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A0 TON HPAKAH LTOYZ HPAKAEIAEX
KAI £TO MOYZEIO TON HPAKAEIAQN

O nepipnpot «dwbdeka aBAoL» mou enttéAeae o
HpakANnG -0 euBANPATIKOG hpwag TNG EANVIKAG
HuBoAoyiag- aviavakAoUv gtnv nNpaypatkétnta ta
GUMOYLIKG KatopBwpata twv apxaiwv EMAvay.
KatopBwpata nou xdvovtat ota BABn tng otopiag
Kat BpiBouv eneloodiwv pe TeEXVOAOYIKO eVOLAPEPOV.

Xapaktnplotikh eival n nepintwaon t1ou NéPnTou
aBMou, atov onoio avapépetal 6t o HpakAng kaBapt-
o€ TouG atdBAoug tou Auyeia pe Tnv ektponnh Tou
AAeloU notapol. To KatopBwua autd napanépmnet
atnV LOToPLKWG daniotwpévn kavdtnta twv Mukn-
vaiwv, yla peydAng KAipakag eyyeloBeAtwtika épya.

‘Ektote, noA\oi BaotAtkoi oikol atnv apxaia EANGSa
dlekdiknaav Tov TitAo Twv HpakAewdwyv, avayovtag
TNV Kataywyn toug HEXpL Tov eveoEoTepo hpwa Tng
eMnvVIKNG puBolAoyiag, Tov HpakAn.

Ytnv enoxn pag, 1o Mouaoeio twv HpakAedwy, pe toug
olovei ABAoug nou enttelei, phodotei va avadeifel

* 10 anoteAéopata tng oUyXpPovng ENLOTNHOVIKNG
€peuvag yla 1o eUPoG Kal ta Kavotépa enredyparta
NG apxaiag EMNVIKAG TEXVIKAG dnptoupyiag,

* 1n gupBoAn twv Apxaiwyv EANAvwy otn Bepelivwon
NG SUTIKAG ENLoThWNG,

® TNV dppnKIN oUvdeon NG apxaiag EANANVIKNG T€XvVNG
ME TNV ENLOTAPN Kal TNV TexvoAoyia, cupBaAloviag
atnV OALOTIKN NPOCEYYLaN TOU apxaiou EAANVIKOU
noAttiopoU.

FROM HERCULES TO THE HERACLEIDAE
AND THE MUSEUM HERAKLEIDON

The famous «twelve labors>» of Hercules
(Herakles in Greek], the iconic hero of Greek
mythology, in fact reflect the collective
achievements of the Ancient Greeks;
achievements that are lost deep in history and
are full of events of technological interest.

A characteristic example is the fifth labor,

in which Hercules accomplishes the task of
cleaning the Augean stables by rerouting the
river Alpheus. This feat refers to the historically
determined ability of the Mycenaeans for large-
scale land improvement works.

Since then, many royal houses of Ancient
Greece have claimed the title of Heraclidae,
tracing their lineage to Hercules, the most
famous hero of Greek mythology.

Today, the Museum Herakleidon with the
seeming feats it is accomplishing, aspires to
highlight

e the results of contemporary scientific
research on the breadth and innovation of
Ancient Greek technical achievements,

¢ the contribution of the ancient Greeks to the
foundation of Western science,

¢ the inextricable link of Ancient Greek art with
science and technology, thus contributing to the
wholistic approach to Ancient Greek civilization.







TEXNOAOI'IA TTIOAEMOY
MILITARY TECHNOLOGY

AYTOMATA
AUTOMATA

0 MHXANIXMOX TON ANTIKYBHPQON
THE ANTIKYTHERA MECHANISM

AXTPONOMIA
ASTRONOMY

NAYMHIKH
SHIPBUILDING

OIKOAOMIKH KAI METAAA EPTA
BUILDING AND PUBLIC WORKS

METPHZH XPONOY KAI AMOXTAXEQN
MEASUREMENT OF TIME AND DISTANCES

MHXANIKH
MECHANICAL ENGINEERING

TEXNOAOI'IA XTIZ TEXNEX KAI TON ABAHTIZMO
TECHNOLOGY IN ARTS AND SPORTS



Apxaia EMnvikn Enwothpun,
Téxvn kat Texvoloyia : Eloaywyn

‘Hdn ané toug npoiotopikolg Xpdvoug, oL
apxaiot’ EN\nveg htav dlaitepa ouvdedepé-
vol Je tnv TexvoAoyia, dnwg npokunteL and
10 ak6AouBa 6edopéva:

a) Ewoniyayav tnv TexvoAoyia otn Bpnokeia.
H Beopaxia tepuatiotnke and tov Aia, xapn
OTOV KEPAUVO, €va TeEXVOAOYLKS eniteuypa
TWV GUPHAXWY ToU, TwV KUKAMNWV.

