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THE TREATISE OF AL-JAZARI
ON AUTOMATA






I. INTRODUCTION

Tae Museum of Fine Arts possesses six leaves of a well-known Arabic
manuseript on “Automata,” which are here reproduced. Another leaf of
the same manuseript belongs to the Wetzel Collection in the Fogg Art
Museum, Cambridge, another to Dr. Paul J. Sachs in Cambridge, and still
another to Mrs. John L. Gardner in Boston. Some of these leaves have
formed a part of the Goloubew Collection, and all originally belonged to
Dr. F. R. Martin, who obtained them in Constantinople.

Of the other known leaves which have been stated to belong to the
same manuscript, the most important are:

1. The so-called ‘guard page.” This page is perhaps a myth. It is re-
ferred to by Anet (C., 2): but in fact, Dr. Martin has never said that the
page which bears the name of Sultan Muhammad was a guard page, and,
in an unpublished communication recently forwarded to this museum he
states explicitly that ““it is not the guard page of the manuscript which
bears the name of the Urtuqid Sultan . . . . This description is found round
a double-page design for a wooden door.” If a guard page with Sultan
Muhammad’s name had existed, we should have had to suppose that it
came from some other book, since al-Jazari’s work was only compiled in
1206. In fact, however, there is no evidence for the existence of any such
page. The inscription honoring Sultdn Muhammad, on which Dr. Martin
(M., pp. 7, 12) rests the weight of his argument forms part of the double-
page door design referred to above and in the next paragraph.

2. The double-page illustration, reproduced in S.‘M., pl. ITI, and re-
ferred to above, represents the door in the Amida palace which is described
in Section 6 of al-Jazari’s work (W. H.,3). The text, in kific characters,
reads, on the right-hand side ‘Iz It maulana as-sultan al-malik, al-‘alm al-
‘adil, continuing on the left-hand side al-m#’ayyad Nurw'd-Din Abw’l-Fath
Muhammad ibn Qara-Arslan; together, ““Glory to our master the Sultan
regnant, the learned, the just, the well-served, Niru’d-Din Abu’l-Fath
Muhammad ibn?! Qara-Arslan,” as correctly indicated by Dr. Martin, who

1 Not ““abu” as carefully quoted in B. 8., p. 79, where it is not made clear that the inscription
is taken from one leaf, the supposed heraldic device (really the faleon and cup of the first water-
clock, our pl. I) from another.
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AL-JAZART'S TREATISE ON AUTOMATA

does not, however, supply the reading. The inscription along the top
reads: al-maliks 'llahi ’l-wahidw’l-gahhar, ‘“The sovereignty is Allah’s, the
One, the Mighty.”

Now, inasmuch as al-Jazari’s text was only completed for Sultin
Mahmid in 1206, long after Sultdn Muhammad’s death, this page, if a
title page, must be derived from some older book. In fact, however, the
page is not a title page at all, but an illustration of the door in the Amida
palace which is described in Section 6 of al-Jazari’s work (W. H.,3). And
in fact the lintel inseription quoted above tallies exactly with that which
is said to have been on the door (W. H., 1, p. 51, footnote). No doubt this
door had been designed by al-Jazari and constructed in the reign of Sultin
Muhammad: and the representation with the inseription in his honor is a
picture of the door as it was designed and made, affording us no more evi-
dence of the date of the manuseript than does the occurrence of Sultdn
Muhammad’s name in the Oxford Graveley MS. 27 written in 1486 (W. H.,
1, p. 50 et infra, p. 9). Al-Jazari was not restricted to a description of
objects made in the reign of Sultan Mahmid, but included in it some of
the ‘““ingenious contrivances” which he had constructed in the reign of
his father.!

3. The supposed portrait of Saladin (M., frontispiece). This represen-
tation is not a portrait of any Sultan, though no doubt it offers us in a
general way the likeness of a contemporary Sultan or nobleman. Al-Jazari
himself calls it ““a man seated in a balcony”: and the representation is
really an illustration of a part of a water-clock, viz., the “Elephant Water-
Clock” of Section I, ch. 4 of his book. The man is seated in a balcony,
below a semicircle of fifteen circular openings; he leans to one side, touch-
ing a circular object; according to the text this object should be a falcon,
and so too on the opposite side, but Dr. Martin’s reproduction and the
Oxford Graveley MS. 27 illustration (W. H., 1, fig. 67) tally exactly,
showing two spheres instead of two falcons. At the end of each half hour

1 Al-Jazari’s description of the door is translated in W.H., 3. The illustration from the Oxford
Graveley MS. 27 omits the lateral inscriptions but shows the lintel text, as given above. Wiede-
mann and Hauser do not discuss the inscriptions, and merely conjecture (W. H., 3, p. 215, note 1)
that the palace in question must have been Sultan Sugmin’s or Sultan Mahmid’s, “ probably the
latter’s.” But the inseription honoring Sultin Muhammad as regnant, shows that the door must
have been made before his death. Al-Jazari merely calls it ““a door in the king’s housein Amida.”
Most likely Sultan Muhammad’s palace, and the door, were still in occupation and use in 1206.
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the man leans to the opposite side, and touches the other object (“falcon”),
and at the end of each hour one of the circular openings above him changes
color.

Dr. Martin supports the argument for Saladin by referring to the name
recurring on the cupolas of certain of the illustrations (here, pl. IV and
Sch., pl. IV), which, however, reads Salihi Asli va’d-Dunya va’d-Din,
rather than Salah al-Din (Salahu’d-Din). Moreover as pointed out by
Blochet (B) followed by Claude Anet (C., 2), Saladin, if intended, should
have been given his own title of al-Malik un-Nasir instead of al-Malik as-
Salih. Dr. Martin assumes an error on the part of the seribe: but it is
improbable that a Musalman scribe should have made an error in the
titles of a regnant Sultan; and incredible that he should have hit upon the
proper titles of a Sultdn who came to the throne fifteen or twenty years
later, and was actually the patron of al-Jazari’s book.

