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FOREWORD

To judge by the dictum of al-Jahiz (d. A.D. 869), ‘Wisdom has descended upon these three: the
brain of the Byzantine, the hands of the Chinese, and the tongue of the Arab’, in the great age
of the “Abbasids the subjects of the Caliph felt no special competence in technology. By the later
thirteenth century, however, Yuan China was learning from Muslim engineers. Can it be that
during the intervening four hundred years there was technological advance in Islam? If so, how
much of it was generated internally, and how much depended on borrowings from China, South
Asia, the medieval Greeks and the Franks? What aspects of the mechanic arts flourished, what
were neglected, and — in each instance — why was this the case? How was engineering integrated
with, or isolated from, other aspects of Muslim culture?

The topic is full of enigmas. Why, for example, having taken over papermaking from the
Chinese, did Islam — which used waterpower for grinding grain — never (so it seems) adopt the
Western use of waterpower for pulping the rags from which paper was made? Why, having in-
vented the world’s first operative windmills in Sijistan, did Islam fail to spread them more widely?
Why was it so resistant to printing with moveable type, even after this useful art had been bor-
rowed from the West by its Christian and Jewish minorities?

In my own explorations of medieval European technology, I have been constantly handicapped
by the dearth of scholarly material available on comparable Near Eastern activities. How could
one be sure that anything was original in the West so long as we had so little solid information
about Islam? The texts of al—K_hz'lzin'lr edited by N. Khanikoff, and of the Banti Musa edited by
M. Curtze, together with a scattering of studies by B. Carra de Vaux and others, were not very
enlightening. From the fragmented and exasperating articles of Eilhard Wiedemann, it became
clear that al-Jazari’s machine book was the greatest neglected monument.

Some years ago I went to Istanbul to look at the remaining superb miniatures of the badly
mutilated Mamluk manuscript in the library of ‘Aya Sofia. Western scholars had thought that
conical valves first appeared in Leonardo’s drawings, but al-Jazari’s pictures show them. Simi-
larly, segmental gears first clearly appear in al-Jazari; in the West they emerge in Giovanni
de’ Dondi’s astronomical clock finished in 1364; with the great Sienese engineer Francesco di
Giorgio (d. 1501) they entered the general vocabulary of European machine design. Of particular
importance, also, is the first unequivocal description of metal casting in closed mould-boxes
with green sand, a method not used in the West until the end of the fifteenth century. These ex-
amples, and others, suggest Muslim transmission of Hellenistic, Far Eastern, and indeed Muslim
inventions to the West. On my return I kept telling my lamented colleague Gustave von Grune-
baum that the engineering relations between Islam and the West could never be understood
until al-Jazarl was edited; and he kept replying, ‘Who knows enough both of technology and
of Arabic to do it?

At last a professional engineer, sophisticated in Arabic and learned in Islamic history, has
accomplished the task. Since this is a pioneering venture, it may well contain errors: these, if
they exist, will be corrected as other texts are edited and special subjects investigated. The es-
sential fact is that Dr. Hill, by preparing this volume, has laid a massive cornerstone for the
building of a new historical topic: medieval Islamic engineering.

LYNN WHITE, JR.
University of California,
Los Angeles



PREFACE AND ACKNOWLEDGEMENTS

My main objective in composing this book has been to present a faithful translation of al-Jazari’s
work, together with accurate reproductions of the original illustrations. I have also provided
explanatory notes and drawings to assist the reader to arrive at a full understanding of the con-
struction and operation of the devices. I realise, of course, that the essential part of this book is
the translation of the text and I have felt keenly the responsibility of presenting this English
version, especially since there is no published edition of the original, readily available for com-
parison. In any case, much of the importance.of al-Jazari’s work lies in its value for historians
of technology, many of whom have no knowledge of Arabic. I can only say that I believe that
my translation, while doubtless not free from errors, to be free from any which would seriously
distort the meaning or obscure vital information.

For the rest, I have dealt briefly with the works of other medieval Islamic writers on technology,
in the light of our present knowledge, in order to arrive at a tentative evaluation of al-JazarT’s
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my further education.
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as I have had, together with a great deal of rewarding correspondence, have raised my spirits
and strengthened my resolve, as well as providing me with valuable information and in-
sights.
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undertake this work, and has since sustained me with advice, encouragement and friendship.
It was through him, moreover, that I was introduced to a number of scholars working in related
fields. For all this I am extremely grateful. With Dr. Joseph Needham, Master of Gonville and
Caius College, Cambridge, I have had several fruitful exchanges of views, and have thus been
able to benefit from his immense store of knowledge of the technological culture of China. I am
fully appreciative of the value of these discussions. My thanks are also due to Professor Cyril
Stanley Smith, of the Massachusetts Institute of Technology, for his comments on the signifi-
cance of al-Jazari’s description of his metal-casting techniques.

I could not have written this book without having first acquired some competence in Oriental’
studies. I remember with gratitude my first guide in Arabic history, Mr. F. R. C. Bagley, of the
School of Oriental Studies, University of Durham, and then a long and fruitful association with
the School of Oriental and African Studies, University of London. In particular, Professor Ber-
nard Lewis passed on to me some small part of his profound understanding of Arabic history, and
guided me towards an appreciation of the techniques of historical investigation. My debt to him is
acknowledged with gratitude. I would also like to thank Professor T. M. Johnstone, who was
kind enough to assist me in elucidating several of al-Jazari’s more difficult passages, and Mr.
J. D. Pearson and the Library staff, from whom I have always received courteous and efficient
service.

The reproductions of the illustrations from the Graves 27 manuscript are an essential feature
of this book. I am grateful to Mr. N. C. Sainsbury, Keeper of Oriental Books in the Bodleian
Library for granting permission to publish these photographs, and to the Photographic Depart-
ment of the Library for the high quality of their work. I would also like to express my gratitude
to all the museums, art galleries and private owners who have provided material for my re-
searches, and especially to those who have given permission for publication of photographs
from the Istanbul manuscripts.

Mr. Neil Rutherford, of the Central School of Art and Design, London, was kind enough to
discuss metal-casting techniques with me and to show me work in progress in the foundry. This
was of considerable assistance to me in arriving at an understanding of al-Jazari’s description
of metal-casting.
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my thanks.
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Part 1

Introduction



1. Al-Jazari - his life and environment

The name of the author of this work was Badi‘al-Zaman Abu al-‘Izz Isma€l b. al-Razzaz al-
Jazari. Badi‘al-Zaman means ‘Prodigy of the Age’ and was applied to other well-known men —
to al-Hamad_hénT for instance. Ibn al-Razzaz is translated by Sarton! as ‘son of the rice-merchant’,
assuming a derivation from ruzz, which means ‘rice’. There appears to be no sound basis for this
translation; the name may in fact be of Syriac or Aramaic origin.? The appellation ‘al-Jazari’
refers to his homeland, al-Jazira or Mesopotamia, which lies between the upper reaches of the
Tigris and the Euphrates.

All that we know of his life is contained in his own statement in the introduction to his work.
He tells us that, at the time of writing his book, he was in the service of Nasir al-Din, the Artuqid,
king of Diyar Bakr. He had then spent twenty-five years in the service of the family, having served
the father and brother of Nasir al-Din before him, and the first year of his service to the family
was 577 (1181/82 A.p.) according to the Oxford Ms, and 575 (1179/1180 A.D.) according to both
Leiden mss. His book was thus completed in 1204 or 1206 A.D. The brother of Nasir (reigned
597/1200-619/1222) was Qutb al-Din (581/1185-597/1200), and their father was Niir al-Din
Muhammad (570/1174-581/1185).

The Artuqids® were a Turcoman dynasty descended from Artuq, a general who served Malik
Shah, the Seljuq Sultan, at the end of the 5th/11th century. They were divided into two main
branches, descended from two sons of Artuq — Ilghazi and Sukman. Al-Jazarl’s masters belonged
to the Sukman branch of the family. The Artuqid princes maintained, during the 6th/12th
century, a precarious autonomy in Diyar Bakr in the face of more powerful neighbours, notably
the Seljugs, the Byzantines and the Crusaders. Their position might have been more secure
had they not contended among themselves for possession of towns and territories in Diyar Bakr.
With the advent of Saladin the autonomy of the Artuqids came virtually to an end. Niir al-Din
Muhammad, the first of al-Jazari’s masters, felt if prudent to come to terms with Saladin, and
in 577/1181 was awarded the town of Amid as a fief. It was at about this time that al-Jazarl
entered the service of the family. The door described by al-Jazari in v1, 1 was for the King’s palace
at Amid, and it is legitimate to suppose that this town was the seat of government during al-
Jazari’s years of service.

Ibn Jubayr visited the Jazira in 580/1184. It appears to have been a prosperous and fairly
peaceful region at that time, although travel was rendered hazardous by marauding bands of
Kurds. Qutb al-Din was then ruler of the cities of Dunaysar, Dara, Maridin and Ra’s al-‘Ayn.
Ibn Jubayr makes a deprecatory reference to the numerous petty princelings of Diyar Bakr,
whom he compares to the kings (mulitk) of Arab factions in Spain. He remarks that they assumed
honorific titles connected with religion (al-din), but that none of them deserved such titles except
Salah al-Din (Saladin) himself. From the time of al-Jazari’s entry into the service of this Artuqid
family until the completion of his book, his masters were thus no more than vassals of Saladin
and his Ayyubid successors. It can be assumed that conditions during this period were fairly
quiet, and allowed al-Jazari to pursue his vocation in peace.

2. The Manuscripts

There are a number of manuscripts of al-Jazari’s work. Four of these, the first four mentioned
below, were used for the present translation.

1. BODLEIAN LIBRARY, OXFORD
Mms. Graves 27

This is referred to throughout this book as the ‘Oxford ms’. The translation was made from this
Ms, the other three being used as controls, and to rectify mistakes and supply omissions. Only
one passage of any length is omitted from this version, this comprising the end of Section 2

! Sarton 1, 632.

% 1 am indebted to Professor T. M. Johnstone of the University of London for his comments on this name.
3 For Diyar Bakr and the Artuqids see:

Cahen in JA4 1935, passim,

Cahen in E.1, article ‘Artukids’, pp. 662-667,

Ibn Jubayr (1), pp. 237-250;

Runciman, Vol. 1 (in index under ‘Ortoqids’).
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and the beginning of Section 3 of Chapter 6, Category 1v. Otherwise mistakes and lacunae are
infrequent.

As the scribe stated in the conclusion, it was written in 891/1486 from a copy dated 742/1341.
The script is a clear naskhi, not difficult to read, although diacritical consonantal points are
frequently omitted. The letters used on the drawings are taken from the normal Arabic alphabet,
whereas in the text numbers are often written in abjad form. (4bjad is the system whereby each
letter of the Arabic alphabet is assigned a numerical value.) Except in a few cases the illustrations
are well drawn.

2. LIBRARY OF THE UNIVERSITY OF LEIDEN
No. Or 656 in Handlist of Arabic Manuscripts, compiled by P. Voorhoeve, 1957, pp. 194-195.

This is a copy of the Oxford ms. Chapter 1 of Category vi1is deliberately omitted. At the beginning
of this category are the words: ‘Chapter 2 of Category vI. I have omitted the first chapter because
it is of no utility. It is the construction of a door...”. The manuscript ends with this passage:

‘This marvellous book, uniting knowledge and practice, of use in the construction of hiyal,
and attributed to Badi® al-Zaman Abu al-‘Izz Ismal b. al-Razzaz al-Jazari, was written on
4 Jumada 1, 606. My master the shaykh said: “I copied it from a copy in the handwriting of
Shaykh Shams al-Din Ibn Abi al-Fath al-Sifi, [dated] 891”. I made this copy from the [above]
mentioned copy in the handwriting of my master, Shaykh Muhammad al-Mahwari, in 969
[1561 AD.]’

Many of the drawings are missing, and after the first two chapters all representations of human
or animal figures are omitted. The writing is in naskhi script which is not so easily legible as that
of the Oxford Ms. Letters or drawings are from the normal alphabet. This Ms was only of limited
value, but because the scribe had sometimes repaired errors and omissions in the Oxford ms
it was not without its uses.

3. LIBRARY OF THE UNIVERSITY OF LEIDEN
No. Or. 117 in the Handlist.

This manuscript is incomplete. On the last page the scribe has written:

‘I have omitted the 46th Chapter, i.e. the first chapter of the sixth category, which was con-
cerned with the construction of a door in the city of Amid, because of its small usefulness, and
[because] the author gave it a lengthy treatment.’ '

At the bottom of the same page, in another hand, is written:

“The 45th Chapter, i.e. the last of the 5th Category is not in it, nor are the 46th and 47th, i.e.
the first and second of the 6th Category. Also missing are the six chapters at the beginning of
Category 11.”

Actually part of 11, 1, and part of 1.6 are included. Also it is really the 4th chapter of Category v,
not the Sth, which is missing. The 5th has been re-numbered as the 4th. A note in Arabic at the
side of the passage in question points this out.

Parts of the text are very difficult, if not impossible, to read. It is written in a crabbed naskhi,
the words crowded together, and even the legible parts are not as good as the Oxford Ms. The
drawings, which are marked with the letters of the secret alphabet, are very bad indeed.

4. CHESTER BEATTY LIBRARY, DUBLIN
Ms. 4187

This manuscript has many pages missing, and all the folios are stained and damaged at the edges.
There is no chapter of the whole work which is absolutely complete. There are 86 loose folios;
earlier, soft, light-brown paper with large clear naskhi script (71 fol.) and later coarse white
paper with a variety of naskhi hands (15 fol.). On fol. 16b there is a date, 730 A.H./1329 but this’
is not certain since the sentence recording this date is written in a different kind of ink, and seems
to have been added later. Several full page drawings bear comparison, for skilful execution,
with the best of the Istanbul miniatures (see below). The following are particularly worthy of
mention: the Man on Balcony from the Elephant Clock, 1, 4 (Fig. 59 in this book): the Beaker
Clock, 1, 5 (Fig. 60); the flumed beam water-raising machine with crank, v, 4 (Fig. 137). The
other drawings from the earlier section are quite good, and often follow the textual description
more closely than those in the Oxford Ms. The drawings from the later section are poor, but
in general readable. All the illustrations are marked with the letters of the secret alphabet.
Despite its fragmentary condition this manuscript was of considerable assistance in elucidating
difficult passages in the Oxford ms. The writing is clear, with few mistakes, and omission of
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diacritical points is not so common. And as stated above, the drawings often follow the text
faithfully.

Other Manuscripts

A number of miniatures from two manuscripts, dated 1315 A.D. and 1354 A.D. respectively,
both originally in Istanbul, have found their way into public and private collections in Europe
and the U.S.A. Photographs of 32 of these miniatures from the two Mss are shown here in the
Plates. These miniatures are well known to those concerned with Islamic Art, and a considerable
literature has grown up around them. A full bibliography of this literature is not included in the
present work since many of the papers in question are very brief, and are concerned with one or
two miniatures. A lengthy bibliography is given in Coomaraswamy (1), with further, more recent
information in the Freer Gallery Folder Sheets Nos. 30.71-30.77, 32.19, 42.10, particularly Nos.
30.71 and 32.19.
Brief details of these manuscripts are as follows:

5. DATED 715 A.H./1315

This manuscript, formerly in Istanbul is now dispersed. It has been described by M. Aga Oglu,
who assigned a Syrian provenance to it.

As can be seen from the examples included in this book the drawings are skilfully executed,
and the writing, a fine naskhi, is very clear.

6. DATED 756 A.H./1354

What remains of this manuscript is in the library of the Topgapu Serai, Istanbul, No. 3606.
M. R. Riefstahl established that it was written in Egypt.

Again, the drawings are most attractive and the calligraphy is excellent. One can only regret
that neither manuscript, in its entirety, is any longer available for study.
7. LIBRARY OF TOPQAPU SERAI, ISTANBUL
No. 3472.

This manuscript was described by Ivan Stchoukine as being the earliest of all the copies of
al-JazarT’s work, dating from the first half of the 13th century. From the reproductions given in
Stchoukine’s paper it seems to be a fine manuscript, with excellent illustrations. Fig. 3, for in-
stance, showing the palace door, gives far more detail than the equivalent drawing in the Oxford
ms (Fig. 142).

8. BODLEIAN LIBRARY, OXFORD

MS. Frazer 186.

A Mughal copy dating from the 17th century. This is quite well written, but not so good as the
Graves Ms. The illustrations, which are usually marked with the letters of the secret alphabet, are
in general well drawn.

9. BIBLIOTHEQUE NATIONALE, PARIS
Arabe 2477.

Secondbpart of al-JazarT’s work. Dated 890 A.H./1485. Illustrations in colour.

10. BIBLIOTHEQUE NATIONALE, PARIS

Arabe 5101.

Eighteenth Century Ms in nesta‘lik script. It is without illustrations, for which, however, the spaces
have been reserved.

11. BIBLIOTHEQUE NATIONALE, PARIS

Suppl. pers 1145 and 1145a.

Persian translation of al-Jazari’s work made in 1291 A.H./1874 by Ibn Molla Mehdi Agha Baba
Shlin Zani.

This list is based upon present information, but it may not be exhaustive. After all, none of the
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writers on the al-Jazari Mss mention the important Dublin MS. Now that so many of the minia-
tures are assembled in one work for the first time, it is to be hoped that this may encourage an
historian of art to make a comparative study of the illustrations in all the manuscripts, not simply
of those from the 1315 and 1354 manuscripts, or of those which happen to be assembled in a given
collection.

3. Translation and Illustrations

It was not an easy matter to decide upon the best means of setting out this work so that it would
be of the greatest service to readers from various disciplines. About one question, however, there
was no doubt in my mind at all: it had to remain as close as possible to the original in style, con-
tent and presentation.

At the outset I made the decision that my work would be, as far as possible, a rendering of the
Oxford Graves 27 manuscript, this being the oldest complete (or almost complete) manuscript.
The handwriting is clear, better than that in either Leiden manuscript, and as good as that in the
Dublin manuscript, which is in any case fragmentary. The same applies to the illustrations — in-
deed, from a technical standpoint, these are better than those in any of the other manuscripts.
Errors and omissions are infrequent, the only major lacuna occurring in Chapter 6 of Category 1v;
(as mentioned in the notes to that chapter, this lacuna was filled by making a translation from the
Leiden or 656 manuscript). Although consonantal points are frequently omitted, this rarely
presented any difficulty, since the words usually be identified from the technical context. It
was therefore possible to establish an almost complete text, apart from the lacuna mentioned
above, from the Oxford Graves 27 manuscript, and only in a very few cases was it necessary to
have recourse to the three other manuscripts.

Textual variants and omissions supplied from other manuscripts have not been noted. This
decision was not taken lightly, but I believe it to be right. Variations, as mentioned above, are
infrequent, but their inclusion would have been distracting for the non-Orientalist reader. In any
case, to give a complete picture, it would have been necessary to assemble all the extant manu-
scripts and part manuscripts, and collate them. This task would have added at least one year to the
time taken to prepare this work and in the end very little of substance would have been achieved.
The illustrations are a different matter, since the other versions sometimes supply important
correctives and mistakes in the Oxford drawings. In such cases the variant version has been noted.

The translation presented no special difficulties, and has been kept as close to the original as
possible, if allowance is made for the totally different structure of Arabic as compared to English.
The English is straightforward, even pedestrian,reflecting the same qualities in the original, apart
from two passages in rhymed prose (saj), one at the beginning of the work, one at the beginning of
Category VI. In transliterating words I have followed the system adopted by the Encyclopaedia of
Islam, 2nd Edition, with two exceptions: ‘q’ instead of ‘k’, ¢j’ instead of ‘dj’. For the single letters
used for identifying parts on drawings, the same system has again been used, with two further
exceptions: for lam-alif, rather than write la I have used ‘p’; for ayn, since the hook normally used
for this letters does not look well in isolation, I have used ‘x’.

There are three unusual, but not solecistic, grammatical usages in al-Jazari’s Arabic. One is his
use of matd, normally an interrogative participle, as a conjunction meaning ‘when’. The second is
his use of law (if), which as a rule introduces hypothetical conditional clauses, to introduce possible
conditional clauses — often its meaning approximates to ‘when’. Thirdly, he sometimes uses the
third person feminine plural of the personal pronouns, ‘hunna’, usually reserved for persons, in
agreement with the plurals of inanimate objects.

A number of al-Jazari’s technical expressions have different meanings in literary Arabic or in
modern Arabic. Some are of foreign origin and some are not to be found outside the works of
medieval technologists. I therefore adopted the practice of translating these words into the modern
expression for the object which they describe. Thus rub became a ‘float-chamber’, dastur a ‘flow-
regulator’ and so on.

In Category 1 I have diverged from the expressions normally used to identify the two types of
hour. The time division which we use nowadays, twenty-four hours to a complete day, is usually
called an ‘equal’ hour. The hour which is obtained by dividing daylight and night hours by twelve
is usually called a ‘temporal’ hour. I do not consider that these terms give a precise enough
meaning, and hence I have used the expressions ‘constant hour’ and ‘solar hour’ respectively.
I am aware that the Arabic words are accurately translated by the more conventional expressions,
but nevertheless I consider my departure from them justified.

Bearing in mind that it was the intention to present a close rendering of the Oxford Graves 27
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manuscript, the illustrations posed a special problem. It would have been possible to have erased
the Arabic identifying letters and the captions from negatives of the drawings, substituted Roman
letters, and reproduced photographs in the work from these ‘doctored’ negatives. This would
have had the merit of making reference easier for the non-Arabist. It would, however, have meant
that the negatives were no longer a faithful reproduction of the originals, and much of their in-
trinsic interest would have been lost. After consultation with Mr. N. C. Sainsbury, Keeper of
Oriental Books at the Bodleian Library, it was therefore decided to reproduce photographs of the
illustrations, in black-and-white, as they appear in the original. These all appear in the English
text in positions which closely approximate to their positions in the manuscript. They are number-
ed consecutively, and the captions, where these occur, are given in translation beneath the
illustrations, with their locations on the illustrations indicated.

Obviously some further aids were required to enable readers to correlate text and drawings,
and arrive at a full understanding of the construction and operation of the devices. Firstly, as a
matter of course, I made orthographic or isometric drawings, reconstructed from al-Jazari’s
text and drawings, wherever I felt that these would help to clarify his descriptive matter. These
are, in a way, translations and, in the same way as written translations, may embody misinter-
pretations or faulty readings. Nevertheless, it is felt that on the whole they represent faithfully,
and in modern guise, the designs of al-Jazari. Some chapters are provided with a number of
such drawings, some with one, some with none; they appear with the notes for the individual
chapters.

