2° AIEONEZ ZXYNEAPIO
2" INTERNATIONAL CONFERENCE

APXAIA EAAHNIKH TEXNOAOTIA
ANCIENT GREEK TECHNOLOGY

T

TEXNIKO ETMIMEAHTHPIO EAAAAAL
ABrjva 2006



2° AIEONEZ ZYNEAPIO APXAIAZ EAAHNIKHZ TEXNOAOTIIAZ

2 INTERNATIONAL CONFERENCE ON ANCIENT
GREEK TECHNOLOGY

NMPAKTIKA
PROCEEDINGS

TEXNIKO ENIMEAHTHPIO EAANAAAYL
ABriva 2006



Téraprtn Evétnra

TEXNOAOTIA KAI KOINQNIA
Texvohoyla, Owovopia, Kowvwvia
Aouroktnola kal Mrjxavég
MepiBarhoviiké e npoBAnuatiopdg onv
Apxaia EMGSa

Leebvelc etudpdoetg

Fourth Part

TECHNOLOGY AND SOCIETY
Technology, Economy, Society
Slavery versus Machines
Environmental issues

in Ancient Greece

International influences

TEXNOAOTIA, OIKONOMIA, KOINONIA
TECHNOLOGY, ECONOMY, SOCIETY

ALNTAPAAT L.

O nahalohBeg pileq g Texvoloyiag

A_ DaRLAS
The palaeolithic “roots” of technology

B. MAMNTZAT ...

Texvoloyia kal eEoucia omv apxaldmmra

V. PaiANTZAS
Technology and power in antiquity

X T MINAAOTAOY ...

H avayvdpion g kawvotoplag orny napaywyn kat n cUUBOAT) Tou IAOCOHPOU

CH. P. BaLoGLou

The recognition of innovation in production and the contribution of the philosopher

AL KEEIZOTAOY ..o e eee

‘Hpwv o unxavikdg: davracia kat TEXVIKN
A. KesisoGLOU

Heron the engineer: Imagination and technique
AL TEFFETELLER ..ot icenec e ens

Script technology and political identity
A. TEFFETELLER

Texvohoyia ™G ypa@ng Kat MoNTIKY TautoTrTa

N. KaRcaniag, S. VASILEIADOU, D, KALLIGEROPOULOS .........ccovurivvric oot ancnnssesieseseeseesenennan 732
The origin of systems concepts in ancient Greece

N. KapraNIAZ, Z. BASIAEIAAOY, A, KAAAIFEPONOYAOZ

H yéveon g évvolag Tou cuoriparog oty apxaia EALGda

Bl MDAHALBOY. ..ottt aes et et st e e e e R e sead b e e ehame s e ne et e r e eeneereres 739
Texvoloyia Tou PETAAAOU KAt olkovopia ¢ Enoxrig tou XaAkou ato
AkpwTripl Onpag

A. MiCHAILIDOU
Metal technology and economy in Bronze Age Akroritiri, Thera

E. GEORGOULAKL ...coeeuieeeetet s eitiasevareraaees s serenereseaeser et abestesaasa s aceeeeranassessaneaneresesanenenersesesusasasensens 750
Tools in funerary contexts in Prepalatial and Old Palace Mincan Crete

E. MeQProvAakH
Epyaicia oe Tagwd civora g MpoavakTopikng kai MakaloavaKTopkng
Mwvwikng Kpmeg

FHemeyourva



AOYAOKTHZIA KAl MHXANEZ
SLAVERY VERSUS MACHINES

ToE RIHLL ot st e BN
Men and machines: Slavery and machinery in ancient Greece

T. E. RiHeL
AvBpwrtol kat nxaves: AoUAEia kai pnxaveg otny apxaia EAAASa

NEPIBAAAONTIKOZ NPOBAHMATIZMOZ ZTHN APXAIA EAAAAA

ENVIRONMENTAL ISSUES IN ANCIENT GREECE

E. MAYPOMATH, E. ZTAMATIOY ....0iviiiiemniionis et et et e b s ben s s e m
MePIBAMOVTIKOG MPOBANUATITHOS KAl GELPOPIKT) QvTIANYn oTO

oxXedlaaud Kal TN ALIToupyia G apXAlOEAANVIKNG FIOANG

E. MauROMATI, E. STAMATIOU

Environmental question and sustainable perception in the planning and
functioning of the ancient greek town

