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batiya, pl. bawdti

pitcher.

bathyin

ta];.-

bulkhar

ste;m.

barbakh

pipe Gﬁﬂrge diameter, lead water-pipe.
buzdgl

outlet pipe.

bakara

pulley, drum on which cords are wound.

bulbula

spout of a pitcher.
bunduge

ball of metal.

turs, pl. atrds

shield, the shape of a fountain.

thugh, pl. thugib

};Jre, holc,;pening, punch.
thigl, pl. athqal

weight, plumb bob.

jém, jame, pl. jama:
large hasin, bowl.
Jarra

1. jar.
2. Hquid measore ca. 2 litres.

e

ibrig, pl. abarig

pitcher with spout and handle, jug.
ibham

thumb.

utruja

lemon, citron.

ijjdna

baein or trough, vesssl.

s wwine

cylinder, cylindrical column.

isha®

il gl

finger; used as a measurs, this is usually a finger

breadth p ye.da (‘_""i isha® madmiim = 2.
ufugi

horizontal.

dla

machine or imsirument,

unbith, pl. andbib

pipe, tnube.

unthd

(Iil? female), socket, seat of valve or tap.

dgiyyae

06 ¢m.

id of

often translated as omnce, but in fact equal to

40 dirhams, i.e. 156 grs,

bab, pl. abwik b
door, but in the treatises usually a valve.
bab matliin O gmbe Ol

ground valve, usually conical.

G bl el Lt sy ot b gl ol oy & IONT e S o sl

N1 bl L
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ratl J]’J

a weight varying from 450 gra. to 3.2 kgs.

rufiabat (al-) ol ghe I
liquids.

samr { Dls ) sl
vertical flute, flute,

sda delw
honr, a while, period.

sehhare, sakhdarat 3 sloww
siphon made with bent tube, pipette.

sirdj, pl. suruj C[ o
lamp.

surn d

{usnally qualified as sl Y O, surn al-arhd”)
meaning varies; axle of water-wheel, water-wheel.

aw

saff, pl. suiah

surface.

safa A
capacity.

'silsiln, pl. saldsil ek
chain.

sawsan {( By Y o
(Lit. lily of the valley), shape of fountain.

shagiil J gl
small lead weight, plumb-hob.

shibr, pl. ashbar Ji,;\'f
;)an of the—hand = 22 - 24 cms.

shabah W .
brass. ‘
shaziyya ik
cam, trip lever, lug.

if_mcira §pnd

barleycorn, six barleycorns side by side equal

one fingerbreadth; hence a barleycorn is 3.4 mm.

&
piece of onyx; when driiled and used as orifice,
the word takes on the meaning of “‘orifice’”.

Jazta

halga il
a ring.

kawd, pl. ahwad. hivad oo 8-
tank, trough, basin, cistern.

kjizéna 3l
reservoir, container, tank,

dabba, pl. dabbat a3
fioat.

dondin, pl. dandanjd olaia
tooth,

dawardn ol 9s
rotation.

dilab, pl. dewalib oY g
wheel.

dilldh dhil dandimjat
toothed wheel, cogwheel.
dilab dhdi rishat

vaned wheel,

oldluis gd Y s

wihds g g3 oY

dhirg®, pl. adhru® tb'a
cubit 49. 4 cm. , one cubit equals 24 finger brea-
dths or 144 barleycorns.

dhakar L
il_it.male) plug of valve or tap, spigot.

ruba ( !t’-)\-}” ) ﬁ?J
windmill, watermill.
rasm, pl. rusiin e

drawing, inscription.

— YA —



gedalt, pl. agddf CJS
drinking cup, goblet, beaker,

qidr, pl. gudir FLt
pot. small airtight vessel.

gurs, pl. agqrads ey
dise, roundel, circle.

qadib, pl. qudbin -
rod, har, straight jet from fountain, bearing.
qim®, pl. agma® cﬁ
funnel,

gandt il

lance, channel, straight jet from fountain.
gandil pl. ganadil

Iamp, wvase.

qinnina a3
flask, bottle.

ka®s, pl. kuis
cup, beaker.

ka®s al-“adl
eoneentric siphon.

Jaadl 5

lisaqg mupkam

F§$ dlal

firm solder, securely solder,

lawlab ool
serew, worm-wheel.

mithgdl JUzza
a ;eight — 4.41 grammes.

masrajo Iy
Iamp.

mastl, pl. masayil
place through which a liquid flows, a chanmel,
masabb, pl. masabbat -y
liguid outlet, or hole into which liquid is poured,
filling mouth.

migfat HEER

strainer.

shakl. pl. ashkal
model, type, shape.

san‘a dade
(lit. work), manufacture, construction.

fafa(vhb.) ( ik ) b
float.

tafafa(vb.)
overflow, over fill, fill.

(gihs ) b

“drida ke
crossbeam, transom.

‘amid, pl. e°mide 3 3
pillar, stanchion, column.

awwama ol go

a small float having valve plug soldered to its

upper surface, used in float-chamber.

ghirbal Ju 2
sieve.

ghilaf ook
;};eath, cap(e) of a concentric siphon.

ghilaz e
thickness.

Sathyin faythiin Ughd ¢ D geMd
ta;:Greak (;igin.

furja, pl. farjée i

gap, opening vane,said of the cuts made in 2
metal dise in order to make a vaned water—wheel.
SJuwwdre, pl. fawwdrat iyl 5

fountain.

gaida, pl. gawa®id
base, support, pedestal, plinth.
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mizgh, pl. maydsib il e
channel made from wood or metal.
mizan, pl. mawdzin of e

balance, scales.

nufias udl$
copper.
nariddaja ipola y

link, one section of hinge. Persian word.

m“wajf

bent, curved.
mikydal

measuring vessel, quantity.
malliam

soldered.

mulseq

fixed, soldered.
milydr

hoiler, Greek origin.
mandara

minaret; pillar supporting a lamp.

e —
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Glossary of $elected words

Ynglish E— Arabic

i

i
i

axle of water-wheel: O . ¢ s N O | lamp: C‘-’” R T
i lead: a2le

ball (of metal): 4y ’

barleycorn: 3 _;_’:a.i‘w . t| machine: UT

basin: b ¢ Bl ¢ ale (pl=) ¢ pos- mark: e

boiler: Jlhs ( S =)
bowl: el ¢ b ¢ a8

“\
channel: L3 ¢ (¢, ¢ Jow ¢ ;_'_»lj_:.a
concentric siphon: Jual u‘k
consiruction: dal.e
crossbeam: 14 le
cubit: tl 33

cylinder: @l 4k

float: 5 ¢ e
fountain: @ gw % Lo 5048

funnel: CJ

gap: 4
ground valve: O ymke b

hinge: a3l s

jet: 5_)_,5[}‘

minaret: 3.

DNAITOW?! (.85 ¢ (Gend

orifice: 4 ;o

perimeter: st
pipe: ;.J_,...ST ¢ R
pipette: il
piteher: g1 gl ¢ kb
plate: Leoiw ¢ gk

plug: S5 ¢ Bala '.’L"" ¢ b

reed (8): (G ) sl
ring: &l

rod: it

serew: i) 4!

