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M. Abattouy Note on a Steelyard Balance

Articles

NOTE ON A STEELYARD BALANCE
IN AN ARABIC MANUSCRIPT IN HEBREW CHARACTERS FROM YEMEN'

Mohammed Abattouy
(Doha Historical Dictionary of Arabic
The Arab Centre for Research and Policy Studies, Doha)

with the collaboration of
Gabriele Ferrario
(University of Bologna)

Abstract

The website of Les Enluminures, an antique store based in Paris specialising in illuminated medieval
manuscripts, displays a few pages of a precious manuscript containing several Arabic scientific texts on
astronomy, optics and philosophy, in Hebrew characters of Yemenite style. The codex’s provenance is
from Sanaa, and it is dated 904/1499. On folio 83v, a short passage on statics includes a picture of the
steelyard balance, which is the subject matter of this note. In the following short account, we present a
short description of the manuscript, with a focus on the folio containing the drawing of the steelyard,
which is transcribed into Hebrew and Arabic characters and translated into English. This preliminary
work yielded a first result: the determination of the source of the first part of the Arabic text in Hebrew
characters in an important scientific and didactic book of the polymath al-Birani.

Résumé

Le site web Les Enluminures, une maison d’antiquaires de Paris, spécialisée dans les manuscrits médié-
vaux, affiche quelques pages d’'un précieux manuscrit contenant plusieurs textes scientifiques arabes
d’astronomie, d’optique et de philosophie, en caractéres hébreux, écrits dans un style yéménite. Le co-
dex provient de Sanaa et est daté de 904/1499. Sur le feuillet 83v, un court passage de statique contient
I'image d’'une balance a peson, qui constitue le sujet de cette note. Nous souhaitons présenter une bréve
description du manuscrit, puis nous concentrer sur le feuillet contenant le dessin de la balance, qui est
transcrit en caractéres hébreux et arabes et traduit en anglais. Cet examen préliminaire a fourni un
premier résultat : la détermination de la source de la premiére partie du texte, un fameux livre scienti-
fique a caractere didactique d’al-Birani.

' [N. d. 'Ed. The Editorial Committee of nCmY is grateful to Les Enluminures for having kindly reacted to
his message and shared an image of the folio of the manuscript with acceptable resolution. This allowed
definitely the transcription of the text in Hebrew characters to happen].
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I. Introduction

The website” of Les Enluminures, an antique store based in Paris specialising in illumi-
nated medieval manuscripts® displays a few pages of a manuscript by the Persian as-
tronomer and mathematician Kasyar b. Labban (d. 420/1029), Al-zig al-gami‘ wa-al-
balig (The comprehensive and extensive astronomical tables), in Arabic in Hebrew
characters, in a recognizable Yemenite style. According to the extensive description
provided by the auction house online, the manuscript is on paper, its provenance is

*I mentioned the Hebrew manuscript which is the subject matter of the present note in an invited lec-
ture presented on 18 October 2017 at the Institute for Advanced Studies, Princeton: “The Corpus of the
Arabic Science of Weights: Textual Tradition, Theoretical Scope and Significance in the History of Me-
chanics” (seminar of Professor Sabine Schmidtke at the School of Historical Studies
https://www.hs.ias.edu/islam_past_events). The present note originated in discussions with Dr. Anne
Regourd held in Doha, Qatar, in early 2020. I thank her for engaging encouragement and stimulating
comments on an earlier version of the paper.

3 Les Enluminures: Original Illuminated Manuscripts specializing in manuscripts and miniatures from
the Middle Ages and the Renaissance; online at https://www.lesenluminures.com.
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M. Abattouy Note on a Steelyard Balance

from Sanaa, and it is dated 9o4/1499.* On folio 83v, a short passage on statics includes a
picture of the steelyard balance, which is the subject matter of this note. In this note,
we wish to present a short description of the manuscript, with a focus on the folio con-
taining the drawing of the steelyard, hoping that this short account will help in provid-
ing more information on the codex and its contents.

