circular (mugawwas) and curved (munhani).

(13) What is a straight line? (13.1) It is (a line), the distance of
which is equal to the distance between the two endpoints. (13.2)
And it is said to be (a line) which is stretched rectilinearly be-
tween the two endpoints. (13.3) And it is said to be the shortest
line joining two points. (13.4) And it is said that it is (a line) such
that all points that are assumed on it are in one direction. (13.5)
And it is said to be (a line) such that if its end (i. e. the two end-
points) are fixed and if it is turned around, it will not be moved
from its position. (13.6) And it is said to be (a line) such that its
parts can fit on each other from all sides.”’!®

Notations such as 20:4 will henceforth be used as references to
page 20, line 4 in the facsimile-edition.

4 Question 16 runs: ‘‘what is a composite line? It is composed of two or
more than two incomposite lines of one or more kinds’ (16:21, 33:1).

15 16:1-18. See sections 3 and 4 of this paper for a further discussion of
some of the quoted passages.
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3. Three sources.

The problem of finding Al-Hindi's sources is complicated be-
cause many texts on elementary geometry define simple geomet-
rical concepts in similar ways. Thus the fact that Al-HindD’s trea-
tise and another Arabic text contain a few similar definitions
does not mean that Al-Hindi used that text. However. Al-Hindl's
treatise contains numerous passages that resemble the letter on
geometry of the Ikhwan al-Safa’® and the section on geometry in
the Keys of the Sciences of Al-Khwarizmi.! We will now discuss
some striking similarities which indicate that Al-Hindi actually
had these two texts in front of him when he wrote his own trea-
tise.

We begin with the Keys of the Sciences. Al-Hindi's question 40
runs: ‘How many are the straight lines that meet (other lines)?
They are nine kinds: side, arm, base, diagonal, perpendicular,
chord, arrow, sine, versed sine’” (34:12-14). These oo:omﬁem are
then further defined in questions 41-49 (34:14-17:5). Al-Khwa-
rizmi defines the same concepts in the same order, and in almost
the same words (al-Khwarizmi pp. 205-206).

In his 158th question Al-Hindi asks:

“What is a torus (halgqa)? It is a solid with one round surface
with a space in the middle in which a sphere can fit”" (30:11-12).
This vague definition is literally the same as that in Al-Khwa-
rizmi p. 209:4-616.

Questions 6-10 in the quotation in section 2 resemble the fol-
lowing passage in the Keys of the Sciences:

“The line is a magnitude with one distance - length - only. It
can only be seen together with the surface, because it is its end.
Abstractly, it can be perceived by the imagination only. The two
ends of the lines are points. The point is a thing without distance
in length, and without breadth and depth. It cannot be perceived
by the senses without the line., because it is its end. Abstract-

16 Al-Hindi found this definition not sufficiently precise, for he added a
passage that he probably took from another source: “'{159) How is the torus
produced? From two tangent circles such that one is perpendicular to the
other, if the perpendicular circle is turned on the circumference of the other
circle until the circumference returns to the point where it began to move”
(30:12-14}.
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ly, it can only be perceived by the imagination” (al-Khwarizmi
pp. 203-204).

The letter on geometry of the Ikhwan al-Safa’ was clearly the
most important source of Al-Hindl's treatise. The whole section
on units of measurement {42:17-44:8) is virtually identical with
part of this letter (ed. Dieterici 299:19-301:6).

The following similarity is also remarkable. Al-Hindi says in
(17:5-6)

“(50) How many are the positions of circular lines? Two, paral-
lel and intersecting (above the line he writes: meeting). (51)
What are parallel circular lines? They are drawn about one cen-
tre. (52) What are meeting circular lines? They are (circular
lines) containing an angle.”

(50) and (51) are strange because circles with different centres
do not always meet or intersect. When writing (50) and (51), Al-
Hindi probably looked at the following passage of the Ikhwan al-
Safa’:

“Parallel circular lines are circular lines with one centre, in-
tersecting circular lines are (circular lines) with different cen-
tres”’ (ed. Dieterici 295:21-296:1).

He then realized that the Ikhwan al-Safa’ incorrectly defined
intersecting circles, and wrote (52), which is in itself a correct
statement. However, he overlooked that (50) should have been
modified as well.