A, -
seat: il ¢ Jdeka

— 8¢y —



sheath: ok

siever JU &

solder: (valy ¢ amly
span (of the bhand): 2
staircase: >
stanchion: a4~

steam: l=

tank: Sy~ ¢ dil ;=
tap: O ¢ D0

tooth: (‘_,.u-) ¢ Olis

valve: b

wheel: oY o

toothed wheel: ildlis 43 LY

vaned wheel: <l&y; 43 oY s

g8y —
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Al-Qifti: see the Arabic bibliography.

Sa'rtpn: George Sarton, Tntroduction to the History of Science, 3 vols. (Baltimore: Williamns and Wilkins,
1927-1948; repr. Huntington, N.Y.: Krieger, 1975).

Sezgin: Fuat Sezgin, Geschichte des arabischen Schrifitums, 5 vols. (Leiden: E. J. Brill, 1567-1971).
Smith: D. E. Smith, History of Mathematics {INew York: Dover, 1958).

Suter: Heinrvich Suter, Die Mathematiker und Astronomen der Araber und Ihre Werke (Leipzig: G.
Teubner, 1900).

Al-Tabari: see the Arabic bibliography.

Tash Kipri Zada: see the Arabie bibliography.
Tiigdn: see the Arabic bibliography.

Ibn Abt Usoybi®a: see the Arahic bibliography.

Wiedenann: Eilhard Wiedemann, Aufsitze zur arabischen Wissenschaftsgeschichie (Hildesheim: Olms,
1970) .

Wiedemann and Hauser: Eilhard Wiedemann and Friedrich Hanser, “*Uher Trinkgefiisse und Tafel-
aufsiitze nach al-Gazari und den Bani Misa™, Der Islam, 8 (1918}, 55-93, al-Jazari; 268-291,
Banii Miisa.

AL Yafii: see the Arabic bibliography.
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Renaissance came into being, followed by the Scientific Revolution, and
ultimately by the Industrial Revolution, the Western world steadily helped
itself to the findings and the developments of the Islamic-Arabie civilization
- which had been flourishing for seven centuries, extending until the sixteenth
century. The Technological Revolution in the West did not begin from zero
point. Rather, it availed itself of the products of the Islamic-Arabic civilization,
and with this as a sure foundation, it has led the race since the beginning of
the seventeenth century.



An editor of The Book of Ingenious Devices faces the difficulty of having
to sort out those machines originated by the Banfi Miisi from among others
previously known. In his attempt to locate; from among the hundred models
occurring in The Book of Ingenious Devices, those resembling the ones in Hero’s
and Philo’s books, Hill identified twenty-five such devices.” There exist also
other parts of the Banii Miisa machines which resemble certain elements in
Hero’s and Philo’s material. Conversely, there are Banfi Masa machines which
bear no resemblance to either Hero or Philo, These include the fountains and
the dredging machine designed to salvage submerged objects from the bottom
of rivers and seas, and so on.

In designing their machines, the Bani Mfisi made use, primarily, of the
principles of the science of hydrostatics and aerostatics. Nowhere in subsequent
Arabic or Islamic writings do we find anything similar to the devices included
in The Book of Ingenious Devices by the Banti Masa. The machines occurring in
both al-Jazari and Taqi al-Din are different from those of the Banii Misa.
While the more complicated devices, and the ones designed by the Banii Mfisa
depended primarily on the principles of hydrostatics, the equipment in both
al-Jazari and Taqi al-Din is either purely mechanical, or hydraulic-mechanical,
A possible reason why we find no similar devices subsequent to the Kitab al-
Hiyal may be that its authors utilized almost ali the concepts that the mind
of map could invent or design using the above mentioned scientific principles.
The Banii Miisa far transcended the limits which bounded Hero’s and Philo’s
thought. Tt is much to the credit of the Banii Miisa that their writings were
unique in relation to all that previously had been written in Greek. Likewise,
these writings are also distinet from all subsequent material by Arabs and
Muslims alike. The Band Miisa’s use of automatic valves, delayed-action sys-
tems, and their application of the principles of automatic control, testify to
genius, to a brilliantly agile and creative mentality.

Of notable value is the Bant Miisd’s use of crankshafts for the first time
in the history of technology. Hill notes that in two models (80 and 85) they
used a mechanism similar to the modern erankshaft, thus outstripping by 500
years the first description of the crankshaft in Furope.

The direct influence of the Banii Misa on modern Western technology
cannot, of course, be precisely calculated or estimated. Such an influence can
only be felt in its cumulative aspect. In this sense the Islamic technological
writings, exemplified by the Banti Miisa, al-Jazari, al-Muradi, and Tagi al-Din,
in addition to the resplendent list of other eminent engineers like Thabit ibn
Qurra, al-Khazini, Radwin and ethers, have, in their collective impact, offered
the West a relatively advanced mechanical technology. As the Furopean

70. Following is a list of the figures: 1, 13, 14, 15, 18, 21, 24, 29, 30, 34, 75-87, 95, 96 (see Hill,
2, p.21).
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with a number of books by the ancients, written probably in Greek, and left
by the scholars of the school of Alexandria, Still, no amount of acquaintance
with Greek data alone would have bheen sufficient to write a book like The
Book of Ingenious Devices, with its astonishing ereativity in designing mechan-
ical hydraulic devices. Certain factors are indispensable for the maturity of
such an inventive power. In the background there must have been a favourable
political, social, and cultural climate. Besides, for practical purposes, there
must have been available that meticulous care, the precise skill and minute
workmanship, without which an engineer like Ahmad ibn Misi could never
have invented and designed such devices. We know that hydraulic machinery -
flourished in Syria all through the pre-Islamic eras. It is also common knowl-
edge that here had existed age-old traditions, industrial skills and wonderful
artisanship, which was speedily harnessed to the service of the Islamic-Arabic
civilization. Hence the resources which enabled the Bani Miisa to design such
machinery and equipment were available, and in plenty. The Greek written
sources were only one of such inspiring factors,

We cannot with any amount of certainty determine which Greek books
were known to the Banii Miisa .It is possible they were acquainted with Hero’s
Mechanics, written perhaps in Alexandria in the Ist century A.D., and
translated in the time of the Banti Musi by Qusta ibn Liiga.”” Hero’s other
hooks may also have been known to the brothers, for he enjoyed great fame
among Arabie scholars in the 10th century A.D.

Another source may have been available. This is popularly assigned to
the Byzautine Philo (3rd century B.C.), and is on devices dependent for motion
on water and air. The book oecurs in a manuscript which dates probably to
the 14th century A.D.®® It contains Byzantine and Islamic additions and
insertions more recent than the time of the Banti Miisa. It is possible that
the chapters written by Philo were known in Arabic at a date prior to that
of the manuscript. '

The fact is that in studying the material in Arabic assigned to Philo, Archi-
medes, and others, we move on very slippery ground. A good portion of this
material is actually the product of Arabic and Muslim thought, but its mentors
preferred to remain in the shade. Many examples may be cited from the history
of Arabic seience where Arab authers disguised their writings under the attri-
bution o illustrious ancient names, hoping thereby to endow their books with
the halo of esteem.®

67. Hero’s Mechanics was published and translated into other languages (see, for instance, Sarton,
Val.1, p.209. Also Drachmann, p.12).