M. Blochet (B., pp. 193 ff.) states definitely, presumably on the authority
of Dr. Martin, that the leaves which the latter possessed and of which the
Museum of Fine Arts possesses six (two reproduced by Blochet, B., figs.
6 and 9) were “fragments of an illuminated Arabie book in Santa Sophia ”
and “had been detached, solely for the purpose of selling the pictures,
from an example” — as he incorrectly describes it — “of the treatise of
Philon of Byzantium on Hydraulic Automata, translated from Greek into
Arabic.”” M. Blochet assigns the detached leaves, and therefore the whole
manuseript, to the fourteenth century; the improbability of this dating
is discussed below in Section IV.

Wiedemann and Hauser (W. H., p. 57) repeat the statement that the
Martin leaves are derived from the Santa Sophia manuscript of al-Jazari’s
treatise. This Santa Sophia manuscript is referred to by Carra de Vaux
(d. V., B. M.), as follows: “the superior treatise on mechanics of B&di
az-Zaman el Djazari. It bears the number 3606. It is illustrated with
numerous figures colored with the greatest care after the Persian and
Indian fashion. It is one of the finest Arabic manuscripts I have ever
seen.” He gives no estimate of the date. The mention of “Persian and
Indian style” is indefinite. I have tried in vain to obtain information
about this manuseript, which may have a dated colophon.

The pages of our manuseript now distributed in various collections are
or were twenty in number. Nine are accounted for above: there are said
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to be two in the Stoclet Collection (Brussels), two in the Berenson Collec-
tion (Florence), one in the Tony Smith Collection, and some or all of the
remainder are still in Dr. Martin’s possession. Besides the eight repro-
duced here (three for the first time), other pages have been published as
follows:

B. Fig. 5, representing Sec. II, no. 3 of al-Jazari; fig. 7, representing Sec. III, ch.
10, of al-Jazari; fig. 8, representing Sec. III, ch. 7 of al-Jazari; fig. 10, repre-
senting Sec. I, ch. 2 of al-Jazari.

M. Frontispiece, detail of Sec. I, ch. 4 of al-Jazari (like W. H., 1, fig. 67); pl. IL=
B., 5; pl. I1I, perhaps a detail of Sec, II. ch. 10 of al-Jazari; pl. IV, representing
Sec. I, ch. 6 of al-Jazari.

S. M. Pl III, the door in the king’s palace (al-Jazari, Sec. VI).

Sch. PL IV, left hand, representing Sec. I, ch. 7 of al-Jazari; right hand, like Sec.
I, ch. 4, and fig. 37 of W. H., 3.

The total number of published pages, including those now reproduced, is
therefore eighteen. A leaf found in Constantinople by Professor Wiir-
schmidt and illustrated in W. H., 3, can hardly be from the same MS.

I append a list of dates and titles of the Urtugid Sultdns of Amida,
1174-1222.

Niru’d-Dunya va'd-Din, Abu’l-Fath Muhammad, 1174-1185.
al Malik al-Mas‘td, Qutbu’d-Din, Abu’l-Muzaffar Sugman, 1185-1200.
al Malik ag-Salih, Nasiru’d-Dunya va’d-Din, Abu’l-Fath Mahmid, 1200-1222.
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II. AL-JAZARTS “BOOK OF THE KNOWLEDGE OF INGENIOUS
GEOMETRICAL (MECHANICAL) DEVICES”

TaE work represented by six leaves in the Museum of Fine Arts, and the
other leaves above referred to, is the Kitab fi ma‘arifat al-hiyal al-handasiya
(“Book of the knowledge of ingenious geometrical contrivances’), other-
wise called the Al-jami‘ bain al-ilm va'l-‘aml al-nafi’ fi sind‘'at al-hiyal
(“Work that combines theory and practice and is profitable to the craft
of ingenious contrivances’’), of which the text was compiled by al-Jazarl
in the year 1206 for and by command of the Urtuqid Sultan Mahmiid, al-
Malik ag-Salih. This Sultdn reigned in Amida from 1200-1222, suc-
ceeding his brother Sugméan (1185-1200) and father Muhammad (1174-
1185). The author, Abu’l-‘Izz Isma‘il ibn ur-Razzaz (“son of the rice
merchant’’) al-Jazari (the Mesopotamian) Badi‘az-Zaman, ‘“incompar-
able of the age,” had been in the service of the Sultdns of Amida from
the year 1181/2, that is, as he himself saysin the preface to our treatise
(W.H. 1, p. 50), for twenty-five years preceding its completion.
Al-Jazari writes as follows (W. H., 1, p. 59):

"Iam in the service of al-Malik as-Salih Nasiru’d-Din Abu’l-Fath Mahmad ibn Mu-
hammad, ibn Qard-Arslan, ibn Dawud, ibn Sugman, the Urtugid, king of Diyar Bekr,
moreover I have served under his brother and his father before him. Since I entered
this service in the year 577 [1181/2], twenty-five years have passed.

One day I brought to Malik as-Salih an object with the preparation of which he had
charged me. He looked at me, and considered the work according to my pains; without
my remarking upon or emphasizing what I had been aiming at he recognized it and dis-
covered what I had created. He said “You have invented incomparable contrivances
and translated them from theory to actuality, so that your labor had not been wasted,
and you have united incongruous things. I wish you to prepare a well-arranged treatise
in which you shall deal with that of which the actual construction has been your
concern,”

Since I might not gainsay him, I have applied all my skill thereto and made this
treatise.

