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The moon, however, is different from these for its epicycle moves in a
direction contrary to that of the other epicycles. For if the moon’s epicycle
is at the perigee of the deferent, it then moves on itself in the direction of the
west. Due to that, the movable center of its epicycle would then be below
the fixed center when it is at the apogee of the deferent. If the epicycle moves
on itself westwards and the apogee of the deferent also moves westwards,

then the perigee of the deferent moves to the east, and the movable center
follows

(fol. 67v)

in its motion the motion of the perigee. Whatever takes place in connection
with the other planets, it does so on account of the motion of the fixed center
eastwards, as we have seen. The example for all that is in the following diagram
(Fig. 4) and God knows best.'®

The compendium is thus completed and praise be upon His friend and
prayers be upon His prophet.

Collated with the original. And much praise be to the Lord, and His pray-
ers be upon our lord Muhammad and his kin and his chaste companions.

15. The confusion of directions is obvious. Moreover, the author does not seem to have worked out
the model for the moon, which is understandable, for the lunar motion is more complicated than that
of the superior planets.

Plate 2: Facsimile drawing from MS Thurston 3, f. 145v.
(Courtesy of the Bodleian Library, Oxford).
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The more the two centers descend towards quadrature, the more the
figure increases in width until they reach the first quarter, when the figure
becomes a right-angled quadrilateral.

The two centers then move towards the perigee, and when they reach it,
the two lines coincide and become like one line. As soon as they bypass the
perigee, the movable center begins to ascend and the rhomboid is produced
(again) and continues to increase in width until they reach the second qua-
drature, when the figure becomes a rectangle.

Then the two diameters move towards the apogee until they coincide,
as they did before. In all of these conditions, the diameter passing through
the movable center of the epicycle is always connected with the diameter
of the circle, which is the equant.

I will draw an illustration for that. I repeat, then, the first example and
say: if the epicycle were at the apogee of the deferent, then the diameters
of the epicycle and the deferent would be as one line, which is line EtP (in
Fig. 3).

If the two centers move, the movable center begins to descend, and the
fixed center will be ahead and the two diameters separate. The movable center
will remain behind, for it is descending from above until they reach, for example,
one eighth of their circles, and point P coincides with point H*® and point 4

(fol. 67r)
coincides with B, thereby producing the rhomboid EBHL.

Then they descend to quadrature and the square (sic)'* tJBE is produced,
for the figure was increasing in width.

Then they descend to the second (sic) eighth, at which time the square
begins to get narrower and produces the rhomboid at the two points G and
Z, for example, and figure EtZG is produced.

They further descend to the perigee and the two diameters coincide to
form one line tExG. If, however, they begin to move and start to ascend,
point x will then move ahead of peint G and produce, at the third eighth,
for example, the rthomboid tEGd.

When they ascend to reach th : second quadrature, the square tEDd is
produced, because the figure begins to widen.

They (keep on) ascending to reach the fourth eighth when the rhomboid
tEAP is produced.

They (finally) ascend to return to the original position, and that (Fig. 3)
is the illustration for the five planets.

13. Abii “Ubayd seems to be confused about the direction of motion. The diagram accompanying
the three MSS shows a westward motion which is contrary to assumption. We have left the illustration
as is because the direction of motion here is not essential to the argument.

14. Read rectangle.
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bypass it and reach point d. At that time the fixed center would have been
moved by three quarters of the circle of the deferent, and the movable center
would have covered an equivalent three quarters of a circle.

Point D then moves towards point 4 and point d begins to rise. When
point D reaches point A, point d would coincide with point P, and would
have then completed another circle PJxd. The center of this circle is (itself)
the center of the equant circle which is point t.

Then the movement of point P describes equal angles in equal times
around point ¢, and point P is the real center of the epicycle. (In contrast)
equal angles are not described in equal times around point E, which is the
center of the deferent, because (P) draws near to it at times and away from
it at other times.

This condition does not take place when P revolves around ¢, and thus
the equal angles around ¢ are described in equal times.

And that is the reason by which the circle of the equant is achieved.'
Farghani said in his Topics (Fusil) that if the center of the epicycle moves

(fol. 66v)

from the apogee of the deferent, the diameter of the epicycle deviates (yamil)
towards another point. These words are connected with the preceeding as I
will show.

I say: If the epicycle is at the apogee of the deferent, then the diameter
of its sphere would then be continuous with that of the deferent. When the
center of the epicyele moves towards the east and the sphere of the epicycle
moves around itself, then the movable center of the epicycle moves, as we
have said, producing with its motion the circle of the equant with some de-
scent. For had it not been for the motion of the epicycle on itself, the circle
drawn by the motion of the movable center would be concentric (muwaziyah)
with the circle of the deferent sphere. But if they both move, then the movable
center describes the circle that we have mentioned, and thus there will be
two diameters. One of (these diameters) is the diameter of the deferent and
the second the diameter of the equant, but both equal and coinciding.

Then (the two diameters) depart from one another and a rhomboid is
produced, with its longer sides being equal to the radii and its shorter sides
equal to the distances between each (pair) of the (four) centers (see, e.g., Fig.3).

11. Abi Ubayd misunderstands the Ptolemaic requirement, that, although equal angles are mea-
sured around the equant in equal times, the center of the epicycle, however, never departs from the
ference of the deferent as the resultant path. All later attempts at the solution of the equant,

by °Urdi, Tasi, and Ibn al-Shatir, approximated this path.

12. Abi “Ubayd misses the point completely and ends up with a model that can produce an equant
circle rather than with a model that produces the deferent, retains the property of the equant, and
satisfies the conditions of uniform motion. Such results seem to have been successfully achieved for
the first time only in the thirteenth century.
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sected the circle of the deferent. And because the movable center was above
the fixed one, it is inevitable that it will go ahead of it as it used to trail it
in the first quarter. Then the fixed center continues to be raised until it reac-
hes the apogee of the deferent and the movable center returns to its place
after completing its own circle.

If this is evident, then the movable center, in all of these positions, draws
sometimes near to the center of the deferent and at other times draws away
from it. As a result of that, it is impossible to have equal angles described
at (the center of the deferent) in equal times. Its distance, however, from the
equant is always the same, and at that point equal angles are described in
equal times.

If our statement is taken to be true, we then draw an example (illustrating
the way in which) the circle of the equant is achieved. I will represent the
spheres with circles.

I say: let the circle ABGD be the deferent, with center E, and diameter
AEG passing through the apogee and perigee.’ Let the second diameter,
at quadrature, be BED, The circle is then divided into four parts by points
A4, B, G, D. We then draw at these points the circles of the epicycles. (Let)
the one at point 4 be circle WZHT, at B be YKLM, at G be SOFN, and
the one at point D be the circle QRXC. Let the deferent apogee be point A.
And point 4 is itself the fixed center of the epicycle. And let its movable ec-
center be point P, P being above 4.

If point 4 is moved, circle A BGD moves towards the east and circle WZHT
moves on itself. Then point P, which is the movable center, moves with the
epicycle towards the east and begins to descend slowly until point 4 reaches
point B (sic)' and completes a quarter of a circle. But (point P)j does not
reach (B) in the same way A4 does, because point P was above point 4, and
hence remains behind at point J, after having completed its own quarter
circle that is equal to one quarter of the circle of the deferent, i.e. arc PJ.

(fol. 66r)

The arc between the two points P (and) J is equal to the arc between 4
and B. Then point B is moved towards point G until it reaches it and coincides
with the deferent perigee. Point J is then on diameter AG, on point x (of it),
which is the movable center, (and) at its nearest distance from E, the deferent
center.

Then point G moves towards D, and x moves in such a way that when G
reaches D, then point x would have bypassed point D by the distance that
is between the two centers. Since point x was above point G, then it must

9. The reference is to Figure 2 in the Arabic text.
10. If 4 moves eastwards it should coincide with D in the diagram of the three MSS. We have re-
drawn the figure to correspond to the text. Cf. Plate 2, p. 387, a facsimile from one of the MSS.
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From such things onc ought to know that the distance between the center
of the deferent and the center of the equant must be the same as the distance
between

(fol. 65r)
the fixed and the moving center of the epicycle.

Moreover, one ought to know that the motion of the outermost sphere
of the epicycle is equal to that of the deferent.

It is then necessary that the motion of the eccenter of the epicycle on
the small circle be equal in time to the motion of the deferent itself, so that
if the sphere of the deferent moves, for example, by one quarter of its motion,
the center of the epicycle would then move by one quarter of the small circle.
And if (the deferent) moves by one half of its circle, the center will move
by one half of its (own) circle. The remaining parts of the two circles are then
related in the same fashion.

If that which we mentioned is clear, let us assume now that the sphere
of the epicycle is at the apogee of the deferent, and the moving center of the
epicycle is on the line that passes through the centers, above the fixed center,
in the direction of the apogee of the epicycle. (At that position) it will be at
its farthest distance from the center of the deferent. And when the fixed
center of the epicycle is moved west to east in the direction of the signs, on
account of the motion of the deferent, and the outermost sphere of the epi-
cyclic spheres moves on itself towards the east (sic),® then the moving center
will also move towards the east (stc)® with a descent downwards. Now, if the
fixed center is carried around one quarter of the deferent, th: movable center
would move by an equivalent quarter circle. (The movable) center would be
delayed behind the (fixed) center and would reach the tip of the diameter
at quadrature and would almost intersect the first circle.

But if the fixed center is carried towards the perigee of the deferent and
the movable center also moved, with some descent, it would then touch the
circle of the deferent and would intersect it, until the fixed center reaches
the perigee of the deferent and the movable center reaches the line that passes
through the centers, each of the two centers would then have moved by one
half of its own circle. Then the movable center will be at its closest distance
to the center of the deferent and would be above the fixed center, with the
distance between them being the same as before.

Then the fixed center is moved towards the third quarter of the deferent,

(fol. 65v)

and when it reaches the end of the quarter the movable center would have
gone ahead of it and completed its own quarter circle, and would have inter-

8. This cannot happen if the outermost circle does not move towards the west, not the east. The
mistake is also noted by Qutb al-Din al-Shirazi.



382 GEORGE SALIBA

Below that (there is) a solid (musmatat) sphere with two centers:
one is for its outer surface and that is the eccenter and the other is the fixed
center. This sphere is similar to the complement (mutammim) of the spheres
that surround the earth as we show in the following figure (Fig. 1 in the Arabic
text).

(fol. 64v)

As for the epicycle of Venus, it is similar to that of Mercury, each being
composed of six spheres.

As for the moon its epicyclic sphere does not include a mover for the two
diameters. Hence, it will have only four spheres.

The spheres of the epicycles of the superior planets do not include the
mover of the diameter that passes through the two mean positions. Thus
the spheres of their epicycles are composed of five (spheres) each.

The total sum of these spheres is thirty-one. And when it is added to the
spheres surrounding the earth the number will then be seventy-three. These
spheres, however, are known and determined through their motions.

The poles of these spheres are at variance, just like the poles of the spheres
that surround the earth.

Since you know that the sphere of the epicycle is not only one sphere,
but that it is rather composed of several spheres, some inside the others, and
some are of uniform thickness, while others are not; and that the whole of the
epicyclic sphere is embedded in the thickness of the deferent carrying the
epicycle, then the motion of the center of the epicycle, which is called the
motion in anomaly, is that of the center of the inner sphere of unequal thic-
kness. And through the motion of this eccentric sphere, the direct and the
retrograde motions are achieved, as well as the hastening and the slowness,
as we have shown.

Now if the outermost sphere moves on itself the eccenter will then move
around the fixed center,” thereby producing a small circle, and itself is some-
times speeded up, at other times slowed down, while it ascends or descends.

As aresult of the motion of the center of the epicycle in this fashion, another
circle is drawn such that it intersects the circumference of the deferent sphere
that carries the epicycle, and that is the circle of the equant.

It is inconceivable that the motion of the center of the epicycle with resp-
ect to the center of the deferent will produce equal angles, because that center
(of the epicycle) sometimes draws away from the center of the deferent and
at other times it draws close to it. On the contrary, the equal angles are with
respect to the center of the imaginary circle which is called the equant.

7. The text has al-khdrijat *“the eccentric’’, which could not be the innermost sphere, for the motion
described can only be achieved if the whole epicycle moves around the fixed center and not only the
eccentric sphere as in the text.
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of the equant is, as we know, that the celestial bodies could not have variable
motions in themselves so that they move quickly at times and slowly at others,
as is established in physical science (al- ilm al-{abici).

As for the observable variations in the planetary motion on the zodiacal
sphere, they result from the planets’ nearness or remoteness from us.

Accordingly, the arcs described by the centers of the epicycles in equal
times must (themselves) be equal. And the angles subtended at the centers
of the deferent spheres carrying these epicycles in these equal motions must
(also) be equal. The facts, however, are not so, for the equal angles described
by the epicycles in equal times were found to be equal with respect to yet
another point. I will mention the reason for that in accordance with what
was revealed.

Thus I say: the explanation of this problem involves several things; of
which, one ought to know that the epicyclic sphere is not a unique one, but

(fol. 64r)
is composed of several spheres, assembled in a fashion similar to that of the
spheres surrounding the earth. To illustrate that we mention the epicyclic
sphere of Mercury and then we explain the details of the remaining epicycles
of the planets.

Thus I say: the first of its spheres (i.e. Mercury’s) is a sphere of uniform
thickness whose center is always fixed within the thickness of the eccentric
sphere, just as the center of the earth is in relation to the spheres surrounding
the earth. The motion of these spheres is from west to east in the order of
the signs, around two fixed poles as we will explain below in detail.

Below this sphere (there is) another sphere of uniform thickness, and it
is the one that moves the diameter passing through the apogee and perigee
of the epicycle to the north and to the south, and thus, the epicycle’s apogee
and perigee are sometimes to the north and at other times to the south.

Below this (there is) another sphere of uniform thickness that moves
the diameter passing through the two mean positions at times to the south
and at other times to the north. The centers of these two spheres are the
same as the fixed center of the first sphere.

Next is a sphere of unequal thickness similar to that of the apogee of the
spheres that surround the earth. The conditions for this sphere are identical
to those (of the apogee) such that the center of its outer surface is the fixed
center, and the center of its inner surface is eccentric.

That is followed by a sphere of uniform thickness in which Mercury itself
is embedded. And with the motion of this sphere, Mercury moves in what
is called the motion in anomaly. Through it, also, direct and retrograde motions
take place. The conditions attributed to the epicycle are with respect to this
eccenter, and through the motion of this sphere the moon (sic.) moves fast
or slows down.



380 GEORGE SALIBA

mature only two centuries later at the hands of Urdi, Ttsi, and Shirazi,
and finally to culminate in the brilliant work of Ibn al-Shitir in the four-
teenth century. Within that historical development, it is understandable
that Abfi “Ubayd’s work should be ignored by astronomers generally. Only
Qutb al-Din al-Shirizi refers to him, and then to state that Abu “Ubayd
disgraced himself (fadaka nafsahu). In a forthcoming article I shall give the full
eriticism of Abii “Ubayd’s solution by Shirazi. Let it suffice here to say that
Shirazi was vigorous in his rejection of JiizjanI’s astronomy, referring to it
as false (batil), obvious mistake (khata’ sarik), and grave error (ghalaf fahish).

Translation

(fol. 63r)

A compendium concerning the meaning (ma‘nd) of the equant sphere,
and the meaning of deviation (mayl), twisting (iltiwa’) and slant (infkirdf)
of the spheres of the epicycle.

I extracted it from the book on the Nature of the Construction of the Spheres,
by the honorable Shaykh Abiu “Ubayd “Abd al-Wahid b. Muhammad al-
Jiizjani, may God have mercy on his soul.

The original manuscript was in his own handwriting and was also collated
and read with him.

(fol. 63v)

In the name of God the Merciful, the Compassionate. God grant assistance.
Praise be to the Lord of all creation, and prayers be upon the best of His
creation, Muhammad, and all of his kin and companions.

The honorable Shaykh Abi “Ubayd Allah “Abd al-Wahid b. Muhammad
al-Juzjani, may God have mercy on his soul, said: I was always eager to ac-
quire knowledge of the science of astronomy, and diligent in reading the
books composed in it, until I reached the content (mand) of the equant,
the deviation, the twisting and the slant of the epicyclic spheres. I could not
understand that, nor-was I able to comprehend its import. I started to medi-
tate about it and apply myself to it for a long time until God, may He be
exalted, facilitated that for me and it was revealed to me. Then I could ima-
gine it and understand its nature, and could not know whether they (i.e.
the astronomers) niggardly held it back from others, or it escaped them al-
together, as in the case of al-Shaykh al-Ra’is Aba °Ali, may God have mercy
on his soul. When I asked him about this problem, he said: “I came to un-
derstand this problem after great effort and much toil, and I will not teach
it to anybody. Apply yourself to it and it may be revealed to you as it was
revealed to me”. I suspect that I was the first to achieve these results.

I, then, say: Firstly, the uncertainty (shubhat) concerning the question
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The Author

The manuscript refers to the author as Abii “Ubayd °Abd al-Wahid b.
Muhammad al-Jizjani, with the possible variation Abii “Ubayd Allah. There
is little doubt that he is the same student of Ibn Sini known from the Kitab
al-Shifz’. The introduction to our compendium, quoted by Qutb al-Din al-
Shirazi, confirms this association with Ibn Sina.

Abi “Ubayd’s Proposals

Abstracted from the verbiage of the manuscript, the basic idea is equi-
valent to the following:
A point, called the fixed epicycle center, moves at constant speed along a circle called
the deferent. Extending from the point is a line segment, of unspecified length, the
endpoint of which is called the movable, or real, epicycle center. The segment desplaces
itself parallel to the line of apsides. The circle which is the trace of the movable epicycle
center is called the equant.

Presumably the earth is at the center of the ‘““deferent”, and presumably
the planet itself rotates about the “movable epicycle center”. But there
is no indication that Abai “Ubayd realizes that (1) the orbit of the epicycle
center must have an eccentricity determined by observational considerations,
and (2) observation also imposes on the epicycle center a periodic acceleration
and deceleration (as viewed from the earth) which is roughly twice the mag-
nitude of that imparted to it by the eccentricity.

Thus, far from solving the equant problem, Abii “Ubayd, has failed to
understand what it was. He does understand the equivalence of the eccentric
and epicyclic hypotheses, demonstrated in Almagest III, 3, and well known
ever since.

To the extent that his ideas make sense, they constitute an unconscious
throwback to some non-equant pre-Ptolemaic planetary model which was
indeed a conbination of uniform circular motions.

Conclusion

We have established that as early as the middle of the eleventh century
the attempts to reform Ptolemaic astronomy had begvn. We are told by
Ab@ “Ubayd that Ibn Sina himself had a solution of the equant problem,
which he refused to teach to anybody. Whether he was merely boasting, and
all evidence points in that direction, or not, we can not yet determine with
absolute certainty.

Qur text, for what it is worth, illustrates the kind of discussions that
were being conducted in the Avicennian circle in the eleventh century, and
it imparts the flavor of the valid solutions which would eventually be pro-
pounded. It falls towards the beginning of a historical process that was to
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criticises the equant of Ptolemy. Abii “Ubayd, however, goes a step further
than Ibn al-Haytham and attempts to construct his own models which were
to avoid the pitfalls of the Ptolemaic ones.

Sources

Abt “Ubayd is supposed to have written on the subject of planetary
configurations a book having the title Kayfiyyat tarkib al-aflik, which appa-
rently has not been preserved.* What has reached us, however, is a compen-
dium of the book by the author himself, which has been preserved in three
copies. Two of these are at the Bodleian Library, Thurston 3 and Marsh 720,
while the third is at Leiden, Or. 174/2.

Bodleian Marsh 720 is a later copy of Thurston 3. Hence we must assume
that we really have two independent copies of Abii “Ubayd’s text, neither
of them being an autograph. The scribe of the Leiden copy, however, expli-
citly states that he made it from an autograph that Ab@a “Ubayd used in his
own teaching.

Abi “Ubayd’s other work Khilas tarkib al-aflak, Meshhed MS No 5593/9,
may have some bearing on our text. But, under the circumstances, I have
to accept Sezgin’s statement that it is only a commentary on Farghani’s
Jawami®, and as such assume that it is not essential for the determination
of the language of the present text.

What is given here, therefore, is an edition and translation of Mulakhkhas
kayfiyyat tarkib al-aflil: based on three copies which are on the whole quite
legible and rather consistent, with very few variations. This does not mean
that the text is totally free from problems, and, should the original full-length
work ever be found, we may have a slightly different version of the text.
The essential material for our purposes, i.e. the problem of the equant, wi.l
probably remain unchanged due to the fact that the full text was quoted
by Qutb al-Din al-Shirazi (c. 700 H) in essentially the same language as that
of the compendium.®

4. Sezgin, op. cit. pp. 280-281.

5. Ibid., Thurston 3, fol. 144b-146a, Marsh 720, fol. 288a-292b, Leiden Or. 174, fol. 63b—67b. The
author wishes to thank the keepers of these libraries for their kind assistance in procuring the necessary
films for this research. '

6. fa“altu fa-la talum, MS Majlis-i Shura (Tehran) No. 3944, fol. 63f. The author wishes to express
his gratitude to Mr. Jamil Ragep of Harvard University for allowing him to examine this text. This
author also differs with A. I. Sabra (JHAS, 3 (1979), 391) concerning the title of this work, for two
main reasons: 1) Shirazi himself gives us a clue as to what he intended with the title, for on fol. 13 he
refers to it as nafthat masdir (the cough of someone sick in the chest, i. e. a release of anger) for which
one can not be blamed, and 2) the scribe, probably copying the original vowels, vocalizes the verb as
fataltu. The vocalization fa‘alta on the flyleaf is in a later hand and less trustworthy than that of the
scribe.



Ibn Sina and Abu “Ubayd al-Juzjani:
The Problem of the Ptolemaic Equant

GEORGE SALIBA*

Introduction

The Ptolemaic model for the upper planets assumes that the epicycle
centers of those planets move on a circle, called the deferent, whose center
does not coincide with the earth, and that they describe equal angles around
yet another center, called the equant. This arrangement violates the principle
that any celestial motion must be a combination of uniform circular motions.

This, in a nutshell, is the essence of the equant problem which greatly
exercised Muslim astronomers, and which was also one of the main motiva-
tions for the Copernican astronomy. It would be naive to suppose that Pto-
lemy was not aware of it, or that he was incapable of solving it. What it re-
veals, though, is that Ptolemy’s main concern in the Almagest and in the
Planetary Hypothesis was quite different from that of the later medieval
astronomers. For Ptolemy it was sufficient to produce mathematical models
that are capable of describing the planetary motion in longitude and in lati-
tude, in spite of the fact that, at times, one were to ‘“use something contrary
to the general argument”.’ For later medieval astronomers, harmony between
the physical and the mathematical worlds was essential, and they thought
of the Ptolemaic equant as a contradiction between those two worlds.

We do not know when this alleged blemish in the Ptolemaic system was
first singled out as a problem. But we do know that several Muslim astrono-
mers, in the period extending between the eleventh and the fourteenth cen-
turies, tried to construct new planetary models which would be free of this
fault.® According to present knowledge, the earliest explicit criticism of the
Ptolemaic system came from Ibn al-Haytham, in the first part of the 11th
century.’

In this paper we give an edition of a very short Arabic text, with an Eng-
lish translation, written by Abii “Ubayd al-Jiizjani, a younger contemporary
of Ibn al-Haytham, and apparently independently of him, in which he also

*Department of Middle East Languages and Cultures, Columbia University, New York, New York,
10027, U.S.A.

1. Almagest IX, 2 and Ibn al-Haytham, Al-Shukik “ala Batlamyds, ed. A. 1. Sabra and N. Shehaby
(Cairo, 1971), p. 33.

2. Sezgin, F., Geschichte des arabischen Schrifttums, Bd. VI, (Leiden, 1978), p. 34f,

3. Shukil, op. cit.
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Book on Ophthalmology and His Treatment of
Trachoma and Its Sequelae), in Arabic, 206;
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Marmura, Michael E. (Avicenna on the Division
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375; summary in English, 341.

Rosenfeld, B. A.; L. G. Utseha (Some Mathema-
tical and Physical Discoveries in al-Birtini’s
Shadows), 332.

Sabra, A. L. (The Sources of Avicenna’s Geometry).
in Arabic, 408; summary in English, 340.



el O Jles

(i SOV ) e 6 93 557l 2 g pall B30 Ll

syadl IM b I asll Sleldl e O i Laley Aels 5 ki
: i -l
(A..: ;Jb)u»;l-l W};.Lo\ )}..f.\ﬂu..aﬂ ‘S»yGJJ.}JuL:
bSO pslaay ¢ guge o S SSS JosUl g, ol iy Gt
L@MJ&U‘L}E’»\\GMU‘J ulb)l:ﬂ!u«:,.&a-l& & 37 n JH
1id oS & ISV G U1 5 peh ot JlST Qs el JE BB ey
LS

(IS )y suss” J\,;\),:m kbl 3 ot e G B g glall (§ Lt 5
s u\;-j.pja d)> VAVY 5 V4gY 64[; Y u;da oYL o i gast
LS‘:‘WJ“ _))~a.x5| u\,«.ﬂb “ :-\.o.lx”) AQAH u\N\; A—MU UL&L H{
. M}lh)(ﬁ.\.f )‘)é\ _)Jf.d\lé..f

( Ayl g g Jb)f\)—\ el dltdlt y -1 s

)L>_x,,>| Al y A2 sy 5 g8 Sedaig dex 3y 3ui4

ul; A:Llu e Loadst Aol 0,3 8 Bl el lagS” 02
(...m d g,.a.)} )TJ[& ;J)J:u J\" J>V|) ¢ e 4>_).U\ Aol & 49_,)”}
. G)AL)J‘ d)ﬂ

(SN 2, Wb ) Cnaked s o ot s f,w C"J“ ¢ Rt dds

-.L!} MWYU AAJJ;J‘ r‘}l.-ﬂ C::)Lc d WLH rjﬂ” Lol Jﬁ JM ELE]
&=t Gogie by r.r.> o & ol uw)\’b M‘ rA.\.\r— d:
UL.J d u\.«v W QKUK‘ o \_,Ab b;uYLu) J o A.JJ,«H c}u\
s xSy oAl s e

by Gl (lae b SAs¥

Ol e el S G

C_)lz”) CJ-\UU»; d_}\«)f ¢ gl e (sb)W opa) S m Jets gay
2SI iz ¢ fmpmaall slas ¥l e cian AN pdndly Loy L yually
&ls ) H..ML“} 4.:..\..“ 3 (L) f‘ lgle u\:l.uﬂ oda L_;} u,.f z:“x.s
by ) Ja

!

|

Db ol e g

L_%J‘” w‘b\ﬂ\dw—q’@\z—
Lo —



The Institute for the History of Arabic Science announces the
forthcoming publication of the following:

Arabic Water Clocks by D. Hill

A general survey of present knowledge on medieval water clocks
by the well-known English engineer and scholar Donald Hill.
(Spring 1981)

Banu Musa: The Books of Ingenious Devices (Kitab al-Hiyal
edited by A.Y. Al-Hassan )

A critical edition of the three known copies of this technological
book by the 9th century family of scientist engineers Banii Miisa
Ibn Shakir al-Munajjim. (Dec. 1980)

Studies in the Arabic-Islamic Exact Sciences by E. S. Kennedy

A reprint of articles appearing between 1947 and 1977 on such
subjects as mathematical astronomy, astronomical instruments
and mathematics and medieval mathematicians by Kennedy and
students at the American University of Beirut. (Spring 1981)

Omar Khayyam: L’Qeuvre Algébrique d’al-Khayyam, translation
and commentary by R. Rashed and A. Jabbar

Two treatises by the 11th century mathematician-poet; one the
well-known general treatment of the cubic equation and the second,
almost unknown, treatise on the division of the quadrant.