AIEONEIX ENIAPAZEIZ
INTERNATIONAL INFLUENCES

L NERANTZIS ..ocoevsieeie et ettt eses s veee s e a1 e e e et be R8s e i en 781
Metallurgical production in Late Byzantine-Early Ottoman Eastern Macedonia.

Organization of regional economies between the Strymon and Nestos rivers

N. NepanTzHs

Metahhoupyikr) SpactnodmTa TG SYnng BulavTiviiq Kal oBWHAVIKG

NeplOdou oy avatohkr) Makedovia. Opydvwon TG TOTIKNG owovoiag

petafl Zrpupwva kat Néotou

. CANAVAS .oiiiiiie e e et e es s et e s s s h et eneb e sh e s e en s e e s et e m et enenes s 788
Greek, Syriac and Byzantine influence on Arabic alchemical iconography

K. Kanagas
EMwvikéG, Tuplakée kay BuZavtiveg eruppoég oty ApaBikry alyniikn eikovoypagia

Greek and Muslim automata: Influence of greek knowledge in medievat Islamic science

M. CigoLa

EMINVIKG Kat 08wpavikd autopata: Emppogg Tng EAANVIKIG YVWONG OTIS

IOAQIKEG ETUOTHHES TOU pETainva

AL KAAAITEPOMIOYAOE ..ot et et et et st e e s e s n e e s s e e see e e e en et 802
EAMnvikég emdpdaelg omv apapkr texvoioyia

D. KALLIGEROPOULOS
Greek influence in arabic technology

Maprupieg yia Ta “Autépara” oto BuldvTio kai otouq yerrovikolg Tou Aaoug

P. AnpROUDIS
Evidence on the "Automata” in Byzantium and its neighbours



GREEK AND MUSLIM AUTOMATA.
INFLUENCE OF GREEK KNOWLEDGE IN MEDIEVAL ISLAMIC SCIENCE

M. Cigola
DART: Laboratory of Documentation, Analysis, Survey of the Architecture
and the Territory, DIMSAT, University of Cassino

NepiAnyn

O o10X0¢ NG gpyacias autig eivat va neplypayet Thy AOLEIa TwWY auToudtwy otV
otopia, and tnv apxaldnTa wg 1o Meoaiwva yéoa and ta épya duo ouyypapswy,
10tkwg: Tou Al Jazari kat tov Hpwvog tou Adekavdpéws. H epyaaia Baoiletat otnv
avdAuan oxediwy and apxaia Kelueva.

Abstract

Aim of this work is to delineate the history of automatas from antiquity to Middle Age, fo-
cusing the attention on two authors: al Jazari and Heron of Alexandria. The development
of the work will be carried out by the analysis of drawings from ancient texts.

Construction of the first automaton, a flying dove, can be attributed to Architas of Taran-
tum (a pupil of Pythagoras, mathematician and musician, 5 century BC) but it can be
presumed that mechanical devices were used much earlier to give an «illusion» of life to
men and animals during religious ceremonies and in theatrical performances with the deus
ex machina. We find documentary evidence of the established presence of mechanisms
and automata in Greek antiquity in various authors, including Aristotle [1].

In the schoaol of Alexandria, mechanical themes were studied and, in particular, great at-
tention was addressed to those associated with the construction of automata. In fact Cte-
sibius (3" century BC), who is considered the founder of the Alexandrine school of Me-
chanics, studied and applied the basic principles of pneumatics by creating automata
which are operated by the force of air. He is also considered as being the first to create
a water ciock. His pupil Philon of Byzantium worked particularly on automata, basing
their operations on pneumatics and on the principle of communicating vessels.