Secondly, line drawings of some of the illustrations have been made, and inserted in the text
close to the originals. This has been done in order to show the Roman letters which correspond to
the Arabic ones. In certain cases numbers have been added to indicate the position of the captions;
these numbers are then used as identifiers for the captions, which are given in translation below
the figures. These line drawings have been provided only for those illustrations which carry a
number of Arabic letters. The mistakes and omissions in the lettering of the illustrations, when
compared with the instructions in the text, have not been noted except in extreme cases, e.g. when
all the letters are missing. When, however, letters are mentioned in the text but omitted from the
illustrations, these have been added in parentheses, if their position can be decided with some
confidence. At the end of Part 11, two sets of keys to the Arabic alphabet will be found. One of
these was provided by al-Jazari or by the scribe: it shows in the small circles, 21 letters of the
Arabic alphabet (out of 29, including lam-alif) which he used on his drawings. With each letter
two symbols are shown, and these are the letters of the ‘secret alphabet’ equivalent to the Arabic
letter. These symbols are not used in the Oxford Ms, but can be seen on the photographs from the
Istanbul Mss.

Immediately following this I have given the same 21 Arabic letters, with their equivalent
transliterations in Roman letters. Consonantal points are seldom written on the letters in the
illustrations but can usually be identified from their shape. Of the 21 letters used, there are only
two which can be confused because of the omission of these points. These are 4 and j. One can
always be certain that j is intended if it is given in conjunction with the letters a b and d, but other-
wise my selection is arbitrary. ‘

Finally I have given the abjad letters, with their numerical equivalents, up to fifty. Al-Jazarl
frequently uses this system in the text, but on the drawings it is used only for the main illustration
in each chapter, which are numbered from one through to fifty in this way, generally in large
letters at the top of the drawings.

4. Modern works on al-Jazari

By far the most important contribution to our knowledge of al-Jazari’s work was made by Eilhard
Wiedemann, a physicist with a knowledge of Arabic, in collaboration with Fritz Hauser, an
engineer. Eilhard Wiedemann (1852-1928) made the study of Islamic science, medicine, mathema-
tics and technology his life’s work, and in these fields his writings are of great importance. Un-
fortunately he never saw fit to publish his results in book form, and his many articles are scattered
among a number of learned German periodicals, most of which are now very difficult of access.
The articles which he wrote for the Erlangen Society are now, as indicated in the Bibliography,
assembled in two volumes, which include a foreword, indexes, and a complete list of his writings.
Some articles on technology are to be found in these two volumes, but all of those which he wrote
in collaboration with Hauser — on al-Jazari, the Banii Miisa, the pseudo-Archimedes, and Ibn
al-Sa“ati - remain in their original periodicals.

I'am most happy to acknowledge my debt to the work Wiedemann and Hauser, particularly as



PART I

an invaluable guide to original and derived sources, and as a secondary control for the elucidation
of difficult passages. I am especially grateful for the care which Wiedemann expended in deci-
phering the less legible parts of the manuscripts, which I was thus enabled to read with compara-
tive ease. (In the Oxford Ms of al-Jazari, however, these passages are infrequent.) It can safely be
said that, were it not for the work of Wiedemann and Hauser, the Islamic contribution to the
progress of technology would have remained almost unknown.

The six separate Categories of al-Jazari’s work were dealt with by Wiedemann and Hauser in
seven articles in various learned periodicals. These articles have several merits, and in particular
they give a fairly clear understanding, to anyone with some measure of technical knowledge, of
the design, construction, and operation of each of the devices. In most cases the original drawings
are faithfully reproduced, the identifying Arabic letters being transliterated and the captions
translated. Many of the technical expressions and unusual words are given in transliteration as
well as in German translation. Footnotes provide additional information and explanations, and
orthographic drawings are sometimes supplied as an additional guide to understanding.

This having been said, however, it must be admitted that the usefulness of these articles is
diminished by several defects, not the least of which is their inaccessibility. Perhaps the most
serious deficiency lies in their treatment of the text and in the unevenness of the presentation.
Sometimes the text is given as a fairly faithful translation (e.g. in the Clock Category), but even in
these cases the translation is sometimes abridged. Admittedly, the authors almost always make it
clear that this has been done, but their judgment of the significance of abbreviated or omitted
passages is not always sound. In these translations, moreover, sentences were interpolated by the
authors without any indication that this had been done. Apart from Category 1 and parts of Cate-
gory VI, the remainder of the articles are shortened paraphrases of al-Jazari’s text. In general,
therefore, a faithful reproduction of the original has not been presented, and the idiosyncrasy of
the author has been lost. More serious still, there are omissions of significant sentences, and some
notable errors in interpretation and translation. There are also a few cases where a passage which
is obscure in Arabic remains obscure in German. In this present work, no attempt has been made
at a continuous comparison with the work of Wiedemann and Hauser, because this would have
lengthened the book considerably, without adding much of value. Where, however, there are
important divergences between our interpretations these have been recorded. '

The only other work of any note on al-Jazari is the treatise of A. K. Coomaraswamy (1). This is
written from the viewpoint of an historian of art and contains some interesting information about
the miniatures from the 1354 Istanbul Ms. For an understanding of the working of the devices
Coomaraswamy relied entirely upon the writings of Wiedemann and Hauser. There are a number
of other works which are concerned with the al-Jazari miniatures from the Istanbul manuscripts;
generally these are very brief.

There are two entries on al-Jazari in Sarton (1, 510, 632-633) and a short discussion of his work
by Winter (26f). Otherwise references are confined to discussions of individual devices in works of
more general application such as those of Needham (1) (2) (3), White and Drachmann (2).

5. Islamic technology up to al-Jazari

Sarton says of al-Jazari’s book: ‘this treatise is the most elaborate of its kind and may be con-
sidered the climax of this line of Muslim achievement’.! Those who read this present edition of the
book might therefore reasonably expect to be presented with a summary of Islamic technology up
to the time of al-Jazari, together with an appraisal of the work done by modern writers in this
field. While it would be irresponsible not to attempt these tasks, it must be made clear from the out-
set that the material, both primary and secondary, is scattered and difficult of access, and by no
means presents a picture of steady evolution — a picture that could be erroneously inferred from
Sarton’s statement.

First, it must again be emphasised that, apart from the writings of Wiedemann and Hauser,
very little work has been done on Arabic technology, and that almost nothing has been attempted
this field during the last fifty years. There is no general work which summarises the Muslim
acheivement, and the scattered references in the works of general application by writers such as
Mieli, Singer and even Sarton, serve merely to emphasise the paucity of information on this
subject.

1 Sarton 11, 510.
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In the General Notes at the end of this book the possible relevance of al-JazarT’s predecessors to
the development of his technology is considered in some detail. The summary which follows,
therefore, is confined to a brief discussion of the lives and writings of the few important technolo-
gists whose works are known to us at the present time. This summary must be regarded as pre-
liminary and incomplete. This is not the place to attempt a full review of Islamic technology and, in
any case, much research remains to be done before such a review could be undertaken with any
confidence. Nor should such research be confined to the literary field. As far as I am aware, there
has been no archaeological study of medieval Islamic technology, nor any detailed technical
examination of those machines which still exist, such as the norias at Hamat.

I have confined my attention, furthermore, to those writers who concerned themselves with
mechanical technology, and this accounts for the omission of important works which deal with
allied subjects, such as al-Khazin’s Book of the Balance of Wisdom (which deals with weights,
specific weights etc.).

BANU (SONS OF) MUSA B. SHAKIR: Kitab al-Hiyal

The names of these three men were Abli Jafar Muhammad, Aba al-Qasim Ahmad and al-Hasan.
They were brought up, after the death of their father, under the patronage of the Caliph Ma‘miin
(198/813-218/833), and did most of their work under his successors.

Their work, which has not been edited in Arabic, is available in manuscript only. There is one
in the Vatican (317) and another which is in two parts, one in Berlin (von Ahlwardt No. 5562) and
the other in Gotha (Arab 1349). According to Wiedemann (W. H. 2, p. 268) there is also a copy of
the Vatican Ms in Gotha (No. 1349a). Seven devices are included in a Leiden Manuscript (Catalo-
gue Vol. 3, 1019 168 Gol.). References to the Banit Miisa will be found in Sarton 1 560, Brockel-
mann Supplement 1 856 and Winter p. 25f. The only detailed studies of the Bani Muisa, however,
were made by Wiedemann and Hauser — see W.H.2, 268-291; W.H.4; W.H.5; Hauser. There are
also a number of references to them in the Beitrige, and these are listed in the indexes to the
Aufsitze. In his book Hauser correlated the manuscripts, and gave abbreviated translations of the
descriptions of each device with reproductions of the original drawings. He also gave explanatory
notes and drawings. He makes only brief reference, however, to these devices which were dealt
with elsewhere by himself and Wiedemann, so that for a complete examination of the output of the
Banu Miisa one requires all the works listed above.

In the present work use has been made of the Wiedemann and Hauser material together with
a photographic copy of the Gotha 1349 manuscript. This seemed to provide adequate controls
for making a brief appraisal of the Ban@i Miisa’s work, and to assess the extent of its influence
on al-Jazarl.

There are 100 devices, including 7 fountains, 4 selftrimming lamps, an automatic musical
instrument, a ‘gas-mask’ for approaching polluted wells and a mechanical grab for excavating
in the beds of streams. The remainder, over four fifths of the total, consists of trick vessels for
dispending liquids. In design and operation these are very similar to the devices described by
Philon and Heron, and are almost certainly derived from these. Various effects are produced : for
example, a wine dispenser which refills automatically, pitchers which dispense a measured quan-
tity, pitchers from which different liquids may be drawn, vessels from which nothing may be
obtained once pouring is interrupted, and so on. Use is made of pipes, siphons, jacketed siphons,?
cone-valves, taps and air-holes; many of the devices are quite ingenious. The main differences
between the Banti Miisa devices and those described by the Greek writers, apart from the greater
complexity of the former, is that the Bant Miisa make use of properly fitted cone-valves, whereas
Philon and Heron mention only crude clack-valves and plate-valves.

The descriptions of the devices are very brief — most of them occupy only a page of manuscript.
Dimensions and details of construction are rarely given, the explanations being largely confined
to descriptions of the design and operation of the finished articles. The drawings are simple line
diagrams in one plane, almost invariably side elevations of the vessels, with the internals shown.
Arabic letters are added to various parts of the drawings and these are referred to in the explana-
tory text.

2 In a liquid container a narrow pipe 4, both ends of which are open, passes through the floor of the container and rises
vertically inside. A wider pipe B is fitted over 4, its upper end a short distance above the top of 4, its lower end a short
distance above the floor of the container. The upper end of B is closed. When liquid is poured into the container it rises
in B until it reaches the top of 4, whereupon it discharges through 4 to beneath the floor of the container. This device is
not used by al-Jazari. One of its purposes was to produce air-locks and thus deliberately break the flow of liquid.
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PART 1

‘ARCHIMEDES’

There are three manuscripts of this interesting and important work, and one fragmentary manu-
script:

1. London, British Museum, Add. 23,391.

2. Paris, Bibliothéque Nationale, Catalogue von G. de Slane, No. 2468, p. 437.

3. Oxford, Bodleian Library, No. 954, p. 95.

this is a fragment, and consists of the beginning of the work only.

4. New York Public Library. Indo-Persian, Spencer Collections, Ms 2. Risala-i-Hakim
Muhammad.

For my research I have used photo-copies of Nos. 1 and 4. In my text, however, I have referred
only to the London Ms. I must digress at this point to say a few words about No. 4, which is referred
to in the present work as ‘New York Ms’. Its existence was brought to my attention by Professor
Lynn White of the University of California, Los Angeles. When the microfilm, which had been
kindly sent to me by the New York Public Library, had been enlarged, I was delighted to discover
that it consisted of a complete copy of the British Museum ‘Archimedes’ Ms, a complete copy of
British Museum ‘Apollonius’ Ms, several chapters of the Bani Misa, and one of al-Jazari’s (No.
11, 1). There are 38 leaves and 34 drawings. Unfortunately the Bani Musa chapters are badly
smudged and almost illegible, but the remainder is clear enough, although it is written in the
rather difficult Farsi script. The manuscript is dated 1030/1620. As far as I known the contents of
this manuscript have not been identified before.

The British Museum Ms is written in a clear naskhi script, not difficult to read, and includes
illustrative drawings. There are a few lacunae.

The clock of ‘Archimedes’ was first described by Carra de Vaux (1), with details of its con-
struction and operation, together with examples of the Arabic text. The work was translated
into German by Wiedemann and Hauser (W.H.8). from the London, Paris and Oxford manu-
scripts. They found that there were lacunae in the Paris Ms, as well as in the London Mms, but
that the complete text could be re-assembled by using the two manuscripts.

Drachmann has written a valuable criticism of this clock, based upon the translation of
Wiedemann and Hauser,® and comes to the conclusion that it was the work of a Muslim in-
ventor who put together details from several sources, one of them doubtless Philon, another
probably Heron. I see no reason to contest this opinion, in view of the many similarities between
this clock and the devices of the two earlier writers. Since both Ridwan and al-Jazari acknowledge
the derivation of their constant-flow clocks from that of ‘Archimedes’, we are safe in assuming
that it is an important transmission between the classical writers and the later Islamic craftsmen.

There is no certain way of dating this work, but I suggest tentatively that the design of the cone-
valve on top of the float in the float-chamber* may provide a clue. This type of valve is later than
Heron and Philon, and does not occur in Vitruvius. As described in the ‘Archimedes’, however,
it is a fairly crude component — merely a rounded knob (zirr) on top of the float. It is specified
that it must enter the end of the bent-down pipe with ease, without sticking or allowing too
much play. It is not called a ‘ground-in valve’ (bab mathiin) whereas this designation is used
by the Banii Miis3, al-Jazari, Ridwan and in the Mafatih al ‘Uliim. In all these works the plug
and seat were conical and al-Jazari and Ridwan stipulate that they are ground together to a
fit with emery. It may well be, therefore, that the ‘Archimedes’ is a very early Muslim work,
written about the end of the 8th century. If this is the case the true cone-valve must have been
developed in the first half of the 9th century, since those used by the Banii Miisa appear to be
properly machined components.

There is no general arrangement drawing but only a number of detailed sketches. These are
drawn with ruler and compasses; the various parts are named, not marked with identifying
letters. The description is quite brief and lacks al-JazarT’s clarity and precision. Only a broad
description is given of the manufacturing and constructional procedures. It would therefore

-have been very difficult to have understood the construction and operation of this clock, had

one not first studied al-Jazari’s work.

ABU ABD ALLAH MUHAMMAD B. AHMAD B. YUSUF AL-KATIB AL-KHUWARIZMI:
Mafatih al-Ulum ( The Keys of the Sciences)

This work was written between the years 365/975-6 and 381/991-2, and is one of the few works
containing technological information to have been published. It is essentially a vocabulary of

3 Drachmann (2) 36-41.
4 See al-Jazari1, 1 (p. 21), and General Notes, (p. 276).
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terms used in the sciences, the latter term being used in its widest sense, to include such subjects
as linguistics, poetry and music, as well as medicine and the natural sciences.

The chapter which concerns us is on mechanisms (hiyal) — pp. 246-255 in the van Vloten edi-
tion — and this covers the lever, siege engines, and components used in water machinery. A clear,
brief description of each component is given, together with some etymological information.
The work is therefore of considerable value, since it gives definitions for a number of the parts
used by al-Jazari, and also, of course, gives us an indication of the state of technological develop-
ment at the end of the 4th/10th century. Reference is made to several of the entries in Mafatih
al-‘Uliam in the General Notes at the end of this book.

The chapter on hiyal was translated by Wiedemann, with copious notes, in 1 188-228/VI 16-56.

RIDWAN

His full name was Fakhr al-Din Ridwan b. Muhammad al-Sa<ti, and he completed his work
describing the clock at the Bab Jayriin in 600/1203. This work has not been edited in Arabic,
and the only known manuscript is No. 1348 in the Forschungsbibliothek, Gotha. Fortunately
this is an excellent manuscript, clearly written and with few diacritical points omitted; it is
almost free of errors. This copy was completed in 961/1554, in Istanbul.

References to Ridwan are to be found in Brockelmann 1, 473 (6) and Sarton 11, 631-632, but
the only extended treatment of his work is by Wiedemann and Hauser (W.H.1, 167-272). This
contains an introduction, giving the few details that are known of Ridwan’s life and environment,
together with a history of the clock. There follows an abbreviated version of the work, partly
in translation and partly in paraphrase: notes and explanatory and drawings are provided,
although the latter are hardly sufficient to give the layman an adequate idea of the construction
and operation of the clock.

Ridwan is reported to have been a doctor, and also a man of letters who had mastered logic
and philosophy. His lack of technical knowledge is clearly demonstrated by his presentation.
The drawings are crude freehand sketches without reference letters, the names of the parts being
written on the drawings. They are frequently impossible to understand without reference to the
text, and there is much repetition — in many cases, when a new part is added, the entire assembly
is redrawn. One might argue, of course, since the existing manuscript was copied out some 350
years after the book was written, that some deterioration from the original might be expected.
It is indeed true that the finest paintings in the al-Jazarl manuscripts are to be found in the earlier
versions, but their superiority lies in artistic merit rather than in clarity of detail. The later drawings
follow the constructional details of the earlier ones very faithfully and indeed the clearest of all,
from the technical standpoint, are those in the 15th-century Oxford manuscript. It seems un-
likely, therefore, that the drawings in Ridwan’s original work were much superior to those
in the Gotha ms.

The writing is discursive and imprecise — instead of proper specifications we are given a broad
description of the construction of the clock, and of its components. Ridwan often tells one what
to do, without saying exactly how to do it. His mathematics seem to have been rudimentary:
for instance he gives a value of 3 to m, whereas the usual value used by the Arabs was 22/7. Dimen-
sions are given in many cases, but it is doubtful whether a full reconstruction of the clock could
be made from these.

Despite these failings Ridwan’s work is a valuable part of our scanty store of original material
on Islamic technology. The clock contains materials and components which were also used by
al-Jazar, so that one is the more easily able to build up a picture of contemporary technology
than from the work of al-Jazarl alone. It is also interesting to compare the technical vocabularies
in the two works. Ridwan’s vocabulary usually coincides with al-Jazari’s but there are a number
of disagreements. Finally, Ridwan’s work has one merit, not possessed by his contemporary,
and that precisely because he was not a technical man. He will sometimes describe the manufacture
of small parts, pipes for instance, whereas al-Jazarl omitted such details, presumably because
he felt they could be taken for granted.

6. Arabic translations of earlier works

Only a brief mention can be made of those writers, Greek and Byzantine, whose works were
translated into Arabic. The Mechanics of Heron was translated into Arabic by Qusta b. Liqa
about 250/864, every indication being that this is a genuine and accurate translation.’ Philon’s

* Carra de Vaux (2). See also Drachmann (1).

11
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pneumatics have also come down to us in Arabic, although we have no knowledge of the date
or the author of this translation.® According to al-Kindi Heron wrote about geography and
pneumatic devices, and he also made clocks and other instruments for the measurement of time.”
Of Philon, al-Kind7 says that he was skilled in the construction of water-wheels, mills, and
ingenious devices (hiyal).® Even without this evidence there could be little doubt, from an examina-
tion of the devices of the Bani Miisd, that these were derived directly from the works of Heron
and Philon. And since al-Jazari refers to the Banii Miisa as one of his sources, our line of trans-
mission, for trick vessels at least, is complete. '

The treatise attributed to Apollonius, on the construction of a mechanical musical instrument,
has been translated by Wiedemann (11, 50ff/xxxv1 20ff), using two manuscripts and the fragment
of a third. As mentioned earlier, a fourth version is in the New York Mms, and this appears to be
a copy of the London Ms. I have used the last-named as a control. The details of the manuscripts
are as follows:

1. Paris, Bibliothéque Nationale. Catalogue von de Slane, p. 437, No. 2468.

2. London, British Museum. Catalogue as for ‘Archimedes’.

3. New York. See under Archimedes.

4. Beirut, Library of Orthodox Christians. Wiedemann gives no other details, apart from saying
that the beginning of the text is missing.

The work is entitled ‘Construction of the machine of the flute player, by Apollonius the Car-
penter, the geometrician.” Al-Jazari at the start of Chapter 7, Category 1v, refers to this machine
and names its inventor as ‘Apollonius the carpenter, the Indian’. It seems highly probably that
he is referring to the same man, and that ‘Indian’ is an error for ‘geometrician’ — ‘hindi’ for
‘handasi’.

Wiedemann identifies the writer of this work with Apollonius of Perga, the geometrician,
who flourished towards the close of the second century B.c. Certainly his works in geometry
have come down to us in Arabic translations, and were presumably well known to the Arabs,
but he seems to have been primarily a mathematician, not a craftsman. The treatise in question,
moreover, has all the marks of being of Byzantine, rather than classical origin. The writer men-
tions Byzantine (Rizmi) mills, and he describes his clack-valves as being like the valves on a
Byzantine naphtha-thrower (Bab al-Midfa“). It seems probable, therefore, that he was a crafts-
man, working in Byzantium, whose treatise became known to the Arabs in translation.

6 Carra de Vaux (3).
7 Wiedemann 1, 69f/11 228f. . i
8 Wiedemann 1, 71f/m 230f. This al-Kindi is not to be confused with the philosopher of the same name, but is Abu

“Umar Muhammad b. Yusuf b. Ya‘qiib al-Kindi, who lived about 359/970 — see Brockelmann 1, p. 149.



Part 11

The Book of Knowledge of Ingenious Mechanical Devices



In the name of God the Compassionate the Merciful

Oh God, pray for, keep safe and bless our Lord Muhammad, the seal of the Apostles, his family
and his Companions. Praise be to God, creator of His work in the heavens, consignor of the
secrets of His wisdom to the earths, which He made as a proof of His dominion, and as a certain
sign of His omnipotence. I praise Him for the instruction he has given and I seek more of His
increasing gifts and these are the manifestations of His wisdom, praise appropriate to some
part of His beneficence and His abundant generosity. The grace of God be upon our Lord
Muhammad, the noblest type of humankind and upon his family and upon his followers, benefi-
cence be upon them.

I have studied the books of the earlier [scholars] and the works of the later [craftsmen] — masters
of ingenious devices with movements like pneumatic [movements], and water machines for the
constant and solar hours, and the transfer by bodies of bodies from their natural positions.
I have contemplated in isolation and in company the implications of proofs. I considered the
treatment of this craft for a period of time and I progressed, by practising it, from the stage of
book learning to that of witnessing, and I have taken the view on this matter of some of the
ancients and those more recent [scholars]. I was fervently attached to the pursuit of this subtle
science and persisted in the endeavour to arrive at the truth. The eyes of opinion looked to me
distinguish myself in this beloved science. Types of [machines] of great importance came to my
notice, offering possibilities for types of marvellous control.