We infer that al-Jazari was first and foremost a craftsman, and only
secondarily an author. The intelligibility of his writing and the clarity
of the diagrams are to be explained by his practical knowledge of the con-
trivances described. He states that he himself invented the reversible
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cup (see pp. 16, 19) and many other devices. That his labors were greatly
appreciated is shown not only by the patronage of three Urtuqid Sultans
but by the fact that many copies of his treatise were made in the several
centuries following its completion, and that translations exist in Persian
and Turkish.

It may be mentioned that some of al-Jazari’s clocks were meant to be
used in the palaces; others, particularly the candle clocks and portable
clocks, in the private rooms. Other clocks described by Ridwan were
made for the exteriors of buildings, and gave information to the people at
large.

The contents of the whole work are as follows:

Section 1. On the construction of clocks from which ean be told the passage of the
regular secular hours (10 chapters). (Translated, W. H., 1.)

Section 2. On the construction of vessels and figures suitable for use at carousals
(10 chapters). (Translated, W. H., 2.)

Section 3. On the construction of ewers and cups for bloodletting and washing
(10 chapters). (Translated, W. H., 4.)

Section 4. On the construction of fountains in tanks, which change their form;
and on perpetual flutes (10 chapters). (Translated in Berichien der wetterau-
ischen Gesellschaft, 1908, and Amari-Festschrift, 1909.) !

Section 5. On the construction of instruments for raising water from shallow
bodies of water, and from running water (5 chapters). (Translated, W.H., 5.)

Section 6. On the construction of various things of different sorts (5 chapters).
The first of these chapters describes a door in the Amida palace. (Translated
W.H,,3)

For the earlier history of water-clocks and other automatic contriv-
ances, and an account of the works of earlier authors on this subject, the
introduction to the works of Wiedemann and Hauser (W. H., 1 and W. H.
2) may be consulted. It need only be remarked here that al-Jazari’s work
is partly based on the works of Archimedes and Apollonius and on earlier
Arabie works, including that of Bent Misa, but not directly on the Greek
writers, Heron, and Philon of Byzantium (W. H., 1., p. 57).

! T have not been able to consult these works, and quote the references at second-hand.
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III. OTHER MANUSCRIPTS

The most important manuscript of our text is that of Oxford Graveley
MS. 27, which has been translated in full by Wiedemann and Hauser
(W. H,, 1, 2, 3, 4, 5). This manuscript is fully illustrated, the figures
corresponding exactly to those of our text, but so far as can be judged
from the reproductions (W.H., 1, 2, 3, 4, 5) not nearly so well drawn.
The manuscript is dated 1486 and was copied from another manuseript
dated 1341.

This manuseript affords an important piece of evidence in respect of
the names of Sultans appearing in the form of inscriptions on certain of
the apparatus represented. For although the original text was only com-
pleted in 1206 and the Oxford Graveley MS. 27 in 1486, the name of
Niru’d-Din Muhammad (S-ul_tﬁn Mahmiid’s father, r. 1174-1185"?) is thus
represented on one of the principal figures (W. H., 1, p. 50).! From this it
appears that the illustrations in the manuseript represent contrivances al-
ready made or intended to be made for partieular Sultans, and that these
illustrations were copied from one manuseript to another, without refer-
ence to the Sultan regnant at the time of copying. In other words, these
inscriptions, which are no part of the text of the work, do not by them-
selves offer any evidence of the date of the manuseript, but only of the
date of the construction of a particular contrivance.

1 In W. H,, 3, fig. 1, the name is omitted in the reproduetion of the drawing of the dgor.
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IV. DATING OF THE LEAVES IN THE MUSEUM OF
FINE ARTS AND ELSEWHERE

We have seen that Dr. Martin assigned the manuseript to the reign of
Sultan Muhammad (1174-1185). The date of the completion of the text
(1206), however, affords us a terminus a quo for the date of any manu-
seript. M. Blochet (B), probably unaware of the existence of al-Malik
as-Silih of Amida, al-Jazarl’s patron, has suggested that our leaves must
have been written in Egypt for al-Malik as-Salih Salahu’d-Din Silih, a
Mamluk Sultan of Cairo (1351-1354). There are many reasons against
this dating. It is hardly likely that the manuseript should have been
written for an unimportant Mamluk Sultan, and as Dr. Martin points out,
the style of the illustrations is tantamount to proof of an earlier date. It
is far simpler to accept the obvious, and identify the Sultan of the cupola
inseriptions with Sultdn Mahmid, al-Jazari’s patron: for if we suppose
that the Cairene Sultan was intended, what are we to make of the occur-
rence of Sultan Muhammad’s name on certain of the representations?

M. Blochet (B) supports his theory of an Egyptian origin by reference
to supposed Egyptian features on the work itself. He regards the technical
reference alphabet used in lettering the diagrams as being derived from
hieroglyphics. But only one of the signs has a markedly Egyptian char-
acter, and many of the others are strongly suggestive of Greek script:
the Arabic authors, as we know, made use of Greek texts and it need not
surprise us if they also adopted signs of Greek manusecript origin for
technical purposes. Even if the Egyptian connection could be established
and the existence of a cryptogrammic script based on hieroglyphics and
surviving in the 13th century or later could be proved, it need not follow
that any manuseript in which they are used must be of Egyptian origin.
Egyptian peculiarities might equally well appear, as Dr. Martin suggests,
in Mesopotamian art, for the Arabian artists who worked in Egypt under
the Fatimids, neglected by their successors the Sunnite Aiytbids, must
have spread the influence of Fatimid art in Syria, Mesopotamia and Persia,
when they sought new patrons. It is true that the scribe of the Oxford
Graveley MS. 27 names himself an Egyptian: but in this manusecript,
dated 1486, the signs in question no longer occur, but are replaced by
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ordinary Arabic characters. It seems to me that the affinities of the art,
as well as of the text, are rather with Byzantium than Egypt, and this
also holds good for the technical alphabet.