On one occasion Al-Hindi asked a question motivated by the
Ikhwan al-Safd’, and then forgot to answer that” question. He
says (italics mine):

“*(139) How many are the kinds of solids that are contained by
quadrilaterals (1. e. rectangles) and how many quadrilaterals
contain them? They (the kinds) are four. Among them is one with
three equal distances, I mean length, breadth and depth, and it
is called cube, and it belongs to the figures inscribed in a sphere;
among them is one with two equal distances and a third distance
which is shorter, and it is called brick (libnah); and among them
is one with two equal distances and a third distance which 1s
greater than the two above-mentioned (distances), it is called
beam ({ir)!7 and among them is the (kind) with different dis-
tances, called tablet-shaped (lauhi)’ (28:19-29:3).

17 The word tir (beam used in building) could also be read bir (well,
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This is all Al-Hindi has to say about these parallelepipeds. but
the Tkhwan al-Safd’ also discuss the number and kind of the rec-
tangular faces in each case (ed. Dieterici. p. 298).

A third source of Al-Hindi is. not surprisingly. Euclid's Ele-
ments. In 21:14. Al-HindI lists the five kinds of quadrilaterals de-
fined in the Elements'®, and in this case he explicitly refers to
Euclid.

Al-Hindi also used a variety of other sources that I have not
been able to identify. Except for the section on mensuration
these unidentified sources seem to have been of secondary im-
portance!®.

4. Material of Greek origin.

One of the historically interesting aspects of Al-Hindi's treatise
is the fact that it contains material of Greek origin not hithert6
found in Arabic sources. An example is the answer to question
135:

spring). Al-Khwarizmi mentions both possibilities. but he says that b is
more appropriate than (ir (al-Khwarizmi p. 208:8-9). The Ikhwan al-Safd’ use
bi’r (see for example Dieterici, 298:8). Al-Birani, on the other hand, only
gives tir (Introduction to Astrology pp. 29, 30). The three types of parallel-
epipeds occur already in the Definitions of Heron, where they are called
xiwbic (square brick), Soxés (beam) and spnvioxss (wedge) (Definitions 112,
113 and 114, see Heron pp. 68-71). Thus it appears that (ir was the original
Arabic term and that b7 is a later corruption.

18 Elements, definition 22 of Book 1. see Heath, Elements, vol. 1. p. 154.

19 Al-Hindi appended to his treatise on geometry on p. 44 the following list

of books which he does not seem to have used for this treatise. He writes in
smaller handwriting (compare 112:4):
. “Arrangement of (the works) in an antograph manuscript ol Ishaq ibn Hu-
nayn that are read after (the Elements of) Buclid. The Book of Optics of Eu-
clid, one treatise; the Phaenomena of Euclid, one treatise. the Nights and
Days of Theodosius, twa treatises; the Spheres of Theodosius, three treatises;
the Inhabited (world) of Theodosius, one treatise; the Ascensions of Hypsi-
cles, one treatise: the Moving Sphere of Autolycus, one treatise; Risings and
Settings of Autolycus, two treatises; the Distances and Sizes of the Stars of
Aristarchus, one treatise; the total is thirteen treatises””. The thirteen an-
cient books are the core of the well-known collection of *‘middle books {muta-
wassital)” that should be read after Buclid's Elements and before the Alma-
gest of Ptolemy. For the mathematical translations of Ishéq ibn Hunayn
(830-910) see GAS V, 272-273.
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“Is it possible that a sphere circumscribes another solid even
though its faces are equilateral and equiangular (figures) of two
kinds?

Archimedes mentioned that a sphere can circumscribe two sol-
ids, contained by triangles and squares, each of them having
fourteen faces; one of them is contained by eight equilateral and
equiangular triangles, and six equilateral and equiangular quad-
rilaterals, so that this figure is composed of air and earth. and
the other, in opposition to that (first solid), is contained by six
equilateral and equiangular triangles and eight equilateral and
equiangular quadrilaterals’ (28:2-6).

This answer resembles the following passage in the Definitions
of Heron of Alexandria:

“Euclid proved in the thirteenth Book of the Elements how
these five solids (i. e. the five regular polyhedra) can be inscribed
in a sphere, but he only thinks of the Platonic solids. Archimedes
says that there are a total of thirteen solids that can be inscribed
in a sphere, adding eight to the above-mentioned five. (He says
that) Plato also knew one of them, the solid with fourteen faces,
of which there are two sorts, one consisting of eight triangles and
six squares, of earth and air, and already known to some of the
ancients, the other again made up of eight squares and six tri-
angles, which seems to be more difficult’.20