Fig. 1. Picture of the steelyard in the Hebrew manuscript on f. 83v © Les Enluminures.

* See the full description of the manuscript, its historical details and philology at
https://www.textmanuscripts.com/medieval/astronomy-hebrew-60473.
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II. Description of the codex®

The codex in Hebrew characters of which f. 83v presents a short passage on statics, in-
cluding a picture of the steelyard (qarastiin), is composed of iii + 128 + iii folios (134 in
total). Its paper size is 235 x 165 mm, {. 6 is a singleton (186 x 120 mm). It does not con-
tain any watermarks. There is a modern foliation in Arabic numerals on the upper left
fore edge recto side in pencil, and a medieval foliation on the verso side. The codex is
written in black ink, contains table rulings, diagrams, and headings in rubric, with sin-
gle column text throughout (justification 170 x 110 mm).

It also contains over one hundred large astronomical tables in rubric and black
ink on ff. 25v—82r (justification 167 x 112 mm), seventy-seven geometric calculations in
rubric and black ink on ff. 83r, 86v—g1v, 92v—94v, 95v—96v, 97V, ggv—106r, and 109v, and
twenty-one calculation tables in rubric and black ink on ff. 11, 82v, 18v-119r, 125v-1267,
127v, and 128v.

The main part of the codex reproduces in Hebrew characters the Zig of KaSyar
b. Labban, an early and little-studied astronomical handbook which survives in nine
Arabic-alphabet copies and four Hebrew-alphabet copies, of which this one is among
the most interesting. Contemporary notes in the manuscript claim that it is based up-
on KaSyar's own autograph, and it contains the complete tables (absent in many of the
extant copies), which is evidently a positive feature and a good tool to gain precise
knowledge about the measures and data contained in these tables.

%In the following description of the codex, we follow mainly the description provided online on the
website of the auction house.
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Fig. 2. Two pages of astronomical tables from the Hebrew manuscript.
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The codex was written in Yemen, in Sanaa precisely, in 1499, according to the
date stated in the colophon. The collection (magmii‘) contains the following texts and
fragments, all of them, like the Zig of KusSyar, are in Arabic, written out in Hebrew
characters.

— f.1r: a note on the Milky Way (al-magarra).

— f.1r: a short passage copied from Al-zig al-Hakimi of the renowned Egyptian as-
tronomer Ibn Yiinus (10th century)’.

— f. 83v: a short passage on statics, the ancient and medieval science of equilibri-
um, including a picture of the steelyard balance.

— ff. 84r-84v: a long note on the dateline (or, in their terms, the possibility that the
same instant could be Thursday for one person and Friday for another, for ex-
ample).

— f. 84v: a short passage on finding hidden things, by a certain Muhammad b.
Aflah al-Hazartini, on whom no further information could be gleaned from his-
torical sources.

— 1. 85r: two short items attributed to Plato’s Timaeus.

— ff. 1-119: Kasyar b. Labban’s Al-zig al-gami‘, tables and instructions for their use
in computing the positions of the planets and other astronomical information
(the tables start on f. 84).7

— ff. ngv—120r: The beginning of a treatise on twilight. The author mentions Ibn
Mu‘ad al—éayyéni (d. after 471/1079)° and Abi ‘Abd al-Rahman b. Tahir.’ The first
is a known Andalusi mathematician and astronomer who also wrote on the sub-
ject.

— ff. 120v—125v: Fragment of a rather extensive, unidentified work on arithmetic,
divided in magala (book), bab (chapter), and fas! (section).

Apparently, the logic behind binding the texts in this collection suggests that it
was done by someone familiar with scientific subjects. He probably collected them for
his own use, and with the aim of preserving these Arabic texts in Hebrew characters,
to ensure their transmission in the cultural milieu of the Yemenite Hebrew communi-
ty.