The kings of my time and the philosophers of my epoch took an interest in me, and from this
the seedling of my confidence bore fruit. I spent the nights of my industry and caused my sleeping
ambition to stand up and awoke my sleeping genius. I was engrossed in diligence and consumed
strength and passion. I found that some of the earlier scholars and sages had made devices and
had described what they had made. They had not considered them completely nor had they
followed the correct path for all of them, for every [part] of constructional knowledge was not
verified in practice, and so wavered between the true and the false. So I assembled the divisions
that they had separated and put forth branches from roots where they had been correct, and
devised specimens which worked splendidly, light internally and externally. And when I found
difficulty such as to lengthen the journey I hated [the thought] that my diligence might go the
ways of the wind and that the trace of what I had made might be woven into the tapestry of the
night without morning. So my soul asked of me to pass on a record of that to [someone] whom
I would appoint to unroll his parchment and [whom] I desired to instruct. Then I turned aside
from what I had resolved and abandoned my intention, apprehensive of the disapproval of a
censurer directing a penetrating gaze.

I am in the service of the king al-Salih Nasir al-Din AbI al-Fath Mahmud bin Muhammad
bin Qara Arslan bin Dawiid ibn Sukman bin Artugq, the king of Diyar Bakr, may God preserve
him with those whom He chooses to preserve. That is following my service to his father and
his brother, God sanctify their souls, before the kingship passed to him — a [total] period of
twenty-five years, the first of them year 577. God, may He be exalted, has singled him out with
distinctions of intelligence, high-mindedness, justice and probity, so that he surpasses in justice
and probity the kings of the present age, and excels the lords of near and far in beneficence and
graciousness. There is no subtlety of the subtleties of government that he has not mastered through
the penetration of his intellect, and no mystery of the mysteries of learning that he has not under-
stood by the height of his zeal. I never began to construct a device of mine without his anticipating
it [i.e. its purpose] by the subtlety of his perception. He is completed by the refinement of his
opinion and his wisdom.

I ' was in his presence one day and had brought him something which he had ordered me to
make. He looked at me and he looked at what I had made and thought about it, without my
noticing. He guessed what I had been thinking about, and unveiled unerringly what I had con-
cealed. He said ‘you have made peerless devices, and through strength have brought them forth
as works; so do not lose what you have wearied yourself with and have plainly constructed.
I wish you to compose for me a book which assembles what you have created separately, and
brings together a selection of individual items and pictures’.

I followed the pattern he had imposed and accepted his judgement, for I had no recourse
but to obey. I gave of my strength according to the required reading and I composed this book
in which there are certain rents I have patched and basic matters the sub-divisions of which I
have given and figures which I have designed. I do not know that I have had any predecessors
in this, trusting in the generosity of those scholars who are expert in this. And those who have
knowledge of aphorisms know that every man can accomplish only what he is capable of by his
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inborn ability. And he can spend only of the provision given him by God, and let no soul spare
that which can benefit others. No soul is asked to go beyond its capability.

I assembled that in a book [lit. introduction — muqaddima] comprising fifty specimens, and
it is divided into six categories. I have been thorough in description and in particulars. In what
I have written I have used foreign names passed on by earlier people and adherence to these has
continued until today; and other expressions made necessary by time. For the people of every
epoch have [their own] language, and every group of scholars have technical terms understood
among themselves, and conventions familiar to them. For every specimen (shakl) I have drawn
a picture, and have marked it with letters for guidance, and have [also] put alternatives for these
letters.

Category I  On the construction of clocks from which can be told the passage of the constant
and solar hours — 10 Chapters [lit. specimens — ashkal]

Category II On the construction of vessels and figures suitable for drinking sessions — 10
Chapters.

Category III On the construction of pitchers and basins for phlebotomy and ritual washing —
10 Chapters.

Category IV On the construction in pools of fountains which change their shape, and of machines
for the perpetual flute — 10 Chapters.

Category V  On the construction of machines for raising water from standing water which is
not deep, and from a running river — 5 Chapters.

Category VI On the construction of different, dissimilar things — 5 Chapters.



CATEGORY 1

On the construction of clocks (Finkan) from which can be told the passage of
the constant and solar hours by means of water and candles

Chapter 1 of Category I

A water-clock (binkam) from which can be told the passage of the solar hours; this is divided into
10 sections

Section 1

This contains an introduction, necessary in this case, and this is followed by a description of the
outside appearance of the clock from which the passage of the solar hours can be learned.

I followed the method of the excellent Archimedes in distributing the twelve signs of the Zodiac
over a semi-circle. A drilled onyx for the outlet of the water, mounted on a device, moved over
these divisions. This was the fundamental basis of this work, or something similar, provided its
divisions permit increased or decreased [flow]. He took a brass plate, and this is its picture
[Fig. 1]. It is a semi-circle and he divided its perimeter into twelve equal divisions and wrote
upon each division the name of a zodiacal sign. The first of these divisions is Capricorn, the
last is Sagittarius, and at the top of the convexity is Cancer. He made its diameter horizontal, since
the water outlet rises from [a point] opposite the centre of the semi-circle to the top of its con-
vexity in 180 days and descends in the same time, because all the divisions of the zodiacal signs are
equal. Hence [the flow] decreases as it [i.e. the outlet] rises and increases as it descends. If the out-
flow is at a certain division during the day, it will move to the opposite division (razir) in the
night of that day, so that in every day 12 [solar] hours will pass, and 12 hours in every night,
corresponding to the latitude for which the instrument was designed. But when I made an instru-
ment such as he [Archimedes] had described, it did not work correctly except for one day [in the
year], namely the first day of Cancer. So I set it aside and searched for something else.

I discovered an instrument fabricated [at an earlier time] of which neither the maker nor the
transmitter (musanni€) is known. This is a complete circle made from a circular plate, upon
which two diameters at right angles are drawn, one from the head of Aries to the head of Libra,
one between the heads of Capricorn and Cancer. These are marked a, b, j, d: the sign of the head
of Cancer is a, of the head of Aries b, of the head of Libra j and of the head of Capricorn d. The
diameter ad was divided into 180 equal parts, the ruler was placed on each division in turn
parallel to the diameter 4j and a mark made on the circle at each extremity, until all the divisions
were made. The circle was thus divided into divisions which were broad [in proportion to their
widths] at the heads of Cancer and Capricorn and narrow at the heads of Aries and Libra. This
is the picture [Fig. 2]. That was a beautiful instrument for raising and lowering the water outlet
according to the divisions of a straight line. I made an instrument to this pattern but it did not
work correctly.

Archimedes described [another instrument] which he attributed to [a certain] al-Qajan or
al-Qatan, and this is a complete circle divided into twelve equal parts, whereas he had used a
semi-circle, but this [also] was incomplete.

I [therefore] turned aside from that and gave much thought [to the matter], whereupon it
occurred to me to divide another circle according to the sun’s inclination to the equator, and
that the operation of this would be perfect. So I took a plate and drew a circle on it, and this
is its picture [Fig. 3]. I drew on it two diameters at right angles, one between the heads of Aries
and Libra, one between the heads of Capricorn and Cancer. Their signs are a, b, j, d: the signs
of the heads of Capricorn and Cancer! are ad and the signs of the heads of Aries and Libra
are bj. The diameter bj represents the equator, the centre of the circle is marked e, the greatest
inclination [of the Ecliptic] is 23° 35’. Then from e [towards a] I made equal divisions representing
23°35’. Then I placed the ruler on the position corresponding to the inclination [i.e. declination]
of the first point of Taurus to the equator, namely 12° 18’, parallel to the equator. This begins
from point e. At the edge of the ruler I made a mark on each side of the circle, the right-hand

! These should be reversed, (a) is Cancer, (d) Capricorn.

Fig. 1. Left to right around semicircle captions read:
Sagittarius, Scorpio, Libra, Virgo, Leo, Cancer,
Gemini, Taurus. Aries. Pisces, Aquarius, Capricorn.

Fig. 2.

Fig. 3.
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mark being the first point of Taurus and the left the first point of Virgo. Then I counted out the
full inclination of the first point of Gemini, which is 8°, placed the ruler at the end of this amount
parallel to the equator, and made two more marks with the ruler on the outside of the circle,
the right-hand one corresponding to the first point of Gemini and the left to the first point of
Leo. I wrote at the first point of Taurus w, at the first point of Gemini z, at the first point of
Leo A, at the first point of Virgo . Thus I divided half the circle into approximately equal parts.
Then from the centre-point e to the head of Capricorn I also divided according to the greatest
inclination of the ecliptic, putting marks on the inclination of the first point of Pisces and the
first point of Scorpio as I had marked the first half of the circle, similarly with the inclination of
the first point of Aquarius and the first point of Sagittarius — y, k, /, m. The first point of Pisces
was y, of Scorpio k, of Aquarius /, and the last point of Sagittarius . The circle was now com-
plete, with 12 Zodiacal signs, each divided into 30 parts. I used this instrument, but it did not
function correctly and the measurements were false, the reason being that the earlier craftsmen

- were at fault. There was no alternative therefore but to proceed with practical work and ex-

periment, using a method which I shall mention below, from which it will appear that the three
designs given above are incorrect.

The Appearance and Method of Working of the Clock

The outside consists of a house, rising from the ground a distance of about twice the height of
a man, comprising all that is required for telling the passage of the hours [Fig. 4]. In this house
there is a door about 9 spans in height and 5} spans in width, which is closed by a wall of wood
or bronze. Above the door, in a lateral straight line, are 12 doors, each of which has two leaves
which are closed at the beginning of the day. Below these, and parallel to them, are 12 [more]
doors, each with one leaf, which all have the same colour at the beginning of the day. Below
the second set of doors is a frieze projecting one fingerbreadth from the face of the wall. At the
side of the frieze is a crescent [moon)] like a Dinar. This crescent moves along the ledge in front
of the doors to the [other] end of the ledge. In either side of the wall below the ledge, is a niche
like a'mihrab, and in each of these is a bird with outstretched wings, standing on its feet. Between
the two niches are 12 roundels? made of glass, which are so arranged that they form a semi-circle
with its convex side upwards. In front of each bird is a vase (Qandil) supported on a projecting
bracket, and in each vase is hung a cymbal. Below the wall several figures are situated — two
drummers, two trumpeters and a cymbalist. Above the wall is a semi-circle with its convexity
towards the top. Around its circumference are six of the 12 Zodiacal signs [i.e. visible at a given
time], and below this is a sphere® carrying the sun, a golden roundel?® and, below this, a sphere
carrying the moon, a glass roundel.

As to its significance: at the beginning of the day the crescent moves in its regular imperceptible
way along the frieze until it has passed one door and is between the first and second doors,
whereupon the two panels of the first of the upper doors open and a figure, made according
to the choice of the craftsman, comes out and stands as if he had suddenly emerged. Also, the
first door which the crescent has passed turns over and changes colour, the two birds lean forward
until they approach the two vases, and two balls are dropped from their beaks, each on to a
cymbal, and the sound is heard from afar. The birds then resume their position. This happens
at the end of every hour until the sixth, at which time the drummers drum, the trumpeters blow
and the cymbalist plays his cymbals for a while. This occurs also at the ninth and twelfth
hours.

The operation of the spheres is as follows: at the beginning of the day the centre of the sun
will be in the appropriate degree of the Zodiac for that day, on the eastern horizon, about to rise.
The opposite degree will be on the western horizon, about to set; whenever a degree rises its
opposite will set. The sun climbs until noon, then descends until nightfall, when the sun’s station
will set, and the six signs that have been visible will disappear, and the six that have been hidden
will appear.

Suppose that it is the day of Cancer — the sun will reach its greatest altitude, while on the day
of Capricorn it will reach its lowest. At night the moon is seen in the Zodiacal sign and in the
degree corresponding to that night [and in its appropriate shape]: if it is appearing as a crescent
it will change [as the month progresses] to a full moon and if it is a full moon it will wane.

2 For the twelve roundels the term jama (small glass cup) is used, for those in the spheres qurs (disc). Both are translated
as ‘roundel’ to distinguish them from the large disc which appears elsewhere in the structure.
3 Falak - celestial sphere.
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At the beginning of the night the first of the glass roundels will show light like a nail-paring
(qulama) which increases until it is filled with light, at which time an hour of the night has passed.
This happens with the succeeding roundels until six are fully lit. Then the musicians do their
duty as they do during the day, and similarly at the ninth and twelfth hours,* this being the last
hour of the night, by which time all the roundels are filled with light. This is the picture of what I
have described clearly. [Fig. 4]. God is all-knowing.

Fig. 4.

+ See Sections 8 and 10, where it is stated that the musicians did not play at the ninth hour of the night.
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PART II

Section 2
On the water reservoir

One takes a reservoir (khizana) made of copper, about 6 spans high and 13 spans wide. It is
filled with water which must all flow out of a hole in its bottom into an instrument connected
to it, during the hours of the longest day in the latitude for which it is designed, which I specify
to be the fourth region [30°-40°] where the longest day has 14 hours and 30 minutes. At the be-
ginning of the day, in one constant hour 5 kay! must flow out of a single hole, and 5 kay! in
the last constant hour of the day.> If the water is then poured back into the reservoir, in the night
of the same day it will all flow out during the 9 hours 30 minutes of that night, and the same
quantity will flow out in the first constant hour of the night as in the last.

Method of Construction of the water reservoir and its requisite water equipment

I begin with the construction of the vessel (khabiya) which is the reservoir (khizana), its float
(tafafa), the tap connected to this vessel, the float chamber (rub) and its float (‘awwama).

For the reservoir one takes four pieces of beaten copper and hammers them until each one
assumes the shape of a kettle (gidr) or a kayl for crops, with vertical sides, and with top and bottom
of equal width; they are about 12 spans high and 1} spans wide [Fig. 5]. To obtain a true shape,
one takes a perfectly round disc of wood, that can only with difficulty be fitted into the vessel
by hammering and making adjustments. Then four vertical lines are drawn on the inside of the
vessel from top to bottom, each line opposite another, and each line is divided into about 10
equal divisions. Then water is poured into the vessel, until it reaches the first mark on each line,
and then a measured quantity up to the second mark. Then one pours in a similar quantity;
if this comes up to the third mark, all is in order, but if it is above or below this mark one must
narrow or widen the vessel by hammering until it is correct. One proceeds in the same way until
the last mark is reached, and for the other sections. The surplus from the top and bottom of each
section is cut away until they resemble hoops,® except the last section which is not cut at the bot-
tom, since this is the bottom of the container. Another is placed above it, and connected to it;
outside the joint a ring of copper is fitted and firmly soldered. The same is done with the third
and fourth sections to produce a single vessel with straight vertical sides [Fig. 6], in which is a
tap which is described below. Its total length is seven spans, of which six are for the amount of

Fig. 6.

water known to be required, which is mentioned below, and one span, half of it for the unknown
[quantity of] water in the bottom which is not discharged, and half a span at the top for the float.
For the float (fafafa) two pieces of copper are taken and hammered into oblate shape like a hollow
turnip, so that one fits into the other. They are then soldered together at the joint. They should be
of a width to enter the container with ease. In the centre of one of the circular surfaces a staple is
fitted, with a ring, and near this point a hole is drilled of one finger diameter [Fig. 7].

Then one takes a tube of cast bronze, 4 a span long, and wide enough to allow the index finger
to enter; in the centre is a tap of good workmanship that opens and closes as required. One end
of the tube is bent at right angles for about the length of half a finger — the open end of the bent
[piece] should be wider than the tube at the angle. [Fig. 8]. The tap is fitted to the bottom of the
reservoir. For the bent-down end a plug is prepared from cast bronze and is fitted to the inside
and ground with emery on the lathe in the usual way. This is done with the greatest precision,
since this is one of the most important and essential parts of the works. Every tap and ground

5 See below, where the quantity is doubled.
6 Shanbar, pl. shanabir (Persian).
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valve is made in this way. This is the picture of the plug — conical, with a wide base [Fig. 9].
If it is pushed into the bent-down end of the pipe, and if it is not restrained by something, it
will not be fixed, but free, because its base is wider than its head.

For the float-chamber a piece of copper is taken and hammered into a cylinder, like the re-
servoir. It is 13 spans high and four fingers wide. A hole is drilled in one side near the bottom,
and into this [hole] a pipe in the shape of an index finger is fitted and firmly soldered. [Fig. 10].
Then for the float two pieces of copper are taken, hammered until they take the oblate shape
of a hollow turnip and the two pieces soldered together. Its diameter should be of such a size
that it fits easily into the float chamber without touching its sides. The base of the plug is now
soldered to the centre of one of the circular sides of the float and it is then placed in water and
observed. If it tilts to one side, the opposite side must be weighted so that it rides on the surface
of the water without tilting. The float is shown with the plug. [Fig. 11].

Figs.7,8,9,10,11. (Reading top to bottom).

Section 3
Method of Construction of the Flow Regulator’

For the flow regulator and for the water outlet one takes a strong brass plate and makes its

7 Dastar. This, with its basic idea of ‘control or regulation’, translates naturally to ‘regulator’ — and the instrument is
indeed a flow regulator.
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surface flat, so that a straight-edge ® can be laid over it. It is circular with a diameter of 14 sp. In
one of its quadrants is a projection about 3 fingers long® and this projection is formed into the
shape of a base upon which the disc is upright. Then two diameters are drawn, not engraved, and
one of them divides the base into two halves. Next one draws on the centre-point of the disc a
circle with a diameter of one span. The marks abjd are made where this circle cuts the two
diameters. Let a, opposite the base, be the first point of Cancer, b the first point of Libra, j the
first point of Capricorn, d the first point of Aries. Then another circle 4 is drawn outside this
circle at sufficient distance for writing the names of the zodiacal signs between them. Another
circle is drawn outside the circle, at sufficient distance to allow the divisions of 5 degrees to be
written between them — this is marked ¢; then another for writing the small divisions [i.e. degrees],
marked with y. Then the space between the two circles reserved for the 12 signs is divided into
12 equal parts, without engraving, so that they can be erased when erasure is required. The
divisions begin from d, the first point of Aries. Then the space reserved for the small divisions is
divided into 360 equal divisions, without engraving. This is its picture. [Fig. 12].

On the centre-point e a circle is drawn inside and near the circle abjd and a disc is cut out with
the dividers so that a ring remains. Then a plate is made from bronze, with a completely flat

Fig. 12. (See line drawing for numbers giving positions of captions). 1-12: Gemini, Taurus, Aries, Pisces, Aquarius,
Capricorn, Sagittarius, Scorpio, Libra, Virgo, Leo, Cancer. 13: Hole from which dirt is removed. 14: Division marker.
15: The division of the small divisions is not in exact agreement with the division of the Zodiac signs, but approximately so.
16: Footing of the flow regulator. 17: Onyx.

8 Mistara. This can be ‘ruler’ but in this case the appropriate translation is ‘straight-edge’.
9 Isba® madmim. Therefore a total of only about 25 inches.
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rim on which a straight-edge can be laid. When the plate is laid on the ring its circumference lies
on the circumference of the ring, while the base is outside it. The inner perimeter of the plate
has a smaller diameter than the inner perimeter of the ring. If the disc is now put back it will
move freely, without being hindered at all by the edge of the plate. The surfaces of the disc and
the ring are in one plane, as they were previously. The disc is now lifted from its position. A
tube of cast bronze is taken, the length of an index finger [Fig. 14] and formed so that one end is
broader than the other. For the tube a plug of cast bronze is made and the two are ground [to
a close fit] so that no water can pass between — one must make certain of that. The two ends of
the plug project from the ends of the tube and the narrow end is thin enough to allow a holding-
ring!® to be fitted to it, which is hammered on to [the plug] until it fits firmly around it and pre-
vents it from coming out. When the plug is turned in the tube, it turns easily without coming out
of the tube. The other end of the plug has a [round] base which is exactly at right-angles to the
stem, so that if it is placed on a flat surface and rotated, the plug is always vertical. The plug is
then drilled along its length to form a pipe, so that one has two pipes in one pipe. This is the
picture of the tube [Fig. 14] of the plug [Fig. 13], and of the tube, plug and holding-ring
assembled together [Fig. 15], to [give] a clear understanding. On the back of the disc a circle is
drawn with the same diameter as the base of the plug; a radius is also drawn on the back of the
disc corresponding to one of the non-engraved radii on the front, and both radii are now engraved.
The base of the plug is now placed on the circle at the circle at the back of the disc, perfectly flat,
and firmly soldered in position.

Then a hole is drilled through the base of the plug for half its diameter, until it meets the lon-
gitudinal hole. A test is then made: the jacket pipe is held firmly and the disc and plug turned
together, with a pointer held opposite the rim of the disc to check its rise and fall; adjustments are
made until it turns truly on its axis. A half-round pipe is now laid along the radius at the back of
the disc, covering that radius and the hole in the base of the plug, and is soldered in position on
the back of the disc and round the hole in the base of the plug. It is closed at the end near the edge
of the disc.

Now one takes a copper tube 4 fingers long, and wide enough to allow the tube covering the
plug to enter it for some distance, at which point it is soldered to the latter tube. This tube does
not prevent the holding-ring from turning when the disc turns. Laying the face of the disc on the
ground, some water is poured into the pipe covering the pipe covering the plug, and this flows
from it through the hole in the plug then issues from the hole in the base of the plug into the [half
round] channel on the back of the disc, but the water cannot flow out. This is the picture of the
disc, with the base of the plug on it, and the pipe, so that it can be clearly understood [Fig. 16].

A hole is drilled on the centrepoint of the plate, through which is passed the tube covering the
plug, and its tube, until the disc meets the face of the plate. The disc is now turned by itself and
if it turns easily the pipe is then fixed firmly in position; if it rubs against the plate or its surrounding
ring adjustments are made until it turns freely, and then the [final] firm fixing is made. On the
front face of the disc a pointer (shaziya) is fitted at the end of one of the radii engraved in the
surface, of such a length that it reaches to the small divisions. The other radius must also be
engraved, so that one has a completely engraved diameter, and on this radius a fine round stud
is fitted, with a projecting knob to hold when turning the disc on the plate. It is clear that when
the disc is turned by the projecting knob, the pointer passes over the Zodiac, the circle assigned to
the five-degree divisions, and the circle of the small divisions. It is set on the degrees of the sun
and to degrees [diametrically] opposed to them.

Section 4
On the installation of the instruments and their interrelationships

A hole is drilled in the side of the reservoir near its base in which is fitted the tail of the tap so
that the bent over piece faces down. The vessel is raised on a firm footing which is 4 spans above
the floor of the House. The float chamber with its float inside is lifted until the top of the float
chamber touches the tail of the tap and what is beneath it of the side of the reservoir, so that the
bent piece of the tap is directly over the centre of the float chamber which then has a firm footing
placed under it.