It is thus apparent that we have no definite evidence of the date of
the manuseript from which our six leaves are derived, other than that
afforded by the actual material and technique. The fact that the pseudo-
hieroglyphic technical alphabet which oceurs “in all the older manu-
scripts” (W. H., p. 52) is used in the lettering of our leaves, while in the
Oxford Graveley MS. 27 dated 1486 and other late manuscripts these
marks are replaced by ordinary characters, is perhaps sufficient evidence,
if this were needed, that our manusecript is relatively early. In any case,
from the style of the illustrations, very much like that of the ‘“Dioscor-
ides”’ manuscript, dated 1222, and those of some other well-known thir-
teenth-century books, and also from the quality of the paper, we can
hardly hesitate to assign the leaves to the thirteenth century. The Nashki
seript offers no argument to the contrary. It is possible that we have
before us leaves of the original manuseript written and illustrated by the
author himself for Sultdn Mahmid.
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V. DETAILED DESCRIPTION OF THE SIX LEAVES IN THE
MUSEUM OF FINE ARTS AND OF TWO OTHERS

Prate 1.

The first of the six leaves of the Museum of Fine Arts series (M. F. A.
14.533, pl. 1) illustrates a very elaborate water-clock, the first to be de-
seribed in al-Jazari’s work. It will be best explained in his own words:

“Tts exterior forms a structure rising from the ground to about double
the height of a man, and containing within itself all that is needful for
the determination of the passage of the hours. There is a door in this
structure about nine spans high by five and a half spans wide. This door
is closed by a wooden or bronze wall. At its top there are twelve doors in
a straight line, each door with two wings, which are closed at the beginning
of the day. Below and parallel to these are twelve other doors, each with
one wing, and all these wings are of the same color when the day begins.
Below the doors is a ledge about the width of a finger, projecting from the
wall. At the beginning of the ledge will be found a crescent, like a dinar.
As the crescent passes along the ledge it passes in front of each of the doors
until it reaches the end of the ledge. Under the ledge at each end of the
wall are two hollows, like niches. In these are two birds with outstretched
wings, standing on their feet. Between the two niches are twelve round
glass orbs so arranged that they form a semicircle, the convex side of
which is uppermost. In front of each of the falcons is a bowl standing
firmly on a pedestal projecting from the wall. A cymbal is hung in each
bowl.! )

“Against the wall below there stand various figures, those of two
drummers, two trumpeters and a cymbalist. Above the wall is placed a
semicircle, convex above, and on its margin may be seen six of the twelve
signs of the zodiac; below this is a circle with the sun —a golden orb;
and under this a circle with the moon — a glass orb.

“The essentials are now as follows: at the beginning of the day the
crescent, (in front of the first door) begins its regular imperceptible move-

1 As the bowl and falcon are not a heraldic device, I have not thought it necessary to refer to
the designation baighu, or falcon, found in the inscriptions of the Urtugid Sultins of Amida, nor
to the use of single and double-headed falcons as heraldic devices in Amida. The student interested
in these matters may refer to B. 8., and K.
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ment, until on its way it approaches another door and rests directly be-
tween the first and second doors. Then the two wings of the first door
open, and there comes out a figure of such sort as it may have pleased the
artist to make. It stands there as if it had suddenly appeared, and further,
the first door is reversed and takes another color and the birds bend down
and approach the bowls. Then they let fall from their beaks two pellets,
onto the two eymbals (which are in the bowls), and a ring is heard. Then
the birds return to their places. This happens at the end of every hour
until the sixth hour is complete; then the drummers drum, the trumpeters
blow their trumpets, and for a little while the cymbalist clashes his cym-
bals. The same thing happens after the ninth and twelfth hours.

“The orbs (of the sun and the moon) play their part as follows: at
the beginning of the day the middle point of the sun rests at that point on
the zodiae circle in which the sun on the eastern horizon actually is on
that day; and this will rise while the opposite point will sink. Every time
that a point of the zodiac circle rises, the corresponding point sinks. The
sun climbs upward till midday, then sinks until the end of the day. The
sun’s centre then sinks. The six signs of the zodiac which rose now sink,
and the six which sank now rise. According to the time, the sun stops at
various heights. If it is the day of the Crab (for example), the sun reaches
its highest point; if that of the Buck, its lowest position.

“ At night the moon is seen in its proper zodiacal sign in that state ot
its figure which it has on that night. If it be crescent, this gradually
changes to the full moon; if it is full moon, it passes gradually into new
moon.

“Further, at the beginning of the night a light begins to shine in the
first glass orb, as large as a nail paring; this light gré)ws till the whole orb
is filled with light. Then one hour of the night has passed. The same
thing happens in one orb after the other up to the sixth. Then the band
performs its duty by night as it did by day; and similarly after the ninth
hour, and the twelfth hour, which ends the night; then all the orbs are
fully lighted.”

The red Kiific characters in the first door read Alaihi’s-salat (On Him
be blessing).

The lettering on the two bowls reads ‘Iz li-mauland as-sultan al-malik
(Glory to our master the Sultan regnant).

[11]
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The large letters in gold at the top of the page read va hazihi surat fi
ausaftuhu vadhatan (and this picture I have drawn clearly).

The heading in gold at the back of the leaf is the title of the second part
of the first chapter. In al-Jazari’s complete text there follow nine parts
of this first chapter of the first section of the book, describing in great detail
the mechanical devices by which a flow of water is made to operate the
clock. It will be observed that the picture represents the clock with the
sun in Aries and as indicating that the first hour of the day has elapsed.