An important advancement for construction of automata is due to Heron of Alexandria,
who probably lived in the 2™ or 1% century BC and collected and developed the works
and knowledge of his predecessors. Heron was interested not so much in the practical
utility of his devices as in their ability to astound and stupety, to appear as reflections of
a magical and supernatural world. Among his writings we may mention Pneumatica, with
the most varied applications of the effect of atmospheric pressure on bodies (siphons,
water organs, the so-called “Heron’s fountain”, statues that emitted sounds) and De au-
tomatis in which his mechanical inventions are presented as automata in human or ani-
mal form that execute very simple movements..

One must immediately eliminate the concept, still widespread today, of a cultural re-
gression from the classical world in the early medieval or medieval period, morever it is
incorrect that scientific activities were no longer practised.

One of the principal factors for retention of ancient knowledge in the medieval world and
for formation of pre-medieval culture was the contribution of Islam. With the expansion
and consolidation of the kskamic world in the Mediterranean basin, the Arabs took on a
decisive role in development of the sciences. Their knowledge of Greek culture was pro-
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found, and it is only thanks to their work that some Greek treatises have come down to
us. Contacts with the Arab world were direct and frequent from the start of the Moslem
expansion that rapidly occupied a large part of the Mediterranean basin and provided
many opportunities for meeting and cohabitation between Christian and Islamic peo-
ples; the prolonged presence of Moslem dynasties in Spain, intensified exchanges be-
tween Istamic and Christian culture. There is therefore no break between the classical
world and the so-called 12™ century renaissance; rather, there is a continuity between the
two periods as discussed in [2].

We also have information on automnata in the Middle Age, at first only from written docu-
ments and later, starting from the 13" century, also from drawings.

In 979 Liutprand of Cremona, describing the throne room of the emperor in Constan-
tinople, wrote about a very complex automaton consisting of a bronze tree on the branch-
es of which there were metal birds that chirruped, and wood and bronze lions that moved
their tails and roared (3]; Albertus Magnus (about 1208-1280) constructed an automa-
ton that opened the door for guests and spoke some words of greeting; there remains
only the harsh verdict of his pupil, Thomas Aquinas, who believed the automata as a
work of the devil and destroyed it.

Through Rome and Byzantium, the Greek mechanical culture of Heron, Philon of Byzan-
tium and Ctesibius passed to the east, by means of the work of various translators who
disseminated the oldest works and established schools on mechanical studies.

One of the first works dedicated to mechanic devices for automata is certainly that which
can be attributed to the Banu Musa (Arabic word for: the son of Musa). They were three
brothers who lived in Baghdad in the ninth century. They were scholars and translators
of classical works, and they were certainly familiar with the mechanical culture of Heron
and Ctesibius. In fact they wrote the Book of ingenious devices, including text and draw-
ings, that describes over one hundred devices, most of which are trick vessels, includ-
ing fountains that change form and other extremely complicated and refined devices.

Al Jazari was one of the most important authors to continue this culture, who in 1206 wrote
atreatise on clocks and mechanics, titled Kitab al-Hiyal, (Book of knowledge of ingenious
mechanical devices) [4], in which some automata are presented in a very elegant man-
uscript comprising texts and drawings. The treatise includes an introduction and six chap-
ters, the first of which is devoted to water clocks and their mechanisms. The others il-
lustrate ingenious devices, in human and animal form, for serving drinks, fountains, and
clocks, with automata that sound at regular intervals. The work describes the components,
functions and construction of about fifty mechanical devices [5].

The mechanisms, which make use of hydraulic energy, counterweights, levers and pui-
leys, are described in efficient and rigorous way; even though there is no doubt that the
author indulges in description and representation in artistic forms, this can be thought
an obvicus choice if one bears in mind that the treatise was intended for the sultan and
not for a technical reader. In spite of that, the various copies found in different parts of
the world, almost all contemporary with the original manuscript, which has been lost,
testify to a great interest in this work and in its subject [6].