As for the provenance of the manuscript, the online description informs us that
it was in the collection of the Yemeni Jewish scholar Joseph Qafah, himself born in the
old city of Sanaa in 1917. Written in Yemen (Sanaa) in 1499, dated by colophon, the co-

°D. A. King, “Ibn Yiinus,” 2007, pp. 573-574-

7 According to the description online of the manuscript, obviously from here onwards a new numbering
begins.

® E. Calvo, “Al-Jayyani,” 2007, pp. 652-563.

9 Probably Abai Mansiur ‘Abd al-Qahir b. Tahir al-Bagdadi (d. 428/1037), a mathematician who wrote a
famous Kitab fi al-misaha on arithmetics. See A. S. Sa‘idan, “The ‘Takmila fi'l-Hisab’ of al-Baghdadi,”
1987, pp- 437-443-
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dex is part of the heritage of the Jewish community of Sanaa, which was a robust
community of the country and the only non-Muslim minority.

III. The Arabic science of weights and balances

The balance is an instrument of everyday life, charged with history and science. In Is-
lamic classical times, this familiar instrument was the object of an extensive scientific
and technical debate of which dozens of treatises on different aspects of its theory,
construction, and use are the precious remains. Being the focus of intense research
work in the last decades, the Arabic science of weights is now a constituent part of the
history of theoretical mechanics.” Different sorts of balances were the object of such
an extensive enquiry, including the normal equal-armed balance (called in Arabic
mizan, tayyar, and sahin), the steelyard (called successively garastin, qaffan, and
gabban) and sophisticated balances for weighing absolute and specific weights of sub-
stances.

Several drawings of balances are preserved in Arabic manuscripts, such as those
of al-Hazini (fl. ca. si15/m21 [Fig. 3])," al-Hariri (d. 516/1122),” and al-Qazwini
(d. 682/1283).” Further, some specimens of the Arabic medieval balances have survived
and are presently kept in museums [Fig. 4].

* The corpus of the Arabic science of weights was reconstructed and its status reevaluated in studies
such as: M. Abattouy, “Greek Mechanics in Arabic Context: Thabit ibn Qurra, al-IsfizarT and the Arabic
Traditions of Aristotelian and Euclidean Mechanics,” 2001; id., Matn al-Muzaffar al-Isfizari fi ‘ilmay al-
atqal wa-al-hiyal. Tahqiq naqdi wa-dirasa tarihiyya li-nusis gadida fi taqlid al-mikanika al-‘arabiya [The
Mechanical Corpus of al-Isfizari in the Sciences of Weights and Ingenious Devices: Critical Edition and
Historical Analysis of New Texts in the Tradition of Arabic Mechanics], 2013 [in Arabic]; id., “The Cor-
pus of Mechanics of Al-Isfizari: Its Structure And Signification in the Context of Arabic Mechanics,”
2016, pp. 124-146; id., “The Corpus of the Arabic Science of Weights (gth—19th Centuries): Codicology,
Textual Tradition and Theoretical Scope,” 2018.

" On Al-Hazini and his encyclopedia of mechanics Kitab mizan al-hikma [Book of the balance of wis-
dom] (515/1121), see a short bio-bibliographic outline in M. Abattouy, “Al-Khazini,” 2007, and online at
http://islamsci.mcgill.ca/RASI/BEA/Khazini_BEA.htm.

** Abi Muhammad al-Qasim al-Harirl was a poet and writer, author of the famous Magamat [The As-
semblies], a collection of stories written in a style mixing verse and literary prose. See: Th. Preston,
Makamat Or Rhetorical Anecdotes of Al Hariri of Basra, 1850, and the English translation by Th. Chenery,
The Assemblies of Al Hariri, 1867, vol. 1.

¥ Abui Yahya Zakariya b. Muhammad al-Qazwini a physician and geographer, author of a celebrated
treatise of cosmography Aga’ib al-mahligat [The Wonders of Creation], extant in illustrated manu-
scripts. See: P. Berlekamp, Wonder, Image, and Cosmos in Medieval Islam, 2011.
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Fig. 3. Picture of a steelyard and its graphical reproduction,
from al-Hazin1's Book of the Balance of Wisdom (515/1121)."