The pipe soldered into the bottom of the float-chamber is inserted tightly into the pipe in the
plate and the joint is sealed with some wax. The pedestal of the flow regulator is facing the ground
and the regulator is upright; a plinth of solid stone is placed beneath its pedestal. The reservoir is

1o Abshizka. No such word can be discovered in the dictionaries. ‘Holding-ring’ is the correct description for the fitting
described and illustrated.
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Figs. 13, 14, 15. (Reading top to bottom).

Fig. 16.
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checked for tilting with the plumb-line and likewise the float-chamber. The verticality of the flow
regulator is verified with the plumb-line, by passing its string over the first point of Cancer and
the first point of Capricorn, so that the string is clear of the face of the regulator by an equal
distance at the line of Cancer and the line of Capricorn, and divides the pedestal into halves.

Water is poured into the reservoir, the float being placed on top, for the required time [to fill it]
and the tap connected to the vessel is opened and water flows from its bent-down piece into the
float chamber, then into the plug on the back of the disc then into the [half round] channel on the
back of the disc. The water has no outlet, so the water needs must rise in the float chamber and
with it the float until its plug enters the bent-down end of the tap and closes it, whereupon the
flow ceases until a hole is drilled in the face of the disc on the radius facing the channel, through to
the channel, whereupon the water flows out from this hole. All the while water flows out the float
sinks accordingly. If the division marker is at the first point of Cancer, and the hole in the disc
therefore at its highest point, wherever this is in relation to the centre of the disc, the water will
have its weakest flow. And if the division marker, I mean by this the pointer, is at the first point of
Capricorn, the hole in the disc is at its lowest point, wherever this is in relation to the centre of
the disc, the water will come out with the greatest force. A drilled piece of onyx is now fitted to the
hole, so constructed that it allows a calculated quantity of water to pass through every hour, in a
manner to be described.

It was mentioned earlier that the ring outside the disc was divided into 12 equal parts, not
engraved, and the small divisions into 360 parts, not engraved, the indicator passing over these
divisions in a complete year. '

If the sun is in the first point of Cancer, then the indicator is at the first point of Cancer on that
day and on the night of that day at the first point of Capricorn, which is the opposite [sign]. Then
every day the indicator falls one degree from the first point of Cancer by day, and rises one degree
from the first point of Capricorn by night. When it reaches the first point of Aries its position
does not change in the day or in the night. These divisions are not dependable, and are not en-
graved, for reasons which will be mentioned below.

Section 5
On the division of the circle for the outflow of water

This is done by the kayl*! of the water. I have prescribed the quantity of water in the vessel at
145 kayl. The latitude of the place for which the division is made is 36 degrees and the hours of
its longest day are 144 so I divided 145 by 144 constant hours for the first point of Cancer, which is
the longest day and obtained for each constant hour 10 kayl.

I now returned to the instrument on which I had marked 360 equal non-engraved divisions.
[You will remember that it had] a radius on the disc with a channel behind it on the inside, a divi-
sion marker on the face, and an outlet hole, connecting through to the channel, upon which was a
drilled onyx. When the division marker was on the first point of Cancer I required that 10 kayl of
water, measured by a level-instrument, should flow from the reservoir out of the hole in the onyx
in exactly one constant hour.

To achieve this the hole was made narrow and widened with copper wire and emery until in one
constant hour 10 kay! flowed from it. Then I divided 145 kayl by 95 constant hours for the first
point of Capricorn and obtained for each hour about 157 kay!l. I moved the indicator to the first
point of Capricorn. If the calculated quantity flowed out in one constant hour, the outlet was not
changed, but if more than the calculated amount then I moved the hole nearer the centre of the disc
and lowered the Reservoir alone from where it had been by a like amount as I had moved the hole
nearer the centre of the disc, and if less than the calculated amount flowed out I moved the hole
away from the centre point of the disc and lifted the Reservoir alone from where it had been the
same distance as I had moved the hole away from the centre point of the disc. In this way I found
the positioq of the hole for which 10 kay! would flow from it in the constant hour when the marker
was on the first point of Cancer, and 15} kayl would flow from it with the marker on the first point
of Capricorn. The distance of the hole from the centre point was then about 43 fingers; the finger
is 6 barleycorns laid belly to back. This latitude was 36° and for higher latitudes the outlet is moved
farther from the centre and vice versa. Then I made a hollow house for the outlet from brass and
fitted it around it on the diameter of the disc. Then I bored a large hole outside the outlet from
which water could be poured into the channel and closed it with some wax. If some dust got into

' The required amount of water was about 4 cubic ft., 1 kayl therefore is about 1.35 pints or 0.78 litres.
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the channel I took out the wax and removed it [the i.e. dust] so that the outlet was not hindered,
then replaced the wax plug. On the side of the Reservoir I engraved a mark opposite the highest
point of the float chamber to show the level of the float chamber in relation to the reservoir — it is
important that this is done. Then I divided 145 kay! by 12 constant hours giving 125 kay! and this
is for the first point of Aries and Libra. I moved the outlet point to the first point of Aries and
more then 1275 kayl flowed out in one equal hour. This shows the defectiveness of the three divi-
sions mentioned previously, i.e. the division of the semi-circle, the division of the diameter and
the division according to the sun’s inclination. I then raised the outlet degree by degree until the
flow was 125 kayl in one constant hour [which was at] 16 degrees from Aries. I made an engraved
line at the marker position which cut the Zodiac circle, the 5-degree circle and the small division
circle. This line was accurately the first point of Aries for this instrument after repeated trials.
Next I divided 145 kayl by the hours of the first point of Taurus which are 13h. 12m., obtaining
11 kayl approximately; in one constant hour the calculated outflow corresponded to [a point]
10 degrees within Taurus. I made an engraved line at the face of the marker cutting the circles, as
had been done for the first point of Aries, and this was truly the first point of Taurus, which was 17
degrees of the unengraved degrees of Aries through to 10 degrees of Taurus, i.e. 23 degrees for the
sign of Aries. Now I divided 145 kay! for the hours of the first point of Gemini which are 14h. 12m.
and obtained 104 kayl approximately and the point was found corresponding to this outflow for
the last point of Taurus, and I made an engraved line at the face of the marker as I had done for the
[first points] of Taurus and Aries; this line is truly the first point of Gemini and the last of Cancer!?
from respective sides. I now moved the marker to the first point of Cancer which was not engraved,
and engraved it.

Now I moved the marker to the first point of Capricorn and engraved it. Now I divided the
water for the hours of the first point of Aquarius and found the correct point according to the
quantity flowing in one constant hour, which was 11° from Aquarius. I put the marker across the
divisions and made an engraved line as before, and this was truly the first point of Aquarius. Now
I divided the water for the hours of the first point of Pisces, whence the water outflow calculated
for one constant hour occurred at 18 degrees from Pisces, and I put the marker there and made
an engraved [cut]. From the lowest point of the circle with the regulator vertical on its pedestal to
11° of Aquarius is 41° of the unengraved degrees and this is the sign of Capricorn and I wrote
‘Capricorn’ there. From 11° of Aquarius to 18° of Pisces is the sign of Aquarius which is 29° of
the unengraved degrees and I wrote ‘Aquarius’ there. From 12° of Pisces to 17° of Aries is the sign
of Pisces which is 29° of the unengraved degrees and I wrote there ‘Pisces’. From 17° of Aries to 11°
of Taurus is the sign of Aries which is 29° of the unengraved degrees; from 11° of Taurus to the
end of Taurus is the sign of Taurus which is 19° of the unengraved degrees and I wrote there
‘Taurus.; from the last of Taurus to the first of Cancer is the sign of Gemini and I wrote there
‘Gemini’. Thus I had divided half the circle into 6 unequal divisions.

In the remaining half of the circle I put the marker on the first point of Leo and engraved a line
along its face and wrote between this line and the first point of Cancer, ‘Cancer’. Then I put the
marker on 20° from Leo and engraved a line along its face and from the first point of Leo to this
line is the sign of Leo. Then I put the marker at 18° from Libra and engraved a line along the edge
of the marker, and from this line to the last point of Leo is the sign of Virgo and I wrote ‘Virgo’
there. Then I moved the marker to 12° from Libra and engraved a line on its edge — from the last
of Virgo to this line is the sign of Libra and I wrote ‘Libra’ there. Then I put the marker at 19°
from Scorpio and engraved a line along its face — from the end of Libra to this line is the sign of
Scorpio so I wrote there ‘Scorpio’. From this line to the first point of Capricorn is the sign of
Sagittarius so I wrote there ‘Sagittarius’, thus completing the division of the circle into the 12
signs. Each two diametrically opposite signs have equal divisions. Then I divided the 145 kay! to
obtain [an amount corresponding to] the [end of the first] 5 degrees of Aries, and I made a mark
where the correct quantity flowed out. I wrote between the circles reserved for the 5-degree
divisions a ‘5’ and divided the small divisions into five. I proceeded in this way, marking the divi-
sions, until I had completed the regulator with 12 Zodiac signs, the 5 divisions and 360 degree
divisions, namely the degrees. Then I erased the non-engraved marks.

The functioning of the regulator is as follows: when the Sun is in a degree of a sign, the marker
on that day is on that degree and on the opposite, corresponding, degree in the night. If desired
another circle may be drawn outside the circle of small divisions and the Rimi months and days
of the solar year marked on it, as I have done for two regulators.

This is the basis of the work. Individual parts may be omitted or added according to the place
for which it is constructed. For mosques and shrines it may be limited to what is necessary for
telling the hours; for the palaces of kings, what may be fitting, such as pictures and other things.

2 Should read ‘Taurus’.
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Fig. 17. Words on door read:
‘Dominion is God’s’.

PART II

Section 6
On the place in which the apparatus is erected and the functioning of its instruments

A House is erected which stands about the height of two men above the ground, its base area
being 12 spans square. Opening into this is a door 54 spans wide and 9 spans high, which is closed
by a wall of brass or strong wood. Across the top of the wall are twelve doors all of the same size,
placed in a straight line; between each pair of doors is a post two fingers wide. Every door has
two leaves (misra‘) of brass with hinges which move with ease. Under these doors and parallel
to them are 12 doors, each with a single copper leaf, which has across its centre an axle whose
ends project from the sides of the door and rest in two bearings half way up the posts in which
they turn easily. One end of the door leaf is weighted, and this end is by nature towards the bottom.
When the weighted end is lifted it is retained on the outside by a peg which prevents it from
falling outwards, so that it falls by nature towards the inside. This [Fig. 17] is the picture of one
door between two posts.

Now one constructs below these doors a frieze one finger wide, like a ledge projecting one
finger’s width from the wall; it should run in a straight line across [the wall] and its vertical face
is [also] one finger. Next a slit is pierced in the wall, running along the [top] edge of the frieze
and the same height as the edge of the frieze. A crescent moon is made of gold, like a dinar, as
wide as the posts between the lower set of doors, or less. This is fixed to the end of a light iron
rod which is as long as the doors are high. This is then bent to a right angle in the centre and
the horizontal end pushed through the slit in the wall. The crescent moon, when it is placed
erect in front of the first door post reaches half way up the door. If the door turns over it is not
hindered by the crescent which stays in place.

Under the frieze two cavities similar to mihrabs are made, one at each side of the wall, their
highest points three fingers below the ledge; they are each two spans high and over one span
wide. Two falcons are made of the lightest possible brass, with outspread wings and raised
breasts [Fig. 18]. The head of each is pierced behind with a hole in which a ball of cast bronze
weighing 40 dirhams can enter, and the neck is closed to keep the ball in its head. The upper
beak and part of the head are detached so that the ball can come out easily; the beak and head
are then connected with a very fine, easily moving hinge. Then one takes an iron bar one finger
thick and one span long, one end of which is split and the two halves separated. In the centre
a hole is bored into which an axle can easily be inserted, and the other end is also drilled. A hole
is drilled in the centre of the mihrab and a % finger long slit is made. In this slit the drilled rod
is pushed until its axle in the hole in the centre comes square across the hole in the mihrab. Its
ends are then fixed to the sides of the mihrab. When the rod moves it moves [only] up and down.

A copper tube is made of such a width that the thumb and forefinger pass round it; it is four
fingers long and its ends are blanked off. The feet of the falcon are fixed to this tube, and near
its ends two holes are drilled to receive the split ends of the rod. The falcon appears on the tube
as if he were gripping a perch with his talons. The front of the falcon faces outwards and his
back is towards the mihrab, and he stands on the pipe at right angles to the rod. The other end
of the rod inside the screen wall is weighted with a lead weight attached to the rod with a chain
1 span long which goes into a hole in the end of the rod. This weight should be heavier than the
falcon by 20 dirhams: the rod is like a balance, which will tilt if one end is heavier than the other.
The weight lifts the falcon until its head touches the top of the mihrab, which holds it in place.
Now a hole is made at the top of the mihrab, wide enough to allow the ball of above-mentioned
weight to pass through. This opening lies close to the back of the head of the falcon, so that
when a ball emerges from the opening it goes into the head of the falcon and remains above its
neck. The falcon is then heavier than the [hanging] weight because the weight is heavier than
the falcon by 20 dirhams. The falcon leans forward until its head is about two spans’ distance
from the top of the mihrab, the ball pushes its upper beak and falls out. The falcon is now lighter
and returns to its position. Similarly with the other falcon.

Construction of the falcon’s wings: each wing has a hinge in its centre connecting it to the back
of the falcon and a string attached to the end of the spine of the wing, the other end of the string
being fixed to the side of the mihrab. The colour of the string is the same colour as the mihrab.
When the falcon leans forward its wings rise. There are thus two movements — one downwards,
and the movement of the wings upwards; the tail also moves downward from its original posi-
tion, by means of a hinge. This is beautiful [to behold].

In front of each falcon a brass vase is placed on a firm bracket which projects from the wall
by such a distance that the ball from the beak of the falcon will fall into the vase. Across the top
of each vase is a copper cross piece to which a cymbal of white bronze (isfadriih) is hung, on to
which the ball falls, making a sound which can be heard from afar. The ball then falls into the
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bottom of the vase, which has an opening which leads through the hollow bracket to the interior
of the house, and the ball runs therein. Whoever wishes to use the passage of the ball into the centre
of the house for a moving [device], will find it easy.

Between the two mihrabs, 12 round holes are bored in the wall, into each of which is fitted
a glass roundel. These roundels form a semi-circular line with its convexity facing upwards,
the length of its radius being 13 spans. In the centre of the bottom of the screen the figures of
two drummers are set, each with a copper drum in front of him. One of the arms of each figure
has an axis at the elbow, the two ends of which are fastened in the sleeve of the figure’s shirt:
when the arm moves the motion is up and down. In the hand of this arm there is a baton (sawlajan)
with which the drum is struck. A continuation leads from the elbow, in the form of a rod, through
a long vertical slit in the wall, and this provides the downward and upward motion for the hand.
Next a figure is made which holds a cymbal in his hand, and his right hand moves up and down
like the drummer’s hand. His back is also fixed to the wall, and the extension from his elbow leads
inside through an aperture in the screen. The position of this cymbalist is to the left of the two
drummers. To the right of them are the figures of two trumpeters, each holding a trumpet with the
end in his mouth. This requires nothing in the screen for its functioning. This [Fig. 18] is the
picture of one falcon, one vase and one figure — the picture gives all that is necessary for a clear
understanding. No picture is needed for the trumpeter, since he makes no movement, and the
sound of the trumpet comes from another source.

Section 7
On the means for imparting motion to all the things mentioned so far

Namely, the first and second doors, the crescent on the frieze below the second doors, the two
falcons, and the nocturnal roundels, and nothing more, for anyone who wishes to limit himself to
these alone. A door is placed in the house through which one can enter, and in the middle of the
house a copper cistern is placed in which can be collected the water flowing from the reservoir,
and [indeed] more than that. The water apparatus, I mean the reservoir, the float chamber and
the upright regulator are erected and the reservoir should be on the right-hand side of the wall;
the water from the outlet flows over hard ground into the cistern. Then one takes-a round flat
disc of strong dry wood like a shield, its diameter being 34 spans and half a finger nail (zufr) and its
thickness two finger breadths. A diameter is engraved on one face, and on its centre a circle of
diameter 33 spans is drawn. Then a second circle is drawn of diameter 2 spans. A cut is made from
the edge [of the disc] along the diameter up to the line of the second circle of diameter 2 spans. The
cut is then turned along the circumference of this circle until the line of the diameter is reached, and
then the cut is turned along the line of the diameter to the edge of the disc, and the half of what
lies between the two circles is removed. This is its picture after cutting [Fig. 19]: this first circle
is a, the circle of diameter two spans is b, and on the two ends of the diameter are jj [not written].
The measurement, whatever its length, must be ascertained; it is measured with a ruler and
preserved, until such time as it is required. An iron hoop (fawgq) is now brought, as wide as the
disc is thick, one finger thick, and of a length that will encircle half the circle of 3 spans diameter,
that is 5} spans. The bar is bent into the shape of a semi-circle; there will be a surplus to the
required length [for making the semi-circle] sufficient for each end to be turned inwards at an
angle and placed on the wooden disc where the two pieces were cut from its diameter. These
are firmly nailed, replacing the original cut away circle, which is now completed by the iron

ring. This is a second picture [Fig. 20] after a square hole has been cut in the centre to take the

end of an axle, which I shall describe.

The axle is of solid wood, 4 spans long and of a thickness that can be encircled by two thumbs
and two forefingers. One end is dressed square so that it can enter tightly the hole in the disc
without protruding from its face. On the ends of the axle are nailed two iron ‘acorns’, around
which it [i.e. the axle] turns. On the half circumference of the disc a channel (nahr) is made so
that it becomes (as it were) a half-pulley. The depth of this channel, for [a length of] slightly
over 3} spans is half a finger-nail, so that the back of the iron ring and the bed of the wooden
channel coincide. This disc is then installed between two stable stanchions, under the ‘acorns’
of the axle, and its rotation is tested with the hand; if one side is light it is weighted with lead
until it is balanced, and remains immobile in any position. A hole is bored inside the wall at the
centre point of the semi-circle of glass roundels, and the ‘acorn’ at the end of the axle which
carries the disc is inserted therein. The wall and disc are almost touching but the disc can turn
and is not hindered by the wall. Under the ‘acorn’ at the other end of the axle a firm support
is placed. If the completely wooden half of the disc is uppermost, then the glass roundels are
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Fig. 18. Captions read: Upper: ‘Balls’ passage’; ex-
tremeright: ‘weight’; right: ‘channel for the balls to the
inside of the house’; right centre: ‘extension of the
drummer’s forearm’; left: ‘axle upon which the arm
moves’.

Fig. 19.

Fig. 20. Captionsread: upper: ‘theironring’; lower:
‘the hole for the end of the axle’.
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covered from inside, but if the iron ring is uppermost the roundels are not covered. When the
disc turns gradually the roundels are covered according to [the distance] it turns.

A strong wooden board is now brought, as long as the wall is wide, plus two fingers at each
end, and half a span in width, and free from warping. It is fixed along [the inside of] the wall
in a straight line, two finger breadths below the slit of the frieze, and it has a rim at the other
side to prevent anything placed in it from coming out. The name of this board, which is like
a shelf (raff’) is ‘the Road of the Cart’ (maydan al-‘ajala). Now one takes a piece of strong wood
about 1 span long, of a width to fit into the Road of the Cart, or slightly less than that, about
two finger breadths thick, and this is called ‘the Cart’. In each end a staple and ring are fitted.
Now four holes are bored in its surface facing the Road, and four rollers are placed in the holes,
each roller having an axle which is firmly fixed in the appropriate hole, so that [the cart] moves
on the rollers when lightly pulled. One pair of wheels runs along the wall, the other pair along the
rim of the road. When the Cart is placed in the Road its top is level with the top of the frieze.
The Cart is drawn along the Road until its centre is level with the beginning of the slit in the wall,
where the crescent-moon made previously is located. The bent part of the moon’s tail is firmly
driven into the Cart. The crescent-moon is then in line with the first door and is not hindered
from moving. Then one takes a flaxen (kattan, here wrongly kabban) string, colours it, rubs it
with some myrrh and twists it tightly. About 6 spans of it are taken and one end tied to the ring
in the end of the Cart, the Cart being in position. The string is then passed over a roller at the
end of the Road and its end hangs down; to this end a lead weight is attached which is heavier
than the Cart, so that the Cart will be drawn backwards by the weight if there is nothing to
prevent this. Another length of string is tied to the ring in the front end of the Cart, and the string
runs along the length of the Road and its other end passes over a roller at the other end of the
Road. The wooden half of the disc is now turned upwards to cover all the roundels, and the
end of the string is tied to a strong ring on the diameter of the disc at the joint between the iron
ring and the disc. The string must have no slack so that if the disc is turned downwards through
the distance of a barleycorn the Cart will be pulled along the same distance.

Then a wooden disc is fitted to the other end of the axle, of the same thickness and diameter
as the first disc. Nothing is cut from this disc, but the part which exceeds 3% spans is grooved,
so that the diameter of this disc is the same as the diameter of the first disc. In the groove of
this disc a firm ring is fixed opposite the diameter; what remains of the string is attached to it
and wound once around the groove in the disc. This string was thus rigged differently from
the string from the Cart to the first disc. The string is then led up to the roof of the house and
passed over a pulley which is vertically over’? the centre of the reservoir. From the pulley the
end of the string is taken down and tied to the ring in the float. When the reservoir is filled with
water and the float weighted with some sand poured into the hole by the side of the ring — the
hole is then stopped with some wax — the pull of the string turns the disc. The string must have
no slack in it, so that if the float sinks the distance of a barleycorn the two discs will turn a like
distance and the Cart also will be pulled that same distance. I have described earlier that the
level of water in the reservoir is 5% spans plus a 4 span of water remaining in the bottom of the
reservoir, to support the float after the outflow of the known quantity of water.

The distance of travel of the crescent-moon along the front of the doors is 53 spans and the
diameter of the disc completed with the iron ring is 34 spans and the other disc is similar. When
this disc makes half a turn it pulls it [the Cart] 54 spans so I say that when the reservoir is filled
with the known [quantity of] water and the flow of water so arranged that it all flows out in the
given day from the day’s beginning to its end, it is very clear that as the water flows out the float
sinks and pulls the disc. This rotates, and the other disc pulls the Cart according to the sinking
of the float, and the sickle moon moves along the front of the doors. During its progress, when-
ever it has crossed one door and stands at a post between two doors, then one solar hour of
the day has passed, and the wooden disc has uncovered one of the roundels. The uncovering
[of the roundels] is of no benefit during the day — its value, as now described, is in the night.
In the house there is a kindled lamp and when part of a roundel is uncovered the light shows
in it from behind the wall, and when it is filled with light a solar hour of the night has passed.