68. This is Ayasofia MS 3713 (another copy is in Oxford}. Carra de Faux published the Arabic text,
based on both Istanbul and Oxford copies, with a tranelation into Freneh (see Sarton, Vol.1, p.195).

69. See Sezgin: Lecture delivered at the Znd Tnternational Symposium for the History of Arabic
Science, April, 1979,
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This is not the place for a detailed discussion of the many and varied bases
for the divisions of science recognized by Arabic scientists and scholars. We
are here concerned only with the subject of al-Ziyal. Some considered it a
branch of engineering (al-handasa).”® According to al-Qulgashandi, the
divisions of (al-handasa) resemble those of the profession of engineering in
the modern sense, and al-handasa means geometry only in 2 secondary sense.

Whatever the case may be, apart from the classifications of the sciences,
and the difference, from one age to another, in the angles of approach to these
sciences, it is quite obvious that the science of al-fiyal is a part of mechanical
engineering, the scope of which comprehends mechanical machines and inge-
nious devices.

Certain Avabic scholars gave the “art of ingenious devices’ the name
“spiritual machines”.® Others considered these last synonymous with al-
fiyal.® The Banii Miisa and al-Jazari entitled their two books al-Hiyal, while
their deviees were of the ingenious type. Hence we may infer that the term
al-hiyalis inclusive, while “spiritual machines” is a term uscd either as synony-
mous with al-fiyal or to denote the sccond eategory of machines, which is
ingenions devices. :

Until recently, only two Arabic books on al-Ifiyal were widely knoww, °
The Book of Ingenious Devices by the Bant Miisa, and 4 Compendium on the
Theory and Practice of the Mechanical Arts by Badi® al-Zamin ibn al-Razziz
al-Jazari®* To these a third has been added, al-Turuq al-Saniye fi el-Alat
al-Rihdniya (The Sublime Methods for Spiritual Machines) by Taqi al-Din ibn
Ma‘raf al-Rasid al-Dimashqi.® As these three books belong to epochs widely
distant in time (respectively: 3vd century H./9th century A.D.; 6th century
H.[12th century A.D.; 10th century H./16th century A.D.), they constitute
the prineipal links in the chain of the heritage of Islamic-Arabic mechanical
technology. They shed light on the achievements in this domain of the Islamic-
Arabic civilization. The chain will be complete when a sufficient number of
~ books and manuscripts in this field have been discovered and published.®

The written Arabic heritage in mechanical technology thus begins with
the Banti Misa book, Naturaily, Ahmad ibn Masa ibn Shiakir, the one to
whom the authorship of the book under review has been atiributed, must
have had some previous literature available. He must have been acquainted

60. Tash Kipri Zada, p. 311

61. Al-Qalagashandi, Vol.I, p.476.

62. Tbid. Vol.1, p.476, Tesh-Kipri Zaida, p. 379.

63, Al-Hassan, 1.

64, Al-Hassan, 2.

65. Al-Hassan, 1.

66. Hill published, in the JHAS, 1. (1977), 33-46, an article on an Andalusian book by al-Muradi,
which dates back to the 5th century H. (11th A.D.).
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to the three appended, were copied in pencil. As a preliminary stage, the
variants betwcen the pencil copy and the texts were noted. Wherever the part
of the text in question was found in the Topkapi MS, it was adopted as the
basic version. Otherwise, the Vatican MS was adopted as the second best
alternative. Where neither of these counld help (as in Models 90 and subsequent)
the Berlin MS was used as the only one left,

After the stages of reproduction and comparison of MSS were completed,
the basic operation commenced — the technical study of models, and compari-
son of the texts with the drawings, with the ultimate object of determining
the choice of the correct text and the correct alphabetical symbols to render
the technical meaning reasonable and acceptable. Naturally, certain words
or phrases would have to be chosen from the second MS to replace others from
the first, or again, these last would occasionally have to be modified by the
editor to suit the general context.

Wherever the text was available in the Topkapi MS, which is the most
accurate, the most reliable, and the one that contained the best drawn models,
the process of editing was relatively easy, and comparison was then made
mainly with the Vatican MS. In certain other cases where the Vatican MS
was taken to be the basic document (owing to the absence of the text in the
Topkapi MS), comparison was then made with the Gotha or Berlin version.
Here editing was more difficult. In the case where the Berlin MS was the only
alternative available {as in the last ten models), editing came to besucha
precarious business that we had to assume the existence of certain symbols or
words. In extreme cases it was necessary Lo suggest some words, in the most
economical fashion possible, so as to render the text intelligible and eoherent.
There is no doubt that the Gotha/Berlin MS is the least accurate of the three, it
abounds in errors and gaps.

The third stage of editing included redrawing the models and rewriting
the alphabetical symbols on them so as to conform to the edited text.

At the foot of each model we have supplied certain remarks and comments,
tnspired largely by Hill’s English translation and Hauser’s German version.

-5. The Science of al-Hiyal (Mechanics and Ingenious Devices), and the Value

of the Bani Miisd Book

In his book Maféatih al-Ulim,” al-KhwarizmI lists al-kiyal among other
sciences such as philesophy, divinity, logic, medicine, arithmetie, geometry,
astronomy, and music.

Then he subdivides al-liyal into two branches: first, weight drawing and
moving, by using slight force and, secondly, moving machines, and the art of
ingenious devices.

59, Al-Khwdrizmi, pp. 80, 141,
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The Book of Ingenious Devices with similar known works, written before and
after. His book euds with a glossary of Arabic terms and their synonyms in
English. It also includes a list of the veferences consulted by him.

Thanks to Donald Hill's work on The Book of Ingenious Devices by the
Banii M@sa, this document has become well-known in the Western world, and
is no longer a legendary name circulated by proxy.

4. Manuscripts of the Book of Ingenious Devices, and Methods of Editing*

In spite of the importance and the fame of The Book of Ingenious Devices,
its surviving MSS are surprisingly few. Today there are three known MSS.
Following is a reference to cach:

1. Topkapi Sarayi (Istanbul): Ahmet 1T 3474 (hersafter referred to by the letter 1. )

2. Vatican Library: Vatican 314 (referred to by the letter )

3. A MS divided between Gotha Library: Katalog (referred to by the letter t )
Von Pertsch No. A 1349, and West Berlin ‘
Library Ahlwardt No. 5562 (referred to by the letter o)

The first MS (Topkapi Ahmet TI1 3474), has only recently been discover-
ed.”® It has proved the best of the three thus far known to exist. The other
two, the Vatican MS and the Gotha/Berlin MS, had been known as far back
as the last century. They were the ones used by Wiedemann and Hauser.