* M. Abattouy, The Corpus of Al-Isfizari in the Sciences of Weights and Mechanical Devices. New Arabic
Texts in Theoretical and Practical Mechanics from the Early XIIth Century. English Translation, Partial
Analysis and Historical Context, 2015, p. 83.
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Fig. 4. Steelyard in bronze with engraved inscription (Middle East; 8th—gth century, arm: 52.5 cm;
David Museum in Copenhagen, Inv. no. 12/1994).”

The balance most widely used in the Islamic lands of medieval times was the
equal-armed platform scale, made mostly in copper. There were tiny balances for gold
and jewels, average ones for retail traders, and huge balances for the merchants of
grains, wood, wool, etc. In general, the balances had beams and weights made of steel
or iron. Steelyards were also widely employed.

The use of steelyards dates back to Ancient times in the Mediterranean region. A
counterweight is moved along the arm until it and the object to be weighed are in bal-
ance. The arm can typically be turned, since it has several balance points and their
scales, making it possible to weigh both heavy and light objects. Steelyards were used

" The steelyard is engraved not only with numerals and a weight indicator (ra¢! = ca. 1 pound), but also
an early religious inscription in Kufi script: “In the name of the merciful and compassionate God/ there
is no god but Allah, He alone, He has no equal/ Muhammad is the messenger of Allah.” See online:

https://www.davidmus.dk/en/collections/islamic/materials/metal/art/12-1994.
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since the advent of Islam, and the balance shown in Fig. 4 bears the name of the
Umayyad Caliph Marwan b. Muhammad, known as Marwan II (r. 127/744-132/750 CE).

The Greek name of the steelyard balance is charistion. The instrument was used
extensively in Roman times. It later entered the Arab world, where its name was ren-
dered as garastin.” Composed of a lever or a beam (‘amiid) suspended by a handle
that divides it into two unequal arms, the center of gravity of the instrument is located
under the fulcrum. In general, the shorter arm bears a basin or a scale-pan in which
the object to be weighed is set or suspended from a hook. The cursor-weight,
rummana in Arabic, moves along the longer arm in order to achieve equilibrium. This
arm, which has generally a quadrangular cross section, bears two different scales
which are engraved along the two opposite sides. Due to the fact that the steelyard can
be suspended by two hooks, there are two independent graduations. According to the
choice made, there will be different relations between the lengths of the longer and
smaller arms of the lever, corresponding to the different scales. On the beam or near
the fulcrum, the number of units or fractions corresponding to the capacity of the bal-
ance was engraved, as was the official stamp of the authorities. The advantage of the
steelyard is that it provides an acceptable precision in weighing and allows heavy loads
to be supported by small counterweights. In addition, it can be carried around easily.”

IV. A “Hebrew” balance similar to Arabic steelyards

The balance we find in the above-mentioned manuscript is identical to Arabic speci-
mens preserved in manuscripts or as mechanical vestiges, like the ones reproduced in
Figs 3—4. Its depiction looks similar to Arabic pictures of this kind of balance: Two un-
equal arms compose a beam from which a scale and a moving weight are suspended;
the moving weight is supposed to be displaced along the beam to ensure equilibrium
with the weighed object deposited in the scale pan [Fig. 1]. The illustration depicts a
scale balance in rubric and black ink (dimensions: 100 x 110 mm).

Here are the few components of the rudimentary drawing:

— The beam occupies the middle of the page in the form of a bar from which a
scale hangs; its extremity on the right finishes in a triangular form intended to
prevent the moving weight from falling off. The beam is drawn in thick black
ink, with borders in red. The usual markings or graduations are absent from it;
they are usually employed to mark specific positions along the beam which are
intended to help signal the reading of weights. Their absence is another proof of
the rudimentary character of the drawing.

®On the ancient history of the steelyard, see Th. Ibel, Die Wage im Altertum und Mittelalter, 1908;
P. Damerow, J. Renn, S. Rieger & P. Weinig, “Mechanical Knowledge and Pompeian Balances,” 2002.