The work by Al Jazari's can be considered of fundamental interest for the exceptional lev-
el and expertise in graphical techniques, but also morever, for the clear knowledge of me-
chanical and hydraulic devices. It is of relevant importance because it is a clear result of
the influence of the Greek culture and particularly of Heron's work on the Arabic techni-
cal culture that finally will transfer the Greek knowledge to successive periods and cul-
tures.

The Al Jazari's devices that we will consider are part of a chapter of Kitab al-Hiyal in which
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the author describes fountains and musical automata, which are of interest mainly be-
cause in them the flow of water alternated from one large tank to another at hourly or half-
hourly intervals; several ingenious devices for hydraulic switching were used to achieve
this operation. Mechanical controls are also described in chapters dealing with a potpourri
of devices {7].

The first of Al Jazari's automata shown (Fig. 1) is a clock in the form of an elephant car-
rying a pavilion, below which there is a human figure seated on a gilt sphere. A serpent
is attached to the top of the pavilion by a chain, and the serpent’s head faces a figure in
human form at the top of the mechanism. When a sphere rolis from this figure in human
form into the serpent’s mouth, the serpent rotates to deposit the sphere in a container
on the elephant’s back, sefting in motion a mechanism that activates another automa-
ton, representing the animal’s mahout, as if he were playing some drums.

The astonishing modernity of this miniature of seven centuries ago is found in the author’s
decision on how to show the movements of the serpent, by showing it in the two positions
caused by the weight of the ball. The same graphics convention, though with a different
type of line, is still used today for the moving parts of complex mechanisms [8].

The second device (Fig. 2) the Peacock fountain, is designed to pour washing water for
the sultan; pulling a plug on its tail releases water out of the beack, as the dirty water from
the basin fills the hollow base, a float rises and actuates a linkage which makes a figure
offering something appear from the pedestal; when more water is used, a second float
at a higher leve! trips and makes appear another figure. Opening the base valve, caus-
es figure to return into the pedestal and the doors automatically close as the water level
drops. In this representation, the treatment of the pedestal of the device is extremely in-
teresting. It is represented half in section and half in view, with a sophisticated but ex-
tremely effective representational artifice, which combines undoubted skill of the drafts-
man and artistic sensitivity in treatment of the forms. This artistic ability of the manu-
script's author is evident both in the treatment and representation of the plumes of the
bird and in the choice of colours, but also in the design of the entire plate.

The Peacock fountain reminds a lot one of Heron’s devices, and just that one described
like a bird wich will drinck any quantity that may be presented to it (Fig. 3), even if evi-
dently the function seems to be opposite, because the first is designed to drink, the sec-
ond to pour water form the beack.

Another example (Fig. 4), is a device with human form standing in a boatm playing a long
flute with his right hand and holding an oar in his left; the boat floats in a tank of water,
there is a hole in the bottom of the boat by which water pours in, and when it reaches a
certain level, the man begins to play his flute and the water to empty out again. This ac-
tion is repeated every hour, so this is a simple clock as well as a musical automata.

This device is the same in Section 49 of Heron's Pneumatica (Fig. 5), and it testifies the
passage to the muslim world of the technical and scientific acquaintances of the classic
antiquity.

After the Medieval period, the technique of automata had its period of greatest develop-
ment with the revival of classical Greek and Roman culture in the Renaissance which
was accompanied by undoubted progress in the scientific and technical field in gener-
al. The writings of Ctesibius, Philon and Heron particularly, were preserved and transmitted
to subsequent epochs through the translations of Arabs and Byzantines. They became
part of the culture of wide strata of the population and exercised a considerable influence
on the development of technology. The same cannot be said of the works of the medieval
authors, which probably remained known to only a few initiates until their rediscovery in
modern times.
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Fig. 2. al Jazari, Peacock fountain from “Kitab ai-Hiyal” (fstambul, Topkapy museum)
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Fig. 3. The Pneumatics of Hero of
Alexandria, Section 30; published
London, 1851

Fig. 4. al Jazari, Automata playing fiute from “Kitab
al-Hiyal” (Istambul, Topkapy museum)

Fig. 5. The Pneumatics of Hero of Alexandria,
Section 49; published London, 1851
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