B) Mioteuav Babid atn onpacia NG TEXvVo-
Aoyiag kaBwg, cUpewva pe tov [MpounBe-
K6 pUBo, T0 avBpwnivo yévog owdletal an’
TNV KataotpoPn xdpn oto dwpo Twv Bewy,
TNV «€éviexvov gogpiav», nou NponABe and to
KEPAAL TnG ABnvdc.

y) MNepiéypawav, ota Opnpikd Enn, autépa-
Ta oTnV unnpeaia Twv Bemv evad o BaalAelg
Twv Qaldkwyv Kateixe popnotikéd nioio.

0) Avéntu€av, katd tnv Muknvaikn eno-
XN, TEXVOAOYia anooTpayyLloTikwyV €pywy
peYAANg kAlpakag, e€eldikeupévn petallo-
1exvia, Kat mponyuévn vaunnytkn, n onoia
0bNnynoe atNV KATaoOKEUN TNG NEVINKOVIO-
pou, To nAoio nou Kupldpxnoe oth Mea6-
YELo yla oxed6v neviakoaota xpovia.

Metd tov 6° aL. n.X., n ENOTNYOVIKA €na-
vdotaon otnv lwvia é6woe véa wBnon
otnv texvoAoyia, n oroia péxpl 16t htav
epnelpikn. Ta anoteAéopara eival dlaitepa
awobntd:

MpounBéag.
0 Titdvag euepy€ng tng avBpwndtntag.

Prometheus.
A Titan and benefactor of humanity.

a) XTnV KataoKeuh PeyaAng KAipakag dnpociwy épywy,
(n.x. TN AKouG evag xIAlop€tpou ohpayya tou Eunalivou,
TNV €KTPONN ToU notapoU AAuog K.a.), mou anattoUcav
unoAoylopoUG BewpnTKNG YEWHETPIAG.

B) Ztnv avdntu€n NG vaunnylkAg HE TNV KATAOKEUN TNG
TPINPOUG n onoia auvbuadel Kal EVOwHaTWVEL MOAEG
TEXVOAOYIEG.

y) ZInv npdodo tng petaloupyiag oto Aalpto (kabeto-
noinon tng Napaywyng, oteyavég KAaTaoKEUEG, EALKOELOA
nAuvinpla, Np6odog ekkapiveuong K.a.)

H Apxaia EM\nvikn TexvoAoyia €éptace otnv KopU@waon Tng
Katd tnv eMnviotikn nepiodo pe tnv avantuén nAnBwpag
HNXaVIKWV ePeUpETewy 6Nwg: h dixpovn avtAia tou Kin-
olBiou, n udpokivnin kadoPsépog aviAia tou Oidwvog tTou
Bulavtiou, n eAénoAwg, ot katanéAteg (naAiviovog, moAuBo-
oG KAn), Ta uSpauAlkd wpoAdyla, n GHPAUALG, Ta auToUaTa
Tou Oidwvog Kat 1ou Hpwvog, kaBwg BeBaiwg Kat o npw-
T0G AVAAOYIKOG MPOCOHOLWTAG TWV OUPAVIWY KIVACEWY,
nou €eLve yvwotog wg o Mnxaviopdg twv AviikuBhpwy.

Ta napandvw paptupouyv 6t n Apxaia EAAnvikh TexvoAo-
yia anoteAei BepeAiddn ouviotwaoa Tou apxaiou EAANVIKOU
NoALTLlopoU - NoAU b€ neploodtepo nou S1€Bete NdN pLa
SlaAektikn ox€on Pe TNV ENLOTAKN Kal TLG TEXVEG.




Ancient Greek Science, Art
and Technology : Introduction

Since their first appearance in prehistory,
the Ancient Greeks were strongly associated
with technology, as becomes evident from
the following:

a) They had introduced technology to

their religion. Zeus ended the theomachy
(war between the gods) thanks to thunder,
which was the technical achievement

of his allies, the Cyclops (smiths).

b) The myth of Prometheus suggests

that the human race had been saved from
destruction thanks to “technical wisdom”,
the divine gift taken from the head of
Athena.

c) In the Homeric Poems, the Greeks
imagined the gods owning automata,
and the king of the Phaeacians a
robotic ship.

d) The Mycenaeans developed large-scale
technological works to drain lakes, a highly
specialized metallurgy and an advanced
shipbuilding technology evident in their
famous 50-oared ships with which they
roamed the Mediterranean, over a span of
nearly five hundred years.