(Spring 1981)

Directory of Historians of Arabic Science edited by S. K. Hamarneh

A world-wide guide containing short biographies and abbreviated
bibliography of historians of Arabic sciences and related fields.
(Nov. 1980)

Direct all inquiries to:

Institute for the History of Arabic Science
University of Aleppo

Aleppo, Syria
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TEACHING POSITIONS AVAILABLE AT THE

Institute for the History of Arabic Science

University of Aleppo, Aleppo, Syria
Academic Year 1981-82.

Subjects: History of Civilization
Hist.orical Methods, Sources ‘& Manuscripts
History of the Exact Sciences
History of Medicine . & the Life Sciences
History of Technology

Science and Society

Candidates: Should be holders of a Ph.D. Degree with
exper‘ience in teaching the history of science, with
published research in the history of A_rabic science,

and preferably able to teach in Arabic.

Salary: Depends upon the appointee’s qualifications and -

experience.

Address inquiries to:
Dr. Khaled Maghout

Vice- President for Academic Affairs
Institute for the History of Arabic Science
University of Aleppo '
Aleppo, Syrian Arab Republic




342 SUMMARIES OF ARABIC ARTICLES

sion to Islam had apparently taken place some time previously, “Ali remained
loyal to his majisi origins. A certain religious indifference is also betrayed by
his apologia for medicine. “Ali received a careful education in Arabic letters and
became the pupil of an eminent teacher of medicine, a. Mahir Musa b. Sayyar,
to whom he owed access to a. Bakr ar-Razi’s Kitab al-Hawi, obviously a rare
and precious book at the time, and to whom °Ali remained bound in gratitude.
He dedicated his first literary effort, al-Malaki — kamil al-sina‘a al-tibbiya (sic),
to the ‘powerful king’ (al-malik al-jalil) “Adud al-Daula and presented it to
his library. On the basis of this information it is possible to date the composi-
tion of “Ali’s book to within the four years between A.H. 363 and 367: since
“Adud al-Daula did not assume the title of king before 363 but was granted a
second lagab, T3j al-Milla, in 367, al-Majiisi can only have presented his book
to him in this period. (Incidentally, al-Khuwarizmi’s Mafitik al-ulim is here
dated on similar grounds to within the years A.H. 365 and 372). Some time
later, after “Adud al-Daula’s death in Sha®ban 372, al-Majasi had his book
circulated among the general public.

In the concluding portion of the study, a number of medical writings of
the first hundred years after al-Majiisi are examined for possible gleanings
from his work. The somewhat surprising result is that in Eastern Iran al-Malaki
appears to have been almost unknown, whereas in Baghdad and the Maghrib
it quickly gained recognition, as witness the anonymous version of Sabiir b.
Sahl’s Agrabadhin (MS Munich Ar. 808/2) and Constantine the African’s Latin
translation.
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in the Leiden manuscript, that Avicenna had access to the earlier Hajjaj version.
But this does not mean that he did not also use other versions. Comparing the
number of propositions in the various books contained in Avicenna’s Geometry
with their corresponding number in al-Hajjaj and in Ishaq-Thabit suggests
that Avicenna did not adhere to any one version. This agrees with his own des-
cription of his task in composing the Geometry as one of emendation as well as
summary. And, although it is already clear that Avicenna’s effort as a reviser
of the Elements falls short of those of, say, al-Tisi or al-Maghribi, an exact as-
sessment of the nature and the sources of his composition will have to await
the results of further research on the extant translations of the Elements. Such
research is now under way at Harvard University where critical editions of

the Arabic Euclid are being prepared (by John Engroff and Gregg de Young)
on the basis of all available manuscripts.

Observations on al-Majusi, the author of Liber Regius

Lutz RicHTER-BERNBURG

In spite of the fame of al-Malaki - kamil al-sini°a al-tibbiya, hardly anything
is known about its author, “Ali b. al-°Abbas al-Majisi, including the dates of
his birth and death. An examination of the ‘biographical’ accounts of him in
the Arabic sources shows that they are merely rephrased versions of the intro-
ductory paragraph to his own book. Any study of his life will thus have to start
from there. The only information not gleaned from the Malaki itself is the date
of his death, 384/994, which H3jji Khalifa quotes from an unknown source in
his Kashf al-zuniin; although it is not supported by any other evidence, it can
at least serve as a reasonable approximation.

The silence of the biographical sources, which were mostly Baghdad-based,
on al-Majiisi is here contrasted with the wealth of information which, e.g.,
al-Qifti provides on Baghdadi physicians of the Biiyid period. We may conclude
that al-Majiisi spent most if not all his life outside Baghdad and the Sawad.
Since he served €Adud al-Daula, who resided in Shirdz as governor of Fars,
this province may lay the best claim to have been al-Majisi’s home. As a prac-
tising physician, he may well have been employed at one of the two known
hospitals in A dud al-Daula’s domain, which were located at Isfahan and Shiraz.

From the introduction to al-Malaki the following references to al-Majiisi’s
life can be gathered. At an unknown date, he was born into a family of Zoroas-
trian background that had settled in the district of Arrajan. Although conver-
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The Sources of Avicenna’s Geometry

A. 1. Sasra

The last major part (jumla) of Avicenna’s famous philosophical summa,
known as Kitab al-Shif’, consists of four mathematical sections (fanns) that
deal, respectively, with elementary geometry, arithmetic, music and astronomy.
None of these sections was included in Latin versions of al-Shifa’, but they all
figure in a number of Arabic manuscripts of this influential work. The Geometry
(Usil al-handasa) was first published in Cairo in 1977 in an edition prepared by
the present writer and completed by the late “Abd al-Hamid Lutfi. This task
was undertaken as part of the project initiated in Cairo in 1952, and which is
still in progress, of producing a new critical edition of the whole of Kitab al-
Shifa’.

The Geometry is a summary of the thirteen books of Euclid’s Elements, and
of the so-called books XIV and XV, which includes all the propositions and
their proofs in abbreviated form. I had completed an edition of the thirteen
books on the basis of five manuscripts when I had to return their photographs
to the Editor-in-Chief before leaving Alexandria for London in 1961. When I
later submitted my manuscript from London it lacked the geometrical diagrams
and the text of books XIV and XV. Mr. Lutfi added the diagrams and the text
of these two books (pp. 433-448 in the edition). The printer seems, however, to
have lost the text of books XI-XIII and the notes to the Introduction which
1 had written for the whole volume. So Mr. Lutfi was asked to supply a new
text of these three books (pp. 375-429), and the Introduction was printed
without the footnotes. And. said the Editor-in-Chief in his Preface, it was not
possible to let me see the proofs. That Introduction is here reprinted with the
notes.

The question of the sources of Avicenna’s Geometry is discussed with refe-
rence to what is known regarding the earlier Arabic versions of the Elements,
particularly those attributed to al-Hajjaj ibn Matar, Ishiq ibn Hunayn and
Elements, one during the reign of Hartn al-Rashid and the other for al-Ma’miin.
The first is not extant, and of the second only six books have survived in a
unique manuscript in Leiden. There are many copies of Ishaq’s translation as
revised by Thabit. It would appear from information yielded by Nasir al-Din
al-Tus1’s Recension (Tafrir) of the Elements, and from certain marginal notes
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Amador Diaz Garcia is a professor of Arabic language at the University of Granada (Spain). His main
research field is the history of Arabic medicine and pharmacy, and the Spanish Arabic dialect.

Paul B. Fenton has as a main interest the study of Arabic medieval philosophy, in particular
Arabic Neoplatonism and the history of science and the pseudo-sciences. He is currently preparing a new
edition of the Theology of Aristotle, based on Genizah material.

Farid Sami Haddad is a surgeon at the Ubayd Hospital in Riyadh. His numerous publications are
predominantly in the field of urology, but include several on the history of medicine. His father, also
a surgeon, started the manuscript collection that bears his name.

Richard Lorch has recently joined the staff of the Institute for the History of Arabic Science,
having spent two years in Munich as a fellow of the Alexander von Humboldt-Stiftung. His interests
are principally the history of mathematics and astronomy.

Michael E. Marmura is Chairman of the Department of Middle East and Islamic Studies in the
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in particular has written several articles on Ibn Sina.

Lutz Richter-Bernburg is on leave of absence from the Seminar fiir Arabistik, Georg-August Uni-
versity, Gittingen (West Germany). He has recently joined the Institute for the History of Arabic
Science for teaching and research in Islamic medical history and in the medieval history of Bilad

al-Sham.

Boris A. Rosenfeld is a leading Soviet historian of Arabic science. He has collaborated on a book,
now in press, which should displace the classical bibliographical work of Suter, published in 1900.

Abdelhamid I. Sabra, Professor of the History of Arabic Science at Harvard, has worked in the
foundations of mathematics and the history of geometry. A current project is a critical edition of Ibn
al-Haytham’s optics.

George Saliba is a professor at the Department of Middle East Languages & Cultures, Columbia
University, New York. His interests include Arabic and Syriac writings on astronomy. Inter alia he
has recently published papers on non-Ptolemaic planetary systems.

Larissa G. Utseha is a lecturer in mathematics at the Azerbayjan Pedagogical Institute at Baku.
Her publications discuss the mathematics of various medieval scientists.
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RECENT HARVARD DISSERATIONS IN THE HISTORY
OF ARABIC SCIENCE

A. 1. Sabra, Professor of the History of Arabic Science at Harvard University, has supervised the
following recent Ph. D. dissertations:

The Place of al-Suyiiti’s al-Hay’at al-Saniyya fi al-Hay’at al-Sunniyya. January, 1978, by Anton
Michael Heinen. A study of a set of ‘‘traditional’” or purportedly ‘‘Islamic’’ views of the world that
came to be known as al-hay’a al-sunniyya, to distinguish it from the “*scientific’’ astronomy that came
to Islam from the ancients (Greeks, Indians, etc.). The study includes an edition and English translation
of al-Suyiiti’s treatise, with commentaries.

Ibn al-Haytham’s Hay’at al-“Glam, by Yitzhak T. Langermann, May 1979. Tbn al-Haytham’s treatise
On the Configuration of the World presents a picture of the universe in terms of the solid spherical bodies
that, in his view and in the view of most astronomers of his time, produce the motions described in the
Almagest. The dissertation includes a critical edition of the Arabic text (with collations of the Hebrew
and Latin versions) and also gives an English translation, with introduction and commentary.

The Aradic Tradition of Euclid’s Elements: Book V, May 1980, by John William Engroff, Jr., studies
the transmission of Euclid’s Elements to Arabic. It is a critical exposition of what is known regarding
Hunayn and revised by Thabit ibn Qurra. Included is a critical edition of book V of the Elements based
on ten manuscripts, and an English translation.

The Arithmetic Books (VII-IX) of Euclid’s Elements in the Arabic, by Gregg De Young, in progress,
acritical edition of books VII-IX of the Elements in the Ishaq-Thabit translation, based on ten manu-
scripts. In these books Euclid set out to prove for discontinuous or arithmetic quantities the same rela-
tionships already proved for continuous or geometric magnitudes in Book V. The critically established
text is also translated into English, and the notes indicate relations with the Greek text (as edited by
Heiberg) as well as relations between the various manuscript families.

The Tadkkira of Nasir al-Din al-Tisi, by Jamil Ragep, in progress. Al-Tasi’s Tadhkira, though
intended as a compendium of astronomy, is of considerable interest on account of the non-Ptolemaic
planetary models it presented. The dissertation includes an edition of this influential work (based on
eleven manuscripts) and an English translation.
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wider category of algebraic objects made in Europe only in the nineteenth
century.
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the idea of characterizing a point on the sphere by three rectangular coordinates
in space, and he traces the motion of the projection of the end of an immobile
gnomon on the horizontal plane as the two simplest kinds of motion of a point
on the surface of the sphere, characterizing the position of a point on the plane
with polar coordinates. These ideas of al-Biriini also have anticipated by far
the creation of the elements of the analytical geometry of space in Europe.

3. Extension of the Notion of Number

In [7] it was remarked that in his “Masudic Canon’’ al-Biriini made an
essential step in the direction of extending the notion of number. The fifth
chapter of the third book of the “Canon’ begins with the words:

Although the single is related to counted things
(ma°did), nevertheless to consider the unit (among
essences) as having substance, this is not true by its
nature, but it is (taken) conditionally by common a-
greement, like the parts of division of circumferences
of circles, about which the people of this art agree that
they are three hundred and sixty... The circumference
of a circle has to its diameter a ratio, therefore the
number of the circumference also has to the number of
the diameter a ratio, although tbis ratio is irrational.
([8],p- 303, see also the Russian translation by P.G.
Bulgakov and B. A. Rosenfeld, [9], p. 271).

“Essences having substance’ are continuous geometrical magnitudes; al-
Birani compares them with discrete counted things and in fact proposes new
abstract numbers relating to concrete continuous magnitudes as abstract
natural numbers relate to concrete counted things. Since “the number of the
diameter” in al-Biriini’s ““Canon” is 2, hence ““the number of the circumference”
is the irrational real number 2r.

In the twenty-third chapter of the “Shadows’ al-Biriini makes a further
step in the direction of extending the number system. Concerning the various
arithmetical operations necessary for determining the part of the day which has
passed and that which remains, by use of shadows, al-Birtini writes: “We
should divide it by six after the division by two, and the sum of two divisions
(al-jam® al-qismatayn) is division by the product of two times six”’ ([2], part
2, p.139). Kennedy ([1], vol. 1, p. 188) translates al-jam® as “combining”. If
80, we are again in the domain of the natural numbers, and it seems that we
do not leave the frame of elementary arithmetic. But the word “sum”” there is
applied not to natural or real numbers, but to “two divisions”, i.e. to two oper-
ations. Al-Biriini’s idea of the addition of operations is an early anticipation
of the extension of the notion of number, not to the real numbers, but to a far
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2. Space Coordinates

The third chapter of the “Shadows’” begins with the words:
Verily that which is connected with shadows as to
variations is of two kinds. One of the two has to do
with difference in position of the source of light
(along a direction) parallel to the diameter (qu¢r) which
bounds the height and lowness, it being the diameter
of thickness and depth... The second has to do with
difference in position of the source of light (along a
direction) parallel to the other two diameters, I mean
length and width, and it is expressed by azimuth. As
for the first kind, it affects the shadows by increase in
its extent or with a decrease by contraction. As for the
second kind, it is connected with a difference in posi-
tion together with unity in size. Both situations exist
simultaneously among celestial sources of light. So
altitude does not vary except with variation in azi-
muth, and their situations are represented by isolating
(them) in the imagination. . . So that is not among the
things which are incapable of being represented as the
first elements (fi’l-awd’il) like the impossibility of
two bodies being in one and the same place or the
presence of two opposites in one place and at one time.
([31, part 3, p.58; cf. [1], vol. 1, pp. 35-36; Kennedy
here translates quir and awd’il as “dimension” and
“first principles”).

What is most interesting in this passage is the idea of characterizing in
space the situation of a source of light by means of three magnitudes measured
along three diameters which, as is clear from al-Biriini’s words, are mutually
orthogonal. The shadow of a gnomon is characterized by two “polar coordi-
nates”’: the length of the shadow and its azimuth, as in the treatise of Thabit
ibn Qurra (836-901) on sundials (see [6]). Al-Birtni calls the axes in space
“diameters’ because he supposes that the source of light is on the surface of
a sphere, and he considers three diameters of this sphere. This explains his
words that variation of the shadow length is connected only with variation in
altitude of the source of light, and that its variation in the horizontal plane is
connected with the rotation of the shadow called by him “difference in position
together with unity in size”. These words of al-Biriini are reminiscent of the
well-known remark of R. Descartes in his Regulae ad directionem ingenii con-
cerning the necessity of reducing all compound questions to their “simplest
elements”. This coincidence demonstrates the closeness of al-Birilini’s thinking
to that of the creator of analytic geometry. Actually, al-Birfini there propounds
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Sections 1 and 2 below were written by B. A. Rosenfeld, and Section 3 by
L. G. Utseha.

1. Nonuniform Motion

In the first chapter of the Shadows, al-Birini, speaking about the daily
motion of the sky and the alternation of night and day, quotes verses of the
Qur’an: “If God were to make the night (day) perpetual until the day of Judg-
ment. . ..”" (Qur’dn, 28:71-72). He then points out that “‘these two situations
will not occur until after the decline of this motion and (that of) perceived bodies
which move by it”. ([3], part 3, pp. 39-40; [1], vol. 1, p. 12). He defines exten-
sion between two assumed instants, which is “like the distance between two
endpoints” and says: “(these) distances cannot be controlled accurately except
by motion, and (among) those of them which are controllable is uniform motion
(al-karaka al-mutasqwiya) excluding the disturbed, different (speed motions)...
Uniform motion is midway between decelerated (al-butu’) and accelerated
(al-sur°a) (motions), and decelerated (motion) is bounded on (one of) its two
sides by immobility (al-sukin) and accelerated (motion) in principle unbound-
ed as to the amount at which it stops, but it is bounded actually (bi’l-£il),
and potentially (bi’l-quwwa) it is subject to increase just as a number (in-
creases) in the direction of its growth” ([3], part 3, p.40). Kenncdy ([1], vol. 1,
p. 12) translates al-haraka al-mutasawiya, al-buty’, al-sura, al-quicica, with the
dictionary meanings of these words: “equal motion”, “slowness”, “speed”, and
“force’’, but in this context these words must be translated respectively as
“yniform motion”’, “deceleration’’, “acceleration’” and “potentiality”.

Al-Biroini’s statement, “uniform motion is midway between decelerated
and accelerated (motions)”” may suggest that he considered only motions char-
acterized by monotonic functions. But his words “disturbed, different (speed
motions)” show that the monotonic character is intended to apply only to
sufficiently small portions of the functions, i. e. piecewise monotonic functions.
In general, al-Biriini’s “nonuniform motions” are arbitrary *“disturbed” mo-
tions, the graphs of which consist of portions exhibiting “acceleration’ and
portions having ““deceleration”. Al-Biriini’s statement that “accelerated (mo-
tionis) in principle unbounded asto the amount’ shows that with each accel-
erated and decelerated motion he associated an ““amount’’ which he further com-
pared with “number”. This amount is in modern mechanics called acceleration;
for decelerated motions it can decrease to zero, and for accelerated ones it can
increase “potentially”’ to infinity. These ideas of al-Birini far anticipated the
elaboration of the same concepts in Europe. They supplement essentially al-
Bir@ini’s investigations of nonuniform motion of the sun near apogee and peri-
gee as studied by W. Hartner and M. Schramm [4] and al-Biroini’s rules of
interpolation “for all tables’ considered by B. A. Rosenfeld [5].



Editors’ Note: Exception has been taken to some of the conclusions arrived
at below. The material is published in the interests of having divergent points
of view expressed.

Some Mathematical Discoveries in al-Birun1’s Shadows

B. A. RosenreELp* and L. G. Utsena**

HE BOOK Ifrad al-magqdl fi amr al-zilal (“The Exhaustive Treatise on

Shadows™, briefly referred to hereafter as the Shadoiws) is one of the most
important of the encyclopedic works of Ab@’l-Rayhan al-Biriini (973-1048).
It ranks with his famous Chronology, Mineralogy, and Pharmacognosy. For,
just as these three treatiscs are comprehensive expositions of chronological
(including astronomical and historico-religious), mineralogical, and pharma-
cological topics, so also the Shadows expounds the topics: physical. mathema-
tical, and astronomical, connected in any manner with shade and shadows.
It resembles these three books also in its numerous citations of verses from
the Qur’an and from classical Arabic poetry.

The English translation of the Shadows by E. S. Kennedy ([1]*, vol. 1),
together with his extensive commentary ([1], vol. 2), makes this remarkable
work accessible to all English speaking historians of science. It is based ulti-
mately on the unique manuscript copy preserved in the Bankipore Library
(Patna, India).

The enormous labor expended by Kennedy on the translation and commen-
tary of this very difficult text left him no opportunity to expose various interest-
ing discoveries by al-Biriini in mathematics and physics which are expounded
in the treatise, but obscured by other topics which are covered in the com-
mentary.

The purpose of this note is to attract the attention of historians of mathe-
matics and physics to those topics not remarked by Kennedy. In addition to
the translation [1], we will refer to the edition of the Bankipore manuscript
which appears among the Birtini treatises printed in [2], (Chapters 4-30 of the
Shadows) and the portion printed by mistake among the treatises of Ibn Sinan
[3] (Chapters 1-3 of the Shadows). Where we disagree with [1] we will give
our own translation.

*Institute for the History of Science and Tecbnology, Academy of Science of the USSR, 1/5 Staro-
panskii Street, 103012 Moscow, USSR.

**Azerbaijan Pedagogical Institute: 370072 Baku, 11 Zavokzal’'naya 22, blok 3, kv, 45, USSR.

1. References in square brackets are to the bibliography at the end of the paper.
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range of interest unequalled by any other collection of medical writings. It
includes medical responsa, technical and herbal dictionaries in diverse langua-
ges, pharmacopoeias, popular recipes and detailed prescriptions.

The importance of all the above-mentioned manuscripts for the establish-
ment of scientific editions cannot be overstressed, for in many cases they repre-
sent very early versions of important texts, some of which are even autographs.’
On the other hand some of the manuscripts constitute the only surviving ver-
sions of medical works. Consequently they are of prime importance for enabling
scholars to reconstruct the history of mediaeval medicine. Indeed many are
the names of unknown authors or unknown works of celebrated authors that
can be recovered in this way. Particularly interesting in this respect are the
numerous tables of contents and colophons in the fragments. These furnish
a mine of precious information concerning the actual contents of forgotten
works, the exact titles of their authors and even, in some cases, the dates of
their composition.

Apart from the medical material outlined above,the Genizah contains a
large number of documents relating to the medical profession.® These texts,
though not directly medical, nevertheless constitute, in an incidental manner,
a unique source of information about the internal history of medicine. They
include private correspondence where medical advice is sought,inventories of
doctors’ libraries,* from which much is to be culled concerning the sources and
extent of medical knowledge at a given period, as well as prescriptions accom-
panied by the prices of the chemicals involved and bills for doctors’ fees, which
give an idea of the economic aspect of the profession. There are also notes
which once belonged to physicians, oculists, phlebotomists and pharmacists
and furnish details, amongs other things, of academic courses and professional
techniques. ;

As these documents originate not only from Egypt but also from localities
as far off as Spain and India, a most valuable picture is drawn of how medicine
was practised in those times and places.

Before, however, the Genizah’s invaluable mine of information can properly
and fully be exploited and appreciated, many hours must be spent in conser-
vation, examination, decipherment, identification and collation. There is no
telling what discoveries are yet in store for the assiduous scholar in this as yet
unexplored domain.

2. E.g. T-S Ar. 21.112; also Ar. 44.51, which is Maimonides® Epitome of Galen’s Faculties of Food,
written in his own hand; Misc. 34.24, medical recipes, also in his own hand.

3. Their scope has been outlined by S. D. Goitein, «“The Medical Profession in the Light of the Cairo
Genizah Documents’’, HUCA, 34 (1963), 177-194.

4. Some of these inventories have been studied. See W. Bacher, <‘La bibliothéque d’un médecin
juif”’, REJ, 40 (1900), 55-61; E. J. Worman, JQR, 20 (1907-8), 460-463; D. Baneth, ‘A Doctor’s Li-
brary in Egypt at the Time of Maimonides’’, Tarbiz, 30 (1960), 171-15.
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The Importance of the Cairo Genizah for the

History of Medicine

P. B. FenTON*

MONG THE HOARD OF MANUSCRIPTS that found their way at the
end of the last century from the depository (genizah) of an ancient Cairo
Synagogue to different libraries of the West, many hundreds of medical writ-
ings are to be found. The largest collection of these manuscripts, which range
from tiny fragments to complete works, is preserved in the Cambridge Univers-
ity Library. The majority of these, written on parchment or paper, date from
the XIIth century and, although of considerable interest for the history of
medicine, have received relatively little of the attention they deserve on the
part of historians of science.

Most of the medical fragments have been grouped in boxes K 14, Arabic 11,
Arabic 38-45, NS 90, 222 and AS 144 of the T-S Genizah Collection, although
many more are to be found dispersed throughout the entire Collection. A large
proportion of the texts are written in Judaeo-Arabic, that is Arabic written in
Hebrew characters for the use of Jewish readers, although texts, some of which
are illuminated, in Arabic, Hebrew and even Judaeo-Spanish also abound.
The multifarious contents of these manuscripts testify to the great interest
which the Jews of the Middle Ages cultivated in medicine. This is in fact only
to be expected since in the Muslim Countries of the Near East, Jews were often
employed as physicians, some attaining to positions of high eminence.!

The items most frequently found in the Collection are the Arabic and
Hebrew translations of Greek medical writings, the most outstanding of which
are Hippocrates and Galen as well as the classical works of the Arabs, such as
€Ali al-Tabari’s Paradise of Wisdom, Avicenna’s Qaniin and treatises of Aver-
roes and Razes. Besides these, scores of medical treatises by little known authors
have been preserved, ranging from dissertations on anatomy to treatises on
optics including the earliest medical works written in Hebrew.

In addition to the foregoing there is a host of secondary material with a

*Taylor-Schechter G>nizah Research Unit, Cambridge University Library, England.

1. See on this subject the articles of M. Meyerhof, ¢‘Medieval Jewish Physicians in the Near East’’,
Isis, 28 (1938), 432-460, and M. Perlmann, ‘‘Notes on the Position of Jewish Physicians in Mediterra-
nean Muslim Countries’’, 10S, 2 (1972), 315-319.
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Similar figures for the approximate fornulae given by King® are ¢ = 49°55°
and 50°27' (13 tan q = 15.43 and 15.74) for the simpler formula, and g =
47°52" and 4822’ (13 tan q = 14.37 and 14.63) for the more complicated one.
It is therefore tempting to speculate that the value 15/13 for tan g came
from the table reproduced by al-Qazwini. Even the most likely formula to
give rise to it* yields ¢ = 49°19" and 13 tan g = 15.12 — a result not so close.

Section 16. This section is largely a repetition of what has already been
said for points on the ecliptic. In the diagram
Nis the pole of the equator EX and P is
the pole of the ecliptic EY. Srepresents the
star. The points X, Y and U, V are found
with the quadrant — which again would not
always suffice for the purpose. SU is the
““argunent” (i) of its latitude; UV is the
second inclination; ¥ is the degree (i. e.
longitude) of the star. XU is the “variation
of the distance” of the star (<SS k)
and VY is the “variation of the degree of
the transit” ( all &5 Okl ),

When speaking of the meridian line in
connection with the transit, al-Khazini uses the expression sle! L ; L+ instead
of the usual L J el (or Ls) ell,

Fig. 11

Section 17. The omission in 74r41 by homoioteleuton shows the poor state
of the text. But the idea is clear: the true position of the Moon is marked on
the sphere; its altitude is measured with the rule; its parallax in altitude is
calculated to give its apparent altitude, which is then marked on the sphere;
and the true and apparent longitudes and latitudes are found directly by using
the rule.

The term £< 5 (established latitude) in 74r42 is also found in tables
attributed to Yahya b. abi Mansiir (c. 890).%°

The last paragraph seems to promise a more extended treatment of the
sphere. Certainly there is nothing on the subject immediately following in the
Oxford MS, which continues with a short chapter on compound proportion.