Since the Vatican MS had, untilrecently, been the principal source, Hauser®”
adopted the order of succession of the models as followed up in this MS. Hill
followed suit, although he uscd the Topkapi MS in his translation,

METHOD OF EDITING

The same stages adopted in editing 4 Compendium on the Theory and
Praciice of the Mechanical Arts by Badi® al-Zamin ibn al-Razziz al-Jazari,™
have been used in the present work. First, mierofilms were obtained of the
three MSS available. Then these were printed on photographic paper. For a
reliable text, both the English translation by Hill and the German one by
Hauser were consulted. The serial order of succession adopted is the one used
by Hill, which was the same as Hauser’s, the only exception being Model 20
in the Vatican MS, which Hill sorted out from among the principal models
and supplied as an Appendix to the book. Hauser, as has been mentioned,
had relied basically on the Vatican MS, because the Topkapi MS was as yet
unknown. Next in order of editing, the group of hundred models, in addition

¥ For a thorough study of the available Arabic MSS the reader is feferred to Hill, 2, ot to the Arabic

section of this book,
56. King was the first to draw attention to this MS in 1975, when reviewing Hill’s translation of

the book by al-Jazari,
57, Hauser, in German.
58. Al-Hessan, 2.
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references, the life and works of the Banti Musi, a review of works similar
to The Book of Ingenious Devices by Arabic and Greek authors, and a descrip-
tion of the MSS known to him. It contains also an exposition of the models,
along with some modified illustrations thereof, as well as many annotations
and full commentary. Generally speaking, both the work done in collaboration,
and that done singly by Hauser, serve the end which the authors envisaged,
j.e. to acquaint historians of science and engineers interested in the history
of their profession with such an important book. Still, the work suffers from
certain drawbacks. For instance, the data supplied in the references are some-
times inadequate. No mention is made of the number or the date of the publi-
cation, nor is there sufficient information to define a reference with précision.

The fundamental drawback, however, is that the authors were not aware
of the existence of the Topkapi Ahmet III 3474 MS. In the absence of this
indispensable document, the authors failed to distinguish the errors in the
oviginal from those made by copyists. This important MS has later proved
that the Banit Miisd were more precise than was suggested by the other
two MSS.

The last important research so far undertaken on The Book of Ingenious
Devices is the translation into English, published in 1979. Donald Hill*®
translated the entire book, and this recent work complements an earlier work
completed in 1974 when he published the complete translation of a book by
al-Jazari. Hill’s volume is the first to be published in any language, including
Arabic, which contains The Beok of Ingenious Devices in its entirety.

The discovery, in the meantime, of MS Ahmet TTT 3474 has added appre-
ciably to the value of his translation.

In his work, Hill resorted to photographic reproduction of the original
illustrations, then to a redrawing, in outline, with the symbols written in Latin
letters. Wherever necessary, he supplied, at the foot of each model, a commen-
tary. Occasionally, wherever he deemed it advisable, Hill added illustrative
drawings. Another commendable practice is his assembly in the introduction
of ten basic principles used by the Banfi Miisa in their desigus. In any one
model, one or more of the ten principles are utilized. Thus Hill saves himself
the trouble of going through many annotations, or repeating them, so long
as these principles recur in more than one model. .

In addition to his survey of the life and the works of the Ban# Misa, Hill
also includes in his introduction a section on the MSS of The Book of Ingenious
Devices, and provides a detailed exposition of each of the three known MSS.
Hill mentions the sources, prior to his book, in which references to The Book
of Ingenious Devices were made, and he undertakes a historical comparison of

55. Hill, 2.
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'The three sons were most proficient at geometry and with ingenious devices, in which
domain they wrote an astonishing book known as Hiyel Bani Misd. These are devices
of noble inteniion, remarkably valuable, and well known to most people.

The Kitdb al-Hiyal is listed also in Ihn al-Nadim’s Kitdb al- Fihrist,*® under
the subject of ““Motions™, as well as in the biography of the Bantt Mtsi.®®
Another reference to the book is made in al-Qift’s biography of Misi bin
Shakir.5® '

According to both Ihn al-Nadim and al-Qifti, the author of this book was
Abhmad ibn Misa. All sources concur as to Ahmad having been second in rank
to his eldest brother in all domains of science except the mechanical arts where,
go the accounts assert, he excelled all, including the leading ancients, such
as Hero and others.®

Ibn Khald{in® writes:

Certain authors, versed in this art, wrote a book on the science of mechanics {fifyal), inclhiding
all wonders of peculiar arts and interesting devices, The book may prove inaccessible
to the average understanding, owing to its intricate technical proofs, It is now in cireulation,
and is attributed to the Band Shakir. ’
~ Al-Jazari,*® an engineer who wrote a well-known book on the art of mechan-
ical devices, refers to the book in question in the section on “Fountains’’:

Ir this T have not followed the method adopted by the Bant Misa, God rest their souls.
Praise be to them for their precedence in pursuing such subjects.

Further on in his book, al-Jazari criticizes the Bani Misa fountains on grounds

of the brevity of intervals between the changes of the shapes of the fountain,
In the West, interest in The Book of Ingenious Devices commenced in
modern times, particularly since the end of the 19th century. Wiedemann
and Hauser, pioneers in this field, published in collaboration articles about
this book, discussing large drinking basins (Models 75-87).%* They provided
annotations on the ways by which such devices functioned, and redrew the illus-
trations, using Latin letters. Later Hauser published a more detailed study,
incorporating the remaining models contained in The Bock of Ingenious
Devices. Hauser did not commit himself to a literal translation of the original
text; it was suflficient for his purpose that he makes an exposition of the appa-
ratus, even if he found it necessary to take liberties with the original material.
Such work, done first by Wiedemann and Hauser in collaboration, and then
by Hauser, was of major importance in acquainting scholars with The Book
. of Ingenious Devices. Whoever reads German can follow, to a reasonable extent,
the Banti Miisa models. Hauser’s book contains much information on Arabic

48, Ibn al-Nadim, p.411.
49, Ibn al-Nadim, p.393.
50. A4I-Qifti, p.316.

51, Ton al-Nadim, p.442.

52, Ibn Khaldin, p.487.

53. Al-Jazari, p.393.

54, Wiedemann and Heuser.

— 12 —



In addition to the above, we put forward the following brief remarks:

1. No copy exists of the Kitdh al-Qarastin by the Bani Masa. What has
come to us is a MS of the Kiiab al-Qarastin by Thibit ibn Qurra. This may
be no more than a detailed version of the book by the Banii Miisa who were
Ibn Qurra’s teachers (see Hauser p. 11).

2. As regards The Book of Conics, Hildl ibn abi Hilal al-ITumst and Thabit
ibn Qurra translated The Book of Conics by Apollonius, which is in seven
volumes. Ahmad ibn Miasa ibn Shdkir revised and annotated this translation
(see Suter, p.21; Brockelmann, SI, p.383, Sezgin, p.136).

3. Suter writes (p.21) that the Florence Library possesses a MS (No. 271),
attributed to Abi Ja°far Muhammad ibn Msa, entitled Liber de Sphaera in
Plano Discribenda. According to Brockelmann, (SI, p.383) the author, more
probably, was Abi Ja®far Mubammad ibn Misa al-Khizin (4th century H.)