Prare II.

The second leaf, M. F. A. 14.532, pl. II, in the Museum of Fine Arts
series, is an illustration of the “Beaker-Clock” described in the fifth chap-
ter of the first section of al-Jazari’s book;
he mentions that it was made at the com-
mand of Sultan Mahmid, and describes the
clock as follows:

“The clock consists of a beaker on a
stand, covered above by a flat lid. Round
the margin of this lid there runs an engraved
parapet, and on the parapet rests an elegant
horizontal ring divided into 2171 parts; every
fifteen parts correspond to an even hour. In
the middle is seated a scribe, holding in his
hand a writing rod, the end of which rests

- upon the ring a little outside the first divid-
Ficure 1. Mechanism of the Beaker- . o
Clock. From Oxford Graveley MS 27, 1Ng line. From the beginning of the day
sfter W, H onwards the rod moves regularly and im-
perceptibly to the left, until it reaches the first division of the fifteen
divisions of each equal hour; and so goes on, division by division, until
an hour of the day has passed.”

The works and the water by which they are operated are contained in
the beaker itself.

The text on the front of the page states that “the reservoir will hold
water for about fourteen hours.” The text at the back begins, “It is
made from pieces of copper and hammered till it becomes a cup small at
the bottom and broad at the top.”

[12]
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The accompanying figure (W. H., 1, fig. 70) from the Oxford manuscript
sufficiently explains the interior construction: when the vessel is full, the
float is at the top, the weight at the bottom; and as the water flows out,
the float sinks and the weight rises, causing the spindle to revolve.

Prate IIL

The third leaf, M. F. A. 15.113, pl. III, is an instrument for use in
blood-letting, to measure the amount of blood drawn; it is described in
the sixth chapter of the third section of al-Jazari’s work (W. H., 4). It
consists of a shallow bowl, from within which there rise four columns (two
of which are shown, in section, in the picture). In the base of the bowl
is set a pipe which opens into the chamber below; and within the bowl,
the opening of the pipe is covered with a perforated dome. The two hollow
columns communicate with the chambers forming the base of the instru-
ment. Above, they support a hollow chamber, like a‘roof, upon which
are seated two scribes. Through the left hand column runs a measuring
rod, having a float attached to its lower end (in the chamber which forms
the right hand half of the base of the instrument) ; passing upwards through
the body of the right hand seribe, it terminates in the writing tablet which
the seribe holds. A hundred and twenty figures are marked on this tablet,
and as the tablet is pushed upwards by the blood which enters the lower
chamber, a reed held in the seribe’s right hand indicates upon this scale
of numbers the corresponding amount of blood. There is also a thread
attached to the float, and this thread, rising alongside the rod through the
column, passes round a spindle in the upper chamber and thence down
through the left hand column, and has attached to it a weight which
hangs in the left hand chamber of the base of the instrument. The second
scribe, seated to the left, rotates upon the axis of the spindle, and he,
with his reed, measures on a horizontal scale, the same quantity of blood
which has entered the lower right hand chamber. The total height of the
instrument would be about sixty-five centimetres (the depth of the upper
chamber being equivalent to the width of four fingers): the scales register
from one to a hundred and twenty dirhams of fluid.
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Prare IV.

The fourth leaf, M. F. A. 15.114, pl. IV, in the Museum of Fine Arts
series, represents the ninth apparatus described in the second section of
al-Jazari’s work. His description is as follows (W. H., 1, p. 88 and fig. 23):

“It consists of a throne with two men: each has a cup and a flask from
which he pours out wine into the cup held by the other, which the latter
then drinks.

“The dark-skinned men sit facing each other on the longer side of a
rectangular throne, with a floor of copper and four angular feet of cast
bronze. Each holds in his right hand a cup, and in his left a flask of which
the neck is grasped by the palm of the hand and the fingers. The mouth
of the flask is in each case directed downwards towards the cup of the man
sitting opposite. The middle pieces of the corner posts of the throne are
about four fingers long. The side walls of the throne rest on these middle
pieces. They consist of brass plates; between them there is soldered a
broader plate to form the floor, so that the throne forms a receiver for the
wine which is drunk by the two figures. An engraved and painted railing
goes round the throne. At the four corners of the throne stand four high
brass pillars somewhat under two spans long. They support a “castle”
about a span in height, whose lower surface is of the same shape as the
throne. The “castle” is closed in by engraved pewter plates, and on its
flat roof there rises an elegant dome, with a diameter corresponding to
the middle of the “castle.” This empty dome is filled from the container
which holds the water to begin with; this container is filled through a
slit at the top, which is, to all appearances, closed by a removable knob
on the dome. The fluid flows through a short tube of narrow bore set in
the middle of the floor of the dome along the channel, a finger wide and
as light as possible. This channel is balanced in the middle on a partition
which bisects the copper trough that occupies the floor of the “castle,”
and is about the height of two fingers side by side. Here the channel is
set between two rods, each a thumb long, by means of a pivot soldered
below into the space between the two rods. Inasmuch as this pivot is on
the under side of the channel, the latter is in unstable equilibrium, so
long as neither end is disturbed. It inclines accordingly to right or left
till it rests on the edge of one of the two reversing cups, which contain

14 ]



AL-JAZART'S TREATISE ON AUTOMATA

about twenty dirhams of water. Now let it rest on the right-hand cup.
Then the fluid runs along it into this reversible cup, placed on the right-
hand side of the partition. When it is full, it tips up and empties itself
into the right-hand half of the trough. In tipping over, its rear edge
lifts up the right end of the channel, and this then rests with its left end
on the inner edge of the left-hand reversible cup. Now the fluid flows
into this cup, till it is full and upsets, about every eighth part of the hour.