" M. Abattouy, “The Arabic Science of Weights ( ilm al-athqgal): Textual Tradition and Significance in the
History of Mechanics,” 2008, pp. 84—89.
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— An important piece of traditional steelyards is also absent: the conventional
“tongue” or lisan, a protuberant piece attached to the beam to ascertain equilib-
rium when it meets the suspension system of the balance.

— The scale for weighing is prominently depicted on the right, suspended from the
short arm of the steelyard with three chains in red, with a pan at the bottom.

— The usual rummana or moving weight in the form of a pomegranate is clearly
visible in the right part of the depiction, near the end of the beam. It is a mobile
object, sliding along the beam and acting as counterpoise to the weight(s)
placed in the scale suspended from the short part of the beam; this short part of
the beam doesn’t appear in the manuscript page (it is left to the reader to imag-
ine its presence on f. 83r). The movable cursor is a fundamental part of the equi-
librium system when it is produced by even distribution of weights on each side
of the vertical axis.

— The names of different parts of the balance are marked clearly, each part desig-
nated by the corresponding word.

— The hook (‘agrab) from which to suspend the balance is absent too; it should be
placed precisely on the notch near the position where the round chain attached
to the scale meets the body of the beam, in the middle of the short part of the
later. It is maybe marked on the right hand page, absent from the available pic-
ture. The suspension item indicated in the middle of the beam does not apply to
the classical depictions of steelyards.

The drawing of the balance is inserted on the page and surrounded by text,
which is a traditional usage we find in medieval manuscripts, from all cultural areas. It
is preceded and followed by two paragraphs of text, which the author of this note was
unable to understand, because of his ignorance of Hebrew characters. It is clear that
the text is about the steelyard balance depicted on this same page. It is probably part
of a longer text.

V. Transcription and translation of the passage on statics

The transcription and translation of the explanatory Judaeo-Arabic text found on the
side of the illumination of the balance is an important achievement, due to the kind
collaboration of our colleague Gabriele Ferrario.” This important passage was tran-
scribed into Hebrew and Arabic characters, then translated into English.

We present hereafter the edition, the Arabic transliteration and English transla-
tion of the Judaeo-Arabic text on the page 83v of the codex, and then some comments
on the content.

*¥ University of Bologna, Department of Philosophy and Communication Studies. The author wishes to
thank Gabriele Ferrario for his transcription of the concerned passage in Hebrew and Arabic characters,
and its translation into English.
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Arabic transliteration
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nCmY 1 (Juillet 2020)

Vo

70



M. Abattouy Note on a Steelyard Balance

English translation

What is the inverse ratio (takdafu- al-nisba)? It is when the second and the third [terms]
are on the same side, and this is apparent/obvious in the weights of the steelyard
(garastun), which is the gabban, where the ratio of the distance of the hook (al-
‘aqrab) from the fulcrum (‘ilaga) to the distance of the [running/mobile] counterpoise
(rummana) from it is like the ratio of the weight (Zigl) of the counterpoise (rumman)
to the weight that balances it in the scale (kaffa). And this is its image, according to
what was found in the [manuscript copy?].

Image of the steelyard

Mention of the principles on ratios related to circles.

The ratio of an angle that is located on the centre of a circle to another angle lo-
cated on that centre, or to an angle located on the centre of another equal circle, is like
the ratio of the arc to the arc. This is so, because the angle that is formed on the cir-
cumference is half the one that is formed on the centre, and the ratios of the parts and
of the multiples are equal; for one of the angles is like two angles, then the arc is dou-
ble the arc. The same is correct in the case of the half or the third. So if this angle is di-
vided on this portion—, then the [little] angle of the arc is like the angle and the ratios
are equal, as we said in the case of triangles, and similarly if the other is (like) fifty or
seventy. The End. [The treatise] is completed.