88. Ibid. p. 84, col. 2.

89. Lorch, Qibla. Formula (4).

90. Kennedy, Parallax p. 44. The MS is Escurial 927. See Kennedy, Survey of Tables pp. 132 and
145 et seq..
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ecliptic intersected by the rule, it will have the same azimuth as Mecca; and
therefore all shadows will be aligned with Mecca. Of course, they will point in
exactly the opposite direction, since both Mecca and the Sun are to the South
of Marw.

No doubt it was his patron “Ali b. Muhammad who asked him (74126-7) to

find the gibla. It is of interest to note that he calculates it rather than using his
new instrument.

At first sight, the figure given for the gibla, equivalent to cot g= i% (which

yields g, the westward inclination of the gibla to due South, = 49°5') looks like
arough approximation. But the approximations given by al-Bir{ini,* on whom
al-Khazini relies for other numerical information,” for the gibla of Ghazna

are fairly accurate. For g = 70°47'6" he gives the equivalent of sin g = % H
and 17 cosec ¢ is 18.003. Even the inferior approximation he gives, which is

. 1 i
equivalent to 3 for cos ¢ means taking 3.036 (= cosec g) as 3. Prima facie,

therefore, we should take the % fairly seriously. A value remarkably close

to this may be found by interpolation in a gibla table attributed to al-Khazini
by al-Qazwini in 1340.*® If the values in al-Birfini’s Qaniin® are accepted for
the longitude and latitude of Marw (86°30°, 37°40’) and Mecea (67°,21°20"), q
comes out as 49°6’ and 13 tan q = 15.01. 67° was the most popular medieval
longitude for Mecca,** and al-Khazini himself takes the latitude of Marw to be
37°40" in his zij.*® 21°20° appears to be the value of ¢y (the latitude of Mecca)
underlying the table. It must be admitted that one of the values on which the
interpolation is based may be an error,* but the table may not be al-Khazini’s
own and, if it is, he may have made the mistake himself.

Other means of calculating q yield results not so close to that implied by cot

13 . " o . ' .
9=z For instance, interpolation in the table with ¢y = 21040', as given by

al-Qazwini, produces g= 49°47’ and 13 tan ¢= 15.37. If the same values are
assumed, the figures for g given by any of the correct methods of calculation —
and several were known to the medieval Muslim astronomers®” —are 51°13‘ and
51°55° (13 tan ¢ = 16.26 and 16.59) for ¢y = 21020’ and 21°40’ respectively.

80. Ibid. pp. 214-5.

81. Hall, DSB, pp. 341-3.

82. See note 7.

83. Vol. II, pp. 571 and 551.

84. See King, Khalil, p. 84; Le Strange, p. 28; handlist drawn up by E. S. Kennedy and F.I. Had-
dad - for a description of which see Haddad and Kennedy.

85. Kennedy, Survey of Tables, p. 159.

86. (Ap,AL) = (17,20). See Lorch, Qibla, pp. 262-3.

87. See King, “‘Kihla" EI
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gument”’ ( iz~ )" of this quantity is ZX. The “equation’( J:5 ) of the ascendant
and of the tenth house is the arc Q4. Again, the rule will often be too short.
yA

e

Fig. 9 Fig. 10

Section 13. The quantity found here is YH in fig. 10, in which IV is the
North pole of the equator HXY, Z the zenith, and S the Sun or star. It is
divided into “mean ascension”, XH, and the “equation”, X'Y. If the equation
of the day, HA, is added, the rotation YA is obtained.

Section 14. The title is translated ... between the two places” because
probably Marw and Mecca are meant, rather than any two places. To support
this conjecture it could be adduced that only one zenith is found on the sphere
(see discussion of section 15). Further, the next section, on the gibla, appears
as a continuation.

2
The value 665 miles for one degree is common and was used by al-Birini.”

Section 15. In describing how the gibla is found, al-Khézin omits the
inportant condition that the measurement must be taken when the sphere is
aligned with the terrestrial coordinates, that is, when the equinox corresponds
with the zero of longitude. If the sphere is rotating in concord with the heavens,
the measurement must be taken at the time when the celestial equinox is di-
rectly above the zero of longitude. This condition must also hold for finding
the distance between Marw and Mecca if — as it appears — the position of Marw
is not found on the sphere in the same way as the position of Mecca (or whatever
the second town is) but is taken to be the zenith on the stationary meridian-
circle.

The sentence beginning, “If we fix the rule at this place” (74r25-6) should
probably be interpreted in this way: the rule is held fixed to the stationary
zenith and horizon, and the sphere rotates; if the Sun is at the point of the

78. See Kunitzsch, Glossare, p. 33; also King, Khalil7 p. 103.
79. Kennedy, Birini’s Tahdid, p. 131.
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attempt to obviate this difficulty. What al-Khazini apparently does is to copy
the small arc SH by means of the quadrant
at a more accessible place. Presumably K
is marked, so that KS = SH, and then U is
found by laying the quadrant on N and K
and seeing where it cuts the equator. Finally
UX is measured in graduations of the equa-
tor. What is not clear from the text is find-
ing K. The difficulty comes from the ob-
trusion of the meridian into the procedure
at 73v35 and 73v37, the first case having
the additional problem of “two marks™. It
is to be assumed that the text is corrupt and
that the two marks refer to the final mea-

surement along the equator or to the points S and K. Perhaps the author
assumed the Sun was high enough in the sky for the point K to be on the
other side of the meridian.

Fig. 7

Sections 5 and 6. The first inclination is
the declination SU and the second inclina-
tion is the arc SQ in fig. 8, in which S is
the point whose inclination is to be found
and Pis the pole of the ecliptic SE, PQ the
rule, and EQ the equator. For neither incli-
nation does al-Khazini consider the case
when the rule would have to belonger than
a quadrant, asin the present diagram. It
looks as if he has half-converted the des-
cription of an ordinary globe — one, thatis,
which is not self-moving - for if the South
pole were available this problem would be
solved.

Fig. 8

Section 7. Here, again, only half the cases are considered.
Section 9. This section seems pointless.

Section 11. The “latitude of the climate of observation” ( 33 (il s ¢ ),
here defined as the altitude of the pole of the ecliptic, is the shortest distance
from the zenith to the ecliptic (ZQ in fig. 9). Prof. Kennedy translates a similar
phrase in Persian as the “latitude of visible climate”. It was used in the cal-
culation of eclipses and apparently came from Indian astronomy.”” The “ar-

71. Kennedy, Parallax, pp. 37-8.
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poses keeps to the relatively recent value of 23°35’ given by al-Battdni and
others. This value was used by many astronomers, including Habash, Abu’l-
Wafa’, and al-Birtni,’e

Finally, the approximate dimensions should be mentioned. The reservoir
is about 188.6 cm or 6'2" tall and 16.6 cm or 63" across. The box is not wide
enough to accommodate a wheel 60 cm, or nearly 2, diameter, but may have
been quite tall. The wheel round which the string was wrapped is 25.4 c¢m or
10" in diameter and the two gears are 13.9 cm (or 5%) and 5.5 cm (or 2')
respectively. Wiedemann™ notes that, if the sand escapes at a rate of 60
dirhams per degree, the weight of the reservoir would be about 65 kg. At a
rate of 70, given in our text as an actual measurement, the reservoir must

weigh 76608 gm, a little over 13 cwt.

The Uses of the Instrument

Section 1. The rule, here introduced, is used as a straightedge (or rather as
arigid arc of a great circle) in sections 4, 7, 12, 13, 15, 16, 17, and as a graduated
straightedge in sections 2, 5, 6, 11, 14, 16, 17. In sections 1, 8, 10, the rule is
not used. In section 3 (and 9), geometrically the most interesting application,
the rule is used as an exact quadrant of a great circle.

Section 3. The procedure may be justified as follows. If (in fig. 6) ABC is the
the equator and NV its northern pole, and if
the quadrant is PQ, the equation of the
day, which must be added to 90° to make
half the arc of day, is BA. To justify al-
Khazini’s taking CP instead, we need only
prove that AP is a quadrant. But since
PN= PQ = quadrant, P is the pole of circle
AQN; and so PA is a quadrant. A similar
demonstration could be provided for the
case where Q0 is on the other side of the
equator and P is perforce in the western
quarter of the sphere. As al-Khazini says, e
PC must be subtracted from 900 in this case. &

Section 4. The obvious way to measure the rotation, i. e. of the Sun, S, in
fig. 7, since dawn, on a sphere with a quadrant is to put the quadrant on N,
the North pole, and S and to see where it cuts the equator (at X, say), and then
to do the same with IV and H, where H is on the horizon and NH=NS, to find
Y: XY is the arc required. But such a procedure is impossible when the sphere
is half sunk in a box. No doubt the confused instructions in this section are an

75¢. Battani I, pp. 159-60; Kennedy, Birini’s Tahdid, p. 50.
76. Wiedemann, Stundenwage, p. 60.
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there not some very awkward fractions in the subsequent calculations, al-
Khazini might be thought to have taken a round number with a seven in it to

make multiplying by 257,17 easier. The 60 dirhams in the equivalent passage

in the Mizan is meant, no doubt, as an estimate or example.” After all, it is
unlikely to serve for both water and sand and the figure is anyway soon dropped
from the discussion. It should be noted that the figure 1600 is used only to cal-
culate the height of the reservoir and will not affect the accuracy of the clock.
But in the “sphere” text the figures 70 and 1600 are subsequently used in minute
calculation of the size of the components. Only two conclusions seem likely: 1.
that the calculations were imposed after the instrument was made, if indeed
it was made, and do not reflect the actual results and reasoning of the artificer;
or 2. that the figures are indeed approximate and the accuracy of the subse-
quent calculations spurious.

The rest of al-Khazini’s calculations are relatively easy. If the string were
wrapped round a wheel attached to the axle of the sphere, the circumference
of this wheel would have to be equal to the height of the reservoir, for this
empties itself once in 24 hours. But this would make the diameter of the wheel

86% (=272;/ 3;-) units, which would not fit in the box. Instead, the string is

wrapped round a smaller wheel whose axle is connected to the axle of the
sphere by gears in the ratio 16:40. This smaller wheel must have a circum-

ference tll_g of the circumference of the above hypothetical wheel, i.e. 108—3

1
units. Hence the diameter is 342—;( = 108; / 37) units.

The numbers of teeth, 16 and 40, on the toothed wheels are of some interest,
because the examples of wheels and moulds for wheels found in China, appar-
ently from the fourth century B.C., also have round numbers of teeth, e.g.
16, 24 and 40.” Perhaps this argues less for influence fron China than for the
simplicity of making such wheels. Al-BirQini described a geared astrolabe and
there is an example of a similar instrument from fourteenth—century Islam
with simplified gearing in the Museum of History of Science at Oxford. Both
instruments involve gear-ratios less simple than 16:40.7

The figure for the obliquity of the ecliptic, 23°35’, is the same as that used
in al-Zij al-Sanjari™® According to a passage from this zij translated by Nal-
lino,”® al-Khazini quotes various decreasing values of the obliquity, and
describes the astronomical model that accommodates it, but for his own pur-

73. Ibid, p. 60.

74. Price, Origins of Clockwork, pp. 83-4.

75. Ibid., pp. 98-100.

75a. Kennedy, Survey of Tables, p. 159.

75b. Battdni, I, p. 161. The passage occurs in MS Vatican Arabic 761, f. 10v.
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calculation, which is quoted in a passage of the third magala of the Mizan, by
leaving out the fractions.”” Al-Biriini arrived at this figure, however, by
taking 1 mann — 182 mithqdls or 260 dirhams (the normal ratio®® of 7:10 being
maintained), instead of 180 and 257> as al-Khizini for some reason as-
sumes here. In the following calculations, results for both 182 and 180 mithgals
per mann will be given (implying that 1 cubic dhir@ of water weighs about
157.17 or 158.92 manns respectively). But first we estimate the dirham and the
dhir@.

All the values given by Hinz for the dirham lie between 3 and 3.3 grams.
According to the relation given by al-Birini before introducing the mann, the
equivalent of 1 cubic dhir@’ — 28605.647 mithqals, the dhira’ will be between
49.68 and 51.28 cm. The only suitable values in Hinz’s table are 49.875 cm,
which, as the dhar®-e shar®i, was the canonical dhird’ in Iran, and the less
likely dhira® al-dir and the Egyptian dhir@ al-yad (according to one calcula-
tion), both given at 50.3 cm. These yield c. 3.04 and 3.11 gm, respectively, for
the dirham. As an average value in Persia Hinz suggests 3.2 gm, but one of
his figures (1 mithgal = 4.3 gm) yields 3.01 gm. If the dirham is c. 3.04 gm,the
mann is about 789.3 or 780.7 gm. Perhaps such exact calculations should be
treated with some reserve. Certainly the rough figures given by both Wiede-
mann and Hill,* 3 gm for the dirham and 3 metre for the dhira’ fit al-Birini’s
relation well enough — they imply a density of water of about 1.02 gm/cc.

The figure 1600 given in both texts for the volume in cubic units of 1 mann
of sand is curious. Comparison with the relation that 157.17 or 158.92 manns
of water occupy 373248 cubic units yields a specific gravity of the sand of
about 1.48 or 1.47. According to Brady’s Materials Handbook,”® ““the weight
of sand varies from 2,600 to 3,100 1b per cubic yard, depending on the com-
position and size of grain’; so that the specific gravity of sand lies between
1.54 and 1.84. Therefore the sand ( J->) used by al-Khazini was either es-
pecially light or else not pure sand.”* Wiedemann’s discussion,’” in which the
specific gravity of sand is taken as about 2, is vitiated by his tacit assumption
that the unit of weight used in this passage for water is the mann, but for
sand is the mana. Our text shows that they are the same.

Furthermore, 1600 is a suspiciously round number, which al-Khazini says
he found by measurement. Again, 70 dirhams is a curiously exact amount of
sand to escape during the revolution of one degree of the celestial sphere. Were

67. Khanikoff, pp. 75-7 and 121-2. Al-Bir@ini gives ¢“157 manns, and 6 istars and }; and i_ and

;7". In the course of the calculation he approximation % by 6%’ but this does not materially af-
fect the result.

68. Hinz, p, 1. 69. Wiedemann and Hauser, p. 47, and Jazari, p. 238 respectively.

70. Brady, Materials Handbook, p. 155.

71. For the various types of sand etc. used in simple sand-clocks later in the West, see Balmer,
p. 623. 72. Wiedemann, Stundenwage, p. 61.
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clogged. Having found the volume of sand, and hence of the reservoir, he div-
ides it by the area of the cross-section to find the height. The calculations are
as follows:

By experiment, in one degree of the rotation of the heavens, 70 dirhams of sand

flow out.
.. in 3600 [i.e. 24 hours], 360 X 70 = 25200 flow out.

2577— dirhams = 1 mann, this makes 98 manns.
By experiment, 1 mann occupies 1600 cubic units (divisions of the rule):
+. volume of reservoir = 98 X 1600 == 156800 cu. units.

2
.*., its cross.sectional area being 576 (= 24 . 24), the height is 272—9-— .

Note. The Hyderabad edition of the K. Mizan al-Hikma has 257 dirhams
per mann, the ;— having been lost. A text with a similar error misled Wiedemann

into thinking that subsequent figures were wrong.*

So far the calculation finds an exact parallel in the K. Mizan al-hikma,
8.1.2.1-3,%° where al-Khazini gives the details of the water— or sand-reservoir
in a balance-clock, <kl Ol;., used in astronomical observations. In this
instrument the reservoir is attached to one end of a balance-beam. The posi-
tions of compensating weights — on special scales reading directly in units of
time or equivalent angle of motion of the celestial sphere — are noted at the
beginning and end of the interval to be measured.®® The procedure to find the
height of the reservoir, which here contains either sand or water, is the same
asin the present text. Even the cross-section of the reservoir is the same, 24 X

24, the units of length being likewise %2 of a dhir@. True, the weight of water

or sand that flows out in one degree of celestial motion is given as 60 dirhams,
i.e. 21600 dirhams or 84 manns per revolution. But al-Khazini says the obser-
vation is repeated for many revolutions continuously, the sand or water being
weighed and returned to the vessel, and goes through the calculation without
specifying the result, saying only that it is preserved (in manns) as the “first
preserved [quantity]”, Js¥ b,idl. He points out that from this the corres-
ponding quantity for an hour, or other interval, may be calculated. The “second
preserved [quantity]” is the volume of sand or water to be accommodated
in the reservoir, and this is to be divided by 576, as in the present text, to find
the height (here Jb) of the reservoir.

The cases of sand and water are considered separately, in chapters 8.1.2.2
and 8.1.2.3 respectively. In the latter we find that one cubic dhird’, or 373248
cubic units, contains 157 manns of water, a figure he took from al-BirGni’s

64. Wiedemann, Stundenwage, p. 61.

65. Mizan, p. 153 et seq..

66. Abstract of Rozhanskaya’s article in Referativnyi Zhurnal. I am most grateful to Dr. V. Bialas
for translating this summary.
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4. Commentary
The Introduction

In 7319 JWI o= | “the evil eye”, “is applied to an eye believed to have
the power of killing by its glance”, according to Lane’s Arabic-English Lexicon,
pp- 2216 col. 1 and 2423 cols. 1-2. J!, I, “Death”, should really be “vanishing”
or “extinction”.

The most interesting part of the introduction is the mention (73r16) of the
carpenter. Clearly al-Khazini was — at any rate at this stage — not competent
to do the practical work himself, despite his using the first person singular in
his account of the construction. The failures before the arrival of “Alf al-Sarakhsi
may perhaps account for the curious order in which the construction was
carried out — and in particular for al-Khazini’s apparently having a supply of
square piping (6% “X 6% ") both when he was making the present instrument and
when writing the K. Mizan al-hikma (see below).

On Making the Sphere

A rod one cubit, or dhird’, long and divided into 72 parts is taken as the
standard for measuring lengths. The procedure is as follows, square brackets
being used for operations not mentioned explicitly:

[1. The reservoir, sphere and box are made].

2. A circular hole is cut in the box for the sphere; and the sphere is mounted
so that its axle points to the poles of the world and just half the sphere is visible
above the box.

3. A square hole 24 X 24 (in divisions of the rule) is cut beside the sphere,
to the East, to fit the reservoir.

4. The height of the reservoir is calculated on the assumption that the sand
inside lasts just 24 hours.

5. The wheel whose circumference is equal to this height is calculated to
be too big for the box; so a pair of toothed wheels are introduced so that a
smaller one can be used. The diameter is calculated [ and the reservoir, string,
pulleys, wheel to wrap the string around, and the two toothed wheels are moun-
ted as in the diagram].

6. The equator and ecliptic circles are drawn on the sphere and divided
into 3600. The signs of the zodiac are marked. The horizon-circle, the circle on
the box that surrounds the sphere, is also graduated.

It is curious that al-Khazini makes the box first and then investigates the
size of the components inside. He also seems to have the cross-section, but not
the height, of the reservoir before he starts.

To calculate the height of the reservoir, al-Khazini finds the amount of
sand required, on the understanding that the reservoir must hold just enough
to last 24 hours and that the sand flows at the lcast possible rate without getting
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direction of the gibla at Marw. He asked me — God extend his exalted enquiry —
about the ratio of the obliquity of the direction of the gibla at Marw to its
meridian line. I have calculated it: the ratio is 13:15, as in this diagram [see
fig. 5A].

[16] On knowing the operations for the fixed stars

We pass the rule over the pole of the equator and the star and we mark
where it cuts the equator and the ecliptic. The distance between the mark on
the equator and the star in graduations of the rule is the distance of the star
from the equator. The mark on the ecliptic is the degree of the transit of the
star in the meridian line [i.e. it is the degree of the ecliptic that culminates at
the same time as the star]. Then we pass the rule over the pole of the ecliptic
and the star and put a mark on each of the two circles of the equator and eclip-
tic. The [distance] between the position of the star on the sphere and the eclip-
tic in graduations of the rule is the latitude of the star. The [distance] between
itand the equator is the argument ofits latitude. The distance between the two
circles is the second inclination of its [the star’s] degree. The mark that is on the
ecliptic is the degree of the star. The [distance] between the two marks in
graduations of the equator is the variation of the distance of the star. The
[distance] between the two marks in graduations of the ecliptic is the
variation of the degree of the transit.

[17] On knowing the parallax of the Moon in longitude and latitude

We pass the rule over the zenith and tke centre of the Moon. Its [true]
altitude is known and its apparent altitude is known by calculation. We
put a mark on the sphere at each of its position[s]. Then we pass the rule over
the pole of the ecliptic and on the mark of its true position, and the rule cuts
the ecliptic is its true position [in longitude]. What is between it and the ecliptic
is its true latitude. Then we pass the rule over the pole of the ecliptic and over
the second mark. Where it cuts the ecliptic is the apparent position [in lon-
gitude]. The surplus between the two intersections with the ecliptic is the
parallax [in longitude. The surplus between the two latitudes is the parallax]
in latitude. The difference between it and its [the Moon’s] latitude (or their
sum) is the apparent latitude of the Moon and is called the established latitude
of the Moon. From it are calculated the solar eclipses, the sighting of the new
moons, and what is done by calculations of the quarters of the Moon.

This is the total of the canonical operations that are known with such a
sphere. We have reported them with the utmost brevity. We shall report later
what results from them in every question that might arise, God willing (be He
exalted!).
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[12] On knowing the azimuths of [points having] altitudes

We place the rule on the zenith and the degree of the Sun or star, and count
off the degrees of the horizon between the intersection of the rule with the ho-
rizon and the rising[—point] of the equinox. What [we] have is the desired
azimuth for that altitude. If we place the rule on the rising[-point] of the
equator and the zenith, the point [ s] under the rule in the turning of the sphere
are [points having] altitudes, but no azimuth.

[13] On knowing the ascension of the “direction’ [of the Sun or star]

We pass the rule over the zenith and the centre of the Sun or star having
latitude, so that what is between the intersection of the rule and the equator
[and the intersection of the horizon and the equator] is the mean ascension
of the “direction”. The equation of the ascension of the ““direction”: we place
the rule similarly, letting it pass through the pole of the equator and on the
star as an arc. What [we] have between these circles in graduations of the
equator is the equation of the ascension of the “direction”. The sum of the two,
[i.e.] with the equation of the day, is the rotation of the celestial sphere.

[14]1 On knowing the distance between the two places

From the West of the equinox we count off the graduations of the equator
in the quantity of the longitude of that place. We pass the rule over it and over
the pole of the equator. Then we count off the graduations of the rule from
the equator in the direction of its pole, so that the latitude of that place is
counted off. Where it reaches, there is the zenith of that place. We make a mark
on it and let the rule pass along the [great arc] between the zeniths of the two
places. What [we] have between the two zeniths is the distance between them
in degrees. For every degree we calculate 663 miles.

[15] On knowing the direction of the qibla

We mark the zenith of Mecca on the sphere. Then we place the rule so that
it goes through the zeniths of it [Mecca] and
of Marw. The distance between its inter-
section with the horizon and the meridian
line in graduations of the horizon is the
direction of the gibla. If we fix the rule at -
this place, and then the sphere rotates, the direction ot qibla for
shadows of the altitudes of the Sun for all that town. i.c. Marw
the degrees of the ecliptic always fall on the Fig. 5A
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312 RICHARD LORCH

for. We count off from the rule what we find on it between the two circles.
What [we] have is the second inclination of the degree.

[7] On knowing the right ascension of the signs

We place the rule on the pole of the equator pass it over the degree whose
right ascension we want to know. We see how many [graduations lie] between
one of the equinoxes and the point of its [the rule’s] intersection with the equa-
tor. What [we] have is the right ascension of that degree.

[8]1 On knowing the ascension of the signs for the locality

We place the degree whose ascension we want to know on the horizon of
that locality. We count off the times from the nearer of the equinoxes to the
ascending[-point] of the equator. What [we] have is what is required.

[9] On knowing the nature of the day

We have already explained the nature of the determination of half the arc
of day. We add it to 90 or subtract it from it. It is the equation of the day for
that degree.

[10] On knowing the ortive amplitude

We have already explained the determination of the ascendant. We count
off the distance between the rising[-point] of the degree of the ascendant
and the rising[-point] of the equator in degrees of the horizon. What [we]
have is the ortive amplitude.

[11] On knowing the latitude of the climate of observation

Which is the altitude of the pole of the ecliptic. We place the rule on the
zenith and on the pole of the ecliptic. We count off the graduations of the rule
from the zenith to where it intersects the ecliptic. What [we] have is the
latitude of the climate of observation.

The argument of the latitude of the region of observation: we count off the
graduations of the rule between the zenith and the equator. What [we] have
is what is required. The equation of the ascendant and of the tenth [house]:
we count off the graduations of the ecliptic between the rule (on the zenith and
the pole of the ecliptic) and the meridian. What [we] have is what is required.
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310 RICHARD LORCH

[3] On knowing the arc of day of the degree of the Sun or fixed stars

We place the degree of the Sun in the ecliptic, or the body of the star, on
the horizon. Then we place one of the ends of the rule on it [i.e. the horizon,
where the degree of the Sun or star now lies] and the other end on the equator.
Where it reaches on it [the equator] we put a mark. Then we count what [the
number of degrees] is between this mark and the meridian in graduations of
the equator. We examine what [place] it reaches: if the end of the rule lies
in the eastern quarter of the sphere, we add that amount to 90; and, if it lies
in the western quarter of it, we subtract the amount from 90. What arises after
the addition or subtraction is half the arc of day of the degree of the Sun or
fixed star, however we operate with it. We double it, and it becomes its arc of
day. If we divide this by 15, [the number of] equal hours results; and if we
divide it by 12, [the length of the] seasonal hours is produced.

[4] On knowing the rotation of the sphere

We pass the rule over the degree of the Sun or fixed star so that it reaches
to the horizon [and lies] parallel to the equator. Then we take from it the dis-
tance that is between the Sun or star and the horizon and put two marks on the
sphere at the extremities of this distance on either side of the meridian. Then
we pass the rule over the pole of the equator and over the Sun or star, and we
put a mark at the place of intersection of the head of the rule and the equator.
We pass the rule over the mark on the sphere and over the pole of the equator,
[the mark chosen being] on the other side of the meridian; and where the end
of the rule and the equator intersect we make a mark on it [equator]. Then we
count [the graduations] between the two marks along the equator. What [we]
have is the rotation of the celestial sphere. Every 15 degrees of it is one equi-

noctial hour.

[5]1 On knowing the first inclination [ declination]

We place one of the ends of the rule on the pole of the equator and the other
end [!] on the degree whose inclination we want to know. We count from the
foot of the rule [the graduations] that we find between the two circles, i.e. the
ecliptic and equator. What [we] have is the inclination of that degree.

[6) The second inclination
We place one of the ends of the rule on the pole of the ecliptic and [let the
rule pass] over the degree of the Sun or degree whose inclination we are looking
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308 RICHARD LORCH

the circumference of the greater wheel equal to the height of the reservoir,

8
which is 27225 divisions, in the ratio of 16 to 40, and it came out to 108—9 .

Then I divided that by 3;— to produce the diameter, 342% divisions, of the
wheel, which must be mounted on the axle of the small wheel. Thus, if this
wheel turns on its axle 24 times, it turns the axle of the sphere once [and this
happens] in a day and a night.