After the scientific revolution in lonia

(6" c. B.C.E.), the beneficial influence of
science on technology, which until then was
empirical, produced rich results, such as:

‘Hpalotog.
O’EMnvag Bedg twv oldnpoupywy,
TEXVITAV KaL TNG PeTaAoupyiag.

Hephaistos.
The Greek god of blacksmiths,
craftsmen and metallurgy.

a) the construction of large-scale public works (e.g. the

1 km long tunnel of Eupalinos, the divergence of the river
Alys, et al.), which required calculations of theoretical
geometry.

b) the development of shipbuilding, which produced the
Greek trireme (a combination of several technologies).

c) the advance of metallurgy at Lavrion (vertical organization
of production, watertight reservoirs, helicoidal ore-washing
tanks, developments in smelting, etc.]

The culmination of Ancient Greek Technology was to come
in the Hellenistic period, with the development of numerous
mechanical inventions, including the double-piston water
pump of Ktesibios, the water powered bucket-chain pump
of Philon of Byzantium, the Helepolis, catapults, water
clocks, the Hydraulis [pipe organ), the automata of Philon
and of Heron, as well as the analogue computer of celestial
movements (known as the Antikythera Mechanism).

The above bear witness to the fact that Ancient Greek
technology is a fundamental component of Ancient Greek
civilization — all the more so as it had already established a
strong dialogue with science and the arts.




TEXNOAOTI'IA NNOAEMOY

Ze 6An tn SLadpopn ng noAttloTikng eEEAENG Tou avBpwnou, o NOAEOG -dUCTUXWG- CUV-
déctal pe v axph ng texvoloyiag. Xtnv apxaia EAMGSa avantixBnkav onpavitkég texvo-
Aoyieg, 1600 0Tn vautikh, 600 Kal atn Xxepoaia paxn.

H tpuApng unnp&e avap@iBoAa to nio yvwotd Kat no SnPo@AéG NAo{o TNG EAANVIKAG
apxatétntag, Nou Kupldpxnae otnv avatoAtkh Meadyeto yia noAd xpévia. Eyive 1o €uBAnpa
g ABnvaikhg Anpokpatiag ge andéyeto tn ouviptBnh tou lNepaoikol otéAou otn Naupaxia
ngG XaAapivag. Avtiotoxa, Kat ot xepoaieg texvoAoyieg avantiaoovtal o€ dAa ta enineda,
ané tnv e§dptuon tou onAitn, £wg ta peydAa 6nAa Kat TLG UNEPKATAOKEUEG

noAlopkiag kat duuvag, evad anpaviikd pdAo €nat§av Kat oL Kawvotopieg atov Topéa tng
TNAENIKOWVWVIag, PE anPaviikotePo Tov ontikd Ae§ikd TNAEypago.




MILITARY TECHNOLOGY

Throughout the cultural evolution of humanity, war -unfortunately- has always been
linked to technological innovation. In Ancient Greece, important technologies were
developed for both naval and land battle. The trireme, which dominated the Eastern
Mediterranean for many years was, without a doubt, the best known and most popular
ship of Ancient Greece. It became the symbol of Athenian Democracy and culminated

in the destruction of the Persian fleet during the naval battle of Salamis. At the same
time, the technologies of land warfare also developed at all levels, beginning with the
equipment of the hoplites (soldiers), followed by large weapons and immense structures
for siege and defense. An important role was also played by innovations in the field of
telecommunications, central of which was the optical word telegraph.
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H Tpwapng
To peydlo 6nAo twv ABnvaiwv

H TpuApng, 1o peydAo 6nho twv ABnvaiwy,
nou e€eAixBnke Katd tnv KAaolkh nepiodo,
XPWOTAEL TN PAYN TNG oTnV eknaibeuon kat
v neBapxia twv eAelBepwV NOATWV Nou
kwnnAatoUoav, KaBWG Kat atn dlatpntlkh
(Kavotnta Tou eUBOAOU TNG, PE TO onoio Ka-
tavaupaxouae ta exBptkda nhoia. To péyeBog
g TpLhpouG eNETpene TNV eUKOAN avéAKUonh
g otnv €npd, KaBWG Kal tnv Taxeia KaBEA-
KUGON NG o€ NePiNTwan €KTAKING VAUTIKAG
anewng.