“Meanwhile the fluid which has been poured into one half of the trough
flows out through a tube which goes down in one of the two pillars, right
or left as.the case may be. Below the floors on which the figures are seated,
each of these tubes is bent, running under the floor till it reaches the
nearest figure. Within this figure it rises up and finally opens into the
neck of the flask as in the picture described above. Thence the drink
flows into the cup of the figure seated opposite. The latter drinks from
the cup, which he raises to his head several times. All this is accomplished
by the mechanism described above, and which we came to in the ninth
picture. The fluid which has been drunk flows through the empty body
of the drinking figure into the container of the throne, where it accumu-
lates. It can be removed from this container by means of a hole in the
floor of the throne.”

The reading of the cupola text, already referred to more than once, is
as follows:

“‘Tzz li-mauland as-suliani al-malik al-malik as-salihi asli va’d-dunyd
va’d-din”’ (Glory to our Master, the Sultan Regnant, al-Malik ag-Salih,
the Root of the State and Church).

These are the titles of Sultan Niru’d-Din Mahmiid of ‘Amida, for whom
al-Jazarl prepared his text and for whom the automaton in question must
have been designed.

Prate V.

The fifth leaf, M. F. A. 22.1, pl. V, is the peacock apparatus for wash-
ing the hands (on ordinary occasions, or for religious purification) de-
geribed in the ninth chapter of the third section of al-Jazarl’s treatise.

The body of the peacock is filled with water; the ring at the tip of the
tail is attached to a plug which closes the body chamber, preventing the
entry of air, so that no water can flow out until the plug is lifted by pulling
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the ring. The peacock stands on a “castle,” consisting of a chamber which
rests on four columns standing in a basin which rests on a hollow base.
The dirty water flows into this hollow base and can afterwards be drawn
off by the faucet.

The chamber (“castle’’) below the peacock has two doors side by side,
each with two swinging wings opening very easily. The doors cannot be
seen in the picture. Behind the first door (nearest to the spectator, and
represented in the picture) stands a servant holding a bowl of alkaline
vegetable ashes, used as soap. When water enters the base of the appara-
tus, it pushes up the lower float, and this raises the rod attached to it and
pushes up the board on which the servant stands, so that the door opens
and he emerges offering the “soap” for the king’s use. Behind the second
door stands another servant (not shown in the picture) with a towel.
When still more water has entered the lower chamber (and by this time
most of the water in the peacock has been used, and the king will have
completed his ablutions) the second float, which is attached to a shorter
rod, will also be raised, and in the same way as before the second figure
with the towel will emerge. When the dirty water is drawn off, the two
floats fall and the figures retire. The total height of the apparatus would
be about six spans.

Prame VI.

The sixth leaf, M. F. A. 15.534, pl. VI, represents an apparatus for
raising water by animal power; it is described in the second chapter of
the fifth section of al-Jazari’s treatise (W. H., 5).

As the mule progresses round and round the upright to which it is
attached, the horizontal toothed wheel below revolves, and interlocking
with the vertical toothed wheel seen on the right hand side of the picture,
causes the horizontal rod to which this wheel is attached, to revolve in
turn. This rod carries four wheels, each of which is toothed on one quarter
of its circumference only, the wheels being so arranged that the four sets of
cogs point in four different directions. One revolution of the donkey causes
each of these four wheels in turn to interlock with the corresponding ver-
tical wheel below it (these wheels look like ladders in the picture); thus
each section of the lower horizontal rod (which consists of four parts sepa-
rately movable) revolves in turn. Now to each of these rods is attached a
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kind of scoop, the bowl of which is immersed, while the open channel end
projects above the rod. When the rod revolves, the bowl is raised, that is
to say, towards the observer and upwards; when the bowl reaches the level
of the rod, the water flows back along the channel and escapes at the end
into the area to be irrigated, or into an irrigation canal prepared to receive
it. Then the empty bowl, released as the last cog leaves the wheel, falls back
to be refilled. Al-Jazari prides himself upon the fact that by means of this
device the donkey is made to work all the time, each quarter turn raising
one scoopful of water; whereas in the single apparatus described in the first
chapter of the same section, the donkey raises only one scoopful in a com-
plete revolution, and works only a fourth part of the time, The text at
the back of the picture begins idar dubab kazd “and the revolution of the
_dubab (water-wheel) is thus.”

Prate VIL

The seventh leaf, pl. VII, in the collection of Dr. Paul J. Sachs, repre-
sents an apparatus for raising water from a flowing stream to a height of
about twenty ells: it is deseribed in the fifth section of the fifth chapter
of al-Jazari’s treatise (W. H., 5). The horizontal rod, a little above the
middle of the picture, carried a paddle wheel and a cogwheel (working at
right angles to the plane of the picture). The latter interlocks with a cog-
wheel below it, set at right angles to it, and eccentrically mounted. The
supporting rod with which this wheel revolves works in a fixed socket at
one end, in an open ring at the other; and as it does not pass through the
centre of the wheel, this rod itself makes a circular movement as the wheel
revolves. This circular movement is translated into a to and fro move-
ment as follows: another rod is pivoted to the base of the triangular box,
in which the wheel works and into which the two pumps are built, and this
rod has in its upper part a slit, as long as the diameter of the circle de-
scribed by the rod carrying the wheel; so that with each revolution of the
wheel the rod moves to and fro. By this means the pistons of the two
pumps are alternately driven in. The piston chambers communicate with
upright pipes, open to the water below and continuing above in narrower
pipes which meet above the paddle wheel. Valves in these uprights, level
with the top and bottom of each piston chamber allow only of the upward
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passage of water. The outlet tube extends for some twenty ells above the
junction of the two pipes, and narrows towards its opening, so that when
the paddle wheel revolves, water is forced upwards under pressure and
issues in a fountain.