Then, with the pole of the motion of the universe [ as pole] and with a dis-
tance [i.e. opening of compasses] of the side of the square [inscribable in a
great circle of the sphere] I drew the circle of the equator on the sphere. I divi-
ded it into 360 equal parts. Along the meridian I took a distance of 23 [ degrees]
35 [ minutes] from the pole of the equator and made that place a pole; and with
it [ as pole] and with a distance of the side of the square, I drew the circle of
the ecliptic. I divided it into the signs of the zodiac and [into] degrees, according
to the drawing, starting from the intersection of the two circles [ equator and
ecliptic]. I divided the circle that is on the surface of the box and surrounding
the sphere, the circle of the horizon, likewise into 360 equal parts. I inscribed
the four directions on it, and made everything according to what I have
sketched. God helps us to find the right way.

[THE SECOND PART: ON THE USES OF THE INSTRUMENT]
[1] On knowing the sphere and what ensues from its motion

I took a quadrant equal to a quadrant of [a great circle of] the sphere and
divided it into 90 equal parts. I called it a “rule”.

If we want to know the ascendent degree of the ecliptic at the horizon of
Marw, we look at the eastern horizon; and what it cuts off from the ecliptic in
degrees and their fractions is the degree of the ascendant. On the western ho-
rizon it is the degree of the descendant; and on the meridian it is the degree of
the tenth [house] [i.e. the culminating degree].

[2] On knowing the altitude of the Sun and fixed stars

We place one of the ends of this [rule] on the zenith and [let the rule pass]
through the centre of the Sun or star. What number of divisions of the rule we
find between the Sun or star and the horizon — that is, the plane of the box — is
the altitude required to be known, be it eastern or western.
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brought into my observation[s] of corruption and mistakes, I became weary
in this matter for a [long] tedious time —until God (be He exalted!) made it
easy through the hands of a carpenter, whose name was “Ali al-Sarakhsi. He
followed what my senses and mind portrayed to him; and so I completed the
sphere. ‘

May :he high rank of our master, the Shaykh, the great man, the wise lord,
the great benefactor, be exalted and may God increase it in excellence! I asked
that God (be He exalted!) let me reach that place of His satisfaction that I
aspire to, because success comes from Him and the Good is entirely in His hands.

Description of the construction of the sphere

I took a rule a cubit long and divided it into 72 equal parts. Then I took a
box as in the diagram — it is box ABGD - and a sphere HRS. On the surface
of the box I drew a circle RS about point E [ whose diameter is] of the amount
of the diameter of the sphere. I mounted it in it so that its motion was easy
against it. On the northern side of the circle I erected a portion of arc of the
meridian [ made] of brass. I made a hole in it at the amount of the altitude of
the pole from the horizon of Marw. I mounted the end of the axle in it, and set
up'the South pole inside the box so that in its rotation half of the sphere became
visible above the box and the other half was hidden in it. On the eastern side
of it [i.e. the circle], on the surface of the box, I carved out a square equal
to the square [cross-section] of the sand reservoir.

Then I prepared many holes and tested them repeatedly, until I discovered
the narrowest hole through which sand comes out without getting clogged. It
was of such a width that in the rotation of one degree of the equator a weight
of 70 dirhams of sand comes out, and, in the time of one revolution of the celes-
tial sphere, a weight of 25200. This is 98 manns, by the quantity in which one
mann is the weight of 257 of them [dirhams] I measured the volume [ mawdi®]
in which the mann is contamed and found it to be 1600 cubic [unlts] in divisions
of the Tule. I multiplied it by the weight of sand that comes out in one rotation
of the celestial sphere, which is 98 manns, and the volume of the sand reservoir
¢ame to 156800 in.divisions of the rule. I had made the breadth of the reservoir
24 divisions and the lenglh 24, [so that] the square of its upper surface is 576
1 d1v1ded its volume by that, and the height of the reservoir is produced — 272*
divisons. It is the quantity of a rotation [i. e. circumference] of the wheel
that turns the axle of the sphere. Its diameter would be 8645 1 divisions.
Because this circle could not be accommodated in the box, I took a wheel
whose diaméter was 20 and on which there were 40 teeth. F urther, I took a
small wheel on which there were 16 teeth and mounted it on another axle,
which I erected inside the box parallel to the axle of the sphere. Then I divided
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3. Arabic text and Translation

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

THE CHAPTER OF AL-KHAZIMI ON SETTING UP A SPHERE
THAT ROTATES BY ITSELF WITH A MOTION EQUAL TO THE
MOTION OF THE CELESTIAL SPHERE AND KNOWLEDGE
OF ITS USE, STATIONARY OR IN MOTION.

[ ] who made our master, the shaykh, the great man, the wise lord, the
great benefactor, Abi’l-Husayn °Ali ibn Muhammad ibn “Isa, the mine of the
sciences and letters and the fountainhead of merits in all fields. For he com-
prehended sciences of every kind and was unique in his time in [understan-
ding] their principles and branches — because he had splendid and extrava-
gantly pure qualities of character, high aspiration and qualities of leadership.
He [God] tested him and distinguished him in the candour of his protection
in revitalizing science, applying wisdom, care for those who practice its
achievements, and guarding the rights of those who undertake the revitalization
of its principles. May his sublime excellency [always be] sought after, in order
to draw profit from his help in them [the sciences] to reach a happy state;
and may he reach in them a long and rich reputation and great and everlas-
ting praise. May God (be He exalted!) prolong his being, make his grace continue,
and prevent his decease, in mercy for the scholars and help for the excellent;
and may He turn from him the evil eye, and clip before him the claws of Death,
for He is capable of everything He wants.

In these days, when it was apparent to him what a great disparity there
was among the zjes, and when it was clear to him from astronomy what dis-
cernible deficiencies there were in the correct setting up [of the zijes], his high
endeavour did not rest content with confining himself to what the calculators
of these zijes had pronounced, because of their [the zijes’] deviation from the
truth,, and bad method. Thus he ordered (God perpetuate his exalted orders!)
me to make a new observation in the presence of his Highness and to ascertain
the positions of the stars in their various uniform motions. Before it began, the
exalted order (God increase his excellence!) was issued to set up a sphere that
turns by itself in parallel with the celestial sphere with a motion equal to the
motion of the universe.

I received his exalted order with attention and obedience, and did my best
to complete this design. I made it although it was difficult to find workers
sp ecialized in this work; and declaring myself innocent of [all] that they had
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(D £.73v, T f. 118r) may be noted. (1) In T the reservoir is placed entirely in
the box, but the text says that a hole 24 units square must be cut in the top of
the box for it.(2) In T the sphere is put in the middle of the top of the box; in
Ditis on the left, as here. (3) In T the cord is shown like a chain; Disnot clear.
It is also not clear — T is vaguer still — what the lines on the drum i are
meant to be. (4) D omits pulley X. (5) ¢ and > are omitted in D.

On the whole the diagram in T is more neatly executed. For instance, the
toothed wheels are shown with just 16 and 40 teeth.

To correct the perspective, the points ¢ and <> have been moved from the
left-hand edge and are now supposed to be in the front of the box. The pulley Z
has been added. For convenience, the reservoir, which is over eleven times as
tall as it is broad, has been foreshortened.

Legend for Fig. 5

a 5,5 sphere

bo 3l lead

¢3S )42 axle of sphere

d-e 25pn ais (A5l LE5 T) crossbeam (9)
f 32 axle

g i€l Oym )l 40 teeth

haghus e &z 16 teeth

iyl turner [i.e. wheel, drum]

j JoJ &l sand-reservoir

k iél> pulley

13550 A1 12l observed hole

m JL_Jl ot D (JL.JII ot T) sand-container.
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abbreviation of Jabir b. Aflah’s commentary on the Almagest, ff. 73v-92v:
Suhrab b. Amir al-H3jj b. Mubammad b. al-Hasan and 675H (1276 A.D.)®
The Damascus manuscript, which also contains a number of interesting items,
is described elsewhere.”® It appears to be of later date, but sometimes has
better readings. In addition, it carries the laudatory introduction, which
Thurston 3 omits.

There are indications that the text is in an imperfect state. For instance, a
whole paragraph on the ascendant and similar points obtrudes itself between
the introduction of the rule (73v 9-11) and the first instruction (73v18 et seq.)

. . 64
on the use of “this [rule]”’. Again,the number 3455 , the diameter of the

wheel labelled ¢ in the diagram (fig. 5), had to be restored from marginal anno-
tations and calculation — in the Damascus manuscript part of the wreckage of
the fraction appears in the next line. But only the most certain and obvious
corrections or emendations have been made and the translation has been kept
very literal.

The numbers in the text refer to the lines in D. Punctuation and hamzas
have been silently added and nothing appears in the critical apparatus when
the reading is clear in T but is obscured in D by a covering in the right-hand
margin of f. 73r and the top of f. 74r. There are a few partly illegible calcula-
tions in the margins of T f. 118r, but they appear to add nothing to the text
and have not been transcribed. Otherwise everything has been recorded.

[ ] at the beginning of a line in D means that the MS is obscured and that
what is inside, if anything, is a guess; elsewhere it indicates an editorial addition.

< > means an addition from the margin.

[...]indicates an omission in the text.

2. The Principal Diagram

Since the diagram in D can be seen
in the facsimile, it will be of more use
here to reconstruct it and give it in plan >
(fig. 4) and elevation (fig. 5). The latter
carries all the words in the manuscript
diagrams. They are indicated by lower- ¢ Sa ' !
case Roman letters. Arabic letters are
transcribed from the manuscripts, and
the capital Roman letters are added
for ease of reference.

The following differences in the MSS ' Fig. 4

62. For the scribe, see Kunitzsch, Ibn as-Salgh, pp. 29-30.
63. See Kennedy and Rageb.
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Thus, in the diagram, poles X* and Z' of circle UOY are found. This circle is
now drawn and graduated. After this a similar treatment is accorded to the
equator and the ecliptic, the poles being first found on circle UQY. Unfortuna-
tely no value for the obliquity of the ecliptic (k=1 Jll) is given. Holes are
made at the poles not only of the equator but also of the ecliptic; and the
sphere is now mounted, by the ecliptic’s poles, in the meridian ring, so that
its graduations may be used to put the fixed stars on the sphere. A fourteenth-
century celestial globe in the Oxford Museum of the History of Science is
equipped with a hole at the South pole of the ecliptic, though its frame has
only the lower half of the meridian.®’

Since, by contrast, al-Khazini’s account of making the sphere is very short,
we may, perhaps, use the above description to fill it out. Caution must be used,
however, since al-Khazini apparently uses compasses to draw great circles.
Al-Battani says much less of the practical details of inscribing the circles, and
Qustd b. Liiqa gives so little on constructional matters that four prefatory
chapters had to be supplied in the Spanish translation.®

Of the uninvestigated texts on the globe the most promising are an exten-
ded treatment by al-Siifi (903-86), author of enormous treatises on the astrolabe
and on the fixed stars, in 157 chapters® and an anonymous treatise in 43 folios,
both in Istanbul.®® The latter quotes five works on the sphere: by Autolycus,
Qusta b. Liqa, Heron, Philon and Theon of Alexandria. There are also several
tracts in Latin, one of which, “De horologio secundum alkoram id est speram
rotundam”, is evidently a translation from Arabic.”’ For further treatments
the various commentaries on the Almagest might well repay investigation,

since the solid sphere is probably to be regarded as a development of Almagest
VIII, 3.

II THE TEXT
1. General

Al-Khazini’s description appears in two manuscripts: Zahiriya 4871, ff. 73r-
T4r, and Oxford Thurston 3, ff. 118r-119r, denoted by sigla D and T respec-
tively. The part of Thurston 3 that contains our text is a treasure-trove of
astronomical treatises and scraps written in a single hand, which is not easy
to read and often confused by an imprint of the opposite page. The scribe and
date may be identified by reference to the colophon of Qutb al-Din al-Shirazi’s

57. See plate XI of Mayer Islamic Astrolabists. A third hole is also visible. Nasr, Islamic Science,
p- 123, shows the globe mounted on the ecliptic’s poles. For a list of surviving Islamic globes up to the
time of Ulugh Beg, see Destombes, Globes.

58. Libros del Saber I, p. 151 et seq..

59. Istanbul MS Seray 3505 (item 1, 60ff). Krause, pp. 463-4.

60. Istanbul MS Aya Sofia 2673 ff, 41v-84v, 864H. Krause, pp. 525-6.

61. Millas Vallicrosa, Est. un. Cat. 288-90.
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that the sphere is adjustable for geographical latitude. A graduated quadrant

of the same diameter is made;*

il ) (sl ol e 3 50 oo e ri

Co 2x P ey TE O ke oS s
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Then we make a quadraat from brass equal to a quarter of the meridian ring. Let
there be [p:ints] 4BGD on it. We divide its arc GD into ninety equal divisions and write
the number[s] of the degrees, as you see in the diagram. We make a place for this quadrant
at the edge, either in the meridian ring or in the horizon ring.

Al-Marrakushi now turns his attention to the sphere. A point is chosen [O in
diagram]® as the North pole of the equator and with this as centre a (small)
circle is drawn with compasses (5 ,7L) and divided into four equal parts [at
points UXYZ in diagram]. A great circle — the circle through the four poles,
i. e. of the equator and the ecliptic — is now drawn through the pole and two of
the points of intersection [U, Y,say]. For this one should use an LA
which is surely not a lathe, but needs both poles to draw a circle:*®
Ay @0 2 6 b LU Gl 0 BET AT LE Ol 5 ks Ll g ALY,
oY kil i e " Al 6 Jur s JLA B e i sl iy 131 A1 O a3y o aL
TR 6 Jus el Ll e ai b T w31 Ml T ks T B Taly sV 6k 0
AN e Ty V1 6L 0l w81 Lol 5o J31 pd gl g Lede 007 1 el Tlall i o
Ll 3 Sl s e
In the delineation of this circle it 0
is best that it is inscribed with the tur-
ning-instrument and that its poles are
sovught with the graduated quadrant,
the quadrant ABGD (or by investiga-
tion): if one of the ends of the graduated
quadrant is placed on the North pole
and its graduated edge is laid over one z X
of the four points, its other end will lie
on one of the poles of the circle sought.
‘When one of its ends is placed on the
North pole and its graduated edge is laid
over the point opposite [the one] that
it was over in the first case of the four =
points, its other end will lie on the other Fig. 3
of the two poles of the circle sought. :
53. F. 157, lines 13-6.
54. Sédillot, Mémoire p. 114, has 4.iS,, [a place] that suffices.
55. Fig. 3. There is no diagram in the MS.
56. BN 2508 f. 15 lines 5-11. The preparation of the sphere is not given by Sédillot.
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Qustd b. Laga’s o S o5 consists
of two fixed rings, representing the
horizon and meridian and attached to
astand, and a solid sphere, marked
with the celestial equator, ecliptic,
etc., and pivoted to the meridian ring
at points corresponding to the North
and South poles. All the circles are
graduated. Most of the problems for
which the plane astrolabe is normally
used may be solved with this instru-
ment. In al-Battani’s iz (egg) we
have the same instrument but with an
extra colural armilla carrying movable
sights and another meridional armilla
to allow for continuous variation in L
geographical latitude.

Al-Khazini’s solid sphere is similar
to Qusta b. Liiqa’s, but is half sunk in
the top of a box representing the horizontal plane — in this detail resembling
the Chinese examples. In addition to the graduated horizon and equator, on
box and sphere respectively, there is a loose quadrant, also graduated. Details
of its use are given in the commentary to the text. An apparently similar quad-
rant is mentioned in a short appendix to the Spanish translation of Qusta b.
Lugqa’s treatise on the solid sphere. This appendix, included to make the work
on the sphere more complete, is entitled,”? “On knowing how the rings [cir-
cles?] of the tasyir are made on the sphere and [how] to ‘equalize the houses’
according to the opinion of Hermes, and how to operate with them™:

L]

Fig. 1
Qusta b. Laga’s dhat al-kursi

De saber cuemo se fazen las armillas dell atacyr en la espera. et egualar las casas
segund la opinion de Hermes. et cuemo obren con ellas.

In the first paragraph one end of the quadrant is described as being fixed to
the pole of the ecliptic with a pin (clavo delgado).

The solid sphere described by al-Marrakushi (13th century) has a loose
quadrant. According to the description in his <L, "ol C"’H the sphere
ismade, and then its diameter is found by a geometrical construction. With this
diameter the horizon and meridian are made, together with a three-legged
support. Holes are made in the meridian at intervals of a degree and a device
(5.L) is provided, pivoted to the horizon,to engage any one of these holes, so

51. Libros del Saber, 1, p. 206. The chapter continues to p. 209. For Hermes, see Sezgin IV, pp. 41-3.
For tasyir, see Kunitzsch, Glossare, pp. 44-5.

52. MS Paris BN 2508 (old no. 1148) ff. 13r-16r (old pagination, pp. 25-32). See Sédillot, Mémoire
pp- 110.4.
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ruled out, it is likely that one or more types of water-wheel used in clocks were
transmitted to both the Chinese and Islamic cultures from Hellenistic anti-
quity, along with striking mechanisms, jackwork and mechanical toys. From
the previous section it appears that the same could be said of self-rotating
globes; and T have elsewhere*! argued a similar case for the steelyard clepsydra,
or balance-water-clock.

Certainly none of these devices were beyond the ingenuity of the people
who constructed the Antikythera mechanism or Archimedes’ sphere showing
the motions of the Sun and Moon.*> Whether the Alexandrians invented these
things themselves is another matter. The means of transmission to China is a
matter for speculation, though it might be pointed out that several waves of
western influence in astronomy reached India in antiquity*® and a self-rotating
globe is reported there of about the year 500 A.D.*” Again, there are instances
recorded of clocks being sent by Muslim rulers to western kings as presents:
Hariin al-Rashid’s present to Charlemagne and Saladin’s to Frederick II of
Sicily.* Direct borrowing is possible.

As Needham points out,*® “It almost seems as if some mad dictator had
contrived to expunge all details of Hellenistic astronomical models from the
records”. The self-rotating sphere of al-Khazini makes a small contribution to
recapturing these details, especially when compared with the Chinese construc-
tions. Perhaps we may hope to recover, some time, Heron’s lost book on water-

clocks.

3. The Solid Sphere

So far, the “sphere that rotates by itself”’ can be seen as a demonstration
instrument, or possibly a clock. But the sphere also serves as an instrument
known in the Islamic world as .. Sl =I5 and in the Latin Middle Ages as
sphera solida.®® This instrument is to be distinguished from the spherical as-
trolabe, in which the horizontal coordinates are marked on a sphere and a
close-fitting rete, pivoted at the poles, carries the celestial circles and represen-
tations of a few stars. Different again are the armillary sphere, a demon-
stration instrument showing only the principle celestial circles, and the glt| i3
(habens armillas), described by Ptolemy in Almagest V, 1 for direct observations,
and its modifications.

44. Lorch, Balance-Clock.

45. See note 21. For translations of the classical citations of Archimedes’ model, see Price, Origin
of Clockwork, pp. 89-90.

46. Pingree, DSB XIV, p. 533.

47. Needham, SCC IV ii, p. 539.

48. Beckmann, pp. 343, 349.

49. Needham, HC, p. 185.

50. Bibliographical details of solid spheres etc. in Lorch, Sphera Solida.
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size, but several reports concern armillary spheres, which are comparatively
light. We may conclude that the early Chinese self-rotating spheres were rota-
ted either by a water wheel, like Su Sung’s or by a sinking float, like the Helle-
nistic and Byzantine clocks and (with the substitution of sand) al-Khazini’s
sphere.

Clocks worked by sand seem to have been of late introduction in China.
Ricci, the sixteenth-century Jesuit missionary, says that the Chinese had a
few sand-clocks.*® The earliest seems to be of the fourteenth century.*

iv. The Question of Transmission

Clocks exhibiting jackwork and astronomical information were well estab-
lished in the Islamic and Byzantine cultures and are clearly derived from the
early Hellenistic period. Vitruvius attributes a clock with jackwork to Ctesibius.
who lived in the early third century B.C.*” Needham explains their later appear-
ance in China as probably due to “stimulus diffusion”.® That is, the Chinese
craftsmen worked independently from a few ideas transmitted to them, and there
was no wholesale transmission of Hellenistic mechanics to China. The reason
given is that the Hellenistic and Byzantine clocks used only the sinking float
principle, whereas the Chinese used (the more powerful) water wheels. Some
doubt has already been cast on the latter assumption. Further, water-wheels
of various kinds do occur in the Hellenistic-Arabic tradition. There is a water-
wheel in the last last chapter of the Arabic version of Philon’s Pneumatics,*®
though not of exactly the same type. According to Prof. Drachmann® the
chapter is “a later interpolation of uncertain date”, but even if this is so — and
certainly the text is in pretty bad shape and the oldest manuscript is probably
the thirteenth century*! — there is no reason to suppose it came from China.
Vitruvius describes a similar device. Drachmann considers the apparatus in
the Philo text as “an anciert instrument, possibly partly improved by a later
hand”.*? The water wheels in al-Jazari are well known,* if late (early thir-
teenth century). Finally, Dr. D.R. Hill, the translator of several Arabic books
on machines, considers that, “The use of both types [horizontal and vertical]
of water wheel was widespread in Islam from the 3rd 9th century onwards”.**
While independent invention or transmission from China to the West cannot be

35. «‘Pauca enim alia conficiunt rotulis ab arena velut aqua circumactis...”’. De Chr. Exp., p. 22.
36. Needham, SCC 1V ii, p. 510.

37. Drachmann, ¢<Ctesibius’’, DSB.

38. Needham, CCCW, p. 228. See also table 59 in SCC IV ii, p. 553.

39. Philon, Appareils pneum., pp. 94-6. There is a picture, a modern reconstruction, on p. 186.
40. Drachmann, review of HC, p. 202.

41. Krause, p. 443. See the introductory chapters to Prager, Pneum.

42, Drachmann, Ktesibius, Philon and Heron, p. 66.

43. E.g. Jazari p. 103.

43a. Hill, Ibn Mu®adh, p. 39.
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27, The same, 440 A.D. A globe of diameter 2.2 feet, on which the Sun, Moon, and

five planets were attached to the ecliptic.?®

3. Thao Hung-Ching (452-536), about 520 A.D. description c. 670, copied 983. An
armillary sphere over three foot high with the Earth in the middle, was mechanically
rotated.?®

4. Kéng Hsiin, late sixth century; descriptions 636, and about 670 AD. His armillary

sphere (or globe) was rotated ‘‘through the power of (falling) water’”.3

5. I-Hsing and Liang Ling-Tsan, eighth century; descriptions 945, 1061, and 1267
A.D. I-Hsing introduced here the <Ptolemaic ecliptically mounted sight—tube’’. The whole
device was ‘‘made to turn automatically by the force of water acting on a wheel’’. Later
descriptions say scoops are used. The globe was half sunk in wooden casing and rotated by

a complicated mechanism, possibly with an escapement.®!

6. Su Sung, end of eleventh century; description by Su Sung. Both a globe, half sunk
into the casing, and an armillary sphere are rotated by a very elaborate mechanism powe-
red bv a water-wheel controlled by an escapement. The armillary sphere aloae weighed

fifteen tons. The whole clock was between 30 and 40 foot high.*?

No more need be said here about the globes of I-Hsing and the famous Su Sung,
since they are evidently more sophisticated than al-Kh#zini’s primitive device.
But the four earlier self-rotating spheres sound remarkable similar, except that
they are water-powered. In some of them an armillary sphere is substituted
for the globe, but the principle remains.

Needham maintains that the power of a sinking float would be inadequate
to drive a sphere of any size and therefore supposes that such spheres were
powered by scoop water-wheels.® This is gratuitous, because a sinking float
can provide as great a force as a scoop of water of the same weight and can,
besides, be made very large. The torque given to the axle depends on the size
of the barrel round which the cord is wrapped. It is clear from the fragment of
a Roman anaphoric clock found near Salzburg in 1897 that heavy objects could
be rotated by a sinking (or rising) float. This fragment, rather less than a quarter
of the entire disc, weighs 5.5 kg® —so that the disc weighed a few pounds short
of half a hundredweight — and we have no reason to suppose that the float was
an exceptionally large one (so that it could support an exceptionally large
counter-weight). Of course, a solid globe (no mention seems to have been made
of hollow globes) would be much heavier than an anaphoric dial of comparable

29. Needham, SCC 1V ii, p. 482.

30. Ibid., p. 482.

31. Ibid., p. 471-4.

32. Needham, SCC IV ii, p. 498; CCCW p. 312; HC passim esp. pp. 48-59.
33. Needham, SCC IV ii, p. 481.

34. Ungerer, pp. 32-4.
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al-Khazini made, albeit driven by water. Hultsch®® uses this passage and a
reference by Proclus (410-84) to

the globe [made] in imitation of the heavens, such as Archimedes concerned
himself with

to argue that Archimedes’ complicated device was water-driven. His conclusion
is possible — though the latest discussion of Archimedes’ globe®* does not
represent it as water-powered — and anyway does not exclude the possibility
that the passage from the Collection refers also to simple globes. Anaphoric
clocks, well known in antiquity, are probably not meant by Pappus, since in
these clocks a disc, and not a sphere, was rotated. One end of a cord was at-
tachedto a float in a water-reservoir that was filled every 24 hours, and at the
other end was a counterweight to provide power and to keep the cord tight;
and in between the cord was wrapped round the axle of the anaphoric disc
representing the heavens.*

A possible source for al-Khazini’s globe is the lost book on waterclocks by
Heron.?® It was at least partly concerned with clocks designed for astronomical
purposes.?® Less likely is an Arabic treatise on ‘““Wheels that rotate by them-
selves [ '3 o+ 17 ascribed to Philon of Byzantium, in which eight models are
described,? since Carra de Vaux says it is on perpetual motion.?®

iit. Related devices in China

In their various publications Prof. Needham and his associates have des-
cribed for us a number of self-moving globes constructed in China. The early
examples (up to 1100) are the following:

1. By Chang Héng (AD. 78-142), about 132 A.D.; descriptions soon after 310,
quoted in 635, and 656. A globe (armillary sphere?) was turned by a clepsydra, or
«dripping water’’. The sphere was inscribed with various circles and turned ¢‘following
the trip-lug [?] and the turning of the auspicious wheel’.27

2. Chhien Lo.Chih, 436 A.D.; descriptions 500, 656 A.D. An armillary sphere,
of diameter about six feet, with the Earth in the middle was rotated by a clepsydra. It
was made after the recovery of the remains of Chang Héng’s instruments.28

20. Hultsch, Himmelsglobus. The Proclus quotation comes from his commentary on the first book
of the Elements, Friedlein’s edition, p. 41.

21. Zhitomirskii, p. 297, fig. 6. This is not the clock with jackwork ascribed to Archimedes in an
Arabic treatise, for which see Jazari, p. 10.

22. See e.g. Drachmann, Mech. Tech., p. 193.

23. This book is mentioned by Pappus (see Rome 87-9) and Proclus in Hypotyposis, pp. 120-3.

94. Drachmann, Ktesibios, Philon and Heron, pp. 98-9, sees no reason to suppose that the applica-
tion to finding the apparent diameter of the Sun was treated by Heron.

25, Krause 443. MSS Aya Sofia 2755. 2°, ff. 61v—-69v; Seray 3466, 2°, f. 7 ff.

26. Philon, Appareils pneum. pp. 5, 6. The text is also in Bodleian MS Marsh 669 (Ibid. 5).

27. Needham, SCC III, p. 359; IV ii, p. 485, HC, p. 100 et seq.

28. Needham, SCC 1V ii, p. 483; HC pp. 95-9.
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On the mechanics of the movement of water, making wonderful vessels., and related
matters on making instruments that move by themselves [L-l4].