The Trireme
The important weapon
of the Athenians

Ix£€610 ToU ow{bpEVoU TPhpATog Tou epuBoAou Melpatig
Drawing of the preserved part of the Piraeus ram
(Baolopévo / based on: Steinhauer 2002. p.718)

The Athenian trireme owes its reputation to
the training and discipline of the free citizens
that manned the oars, as well as the ability

of the ram on its prow to puncture and thus
overcome enemy ships. The size of the
trireme allowed it to be easily brought onto
shore, but also to quickly launch it in the event
of a sudden naval threat.

Serirtss ot

222 %
e ——— . £ & 8> > 7 @,

iszeie 2227 2,
27002227722 10,

[ D
Mnyég / Sources:

Steinhauer, G. 2002.

“L'éperon du Musée du Pirée”,
7th Intern. Symp. on Ship
Construction in Antiquity,
Athens.

Morrison, J. S., J. E. Coates,

N. B. Rankov. 2000.

The Athenian Trireme, To £€uBoho Metpatwg (pe laypdppion) kat 1o éuBoAo Athlit
The History and Reconstruction oe alykplon

of an Ancient Warship, The Piraeus ram (hatched) and Athlit ram in comparison
Cambridge. (Baowopévo / based on: Steinhauer 2002. p.722)
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EpBoAwopég Tpuapoug

0 KUpLog onAoPA6G TG TpLhpoug htav 1o €UBoAo tng
nAWpPENG, EVIOXUPEVO auvhBw( Pe Loxuph pnpouvidL-
vn enikdAuyn. Ma tov enttuxnpévo epBoAlopod htav
anapaitnTtog 0 AYoyog CUVIOVIOHOG TWV KWNNAATWY
ano tov KEAEUOTA, WOTE va NTEUXBel eENapKAG
1axUTNTa Kat N KatdAnAn ywvia npéokpouong, Pe
okono va npokAnBei n kataotpoPh Kat BUBLon Tou
eMBoAopévou nAoiou, xwpig tov Kivouvo EUNAOKNG
Kal BuBlong tou nttilBépevou.

Mnyéqg / Sources:

Ytaivxdouep, I". 2005. O MéAepog atnv Apxaia EAGSa, ABhva.
Fields, N. 2008. Ancient Greek Warship 500-322B.C.E., Oxford.
Connoly, P. 1981. Greece and Rome at War, London.

Zea Harbour Project (www.zeaharborproject.dk)

The battering ram of the Trireme

The main weapon of the trireme was the battering
ram on its prow, usually reinforced by bronze
sheathing. The successful ramming of an enemy
ship depended on the perfect synchronization of the
oarsmen by the rowing master (keleustes), in order
to attain sufficient speed and the correct angle of
impact, resulting in the destruction and sinking of
the enemy ship without the danger of the attacking
trireme becoming embedded and sinking.

*The Zea Harbour Project (ZHP) — a combined land and underwater archaeological investigation

of the ancient harbours of Zea and Mounichia — launched in 2002,

under the auspices of the Danish Institute at Athens and directed by Dr. Bjorn Lovén
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KwnnAdteg

H kawvotopia tng tptApoug, nou tng
x@ploe taxutnta kat euehi&ia, htav
n 1onoB£TNon TPLAV OELPWV
KwnnAatwyv Kad' Uyog, pe t€tolo
TPONo WOoTe Ta Kound va pnopolv
va KivoUvtal avepnoédiora.

Eixe ouvoAiké nAhpwpa 210 - 216
avépwy, and toug onoioug ot 170
ntav kwnnAdteg (85 ava nAeupd)
XWPLOPEVOL O€ TPELG ENAANAEG
oelpéq: 31 «Bpaviteg» otnv endvw,
27 «Cuyiteg» otn peoaia kat 27
«BaAapiteg» otnv KAtWTEPN.

Oarsmen

The innovation of the trireme, which
gave it speed and maneuverability
were the three tiers of oarsmen,
placed in such a way that they could
row freely.

The total crew numbered 210-216
men, of which 170 were rowers

(85 along each side) divided into three
parallel tiers: 31 “thranites” on the top
tier, 27 “zygites” on the middle

one and 27 “thalamites” on the
bottom tier.

Mnyég / Sources:

Morrison, J. S., J. E. Coates, N. B. Rankov. 2000.

The Athenian Trireme, The History and Reconstruction
of an Ancient Warship, Cambridge.

Fields, N. 2008. Reprint.