Twelve figures (shakhs) of bronze or wood are now made, each figure being of a size to fill
one of the upper doors, and made according to the choice of the craftsmen. Each figure is sus-
pended from his head by a ring above the top of the door. On the back of the figure is a bronze
plate, which is wider than the door, and prevents the figure from coming out; every figure is
dealt with in like manner. Now one takes a wooden bar, its length greater than the width of the
wall. This is erected behind the wall above the doors, its distance from the wall being equal to

13 1 it. “The fall of its stone is over’.



CATEGORY I — ON THE CONSTRUCTION OF CLOCKS

the height of one of the figures suspended in the doors. Opposite the centre of each door an iron
hook (ghurab) is fixed in the bar, its bent end pointing in the direction towards which the Cart
travels. This is its picture [Fig. 21] — it has a k on each end of the bar and an / on the hooks. At the
bottom of each plate on the back of the figures a smooth iron peg is firmly fixed, its length 7 a finger.
When each figure is lifted and the peg placed in the hook opposite the door of that figure, the head
is hung above the top of the door, and the feet are held by the peg to the hook. The two door
leaves are attached to each door by two light strings which are tied to the leaves and to the plate
on the back of the figure. If the peg is lightly pushed from the hook in the direction towards which
the Cart is travelling, the figure falls, opening the door leaves by its fall, and preventing them
from closing again. He stands [there] as if he had come down from above. Then, above each of the
other doors, one places a long iron weight, one half of it heavier than the other half. At its centre-
point a hole is made into which an axle is inserted ; the axle projects horizontally from the wall
above a lower door. This is its picture [Fig. 22] — the heavy half is, of course, at the
bottom, hanging over the door leaf and the light half is at the top, above the door. When the
heavy half is lifted upwards from the door, and the heavy half of the door leaf is lifted up, and
the weight placed against it, [while] the figure above this door is fixed by its peg to the hook,
then the weight prevents the heavy end of the door leaf from falling. When the figure, held by
the peg, falls, the plate on its back strikes the end of the weight, the end of the weight rises from
the door, which turns over, and appears in a different colour. This happens with the remaining
doors and weights.

Then a wooden piece is made, its length the same as the width of the wall; it is square [in
section), its thickness 4 fingers and likewise [its depth]. On one face twelve vertical lines equidistant
from one another are drawn, and on each line two separate holes are drilled, of such a size that
the ball for the head of the falcon can go easily into them. By the side of each hole a groove
is scooped out, slanted towards the hole, wide enough for one of the balls to be placed in it. The
gradients of the holes are all inclined in the same direction, along the length of the wood. Near
each pair of holes a lateral slit is made, deep enough to take a thin iron blade (shafra). This
forms a division between the two balls lying in the grooves, and the holes. When the blade is
removed from the slit the balls run into the holes. This is a picture of half the length of the piece
of wood [Fig. 23]; it is marked with b, the holes with j and the grooves with d. Only one of the

Fig. 23.

blades is shown. It is an iron blade, as long as the width of the wood, and its tail is one finger-
length long. Between the blade and the tail is a hole with an axle in it, [the axle being] fixed into
the side of the wood. The blade, marked with w, rotates upwards around the axle. The tail of
the blade, marked z, also has a hole in its end. Two balls in two grooves are marked ee.

This wood is now installed parallel to the bar [carrying] the hooks, one span above it, but
farther from the wall. The tails of the blades lie along the wall and each one is opposite the centre
of one of the doors. Between the hole in the tail of each blade and the bottom of the plate on
the back of the figure opposite the tail, a strong string is tied. When the figure is hanging by the
peg to the hook, the string is slack. The blade is heavier than its tail and sits in the slit in the
wood, preventing the two balls placed in the grooves from entering the holes. When the figure
falls from the hook it pulls the string attached to the hole in the tail of the blade downwards;
the blade is lifted from the slit, a sufficient distance to [allow] the two balls to move into the two
holes, the grooves being inclined, and to fall from the two holes, into a [device] yet to be men-
tioned. Now a piece of wood is made, of the same shape as the wood with the holes, only thicker,
and with one face convex. On the straight side, opposite the curved side, a straight line is drawn,
dividing its length into two halves. On the centre of this line two marks are made laterally and
on these marks two holes are drilled, each large enough to take a ball. In each half of the wood
a groove is cut, sloping towards the centre, so that if two balls are placed in the ends of the two
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grooves they will roll along to the two holes in the middle and fall into them; similarly if two
balls are placed in the two grooves at the other end of the wood they will roll along towards the
centre and go into the two holes in the same way. This is its picture [Fig. 24]. The two ends of

Fig. 24.

the wood are marked ab, the two holes are marked jj; the two grooves sloping from end b to
the two holes are marked dd, and the two grooves sloping from end a to the two holes are marked
ee. This wood is installed vertically beneath the wood with the holes in it, and is connected to it.
When two balls fall from any two holes in the higher piece of wood into the two grooves in
the lower, they roll along to the centre and come out of the two holes into something yet to
be mentioned.

Two copper channels are firmly fixed into the two holes of this piece of wood and [each] to
one of the holes at the top of the falcon’s mihrab. It is evident that when the two balls come out
from the two holes in the lower piece of wood into the two copper channels, neither will precede
the other into the falcon’s head, but will arrive together and strike [either falcon] at the same time.
On the back of the Cart a [vertical] iron rod is firmly fixed which projects at a higher level than
the hooks to which the figures are suspended. When the Cart passes the figures suspended on
the hooks, then this rod pushes the end of its peg from the hook and the figure falls. This occurs
for one peg after another until the Cart in its travel reaches the end of the Road, when the rod
will have pushed all the pegs from the hooks.

This is the picture [Fig. 25] of the reservoir, marked a, the float, marked b, the tap j and its
bent-down end, exactly over the centre of the float-chamber, d is the stopper of the float entering
the bent-down end of the tap, while e is the mark of the regulator erected on its footing. On it
[the regulator] is the onyx for the water outlet which is marked w. The Cart is marked with z
and on its back is the rod 4 which pushes the peg out of the hook, ¢ is the weight behind the Cart,
the wooden disc completed with the ring is y, k is the balanced wooden disc on the other end
of the axle, and from the groove in its rim a string rises to the roller in the roof of the house,
then descends and is tied to the ring in the float.

One door [is also shown] with the back of a figure and the peg at its base holding it to the
hook /, also a [lower] door with a board in it above which is a weight n preventing it from falling
back inside. On the piece of wood for the balls s is a blade x which prevents the balls p from
rolling towards the two holes, the piece of wood into which the balls drop f and in its centre the
two connected channels s which pass into the tops of the two mihrabs. This is the picture of what
I have described in the interior of the house. There are [other] things which it is not possible to
depict — these are dealt with separately.
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It is very evident that: the reservoir a is filled with the requisite quantity of water for the be-
ginning of the day and the float b is in it on the surface of the water and the closed part of the
wooden disc y is upwards and the Cart z is at the beginning of the Road, and the weight ¢ which
pulls it backwards is attached to it [i.e. the Cart]; the twelve figures have been raised and attached
to the hooks / and each blade x is in the slit in the wood [made] for the balls, and a ball p has
been placed in each groove; the lower doors m are tipped up with the heavy ends of each door
upwards, restrained by the weight; all the faces of these doors being of the same colour. The
outlet of water is set for that day to the [appropriate] degree of the sun and the reservoir’s tap
jis opened and the float-chamber s fills; the water issues from the outlet w, the float sinks pulling
and turning with its tension the two discs [i.e.] the disc completed with the ring and the disc
marked k, which are on a single axle. The Cart moves, and with it the crescent moon and the
rod until, when the crescent moon has passed one door and is opposite the doorpost, the rod
strikes the peg, the figure falls opening the two door-leaves and lifting the weight from the [lower]
door, which turns over and [changes] to another colour. The blade is lifted from its slit, the two
balls fall into the channels of the second piece of wood, and each ball comes out from the copper
channel into the head of the falcon. Then they lean forward, the two balls fall from their beaks
onto the cymbals, and the sound is heard from afar. The falcons resume their position and the
two balls roll along a channel into the interior of the house. This occurs every hour until the
12 hours to sunset have passed. The water is poured back into the reservoir, and the division
marker is moved to the opposite degree, but the figures, doors and balls are not lifted. The disc,
however, is turned to mask the glass roundels and the lamp is lit — the glass roundels suffice
for the night. At the beginning the first roundel a light like a barleycorn shows, then the light
increases until the whole roundel is lit.

Section 8

On the means for imparting movements to the hands of the drummers and the cymbalist, and sound
for the trumpeters

A copper axle is taken, longer than the distance between the cymbalist and the hands of the
drummers by 4 span. Near its end is a wheel with scoops (kaffa) like spoons (mighrafa pl. magharif)
so that then when some water falls on them the wheel turns. Then two firm footings are erected
under the two ends of the axle, upon which the axle turns, being parallel to the hands of the.
drummers and the hand of the cymbalist. The wheel lies outside the ends of their elbows towards
the position of the trumpeters, namely the right-hand side. Then one fits pegs to the axle opposite
every hand — when the wheel turns the pegs push down the pieces projecting from the elbows,
and then move away from these projections. The hand moves upwards from the drum and then
falls into it, and likewise with the cymbal. For the right hand of the drummer two pegs are [pro-
vided] and for the left hand one peg, so that the drumbeats vary and the rhythm is correct. For
the cymbalist there are three pegs, two of which are close together. Under the wheel a trough
(hawd) is placed, raised from the ground on a firm base to [a position] near the scoops of the
wheel. Water falling from the wheel’s scoops drops into the trough.

Then one takes a copper vessel (gidr) of the same height as the base beneath the trough and of
such a size as to hold the water that flows from the onyx in three hours of the hours of the first
point of Cancer. Next a thin copper tube is brought that is longer than this vessel is high, and this
tube is bent in the middle until the two ends almost meet, one end being longer than the other
by half a link. This is called a siphon (magallab) and also the Egyptian witch (Sahhara Misriya)
[Fig. 26]. A hole is then made at the edge of the vessel and the bend of the siphon inserted in
it so that the inside of the bend is level with the top edge of the vessel. The short end of the siphon
almost touches the floor of the vessel, while the other end is outside and is lower than its floor.
The siphon is securely soldered to the vessel. The vessel is covered with a copper cover, and is
carefully and securely soldered so that no air or water can issue from it. This vessel is placed on
the ground by the side of the base supporting the trough for the wheel so that the top of the
vessel is level with the floor of the trough. The siphon is towards the cistern — water which comes
out of it runs on to the solid earth, then into the cistern. The cover of the vessel near the trough
and the floor of the trough near the cover are drilled and the two holes connected by a pipe
both ends of which are firmly fitted in. This pipe should be slightly wider than the siphon.

Then one takes a piece of pipe % of a finger length long and so wide that it can be encircled
by thumb and index finger — it is [thus] like a jar [hugq]. At each end a cover is securely fitted.
In the centre of one of the covers a hole is made shaped like the eye of a man, but smaller. Then
a piece of copper pipe is taken, as long as the third of an index finger, and as light as possible.
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This is hammered until its circular shape is changed into the shape of an eye. This is inserted into
the hole until it is near the [other] end of the jar, and is then securely soldered at the joint. The
pipe is slightly narrower at the end inside the jar than it is at the point where it is soldered to
the hole, and it should be as light as possible. Then a small hole is drilled in the centre of the
other cover of the jar and on to this hole is soldered a pipe of length [equal] to [the distance]
from the [centrepoint] between the two trumpeters to the vessel’s cover. An aperture is made
in the wall between the two trumpeters into which is inserted the end of the jar, without pro-
truding to the outside of the wall. In the cover of the vessel a hole is made in the direction of
this aperture into which hole is soldered the end of the pipe connecting with the lower cover of
the jar. After this the soldering of the vessel and what is connected to it is tested [to ensure]
that air does not emerge anywhere but through the pipe. This is the picture [Fig. 27] of the vessel,
the siphon, and the jar on the pipe. From it one hears the sound of the trumpet. I refer [also]
to the picture [Fig. 29] of the vessel, the trough and the wheel with the scoops. The vessel is z,
the end of the siphon j, and the jar ¢.

Now a piece of copper is beaten until it takes the shape of a long trough [also hawd], four
fingers high and wide enough to hold the water that issues from the onyx in 9 hours of the hours
of the first point of Cancer. In the centre of one end-wall of this trough, near its floor a hole
is made, and in this hole a pipe [shaped] like a finger is soldered. In the floor of this trough,
near the corners, are placed four lead weights [sanja] each weight one finger thick. Then a copper
plate is brought, as wide as the width of the trough, and fitted over the weights inside the trough
and firmly soldered around the perimeter of the trough so that the plate forms a second floor
for the trough. This [second] floor is then divided transversely into three equal parts by two lines,
upon which two plates of the same height as the trough are erected and firmly soldered in position.
The trough has become three equal sized troughs. The whole trough is now placed on a firm
base, with the pipe fitted to it directed towards the scoops of the wheel in the first trough. Then
a hole is drilled in the floor of each of the three part-troughs each large enough so that the thumb
can be inserted in it. The hole in the first part-trough, which is adjacent to the cymbalist, is near
the second part-trough and the hole in the second part-trough is near the third part-trough,
and the hole in the third part-trough is near its end. For each of the three troughs a ground-in,
tight-fitting valve (bab) is made. When the three troughs are filled with water none can flow into
the bottom of the original trough. When the plug is lifted from the valve in the trough the water
empties into the bottom of the original trough and flows out from the pipe on to the scoops of
the wheel. Each plug is fitted with a ring.

Now one takes a copper plate with a vertical rim and a diameter of 14 spans. On the centre of
the diameter of the plate is soldered a pipe 1 small span long and less than one finger thick, the
end soldered to the back of the plate being narrower than the other [end]. Then one takes an
iron stanchion 2 spans long, its end dressed so that it can be inserted with ease into the pipe on
the back of the plate. This end is smoothed so that the plate can rotate easily around it. The
other end is driven into the solid earth, at a distance of § span from the front of the regulator
for the water outflow, and made firm so that it cannot move. The pipe of the plate is pushed over
the [other] dressed end [of the stanchion]. The plate is then horizontally on the stanchion and
able to rotate. All the water that flows out from the onyx falls on to the plate.

Now the plate is drilled at its edge and a narrow pipe is soldered over the hole; [this pipe]
reaches to the centre of the first of the three adjoining troughs. The pipe is higher than the trough
and does not touch it. Then one takes a pipe about 1 span long and bores a hole in the centre
through to the inside, and inserts the end of the pipe connected to the plate in this hole, so that
[the second pipe] is at right angles to it and horizontal. Then the end of the cross-pipe opposite
the end of the first trough, namely the one to the right of the plate, is blanked off. The water
flows from the plate into the long pipe and then into the cross-pipe and from its open end into
the first trough near the second trough. If the plate is turned to the left the water flows into the
second trough, and if it is turned further the water flows into the third trough.

In each trough a copper cross-piece is now soldered transversely and a hole is bored in each
one vertically over the centre of the plug of each ground valve. Now a stout string is tied to the
ring in the valve plug of the first trough and the other end is passed through the hole in the cross-
piece and lifted through the angle at the end of the pipe from the plate, namely the angle to the
right of the plate. [From here] the end is raised to the roof of the house and passed over a pulley
firmly fixed to the roof of the house. To the hanging end a lead weight is tied, which is heavier
than the plug of the valve. The sixth figure is now attached to the hook and the weight is placed
on its back — the string is slack at this time.

It is now very clear that: — the water flows from the onyx on to the plate, flows through the
pipe connected to it and out of the cross-pipe and into the first trough which fills with water
in three hours. The water then spills over the rim of the trough and runs over the solid earth into

Fig. 27.
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the cistern until 6 hours [total] have passed. The figure [then] falls down from the hook and the
weight, which is heavier than the plug, falls from its back and pulls the plug upwards until it
is stopped by the cross-piece in the trough. The water then runs out through the ground valve
into the base of the original trough and out through the pipe on to the scoops of the wheel,
which rotates. The hands of the two drummers and the cymbalist move. The connecting pipe
between the wheel’s trough and the vessel is filled with water and the air in the vessel is driven out
through the pipe and the flute plays with a loud tone which is believed to come from the two trum-
peters. When the vessel fills and the water rises to the bend of the siphon, the water flows out of
the siphon’s into the pond. The string from the plug has been passed through the angle of the
cross-pipe at the end of the pipe from the plate, namely the angle on the side of the blanked-off
end. The weight has fallen from the back of the figure and pulled the plug, bringing the string into
a straight line. This turns the plate and with it the cross-pipe so that the water now flows from it
into the second trough. Now a string is tied to the plug of the valve of the second trough, through
the hole in the cross-piece of the trough, and is also passed through the angle of the cross-pipe
with the first string; this string is at this time slack. It is lifted and passed over a pulley in the roof
of the house and to the hanging end a weight is attached and placed on the back of the ninth
figure, as was the case for the first trough and the sixth figure. Then a string is attached to the plug
of the ground valve of the third trough, its end lifted and passed through the hole in the trough’s
cross-piece then over a pulley in the roof of the house and a weight tied to its hanging end and
placed on the back of the twelfth figure. This string is not passed through the angle of the pipe
since this is not necessary. This is the picture of the trough and the plate [Fig. 28]: — the floor of
the original trough b; the second floor s; the first house (i.e. trough) a; the second house e; the
third house j; the pipe from the floor of the trough s; the plug of the valve of the first trough d; the
plug of the valve of the second trough z; the plug of the valve of the third trough w; the weight
on the end of the string coming from the plug of the valve of the trough, placed on the back of the
sixth figure during the day, k; the weight on the end of the string coming from the valve of the
second trough, placed in the back of the ninth figure, x; the weight on the end of the string coming
from the plug of the valve of the third trough, placed on the back of the twelfth figure during the
day p; and this string need not pass through the angle y.

On the picture of the axle and its pegs [Fig. 29]: — the three pegs on the axle which move one
of the hands of the two drummers jj j; at the end of this axle, the wheel with scoops d; its trough e;
in the trough is a pipe w connected to the air vessel; the air vessel z; the end of the pipe carrying
the jar for the flute, ¢; the end of the siphon 4.

Fig.29. Captions read: (in) the handwriting of the author, in the same positions: ‘it is to be understood, (concerning)
every vessel made for the whistle, that the pipe through which the water rushes into it should extend until its end almost
touches its floor; the pipe should rest in position without injury’.
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It is very evident that: the reservoir is filled with the requisite quantity of water with the float
on its surface, and the figures are hung on the hooks, the lower doors are turned upwards, the balls
are in the grooves, the blades preventing them from descending, the weight k connected to the
plug of the first trough is on the back of the sixth figure and the string connected to the plug of
this trougl{ passes by day through the angle of the cross-pipe, and likewise at night through the
angle y; the weight x connected to the plug of the valve of the second trough e is on the back of the
ninth figure with the string also on the angle y at the cross-pipe; the weight p connected to the
plug of the valve of the third trough j is on the back of the twelfth figure, and the string does not
need to be on the angle y of the pipe. The water outlet is set to the sun’s degree for that day and
the water issues from the onyx on to the plate ¢ then into the first of the three troughs a, which
fills with water in three hours of the day, and then, for three [more] hours the water coming into
the trough spills over its rim in one direction and runs into the cistern. When the sixth figure falls
down from the hook the weight k falls from it and pulls the string, opening valve d, whereupon
the string tightens and turns the plate 7 with the pipe so that the water outlet moves to the second
trough e, which fills in a period of 3 hours. When the ninth figure falls the weight x falls from it and
pulls the string, opening valve z of the second trough e, the string tightens (tazannara) and turns
the plate with the pipe to the third trough, j, in which the water rises, filling it in three hours. When
twelve hours are completed, with the movement of the crescent, the doors, the figures, and the
two falcons, the weight p falls from the back of the twelfth figure pulling the string which opens the
valve w of the third trough j, the water issues from it and the two drummers, the cymbalist and
the two trumpeters do their duty as they did at the sixth and ninth hours. During the night the
water is returned to the reservoir, the float being on its surface, and the division marker is moved
to the opposite and corresponding (nazir) degree of the sun, which was the first point of Cancer
[i.e. during the day]. The pipe attached to the plate is returned to the first of the trough sections
and the sixth and twelfth figures are suspended to the hooks. The disc which covers the glass
roundels is turned [back], and the weight connected to the plug of the valve at the first of the three
troughs is placed on the back of the sixth figure and the string is passed through the angle of the
cross-pipe. Contrary to the situation during the day, the weight connected to the plug at the valve
of the second trough is on the back of the twelfth figure and the string of the plug is not passed
through the angle of the pipe, this being unnecessary. The lamp is lit. Now I say that when the
water flows from the onyx on to the plate then into the first trough, then [this] will fill in a period
of two hours because of the depth of the water outlet. [This is] because the trough fills in three
hours for the first point of Cancer and in two hours for the first point of Capricorn — there is a
difference between these two. The water then spills over the top of the trough into the pond, and
at the end of 6 hours, namely in the middle of the night, the sixth figure falls, the weight falls
from its back pulling the string which opens the valve. The string tightens and turns the plate and
its attached pipe so that the water outlet comes over the second trough, which fills in a period of
two hours, and the water spills over the rim in one direction to the pond until twelve hours are
completed to daybreak. Then the twelfth figure falls, the weight falls from its back, pulling the
string, which opens the valve of the second trough. The two drummers do their service as was the
case at the sixth hour. Now the roundels are filled with light, and the musicians have played in
the day and in the night five times, namely noon, afternoon (‘4sr), evening (‘Ish@9), midnight and
at daybreak. o

Section 9

On the construction of the spheres ( falak) of the Zodiac, the Sun and the Moon

A piece of copper is taken and hammered until it assumes the shape of a round plate of diameter
5 spans. Its centre point is marked, and through this a circle is drawn [on the back] of the prescribed
diameter, as accurately as possible. The surplus is removed, and the diameter is engraved. [On the
front] a circle of diameter 4 spans is drawn around the centre point. Between this circle and the
perimeter 12 equal divisions are made and in each division the appropriate sign of the Zodiac
is drawn. The diameter [on the back] through the first point of Cancer and the first point of
Capricorn is marked bm and on this diameter a second centre point is made, 5 divisions from the
original centre point towards the first point of Cancer, assuming that the total diameter is 60
divisions. This was not always so, but is [something] I have introduced which is beautiful in its
working: — the sun’s disc rises and descends in the northern and southern signs of the Zodiac, and
likewise the moon. Then a circle is drawn on the second centre point which touches the circle of 4
spans diameter at a single point at the first point of Cancer; it is at its greatest distance [from the
first circle] at the first point of Capricorn; the first point of Aries and the first point of Libra
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are equidistant from it. This circle is then followed round with the dividers (birkar) until the Zodiac
sphere is separated as an asymmetrical ring.