The original text is divided in two parts: The first part is a sentence quoting the
formula of the law of the lever as formulated by Aba al-Rayhan Muhammad b. Ahmad
al-Biruini (362/973—after 442/1050), the famous Muslim polymath from the first half of
the sth/uth century. The passage is extracted from his book Kitab al-tafhim li-awa’il
sinda‘at al-tangim [Book of instruction in the elements of the art of astrology], written
in Ghaznah, Afghanistan, in 1029 CE.*

By discovering the source of the first part, it is proved beyond doubt that at least
in part, the text preceding the illumination is related to the balance and belongs to one
of the classical treatises on this topic. As for the second passage, no source was found.”

* Al-Birani, Kitab al-tafhim li-awa@’il sina‘at al-tangim [Book of instruction in the elements of the art of
astrology], 1934, reproduced from Brit. Mus. MS. Or. 8349. Publication in facsimile of the manuscript,
with English translation facing the text by R. Ramsay Wright.

* The author of this note analysed thoroughly the fortunes of nisba mutakafi‘a; see: M. Abattouy, “Sur
quelques démonstrations grecques et arabes de la loi du levier: transmission et transformation,” 2000.
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Fig. 5. Extract from the facsimile of al-Birani’s manuscript of Kitab al-tafhim
related to the inverse ratio, the mathematical relation laying at the core of the law of the lever.”

VI. Conclusion

In medieval times, Arabic-speaking Jews copied out many Arabic books on science,
philosophy, and other subjects into the Hebrew alphabet. The copied text in the Judeo-
Arabic codex under scrutiny in this note of Kasyar b. Labban, entitled Al-zig al-gami,
is his major astronomical work, a Zig [astronomical handbook with tables]. It is writ-
ten in Arabic, the scientific language in the Islamic territories between gth-16th centu-
ries at least. It consists of four Books: I) Elementary operations; II) Tables; IIT) Cosmol-
ogy; IV) Proofs.” The Zig of Kusyar b. Labban is extremely interesting because it is a
relatively early work, which contains two parts (Books III-IV) on theoretical founda-
tions, not provided in most other zigs, and because Kusyar’'s own innovations made his
methods somewhat different from those of his predecessors in the Arabic tradition of
astronomy and even in Ptolemy’s Almagest, the latter being the most important source
of ancient Greek astronomy.* It was known in the Islamic world from the ninth centu-
ry, after it was translated twice at least and extensively commented upon. The version
contained in this codex includes tables and instructions for their use in computing the

** Al-Birani, Kitab al-tafhim li-awa’il sina‘at al-tangim, 1934, p. 17, definition no. 55.

* The Arabic original of the zig was edited in part with English translation and commentary: M. Bagheri,
Books I and 1V of Kushyar ibn Labban’s Jami‘ Zij: An Arabic Astronomical Handbook by an Eleventh-
Century Iranian Scholar, 2006. The critical edition was based on nine different manuscripts, preserved
in Istanbul (3), Cairo, Leiden (2), Berlin, Moscow and Alexandria. Only three of these manuscripts con-
tain the entire text.

* See for more details E. S. Kennedy, A Survey of Islamic Astronomical Tables. Transactions of the Ameri-
can Philosophical Society, 1956; Gl. van Brummelen, “Mathematical Methods in the Tables of Planetary
Motion in Kashyar b. Labban’s Jami‘ Zij,” 1998.
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positions of the planets and obtaining other astronomical information. This astronom-
ical handbook was popular among the Jews of Yemen, and there are three other copies
transcribed into Hebrew characters, all of them of Yemeni provenance.”

Furthermore, we identified the source of the first part of the folio on the balance
in a famous sentence of al-Birun1’s Kitab al-tafhim presenting the law of the lever, the
most important law of ancient and medieval mechanics, used since Greek times to de-
scribe equilibrium in the various types of balances.

The source of the second part should be a text of mathematics, on the geometry
of circles, arcs and angles. The determination of this text should give us a further idea
on the scientific texts available to the scribe who copied or authored the folio 83v in
Sanaa in 1499.
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