The second section is
As for the movements that arise from [means] other than water, from those that
work by sand and those that work with mustard—seeds [ Js = ] or millet [ 5,5l 1

an icstrument is made in the elongated form of the tube [ i ,b C;_,«)l is o] Ttslower
part is pierced with a small hole, and its top is open. Then it s filled with sand or mustard—
seed, or something similar. A piece of lead [<l,] is placed on top of it. The lead draws

a thread [l>] or cord [J=] tight; to the thread is attached what is necessary for the
motion. Then the tube is placed in a vertical position, so that the sand or other [male-
rial] can come out of the hole at the bottom of it. As the sand gradually diminishes, the
weight is moved downwards and it moves what is connected to it. In this way, wonderful
motions of various types are set up.

It will be noticed that there are some differences of terminology between al-
Khwirizmi and al-Khazini. Where al-Khwarizmi has -\, and @ for
“Jead’’ and ““tube” (reservoir) respectively, al-Khazini has<-! (on the diagram)
and 4!, Wiedemann’s interesting observation'® that the tubes are shorter
in Heron writings than amongst the Arabs certainly finds confirmation in the
“sphere’” text, for al-Khazini’s reservoir is over six foot high, while its
cross-section is a square of just over 64 inches long. Either there was a large
amount of empty space in the box (the biggest wheel inside was about ten
inches in diameter) or the reservoir stood up like a factory chimney.

Apart from the possibility that water will freeze in a cold climate, two
advantages of sand should be noted: it flows more or less uniformly without
a constant head.” and a heavier weight can be used. Of course, sand is always
prone to become clogged,® especially with slow rates of flow.

ii. Related Devices in Antiquity

Devices to mimic the heavens were known in antiquity. In the eighth book
of his Mathematical Collection,'® Pappus (fourth century A.D.) lists those who
may be called mechanics (mechanikoi). In the list the makers of engines for war,
self-moving devices like Heron’s automata, and water-clocks are mentioned.
Finally

They [the ancients] also called mechanics those who were skilled in making globes

[sphairopoiias] and constructed a likeness of the heavens by means of uniform circular
motion of water.

It is probable that the globes described here are of the same basic type that

16. Ibid., p. 202.

17. Needbam, SCC IV ii, p. 509 ncte. For a discussion of how sand flows in a sand—clock of the
hour—glass type, see Balmer pp. 624-32.

18. Needham, SCC IV ii, p. 510.

19. Pappus, Collection III, p. 10.
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the year 1115.° If this date is accepted for the whole zij, the sequence of al-
Khazini’s writings is: the “sphere’ text, the z3j (1115), the Mizdn (1121-2).
The short treatise on observational instruments'® would presumably come
somewhere near 1115.

2. The Mechanism
i. The Sand-drive

As may be seen from the diagrams (figs. 4,5) and the facsimile from the
Damascus manuscript, the slowly falling weight pulls the string taut; the
string, after passing over pulleys, turns an axle by being wrapped round a
wheel or drum; this axle turns another by means of a pair of toothed wheels,
and the second axle turns the sphere, which is half sunk in the top of a box
representing the plane of the horizon.

A falling weight in a reservoir of finely divided solid matter was a source
of power used by Heron of Alexandria for the moving figures in his automatic
theatre." In the reservoir he put millet (kegkhros) or mustard-seed (napu),
because they are “light and slippery”.* The string was led round pulleys and
wound round a drum mounted on an axle that caused the figure to move. Apart
from the substance in the reservoir, the mechanism is very similar to that of
al-Khazini over a millenium later. Heron’s reservoir even had a square (tetra-
gonou) cross-section.’®

This type of mechanism was certainly known in the Arabic-speaking world
a century or so before al-Khazini. For Abiu “Abdallah Muhammad b. Yiisuf
al-Khwirizmi, who flourished at the end of the tenth century, devotes a para-
graph of his encyclopaedic dictionary Mafatik al-‘ulim' to it. In the section
on mechanics, the eighth bab of the second magala, we find as the heading of
the first fasl*

9. Destombes, Etoiles, p. 343. Kunitzsch, Chrysokokkes, contains an edition of al-Khazini’s star-
catalogue. The date 1115 comes directly from the rubric of the catalogue, which adds 15° longitude to
Ptolemy’s.

10. Sayili.

11. See diagram in Needham et al., CCCW, 207. I am grateful to Cdr. Waters of the National Mari-
time Museum, Greenwich, for pointing out this illustration, which is taken from Heron, Automaten-
theater (see next note).

12. Heron, Op. Om. 1, p. 346 (German translation p. 347). Here and elsewhere Greek words are
transcribed letter by letter. A similar passage occurs on p. 368 (German translation pp. 367-9). Other
passages (pp. 396 and 402; German pp. 397 and 401) refer to millet alone, but no doubt any appropriate
substance was intended.

13. Ibid., p. 356. For Heron’s automaton—theatre, see Beck.

14. The section on mechanics is translated by Wiedemann, Aufsdtze I, pp. 173-228. For other parts
translated by him, see Sezgin VI, pp. 239-40. The passages quoted have been translated afresh.

15. Al-Khwarizmi, p. 249; Wiedemann, Op. Cit., p. 200. The extended quotation is from pp. 250
and 202 respectively.
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of the K. Mizan al-}ikma (Balance of Wisdom). For not only is Abd al-Rah-
min’s patron Abw’l-Husayn °Ali ibn Muhammad mentioned with fulsome
flattery at the beginning (with the addiiional name “ibn “Isa”), but there is a
striking parallel between passages in the present text and the K. Mizan al-
hikma. At the same time the authorship of the Mizan text is confirmed.? The
details of the parallel passage and of other matters mentioned in this introduc-
tion are to be found in the commentary to the text.

It is likely that the present text (hereafter called the “‘sphere” text for
short) was written before both K. Mizan al-hikma, written in 1221-2,° and
al-Zij al-Sanjari, for these are dedicated not to “Ali b. Muhammad but to
Sanjar b. Malikshah, Saljuq ruler of Eastern Persia 1097-1157. He was appoin-
ted governor of Khurasan from 1097 at the age of ten and became supreme
Sultan of the Saljuq family from 1118.No argument can be attached to his
minority or to his being only a governor for the first twenty odd years, for there
is a coin of his from Marw “‘probably minted in 499/1105.6”° But it is likely
that al-Khazini was directly employed by Sanjar later in life and that the
““sphere” treatise, dedicated to the patron who had owned him as a slave and
bad given him a first-class education, was a product of earlier years. “Ali b.
Zaid al-Bayhagqi (d. 1174), to whom we are indebted for the few facts of al-
Khazini’s life that we have — including some entertaining details of his asceti-
cism — mentions only the Mizan treatise and the zij (here called al-Mu‘tabar
al-Sanjari, “the estimable [book ] of Sanjar”).® For this passage more credence
should be accorded to al-Bayhaqi than usual, since he was close enough to al-
Khazini’s circle to have a horoscope he had assembled presented to him for
criticism. But the biographical notice is so sketchy that we cannot be sure
that the author had included everything written to date.

A further reason for placing the “sphere’ text early is his mentioning in the
dedicatory preface the great disparity amongst the zijes, their errors and bad
method — something he would surely have phrased differently if he had written
one himself. In fact the rotating sphere is presented as a preliminary to a series
of observations to correct the old zijes. The “sphere” text may thus be confi-
dently placed prior to al-Zij al-Sanjari. True, al-Khazini may have calculated
the gibla-table’ before writing section 15 of the second part, but this table
probably does not depend on new obscrvations and anyway does not occur
in the zi.®

The star table in the zij is calculated from Ptolemy’s and corresponds to

. It was doubted by Khanikoff, pp. 113-6, but, it is true, apparently by no one since.
. Khanikoff, p. 16.

. Bosworth, Isl. Dyn., p. 115 and CHI V, p. 135.

. Ibid., p. 135.

. Meyerhof, pp. 196-7.

. Le Strange, pp. 27-31. The table is on pp. 30-1. See Lorch, Qibla.

. Le Strange, p. 27 n.
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Summary

Al-Khazini wrote his description of the “sphere that rotates by itself”
before his Zij and the Mizan al-kikma, and thus in the first decade or so of the
twelfth century. The sphere, which is inscribed with the normal celestial cir-
cles, is a combination of an automatic demonstration-instrument and a dhat
al-kursi, which functions rather like an astrolabe, but in three dimensions. The
drive, a weight resting on top of a leaking reservoir of sand, is traced through
Muhammad ibn Yasuf al-Khwirizmi (10th century) to Heron of Alexandria.
After comparison with earlier self-rotating spheres in China, an origin for the
device in Hellenistic antiquity is suggested — a possibility corroborated by
passages in Pappus (c. 300) and Proclus (5th century). Other descriptions of
the celestial globe are mentioned to illustrate the device, parts of al-Marra-
kushi’s (13th century) being given in extenso. After the text and English trans-
lation, there is a commentary, which inter alia treats the units and dimensions.

I INTRODUCTION

1. The Author

Al-Khazini’s “sphere that rotates by itself” is a solid sphere — that is, a
sphere marked with the stars and the usual celestial circles — half sunk in a box
and propelled by a weight falling in a leaking reservoir of sand. In addition,
the sphere is used to find directly several arcs of importance in spherical astro-
nomy. Although the short treatise that describes the device is ascribed to “al-
Khazimi” in the text, it is clearly by “Abd al-Rahmin al-Khzzini,’ the author

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

1. For the variations in the name of al-Khazinj and his patron, see Hall, DSB, at the beginning.
Here, and in the notes which follow, references by short title are to the bibliography at the end of the
Ppaper.
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AMADOR DIAZ GARCIA

Sugar is sukkar, and it is obtained from suggar cane, Saccharum officinarum L.
The name sukkar comes from the Sanskrit sarkard, and fabarzad has its origin
in the Persian words fabar zad “cut off by the means of a hatchet”. This word
is applied also to salt, and it is called mil} tabarzad “rock salt”. Loafsugar is used
for pain of the gums and throat. Cf. Diosc., II, 82; IB, no. 1198 and foll.; Sam.,
p- 174, n. 37; Sharf, no. 289; al-Arbili, f. 98v, no. 142; Dozy, II, p. 20.

96. Rub® is roubouh, a dry measure = 8.25 1.

cubeb, 93.
clove-flavoured basil, 69.
amomum, 41.

white colocynth, 25.
black hellebore, 35.
wine vinegar

galingale, 55, 77.

Chinese cinnamon, 10, 82.

long pepper, 39, 85.
fennel, 65.

Chinese rhubard, 33.
long aristolochia, 15.
saffron, 32, 90.
ginger, 13, 51, 76.
malabathrum, 44.
garden rue, 83.
scammony, 8, 73.
loafsugar, 95.
cinnamon, 29, 80.
Indian nard, 22.
secacul, wild carrot, 54.
Indian leadwort, 60.
red aloe of Soqotra, 3.
balsam wood, 30, 78.
Tchampa wood, 63.

Indian aloe, 16.
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77. Vide note 55 above.

78. Vide note 30 above.

79. Vide note 30 above.

80. Vide note 29 above.

81. Vide note 9 above.

82. Vide note 10 above.

83. Sadhab is the Arabic name of various species of rue, especially Ruta
graveolens L. It is used as an antidote for poisons, antiseptic, stimulant, emmena-
gogue, irritant, and abortifacient. It is also good for phlegm, and rheumatism.
Cf. Diosc., 111, 48; 1B, no. 1166; IBk1., f. 281, no. 490; IWaf., f. 72b; al-Kindi
no. 225; Sam., p. 195, n. 174; Mans., no. 1079; Tu/fa, no. 364, 404, 176; Shar#,
no. 279; Ibn “Awwam, II, 293-295; IMas., f. 105v, no. 18; al-Arbali f. 94v,
no. 84; Dozy, I, p. 643; Font Quer, p. 426, no. 303.

84. Qirfat al-tib is aromatic cinnamon, Cinnamomum aromaticum Nees. =
Laurus cassia L. It is used as an aromatic, stomachic tonic, is good for liver,
and against hemorrhage caused by haemorrhoids. Cf. IBk1., f. 331, no. 587;
Sam., p. 194, no. 169; Tukfa, no. 112; Shark, no. 95. Vide also note 29 above.

85. Vide note 39 above.

86. Nanakhwah is Royal cumin or bishop’s weed, Ammi Copticum L., or
Carum Copticum Benth. It is employed as a diuretic and stomachic, and also
for haemorrhoids. Cf. Diosc., ITI, 62; IB, no. 2202; Sam., p. 185, n. 110; IBk1.,
f. 273, no. 476; Tukfa, no. 229, 284; Shark, no. 259: Mans., no. 837; Dozy, 11,
p. 632.

87. Vide note 28 above.

88. Bawragq is borax, a mixture of carbonates and a borate. Ibn Buklarish
states that in Egypt is known by natrim. The Arabic bawraq comes from Persian
bawra or bira. It is useful, according to the author of al-Musta®ini, who reads
birag, for the asphyxia caused by mushrooms. It is used also as a remedy for
deteriorated teeth, and for canker in the mouth. Cf. Diosc., V, 113; IB, no. 381;
Ghaf., 188; Sam., p. 195; n. 175; IBKk1., f. 79, no. 100; Kindi, 111a; Mans., no.
141; Tuffa, no. 92; Shark, no. 51.

89. Vide note 23 above.

90. Vide note 32 above.

91. Vide note 27 above.

92. Vide note 59 above.

93. Habb al-“ariss, literally “bride’s grains” is cubeb, fruit of Piper cubeba L.
Tt is also called kababa, kabbaba or kubaba, kubbaba, a term of Persian origin.
It is used as a diuretic, and for gum and mouth pustules. It is" also good for
kidneys, and to purify the throat. Cf. IB, no. 1879; Sam., p. 193, n. 164; Tufkfa,
no. 190; Sharh, no. 194.

94. Vide note 70 above.

95. Sukkar tabarzad is loafsugar. It is considered to be the most refined.
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dalus Stokes. Ibn Buklarish states that if eaten with sugar is good for coughs,
cleanses the trachea, and is diuretic. Al-Arbili says that the almond oil is good
for dry stomach and liver. Cf. Diosc., I, 139; IB, no. 2040; Ghaf., 189; IW p.
125; Sam., p. 192, n. 153; IBk1., f. 235, no. 403; IMas., f. 106v, no. 70; al-
Arbili, f. 94v, no. 98; Dozy, II, p. 557.

67. Vide note 24 above.

68. Vide note 9 above.

69. Habaq qaranfuli is clove-flavoured basil, Ocimum pilosum Willd. or
Thymus Acinos L. = Calamintha Acinos Benth. It is also called faranjamushk
or baranjamushk the origin of which is Persian afranj-mushk “Frankish musk”
or “European musk”. Ibn Buklarish states that it aids the digestion of food,
is good for the liver, heart, causes heart palpitation to disappear, and opens
the obstructions in the nose caused by phlegm. Ibn Masawayh says that it
opens the obstructions produced in the brain, and is useful against gout and
phlegmatic symptoms. Cf. Diosc., III, 43; IB, no. 1676; IBk1., f. 73, no. 87;
Tukfa, no. 327; Shark, no. 47; IM3s., f. 106r, no. 45; Sam., p. 195, n. 171.

70. Turunjan is balm-mint or lemon balm, Melissa officinalis L. Its Persian
name, badranj-biiya, means “odor of citron”. Maimonides, in Sharh, gives
synonyms as turunjan, badranbiiya, badranjiya and habaq turunji. It is good for
bites, dysentery, dysmenorrhoea, ulcers, gout, and poisonous mushrooms, and
for the heart, heart palpitations, the eyes, stomach, and liver. It is good espe-
cially for scorpion stings, bites of dogs and tarantulas. Cf. Diosc., ITI, 104; IB,
no. 221; IBk1.. f. 61, no. 62; Ghaf., 145; Sam., p. 181-182, n. 73; IMss., f. 106r,
no. 44; Ibn ‘Awwam, I1, 273-275; Tulfa, no. 72; Shark, no. 40; Dozy, 1, p. 146;
Font Quer, p. 685, no. 483.

71. Na‘na®is mint; it may be various species of Mentha: Mentha sativa L.,
Mentha piperita Smith., M. aquatica L., M. arvensis L. or M. viridis. It is also
It is also called fabaq bustani. It is used as a tonic, stimulant, stomachic, and
carminative. Cf. Diosc., ITI, 37; IB, no. 2227; IW, p. 127; IBkL1., f. 273, no. 474;
IWaf., f. 72a; Tu/fa, no. 283; Shark, no. 256; Dozy, 11, p. 692; IM3s., f. 105v,
no. 33; Font Quer, p. 703-706, no. 495 and no. 496; Ibn ‘Awwam, IT, 275-277.

72. Vide note 17 above.

73. Vide note 8 above.

74. Kammin kirmaniis cumin of Kirman, Carum nigrum Royle, whereas
kamman is the Arabic name of the seeds of cumin, Cuminum Cyminum L. It is
used as a tonic stimulant, carminative, and emenagogue. It is good for rheu-
matism in the joints. Cf. Diosc., III, 64; IB, no. 1967; IBKk1., f. 209, no. 351,
and f. 223, no. 378, 379, 380; Sam., p. 191, n. 146; IWaf., f. 69b; Ibn ‘Awwam,
11, 241-244; IM3is., f. 107v, no. 128; al-Arbili, f. 94r, no. 91; Tukfa, no. 229,
454; Sharh, no. 193; Dozy, I1, p. 490; Font Quer, p. 486, no. 342.

75. Vide note 53 above.

76. Vide note 13 above.
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Qagulla kabira is greater cardamom, Elettaria major Smith. The origin of
this word is Akkadian gagila, and Assyrian gdgilu. Both of them are used as a
stomachic and for mouth pustules, and for throat pain. Cf. IB, no. 1722, 1725;
Diosc., IT, 155; Sam., p. 179, n. 63a; Tu/fa, no. 342; Sharh, no. 116, 325.

60. Shitaraj hindiis Indian leadwort, Lepidium latifolium L. Probably this
this name comes from Sanskrit citraj. It is used as a sudorific, and for leprosy.

Cf. Diosc., IT, 174; IB, no. 1369; Sam., p. 191, n. 147; Tujfa, no. 442; Shar,
no. 367.

61. Lisan al-asifir, pl. alsinat al-asafir, “sparrow’s tongue”, is the fruit
of common ash (dardar), Fraxinus excelsior L. This name is found in Hebrew
as leshon hasefarim, with the same meaning. According to Ibn Buklarish, al-
Razi states that it increases sexual potency, and is good for heart palpitation,
Ibn al-Jazziar says that it strengthens coitus and increases semen, and Ibn
Masawayh states that it crushes biliary calculus and is diuretic. Cf. Diosc., I,
84, 1B, no. 2025; IBk1., f. 231, no. 396; Mans., no. 644; Tulfa, no. 243 ; Shark,
no. 212, 91.

62. Bahman abyad is white behen, roots of Centaurea behen L. Bahman is a
Persian word which signifies “the month of January”, because this root is
unearthed and eaten at that time. Thé two kinds of behen, white and red, accor-
ding to Ibn Buklarish, ncrease sperm, and are good for gout, and strengthen
the heart. In this action the red one is the strongest. Cf. IB, no. 367; Ghaf., 139;
Tukfa, no. 715 Shark, no. 50; IBk1., f. 71, no. 81; Dozy, I, p. 123.

Bahman ahmar is red behen, the roots of Statice limonium L. For its ety-
mology, properties, and references, vide note 62 above.

63. °Ud sanfiis Tchampa wood, another name of Indian aloe or aloeswood,
Aquillaria Agallocha Roxb. and Aquillaria malaccensis Lamk. = Agquillaria
secundaria D.C. Ibn Buklaris states that it is astringent, retentive, it opens
obstructions, and it is good for pleurisy. Vide above note 16.

63a. Vide above note 33.

64. Vide note 27 above.

65. Raziyanaj is fennel, Foeniculum vulgare Mill. The fruit is used as a
diuretic, stimulant, purgative, and emmenagogue. It is used also as a carmina-
tive and aphrodisiac. Raziyanaj is the Arabic form of Persian raziyana or razi-
yam. In Egypt it was called al-shamar, and in al-Andalus and the Maghrib its
name was al-bisbas or basbas. Cf. Diosc., III,70; IB, no. 1019; Mans., no. 508;
Ghaf., p. 181; Sam., p. 173, n. 34; Ibn “Awwam, II, 250; IBk1., f. 335, no. 505;
IW, p. 119; Tukfa, no. 358; Shark, no. 351; Voc., p. 386, s. v. FENICULUM
bisbas, bisbasa; Alc., p. 275 14, s. v. hinojo yerua verde en porreta bizbiga bizbic
Dozy, I, p. 493; Font Quer, p. 498, no. 352; Vide note 34 above; IWaf., f. 78b;
IM3s., f. 105 v, no. 42.

66. Lawz is almond, the fruit of Amygdalus communis L. = Prunus amyg-
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45. Misk is musk, which is a secretion found in a vesicle at the prepuce of
the male Moschus moschiferus L. It is used as a stimulant and antispasmodic,
and is good for typhus, dysentery and dyspepsia, Cf. IW., p. 126; Sam., p. 193,
n. 165; Dozy, II, p. 592.

46. Itriful signifies confection made of the three kinds of myrobalans, che-
bulic, emblic, and belleric myrobalans. Cf. Mans., no. 56; Sam., p. 184, n. 9%4;
Dozy, I, p. 28.

47. Ihlilaj kabuli is Kabul myrobalan or red myrobalan, fruit of Terminalia
chebula Retz. It is used as a laxative. It is good for the liver, the stomach and
the heart. Cf. IB, no. 2261; Bir., p. 104; Ghaf., no. 264; Sam., p. 184, n. 96;
Tukhfa, no. 126, 43; Sharh, no. 112; Dozy, 1, p. 43.

48. Ihlilaj hindi is Indian myrobalan, probably Terminalia citrina L. or
Terminalia tomentosa W.A. It has also a laxative action. For references, vide
note 47 above.

49. Balilaj is belleric myrobalan, Terminalia bellerica Roxb.. It is used as a
laxative. For references, vide 47 above.

50. Amlaj is emblic myrobalan, the fruit of Phyllanthus emblica L. or
Emblica officinalis Gaert. Its action is laxative. Cf. IB, no. 145, 1379; Mans.,
no. 40; Sam., p. 184, n. 96; Tu#fa, 43, 126; Shark, no. 374.

51. Vide note 13 above.

52. Vide note 39 above.

53. Filfil or fulful is pepper, fruit of Piper nigrum L. It is used as a stimu-
lant, stomachiec, and astringent, and for the liver, spleen, gout, epilepsy and
paralysis. Cf. Diosc., II, 148; Mans., no. 981; Ghaf., p. 187; IW, p. 123; Sam.,
p- 186, n. 117; IBk1., f. 165, no. 263, and f. 305, no. 537, 538; IWaf., {. 97c;
al-Arbuli, 94r, no. 87; Tulfa, no. 160; Sherk, no. 219, 310; Dozy, I1, p. 279.

54. Shagaqul is secacul, Pastinaca Schekakul Russ., Malabaita Secacul Russ.
= Pastinaca dissecta L., and others. It is also called jazar barri “wild carrot”.
It is used as a stomachic, and is good for the constriction of the uterus, and for
rabies. Cf. IB, no. 1330; Sam., p. 239, no. 519; Kindi, no. 246; Tulfa, no. 445;
Shark, no. 361.

55. Khulanjan is galingale, Alpinia officinarum Hance, or Alpinia galanga
Willd. The rhizome of this plant is used as a stomachic, and aphrodisiac. The
Arabic name comes from Persian khawalinjan, and this from Sanskrit kulanja,
or Chinese kao-lian-kian. Cf. IB., no. 829; IWaf., f. 80c; IBkl..f. 367, no. 656;
Sam., p. 182, n. 79; Kindi, no. 138; Mans., no. 412; Tuffa, no. 411; Sharh, no.
398; al-Arbiili, f. 94r, no. 88.

56. Vide note 22 above.

57. Sadhaj hindiis Indian malabathrum. Vide note 44 above.

58. Vide note 29 above.

59. Qagqulla saghira is small cardamom, FElettaria cardamomum White and
Matern. It is also called hal or habb al-hdl. Renaud and Colin state that it is
Elettaria repens L. = Elettaria cardamomum Maton = Amomum repens Sonnerat.
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duriyis is the Arabic transcription of Greek khamaidrys. 1t is also called in
Arabic ballit al-ard “acorn of earth”, which is the translation of the Greek word.
The leaves of this plant are used as a stomachic, diuretic, and antiscrofulous.
Cf. Diosc., ITI, 98; IB, no. 1966; Tuffa, no. 218; Shar/h, no. 189.

37. Bairasaliyan is parsley, Apium petroselinum L. or Carum petroselinum
Benth. and Hook., Petroselinum hortense Hoffm. Batrasaliyin is the Arabic
transcription of Greek petrosélinon “rock celery”. It is used as an aperitive,
stimulant, diuretic and emmenagogue. Cf. Diosc., ITI, 64; IB, no. 307; Sam.,
p- 200, n. 229; Tukfa, no. 82; Shark, no. 196, s. v. karafs raimi, which is another
Arabic name of this plant; Font Quer, p. 489, no. 344.

38. Furbiyin is euphorbium, a resin from Euphorbia resinifera Berg. =
Euphorbia officinarum L. and other species, like Euphorbia antiquorum L. It
is used for rheumatic troubles, and as a purgative, rubefacient and vesicant.
Cf. Diosc., III, 82; IB, no. 1673; Sam., p. 226, n. 418; Kindi, no. 66; Tutfa,
no. 249, 323; Sharh, no. 25.

39. Dar filfil is long pepper, Piper longum L. The Arabic name comes from
Persian dar “wood” and filfil “pepper”, It is used as a stimulant, stomachic,
and astringent, and for the liver, spleen, gout, epilepsy and paralysis. Cf. Diosc.,
11, 59; IB, no. 1696, 1699; Sam., p. 186, n. 118; Shar#, no, 310.

40. Jundubadastur or jundabddustur is castoreum, a dry secretion from the
prepuce of the beaver, Castor fiber L. The Arabic name is the transcription of
Persian gundbidastar “testicles of beaver”. It is used as a stimulant, resolvent,
antispasmodic, and antihysteric. Cf. Diosc., I, 24; IB, no. 526; Ghaf., 228;
Sam., p. 171, n. 17; Kindi, no. 117; Mans., no. 280; Tulfa, no. 103; Shark,
no. 79.

41. Hamama is amomum, Amomum racemosum Lam. = Amomum carda-
momum Willd. Dubler identifies it with Amomum zingiber L. The Arabic name
comes from Greek amomon. Averroes states that its decoction is useful against
gout, liver diseases, matrix pains, and viscera tumours, and opens obstructions.
Cf. Diosc., I, 14; IB, n°© 695; IW, p. 118; Aver., no. 70; Mans., no. 327; Tu/fa,
no. 165.

42. Red myrrh is murr a’mar, a resin from Balsamodendrom myrrha Nes..
It is used as an astringent, a:tispasmodic, and emmenagogue. Cf. Diosc., I,
67; Sam. p. 227, n. 424; Kindji, no. 179; Tu/fa, no. 265.

43. Qasab al-dharira is false acorus, Cymbopogon Martini Roxb. The Arabic
name of this plant means “odoriferous reed”. It is used as a stimulant, carmi-
native, and antispasmodic. Cf. Diosc., I, 18; no. 1799; Sam., 222, n. 391; Tu/fa,
no. 349; Shark, no. 329, 125.

44. Sadhaj is malabathrum, Laurus malabathrum L. or Cinnamomum mala-
bathrum L. It is used as a diuretic, and is good for jaundice, diarrhoea, dysen-
tery and coughs. Cf. Diosc., p. 20; IB., no. 1150; Ghaf. Oc., p. 182; IW, p. 120;
Sam., p. 194, n. 167. Mans., no. 1076.