Then a second circle is drawn on the second centre-point at a distance of 4 fingers from the
rim of the disc and this is cut with the dividers until it comes away as a symmetrical ring 4 fingers
wide and this is the sphere of the sun. Then [yet] another circle is drawn on the second centre-
point at a distance 4 fingers from the rim of the disc and this is cut with the dividers until it comes
away as a symmetrical ring, and this is the moon’s sphere. The remainder of the disc is left intact.

Now a light copper backing-ring (bitana) is taken for the moon’s sphere; when fitted to it
[the sphere], it lies inside the sphere 1 a finger-nail at the outer [circumference] and projects
1 a finger-nail at the inner [circumference]. Similarly a backing ring is fitted to the sun’s sphere
which projects for a 1 a finger-nail at both sides. These [rings] must be accurately fitted and firmly
soldered. Then six holes are drilled at even spacing (mutaqgabila) around the outer rim of the
backing-ring of the moon’s sphere, through to the front face of the sphere. A nail is hammer-
ed into each hole, projecting from the backing-ring and flush with the front face of the
sphere. ~

The disc from which the spheres were cut is now laid on a hard, level, horizontal surface and
the moon’s sphere is returned to its [original] position on the disc. The projection of the backing-
ring then lies over the perimeter of the disc. Six evenly-spaced holes are drilled in the disc adjacent
to the backing-ring and in each hole a nail is hammered which projects from the back of the disc
and is flush with its face. When the moon’s sphere is rotated by itself it turns easily around the
nails, while the disc does not move. Between each pair of nails a [retaining] lug (shaziya) is fitted
to the disc; the lug projects over the inner circumference of the backing-ring but is not soldered
to it — this therefore holds the face of the disc to the face of the moon’s sphere. Now the sun’s
sphere is returned to its position next to the moon’s sphere and the projection of the backing-
ring of the sun’s sphere lies over the circumference of the moon’s sphere and is encircled by the
six nails fitted to the outside circumference of the backing-ring of the moon’s sphere. Now a lug
is soldered between each pair of nails on the moon’s sphere, the projecting end over the inside
perimeter of the sun’s sphere. If the sun’s sphere is rotated by itself, it turns with ease around
the nails on the moon’s sphere and does not come away from the face of the moon’s sphere.
The sphere of the Zodiac is now put back in place around the sun’s sphere, and lies on the surface
upon which the disc and the two spheres are lying, since the projection of the circumference of
the backing-ring on the sun’s sphere is over the circumference of the Zodiac sphere. On the Zodiac
sphere lugs are soldered whose projections are over the circumference of the backing ring on
the sun’s sphere but not soldered to the circumference of the sun’s sphere, which turns with ease
when rotated.

In the sun’s sphere a round hole is bored, sufficiently wide to take a glass roundel with a gold
leaf behind it. A clearly visible mark is now made on the back of the sun’s sphere on a line passing
through the centre-point of the sun and the upper centre-point; this mark is near the edge of
the sun’s disc, adjacent to the Zodiac disc, and is opposite the centre-point of the sun.

Then a round hole is bored in the moon’s sphere wide enough to take a roundel of white glass
and nothing more; a clearly visible mark is made on the back of this roundel, opposite the centre
point of the moon. In the moon’s sphere six evenly-spaced holes are drilled, which lie along its
inner circumference, and in these [holes] nails are driven which are flush with the face [of the
sphere] and project from its back. Then a light copper ring is taken which, when laid on the moon’s
sphere, is encircled on its inner circumference by the nails just mentioned, while its outer cir-
cumference lies inside the nails located there [already], and this is called a backing-ring (bitana).
In this ring 28 circles, equidistant from each other are drawn, and each one has the [same] diameter
as the moon. One of these circles is cut out completely, and from the circle [diametrically] opposite
nothing is cut. The two circles adjoining [i.e. at either side of] the latter are each cut the shape
of the crescent on the first night of the month, with the crescent curving towards the blank circle,
since the right-hand crescent on the first night of the month is moving towards the full and the
left hand [crescent] on the last night of the month is waning. The two adjoining these two are
each cut to the shape of the crescent of the second nights and they are made opposite and sym-
metrical. The two adjoining these two are each cut to the shape of the crescent of the third nights,
with less blacked out. The two adjoining these two are each cut for the fourth nights, with less
blacked out. The two adjoining these two are each cut for the fifth night with less blacked out and
their convexities symmetrical. The two adjoining these two are each cut for the sixth night,
less blacked out. The two adjoining these two are each cut into semi-circles, with convexities
symmetrical. The two adjoining these two are each cut for the eighth night with holes larger
than a semi-circle, with the remainder symmetrical. Each pair of circles is cut to a larger size
until the two circles adjoining the completely cut out circle are cut to almost full circles.

Thus from the crescent of the first night to the circle cut out completely there are 14 nights
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of waxing, and after that [nights] of waning up to the 27th night. The blank circle remains for
two nights [Fig. 31].

This is the picture [Fig. 30] of the three spheres and the disc divided into various sections,
as will be described, before the various parts are assembled.

Figs. 30, 31 (Upper 30, Lower 31). Fig. 30. (See line drawing for numbers giving positions of captions). 1-12: ( Two sets) :
As 1 10 12 in Fig. 12. 13: These six nails carry the pierced backing-ring. 14: Six nails which carry the moon’s sphere. 15 :
Division of the Zodiac signs into thirty parts. 16. Circle unknown (in diameter) divided into 360 parts; the division of the
Zodiac’s sphere is based upon it. 17: Division of each Zodiac sign into five parts. 18: Six lugs which prevent the moon’s
sphere from coming out. 19: Six lugs on the Zodiac’s sphere which prevent it from coming out. 20: This is one of the six
bows, for an understanding of the nailing of its horn onto the Zodiac’s sphere and onto the disc. 21: The disc. 22: Zodiac’s
sphere. 23: Sun’s roundel. 24: Moon’s roundel.

Fig. 31. Caption above figure reads: ‘This is the picture of the backing-ring which is pierced with 28 apertures’.
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Then this backing-ring [with the phases] is laid on the back of the backing-ring for the moon’s
sphere around the nails which were fitted last. Then [‘between’ omitted] each pair of nails on the
backing-ring of the moon’s sphere a lug is soldered, whose projection lies over the surface of the
pierced backing-ring. Four projecting nails, evenly-spaced, are fitted between the holes on the
back of the pierced backing-ring, the projection being sufficient for them to be held and used
by themselves for turning [the ring] with ease. The lugs prevent it [i.e. the phase backing-ring]
from detaching itself from the moon’s sphere. The connection of the three spheres, one to another,
is now complete; they form, as it were, one piece, with their faces on the surface of the ground.

Six rods (gadib) of iron are now taken, each weighing about 400 dirhams. Each one is bent
until it takes the shape of an archer’s bow. This is the picture [Fig. 32]. In every horn of the bows
two holes are bored. The width of the bow of each rod [i.e. the chord of the arc] should be such
that the face of one of the horns can be placed on the disc without touching the moon’s sphere,
when the face of the other horn is between the two perimeters of the Zodiac sphere, not touching
the sun’s sphere. Every bow is nailed with two nails to the Zodiac sphere and with two nails to
the edge of the disc, with the arc facing upwards, and not touching the spheres of the sun and
the moon at all. This is done for all the bows, and they are also all securely soldered with lead
so that they support the Zodiac sphere on the [central] disc, [so firmly held that] the former has
no movement relative to the disc. The bows are evenly-spaced around the disc.

Itis clear that there is a crescent-shaped section remaining inside the Zodiac sphere and bounded
by the sun’s sphere. Around this two circles are drawn, and in the space between them the names
of the Zodiac are written; it is [also] divided into 360 parts. Near the outer perimeter of the disc
one also draws two circles, in which the names of the Zodiac are written, and the space is divided
into 60 ‘Fives’. The division of the Zodiac signs and the [small] divisions must be done before
the bows are nailed in position.

The three spheres are now returned to their positions on the disc on the engraved diameter.
Holes are bored through the disc on the centre-point of the whole [assembly] and on the outer
centre-point. Then on the main centre-point a circle of optional diameter is drawn on the disc,
and divided into 360 equal parts. The ruler is now placed between the two centre-points and a
line drawn along its edge, between the two circles designated for the names of the Zodiac, on
the sphere of the Zodiac. Thus the fabricator positions himself at the centre-point of the disc.
Now he counts towards the left from the divisions on the back of the disc 30 divisions, places
the ruler on the last division and in the main centre point, and draws a line between the two
circles of the Zodiac sphere. Between this line and the line passing through the centre point
to the Zodiac circle, which is the first point of Cancer, the word ‘Cancer’ is engraved. The ruler
is not moved from the main centre point until the Zodiac is completed. Now a further 30 divi-
sions are counted to the left, the ruler is placed on the last one and an engraved line is drawn
along the face of the ruler between the two circles, and between the two lines ‘Leo’ is engraved.
Then 30 [more] divisions are counted, the ruler is placed on the last of these, a line is drawn along
the face of the ruler and ‘Virgo’ is written between the two lines. [One continues] in this way
until 5 divisions are completed, whereupon a 5 is written on the outside of the circle — this method
is of practical value to its user — and so on until 360 unequal divisions are completed on the circle
of the Zodiac sphere. The heads of the companions of the writing [i.e. the letters] should be to-
wards the side of the Zodiac signs [i.e. outside]. Similarly we draw lines in the space between the
two circles on the perimeter of the disc designated for the signs of the Zodiac, this being divided
into 60 parts. The method is this: whenever a line is drawn for the first point of a Zodiac sign
on the Zodiac sphere, a line is drawn on the perimeter of the disc for the first point of a Zodiac
sign, and whatever is written on the Zodiac sphere is written between the two lines [on the disc].
For the divisions the ruler is placed on 5 degrees on the Zodiac sphere, and a mark is made on
the disc for a single division until the perimeter of the disc is completed with 60 unequal divisions.
That is all there is to be said about the construction of the spheres, and their divisions, and their
interconnections by the lugs and the bows. All the spheres must turn easily to the right or to the
left. To the back of the sun’s sphere and the moon’s sphere, something is fixed for holding when
the spheres are rotated.

Now an iron axle is made 5 spans long and of such a width that it can be encircled by thumb
and forefinger; it must be completely straight and of constant cross-section and its ends are
pointed. The main centre-point of the disc is then drilled and the end of the axle inserted in it
[i.e. the hole], to project from the face the length of 1 a Finger. The axle is soldered firmly to
the disc, using as much lead as possible. It [the disc] must not tilt in any direction, and one must
guard against tilting. One achieves this by supporting the axle on two stanchions and turning
the whole [assembly] with a pointer set close to the Zodiac sphere, making adjustments until
it is like a balanced wheel (khart) as it turns. Observations are made and if one part of it is heavier
than another, adjustments are made with lead between the pictures on the Zodiac sphere.
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Then six bars of iron are brought and the end of each one is fixed to the back of the Zodiac
sphere between two signs, and the other end to the centre of the iron axle. Care is [thus] taken
to ensure that everything is stable — to this end I have made the work lighter by reducing the
diameter of the Zodiac sphere from about 7 spans to 5 spans.

The faces of the disc and the spheres are painted in a colour like the colour of the heavens,
and the pictures of the signs of the Zodiac are adorned with gold and other beautifying colours.
In every sign of the Zodiac holes are bored to the number of its [accompanying] stars, approx-
imately in their positions, large and small. These are filled with white, yellow and reddish glass
to [suit] the colours of the stars.

At the other end of the axle a wooden disc 2 fingers thick is fitted, and a groove is made in
the perimeter so that it becomes as it were a pulley — its diameter to the bed of the groove is

1 spans. In the bed of the groove 360 holes of equal bore and depth are made, equidistant from
one another. Then one determines which of the holes is opposite the first point of Cancer in
the Zodiac sphere, and this is marked with a clear sign. Then one counts from here 30 holes
along the Zodiac and [at this point] also a mark is made — between the two ‘sign of Cancer’
is written, and so on for all the signs. Then one takes an iron nail with a hole in one end. This
nail is of such a length that it penetrates to the bottom of the holes; [when inserted] it is firmly
held in position.

This is all that is necessary for the construction of the spheres.

Fig. 33.
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PART II

Section 10
On the place where the spheres are erected, and their functioning

A round opening is made in the upper part of the wall, as wide as the outer perimeter of the Zodiac
sphere, and with the same circumference. The lower half of it is covered with a plate of copper
or wood. At the half centre-point [i.e. the centre-point but with a semi-circle in mind] a small
semi-circle is drawn and cut out [to form] a bearing for the end of the axle projecting from the
face of the disc carrying the spheres. The diameter of the cover [of i.e. the lower large semi-circle]
is horizontal and is the horizon for the signs of the Zodiac and the spheres. This half of the opening
is painted in the same colour as the wall in which the opening is located.

The end of the axle at the face of the disc is laid in the place prepared [for it] in the centre
of the plate, and the other end in a firm support in an iron bearing. It is evident that half the
disc and the spheres surrounding it are always visible, so 6 Zodiac signs have risen and 6 have set.
If the first point of Aries is on the horizon and [the disc] rotates, its degrees will rise and the degrees
of its partner (nazir) will descend.

A strong cord is now tied to the ring in the end of the nail made for inserting in the holes of
the wooden disc and the nail is inserted in the hole for the first point of Aries. [The string] is
wound once round the disc from the top downwards and then taken vertically upwards; the string
thus leaves the groove in the disc at the first point of Aries. The string is then passed over a pulley
fixed securely in the roof of the house, then over another pulley vertically over the centre of
the reservoir, and the end of the string is tied to the ring on the float, without any slack. The reser-
voir is full of the requisite quantity of water, as indicated by a clear mark in the reservoir.

The operation of these spheres: behind the spheres in the house there is a place where the
servant [appointed] for this work stands. He sets the spheres, moves the nails from hole to hole,
and sees that the sun is in the first point of Aries for the given day and the moon in the degrees
of Taurus. The servant grasps one of the iron bows fixed to the Zodiac sphere in his left hand,
while with his right hand he holds the sun’s sphere and turns the sign on the centre-point of the
sun until he brings it opposite the first point of Aries, which is marked on the back of the Zodiac
sphere. Then he holds the sphere of the sun in position and brings the mark on the centre-point
of the moon’s roundel to the degrees of Taurus. Next he grasps the holder on the backing-ring
[to the moon’s phases] and turns it round the moon’s sphere until the blank roundel of the 28
roundels is on the moon’s disc, so that the moon is not seen at all on this day.

I have ordained that the nail is in the hole for the first point of Aries, that the reservoir is
filled with water to the mark, that the day prescribed is the last of the month, the water outlet
is on the first point of Aries, the pipe of the [dished] plated is on the first of the three troughs,
the figures are suspended to the hooks, the [lower] doors are tipped up and all of one colour,
and the crescent moon is on the frieze at the right-hand side of the wall; the string from the plug
of the valve of the first trough is lifted through the angle of the cross-pipe and the weight is placed
on the back of the sixth figure; the string of the plug of the second trough is also passed through
the angle of the pipe and the weight is placed on the back of the ninth figure, the string from the
plug of the third trough is lifted in a straight line and is not placed in the angle of the pipe and
the weight is on the back of the twelfth figure; the balls are placed in the grooves and the blades
in the slits.

This is what the operator of this plant must set in order at the beginning of the day at sun-
rise. From outside the house (lit: sira) the centre of the sun’s disc will be seen on the eastern
horizon, about to rise, the moon will not be seen at all, 6 Zodiac signs have risen and the
first point of Libra is about to set. The crescent moon takes its steady course until in its travel
it has passed the first door, and its crescent is between two doors. Then the figure, suspended
on the hook falls, the door turns over, showing another colour and the two falcons lean forward,
each dropping a ball from its beak. Of Aries 15 degrees have risen, while 15 degrees of Libra have
set; in the Moon’s roundel no figures are seen — they are effaced. So it proceeds until the sixth
hour, when the musicians do their duty, the sun reaches its highest altitude, and 3 Zodiac signs
have set, 3 risen. At the ninth hour the musicians perform, and at the twelfth, when the sun’s disc
is on the western horizon, about to set.

The water that was in the reservoir is now collected in the cistern and the balls in two places in
the floor of the house. Now the servant makes haste, and pours the water back into the reservoir
through a strainer (misfa) in the top, then resets the pipe of the plate over the first trough. He hangs
the sixth and twelfth figures, and puts the weight from the first trough on the ninth figure, passing
its string through the angle of the pipe, and he puts the weight from the second trough on the back
of the twelfth figure, without passing its string through the angle. He returns the crescent moon
to the end of the frieze. He puts the centre-point of the moon on its degree for that night, and
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moves the backing-ring until the sickle-shaped hole is behind the moon’s roundel. The nail in
the [wooden] disc is moved to the hole for the first point of Libra for this night but the onyx on
the sun’s degree is not moved on this night. The glass roundels for the hours of the night are
covered, the crescent-moon [on the cart] having been returned to the end of the frieze, and the
solid part of the disc [with the iron ring] is uppermost. Inside the house two lamps are lit, one
to the right of the house, one to the left, to spread the light over the iron bows fixed to the
Zodiac sphere and to the disc. This is all the servicing needed for the night. The observer sees at
the beginning of the night a light in the first roundel like a barleycorn, which [gradually] increases,
and he sees the moon in its phase for that night until it sets. The roundels fill with light, and then
it is midnight, and the sixth figure falls, the valve opens and the water falls on the wheels, and
the musicians perform. The plate has moved, turning the water outlet on to the second trough
which fills with water in three hours, as had happened with the first trough, and spills over the
top for three [more] hours until the end of the night, when the twelfth figure falls and the
musicians perform. Twelve roundels are then filled with light.

Then the servant makes haste to return the water to the reservoir and put everything in order
as he had done the previous day, and so on for the days and the nights [throughout the year].
The water outlet and the nails are moved the same distance — in the day they are on the sun’s
degree and in the night on the opposite (nazir) of the sun’s degree. The mark of the centre-point
of the sun on the sun’s sphere adjoining the back of Zodiac sphere is moved one degree each day.
The mark of the centre-point of the moon opposite the circumference of the disc is moved at the
start of each day from the prescribed degree of the Zodiac through 6 degrees and in the night of
each day through one degree. The backing-ring is turned so that on the moon’s roundel the correct
opening for that night appears; the light from the two lamps shines through the roundel [showing]
the shape of the moon as it is on that night. At the beginning of the day a piece of linen or a
piece of white cloth is placed behind the opening in the moon’s roundel, so that one can see the
moon white, and in its appropriate shape for that day. I have made [the description] easier by
saying: a string rises from the wooden disc on the end of the wooden axle [i.e. the axle with
the cut-out disc at the other end] to the roof of the house, passes over a pulley, whence the
loose end is tied to a ring in the float. The string from the nail goes round the groove in the
disc pierced with holes then to a pulley in the roof of the house, and its loose end is also tied to
the ring in the float. In practice the arrangement was different — I made it so for easy operation.
What I did was to make two grooves in the disc at the end of the axle of the spheres. One groove
was for the holes; in the other a ring was firmly fixed to which a string was attached and connected
to the well-balanced disc on the end of the wooden axle. The entire functioning depended upon
the rotation of the disc with the holes, and nothing was connected to the float except the string
from the nail — one end [tied] to the nail, the other end to the float.

I have now said all that is necessary. Everything made of brass is stripped down (tajarrada),
chiselling is applied where appropriate, and painting where appropriate. The visible parts are
adorned. The brass is coated with oil of Sandarac and, since thought must be given to the drying
[it is left] in the sun. Then the colour will last for a year, or fifty years. This is what I wished to
describe clearly.

Now I will describe what I made, namely the water-clock of the drummers.
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PART II

Chapter 2 of Category I

Being the water-clock of the drummers from which can be told the passage of the solar hours ; it is
divided into 5 sections

Section 1
Description of its outside appearance and operation

The visible part (Sira) is on the outside of an alcove (Suffa) or a handsome reception-chamber
(Twan) raised about the height of three men above the ground. It is a frieze (Ifriz) like a ledge
(Raff) projecting from the face of the wall about 4F. in a straight horizontal line. Along its edge
there are 12 battlements and at the end of the ledge stands a man (Shakhs). His right hand is
outstretched and his index finger points towards the battlements; when he moves behind the
battlements his finger almost touches their points. Above the frieze and parallel to it are twelve
glass roundels in a straight line [set] in holes [cut] through to the inside of the house. Below the
centre of the frieze is a mihrab with a falcon in it, as in the first chapter, with a vase in front of
it on a projecting bracket, with a cavity [in the wall behind], as [described] previously.

In the floor of the chamber is a platform occupying all the foreground, raised about the
height of one man above the ground. On this platform are seven men: on the right two blowing
trumpets, on the left two playing cymbals — the rest are drummers. The middle one has two
kettle-drums (Nagqgara) while the two to his left and right each has a drum slung over his shoulder,
its head tilted upwards so that it can be struck by a drumstick (Sawlajan) held in the right hand. The
left hand is lowered on the other side [of the drum]. The one in the middle has a drumstick in
each hand with which to strike the kettle-drums.

Now I say that at daybreak the man is at the end of the frieze and moves smoothly until he is
behind the first of the twelve battlements, whereupon the falcon leans forward and casts a ball
from its beak onto the cymbal in the vase, and the musicians play. This happens every hour as
I have described.

It should be understood that the trumpeters, cymbalists and two of the drummers are standing
on their feet, not touching each other or supported by anything, while the drummer in the centre
is kneeling.

The situation in the night is that all the twelve roundels are [at first] completely lit. Then the
edge of the first roundel darkens, [the darkness] increasing until the whole roundel is dark. At that
time 11 solar hours of the night remain. The man moves along behind the battlements and is
not seen, but every hour the sound of the cymbal is heard, since for this device the operation is
the same in the night and in the day, nothing whatsoever being omitted [in the night]. When an
hour has passed the musicians (Nawba) perform with a clamorous sound which is heard from afar.
This is its picture [Fig. 34].



Fig. 34.
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Fig. 35.

Fig. 36.

PART II

Section 2

On the water-instruments, and the functioning of the bucket (Kaffa) which fills and empties every
hour.

Know then, that behind this chamber (Iwan) is a house which is raised above the chamber and ex-
tends beneath the platform. The platform is completely hollow. First I [must] mention that in
this chapter there are types of instruments that were described previously in the first chapter. I
will not discuss their operation and positioning at length, but will mention them briefly. Among
these is a vessel [i.e. the reservoir] made as we described, its height 6 sp. and its width 14 sp.
with a tap at the bottom as before.

Then an oblate float is made from copper, like a hollow turnip which floats on the surface of
the water. It has in the centre of one of its faces a staple and a ring, and adjacent to the staple
is a hole into which some sand can be poured to weight it. Then the float-chamber (Rub9) is made,
the same shape as the reservoir, its length 14 sp. and its width 4F, with a float inside it having a
plug which closes the bent-over end of the tap in the bottom of the reservoir. [One also makes]
the flow regulator (Dastiir) for the water outflow as previously, omitting nothing from it. The
reservoir is erected as described [before] with the float-chamber directly adjoining it and the flow
regulator connected to the float-chamber — the drawing for that [assembly] was shown above.