The resemblance between the two passages is striking because
of the rather nonsensical nature of the contents. We know from
Pappus of Alexandria (ca. A. D. 250) that Archimedes discovered
13 (not 8) semi-regular polyhedra?!; a semiregular polyhedron is
a {convex) solid with congruent solid angles, whose faces are reg-
ular polygons, not all having the same number of sides. Such a
polyhedron can always be inscribed in a sphere. There is a semi-
regular polyhedron with eight triangular and six square faces®?,

but a polyhedron with eight square faces and six triangular faces
N :

® Heron pp. 64-67, translation adapted from Heath, A history of Greek
mathematics vol. 1, p. 295, There Heath also discusses the Platonic doctrine
which associates the cube with earth and the octahedron with water.

¥ Heath, A history of Greek mathematics vol. 2, p. 98. Further information
on the semi-regular polyhedra and beautiful drawings can be found in Wil-
liams pp. 72-79.

% Buch a polyhedron was constructed by Thabit ibn @c:m,, see Bessel-
Hagen and Spies.
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can never be inscribed in a sphere?3, hence it is not surprising
that Heron found this second polyhedron “‘more difficult’”. Thus
the alleged quotation of Archimedes is certainly not genuine.

An Arabic translation of the Definitions of Heron is not ex-
tant, and no reference to such a translation occurs in the known
Arabic literature®d. The two quoted passages support the thesis
of Sonja Brentjes that the Definitions of Heron were transmitted
into Arabic®®, Heron’s Definitions also contain the equivalents of
Al-Hindi’s definitions 13.5 and 13.6 of a straight line?®, but Al-
Hindi need not have taken these from Heron because they were
also transmitted by Al-Nayrizi who took them from Simplicius.??

The answer to question 11 quoted in section 2 is also of Greek
origin. Proclus tells us in his commentary on Book 1 of Euclid’'s
Elements?® that composite (sOvBetov) and incomposite {(dodvlerov)
lines were first discussed by Geminus in a large geometrical work
which is now lost. A translation of the work of Geminus has not
been found, but parts of it may have been transmitted into
Arabic?®.

Finally we draw attention to Al-Hindi’'s definition 13.4 of a
straight line. This definition is not found in any Greek source,
but it occurs in the Inéroduction to Geometry of Al-Sijzi, who at-

2 Consider a polyhedron with 8 square faces and 6 equilateral triangular
{faces. The polyhedron has 14 faces and (32 + 18)/2 = 25 edges, so by Euler’s
theorem it must have 25 - 14 + 2 = 13 angular points. Assume that all angu-
lar points lie on a sphere. Suppose that at one angular point only three faces
come together. In all cases one easily shows that the surrounding sphere is
too small to contain the remaining 11 faces, hence a contradiction follows.
Thus at least 4 faces come together at each angular point. All angular points
are therefore endpoints of at least 4 edges. Because there are 25 edges with 2
endpoints each, it follows that the number of angular points is at most 50/4
< 13. Contradiction.

2 GAS 'V, 153.

% Brentjes p. 261.

26 Heron p. _m lines T@

27 Curtze p. 7. lines 25,

2 Proclus, tr. Zoz,o? p- @oﬂ see also Heath, Fuclid's Elements. Vol. 1, p.
153, 165-169.

2 [ncomposite and composite lines are not mentioned in the {Latin transla-
tion of the) commentary of al-Nayrizi to Euclid's Elements. This commentary
contains several statements attributed to a certain Aghanis, who may or may
not be identical to Geminus.
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tributes it to the ancients®). It is unlikely that Al-Hindi copied
13.4 from the Introduction to Geometry, because Al-Sijzi gives a
number of additional definitions of a straight line that do not oc-
cur in Al-Hindi's treatise.

5. Al-Hindi as a geomeler.

Al-Hindl derived the material in his treatise from other
sources, but the systematical arrangement of his treatise indi-
cates that he had a working knowledge of elementary geometry.
At the end of the treatise on astronomy he added his own discus-
sion of the rising and setting of ecliptical signs at localities close
to the north pole (p. 112). Thus we can assume that he had mas-
tered the geometry necessary for the study of astronomy. The
following question and answer shows that he was aware of the
existence of more advanced geometry:

(68} How many are the types of curved lines? they are infi-
nitely many, but five kinds are used in geometry: the three conic
sections, called the sufficient, exceeding and deficient section
(i. e. the parabola, hyperbola and ellipse), and the line called spi-
ralic®!, and the line called dome-shaped?®” (17:21-18:2).