Prarme VIII.

The remaining leaf, pl. VIII, in the Fogg Art Museum (Wetzel Collec-
tion), represents the tenth apparatus described in the second section of
al-Jazarl’s work. His description is as follows (W. H., 2, p. 91):

“A girl who comes out of a chamber at regular intervals; she holds a
cup of wine in her hand.

“It consists of a wooden house like a sentry-box, having four feet,
painted all over, about seven spans in height and two and a half in width,
on the top of which is a copper dome, tinned inside, about a span in height,
serving as a wine-holder. This dome has an opening at the top for pouring
in the wine; a wide tube, covered by a lid, is soldered into this opening.
There is a small opening in the middle of the base of the dome, through
which the wine drops into a reversible cup holding a hundred dirhams of
wine. This reversing cup is placed in a container below the dome. About
every eighth part of an hour the reversing cup is filled, tips over, and emp-
ties its contents into the said container. Thence it runs through a short
tube set in an opening in the floor into the glass drinking cup, held in the
right hand of the figure, which is that of a girl of about twenty years of
age, is hollow, and as light as possible. This hand and the forearm be-
longing to it are made of thin copper, while the figure itself is made of
paper fortified by gesso. The right arm is movable at the elbow joint
about a pivot fixed within the sleeve of the garment: it can turn through
an angle corresponding to the amount of free play allowed by the sleeve.
The forearm has also a backward extension, in the form of a bar which
emerges from a slit in the back of the figure of about a finger’s length.
The end of this extension is bent into a hook of which the point is directed
downward. When the forearm is in its highest position, this hook engages
with a horizontal iron rod fastened to the side wall of the house, thus hold-
ing the figure fast against the back wall, for the extension with the hook
is heavier than the forearm with the empty cup. But when the latter is
full, the forearm is the heavier and falls into its lowest position, the hook
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is disengaged from the iron rod, and the figure rolls out of the house down
the slightly forward sloping plane of the base. To facilitate this movement
there is a support for the feet, about two spans in length and as wide as
the foot is long, provided with rollers at the four corners. The rollers are
of cast bronze and of such size as to be grasped by the thumb and fore-
finger. They are of a thumb’s thickness in the middle; at the edge they
are only as big as a barleycorn. The rollers run in two copper grooves in
the floor of the house.

“When the figure rolls down, its outstretched left hand opens the
double doors of the house, which are about four and a half spans in height
and move easily on their hinges; for it pushes against the left wing of the
door, and this carries with it the right wing, which engages with the left
wing when the door is shut.

“The figure comes into view only when the doors are thus opened; it
rests within the threshold and offers to the king,! who sits by the door,
the full cup. In its left hand it holds a handkerchief with which the king
may wipe his mouth after drinking. The king returns the empty cup and
the handkerchief into the hands of the figure, and pushes it back into
the house, where, by the rising and falling of the right hand, the figure
makes the hook to fasten; and at the same time it closes the doors. The
performance begins again and is repeated until the dome is emptied.”

! The house is supposed to be placed on the ground beside the king at a feast or carousal.

L19]



AL-JAZART’S TREATISE ON AUTOMATA

VI. BIBLIOGRAPHY AND LIST OF ABBREVIATIONS!

C. 1. Anet, Claude, Exhibition of Persian Miniatures at the Musée des Arts Décoratifs,
Burlington Magazine, vol. 22, pp. 9, 105.

C.2 Anet, Claude, Dr. F. R. Martin and Oriental Painting, Burlington Magazine,
vol. 23, 1913, p. 49.

B. S Berchem, M. van, and Strzygowski, J., Amida, Heidelberg, 1910.

B. Blochet, E., Peintures de manuscrits arabes d types byzantins, Revue Archéo-
logique, 1907, pp. 193-223.

K. Karabacek, J. von, Zur orientalischen Altertumskunde. 1, Saracenische Wappen.
Sitzb. der Kais. Akad. der Wiss., phil.-hist. Klasse, Bd. 157, Abh. 1, Vienna,
1907.

M. V.  Marteau, G., and Vever, H., Miniatures persanes, Paris, 1913, pl. II.

M. Martin, F. R., The Miniature Paintings and Painters of Persia, India and

Turkey, London, 1912 (pls. I-1V),

S. M. Sarre, F., and Martin, F. R., Die Austellung von Meisterwerken muhammada-
nischer Kunst in Munchen, 1910, Miinchen, 1912 (pl. III),
Sch. Schulz, Ph. W., Die persische-islamische Miniaturmalerei, Leipzig, 1914, pl. III.

d. V., B. M. de Vaux, Carra, Notice sur un manuscrit traitant de machines attribuées d
Heron, Philon et Archiméde. Bibliotheca Mathematica III, 1. Leipazig,
1900.

d. V., J. A. de Vaux, Carra, Notice sur deux manuscrits arabes. Journal asiatique, Série
VIII, tome XVII, Paris, 1891, pp. 287-322.

W. Wiedemann, E., Ueber die Abbildung einers Affenuhrers und seiner Affen bei
al-Gazari, Der Islam XIII, 1923, p. 107.

W.H., 1. Wiedemann, E., and Hauser, F., Ueber die Uhren im Bereich der islamischen
Kultur, Nova Acta der Kais. Leopold.-Carol. deutsch. Akad. der Natur-
forscher, Bd. 100, Nr. 5, Halle, 1915,

W. H,, 2. Wiedemann, E., and Hauser, F., Ueber Trinkgefisse und Tafelaufsitze nach al-
Gazari und Benw Masa, Der Islam, Bd. 8, Strassburg, 1918, pp. 55, 268 ff.