4. Brockelmaenn refers (Vol.I, p.241) to the following two MSS atiributed
to the Band Misa:

a. Al-Darejat fi Tabd’i® al-Burij (Leningrad)

b. Afkam al-Daraj I'il-Mawdlid (Princeton University, Garr. 968)

These two MSS are not mentioned in other references.

3. The Book of Ingenious Devices in Arabic, and Foreign References

Although the Banii M{isi wrote extensive and voluminous material on the
mathematical sciences, the forms of the heavens, and planetary motion, nev-
ertheless The Book of Ingenious Devices has remained the most prominent
of their works .Wherever any description of, or reference to, the Bani Masa’s
contribution was made, The Book of Ingenious Devices was sure to occupy the
pride of place among all their works.

Of this book, al-Qifti*® writes, “The best known work assigned to them is
the Hiyal Beni M#sa.”” In his biography of Mubammad ibn Misa, ibn Khal-
likin** writes, “He is one of the three brothers to whom is attributed the
Hiyal Bana Misd — devices for which they are famous”. Similar references

occur in Abf al-Fida’,*® al-Yafi°i** and others. Here is Ibn Khallikin’s

version:

In ingenious devices they have an amazing and a rare book comprehending all novelties,

I read it, and found it one of the best and most interesting books, It is in ene velume.

Elsewhere al-Qifti*" writes:

43. Al-Qifti, p.441,

44, Ibn Khallikdn, p.79.
45, Abg al-Fidd’, p.49.
46. Al-Yafi*i, p.170.
47, Al-Qift, p.315.

— 11 —



to check the circumference of the earth. They achieved this by measuring
one degree of arc along the terrestrial meridian. He goes on to review in detail
what the Bani Miusa did. However, both Suter'® and Nallino® believe that
the Ban@ Musa were only participants in this performance, as they were yet
too young (during al-Ma’miin’s reign) and had not yet mastered the experience
they later acquired at science and observations.

Ibn abi Usaybi‘a*® surveys the achievements of the Banii Miisa in the
domain of meteorology, while Thabit ibn Qurra tells of their observations of
phenomena pertaining to the atmosphere.

Altogether then, the Banii Miis3 were exceptionally brilliant. Their
influence on their age was profound and pervasive. They were a driving force
behind the translation movement. They were distinguished in all the bran-
ches of mathematical science, astronomy, physics, and mechanics. They left
monuments of lasting value and some of these have survived the centuries.
The Book of Ingenious Devices, the main concern of the present research, has
come down to us intact, and became inseparable from the names of the Banu
Miisa throughout the succeeding centuries up to the present.

In the Arabic section of this book we have given a full list of the works
atiributed to the Ban@i Miisa by both Ibn al-Nadim and al-Qifti. We have also
given a list of other works which were mentioned by both ancient and modern
sources. Hill also gives such a list in his English translation of the Hiyal.

EXTANT WORKS BY THE BANU MUSA.

Of about twenty works, the following only are still extant:

NAME OF BOOK

1. Book of Ingenious Devices
(Hiyal)

2, Book on the Measurement
of Plane and Spherical I'igures

Latin Translation (Gerard of
Cremona).

3. Introduction to the Book of
Conics translated by Hilal al-
Humsi and Thabit ibn Qfrra.
(See remarks below).

4, Description of a Musical
Automaton

40. Suter, sce Hauser, p.9.

LOCATION

Istanbul, Vatican,
Gotha/Berlin,

Istanbul, Tehran,
Berliu, London, Oxford, Paris,
ete. (See Sezgin).

Halle, Paris, Basel, Madrid,
Oxtford, and other libraries men-
tioned by Sezgin.

Oxford (Bodleian), Leyden, JIs-
tanbul, Mashhad.

Beirut.

41. Nalline, p.89.
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the same authors, On the Measurement of Plane and Spherical Figures. Of
this book, translated inte Latin by Gerard of Cremona, there exist several
copics in various libraries. On the basis of this Latin translation, mid-nineteenth
century historians of mathematics sought to determine the debt the Bant
Miisd owed to their predecessors.®® Much heated discussion and controversy
arose over the issue, particularly concerning the trisection of the angle as put
forward by the Banti Miisa in the book in question.

In the course of this controversy, certain scholars argued that the methods
adopted by the Banii Miisa differ from Greek prineiples.”® Much earlier,
Arabic medieval scholars appreciated the pioneering work performed by the
three brothers, and assigned the best part of these methods to them. Al-Qifi
alleges that the trisection problem was not successfully solved before the time
of al-Hasan. Tt has since been proved, of course, that the problem has no solution.

Of this book, Suter writes also that the solutions presented in it go beyond
the work of the ancients, and reveal originality and independent thought.®
{n medieval times this book was one of the most widely circulated works among
mathematicians and astronomers, Curtze believes that Copernicus made use
of the Banii Masi book,*” and maintains that the Polish scientist based much
of his own angle trisection on their method.

The brothers were well grounded in mathematics in general. They also
applied their mathematical knowledge in practical ways. They used the con-
choid in the trisection problem, and they constructed the ellipse by the string
and foei method.*

Although the Banti Miisa wrote a book on the steelyard (garasiin), the one
that came down to us is the Qarasfiin by Thabit ibn Qurra, disciple and col-
league of the Banti Miisd. It seems that Thabit’s book bears a relation to that
of the brothers. It is cevtain that the Banfi Miisa collected and developed the
data previously known on this topic.

In the field of astronomical obhservations, the Banii Miisa recorded their
findings, and these found their way to subsequent astronomers, so that Ibhn
Ytinus, for one, came eventually to make use of them, and he praised the
merit of the three brothers. Their contribution in this field is both important
and valuable. According to Ibn Yinus, the Bant Miisi practised such activi-
ties at their own observatory. In Al-Adthar al- Bagiya, al-Biriini praised highly
the observations of the Banii Miisa, and their skill and aceuracy in this field.

Ibn Khallikdn®™ relates that al-Ma’miin commissioned the BanGt Mfisa

34. Sexgin, p.247. See also the aricle by al-Dabbagh, DSB Vol.I, pp. 443-446.
35. Sesgin, p.247.

36. Hauser’s contention, p.7.

37, Sesgin, p.247.

38, Smith, Vol.1 p.171; Tigan, p.99.

39. Ibn Khallikén, Vol.II pp.79-80.



alienated from al-Mutawakkil’s court. Their hostility to al-Kindi was severe
and bitter, and they were able through their influence to separate him also
from al-Mutawakkil’s court. Such tendencies, according to Ibn abi Usaybi®a,
nearly led to their downfall.

Still, their relations with most of the scholars of their time were cordial.
The three brothers were kind and obliging to their fellow scientists. They
collaborated with them in discussing and investigating matters of common
interest, and they acquainted them with their own scientific activities. In
collaboration with Thabit ibn Qurra, they wrote a number of dissertations on
atmospheric phenomena based on concerted observations.?? Muhammad had
close and intimate relations with the celebrated astrologer, Abf Mashar, and
also with Yahy4a ibn abi Mansir, as well as with other leading scholars of the age.