3 GAS V. 333, 20; ms. Chester Beatty 3652, I. 2b:9: “The ancients defined
it (as follows): some of them said that it is such that all points that are as-
sumed on it are in one direction” (wa-haddahu {sc. al-khaft al-mustagim) al-
qudamad’, minhum man géla innahu hwwa lladhi kullu [-nugati lati tufradu
‘alayhi fa-hiya fi samiin wihidin)

3 lawlabi. Here the source of Al-Hindi may have been the commentary of
Al-Nayrizi on the Elements. The Arabic text of the relevant part of this com-
mentary is lost, but the Latin translation mentions “‘linee, que sunt leulavic’
{lines that are spiral-shaped) without giving further information (Curtze p. 6
line 21). Al-Sijzi mentions spiral-shaped (lawlabi) lines in his Introduction to
leometry (f. 2b, see footnote 30), and it appears from his description that the
curve in question is the cylindrical helix, not the spiral of Archimedes. Ac-
cording to Proclus’ commentary to the £l#menis (which is not known to have
been translated into Arabic) the curve was studied in antiquity by Apollonius
of Perga and by Geminus {Proclus pp. 85, 196).

% nimkha’iji. from Persian nimkhdyeh, a cupola, dome. I do not know
what curve this is. I know of only one other occurrence of this term in a
mathematical text, namely in the following passage in the Cairo edition (not
in Dieterici’s edition) of the Letters of the lkhwian al-Safa’: “‘among the fig-
ures there is a (figure) called egg-shaped (haydi), and one called crescent-
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Further on. Al-Hindi says that the intersection of a cylinder
with a plane is called a ““curved line” {35:1), but he does not say
that the curved line is an ellipse. In 31:5-10 he gives the defini-
tion of a right cone of Euclid and the general definition of a cone
of Apollonius. and in 31:13-16 he states that there cannot be two
different circles of equal size on one cone. This is correct for a
right cone, but on an oblique cone there can be different circles
of equal size, as Apollonius shows in Conics 1, proposition 5%,
Thus Al-Hindi was not familiar with the theory of conic sections.
Nothing in the treatise indicates that Al-Hindi was familiar with
any other advanced topic in mathematics. Therefore we conclude
that Al-Hindi knew the geometry necessary for the study of as-
tronomy, but little more than that.

8. Traces of contemporary mathematics in Al-Hind?’s trealise.

Most of the material that has been discussed thus far. includ-
ing that derived from the Keys of the Sciences and the geometri-
cal letter of the Ikhwan al-Safd’ is ultimately of Greek origin.
The concepts “‘sine” and “‘versed sine’’ which Al-Hindi took from
the Keys of the Sciences are Indian. We now cite some passages
from Al-Hindi's treatise that involve mathematical developments
in the Arabic-Islamic tradition.

1. Question 99 runs: “What is the property of the heptagon in-
scribed in a circle? It is that if in the circle an isosceles triangle
is inscribed on its side (i. e. having the side of the heptagon as its
base), each of the angles at the base, which are subtended by the
equal sides, is three times the remaining angle. Thus it follows
that if we can construct an isosceles triangle, such that each of
the angles at the base is three times the remaining angle, we can
construct the heptagon in the circle” (23:21-24:4). Abu I-Jud
Muhammad ibn al-Layth had constructed the heptagon in this

shaped, and one calied the pine-apple shaped cone, and one called myrob-
alan-shaped, and one called dome-shaped (nimkhd*ji, misspelled as nimkha-
nijn, and one called drum-shaped, and one called olive-shaped’ (Ikhwan al-
Safa’ pp. 56-57). [ thank Dr. Remke Kruk for helpful suggestions concerning
the interpretation of nimkha iji.

33 See Heath, Apollonius, pp. 2-3.
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way in the late tenth century A.D., and he made similar state-
ments on several occasions.?

2. In the beginning of the treatise there is a long marginal
note, extending over several pages® and consisting of a lengthy
discussion of the concept of a point. I have not been able to
identify the treatise from which the note was taken; the note is
somewhat similar to but much longer than the discussion of a
point in Ibn al-Haytham’s Commentary on the Premisses of Eu-
clid.?®

3. Question 59, which begins on 18:2 and continues in the mar-
gin, involves the hyperbola and its asymptote. The text runs:

“How is it possible that if some point is assumed on the cone®
and if there is drawn a line to the line of the (conic) section®,
that it approaches it, but does not meet it, and whenever their
extensions increase, they approach each other but never meet!
That is (possible), if a point is marked on one of the asymptotes
of the (conic) section, and if there is drawn a line parallel to the
other (asymptote). Then, no matter how small the distance is be-
tween it and the common point {of the two asymptotes), that line
will meet the conic section. m.,:l&oﬁ whenever the line of the
(conic) section and the asymptote are more distant from the com-
mon point of the two (asymptotes), they will approach each
other, and the distance between them will be less, but they do
not meet.