Now for this device (Shakl) one makes a long copper trough about 4 sp. long, its side about
1 sp. high. It is called ‘the trough of the bucket’ (Hawd al-Kaffa). This trough is placed in front
of the flow regulator so that the water which issues from the onyx falls into this trough. Then
one takes a piece of copper and hammers it until it assumes the shape of half a hollow weighing-
bucket (Kaffa al-Mizan). Then, on the section which is cut away, [i.e. where the central cross-
section of the complete weighing-bucket would be] a vertical plate is fitted at the same height as
the side of the bucket, which now resembles half a drinking-bowl (7as). It is wide at the top,
narrowing towards the centre, and is longer than a semi-circle, and [looks] like half a boat.
Below the rim of this bucket, near its end, two holes are drilled opposite each other — marked bb.
An axle is inserted through the two holes, of sufficient length to protrude 1 F from each hole.
The bucket should be large enough to contain the quantity of water which issues from the onyx
in one hour when it is on the degree of the first point of Cancer, plus a little more. When the ends
of the axle of this bucket are placed on two firm supports, and water is poured into it until it is
almost full, it will remain stable. If a drop more water is added it will tilt towards its elongated
end, and discharge its entire contents. Then it will return to its original position. This is the
principle of this bucket. When I made this bucket, even though I did not know that I was the first
to make it, I thereby rendered unnecessary many appliances of value in this craft.

With the bucket freely balanced as before, the end near the axle, namely the back, is weighted
with about 100 dirhams of lead, so that it will not tip when filled with water, but will remain in
position. Something is [therefore] required to tip it in counteraction to the weight, [namely] a bar
of copper on the end opposite the weight, turned upwards to form a bow with a single horn (Siya).
This horn is hammered into the shape of a circular plate, convex downwards. When a ball
weighing 20 dirhams falls into this hollow horn, the bucket tilts and pours out all the water it
contains. The ball rolls out of the hollow bow because the concavity is shallow, and the empty
bucket returns to its original position. This [Fig. 35] is the drawing of the bucket, its axle, and
the bow fitted to it. There are letters on the drawing; on the bucket a, on the two holes bb, on
the ends of the axle jj, on the horn of the bow d, and on the weight on the fulcrum e.

The bucket is now placed in the trough in front of the flow regulator, resting horizontally on
its fulcrum, the ends of its axle in two holes in the side of the trough. A hole is bored in the bottom
of the trough for the insertion of a pipe, which is mentioned below. Then the bucket is filled with
water from one hour of the first point of Cancer and a mark is made at the surface of the water,
at the top of the vertical side. Above the weight a hole is made in which is fitted a thin horizontal
pipe 4 F long, marked w. This is the drawing of the trough, marked z, with the bucket inside the
trough [Fig. 36].

Section 3

At the beginning of this chapter it was mentioned that there is only one mihrab in the centre, one
falcon and one vase on a bracket, the operation of these being the same as in the first chapter,
so it is not necessary to go into this at length.

Above the mihrab, there is a frieze straight across the wall projecting 4 F from the face of the
wall; it has an edging strip about 2 F high upon which are battlements, fashioned according to
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the choice of the craftsman. Then a slit is cut through the wall at the same level as the surface of
the ledge. Inside the wall below the slit a cart track is installed as before, and a copper plate is
nailed to the back of the cart which projects through the slit on the frieze almost as far as the
edging strip upon which are the battlements. Then the figure of a standing man is made, who has
his legs on the plate and his forefinger pointing to the tip of a battlement. Parallel to the frieze,
and above it and the figure, are twelve holes in a straight line. In each hole is a glass roundel, the
distances between each pair of roundels being equal. In this device the movement of the cart,
[is as follows]; to the rear of the cart a string is attached, which passes over a pulley at the end
of the track; to the hanging end a lead weight is attached to exert a pull on the cart from behind.
A string is tied to the front of the cart which runs along the track, passes over a pulley at the end
of the track, then up to the roof of the house and over [another] pulley which is vertically over
the centre of the reservoir. Its end is tied to the ring in the float, [the string] having no slack at all.
The reservoir is filled with the known quantity of water and when the tap is opened and the float
descends the cart moves, and the figure with it. The length of the frieze and the roundels equals
the height of the water in the reservoir.

The position with the roundels [is as follows]: at nightfall they are uncovered and the light
from the lamp shines through the glass. I will now describe how they are covered so that they
darken one after the other. .

Near the first roundel a vertical axle is erected, one end of which [the lower] rotates in a
bearing! set firmly in the end of the wall, and some distance away from it, another bearing is
placed over the upper end [of the axle]. Then one takes a roll (gimat) of smooth natural hide
(Udm or Adam) wide enough and long enough to cover the roundels, and attaches its end to the
vertical axle at the end of the roundels. The axle is rotated and the roll is wrapped round it like
a roll of paper (Darj). The other end is attached to a rod which is erected in the middle of the top
of the cart. It is very clear then that the cart with the rod is on the end of the track opposite the
first roundel, and when the cart moves the roll unwinds, covering one roundel after another until
all the roundels are covered. This is the drawing [Fig. 37] of the axle marked y, the two bearings
mm, the roll x with its end in the rod on the cart s. [The roll} is unwound.

Fig. 37.

The 12 balls have places made for them like those in the first chapter except that in the upper
piece of wood there is only one hole whereas in the other there were two. The blades are like they
were previously. For the rest, one attaches a string 1 sp. long to the hole in the tail of each blade,
and a lead weight, heavier than the blade, is tied to the other end. Running below the tails of the
blades is a piece of timber with 12 hooks as was described in Chapter 1, with weights hanging
from them. At the bottom? of each weight is a fine, smooth, long ring. This is the drawing [Fig. 38]
of one ring in a weight on the end of one hook. The weight is marked s, the ring s and the hook x.
Then an iron rod with a smooth end is fitted to the top of the cart, and its end is bent over so that
it passes below the hooks and above the weights which are suspended by the rings to the hooks.
The bent-over end of the rod pushes one ring after another, and the weight falls, lifting the blade.
The ball rolls down the groove, into the [wooden] channel, comes out of the centre of the wooden
channel into the copper channel, then into the top of the mihrab and falls into the falcon’s head.

! Sukurruja=bowl or plate. Here evidently a bearing.
2 Should read ‘top’, as shown in Fig. 38.
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PART II

Section 4
On the construction of the men

Seven men are made from jointed wood; I shall describe the construction of one of five [percus-
sion players] and one of two [trumpeters]. For the one of five one takes dry knot-free wood which
is pieced together into the shape of the torso (barn) of a man, the back being hollow. The left thigh,
lower leg and foot are joined to this, — they are not hollow. The right thigh, lower leg and foot
are hollow, with a straight hole inside extending from the bottom of the foot through to the torso.
For the right hand® a shoulder and [upper arm] up to the point of the elbow are made and fixed
in position. From the point of the elbow a slit is made through to the hollow part of the torso —
this is for the forearm. Then one makes a forearm, palm and fingers, which are clasped around a
drumstick. A [piece] about 1 sp. [long] is separated from this forearm [i.e. there is a continuation
piece] beyond the point of the elbow and a hole is pierced laterally at the end of the separation
[i.e. where it joins the forearm]. In it an axle is inserted the ends of which rest in the slit made at
the elbow, and the hand is mounted on this [axle] — when it moves it moves up and down. In the
end of the extension inside the body there is a hole with an iron ring in it, to which [is attached]
the end of a copper wire — the other end comes out of the hollow foot. When the man stands on
his feet and the end of the copper wire is pulled down the arm moves upwards, and when the end
of the wire is released the hand moves downwards by natural disposition. Now the other hand
is made. With the drummers the face of the drum is held from underneath, and with the cym-
balists, the edge of the cymbal is held in the usual place. A head is now made, adorned by the
craftsman to the best of his ability, and painted in the colour of human skin. He is clothed in fine
garments, which conceal the mechanism for the hand, with a headcovering such as musicians
wear when on duty. Four men are made on this pattern — two trumpeters and two cymbalists.
As for the drummer who leads them all, who is kneeling, his body is hollow, and his thighs also,
the holes extending to the knees; the action of the hands is as described above, and each carries
a drumstick. Then two trumpeters are made [standing] close together, in the hand of each of them
a trumpet of the usual design, with the end in his mouth in the normal way. The trumpeters are
placed on the right of the platform and a drummer with a drum is near them; next to him is the
leader, kneeling with two large kettle-drums made of copper in front of him. Next to him comes
a drummer with a drum and two cymbalists [all] in a line. The feet of each man are fixed securely
— it is easy to do that. Beneath each foot in which there is the end of a wire, a slit is cut leading to
the hollow interior of the platform, and beneath the knees of the leader there are two slits. The
ends of the copper wires hang down inside the platform. Slung over the shoulders of the drummers
are wooden drums, like the well-known drums.

Section 5

On the means for imparting motion to the hands of the drummers and cymbalists, and the instrument
from which the sound of the trumpeters issues

A hollow axle is made of beaten copper as long as the chamber (fwan) is wide, or somewhat shorter
than that. Its ends are light. The axle is located in the hollow of the platform, vertically beneath
the men’s feet. On the end [of the axle] below the foot of the second trumpeter, a copper scoop-
wheel of 2 sp. diameter is erected, strongly made with large hollow scoops [able] to withstand
the weight of water which falls on them, as described below. A trough is installed beneath this
wheel to catch the water falling from the scoops, and a hole is cut in this trough near the [first]
trumpeter. Then a vessel (gidr) is made from copper, which has the capacity for the amount of
water which fills the [tipping] bucket set in front of the flow regulator. A siphon is fitted to it like
the one described in the first chapter for the flute. A hole is made in its cover, and between this
hole and the hole in the bottom of the wheel’s trough a pipe is fitted which is narrower than the
pipe which discharges into the scoops of the wheel — which is mentioned below. Then another
hole is made in the cover, narrower than the pipe which discharges into the vessel, into which a
fine pipe is fitted which rises to the level of the platform and passes through the wall of the
chamber to a small aperture (Kiwa) to the right of the first trumpeter. To the end of this pipe is
fitted a jar (hugq) for a flute, as described in the first chapter. ‘

3 Yad. Here as elsewhere the translation may be ‘hand’ or ‘arm’.



CATEGORY I — ON THE CONSTRUCTION OF CLOCKS

Then a pipe is fitted to the hole in the bottom of the [tipping]-bucket’s trough, which extends
to and discharges over the scoops of the wheel. When the [tipping]-bucket fills with the [quantity
of ] water which issues from the onyx in one hour of the longest day, this is the least [quantity] of
water of all the hours [in the year]. At this juncture the ball falls into the head of the falcon, thence
onto the bracket* whence it rolls inside the house. A channel is provided for the ball leading from
the bracket to the horn of the bow on the end of the [tipping]-bucket. So when the ball falls onto
the horn the bucket tilts and empties all its contents into the trough underneath it, and the ball
falls from the horn to the ground. The water flows from the bucket’s trough through the pipe in
its base onto the scoops of the wheel, turning the wheel. The water falls from the scoops into the
trough, and flows through the pipe connecting the trough and the [air]-vessel, expelling the air
in the vessel through the jar of the flute. The flute plays with a sound which is heard from afar.
As the vessel fills the water rises to [the bend of] the siphon, and discharges through it into a
cistern by the side of the vessel.

Now I will describe the means for imparting motion to the hands of the drummers, and I will
do this for the movement of one hand [only]. Vertically beneath each hanging wire a mark is
made. By one of these marks a straight, copper strip, beaten into the shape of a ruler (mistara),
is positioned. It is about 14 sp. long. One end is bent round to form a ring, which is attached to a
staple fixed to something solid at the same level as the axle of the wheel. Then a hole is made in
the ruler, a certain distance from the other end, and this hole and the end of the copper wire
directly above it are connected by an iron ring. The ruler is thus raised to the level of the axle of
the wheel, and is horizontal. The hand of the figure is heavier than the copper wire and the ruler
which it supports. If the end of the ruler is forced downwards by something, the hand of the man
moves upwards, and when the ruler is released from the thing which pushed it the end of the ruler
will lift to its [original] position and the hand of the man will descend. Now, opposite the end
of the ruler in a straight line from the axle of the wheel, a peg is fixed in the axle, its end as firmly
fixed as the [end of] the ruler. It is of sufficient length for its other end to reach to the end of the
ruler. When the axle turns the end of the peg presses on the end of the ruler which goes down
with it for about 1 sp. and then comes away from it. Then one makes for this ruler, in addition to
this peg, two other pegs whose ends are fixed to the axle on the opposite side to the first, and are
opposite the end of this ruler. [i.e. they are in the same vertical plane as the first peg.] Since two
of the three ends of the pegs are close together, the fall of the drumsticks on the drum is varied
— [first] two raps then one rap — and likewise with the cymbal. In this manner the hands of the
drummers and cymbalists are operated. [The positioning of] the pegs should be varied as much
as possible. In this instruction it should be understood that the drum is tilted, so the axle for the
hand of the drummer must also be tilted. The rise and fall of the hand of the drummer is not in
a straight line from foot to head, but slanted from right to left. This is the drawing [Fig. 39] of
one drummer standing on the platform marked a, the drawing of the axle, with the wheel on it,
both marked /, and three pegs on the opposite side of the axle, marked m. The wheel’s trough is
marked x, the pipe connecting it to the flute’s vessel is w, the flute’s vessel is ¢, and on the end of
the siphon leading from it is ¢. There is a j on the jar of the flute, on the wire hanging from the
drummers hand is s and on its end connected to the end of the ruler is s. On the other end of the
ruler, in a firm ring in a firm support, is k.

It is very clear that: the reservoir, marked a [Fig. 40] is filled with water at the beginning of the
day, the water outlet is on the first point of Cancer on the flow regulator, marked b, and the
water discharges from the onyx into the [tipping]-bucket in the trough, marked y and j respec-
tively. The balls d are in the grooves in the wood restrained by the blades sk and the weights are
on the hooks e. o

The man is on the reverse of the drawing at the end of the frieze, moving smoothly, since he is
attached to the cart, until, when one hour of the day has passed, his finger is near the tip of the
first battlement. I mentioned previously that the glass roundels are screened by a roll of leather,
which should be coloured baggam® — red, so that [by day] they appear red, to match their dark-
ness in the night. The roundels are marked d and the roll z. When a roundel is completely red,
the rod pushes a weight, a blade lifts from a ball, which falls from the falcon’s beak onto the
cymbal, and the sound is heard. It rolls through the channel ¢, falls onto the horn of the bow s,
fixed to the end of the [tipping]-bucket y. The bucket is filled with water. If the hours have
lengthened after some days then some of the water which falls into the bucket flows out of the
pipe in the top, marked j, which is outside the trough of the bucket, and runs over the ground
into the cistern. When the ball falls onto the horn of the bow, the bucket tips and discharges all

4 Under the vase.
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the water it contains into its trough. The water flows into the pipe k connected to the trough and
into the scoops of the wheel / [Fig. 39]. The wheel turns with its axle, and the three pegs fitted to
it, marked m, push the end of the ruler s, moving the hand of the drummer up and down. The
water collects in the wheel’s trough x and flows through the pipe joining it to the flute’s vessel g.
The air in it [the vessel] is driven out through the pipe into the flute’s jar j, which blows, and the
blowing is thought to come from the trumpeters. There is no need to demonstrate the movements
of the remainder of the hands of the trumpeters and cymbalists. Their description and mechanisms
are similar to what was said above for a single hand — [namely] the axle, pegs, rulers and the wires
hanging down from the extensions of the arms.

The members of the band perform as long as the water falls on the scoops of the wheel. Then
their movements and the sound of the trumpets cease until water discharges from the [tipping]-
bucket [again] when another hour has passed. So it continues until twelve hours have passed to
sunset. The servant then pours the water back into the reservoir, moves the man to the side of
the frieze, replaces the balls in the grooves, and the weights on the hooks, winds the roll and the
axle, and turns the division marker [i.e. on the flow regulator] to the first point of Capricorn.
He lights the lamp, whereupon the roundels are filled with light — whenever a roundel has dark-
ened [completely] an hour of the night has passed. Then the falcon drops a ball, the musicians
perform, and so on until twelve hours have passed.

The remarks [which follow] concern the reservoir, not the float-chamber and the flow regu-
lator, for I say that the reservoir of this device is small and that a larger one is needed [only]
when the quantity [of water] discharging into the bucket is increased, and the bucket is enlarged,
so that the period during which the musicians play is lengthened.

This is what I set out to describe clearly. This [Fig. 40] is the drawing of that has been de-
scribed, from inside the house.

Now I will describe a water-clock which I made for showing the constant hours. I have wit-
nessed [the correctness] of its basic principle. It is the Tarjahar, of which there are various types.

* bagqam is sappan wood, originally from India and E. Africa. A red dye is obtained from it.
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Fig. 40. Caption, at I on line drawing, reads: ‘Pulley fixed to the roof of the house’.
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Chapter 3 of Category I

On the water-clock of the boat, which is divided into six sections

Section 1
On its outside appearance and functioning

From it can be told the passage of the hours and their divisions. It is a boat of fine workmanship
made of brass which rests on a footing raised about 1 small span (fitr) above the ground. It is
about 3 sp. long and its breadth in the centre is 14 sp. The stern is covered over, the bow section
(sadr) is open and lead-lined (murassas) inside. Between the ends of the bow and stern sections
[i.e. amidships] and over the sides [i.e. gunwales] is a square plate! with fretwork [around the
sides] resembling battlements. In the four corners of the plate half-square pieces of brass are
soldered and on each of these is a brass stanchion 3 sp. high and as thick as a thumb. On the
stanchions is a square castle (gasr) of excellent workmanship around which are fretted battle-
ments. Above it is a handsome cupola?. In the side of the castle facing the bow of the boat is a
door containing a falcon — only its breast and head are visible. Between the centres of the two
right-hand stanchions of the clock is a transom (%dada), and likewise a transom between the
centres of the two left-hand stanchions. In the middle of each of the transoms is a hole in which
are [located] the ends of a thin axle. On the axle is the claw (yad) of a serpent (thu‘ban) which
clutches the axle in the centre. Its tail curls round the axle like a circular ring and its head is
stretched towards the falcon’s breast, and its mouth is open as if it wished to swallow the falcon’s
head. Inside the plate, which is the balcony? of the boat, is a spherical-shaped section (mikabba)
like a dome. On the dome is a platform (sarir) upon which sits a man with a pen in his hand.
Around him on the platform are 15 marks, like divisions. The functioning is [as follows]: at the
beginning of the day the pen of the sitting man appears over the first of the 15 divisions, and it
moves from division to division with an imperceptible motion. When the tip of the pen reaches
the end of the divisions the falcon lets fall from its beak a solid ball (bunduga) of cast bronze
weighing about 30 dirhams into the mouth of the serpent. The head [of the serpent] rotates and
sinks slowly until it reaches the bow of the boat; it casts the ball on to a cymbal in the bow of the
boat, and it [i.e. the ball] remains in the bow of the boat. The serpent now rises back to its
original position. The scribe’s pen has returned rapidly to the first division, and one constant
hour of the day has passed. Now the scribe moves his pen from division to division until he
reaches the last division, the falcon drops the ball from its beak into the mouth of the serpent,
which slowly sinks, and dropping the ball onto the cymbal, returns to its position. This happens
every hour until 24 constant hours of the day and night have passed. A decrease of hours in the
day is compensated for in the night and a decrease of hours in the night is compensated for in
the day. This is the drawing [of the clock] [Fig. 41].

! Milban - A flat tray for carrying and storing bricks.
2 Qubba. Is translated ‘cupola’ to distinguish it from the dome-shaped section on the platform below.
3 Shurfa. Here this does not mean ‘battlement’. Qne could almost translate it as ‘the bridge’.



52

PART II

Fig. 41.



CATEGORY I — ON THE CONSTRUCTION OF CLOCKS

Section 2

On the construction of the boat, the dome, the stanchions and the serpent, the castle and the cupola

A piece of brass is taken and hammered into the shape of a well-made boat, and fixed on a support
(ka‘d) like the base of a table. The stern is covered with a neat plate and its interior is tinned. At
the end of the stern section a plate is fitted from bottom to top and [similarly] a plate is fitted at
the end of the bow section from bottom to top.

The boat is 3 sp. long and its width at the highest point in the centre is 13 sp. The distance
between the two vertical plates at bow and stern is equal to the width at the highest point, so that
one has, in the centre of the boat, a single square trough.

Around the top of the trough a well-constructed battlement of fine fretwork is erected. Then
in each corner of the trough, at the foot of the battlement, a half-square plate is soldered, so that
the top of the trough becomes octagonal. In each corner, inside the battlement, [i.e. on the plates
just mentioned] one places a triangular base with a vertical pipe one finger long in its centre, and
these bases with their pipes on them are firmly soldered in position.

For the bow of the boat a rod is made, bent into a semi-circle with its convexity upwards, and
its ends [fixed to] the sides of the boat. On this is hung a cymbal, upon which the ball drops, and
then into the bottom of the bow of the boat, where the balls are collected. All that I have described
is of best quality brass and [also] everything that is mentioned below for the visible parts. Now
one takes four hollow cylinders each about 3 sp. long and of the thickness of a thumb. For the
end of each cylinder a piece of pipe is brought, part of which is inserted into the cylinder and
soldered in position. The projecting part is inserted into the pipe on the base in one of the corners
[of the battlement] so that the cylinder is vertical on the base. A piece of cast bronze is fitted to
the top of the cylinder, and this resembles the capital of a column — at the top there is a male
[spigot]. In the centre of each cylinder is a finely-chiselled sphere. All the cylinders are made in
this way. :

Inside the battlement and on top of the trough is fitted a rounded section like a dome, and
above the dome is a kind of platform. On the pillars a square-shaped castle is erected. On its lower
part is a cover, curved towards the inside, with chiselled corners; at the bottom corners are feet,
decorated with gold (mushadhdhar) and underneath each foot is a hole into which is inserted the
male [spigot] at the top of the stanchion. Around the perimeter at the top of the castle there is
also a fretted battlement, and inside this battlement, above the castle, is a painted cupola. On top
of the cupola is a fitting which is held when lifting or putting down [the clock].

In the face of the castle, towards the bottom, a handsome door is made.

On the construction of the castle: one takes 4 plates of this pattern [Fig. 42] places them to-
gether at right angles, and makes the joint between each pair with lead. The lead is used in abun-
dance, from inside, with careful workmanship so that the lead is not visible from outside.