2. Works and Academic Achievements of the Bana Misd

Concerning the Banti Masa’s scientific interests, Thn al-Nadim?® writes:
They were mainly preoccupied with the following topies: geometry, al-fiyal {machines and
ingenious devices), musie, and, to a lesser degree, astronomy.

Another source® singles out Muhammad as
conversant with geometry and astronomy, an authority on Euclid and the Alnagest. He
collected books on astronomy, geometry, arithmetic, and logic. He cared more for such
hooks than hie ever cared for his official work. He toiled with thern; he even worked himself
to exhaustion.

Of Ahmad we are told®® that he ' -

ranked lower than his elder brother in all the sciences, with the exception of al-fiyal,
where he ranged further than did Muhammad, or any scientist at any time in the past,
ineluding Hero and others.

Al-Hasan, the youngest brother, was uniquely distinguished in gecometry. He-
re he was unmatchable, having an inborn disposition to this branch of science.
It was this innate disposition which helped him to acquire such an extensive
knowledge in this field, for all the data he obtained from books consisted of
the contents of six of the books of Euclid’s Elements, that is, less than half
the entire discourse. But his memory was so retentive and his imagination
80 intense, that he managed to solve problems hitherto unsolved.®®

As regards their scientific achievements, the fame of the Bant Misi, over
the long expanse of history, rests primarily on their Book of Ingenious Devices
(Kitab al-IHiyal). The worth of this book is felt no less by our age, by virtue
of the survival of three manuseripts,

In addition to the Kitab ai-Hiyal, we have an additional contribution by

29, I'bm abi U;aybi‘a, p-299.
30. Ibn al-Nadim, p.393.

31. AL-Qift7, p-442.

32. Iind., p.442.

33. Ibid., p.442.
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He wais 20 elevated and so prosperous that his annual reveaue from al-Fadra, Persia,
Damascus, and elsewhere, approximared 400,000 dinars. His brother Ahmad had an
income of about 70,000 dinaxs.

Before discussing the Bani Miisi as scientists, a point of major importance
about their lives must be established. Accounts havebeen given above concern-
ing their relations to the Abbasid ealiphs, with the object of emphasizing the
influence, both material and moral, which they brought to bear on the world
of their time. Their full impact was felt, besides their scientific prestige, in
their patronage of the translation movement and by their financing translators
and scholars.

Ibn al-Nadim?® refers to the Banh M@sa as

Those people who dedicated themselves to studying ancient science, gave up in this
pursuit all pleasure, wore themselves out, and sent to Byzantium such who ebtained
knowledge, and paid generously for the translators hrought for this purpose from remote
countries, thus revealing miracles of wisdom,

Ibn abi Usaybi®a’s version® reads as follows:

Muhammad, Ahmad, and al-Hasan, sons of Shakir, used to pay a group of translators such -
as Hunayn ibn Ishaq, Hubaysh ibn ai-Hasan, Thabit ibn Quira and others, around 500
dinars a month for translation and attendance. _ )

In this as in many other respects, lbn abi Usaybi®a has something more
specific to say about Muhammad:

This man was exceedingly hounteous to Hunayn ibn Ishig, who translated for him a consid-
erable mumber of medical books, 28

Thus the Ban@ Miisa employed their fortune in the service of knowledge,
with the object of developing and encouraging science. They used to send
emissaries to Byzantium to buy very expensive books. Muhammad ibn Masa
himself used to go to Asia Minor to purchase manuseripts.”® On one of these
trips he brought home one Thabit b. Qurra, who later became one of the most
famous of Islamic mathematicians. Thibit lived at Muhammad’s residence,
and there had his instruction.” :

Briefly, then, the Ban@ Miisa were the main supporters of the translation
movement which gathered momentum as that important epoch of the Islamic
scientific awakening reached fruition. They extended their patronage to
Thiabit ibn Qurra, to Hunayn ibn Ishaq, and to many other translators and
scholars. However, according to certain accounts®™ the Banii Miusi never
tolerated their rivals in the domain of science, One snch was Sanad ibn Alj,
who used to contend with Ahmad in matters of science, and whom the brothers

23. Ibn al-Nadim, p.392; Ibn KkLallikan, p.79.
24. Ibn abi Usaybi®a, p.260.

25. Ihid. p.283.

26. Ibn al-Nadim., Kitdb al- Fihrist, pp.392, 394.
27, Ibn abi Usaybie, p.295.

28. Ibn abi Usaybi®a, p.286.



So they took pains to avoid hazardous mischances. One instance of jeopardy
to their lives occurred when al-Mutawalkkil charged the Banl Miisi with the
task of excavating the Ja“fari Canal, They, in turn, subcontracted the work
to Ahmad b. Kathir al-Farghini. News reached the Caliph that serious errors
had been made in carrying out the project, for which, in case of sufficient
evidence, the culprit responsible would be crucified on the canal bank. Appar-
ently, al-Farghani had committed a basic mistake. e had taken inaccurate
readings of the canal levels, with the result that the canal, when completed,
would never fill up to the required depth. Horrified, the Banii Miisa hastened
to enlist the aid of Sanad ibn “Ali, a competent engineer and at the same time
a friend of al-Kind?’s. Sanad consented to help the brothers out of their predic-
ament on condition that they restore al-Kindi’s books which, in their hostility
to the lawful owner, they had confiscated, after having antagonized the caliph
against him. The Banll Mfisd submitted to the terms, whereupon Sanad prom-
ised to dispel the caliph’s apprehensions, his idea being that the Tigris was
then in flood, and the defect would not be detectable for four months, a period
which, according to the prophecies of astrologers, the caliph would not survive.
As a matter of fact, within two months al-Mutawakkil was assassinated, and
the Banti Miisa escaped the penalty.?? '

Muhammad was deeply involved in polities. We gather from one account®
that before al-Muntasir died he disclosed to Muhammad ibn Miisd and ©Ali
ibn Yahya, in confidence, a dream which much disturbed him. On another
occasion Muhammad helped to alienate Ahmad ibn al-Mu‘tasim - disciple
and friend of al-Kind1’s—from the succession to the throne, while at the same
time he assisted in nominating al-Musta®In instead.

In the reign of al-Musta“in, when Baghdad was besieged by Abfi Ahmad
{251 H./865-866 A.D.), Muhammad ibn Misa was commissioned by Abd Allah
ibn Tahir, commander of the caliph’s army, to estimate the size of the enemy
force.”® When in that restless year al-Musta®in addressed the mutinous populace,
Mubammad ibn Miisi made one of the group who stood close to the caliph.
Finally, when the resistance broke down, Muhammad was one of a delegation
sent by the army commander, Ihn Tahir, to negotiate with the besiegers the
terms of al-Musta®in’s abdication.?®

The above is a quick survey of the political activities of the Banii Miisa,
stressing those of the eldest Muhammad. The three brothers shared the
same living conditions, and co-operated in the tasks assigned to them. This was
most pronounced in the academic field. By virtue of their prominent social
position, they enjoyed much wealth. Of Muhammad ibn Miisi, al-Qifti writes:

19. Ibn abi Usaybi®a, p.286.
20. AL Tabari, Vol. IX,, p.253,
21. Thid., p.292.

22. Thid., p.339.



told,!® the brothers “lived in grim economic conditions. They wore poor and
needy. Still, all those around al-Ma’miin were never really well-to-do, a feature
of living which they shared with the bulk of the inhabitants of Khurasan. The
Banit Misa thus reached an ultimate goal in their studies”.