This may also be possible (wa-gad yakinu dhalika) for two
parallel lines if one imagines the distance between them divided
indefinitely. Then they also approach but do not meet.”

3¢ See Hogendijk, Heptagon, pp. 249, 254, 271 note 1.

35 The marginal remark should be read in the following order: p. 16 right
side, top of page; p- 33 top of page, left side, bottom of page; p. 16 bottom of
page: p. 34 right side, top of page: p. 17 top of page, left side, bottom of
page; p. 34 bottom of page; p. 18 top of page; p. 19 top of page, left side.
The remark was written by Al-Hindi, compare page 112 line 4.

3 GAS V, 370, 28; see Sude pp. 27-30.

37 This should probably be: {section of the) cone.

38 In ancient and Arabic-Islamic geometry the {conic) section is sometimes
considered to be part of the plane inside the cone that produces the section,
and therefore the *line of the section’ is the curve that we would call the
conic section. Al-Hindi does not say anywhere that the conic section in ques-
tion is a hyperbola, nor does he explain what an asymptote is.
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The last sentence is unclear but interesting. If one assumes
that two parallel (that is: non-intersecting) lines approach one
another, it follows that through a given point one can draw more
than one line parallel to a given line. This is inconsistent with
Euclid’s famous parallel postulate. A fragment of a text of Al-Bi-
rani (972-1048) also contains a hint to the effect that some of his
contemporaries doubted the truth of the parallel-postulate®.
Thus Al-HindD’s treatise contains an echo of discussions that be-
long to the prehistory of non-Euclidean geometry.
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U>m,W>vMHHF ZUR ZAHLENTHEORIE IN DEN
PROBLEMEN DER PHILOSOPHIE VON AL-HINDI

SonNsA BRENTIES*

Die Abhandlung Probleme der Philosophie von Muhammad b.
‘All b. ‘Abdallah al-Hindi, die 529 H/1135 geschrieben wurde,
heute als Autograph vorliegt und 1985 vom Institut fiir Ge-
schichte der Arabisch-Islamischen Wissenschaften in Frankfurt
a. M. als Faksimile-Edition herausgegeben worden ist!, bereichert
die Geschichte der Mathematik des islamischen Mittelalters um
ein weiteres enzyklopéddisches Werk. Sein Autor war bislang un-
bekannt. Das erste Kapitel der aus sieben Teilen bestehenden
philosophischen Enzyklopidie? ist der Zahlentheorie gewidmet.
Es soll in dem vorliegenden Artikel nach seinem Inhalt und sei-
nen Quellen niher untersucht werden. Daraus werden Einschiit-
zungen liber die Bedeutung des Autors dieser Enzyklopidie fiir
die Geschichte der Zahlentheorie abgeleitet.

L. Inhalt der allgemeinen Einfihrung
in die Philosophie durch al-Hindi

Der dufleren Form nach ist al-Hindi's Abhandlung in Fragen
und Antworten gegliedert. ,,Die erste Magala zur Arithmetik”

‘'umfafit in der Frankfurter Faksimile-Edition die Seiten 4 bis 14.

Sie wendet sich, nach einer kurzen Einleitung, zunéchst grundle-
genden Fragen zu, die die Einteilung und Definition der philoso-
phischen Wissenschaften betreffen. Als erstes fragt al-Hindi, was

* Karl-Sudhoff-Institut, Bereich Medizin, Karl-Marx-Universitit, Talstrasse
33, DDR-7027 Leipzig, German Democratic Republic.

! al-Hindi, Muhammad ibn ‘Ali ibn ‘Abdallah. Problems of Philosophy (Ju-
mal al-falsafa), ed. F. Sezgin. Frankfurt a. M. 1985. (Publications of the In-
stitute for the History of Arabic-Islamic Science, Series C, Vol. 19)

® Bine Untersuchung des zweiten Kapitels dieser Enzyklopidie, das die
Geometrie behandelt, gibt J. P. Hogendijk o. S. 19-32.