W. H,, 3. Wiedemann, E., and Hauser, F., Ueber eine Palasthiire und Schlosser nach al-
Gazari, Der Islam, Bd. 11, Strassburg, 1923, pp. 213 fi.

 All of these works except d. V., B. M., d. V., J. A., W. H., 6, and W. H., 7, are to be found
in the library of the Museum of Fine Arts.

[20]



AL-JAZART'S TREATISE ON AUTOMATA

W. H., 4. Wiedemann, E., and Hauser, F., Ueber Schalen, die beim Aderlass verwendet

werden, und W aschgefisse nach Gazari. Archiv fiir Geschichte der Medizin,
Bd. 11, Leipzig, 1919.

W.H., 5. Wiedemann, E., and Hauser, F., Ueber Vorrichtingen zum Heben von Wasser
in der islamischen Welt. Beitrage zur Geschichte der Technik und Indus-
trie, Bd. 8, Berlin, 1918.

W. H., 6. [Translation of al-Jazari, Section 4] in Berichten der wetterauischen Gesell-
schaft, 1908.

W. H., 7. [Translation of al-Jazari, Section 4] in Amari-Festschrift, 1909.

[21]






AL-JAZART’'S TREATISE ON AUTOMATA

PLATES

Plate I. M. F. A. 14.533. A Water-Clock. No. 1 of the first section of
al-Jazari’s treatise. Previously published: M., pl. I and M. V., pl. II.
Bartlett Fund and special contribution. '

Plate II. M. F. A. 14.532. The Beaker Water-Clock. No. 5 of the first
section of al-Jazarl’s treatise. Previously published: Sch., pl. III;
M. F. A. Bulletin, No. 74. Bartlett Fund and special contribution.

Plate III. M. F. A. 15.113. An instrument for use in blood-letting, to
measure the amount of blood drawn. No. 6 of the third section of
al-Jazari’s treatise. Not previously published. Gift of Dr. Denman
W. Ross.

Plate IV. M. F. A. 15.114. An automaton, representing two men drink-
ing, being No. 9 of the second section of al-Jazari’s treatise. Previously
published: S. M., pl. ITT and B., fig. 9. Gift of Dr. Denman W. Ross.

Plate V. M.F.A.22.1. A peacock,-used for washing the hands. No. 9
of the third section of al-Jazarl’s treatise. Previously published: B.,
fig. 6. Hervey E. Wetzel Bequest.

Plate VI. M. F. A. 15.534. A dubab or water wheel. No. 2 of the fifth
section of al-Jazari’s treatise. Not previously published. Bartlett
Fund and special contribution.

Plate VII. The leaf belonging to Dr. Paul J. Sachs. An apparatus for
raising water from a flowing stream to a height of about 20 ells. No. 5
of the fifth section of al-Jazari’s treatise. Detail of a mechanism by
which a flow of water operates a wheel. Not previously published.

Plate VIII. The leaf in the Wetzel Collection, Fogg Art Museum.
A girl who serves a cup of wine at regular intervals. Previously pub-
lished: Sch., pl. IIT and B., fig. 4.






PLATE 1







=

i

s

o 1
Wit

PLATE

IT






PLATE III

-’M\\/\?_ﬁ- A

v







PLATE IV

df.‘!_;.f
S

Iy i

S Al A A (1 el TR

2 ! s)—u‘\’_)L—-a-Lfo (P
= 9 kel RN o o kil a2
=8 o125 510 L ) AN WS 5 Ui 4

~— v
L~L PN A







PLATE V







PLATE VI







PLATE VII







PLATE VIII

. d\_/: La,.;f'/-&'.:
S 2
i S |

T Ty

\J}}b JJ‘H)L;J

2 Lr”") -NSM} ug\

SIPBIATTT A TS 7
PRI UL._L‘ 0\
L) 75l
;—-‘Gﬂur\JM
A5 Q)i
i E
_4,, \}'3 74 }\L#










	pres2009-0098-6-001
	pres2009-0098-6-002
	pres2009-0098-6-003
	pres2009-0098-6-004
	pres2009-0098-6-005
	pres2009-0098-6-006
	pres2009-0098-6-007
	pres2009-0098-6-008
	pres2009-0098-6-009
	pres2009-0098-6-010
	pres2009-0098-6-011
	pres2009-0098-6-012
	pres2009-0098-6-013
	pres2009-0098-6-014
	pres2009-0098-6-015
	pres2009-0098-6-016
	pres2009-0098-6-017
	pres2009-0098-6-018
	pres2009-0098-6-019
	pres2009-0098-6-020
	pres2009-0098-6-021
	pres2009-0098-6-022
	pres2009-0098-6-023
	pres2009-0098-6-024
	pres2009-0098-6-025
	pres2009-0098-6-026
	pres2009-0098-6-027
	pres2009-0098-6-028
	pres2009-0098-6-029
	pres2009-0098-6-030
	pres2009-0098-6-031
	pres2009-0098-6-032
	pres2009-0098-6-033
	pres2009-0098-6-034
	pres2009-0098-6-035
	pres2009-0098-6-036
	pres2009-0098-6-037
	pres2009-0098-6-038
	pres2009-0098-6-039
	pres2009-0098-6-040
	pres2009-0098-6-041
	pres2009-0098-6-042
	pres2009-0098-6-043
	pres2009-0098-6-044
	pres2009-0098-6-045
	pres2009-0098-6-046
	pres2009-0098-6-047
	pres2009-0098-6-048
	pres2009-0098-6-049
	pres2009-0098-6-050
	pres2009-0098-6-051