Tn later years, however, things locked brighter. Indeed, the three brothers
came to enjoy prosperity, and, particularty under the caliphs who succeeded
al-Ma’miin, they became wealthy and influential.

Tt will be pertinent, before discussing them as scientists, and supplying
details of their achievements and their works, to stress the fact that they won
the confidence and the esteem of morc than one ealiph in succession. This
applies specially to Abil al-Ja*far Muhammad, the eldest and most respected
and, secondly, to Ahmad. The caliphs assigned them a number of important
tasks, including major engineering works. One of these was to supervise the
excavation of large canals, {for instance the Ja“fari Canal,” and the ‘Amfid
ibn al-Munajjim Canal in the vicinity of Basra.” Furthermore, the Banil
Miisi participated in the turbulent political life of Baghdad in their time.

Evidence of the prestige they enjoyed in their relations with the successive
caliphs® is to be seen in the recurrence of accounts of them, in summary form,
in historical sources. Mention has been made of the fact that al-Ma’miin undexr-
took their education, and that they played a prominent role in his reign.

Of their relations to al-Mu“tasim we know little, besides the fact that al-
Kindi was tutor to Ahmad ibn al-Mutasim, and that this favour incited the
Banfi Miisa against al-Kindi. As regards their relation to al-Wathiq, more
information is available. From aceounts given by Ibn Khurdadhbih and
al-Mas®tdi,’* we gather that al-Wiathiq delegated Muhammad b. Misa b.
Shilkir to go to Byzantium to view the Akl al-Kahf (The People of the Cave),
whereas al-Biriini‘* mentions that this mission was effected at the orders of
al-Mu®tasim. On the other hand, Ibn Khurdidhbih and al-Muqaddasi concur
in their account that al-Wiathiq sent Muliammad b. Misd to Turkhin, the
Khazar King, to examine the Dhi al-Qarnayn dam, or, as it came to be called,
the Ya’jij and Ma’jgj dam.’” In the reign of al-Mutawakkil, the brothers
played a key role, for Ibn abi Usaybi‘a asserts that al-Mutawakkil, fascinated
by automatic devices, enlisted their aid."

Due to their involvement in polities, their lives were sometimes unsafe.

10. ALQifti, pA42.

11, Ibn abi Usaybi®a, p.286.

12, Al-Tabari, Vol. IX p.413.

13. See footnote 3 for a list of the successive caliphs.
14. Ibn Khurdidhbih, p. 106.

15. Al-Mas°adi, Al-Tanbik wa al-Ishrdf, p.116.

16. Al-Biriini, Al- Athdr al- Bdgiya, p.290.

17. Al-Muqaddast, p.362,

18. Ibn abi Usaybi®a, p.286.



In the reign of the Caliph al-Ma'miin and his successors the Banii Musi
played a key role in developing mathematics, astronomy, and technology.
This they did by virtue of their writings as well as their dynamic influence
on the movement of translation from Greek into Arabic.

The Banii M@sa brothers were three: Muhammad, Ahmad, and al-Hasan.
They are known by no other name than Banii Misi.>® Nowhere is there any
mention of their dates of birth, All we know?®is that Muhammad was the eldest,
and since the names invariably occur in uniform succession, we gather that
Ahmad was the next, and that al-Hasan, presumably, was the youngest. About
Mubammad we know, further, that he died in Rabi® al-Awwal 259 H. (January
873 A.D.)." The sources tell us that Miisd bin Shakir turned his sons over to
the care of al-Ma’miin while they were still young. Al-Hasan, the youngest,
grew to be a brilliant geometer in the veign of this caliph. Assuming that al-
Hasan was twenty-seven when he reached this exceptional level of distine-
tion, we may infer that in the beginning of al-Ma’min’s era the brothers ranged
in age between seven and ten years, and at the end of that time, between
twenty-seven and thirty. If we accept this chain of reasoning, it follows that
Muhammad, who died in the year 259 H./873 A.D., was then seventy.

Accounts of the father, Miisd bin Shakir, are conflicting. It scems that in
his youth he was a highwayman, in the area of Khurasin. Later he became
penitent, and sought the favour of al-Ma’miin, who, during the reign of his
brother al-Amin, was then living at Marw, in Khurasin. Mis3 bin Shakir grew
to be a constant attendant at al-Ma’miin’s court, and devoted his time and
efforts to science, particularly astronomy and mathematics; so much so that
he came to be called al-Munajjim (the astronomer). Al-Qifti mentions that
hoth Thn Shikir and his sons were proficient at mathematics and astronomy,
particularly planetary motion.®

On the death of their father, the three boys were taken care of by al-Ma’mfin,
who entrusted them to the guardianship of Ishiq b. Ibrihim al-Mus®abi. This,
in turn, admitted them into the Bayt al-Hikma, where they were supervised
by the well-known astronomer and astrologer, Yahyi b. Abi Manstr. We are
told that in the course of his travels in Byzantium, al-Ma’mtin “used to write
to Ishaq, asking and exhorting him to take good care of the three brothers,
and inguiring how they fared”.” Their life in the Bayt al-Hikma provided an
exceptionally propitious opportunity for the Banti Misi to educate themselves
and develop their scientific talents. In their youth and while studying, we are

5. ARQiftz, p.44l.
6. A-Qiftz, p.442.
7. Ibn Khallikdn, p.8.
8. Al-Qifgz, p.315.
9. Al-Qiftz, p.44l.



1. The Banii Masa — Their Life and Times
“The ninth century was essentially a Moslem century’.!

Muslim scholars were far in advance of their fellow scientists in other parts
of the world. They were the torchbeavers of the world civilization of their age.
They were distinguished in all fields of knowledge. They achieved much, and
were remarkably creative. In the first half of the 9th century, the Islamic-
Arabic civilization produced world geniuses, the pioneers of science. Among
them were al-Kindi, the Banii Misa, al-Khwarizmi, al-Farghani, Thn Masa-
wayh, and others.

Islamic-Arabic civilization was then at its zenith. For while Harlin al-
Rashid was famous for his patronage of science and art, he was overshadowed
in this respect by his successor al-Ma’miin,* seventh among the Abbasid
Caliphs® (198-218 H./813-833 A.D.).

In Baghdad al-Ma’miin established an Academy of Science, Bayt al-Iikma
(house of wisdom). The most important activity undertaken at this Academy
was the translation of the original Greek philosophical and scientific works.
Al-Ma’miin made great efforts to obtain wvaluable Greek manuscripts, for
which purpose he sent missions to the Byzantine emperor. At his orders, these
manuscripts were translated into Arabic.