218 AMADOR DIAZ GARCIA

also called in Arabic jawz al-ib, with the same meaning of “fragrant nut”. It
is used as an astringent, a stimulant, and a cardiac remedy. Cf. IB, no. 526;
Ghaf., 193; Mans., no. 272; Sam., p. 229, n. 435; Tulfa, no. 98; Shark, 71, 38, 290

28. Clove is qaranful, Caryophyllus aromaticus L. The Arabic name comes
from Greek karyéphyllon. It is used as a carminative, aromatic and condiment,
for heart palpitation and for many other purposes, Cf. IB, no. 1748; Bir., p. 101;
Sam., p. 179, n. 64; Tuhfa, no. 351; Dozy, II, p. 340.

29. Salikha is cinnamon, Cinnamomum aromaticum Nees. = Laurus cassia
L. Meyerhof says that it is Cinnamomum Cassia B1. This bark is used to streng-
then the stomach and liver, and for dental medicines. Cf. IB, no. 1205, 2213;
Sam., p. 194, n. 166; Tukfa, 291, 369; Shark, no. 95.

30. Balasin is balsam tree or balm of Gilead. Commiphora opobalsamum
Engl. Its seeds and wood are used for epilepsy and pain, as a warming agent for
the the stomach and liver. It is used also as an antidote, and is good for eyes.
Cf. Diosc. p. 26; IB, no. 336; IW, p. 116; Bir., p. 79; Sam., p. 228, n. 429;
Mans., no. 139; Aver., no. 35; Kindi, no. 30; Dozy, I, p. 110; Font Quer,
p- 307, no. 188.

31. Vide note 30 above.

32. Saffron is za‘faran, Crocus sativus L. The Arabic name comes from an
ancient word, Akkadian azupiranu. It is used as a stimulant and antispasmodic,
and for scrofula. Cf. Diosc., I, 25; IB, no. 1010; IW, p. 120; Ghaf., 182; Bir.,
p- 95; Sam., p. 180, n. 65; IBK1., f. 143, no. 222; IWaf., f. 49b; Ibn “Awwam,
1, 11-118; IMis., no. 134; Tukfa, no. 151, 390; Sharh, no. 135, 336; Dozy, I,
p- 593; Font Quer, p. 913, no. 649.

33. Rawand sini is Chinese rhubarb, probably Rheum rhaponticum L., or
Rheum officinale Baill., Rhaponticum cynaroides Les, or Rheum palmatum L.
It is used for sciatica, the kidneys, liver, bladder, asthma, dysentery, fevers,
animal bites, jaudice and skin diseases. It is also used as a carminative and
febrifuge. Cf. Diose. I11, 2; IB, no. 1018; IW, p. 119; Sam., p. 174, n. 36; Mans.,
no. 519; Tulfa, no. 355; Dozy, I, p. 496.

34. Mace is basbdsa, basbas or bisbds, aril of nutmeg, fruit of Myristica
fragrans Houtt. In al-Andalus and the Maghrib was synonym of fennel ( Foeni-
culum vulgare Mill.). Mace is used as a tonic, stomachic, aromatic, and liniment.
Cf. Diosc., 1,82; IB, no. 281, 464, 846, 1443 ; Sam., p. 193, n. 163 ; Tu/lfa, no. 358,
s. v. raziyanaj; IW, p. 116; Dozy, I, p. 83.

35. Kharbag aswad is the black hellebore, Helleborus niger L., or Helleborus
officinalis Salisb. We must not mistake it for white hellebore (Veratrum album
L. ). Black hellebore is used as a drastic purgative, vermifuge and sternutative.
Arabic kharbaq comes from Syriac hirbaknd or harbekana. Cf. Diosec., IV, 148-
149; Sam., p. 214. n. 326, s. v. kharbaq abyad; Tukfa, no. 425; Shark, no. 399;
Font Quer, p. 208, no. 111.

36. Kamdaduriyis is germander, Teucrium chamaedrys L. The name kama-
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Cf. Diosc. III, 110; IB, no. 488; IW, p. 117; Bir., p. 85; Ghal., p. 178; Mans.,
no. 276; Tulfa, no. 101; Shark, no. 72; Aver., no. 53; Dozy, I, p. 197; Font
Quer, p. 650, no. 449.

21. Idhkhir is lemon-grass, Andrapogon Schoenanthus L. It is also called
tibn Makka “straw of Mecca”. Its root is used as an astringent, aromatic sit-
mulant and febrifuge. The oil is applied in rheumatism and neuralgia. Cf. Diosc.,
I, 17; IB, no. 29; IW, p. 115; Sam., p. 175, n. 41; Ghaf., p- 2; Tulfa, no 34;
Sharfk, no. 8; Kindi, no. 94.

22. Sunbul hindi is Indian nard, also called sunbul al-tib “fragrant nard”,
Nardostachys Jatamansi D. C. or Valeriana Jatamansi Jones. It is used as a
stomachic, diuretic, emmenagogue and tonic for the heart, liver and brain. It
is good for epilepsy, convulsions, hysteria, jaundice and kidney stone, and for
nervous disorders. Cf. Diosc., V, 59; IB, no. 1232; IW, p. 121; Ghaf., p. 183;
Bir., p. 96; Sam., p. 189, n. 134; Mans., no. 1124; IBk1., f. 281, no. 492; Shark
no. 265.

23. Karafs is celery, Apium graveolens L. Garden celery is karafs bustani.
Its Arabic name comes from Hebrew karpas. It is used as a diuretic, and is good
for the stomach, kidneys, liver and bladder, and for rheumatism. Cf. Diosc. III,
70-74; IB, no. 1902, 2161; IWaf., f. 69d; Sam., p. 173, no. 32; Kindi, no. 122;
IBKk1., f. 213, no. 358; Tuffa, no. 82, 200, 337; Shark, no. 173, 196; Font Quer,
p- 487, no. 343; IMas., no. 35.

24. Anisin is anise, the seed of Pimpinella anisum L. It is used as a stimu-
lant, carminative and emenagogue, and in electuaries for the liver and the
kidneys and for many other purposes. Cf. Diosc., 111, 61; IB, no. 159; Ghaf.,
no. 32; IWaf., f. 61d; IBk1., f. 45; Mans., no. 44; Ibn “Awwam, 11, 249; Sam.,
p- 173, n. 33; Tukfa, no. 33; Font Quer, p. 493, no. 351. It is also called in Arabic
habbat haldwa or al-habba al-hulwa “sweet grain”, which is the origin of Spanish
“matalahava”.

25. Colocynth is hanzal, Cucumis colocynthis L. or Citrullus colocynthis
Schrad. It is used as an astringent, purgative and cathartic and is good for the
liver and spleen. Cf. Diosc. IV, 171; IB, no. 714; IW, p. 118; Bir., p. 89; Sam.,
p- 196, n. 195; Ghaf. Oc., p. 179; Tukfa, n. 177; Shark, no. 158; Dozy, I, p. 332;
Font Quer, p. 770, no. 547.

26. Common polypody is basbayij, Polypodium vulgare L. Basbdyij comes
from Persian bas “many”, payak “little foot”. The Greek name of this plant,
polypodion, has the same meaning. It is used as an emmenagogue, and a pur-
gative for bilious disorders. It is useful for digestion, for the kidneys, for the
teeth and for rheumatic pains. Cf. Diosc., IV, 186; IB, no. 280; Mans., no. 152;
Ghaf. 170; Kindi, no. 41; Sam., p. 187, n. 124, and p. 201, no. 244; Tu’fa, no.
88; Sharh, no. 65; Font Quer, p. 70, no. 35.

27. Nutmeg is jowz bawwd, fruit of Myristica fragrans Houtt. Its name
comes from Persian gawz “nut”, and biyd or biwd “odour, fragrance”. It is
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32; Mans., no. 986; IB, no. 1712, 2138; IBkl., f. 311, no. 550; Sam., p. 201, n.
236; Tuhfa, no. 325, 330, 3 378; Sharh, no. 309; Font Quer, p. 708, no. 501.

13. Zanjabil is ginger, Amomum zingiber L. = Zingiber officinale Rosc. It
is useful for the stomach and aids the digestion of food. Cf. Diosc., IT, 149, p. 238
IBk1., f. 137, no. 120; Mans., no. 547; IWaf., f. 83a; Tu/fa, no. 143; Al-Arbali
f. 94r, no. 89.

14. Qust abyad is white costus, Aucklandia costus Falc. The Arabic name is
a transcription of the Greek term késtos, which comes from the Sanskrit kustha,
in Aramaic kishtd. It was used as a remedy for the kidneys and bladder, and
for impetigo, quartan fever and in other illnesses. Cf. Diosc., I, 15, p. 24; IB,
no. 1785; IWaf., f. 77b; IBkl., f. 321, no. 567; Sam., p. 199, n. 223; Tukfa,
no. 350; Shar}, no. 338; Font Quer, p. 814, no. 585; IMas., no. 27.

15. Zardwand tawil is greater or long Aristolochia, Aristolochia longa L.
The name zarawand is Persian. It is used as febrifuge. Cf. Diosc., I, 4, p. 265;
1B, no. 1099; Sam., p. 193, n. 158; IW, p. 120; Mans., no. 546; Tuffa, no. 140;
Shark, no. 133; Font Quer, p. 194, no. 102.

16. <Ud hindi is Indian aloe or aloeswood, Aquillaria Agallocha Roxb. and
Aquillaria malaccensis Lamk. It was used to treat bad breath, and to polish
the teeth. Cf. Diosc. I, 22; IB, no. 1603; Sam., p. 197. n. 62; Tulfa, no. 308;
Sharh, no. 296; Dozy, II, p. 168. IBk1., f. 295, no. 519.

17. Turbid is turpeth, Convolvulus turpethum L. — Ipomaea turpethum R.
Br., a tropical Asiatic vine. The Arabic turbid comes from the Sanskrit trivrit,
which means “three sided”, from the appearance of the plant. It was used as a
cathartic and purgative, and is good for nerve disorders. Renaud and Colin
identify al-turbid ai-abyad with white turpeth, Globularia alypum L. Cf. Diosc.,
1V, 180; IB., no. 407; Sam., p. 171, n. 15; Mans., n. 243; Tukfa, no. 6; Dozy,
I, p. 143.

18. Asaran is wild ginger, Asarum europaeum L. Tts root is used for quartan
fever, jaundice, thirst and pain of the stomach and liver. The Arabic name is
the transcription of Greek désaron, and it is also called in Arabic sunbul barri
“wild nard”. Cf. Diosc., 1,9; IB, no. 654; IW, p- 115; Sam., p. 223, n. 401;
Mans., no. 31; Tulfa, no. 36; Shark, no. 21; Dozy, I, p. 20.

19. Wajj is sweet flag, Acorus calamus L. The origin of this word is the
Persian waj, which comes from the Sanskrit vaca. Its root is used as a carmina-
tive, tonic, for rheumatism, for bad breath, to polish the teeth, to remove the
decaying part of teeth, for the stomach and to strengthen the liver. Cf. Diosc.
I, 2; IB, no. 2270; Sam., p. 198, n. 222; Tukfa, no. 129, 190 and 349; Sharh,
no. 329; Dozy, II, p. 187; Ghaf., no. 272.

20. Ju®dais poly-germander, Teucrium polium L. It is also called in Arabic
ja‘da or ju‘ayda. Its Greek name is pélion. It is a mountainous plant, which
sprouts in the spring and dries out in winter. It is used as a tonic and stimulant.



THREE RECIPES 275

5. Afttiman or afithimin is dodder, Cuscuta epithymum L. and Murray.
The Arabic word comes from the epithymon, and this from peithymis, a name
for thyme. According to Dioscorides is good for melancholy, phlegm and black
choler when given with honey. This plant is a parasite which grows on some
thyme plants, and is used today for rtheumatism. Cf. Diosc., IV, 177, p. 490;
Ghaf., p. 189; Mans., no. 37; IB, no. 1940; IW, p- 125; Sam., p. 176, n. 43a;
Aver., no. 13; Tukfa, no. 32; Sharh, no. 23; Dozy, 11, p. 469; Font Quer, p. 544,
no. 384; IMas., no. 40.

6. Gharigin is agaric, Agaricus officinalis L. = Polyporus officinalis Fr.
It is used in a preparation for quartan fever, jaundice, stomach, and liver, and
as a styptic and cicatrizing agent. The Arabic ghdrigin comes from the Greek
agarikon. Cf. Diosc., IILI; IB, ne. 1662; Sam., p. 186, n. 123; Tulfa, no. 435;
Font Quer, p. 28, no. 7; Ghaf., no. 24.

7. Afsintin or ifsintin is wormwood. Afsintin ramiis Greek absinth, Arte-
misia absinthium L., whose origin is the Greek word apsinthion. It is also called
in Arabic shaybat al-ajiiz ““white hair of old woman”’. Dioscorides states that
it purges bilious humours from the stomach. It has been used as a stomachic
tonic, and for catarrh, fever , and jaundice. Cf. Diosc., 111, 23; IB, no. 23; IB,
no. 113; Sam., p. 187, no. 125; Mans., no. 43; Ghaf., p. 27; Tukfa, no. 1; Shark,
no. 3, 186.

8. Sagminiya is Convolvulus scammonia L. It is the transcription of the
Greek skamménia. It is a gum resin obtained by incision of the living root. It is
used as a drastic purgative. It is called also in Arabic al-maimida. Cf. Diosc.,
1V, 170, p. 484 ; Mans., no. 1094; IW, p. 120; Sam., p. 192, n. 152; Shar}, no. 281.

9. Mastaka or mustaka is mastic, a gum resin obtained from Pistacia lenti-
scus L. It is used as a stomathic, for obstructions, and to combat nausea. Cf.
Diosc., p. 54; Ghaf., p. 192; IB. no. 2139; IW, p. 126; Sam., p. 179, n. 63; Tulfa,
no. 178, 251, 317, 329; Sharh, no. 66; Dozy, I1, p. 597; Font Quer, p. 440, no. 312.

10. Dar siniis Chinese cinnamon, Cinnamomum ceylanicum Nees. or another
species like Cinnamomum cassia Bl. or Cinnamomum aromaticum Nees. This
word comes from the Persian dar chini “Chinese wood”. It is used for the kid-
neys and nerves, and to facilitate menstruation, and it has many other uses.
Cf. Diosc., I, 14; Ghaf., p. 232; IB, no. 841, 1205; Mans., no. 464; IBk1., f. 103,
no. 145; IWaf., f. 78a; Tukfa, no. 112, 291, 369; Shark, no. 95.

11. Hashais thyme, Thymus vulgaris L. or Thymus capitatus Lk. and Hoffm.
It is used in preparations for the stomach, liver and spleen,. Cf. Diosc., 111, 36;
IB, no. 548; Mans., no. 329; Sam., p. 200, n. 232; Tu/fa, no. 163; Sharh, no.
157, 319.

12. Fawdhanaj or fidhanj and fawtanaj or fitanj nahri is water mint, Mentha
aquatica L., The Arabic term is a transcription of the Persian padana. It is
used for the stomach, liver and spleen, and many other ailments. Cf. Diosc., I1I,
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HIPPOCRATES’ RECIPE FOR CUMIN CONFECTION: It is useful against
all cold diseases, the salt phlegm produced by much drinking of water and from
the black bile and soft breathing. It warms up the stomach, the kidneys and
the bladder, improves the face’s hue and is useful against the fever caused by
phlegm and black bile. It is also useful against sour belching, perfumes the
smell of the breath, and is useful for urine retention and coldness of teeth. A
hazelnut of it with hot water must be taken.

INGREDIENTS: One pound (rafl) of cumin of Kirman;™ it is soaked in
vinegar, one day and one night; then it is dried in the shade, after cleaning it
through a sieve; then it is fried in a steam fryingpan until it becomes dry before
it burns; then it is pounded and sieved through a linen cloth; four ounces each
of pepper’® and ginger;’® one ounce each of galingale,” balsam wood,™
balsam seed,”® cinnamon,®® mastic,’® and Chinese cinnamon;‘? one ounce
of garden rue seeds;® half an ounce each of aromatic cinnamon,** long pepper,*
royal cumin,’® clove,* borax,®® and garden celery seeds;*® a quarter of an
ounce each of saffron,” nutmeg,” cardamom,® and cubeb;*® one ounce of
lemon balm seeds;® eight ounces of loafsugar.®

The drugs are pounded and sieved through a linen cloth, except the borax
and the sugar, because both of them are sprinkled on the electuary, and one
third of rub*®® of honey. It is cooked and bereft of froth, and the drugs are
kneaded with it, God the Sublime willing.

Notes and Comments on the Translation

1. The word tydraj pl. iyarajat, is commonly transcribed hieras; its origin
is the Greek term iera, with the meaning of “sacred remedy”. Cf. Ullmann,
Die Medizin im Islam, p. 296.

2. Lagadhiyya is a kind of aperient or laxative, compounded of many
ingre‘dients; it is used, according to Ibn Wafid, against “cold winds ascending
to the head”. Cf. Dozy, Supplément, 11, p. 558; Sam., p. 198, n. 216.

3. Sabir, sabr is aloe, Aloe vera L. and Aloe Perryi Bak. Al-sabir al-suquiri
is Aloe succotrina L. It is used for jaundice, phlegm and the stomach, as a pur-
gative, emmenagogue, dessicative and detersive. Cf. Diosc., pp. 279-280; IW,
p. 122; Sam., p. 198, n. 218; Mans., n°. 864; Tukfa, n°. 265, 294; Sharh, no. 218;
Dozy, I, p. 815; Font Quer, p. 884, no. 632.

4. Ustukhidis is lavender, Lavandula Stoechas L. The Arabic term comes
from the Greek stoikhds, more exactly from the genitive of the Greek word. It
is used for diseases of the chest, ailments of the thorax and also in antidotes.
Tt helps epilepsy and melancholy, and is used as a purgative, resolvent and
carminative. Cf. Diosc., ITI, 26, p. 284; Ghaf., p. 101; Sam., p. 187, n. 126;
Biriini, p. 72; Aver., n°. 9; Mans., no. 23; IB., no. 62; IW, p. 115; Tu/fa, no. 13;
Sharh, no. 6; Dozy, I, p. 22; Font Quer, p. 657, no. 454.
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parsley;®” one mithgal each of euphorbium,®® long pepper,® castoreum,®
amomum,*' red myrrh,*? false acorus,®® malabathrum,* and musk.*

The drugs are separately pounded. Then all of them are ponded together,
sieved and kneaded with skimmed cooked honey; it is well pounded, then put
into a glass vessel and left until it becomes old, at least for two months. The
dose for flatulence, upset stomach, sour belching and fevers is one mithqal;
for those suffering from colic, joint pains and insensibility, the weight of two
mithqals; for serious melancholic diseases and for what is caused by cold and
bad secretions, four mithqals; for heart palpitation, convulsions, halitosis, and
quartan fever, half a mithgal every day, God willing.

*
* *

RECIPE FOR ITRIFUL* composed by Ishiq b. “Imran - may God have
mercy upon him.

He is said to have commented when he was in gaol: “I miss nothing but this
myrobalan confection (ifriful), which I prescribed for Ibrahim b. Ahmad,
because it preserves the stomach and it is useful against haemorrhoid winds
and flatulence, and it warms up the body, aids the digestion of food, improves
the face’s hue, makes dyspepsia and indolence disappear, strengthens the liver,
softens hardness, opens up obstructions, clarifies thick blood, strengthens the
organs, tightens what has become soft in them, pulls out the wind from the
stomach, and is useful for all diseases, God willing”.

INGREDIENTS: Take six dirhams each of clean Cabul myrobalan,*
Indian myrobalan,*® belleric myrobalan,” and emblic myrobalan;*® three
dirhams each of ginger,”® long pepper,”? pepper,*® secacul,® galingale,*
Indian nard,*® Indian malabathrum,*” cinnamon bark,®® small and great
cardamom,” Indian leadwort,®® fruit of common ash,’* and white and red
behen roots;®? one mithqal each of Tchampa wood® and Chinese rhubarb,®
ten dirhams each of nutmeg,*®* fennel,*® and peeled sweet almonds;* two
dirhams each of aniseed®” and mastic;*® one mithqal each of clove-flavoured
basil,*® balm-mint,” and dry mint;” three dirhams of reed-shaped turpeth
gummed on both ends.”

Each one is separately pounded, ground in a mortar, and three ounces of
loafsugar are crushed in it, after being sifted and gathered, and it is mixed with
almond oil in the quantity of seven dirhams;it is kneaded with skimmed honey
in sufficient amount, and it is put into a clean glass vessel and closed up. Its
dose, in winter and summer, is two dirhams, one mithqal for old and middle
aged men, and for youths the weight of one dirham, God the Sublime willing.
(Fol. 125v). The older the better, and those who want to take it in any season
for some time ust add one daniq of scammony,” and it is drunk before break-
fast, God the Sublime willing.
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Translation
(Fol. 124v)

In the name of God, the Merciful and Compassionate. May God bless His
noble Prophet and his family and grant them salvation.

RECIPE FOR HIERAS' APERIENT attributed to Ishiaq b. “Imran: It
is useful, God willing, against melancholic illnesses, and replaces the lighadhiyya,
aperient and the great purgatives in all cases, and it adds to them the property
of penetrating the veins, due to its thinness, and dissolving what has becn
entangled in them, and, owing to the aromatic drugs contained in it, it streng-
thens the breathing, stimulates the heart, keeps bad thoughts away, cures the
symptoms of melancholia, because it dissolves epigastric winds, strengthens
the stomach and resolves the winds produced in the joints as a consequence
of a bad digestion, although it stimulates the innate heat, and, because of the
mildness in this drug, it removes the light humours with the vapour and re-
solves the thick ones removing them gradually with its thinness. It preserves
the health of healthy persons.

Owing to the laxatives which it contains, it is able to dissolve the black
bile and the viscous phlegm. It is useful for diseases caused by them and cures
leprosy, dissolving the thick raw humours and removing them.

The author planned this because his body would not tolerate strong laxa-
tives.

In this disease, persistent diarrhoea is cured only with strong drugs, and this
is attained gradually by their softness.

Ishaq was right when he supplemented the action of this drug with cheese
water, because it is one of the strong laxatives in spite of its thinness and its
minimal weakening action, and it is a remedy for most serious illnesses. And
we see, from those diseases and this drug, that this medicine is useful for disea-
ses of difficult recovery produced in the head, the stomach, the joints, and
obstructions, vertigo, weeping eyes, and it sharpens the mind, causes to disap-
pear the prolonged fevers accompanied by vertigoes, the quartan fever, and it
is useful against insensibility, tetanus, and colic, clarifies the blood, and is
useful against heart palpitation and stops flatulence.

INGREDIENTS: Take ten mithqdls of good pure red aloe of Soqotra;’®
six mithqals each of lavender,* red dodder of Crete,® agaric,® Greek absinth,’
and scammony;® four mithqals each of mastic,’ Chinese cinnamon,” thyme,"
dry water mint,’* dry ginger,’® white costus,’ and long aristolochia;'
three mithgals each of Indian aloe,’* gummy white reed-shaped turpeth,”
wild ginger,’® sweet flag,'® poly-germander,” lemon-grass flowers,” Indian
nard,” garden celery seeds,” aniseeds,” pulp of white colocynth®® deprived
of its skin and its fresh seeds, and common polypody;?® two mithqals each of
nutmeg,” clove,”® cinnamon bark,?® balsam seeds,® balsam wood,* saffron,®
(Fol. 125r) Chinese rhubarb,”® mace,* black hellebore,®® germander,® and
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The third recipe is attributed to Hippocrates.

Now we present the transcription of the Arabic text, the English transla-
tion, the notes and comments on the translation, a glossary of Arabic terms,
and finally a selected bibliography with abbreviations.

Transcription of the Arabic Text
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(Courtesy of the Laurentian Library, Florence).




Three Medical Recipes in Codex Biblioteca

Medicea-Laurenziana Or. 215

AMADOR Diaz Garcia*

N MS 215 of the Biblioteca Medicea-Laurenziana of Florence, ff. 124v-125v

there are three recipes, two of them attributed to Ishaq b. ‘Imran, the
celebrated ninth century Baghdad physician, who was surnamed “Samm si‘a”,
and was called to Qayrawin by the Aghlabid Ziyadat Allah b. al-Aghlab III
(290-296 /903-907), where he cured him of melancholia. In 296/907 he was
murdered by his sometime protector.!

He wrote many works. The most important among them is his Magaila
frl-malankhuliyya. This work was translated into Latin by Constantinus
Africanus with the title of De Melancholia, and later by Rufus (1536).

On Hygiene he composed a Risala fi hifz al-sikha.

Other works of his are:

Kitab al-thimar, a collection of extracts from different works of Galen.

Al-*Unsur wa’l-tamam, on medicaments, quoted by Ibn al-Baytar in
his al-Jami® fi’l-adwiya al-mufrada.

Kitab fi’l-fasd, on bloodletting, and

Kitab fi’l-nabd, on the pulse.

*Universidad de Granada, Spain.

1. On Ishaq b. “Imran, his life and his works, see Ibn Juljul, Kitdb tabagat al-atibba’ wa’l-hukama’
ta’lif Abi Dawiid Sulayman b. Hassan al-Andalusi, al-ma®rif bi-Ibn Juljul (Les générations des médecins
et des sages), ed. Fu’ad Sayyid (Publications de 1’Institut Frangais d’Archéologie Orientale du Caire,
Textes et Traductions d’Auteurs Orientaux, Tome X; Le Caire, 1955), 84, 4 ff.; Sacid, Kitab tabagat
al-ymam li-Ab7’l-Qasim $a°id b. Akmad al-Andalusi, (Cairo: Al-Maktaba al-Mahmadiyya al-tijariyya),
s. a., 81, 11 ff.; Ibn Abi Usaybi‘a; Kitab “Uyiin al-anbd’ fi tabagat al-atibba’ li-Muwaffaq al-Din Abj
1-°Abbas Ahmad b. al-Qdsim al-maruf bi-Ibn Abi Usaybia, ed. August Miiller (Kairo-Kénigsberg, 1882~
1884), IL,35; Ahmed Chérif, Histoire de la médecine arabe en Tunisie, Diss. Bordeaux 1908, p. 31 ff.; M.
Laignel-Lavastine et Ahmed ben Milad, ¢‘L’école médicale de Kairouan aux X¢ et XI¢ siécles’’, Bulletin
de la Société Frangaise d’Histoire de la Médecine, 27 (1933), 235-242; Karl Brockelmann, Geschichte der
arabischen Litteratur, I, 232; Supplementband I, 417; Fuat Sezgin, Geschichte des arabischen Schrifttums,
Band IIT, 266-267; Band IV, 344; Ibn °Idari, Histoire de I’ Afrique et de I’ Espagne intitulée Al-Bayano’
l-mogrib, ed. by R. Dozy, (Leiden, 1848-1851); transl. by E. Fagnan, Algiers 1901, 1904, I, 163; Lucien
Leclerc, Histoire de la médecine arabe (Paris, 1876), I, 408-409; B. Ben Yahia,‘Les origines du De melan-
cholia de Constantin 1’ Africain’’, Revue d’Histoire de la Science, 7 (1954), 156-162; Heinrich Schipperges,
*‘Die Assimilation der arabischen Medizin durch das lateinische Mittelalter’’, Sudhoffs archiv, Beihefte,
Heft 3, (Wiesbaden, 1964), 43; Manfred Ullmann, Die Medizin im Islam, in Handbuch der Orientalistik,
Erginzungsband VI, Erster Abschnitt, (Leiden—KolIn, 1970), p. 125; Ferdinand Wiistenfeld, Geschichte
der Arabischen Aerste und Naturforscher. Nach den Quellen bearbeitet (Gottingen, 1840). Zweite Nach-
druckauflage, (Hildesheim-New York, 1978), pp. 32-33. n° 77.
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from the suggestion that the entriesin this section were taken from another table,
For if they are calculated, the underlying formula must be different from the
one under consideration, which works noticeably better in the rest of the table;
and if they are interpolated, the method of interpolation is obscure and the
seven 90s in the corner are difficult to explain. It should be remembered that
this part of the table gave wild results for tan g(Ap, AL) /tan ¢(10, AL) at the
beginning of this investigation.