The serpent is made from a slender piece of brass 3 sp. long and 4 F wide at one end. The other
end is pointed like a Shiizaka [?]. The brass is rolled into the shape of a pipe*, one end being open
and broad, the other narrow end closed. It is filled with black lead® and bent into the shape of a
circular ring of 4 F diameter. Then one takes another pipe about 1 sp. long, one of its ends [of
such a width] that it can be inserted into the end of the ring, and the other end narrower than that.
It is filled with lead, and bent slightly in the opposite direction to the curvature of the ring. Then
the lead is removed from this pipe only. A head is made for it like the head of a serpent, the pipe
is soldered to the ring, and the head to the narrow end of the pipe. For the joint between the ring
and the pipe two hands are made, each hand as long as the half-diameter of the ring. They are
soldered to the right and to the left of the joint. The ends [lit. shoulders] of each hand are covered
by a wing which is joined to the shoulder. Beneath the palms of the hands an axle is fitted, whose
length is the same as the distance between two pillars. Between each pair of pillars, right and left,
a transom is erected, the ends of which rest in holes in the centres of the stanchions. In the centre
of the transoms are holes in which the ends of the axle are inserted. This is a separate drawing
of the serpent [Fig. 43].

4 Lit. The pipe is rolled.
5 ‘Black’ lead is lead, ‘white’ lead is tin.
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Fig. 45. Captionsread: Top: ‘ring’;
right: ‘this rod is inside the bowl’.

PART II

Section 3

On the construction of [ the equipment] which is inside the trough, namely the float ( Tarjahar), and
what is connected to it, and the ball inside the float which moves the scribe to the right and to the left.

One takes a brass float, as light as possible, in the shape of a hemisphere, its diameter at the top
being 4 F. Near its centre point a hole is made.

Now three links (narmadaja) are made and joined together with pins. This is the drawing
[Fig. 44] of the links, marked j, d, e. The one marked e is soldered to the float at a point 1 F below
its rim, the end of the one marked j is inserted in a strong staple in the plate which divides the
trough from the bow of the boat, so that the float rests on the bottom of the trough. The links
are [thus] connected to the side of the trough, near the top, by the hinge mentioned above. Water
is poured into the trough, nearly up to the staple. If the float with the links attached is lifted, the
water in it will be emptied out, and if placed on the water it will float on the surface on an even
keel.

Near the centre point of the float, but outside it, two rings are fitted, opposite each other, on
a line that passes through the centre point. To each ring the end of a light triangular® chain is
fixed, each chain about 1 short span long. The ends of the two chains are joined together by a
fine ring, and also connected to the ring is the end of [another] light chain about 3 sp. long. When
the float sinks in the water in the trough, and the end of this chain is pulled upwards, the float is
lifted and all the water in it is emptied out to the last drop, and when the chain is released it floats
evenly on the surface of the water.

In one side of the dome near the top a hole is made through which the chain can move with
ease. This is the drawing [Fig. 45] of the float connected by the links to the hinge in the side of
the trough.

Now I will describe how the scribe turns to the left and to the right. One takes a piece of pipe,
its length half the length of a finger and of a width that can be encircled by thumb and forefinger.
It has flanges (tabaga) on each end, and the whole pipe should be as light as possible. A hole is
made in the centre of each flange and a light axle passed through them, one end of which projects
from the flange the length of a barleycorn and the other end the length of a finger. In the centre of
the pipe a strong ring is fixed, and to this ring the centre of a silk cord 3 sp. long is tied. Then a
hole is drilled in the centre of the platform to the inside of the dome, into which the long end of
the axle in the piece of pipe is inserted from inside the dome, and projects above the platform.
The flange of the pipe almost touches the dome [i.e. the underside of the platform]. Beneath the
short end of the axle a cross-beam is erected and its ends are fixed to the dome. On this cross-
beam a bearing (kharaza) is placed into which the short end of the axle is inserted, so that it turns
easily on the support. Then one takes a very light pulley in a light channel (bayr) and fixes the
channel firmly to the dome opposite the ring in the pipe. The end of the string tied at its centre
to the ring is passed over the small pulley, and to this hanging end a lead weight of 5 dirhams is
tied. Another small pulley is brought and its channel fixed to the dome opposite the [first] small
pulley. The other end of the string is passed round this pulley. Now a solid ball of cast bronze
(sufr) weighing 20 dirhams is made and a hole drilled through its centre. In the hole an axle,
narrower than the hole, is inserted and the ends are bent into a half-ring so that the ball can turn
without touching the half-ring. The end of the string, passed over the second small pulley, is tied
to the junction of the ends of the axle, in the centre of the half-ring, which half surrounds the ball.

¢ Having triangular links.
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This is the drawing [Fig. 46] of the pipe, which is a pulley with its ring — they are marked w;
the ends of the axle, one of them on the cross-beams — this end is marked k; the other end w,
projecting above the surface of the platform; the string over the two pulleys, marked j, d, with a
weight on one end, marked ¢; on the end with the ring and the ball is a y. The string with the ball
and the weight is wound once round the pulley, namely the piece of pipe, which is called the big
pulley, inside the dome. This is [written] so that it is clearly understood.

It is evident that the ball is heavier than the lead weight. The ball is protruding [i.e. its string is
extended]; the string of the weight is wound round the big pulley and the weight is near the small
pulley over which is the string of the weight. If the ball is lifted up in the hand the weight will
descend and the big pulley and the axle will turn.

Section 4
On the construction of the scribe and what is connected to him

From jointed copper [by assembling copper components] a sitting scribe is made. One of his knees
is on the ground and is raised vertically. He should be elegant because of his position on the plat-
form and the dome. The method of constructing him is the one I have used for constructing light
figures: one takes a piece of tube, as light as possible, of the length of a sitting man and forms it
into the shape of the back and belly of a human being. In the position of the neck and shoulders
a light piece shaped like the shoulders is soldered. A cylindrical head is made with a narrow neck
and a broad-face; painted as beautifully as possible. A turban is made for it like half a ball,
ribbed like a turban. The turban is soldered to the head and the head [to the space] between the
shoulders. For the knees, a piece like an extended knee is made and soldered in [the appropriate]
position, and another like a raised knee is soldered in position. A [piece] like the sleeve of a shirt
is made and soldered to the right shoulder; in this is part of the forearm, and the palm and the
fingers, grasping the pen which points downwards. The left sleeve and hand rest on the raised
knee. At the bottom of the pipe, [which is shaped] like a man, a cover is fitted with a square hole
in the centre to take the end of the axle which projects above the surface of the platform — [this end]
is also square [in cross-section]. The scribe turns on the axle when the big pulley turns. The three
pulleys are inside the dome above a plate and the strings of the weight and the ball pass through
two holes in this plate. The float is then placed on the surface of the water in the trough and the

dome is placed over the trough; of necessity the ball descends into the centre of the float, which

supports it. The string of the ball is slack until the weight sinks and tautens the string of the ball.
Then the scribe is placed on the platform and the end of the axle fits tightly in the hole in the plate
underneath him. The tip of his pen is on the platform outside the first point.

The water enters the float through the hole bored at the side of its centre point, and all the while
the float sinks with the ball, the pulley turns, with the axle and the scribe. On the platform the point
of the pen describes the arc of a circle while the float fills with water, but before it is submerged.
This arc is divided into 15 divisions by means of a calibrated water-clock (tarjahar), [each division]
for one degree [of latitude]. If the end of the chain attached to the float rises through the slit in
the dome, it lifts the float and the water in it is emptied out, whereupon it floats evenly on the
surface of the water. The ball is lifted in the float, the weight descends and the scribe’s pen returns
to the first division of the arc.

The two ends of the axle upon which is the claw of the serpent are now placed in the holes in the
transoms. Its circular part is filled with lead, and the tail, the thin part, is towards the front. The
heavy part is in the middle, and when it is placed in the transoms the head rises until the edge of
the lower lip reaches the falcon’s breast, because the serpent is connected to his [own] lower part.
Its mouth is as wide open as possible, showing its two fangs. Now one takes the end of the chain
connected to the float which rises from the slit in the dome. In it there is a hook which is placed
in a strong ring attached to the back of the serpent. Part of the back of the serpent has been
channelled out, and in each side of this groove are very fine teeth, separated from one another,
which prevent the chain from coming out of the groove. If a ball of 30 dirhams weight falls into
the mouth of the serpent, its head moves and sinks slowly, the chain winds around its back,
raising the float from the bottom of the trough. The serpent’s fangs prevent the ball from falling
out of its mouth until its head approaches the bow of the boat, at which point the ball drops onto
the cymbal. The serpent’s head is lightened and the float pulls it and raises it until its lip is on the
falcon’s breast, and the empty float is on the surface of the water.

Fig.
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PART II

Section 5

On the construction of the falcon, the place for the balls in the castle, and the channel for discharging
each ball into the falcon’s head

The head and breast of a falcon are made as far as its middle; the upper beak and part of its head
are detached, enough to allow a ball of about 30 dirhams weight to pass through. Its head and its
beak are connected by a very light hinge. In the shoulders of the falcon two holes are made,
opposite each other, in which an axle is inserted, and its ends sit transversely in the posts of the
door of the castle. In the back of the falcon’s head a hole is made through which the ball can enter.
Its head and shoulders are separated by a hollow plate in which the ball rests — when the falcon
tilts it is ejected from its beak. Inside the house and opposite the back of the falcon’s head a
channel is erected which leads from the back part of the castle to the head of the falcon, without
impeding the movement of the falcon. The width of this channel should be such that a ball can
move easily through it — its sides are vertical. In the centre of the channel a sector (migta®) for
the balls is made as follows: in the centre of the channel a mark is made and a ball is laid on it.
Two marks are made on one side of the channel, the distance between them equal to the diameter
of the ball, and two marks are made opposite them on the other side of the channel. Then four
slots are made in both sides of the channel through these marks from the rim of the channel to
its base, the holes being wide enough to take the blade of a knife. Then a blade is made from iron
or copper, a hole is bored at the root of its tail, and the end of the tail is bent round into [the
shape of] a ring. An axle is inserted through the hole in the blade, and the blade is fitted into the
two opposing slots in the channel [on the side] facing the head of the falcon. The axle is on the side
of the channel and is firmly fitted at that point. The blade [rests] on the floor of the channel
[owing to] the weight of its end. When a ball is placed in the end of the channel it rolls down until
it is stopped from dropping into the head of the falcon by the blade. If the tail of the blade is
pulled down, the blade turns on the axle, its end is lifted from the bed of the channel, and the ball
rolls down into the head of the falcon. Another blade is made and placed in the other two slots
in the sides of the channel, in a similar manner to the first blade, and the ends of its axle are fixed.
In the end of this blade there is a hole. The axle of the first blade is marked a [Fig. 47] its head is
marked b, the ring in its tail is marked j and the head of the second blade is marked d. Now I say
that the head of the first blade, marked b, is lowered and its tail, marked j, is raised. The head of
the second blade, marked d, is raised from the bed of the channel and its tail, which has a lead
weight [fixed to it], is lowered. The end of a chain is attached to the end d of the [second] blade
and the end of [another] chain is attached to the ring j in the end of the tail of the [first] blade.
The ends of the two chains are brought together, below the channel, and attached to a light ring.
If the ring is pulled down the first blade is raised from the bed of the channel and the second blade
is lowered to the floor of the channel. If the ring is released the first blade descends to the floor
of the channel and the second blade rises from the floor of the channel. When a ball is placed in
the end of the channel it rolls down until it is stopped by the first blade, and if a second [ball] is
put in, it will stop by the side of the first, and another will rest against the second, and so on until
the channel is filled with balls. If the ring is pulled down, the second blade descends between the
first ball and the second ball, and the first blade lifts away from the first ball which rolls into the
head of the falcon, while all the balls in the channel are held back by the second blade. If the blade
is released the first blade descends and the second lifts away from the balls. All the balls roll down
and the second ball takes the place of the first. The same thing happens each time the ring is pulled.
This is the drawing [Fig. 47] of the channel, the blades, and the balls in the channel. [Another]
channel is erected at the end of the first channel, to the left of the castle near its side. This channel
should hold 15 balls — it is soldered in position.

Section 6
On the connection of the chain on the float to the emplacement (qita‘) of the balls, the fixing of the

mouthpiece [ Jaz‘a] to the hole in the float. The completion of the water-clock ( finkan) and its method
of operation.

A rod (mil) is fitted to the rim of the float across its diameter. In the centre of this rod is a hole
in which is a chain. Its end passed through a hole in the plate inside the dome, then through a
hole in the face of the platform behind the scribe. It then [goes] through a hole in the base of the
castle and is attached to the ring in which are the ends of the two chains from the blades. When
the float has sunk to the bottom of the boat, the chain has pulled the ring to its lowest position
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and there is no slack whatsoever in the chain. Now an onyx with a fine hole is mounted on the
hole in the float and sealed [around] with some wax. It is tested with a level instrument or with a
calibrated water-clock, until, by widening the bore, it corresponds to one hour.

The ball is in its seat [in the float] and the chains are connected to it [i.e. the float].

All the outside parts are then scraped (jarrada), such as the boat, the base, the dome, the
columns, the serpent, the castle and the cupola. The underside of the castle is painted as are the
falcon and the serpents. The clothes of the scribe are painted. The usual colours are used, and
everything is painted that requires painting, with various colours.

It is very clear that water is poured into the trough, marked a’ at the beginning of the day until
the water reaches four marks on the sides of the trough, which are the base-line for the apparatus,
namely the main mechanisms of the clock, which are [as follows]: — the rod and the float and the
chain b attached to the ring in the float coming out through the slit in the platform — its end rises
to a ring j in the back of the serpent; the chain d attached to the centre of the rod across the top
of the float and emerging from a hole in the base of the platform, rising past the side of the serpent,
which it touches, to a hole in the centre of the base of the castle, its end then being attached to
the ring in which are the ends of the two chains from the blades e. This ring is not pulled until
the float tilts, and the rim of the float and the rod are level with the surface of the water. The
pen w of the scribe is outside the first division of the divisions of the hour. In the channel w in the
castle 15 balls have been placed. The water flows through the hole in the onyx into the float and
the scribe turns to the left, his pen on one division after another. The progression of the day can
be told from the number of division of the hour, until, when 15 divisions have been reached, the
float sinks and the blades are pulled. One ball goes into the head of the falcon ¢ [and then into the
mouth of the serpent]® which is overweighted and sinks slowly. The chain from the float winds
onto its back and the float is lifted, emptying out everything that is in it, except the ball. For this
there is a lug (‘atig) fitted to the rim of the float on the side of the links which prevents it from
coming out of the float. The scribe y has returned to his right, and his pen is outside the numbers.
Then the serpent drops the ball over its fangs onto the cymbal s, then lifts its head halfway up,
whereupon the chain from the float pulls it and lifts its head until it touches the breast of the
falcon. The float with the ball in its centre is level with the surface of the water — one constant
hour of the day has passed. This is repeated for every hour until the day time hours of that day®
are complete at sunset. The balls which have collected in the bow of the boat are returned to the
channel and the operation goes on during the night as it had during the day, until 24 hours of the
day and night have elapsed. And this is what I wished to elucidate.

Now I will describe a water-clock which I constructed, namely the water-clock of the elephant
which brings together many devices, which we have [at other times] made separately.

7 None of these letters is shown on this illustration in any of the available Mss.

8 Omitted in the text and supplied in the translation to make sense of what follows.

° Translation is made difficult, as in similar passages in this work, by the lack of two words in English for ‘day’, one for
the daylight hours, and one for the full solar day of 24 hours. Arabic has nahar for the former, yawm for the latter.
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PART II

Chapter 4 of Category |

The elephant water-clock from which can be told the passage of the constant hours. It is divided into
15 sections

Section 1

On the outside appearance of the elephant water-clock

Fig. 48.
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I have made many varieties of water-clocks using the perforated float (tarjahar) at different places
and at various times and finally have combined them in a single clock, namely the elephant water-
clock, whose appearance I shall [now] describe. It is a complete elephant, with a man mounted
between its shoulders, like a mahout (fayyal). In his right hand is an axe (fas) which is lifted
above the elephant’s head and in his left hand is a mallet (midagqa) resting on the elephant’s head.
On the elephant’s back is a strong dais (sarir) square in shape, surrounded by a balustrade
(darabzin), and on its shoulders two handsome vases (gadah) are firmly [fixed]. At each corner of
the dais is a pillar, and above the four pillars is a castle above which is a cupola (qubba) with a
bird above it. In the side of the castle facing the elephant’s head is a handsome balcony® project-
ing from the lower part of the castle. A man sits on this balcony; on his left and on his right are
the heads of two falcons, emerging from apertures in the castle. The man sitting on the balcony
is tilted over on his right thigh and his right hand is placed on the beak of the right-hand falcon,
as if preventing it from opening its beak. His left thigh is lifted from the floor of the balcony and
his left hand is lifted from the beak of the left-hand falcon. At the top of [this] side of the castle is
a semicircle, its convexity uppermost, and around its perimeter are 15 holes, each as wide as a
medium (mutawassit) dirham. These holes are covered from inside the castle by a flat silver ring,
completely circular, half of which is white, the other half black. Transversely between the centres
of the pillars is an axle on which are two serpents, the claws of each one grasping the axle, its
tail around the axle like a ring, its head tilted backwards, the mouth open as if to swallow the
head of the falcon. In the centre of the dais is a dome and above the dome is a kind of circular
platform upon which a man sits. In his right hand is a pen and in front of him on the surface
of the platform is an arc of a circle, divided into 74 degress. This [then] is the appearance of the
elephant water-clock, the significance of which I will now describe.

Section 2
On what is seen from the working of this clock

I say that everything is set in order at the beginning of the day: the holes are covered with the
black [part of the ring], the tip of the scribe’s pen is outside the numbers of the degrees and
moves with a regular notion to the left until the tip of the pen is opposite the first degree, at
which point one degree of the 15 degrees of a constant hour of the day has elapsed. So it con-
tinues until it [the pen] reaches 74 degrees, namely half an hour. Then the bird whistles on top
of the cupola and rotates; half of one of the holes has turned white; the figure sitting on the bal-
cony lifts his hand from the beak of the right-hand falcon, shifts on to his left thigh and places
his left hand on the beak of the left-hand falcon. A ball drops from the beak of the right-hand
falcon into the mouth of the right-hand serpent, which descends slowly with it [i.e. with the weight
of the ball], until its head reaches the right-hand vase on the shoulder of the elephant. It dis-
charges the ball into the vase and then rises to its [original] position. With his right hand the
mahout gives the head of the elephant one blow with the axe, which was raised [before that], and
raises his left hand, with the mallet in it, and strikes the head of the elephant with it. The right
hand lifts to its original position and remains there. The ball emerges from the breast of the
elephant and falls on a cymbal suspended in its belly, with an audible sound. [The ball] comes to
rest in a flat-bottomed container between the elephant’s legs, which is tilted towards the top of
the elephant’s trunk. The scribe turns back quickly to the right and the tip of his pen is again
outside the numbers. )

He then moves again to the left until he has completed 75 degrees, the bird whistles and rotates,
and one hole has turned completely white. The man sitting on the balcony lifts his left hand
from the beak of the left-hand falcon and shifts over to his right thigh and [places] his [right]
hand on the head of the right-hand falcon. A ball runs from the beak of the left-hand falcon
into the mouth of the left-hand serpent which slowly sinks with it, until it is deposited on the vase
in the left shoulder. The mahout strikes the elephant in the same way as he struck it the first time.
The ball falls on to the cymbal [and then into] the container between the elephant’s legs. It is
known that one constant hour of the day has passed, because one hole is completely white, and
two balls are collected in the trough, and from the degrees [passed by] the scribe’s pen. The same
thing happens at every half-hour until 143 holes are white and 29 balls are collected in the
container, for the 143 hours of the longest day in the fourth region [of latitude]. And as the day
time decreases, the night time increases by a like amount.

! Rawshan: a Persian word meaning ‘window’. Here it can be taken as meaning a balcony below a window-like aperture.
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PART 11

The balls are returned to the channel, the black [semi-circle] of the ring is [placed] over the
holes once more, and the operation continues during the night until 24 hours of the day and
night are complete. Now I will begin with the elephant, and its method of construction.

Section 3
Construction of the elephant and the dais

A sheet of copper is taken, about 33 sp. long and about 14 sp. wide. Its sides are bent round
until they meet, and then they are joined together.? [The plate] is hammered until it takes the
shape of the belly, back and two flanks of an elephant. Then another piece [of copper] is taken
and hammered until it assumes the shape of the rump and thights of an elephant, and this is
soldered to the perimeter of the belly and back. Then another piece is taken and hammered until
it assumes the shape of the breast and shoulders of an elephant and this is soldered to the
perimeter of the belly and back. Then one makes its forelegs and hind legs [lit. two hands and
two legs], in the shape peculiar to an elephant, which are soldered securely [in position]. [Uneven
parts] are made good with lead, projections and surplus pieces removed by filing.

Then a head is made, complete except for the ears, and fitted neatly into its place on the breast,
and fixed, but not rigidly.

Then a square dais is made from brass. It has legs, and around its perimeter is a balustrade,
with fretwork of fine manufacture and sure workmanship. The width of this dais should be such
that it reaches from the back of the elephant’s rump to end of the shoulder joint. It is placed on
the elephant and securely attached. Copper cords are fitted to it and tied below the belly of the
elephant like girths (hizam pl. huzum), for an adornment. It appears to be tied to the back of the
elephant.

Section 4
On what is fitted inside the elephant, and its method of operation

One takes a float (tarjahar) of beaten brass which is worked into the shape of a hemisphere. Its
diameter is such that it can move inside the elephant without touching its sides. Its rim is divided
by four equally-spaced marks, and a line is drawn on the outside from each mark to the centre-
point. On the centre-point a circle of aboait one short span diameter is drawn, cutting the four
lines. Then three hinges are made, and connected together by two pins, around which they can
move freely. The length of the three hinges is one finger length; one of them — the first — is short.
[i.. shorter than the other two links]. The end of the third is bent around a light axle. This is
the picture of them [Fig. 49]. The short one of the three is attached to a line on the outside of
the float, one fingerbreadth below its rim. Then a hole is made in the float near its centre-point,
colinear with the [centre] line of the hinges. On the intersection of the circle and the two other
lines two staples are firmly fixed, and to each staple is attached the end of light chain with
triangular links, about one short span long. The ends of the two chains are connected by a
light ring. If this ring is pulled towards the rim of the float it should reach the mark opposite the
hinges. Neither of the two chains is longer than the other by the slightest amount.

This is all that is attached to the back of the float, and can be clearly understood. This is the
picture [Fig. 50] of the float and the connections on its back. There are signs on it: the sign of the
three hinges is m; the sign of the ring connecting the ends of two chains is /; ¢ is mar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>