The Bayt al-Hikma had an enormous library and an observatory. IHisto-
rians of science consider the establishment of the Bay: al-Ilikma the greatest
achievement of its kind since the setting up of the Museum of Alexandria over
a thousand years before.* In this scientific milieu lived the Banii Msa. Even-
tually they came te be the most prominent and influential scientists in the
history of this establishment.

1. Sarton, Vol. I, p.543. Here and in the sequel, references in italics arc short titles of works
listed in the hibliography.
2. Al-Ma*miin was born in Baghdad in 170 I1./786 A.D., and died in Tarsus in 218 ¥1./833 A.D.

-Many historians consider him the most eminent of the Abbasid ealiphs.

3. It may be of use here to list the names of the earlier Abbazid caliphs who 1elgned during the pericd
treated in this book along with the date of accession of each:

Al-Baffah 132 H./754 A.D. Al-Mutawaklkil 232 H./847 A.D,
Al-Hadi 169 H./785 A.D. Al-Muntasiv 247 IL./861 A.D.
Hariin al-Rashid 170 H./786 A.D. Al-Musta®m 248 H./862 A.D.
Al-Amin 1e3 H./809 A.D. Al-Mu®tazz 252 H./866 AD.
Al-Ma'min 198 H./813 AD. Al-Mahtadl 255 H./869 AD,
Al-Mu®tagim 218 H./333 AD. Al-Mu“tamid 256 H./BTQ AD.
Al-Wathiq 227 H./84-2 A.D. Al-Mu®adid 279 H./892 AD.

4. Sarton, Vol. I, p.557.
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helped in looking up data in the Arabic references consulted for preparing the
first part of this book. I also thank Pref. Dr. Fayez Iskandar for translating
the introduction into English, and Muhammad Kamil Faris, who composed,
in his beautiful Kufic hand, the title of the book. I extend also my thanks
to Miss Safa’ Masallati, who helped in compiling the glossaries, and to Miss
Oruba Zein el-din, who helped in typing the manuscript of the English section.
I appreciate, further, the effort of Mr., Salah al-Din Shushan in inseribing the
letters on all the illustrations. Finally, T thank all-workers in the Aleppo
University Press for their patient cooperation, particularly the director,
Mabmud Hossein, as well as Mr, Mahmud Mogaddam, and Miss Sonia Janji.

A. Y. H.
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all illustrations occurring in them. Still, the work done by Hill was always
a gource of inspiration and guidance. It is to be expected that some discrep-
ancies, be they ever so slight, should arise in the process of editing the Arabic
text, as between this work and the English translation. These need redound
neither against the Hill transiation nor the present work.

A second praiseworthy effort was the pioneering work conducted first by
Wiedemann and Hauser, and then by Hauser alone. The latter translated,
with a certain degree of liberty, the entire material of the Kitdb al-Hiyal.
Wiedemann and Hauser performed most valuable service to the history of
Arabic science.

Cordial thanks are also due to the superintendent of the Topkapi Sarayi
Library, Istanbul, for his permission to publish photographs of certain pages
of the Topkapi MS, for his generous and unconditional cooperation in providing
our Institute with a microfilm copy of this decument in full, and for sending
enlarged prints of certain of the drawings. In this connexion, I must thank
my friend Prof. Muammer Dizer, Director of the Kandilli Observatory, Istanbul
for his generous help.

I am also grateful to the staff of the Vatican Library for supplymg us with
films of numerous Vatican maunscripts.

We are further indebted to the head of the Gotha Library, Dr. Helmut
Klaus, for having graciously sent two microfilms, one of the Gotha MS, which
constitutes part of the Gotha Berlin joint MS, the other of the MS copied from
the Vatican MS towards the end of the nineteenth century by Phillip Morani,

I also appreciate the help of the director of the Staatshibliothek in West
Berlin, who supplied a microfilm of the Berlin MS which constitutes, with
that of Gotha, the complete book.

Again 1 thank my friend Dr. Donald Hill, this time for providing me with
copies of the Gotha Berlin MS when the German copiecs were delayed. Dr,
Hill also placed his own collection of photographs at the disposal of the Insti-
tute, and they have been of invaluable help.

During the course of my work on the Banéi Misz, T unfortunately suffered
a serious illness. For some time therefore the burden of the work fell upon
the shoulders of my friend Dr. Edward Kennedy. T wish to express my thanks
for his able and scholarly eontribution, without which the publication of this
hook would have been considerably delayed.

1 extend my thanks further, to a substantial number of the staff of the
IHAS and of the Aleppo University Press for their cooperation in preparing
this book for print. T am grateful both to Colonel Muhammad Ali Khayata,
who helpedin editing the manusripts and to Mr. Mostafa Ta muri, who made the
drawings. Thanks also go to Messrs. Malek Malouhi and Riyad Sammani, who

X



FOI’GLUOI’C{

It seemed appropriate that the Institute for the History of Arabic Science
should begin its activities in the domain of the history of Arabic technology
by publishing the Kiiab al-Hiyal (The Book of Ingenious Devices}, by the Bant
Miisa. In point of fact, this scheme was the fizst to be embarked upon by the
Institute. However, Topkapi MS 3474 was then as yet unknown, With the
discovery of this document, work on the scheme was stopped, pending the
appearance of Dr. Donald Hill’s English translation of the bock in question.
Now the publication by the IHAS, of this important document complements
two previous works issued in this series on the history of Arabic technology:
Al-Turuq al-Saniye fi al-Aldt al-Rihaniya” (The Sublime Methods in Spiritual
Machines) by Taqi al-Din, and Al-Jami® bain ol-°Ilm wa al-*Amal al-Nafi° fi
Sina‘ar al-Hiyal (4 Compendium of Theory and Practice of Ingenious Devices),
by al-Jazari.

Tt is regrettable that the publication of the Kis@b al-Hiyal in Arabic should
have been so long delayed, for considerable interest has been shown in it by
Western scholars, It was translated inte German in the first quarter of this
century by Wiedemann and Hauser and into English by Hill in 1979. None the
less, it is something to have finally producedit. With the appearance in print of
the full Arabic text, the book is made accessible to readers of Arabic: the general
reader as well as the specialist student can now attempt to undcerstand the
devices investigated by the Banfi Masa, It is hoped that many readers will make
such an attempt, which, we feel, will be a rewarding intellectual expezience.

1 deem it a pleasant duty on my part to thank, in the first place, my col-
Jeague and friend Dr. Donald Hill, whose English version was a substantial aid
to me in bringing out the Arabic original. Without Dr. Hill’s hook the present
work was sure to have taken a far longer period. T have followed Hill's method
in classification, as well as in the sequence of the devices and equipment.
Many of his remarks and comments have found their way into the present

publication.

I am also grateful to Reidel Co., publishers of the English text, for their
gracious permission to make use of all material required by the editor.

Naturally, we have undertaken a full editing and authentication of the
Arabic text, depending therein upon the original manuscripts. We have redrawn
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On the occasion of the fifteenth century of
Hijra, this work is dedicated to the memory
of those engineers, who contributed to the
building of Arabic-Islamic civilization
threughout the centuries.
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