_# N

Justification of the formula®

Formula (4) is easy to derive by elemen-
tary means. In the diagram N is the North
pole of the equator RS, M represents Mecca
and P the place in question. MR = ¢y,
PS = ¢ (the latitude of the place in ques-
tion) and <MNP= AL.If XM, drawn so that
NM=NX,is assumed to be at once a great
circle and perpendicular to NP — the in-
consistency of these conditions characterize
the approximation — then PX = Ag,

sin XM = cos @y sin AL (5)

from the sine-theorem in ANMX or from the “rule of four quantities”, and
tan XM

tan ¢ = S—ID—A—CP— (6)

by the tangent theorem in AMPX. Both results were known to al-Biriini.’
Since al-Khazini borrowed freely from him in other matters,® he can be assumed
to have known these trigonometrical theorems too. Formula (4) follows im-
mediately from (5) and (6).

Conclusion

In sum, formula (4) with ¢\ = 21°20’ seems to fit too well to be rejected.
The grosser irregularities in the table would create difficulties in fitting any
smooth function. The diagonal runs mentioned above seem to imply some kind
of interpolation. No satisfactory theory is offered here of its nature. Perhaps
it was based in some way upon the relatively accurate values on the top row
and rightmost column. What is abundantly clear is that the table is corrupt
in many places.

8. Other methods are possible. Dr. D. A. King informs me (private communication) that some ap-
proximate methnds in use in ninth-century Iraq appear to have been derived by solid geometry.

9. Qaniin (see note 6), volume I, pp. 354-60.

10. See, e.g., R.E. Hall, «“Al-Khazini*’, Dictionary of Scientific Biography, (Charks Scribner’s Sons,
New York) VII (1973) pp. 335-51.
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The values of ¢ from formula (4) with ¢, = 21°20" were calculated on the
assumption that tangent tables giving values for every degree were used and
that intermediate values were found by interpolation. Straightforward calcula-
tion (which was used for the case ¢y = 21°40°) yields exactly the same results
except that they are one minute bigger for (A9, AL) = (5,15), (5,20) and
(10,20). The value 34°15' for ¢(15,10) is probably a mistake for 32°15. It is
suggested here that formula (4) with ¢y = 21°20’ underlies the table. As far
as we know, this formula is not attested in the medieval scurces.

Testing the formula against the table

Entries in the table and (beneath them) corresponding values of ¢ calcu-
lated from formula (4), with ¢y = 21920‘, are tabulated below (table 2) in
degrees and minutes. The upper entries have been taken from Le Strange’s
translation of the Nuzhat al-Qulab, except in two cases, ¢(15,3) and ¢(20,7),
where values exactly equal to the calculated values are taken from the Persian
text, which presents the table in abjad numerals. (In the translation these two
values appear as 10°31’ and 18°23’ respectively). In the fourteen other cases
of disagreement the readings are sometimes closer to the table in the transla-
tion and sometimes further from it.

The calculated values show 22 exact agreements, 59 values at most 6’ out, a
a further 34 out by between 7' and 10/, 32 (plus 13 that have already been coun-
ted as being just 10’ out) which are wrong in only one digit (not the last). Thus
over 359%, of the table can be reasonably accounted for by the formula. There
are further entries that can be justified by supposing copying mistakes.

Three facts about the table may be noted. First, the top row and rightmost
column between them include no less than ten values exactly in accord with
the formula, three that differ by less than 10°, and seventeen that differ in just
one digit (not the last).

Secondly, the following diagonal sequences (in direction, top left to bottom
right) are in arithmetic progression: (15,13) to (18,16), with constant difference
20'; (16,15) to (20,19), with difference 10°; (11,11) to (14,14) with difference 2';
(17,17) to (20,20), with difference 9‘; (14,15) to (19,20), with difference 5;
(10,12) to (13,15), with difference 10'; (14,16) to (18,20), with difference 10';
(13,16) to (16,19), with difference 10'; (11,16) to (13,18), with difference 10’.
There is a further arithmetic progression, again with difference 10’, for the
minutes (only) of entries (10,16) to (14,20). But similar differences along the
rows, i.e. (A9 — L,AL) — q(A®, AL), and differences along the columns,
i.e. ¢(A9, AL) — q(A9, AL —1) show no evident pattern. Indeed, the row-
differences for AL = 14,15, ...,20 and column-differences for Ap= 18, 19, 20,
which were examined in detail, were found to be not even monotonic, and
seemed totally irregular. It is, of course, possible that the diagonals with cons-
tant difference were originally longer. An interesting example is the entry for
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sin AL, cos @y 3)
V1 —sin® AT, cos? Om

forL=1,..., 20. Two values of ¢, were tried separately, 21°20' and 21%0’,
the values given by al-Biriini and al-Qazwini respectively.® In both cases there
was good agreement, the average error (no account being taken of sign) being
1.009% and 0.979, respectively. Unfortunately, no very definite result was
obtained when formula (3) was used to find ¢y for each of the averaged values
of tan ¢ sin A9, the result varying between 20°9’ (Af, — 6) and 23°15' (AL =2),
and the average being 21°51".

Sample results in degrees and minutes are tabulated below (table 1). In each
box the top value is from the table, the second and third are calculated with
the formula

sin AJ, cos Py
ta:n 1= Sin A9 VI —sin? AJ cos? gy @)
with @y = 21020’ and 21040’ respectively, and the fourth is the value ob-
tained by the correct formula with ¢, = 21°20".

Ap 5 10 15 20
AL e |
1 4315 | 2536 | 1716 | 13 34
; 43 4 25 8 | 1728 | 1324

|
‘51 43 0 25 4 | 1726 | 1321 |
4329 | 2517 | 1733 | 13 26

62 36 43 39 34 15 25 36

10 62 0 | 4321 | 3221 | 2536
B 6157 4317 | 3217 | 2533
P 63 26 ' 44 12 | 3251 | 2556
} 70 4 | 55 4 | 4352 | 3549

\
<
|
|
115j 7039 | 55 3 . 43 49 {3559
i
|
|

‘ 70 37 ' 5459 | 43 45 35 55

; ‘ 73 8 5654 . 45 8 36 54 [

| i n

J i 75 17 6217 | 52 4 44 50
920 | 7527 ' 6240 | 5224 | 4430 |

i | 7526 62 37 5220 | 44 26

! 78 56 | 65 37 54 42 | 46 15

Table 1: Values of q: from top to bottom in any box are the values from the table, those calculated
from formula (4) with @y = 21°20" and 21040’ and correct values.

6. Abii Rayhin Muhammad b. Ahmad al-Birani, Al-Qaninu’l-Magsid;, (Hyderabad, 1954-56),
volume II, p. 551; Le Strange (see note 1), p. 28.
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entries (i. e. those for which AL = A¢) must be constant, but in the table
they increase unsteadily from 41°18’ to 44°50'.

Since we can never be certain that any particular value is calculated and
not interpolated, and that, even if calculated, it has come down to us as it was
written, methods involving averaging were used to analyse the table, in the
hope that the accumulated errors would more or less cancel each other out.
Individual results obviously at variance with others of the same kind were
ignored. To make a start, tests were applied to see if a trigonometrical function
of g could be expressed as the product of a function of Ag and a function of \J..
This is the case for formulae (1) and (2), but ‘not for the correct formula,
however expressed. Now f(x,y) = g(x) h(y) if and only if f(x,y)/f(x,,¥)is a func-
tion of x alone. To see if sin g(A@, AL) is separable in this way, u(A¢, AL) =
sin ¢(Ae, AL)/ sin ¢(10, AL) was computed and tabulated for A¢ =1,5,15,
20 and AL = 1,5,10,20. If sin g had been separable, the rows would have
been identical, or, otherwise put, the entries in any one column would have been
the same. But this was not so. Sin q was therefore not separable in the above
sense. Cos ¢ was likewise found to be inseparable. The result for tan g, which
was tested by calculating tan ¢(A¢, AL)/ tan ¢ (10, AL), with Ae = 1,...,20
and L =1,5,10, 16, 20, was excellent in parts, like the curate’s egg, but poor for
Ao <4.

None the less, the result was good enough to experiment with the hypothesis
that tan ¢ = g(A¢) h(AL), for some functions g, h. Now on this assumption g
was clearly a decreasing function. Discouraging results were obtained by sup-
posing that g was a simple cosine. So g(A¢) = cosec (Ap) was tried — a
supposition supported by analogy with formulae (1) and (2). Accordingly, tan ¢
sin A¢ was calculated and tabulated for the whole table to see if it was a fune-
tion of AL alone, i. e. to see if the entries along the rows were the same. Obvious
errors — including many entries for A < 4 — were struck out and the rest
were averaged, row by row. Only eight values so obtained (including those
for AL =1,2,3,4) showed an RMS error greater than 1.59%,. The resulting
twenty numbers are supposed to be values of some function of AJ. Plotting
them against A7, produced a graph remarkably like a straight line through the
origin. A straight line would mean that tan ¢ sin A¢ = g AL, for some con-
stant K. But, whatever value of K was taken, the values of a implied by this
formula were found to be in the main too large at the top of the table or too
small at the bottom, or both. Some other function had to be tried for tan g
sin A¢. This function had to be both plausible and not simply a constant
multiple of sin AJ,, since the values on the diagonal from top left to bottom
right are not equal on the table.

Accordingly, the twenty numbers were compared with the values of the
following function, for which a justification will be given shortly:



The Qibla-Table Attributed to al-Khazini

RicuarD Lorcu*®

AL-QAZWINI INCLUDED in his Nuzhat al-Qulib a gibla-table — that is,
a table giving the direction of Mecca—, which he says “was drawn up, on
the order of the Saljuq Sultdn Sanjar, by the pious Shaykh °Abd ar-Rahmin
Khazini”.! If this is true, it would put the table later than al-Khazini’s treatise
on “the sphere that moves by itself”, which seems to have been written before
he was in Sanjar’s service.? On the other hand it is also possible that al-Khizini
took the table over from someone else and that al-Qazwini confused the table
with the z7j. The question of dating is mentioned because the “sphere’ text
gives a value for the gibla at Marw which may have been taken from the table.?

Since Muslims are required to face Mecca during prayer, tables have been
drawn up at various times to give its direction. Like many such tables, the one
under consideration is a rectangular array of 20 X20 numbers, the values of
the difference in latitude (here called A¢) between the place in question and
Mecca being marked horizontally to label the columns from 1° to 20°, and the
difference in longitude (Af,) being similarly marked vertically to label the
rows. The entries, here called g(A¢, AL), are the angles between the gibla
and due South.

The entries can scarcely have come from any of the correct methods of
calculating the gibla,* since results computed by such a method, incorporating
several different values for ¢y, the latitude of Mecca, differed markedly from
the corresponding entries in the table. It will be noticed that, if the value for
q(15,10) is set aside, the divergence increases as one goes down Table 1
(below). Further, neither of the two approximate formulae given by King.®

sin AL

sin Ap % M )

and tan ¢ =

can be the basis of this table. For according to these formulae the diagonal

* Institute for the History of Arabic Science, Aleppo University. I am most grateful to the Alexander
von Humboldt-Stiftung for the fellowship that enabled me to carry out the research for this paper at
the Institut fiir Semitistik der Universitat Miinchen.

1. The Geographical Part of the Nuzhat-al-Qulib composed by Hamd-allah Mustawfi of Qazwin in
740 (1340), edited and translated by G. Le Strange, volume II (translation), (Leiden: 1919), pp. 27-31.

2. R. Lorch, **Al-Khazini’s ‘Sphere That Rotates by Itself*”’, Journal for the History of Arabic
Science 4 (1980), p. 288.

3. Ibid., pp. 325-6.

4. D. King, ““Kibla”, Encyclopaedia of Islam, second edition, gives several methods.

5. Ibid., p. 84, col. 2. The formulae have been simplified and are given in modern notation.
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5. A Plea

Scholars having at their disposal references in Arabic and in Persian
which are not at present available to me mays, it is hoped, undertake to identify
the unknown author. To assist them, the following facts are recapitulated
below:

1) He commenced the study of medicine before he was twenty years old
(f. 1 of our Ms).

2) He was seventy when he wrote the Ibraz (f. 1, our Ms).

3) He quotes Qutb al-Din Mahmiid ibn Mas®ad al-Shirazi (ff. 1 & 10v,
our Ms).

4) He dedicated his book to Sultin Mu‘izz al-Kart who ruled Herat bet-
ween 732 and 772 H.
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A Quick Response

In reply to the author’s plea, the following preliminary remarks are made:

1. Thewording of the preface to al-Ibraz, which the manuscripts preserve in its entirety, appears to
suggest Hat the author chose to remain anonymous. Obviously, he is not the only Islamic medicaj
author to have done sowitness, e.g., the Persian compendium Mijez-e kommi.

2. While al-Ibrdz and Muhammad b. Mahmiid al-Amuli’s commentary on the Qdnin are evidently
not identical, they share the same rhyme in their masji® prefaces, which would seem to point to a close
relationship.

3. The relationship of al-Ibrdz to other, contemporary, commentaries on the Kulliyat, the whole
Qaniin, or epitomes of it, deserves detailed study, expecially in view of possible quotations from Ibn
an-Nafis’ commentary on the anatomical sections of the Qaniin (see Albert Z. Iskandar, A Catalogue
of Arabic Manuscripts on Medicine and Science in the Wellcome Historical Medical Library, London 1967,
pp. 43-55) '

Lutz Richter-Bernburg
Institute for the History of Arabic Science
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4. The Author and His Patron

Despite persistent and continued search for the identity of the author,
he remains unknown. However he mentions in his book Qutb al-Din Mahmiad
b. Mas“ad al-Shirazi (ca. 674 H.). The book is dedicated to Sultin Mu‘izz
al-Din ibn al-Sultan Ghiyath al-Mulk Muhammad al-Kart.

The name of this ruler was easily located in the references at our disposal.®
He belonged to the Kart dynasty, which ruled Herat from the time the city
recovered from the devastation of Genghis Khan until the approach of Timur,
i.e. from 643 H. to 792 H.

Sultan Mu®izz succeeded his brother Hifiz in 732 H., and ruled for forty
years until his death in 772 H.

The author must therefore have written his work sometime between 732
and 772 H.

The author also mentions that he was twenty years old when he started
studying medicine, and that he was seventy when he wrote this book.

5. Encyclopedia of Islam, 2nd ed. (Leiden: E. J. Brill, 1960 to present), vol. 2, p. 775; Stanley Lane-
Poole, The Mohamedan Dynasties (New York: Ungar Reprint, 1965), p. 252; E. de Zambaur, Manuel
de Généalogie et de Chronologie pour I’Histoire de I’Islam (Hanover: H. Lafaire, 1955), pp. 156~7.




256 FARID SAMI HADDAD

L Cleas 131 &1 slally Sl k.w da gl 0 sia Shdly &l .'J.l.il {,.l.c\ \:SL‘.SU "J_.J.!\
(-\E.Nl o U‘-\J\J\ uﬁ)&;- w)ﬁ 4..1\9_) ol u‘b o &wn“} ‘_5)54,.“ g_.]a.“ o &l J"“:I
gies Alaxial 033 oo ot Bl OB il am op 46 2Ny 51001 et
a5 :\‘ L;. C,sb )AJ lh.\)) w“ .E.‘ZJ- 8 ‘)H Q‘J’l‘ '.AA).N; A“ ;—‘ 5)‘9_) CO _)J.él\
d\f) 4:}.\Y\} (A.nlf) g «u.l;\f\ o 4.¢JY| uLwU) 44} Lol )L,.Nl o tbh“j”
Iele OV W, g_.-p)U &)U]l T BLEYL del, JIsT Co bl I 2wl r..a“ els e
CJ)) i);..a.” .]44?- d R.LET....A j\f‘— g_.lz,‘ Z:lr—) g‘_”-if C‘)J“ J““Q; _j L){ J\p CJ)“
&t&lwdT&)‘udubkL’Judﬁ‘}fJJY} Simno ‘JFJJ:UYNJ‘U)L«”
&) _)..‘J __j J»-b ;l:..A(l C» Ol 3lale B) TPY\ “er)d P ol>;.a ;,LP‘..&{ ‘Jﬁ— Joas D
Sl D el 648y 5ol e Cludi Laies O dhle y .Sy Sl27 Blas 455
. J)Aiﬁ} g.,vjl.b.a Jg: J'j/i;i bjzall
by Y (gl oy 20 QLS bia Ll 1) &3
Canall aAl g Je ol vl ansy Je
Gl w u]a.b SN gosa ko oy o
45\£LC prll €N ) ‘=;

9 e Lodend :M&J‘uh},‘;dj b gl
S ¢ 1 JV (,_M a9
\.r Vo OOV G G gl
Ve é Nl G I gl
o LIl el
S eV SN AN g el r«1,..!|
TRAE WVl (o3l (3 ol r‘-l"‘“
WL Sy A G Y1 el il
S vy NI ‘;\:n it
VA SN et G e Fl’:’“



COMMENTARY ON AVICENNA’S KULLIYYAT 255
: “rKfS 3 bshi e doin Il OV Ly b k2 e Olimins Il el
S\l\ ub V.AJ.QJ. ‘}:S r;; df— E} V.J’.“ u"":J 3 9 L_g)..\ﬁ.o é G‘Iﬁ-\}
Je 1 ein '3 Gl amy o (i wlnw Ll ot Tj,ai; L-J.i. S L5b
Q\J}..{l\ )|JJ\J 42:M) '4,_)'\:.« c:.é}'_’ AJ"\,:{J» J:l>=2) C;_J.AZN} A:)lM C:Aé'jij dblﬂ.” J>—
Gl Wil Gl Gee L Okl L oST O1 g g sy SUSH ik
S ez Gl Wiy Gl BE L Ol 1 Vel )
G sl Il e el r ol Jadl e gy SN L e
MSay ¢ (BY g dab Luw oyl O B e VY Aa;.z.ﬂ) FQJ) bz e YAN B )
Db e S
S«;;_ftd 2 e Sal S0 ey ez Y Sy Ol 2N Jazg s U0l
‘}15 Xa::h!\ (d,;lf) a))U-\ u‘Y }U-\ in (L) A,m,ﬂj 4\.@,_;!;\ »_3 4,9},_ N r‘gk” o
TM: 5L.,;L) Z»M.:) EA:Jj d)\l.::} Q‘_fi“ )J.é 84,.‘ el C\.‘;:..N! ‘A 63 J) .2&1
Jos r"dl Js (ﬁ\xk“ Aay M Cay ‘l) r,b‘ LJHLF‘} O 442 V aa2; O lA
Y(4n.]5) Jf‘ \J‘} _)<“"“ C.I} 4&;.‘9) G\J j«il\ cﬁf) J>— L .«Jr]‘} ) ”
o2l e Olel elisTy o 2l 3 de el Cu Qg ad 1€ o2y sl Ognr s
s e salls el Gy 0 paSly ol 5 KU i sl Cad e goor
ia;ﬁ)l‘ 3;4&‘ UY ‘)|'>=T” QHK— ‘-\Fé ;iJ"J} a;-})J '4,_}9 R:S_” L_.j‘.ﬁ\lu (4.«1;) B ?JEJL.!
Gy g ) Ved M adeY gl es, S o g el O S5 il 28891 e
79,-)'.\3\ Sj.l;L\ <l o gl il ‘J..A
. Ai:j};' ) t.jj.o} Py Vad “-5-
I}A.i,@sarw _]oJa;J>HA
Bl Clll i sbuad S DoY) 8 il LY o 03 M S

L_j. Elads \..;'a)“ u)*’ lgiraws Ol dovanai 3 dovry SJJA‘ Eu)Y‘ ‘=; \.".3":{4_:0-_-%4? L_? -Jo-LU)

P S B g S -y Coebl gl s g -y



254 FARID SAMI HADDAD

AN 2y
w5y OBy Al Aad wls e dah 0LV e S PAURPENICE
(alSTy Sl OLeNI é‘:x]\ ad (LIS 8 kg QL“}( xdly el 545 e
ilie e gr (AIST ) S Ol S e sl sl Te b
ru,,.w ot 4 e CaSTy OOV el grul s 151 Shel o ae Loy (ZalSTy Len s
de 6y (ST iR ullly Gl elis e endl o Ol Y1 Yol (2087 5
de dskally (@7 5 oY1 5 ga il € o N8 aty S polsl oo
LY e gle JaSa (EST) w, LN gy o Al Bid e e Jl Ol i
Sl e o G (RS VI e Ol s R ST e S8 e
Ol aloly AT Jey OlajYl @ISy Sy ml sl ot Cmlo das dL_,izn}
Ol Ny 5,4l oy fl pastls Olas I Jo (GalS) €57 s Oloally &130 By
Bl Ol dnis dedley wleesl Ll (lall £ ar gl dis D1 (Hy Lo 2y
il il oy dead D ad J5y Ol Bdelos OIS @S o 42
Vi b WO sty Jasl § Togr IT Ly Gnedl o (EalST) 5 Ul sy
S el 0L A 01 JE BNy DB Blsk s 1Y GalSy &
GodSy 1o 83 0y ks iy 8,5 Olsle sl Ol Jdull o B A1 Ol (M)
oS Ety Vg lawls 5 ladly huad Se VT8 L,u;w), oy b ol
;‘)&;‘ﬁ\ oy el e o 01N s £ JIAL s sl 0 e (6 a0ty Slasdly
Aty Gl A1 el e 28T GHITU G Y e Il e il £1 ST
llal) e s SLISH QS asl 3 b A1 ey dalllally eslinl 5 S Ug Cnm g sb) 0
O et ol Al (s ol gul r,lp‘ a3y O g dly O il a5 e
gty I 5l T8 o pon (3alST) (BdST) (BodST) andd @) uild (51 2l 5 goue
Al Joos Vs anl e A1l oy Slilie o 87 5 41 (o> (Bl 5 el b
AT elim) o 5 QS e il & b e &) o gy (1 5 (OLRIST) M3 eal]
yaas oo ol 512N AL Ol elyl Joay 2T Ol o8 ol odele Sl
Lt g U U Gl b G sty QS a2 OISOV Ceans oeh!
T RN e E RS UL



A Hitherto Unknown Eighth-Century

Commentary on Avicenna’s Kulliyyat
Farip Sami Happap*

1. Introduction

The Haddad Collection® contains an old Arabic medical manuscript bea-
ring the title Ibraz al-makninat fi izhar al-kulliyyat? The manuscript was
originally thought to be a unique specimen. It is a commentary on al-Kulliyyat,
the first book of Avicenna’s Canon. The author, who remains unknown, de-
dicated his work to a sultan of the Kart dynasty. A plea to identify the author’s
name is herewith put forth to readers.

2. The Manuscript

The number of the manuscript in the Haddad Collection is 510/772 ib/
../125; in the catalogue the number is 74. The manuscript has 293 folios
measuring 225 X 145 mm. It has 25 lines to the page. It is undated.

3. The Book

The text of Ibn Sini is in red ink, the author’s commentary in black.

The book is not mentioned in any of the known standard references (Hzjji
Khalifa, Brockelmann, Ullmann, etc...). It was thought to be uniqueé until
the publication of the Wellcome Historical Medical Library (here after WHML)
catalogue.® It was indeed a very pleasant surprise to find that thereis a second
copy of the book, in the WHML: No WMS Or.175.* The WHML copy has
the same title, 357 folios with 29 lines to the page, measures 220 x 155 mm.,
and is dated 800 H. It is missing one folio at the beginning.

With these two copies available, it became important to search for the
author’s name.

Given hereunder is the first page of each of the two manuscripts,
the last page of each (our copy stops at the eighth fasl of the second ta‘lim
of the third fann), and a composite table of contents:

* 72 Dana St., Cambridge, MA 02138 U.S.A.

1. (GLUM)AIA»S._.:K.@';:?LJ!QLLJL'A! KOWVE RN TR SV S R

2. Sj} Bed g 3= S g Lk ¢ SIS L ‘é Sl KU St

3. A. Z. Iskandar, A Catalogue of Arabic Manuscripts on Medicine and Science in the Wellcome

Historical Medical Library (London: Wellcome Historical Medical Library, 1967), p. 217.
4. Farid S. Haddad, Annual Report of the Orient Hospital, 20 (1967), 106-107.
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directly involved. This is not to say that logic is concerned with quiddities
as quiddities. Rather, as we are told elsewhere, it is concerned with quiddi-
ties ““imasmuch as they are predicates, subjects, universals, particulars and
other things that occur to these meanings.’*

That logic qua logic is not directly concerned with existence, whether
mental or extramental, is explicitly stated in the concluding section of the
chapter. It is in terms of this “independence” of logic from ontology that
Avicenna gives his ruling on the question of whether it is part of philosophy
or only its tool. Thus referring to logic, he concludes:

Because this examination is not an examination of things inasmuch as they exist in
either one of the two modes of existence mentioned [above], but only inasmusmuch as it
is useful in apprehending the states of these two [modes] of existence, then, for him who
holds that philosophy treats the investigation of things inasmuch as they exist, divided
into the aforementioned two [modes] of existence, this science would not be for him part
of philosophy. But inasmuch as it is useful for the examination [of the existence of things],
it would be for him a tool of philosophy.

For him, however, who holds that philophy treats of every theoretical investigation,
and from every aspect, this would be for him also a part of philosophy, and a tool for the
rest of the parts of philosophy. We will explain this further later on.2?

The quarrels that take place regarding the likes of this problem belong to what is
false and redundant. They are false because there is no contradiction between the two
statements. For each of them mean something different by philosophy. Regarding their
being redundant, this is becauce preoccupation with matters like these is useless.

This kind of reflection is called the science of logic. It examines the aformentioned
matters inasmuch as they lead to making the unknown known, and what occurs to them
inasmuch as they are such, no more (p. 15, 1. 17 - p. 16, 1. 12).

26. Madkhal, p. 22, 11. 10-11.
27. See Ibn Sina, Al-Shifa’: al-Mantiq (Logic) IV, al-Qiyas (Syllogism), ed. S. Zayid, revised and
introduced by 1. Madkir (Cairo, 1964), Bk. I, Ch. 2, pp. 10-11.
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ject and predicate are not al-mawdi® wa al-mahmil, the terms used in logic
with their strong substance-accident association, but al-mubtada’ wa al-khabar,
the terms used in Arabic grammar.

If we want to think about things and know them, we need necessarily to include them
in conception, whereupor the states [peculiar] to conception will occur to them.

We will thus ily need to consider the states that belong to them in conception,
particularly when through cogitation we seek the apprehension of unknown things, this
taking place by means of things that are known. [Now]. it is necessarily the case that
things are unknown in relation to the mind; similarly they are only known in relation to it.
The state and accident occurring to them that enable us to pass from the known among
them to the unknown is a state and an accident occurring to them in conception, even
though what they have in themselves also exists with [the state and accident] (p. 15,11.
9.15).

Knowledge and ignorance are matters related to mind. Knowledge involves
conception and ultimate inferences from the known to the unknown. All these
are events that take place in conception and in this sense logic belongs to
the class of existents that are mental. But, it should be emphasized that this
is only one sense (and not the most important sense) in which logic can be
go viewed.

The last sentence in the above passage is quite important. For in it Avi-
cenna tells us that although the states and accidents that help us infer the
unknown from the known occur in conception, this does not mean that things
outside conception do not have objective qualities, things ‘“they have in
themselves,”” that are correlates to what occurs in the mind. Without this,
knowledge becomes purely subjective.

It is hence necessary that we should have knowledge of these states — how many they

are, the manner thereof, and how they are considered in this accidental occurrence (p. 15,
11. 16-17).

When Avicenna in the above passage speaks of our having “knowledge of
these states”, he is not referring to their status as concepts in the mind, but
to what they are as logical entities in themselves. His concern, in other
words, is with logic qua logic, with definitions, the classification of terms,
predication, the organization of premises, inferences and so on. This view of
logic is perhaps best illustrated in a comment he makes in the Categories of
the Shifa’ about relations: “It is not for the logician to prove the existence
of the relative and to show its state in existence and in conception.””* The
logician is concerned with the definition of relations, their classification, the
different ways they relate things.

Thus just as quiddities can be considered in themselves simply as quid-
dities, logic is considered qua logic, where the question of existence is not

25. Ibn Sina, Al-Shifa’: al-Mantiq (Logic) 11, al-Magilat (Categories), ed. G. Qanawati, A.F. Ahwani,
M. Khudayri and S. Zayid, revised and introduced by I. Madkir (Cairo, 1959), p. 143, 1. 15.
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this is a special sense - in fact, Avicenna refers to it as al-wujid al-khass, “‘spe-
cial existence”, the esse proprium of the medieval Latin translation of Avi-
cenna. But the latter, simply refers back, so to speak, to the quiddity as such.”

The significance of this passage is that it represents one way of stating
the distinction between the existence of a quiddity (whether mental or extra-
mental) and what it is in itself. In other words, this is a statement of the
Avicennian essence-existence distinction. A nature or a quiddity considered
in itself tells us nothing about its affirmative existence. Existence is not a
constitutive part of the quiddity. To put it in another way, from the definition
of what it is to be a horse, for example, we can infer neither the existence nor
the non-existence of horses.

Avicenna speaks of a quiddity considered in itself and of “what attaches
to it inasmuch as it is such”. In this chapter he does not explain this nor give
examples. An idea of the sort of thing he has in mind, however, is suggested
elsewhere in the Isagoge where using mathematical quiddities as examples,
he writes: *. . . the triangle has as a necessary concomitant that the sum of
its three angles should equal two right angles, not, [however,] by reason of
the two [kinds] of existence [i.e. mental and extramental], but [simply]
because it is a triangle”.?* He also speaks about quiddities in both external
and mental existence as having accidents proper to each of these modes of
existence that attach to it. In the case of extramental existence he again
does not elaborate. But from other discussions, we know that he is
speaking about the material circumstances that individuate a quiddity in
external reality. It is, however, in his treatment of quiddities in their
mental existence that leads him to the discussion of logic.

The first thing Avicenna points out in discussing quiddities that exist
in conception is that the accidents proper to them attach to them only in
conception. The wording of this discussion deserves special attention. We
note that “being a subject, predication. . . universality and particularity
in predication, essentiality and accidentality in predication” are accidents
that attach to quiddities in conception. Avicenna here is not denying that
there are such things as essential and accidental qualities that attach to things
objectively, in external reality. He is specifically speaking about accidentality
and essentiality “in predication”. For, as he goes on to explain, being subject
and predicate, a premise or a syllogism, does not belong to things as they
exist extramentally. To bring home his point, the terms he now uses for sub-

23. Ibid., 11. 5-8: **To everything there is a reality by virtue of which it is what it is. Thus the
triangle has a reality in being a triangle and whiteness a reality in that it is whiteness, It is this that we
should perhaps call special existence, not intending by this the meaning given affiirmative existence’.
It is difficult to see how this *‘special existence'’ and the nature of a thing considered in itself are not
one and the same.

24. Madkhal, p. 34, 11. 13-14.
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[ Practical Philosophy]

Regarding practical philosophy. it is either connected with the teaching of those
opinions through whose use common human association is organized and is known as the
‘*management of the city’’ and called, ‘“political science’’; or that connection may pertain
to that by means of which the particular human association is organized and is known as
‘*household management’’; or else, that connection pertains to that through which the
state of the single individual by means of the soul’s purification is ordered and is called
“moral science’’, The general truth of all this is established by theoretical demonstration
and the testimony of the revealed law, its details and measure [of application] being
ascertained by the divine law.

The end in theoretical philosophy is knowledge of the truth and the end in practical
philosophy is knowledge of the good (p. 14, 11. 11-18) .

In this very brief statement on practical philosophy, Avicenna sums up
its divisions. Of particular interest is the reference to the relation of philosophy
to the revealed law. Here we have an allusion to his political and ethical phi-
losophy discussed at greater length elsewhere —in Metaphysics, X, 2-5, of the
Shifa’, for example. This philosophy is essentially Farabian, its basic tenet
being that revelation expresses the same truth as that of demonstrative phi-
losophy, but in the language of image and symbol which the non-philosopher
can understand. Moreover, revealed scripture gives particular legislative
details which conform with universal principles arrived at philosophically.

[Logic]

The quiddities of things may exist in the real instances of things or in conception.
They will thus have three aspects: [(a)] a consideration of the quiddity inasmuch as it
is that quiddity, without being related to cither of the two [kinds] of existents, and what
attaches to it inasmuch as it is such; [(b)] a consideration thereof inasmuch as it is in
external reality, where there will then attach to it accidents proper to this existence it
has; [(c)] a consideration thereof ir h as it is in ption, where there will then
attach to it accidents proper to this existence, for example, being a subject, predication,
and like universality and particularity in predication, essentiality and accidentality in pre-
dication, and other things that you will learn [in this book]. For in external things there is
no essentiality or accidentality by way of predication, no [such thing as] a thing’s being a
subject nor its being a predicate (lg kawn al-shay’ mubtada’an wa lG kawnuhu khabaran),
no [such thing as] premise or syilogism, or anything of the sort (p. 15, 11. 1-8).

This opening statement introducing logic is a key passage for our under-
standing of Avicenna’s thought. It is here that he makes it explicit that quid-
dities or natures can exist either in extramental reality or in the mind, but
that they also can be considered in themselves, simply in terms of what they
are, where the question of existence is totally irrelevant. It should be noted
that when Avicenna speaks about existence in this context, he is referring
to what he calls elsewhere “affirmative existence” (al-wujad al-ithbdti).**
There is a sense in which a quiddity considered in itself has existence, but

22. Hlghiyyat, Bk. I, Ch. 5, p. 31, 1. 8.
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ality can either be considered in themselves or regarded “inasmuch as an ac-
cidental thing that has no existence except in matter has occurred to them”.
Now this accidental thing is either such that the estimative faculty can only
apprehend it when confined to a special kind of matter, or it is not. Thus,
with the first alternative, we are not, for example, considering unity in ul-
timate or partial abstraction, but as it is embodied, so to speak, in a single
element, fire; plurality in terms of the four elements and causality as either
heat or coldness. As such, these existents (unity, plurality, causality, and
so on) are the objects of natural science. We also notice that Avicenna includes
with this group “intellectual substance inasmuch as it is in the soul”. In
other words, he is considering the human intellect as it exists in the soul, as
distinct from the celestial intelligences. He is not considering it in terms of
the hereafter when it separates from the body, but as the principle of motion
of the body. This way of viewing the human intellect is in conformity with
Avicenna’s Aristotelian classification of the sciences where psychology is part
of natural science.

If, on the other hand, the existents such as unity, plurality and causality,
attach to matter, but not to a specific kind of matter, then they are the objects
of mathematical knowledge. The estimative faculty abstracts them partially,
to the point where a specific kind of matter is not needed for their apprehension.

The various kinds of the sciences therefore either [(a)] treat the cunsnderatlon of the
existents inasmuch as they are in motion, both in cognitive apprel (tas an)21
and in subsistence, and are related to materials of particular species; [(b)] treat the consi-
deration of the existents inasmuch as they separate from materials of a particular species
in cognitive apprehension, but not in subsistence; or [(c)] treat the consideration of exis-
tents inasmuch as they are separated from motion and matter in subsistence and cognitive
apprehension.

The first part of the sciences is natural science. The second is the pure mathematical
science, to which belongs the well-known science of number, although knowing the nature
of number inasmuch as it is number does not belong to this science. The third part is
divine science [i.e. metaphysics]. Since the existents are naturally divided into these
three divisions, the theoretical philosophical sciences are these (p. 14, 11. 3-10).

This concluding section on the division of the theoretical sciences is clear.
The reference to number, however, deserves special notice. The distinction
is drawn between the science of number, that is, arithmetic, and knowledge
of “the nature of number inasmuch as it is number”’. The latter is not arithme-
tic, but we are not told to what division of theoretical philosophy it belongs.
It is clear, however, that it is on a par with such existents as unity, plurality,
individual identity and the like when considered in themselves. When consi-
dered in themselves these belong to metaphysics.

21. Again, we have avoided translating this term as ‘‘conception’’, since the faculty invoived here
i8 wahm, estimation.
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impossible for them ~ for example, the state of unity, individual identity, causality and
number which is plurality.

These [latter] are either: [(a)] regarded inasmuch as they are [the things] they are
(min haythu hiya hiya), in which case viewing them in this way does not differ from looking
at them inasmuch as they are abstracted — for they would then be among [the things exa-
mined through] the kind of examination that pertains to things not inasmuch as they are
in matter, since these, inasmuch as they are themselves (min haythu hiya hiya) are not in
matter; or, [(b)] regarded i h as an accidental thing that has no existence except
in matter has occurred to them (p. 13, 11. 4-12).

In this passage, Avicenna makes the modal aspect of the division of theor-
etical philosophy quite explicit. Existents separable from motion are of two
sorts—those whose separation from motion is necessary and those whose separ-
ation is not. To the first group, God and mind, mentioned earlier, bolong;
to the second, such things as individual identity, unity, plurality and causa-
lity. (In Fi Agsam al-“Ulim, the first category is referred to as dhawat, enti-
ties, essences, and the second sifat, attributes.)!® It should be emphasized
that in the case of the second group, it is when such existents are considered
in themsleves, “inasmuch as they are the things they are” or “inasmuch as
they are themselves”, that they are being regarded in abstraction, separately
from matter, and hence share with the first group the status of being the
object of metaphysical knowledge. But, while existents of this second group
can exist separated from motion, they can also exist with motion and matter,
and when they mix with matter, they subdivide again into those that mix
with a specific kind of matter, thereby becoming the objects of natural science,
and those that are not confined to mixing with a specific kind of matter,
thereby becoming the objects of mathematical knowledge:

This [latter]20 is of two divisions. It is either the case [(a)] that that accident cannot
be apprehended by the estimative faculty as existing except in conjunction with being
related to specific matter and motion — for example, idering the one i h as it is
fire or air, plurality inasmuch as it is the [four] elements, causality inasmuch as it is either
warmth or coldness, and intellectual substance inasmuch as it is soul, that is, a principle
of motion even though it in itself is separable — or [(b)] that that accident, even though it
cannot occur except in relation to matter and mixed with motion, is such that its states
can be apprehended by the estination and discerned without looking at the specific matter
and motion in the aforementioned way of looking. The example of this would be addition
and subtraction, multiplication and division, determining the square root and cubing, and
the rest of the things that append to number. For all this attaches to number either in
men’s faculties of estimation, or in the existents that move, divide, separate and combine.
Apprehending this as a form (tasawwuru dhalika), however, involves a degree of abstrac-
tion that does not require the specifying of matters of certain species (p. 13, 11. 12 — p. 14,
1. 2).

As we have been told earlier, such things as unity, plurality and caus-

19. Agsam, p. 106.
20. The reference is to the last sentence in the previous paragraph, namely, to the things ¢‘regarded

h as an accidental thing that has no existence except in matter has occurred to them”.
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in terms of such particular forms.’* Thus, what Avicenna seems to be saying
is that in the case of the particular form of humanity, for example, acquired
through the senses (and now present in the soul) one cannot separate ‘“human-
ity” from its specific kind of matter, its being “flesh and blood”. But Avicenna
also uses the term al-tasawwur, which we have translated as ‘“‘acquisition as
a form” to leave open the question of whether this is a particular form or a
purely abstract concept. The likelihood is that Avicenna is speaking of the
particular form, since the faculty he has mentioned is the estimative. Still,
al-tasawwur can be translated as “conception’ or “conceptualization”, which
would convey the sense of abstraction by the theoretical faculty. Such a trans-
lation, though unlikely in this context, does not contradict what has been
said about the estimative Yaculty. For, if tasawwur is translated as ‘“‘concep-
tualization”, then the entire passage would suggest the following: since the
separation of the special kind of matter from such a nature as animality is
logically impossible, it can be affected neither on the level of thinking in terms
of particulars by the estimative faculty nor on the purely abstract level by
the theoretical faculty.!’

There is, however, a further ambiguity in the text. This is the expression,
“to be separated from specific matter’’. The term translated as “‘to be separa-
ted”” here is tujarrad, literally “‘to be stripped off”’, and a term often used for
the cognitive act of abstraction. Here it is important to differentiate between
the form as it exists extramentally in association with its special, particular
kind of matter, that is, as it exists in the concrete, and as an object of cogni-
tion in the soul, whether as a particular form or ultimately as an abstract
concept. There is the sense in which when it becomes an object of cognition,
as something in the soul, it is separated from its extramental existence. But
this is not the separation Avicenna is talking about. In fact he is talking
about two separations. The first pertains to an extramental existent, a par-
ticular man, for example, who cannot be separated from his particular body.
The second is the humanity of this man when present in the soul as an object
of cognition, which again cannot be separated in the estimation or abstractly
by the intellect from its specific matter, not the matter existing extranem-
tally, but its specific matter now as an object of cognition in the soul.

Regarding those things that can mix with motion, but have an existence other than
this, these [include] such things as individual identity (al-k iyya), unity, plurality
and causality. Thus the things that it would be true for them to be separated from motion
are either such that this truth is necessary,18 or not, being, rather, such that this is not

16. Avicenna’s De Anima, ed. F. Rahman (London, 1959), particularly pp. 60-61 and 166-167;
see also, Ibn Sina, Fi Ithbat al-Nubuwwat, ed. M. Marmura (Beirut, 1968), p. 564,

17. That the separation of a nature like animality from its specific kind of matter is logically im-
possible is also brought home in Agsam (p. 106) where we are told that the connection of such a nature
with its matter is ‘‘in definition’’ as well as existence.

18. More literally, ‘‘the truth applicable to it is by way of necessity”’.
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always mentioned simultaneously. This association of matter and motion
is implicit in the above passage but becomes more explicit when the difference
between natural science and mathematics is discussed.

It is perhaps best to indicate at the very beginning the modal aspect of
the division of the existents into those that mix with motion and those that
do not. The examples of existents that do not mix with motion are mind and
God. As we shall shortly see, Avicenna clarifies this by affirming that these
existents are necessarily not mixed with motion. Again, we notice that the
existents that mix with motion subdivide in turn into two modes. The first
are those that can exist only if mixed with motion. In other words, their
being in motion is a necessary condition of their existence. The second group,
on the other hand, can have an existence independently of motion, as stated
further on in the text. But before turning to this latter class of existents that
can exist with or without admixture with motion, Avicenna discusses those
existents that must mix with motion, subdividing them again into two groups.

The existents that have no existence unless undergoing admixture with motion are
of two divisions. They are either such that, neither in subsistence nor in the estimation
(al-wahm) would it be true for them to be separated (tujarrad) from some specific matter
(madda mu“ayyana) as for example, the form of humanity and horseness; or else, this
would be true for them in the estimation but not in subsistence, as for example, square-
ness. For, in the case of the latter, its acquisition as a form (tasawwuruhu) does not require
that it should be given a specific kind of matter (naw® mddda) or that one should pay
attention to some state of motion (p. 12, 1. 14 - p. 13, 1. 4).

Although the wording and terminology of this section raise some questions,
the main thrust of the discussion is clear. Avicenna is distinguishing between
the objects of natural science and mathematics. Both cannot exist without
matter. But in the case of the objects of natural science their separation from
the kind or species of matter that is constitutive of their being (al-madda
al-naw‘iyya) is possible neither in external reality nor in the mind. In the
case of mathematical objects their separation from any specific kind of matter
is possible in the mind. This is because no special kind of matter is constitutive
of the mathematical object. A triangle or a square in external reality can be
constituted of wood, bronze or any other matter. A human being, on the
other hand, must be constituted of a material body of the genus animal - or,
as Avicenna expresses it in Fi Agsam al-°Ulim, one cannot understand ‘“man”’
without understanding that man is composed of flesh and bones.™

Turning to the terminology, we notice that Avicenna uses the term, “es-
timation™ (al-wahm), a faculty of the soul shared by animals and humans.
One of its functions as a human faculty is to give partial abstraction of the
particular forms conveyed to the soul by the senses, and to make judgements

15. Ibid., p. 104.
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logic to philosophy is yet to be ascertained, ‘“the sciences” and “logic” are
separated in the title.

The above passage has a background in Aristotle’s Metaphysics, particu-
larly Metaphysics V1, 1. Its definition of the aim of philosophy is also very
reminiscent of al-Kindi’s definition of philosophy in his Fi al-Falsafa al-Ula
(On First Philosophy) as being “knowledge of things in their true natures
to the extent of man’s capability”.’ The criterion for dividing philosophy
into theoretical and practical is ontological, the first, but not the second,
being concerned with those existents that are totally independent of our
choice and action. Both theoretical and practical philosophy are needed for
man’s perfecting of his soul, a point repeated in the Metaphysics of the Shifa™*
and in Fi Agsam al-°Ulim. In the latter work, Avicenna makes it explicit
that this perfecting of the soul prepares it for ultimate happiness in the
hereafter."

In the above passage (as in parallel discussions) we encounter the term
ra’y, normally translatable as “opinion’’, but which in this context seems to
be the equivalent of the Greek Theoria. This Greek term is translated as ra’y
in the Arabic version of Aristotle’s Metaphysics.'*

[Theoretical Philosophy]

The things existing in external reality whose existence is not by our choice and
action are first divided into two divisions: one consists of things that are mixed with
motion; the second of things that do not mix with motion, for example, mind and God.

The things that mix with motion are of two modes. They are either such that they
have no existence unless they undergo!? admixture with motion, as for example, huma-
nity, squareness and the like; or they have existence without this condition (p. 12,
11. 11-15).

Avicenna’s concern here is with those extramental existents whose exist-
ence is totally independent of our choice and action. He gives a primary two-
fold division of these existents into those that mix with motion (al-haraka)
and those that do not. In the Isagoge, he speaks only of motion, but in the
parallel discussion in his Fi 4gsam al-°Ulim he includes the different types
of change.’* In this latter work, being in motion and being in matter are

9. Al-Kindi, Rasi’il al-Kindi al-Falsafiyya, ed. M. A. Abi Rida (Cairo, 1950), Vol. I, p. 95.

10. Ilghiyyat, p. 3.

11. Agsam, pp. 104-105.

12. See S. Afnan, Philosophical Lexicon: Persian Arabic (Beirut, 1968), p. 109.

13. Yajiz (p. 12, 1. 14) should not here be taken in the sense of ‘‘allow’’ or *‘permit’’. It should
probably be read as yajizu °alayha, as given in one variant reading in the notes and as it appears in the
same context on line 14, in the sense of ‘‘to pass by them’’- hence, by extension, ‘‘undergo”’. For jaza
“alayhi, “*he passed by him/it’’, see E. W. Lane, Arabic English Lexicon, Bk. 1, Part 2, p. 484;
Lane’s source is Tdj al-*Aris.

14. Agsam, p. 106.



AVICENNA, DIVISION OF THE SCIENCES 241

physical. The criterion for this division is their relationship to motion. The
discussion here is sometimes difficult to follow and may strike the reader as
being unnecessarily complicated, particularly when compared with parallel
discussions elsewhere in Avicenna’s writings. This section, however, gives
fuller expression to the philosophical basis of Avicenna’s classification, though,
admittedly, clarity is not its strongest point.

After a brief discussion of the practical sciences, including a passing but
significant remark on the nature of prophethood and the revealed law, Avi-
cenna goes on to discuss the place of logic among the sciences. Underlying
the discussion is the historic question of whether logic is part of philosophy
or only its tool. Avicenna begins with an important statement regarding the
ways quiddities can be regarded - either as existing in external reality, as
existing in the mind, or in themselves, that is, considered simply in terms
of what they are, where the question of existence is totally extraneous. This
is followed by the discussion of logical concepts that have as their nuclei
quidditties existing in the mind. Although logical inferences take place in the
mind, Avicenna argues that logic considered in itself belongs neither to mental
nor extramental existence. On the basis of this, Avicenna then gives his answer
to the question as to whether or not logic is part of philesophy.

In what follows, we offer a translation of Isagoge, I, 2 with a commentary.

II. Translation and Commentary

A Chapter Drawing Attention to the Sciences and to Logic®
[Theoretical and Practical Philosophy]

We say: The purpose in philosophy is to know the true nature of all things to the
extent that man is capable of knowing. The things that exist are either existing things
whose existence is not by our choice and action, or else things whose existence is by our
choice and action. Knowledge of the things of the first division is called theoretical phi-
losophy and knowledge of the things of the second division is called practical philosophy.
The purpose in theoretical philosophy is to perfect the soul simply by knowing. The
purpose of practical philosophy is to perfect the soul, not simply by knowing, but by
knowing that in terms of which one acts and thereby acting [accordingly]. Hence the
end of theoretical philosophy is to acquire belief in a contemplative view (ra’y) unconn-
ected with practical action whereas the énd of practical philosophy is to knowledge of
a contemplative view pertaining to action. The theoretical hence has the greater claim
to be attributed to contemplation (ra’y) (p- 12, 11. 2-10).

To comment first on the heading of this chapter, it is not insignificant
that Avicenna speaks of ‘“the sciences” and “logic”-the separation being
quite deliberate. “The sciences” are the various branches of theoretical and
practical philosophy and in this chapter Avicenna addresses himself to the
question of whether or not logic is part of philosophy. Since the relation of

8. Madkhal, pp. 12-20.
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existence (al-mahiyya wa al-anniyya)® and, what is based on it, the distinction
between a quiddity considered in itself and the universal concept, the latter
distinction being discussed most fully in Ch. 12 of Bk. I.*

One must, however, single out one discussion in the Isagoge as being more
than any other a veritable introduction to philosophy as well as logic. This
is Ch. 2 of Bk. I, devoted to the classification of the sciences —the chapter
with which we are concerned here. In this chapter Avicenna defines the pur-
pose of philosophy and gives us his ontological basis for its various divisions.
Logic is then introduced within a philosophical discussion of the different
ways quiddities are said to exist. Again, the criterion for ascertaining its
place within the sciences is ontological.

It is this philosophical framework, in which logic is introduced, that makes
this chapter quite unique when compared with other complementary Avicen-
nian discussions of the classification of the sciences. Thus, for example, in
Metaphysics I, 1 of the Shifa’,® an ontological basis is given for the division
of theoretical knowledge into natural, mathematical and metaphysical, but
nothing is said about logic. Again, the detailed treatment in his treatise Fi
Agsam al-“Ulam (On the Division of the Sciences)® lists for us the various
divisions of logic, but apart from a passing remark to the effect that the cat-
egories are discussed in themselves, that is, “‘without the condition of their
realization in existence or subsistence in the mind,”” very little is said about
ontology.

* * *

Turning to the organization of the chapter, it begins with an introductory
paragraph that defines the purpose of philosophy and its division into theore-
tical and practical. Practical philosophy is concerned with knowing the things
whose existence is due to our act and choice, while theoretical knowledge is
concerned with the knowledge of things whose existence is independent of
our acting and choosing. This is followed by a longer section devoted to the
theoretical sciences and their division inte natural, mathematical and meta-

3. More accurately al-anniyya (or al-inniyya) al-shakhsiyya, Madkhal, p. 29, 1. 12. The term, anniyya
in the Isagoge, is used in other senses, to refer to differentia, for example.

4. Madkhal, pp. 65-72. See also M.E. Marmura, ‘‘Avicenna’s Chapter on Universals in the Isagoge
of the Shifa’ ", Islam: Past Influence and Present Challenge, ed. A. Welch and P. Cachia (Edinburgh,
1979), pp. 34-56.

5. Ibn Sina, Al-Shifa’; Ildhiyyat (Metaphysics), ed. G. Qanawiati, S. Dunya and S. Zayid, revised
and introduced by I. Madkar (Cairo, 1950), pp. 3-4. There is, however, an allusion to logic as being
independent of the question of mental existence in Ch. 2, Bk. 1 of this work; ibid., pp. 10-11. This work
will be abbreviated Ilghiyyat in the notes.

6. Ibn Sina, Fi Agsam al-*Ulam in Tis® Rasd’il (Cairo, 1908), pp. 104-118. This reference will be
abbreviated Agsam.

7. Ibid., p. 116.



Avicenna on the Division of the Sciences

in the Isagoge of His Shifa’

Micuaer E. MarMura*

1. Introduction

InBook I, Chapter 1 of the Isagoge (al-Madkhal) of the logical parts of the

Shifa’, Avicenna (Ibn Sina), referring to the Shifa’ as a whole, writes:
There is nothing reliable in the books of the ancients but we’ve included in this

our book. If something is not found in a place where it is customarily found, it would

be found in another place I judge more fit for it to be in. I have added to this what I

have apprehended [independently] with my thought and attained through my [own]

reflection, particularly in physics, metaphysice and in logic.!

It is characteristic of Avicenna in his Shifd’, not only to expand on the
thought of his predecessors (Greek and Islamic), but to criticize and modify,
to introduce new analyses and ultimately to forge a new synthesis. Thus, while
the ingredients of his philosophy derive in large measure from Greco-Arabic
antecedents, they are infused with his own insights and remoulded to form
a perspective that has a stamp all its own. This remoulding of concepts into
a distinctly Avicennian perspective is evident in his Isagoge — a work that
represents a very considerable expansion on its forbear, the Isagoge of Por-
phyry. As Dr. I. Madkour has commented, Avicenna’s work, unlike that of
Porphyry, is not merely an introduction to the Aristotelian categories, “but
to the whole of logic.’”?

Dr. Madkour’s accurate observation can be extended even further. To an
extent — and this is particularly true of Bk.I- Avicenna’s Isagoge is also an
introduction to the philosophical parts of the Shifé’, particularly the meta-
physical. Thus, for example, its very first chapter is devoted to brief remarks
on the content, purpose and plan of the Shifd’ as a whole. More pertinent
than this, however, is that the logical analyses and the distinctions Avicenna
introduces in the Isagoge form the foundation of his metaphysical thought.
The most central of these distinctions is that between essence and existence
or, to use the terminology of the Isagoge, between quiddity aund individual

*University of Toronto, Department of Middle East and Islamic Stulies, Toronto, Canada
M5S 1A1.

1. Ibn Sina (Avicenna), Al-Shifa’ (Healing): al-Mantiq (Logic) 1: al-Madkhal (Isagoge), ed. M.
Khudayri, G. Qanawiti and A.F. Ahwani, revised and introduced by 1. Madkir (Cairo, 1953), Bk. I,
Ch.1,p. 9,1.17 - p. 10, 1. 4. This work will be abbreviated in the notes as Madkhal.

2. Madkhal, p. 51 (of Arabic introduction).
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