Ancient Greek Warship 500-322B.C.E., Oxford.
Connoly, P. 1981. Greece and Rome at War, London.
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“OAYMIMIAZ"

H tpuApng otnv nio e§eAtypévn tng popPh eixe HAKOG
37 y., NnAd10¢ 5,20 p., kat BuBopa 1,20 p. To ektéNopa
YlO KaQvoVIKWG PopTwuévn TpLthpn Atav nepinou

45 K.J., evd pLa enteU€Lpn taxdtnta Atav ydpw ota

9 pika avé wpa.

la tnv wotionAoia £pepe €vav KUPLO 10T pE PeyAAo
TETPAywVo navi Kat évav Pikpdtepo npog tnv NAWenN,
pe pikpdtepo navi. H nndaAtoUxnan ywoétav pe dUo
TPOVLa (e Hop PN NMAATILOV KOUMLWY), MOU UNnpxav o€
Kd@Bg nAgupd tng NPUPVNG.

210 nAaiolo tng Newpapatikhg apxatohoyiag, pe Bdon
TG peAéteg Twv Bpetavav Kéoutg kat Méploov kat pe
™ ouvepyaoia tou EAAnVIKoU MoAeptkoU NautikoU,
KATaoKeuaotnke thv dekaetia tou 1980 n nepapatikh
pthpng «OAupniada».

Mnyéqg / Sources:
Morrison, J. S., J. E. Coates, N. B. Rankov. 2000. The Athenian Trireme, The History and Reconstruction
of an Ancient Warship, Cambridge. Fields, N. 2008. Ancient Greek Warship 500-322B.C.E., Oxford.

Connoly, P. 1981. Greece and Rome at War, London.

“OLYMPIAS*

The trireme in its most evolved form was

37 m. long, 5.20 m. wide and had a fraught

of 1,20 m. The displacement volume of a
normally laden trireme was about 45 cubic
meters and it could achieve a speed of
approximately 9 miles per hour.

For navigation it had a main mast with a
square sail and a smaller mast towards the
prow with a smaller sail. It was steered by
means of two flat oars on each side of the
stern.

Based on the research of Coates and Morrison
and the collaboration of the Hellenic Navy, the
trireme “Olympias” was built during the 1980s
as part of an archaeological experiment.

Kdtoyn, 6yn Kat eykapoleg
TOPEG TNG TPPOUG Katd
Coates kat Morrison.

Plan, elevation and sections

of the trireme according to
Coates and Morrison.

(Morrison et al. 2000. p.208)
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H e§€M&n tng tpthpoug

Ta nAoia nou neptypdpel 0 Ounpog htav ehagpd
pe 20 kounud, kaBwg Kat Baputepa pe 50 kounia.
Mepi 1o 1éAog tou 8 at. n.X., pa deltepn oelpd
KwnNAAtwv Npootébnke Kat eppaviocdnke n dih-
png, nou htav BapUtepo nAoio. Katd tn 6idpkela
ToU 6% at. N.X. NpoatéBnKe tpitn oglpd kwnnAa-
TWV Kal NPoéKuye n nepipnun tpthpng. Mpw oto
400 n.X. npootéBnkKe Kat T€taptn oELPA KWNNAATwV
ondte unnp&e petdBaon otLg TETPAPELG Kal atn
OUVEXELD OTLG MEVINPELG K.O.K.

H onoubaldtepn avanapdaotaon tpthpoug nou
owBnke gival auth tou nepipnpou avayAugou
Aévoppav, otnv AkpdnoAn twv ABnvwyv Kat
xpovoAoyeitat oto dtdotnpa 410 - 400 n.X. YnAp€e
KaBoplotkd elpnya yia tnv JeAETN Kat avanapd-
oTacn tng TPLpou.

The evolution of the trireme

The ships described by Homer were twenty-
oared light ones and fifty-oared heavier ones.
Towards the end of the 8" c. B.C.E., a second tier
of oarsmen was added, thus creating the bireme,
a much heavier ship. The famous trireme
appeared during the 6™ c. B.C.E. with the addition
of a third tier of rowers. Around 400 B.C.E., yet a
fourth tier of oarsmen was added, leading to the
quadriremes, then later the quinqueremes.

The most important representation of a trireme
that has survived is that of the bas-relief
Lenorman, at the Acropolis of Athens and dates
to 410-400 B.C.E. It was a pivotal artifact for the
study and reconstruction of the trireme.

Mnyég / Sources:

Fields, N. 2008. Reprint,

Ancient Greek Warship 500-322B.C.E., Oxford.
Connoly, P. 1981.

Greece and Rome at War, London, p.262-267

AvayAugo tuhpartog tpthpoug (5% at. n.X.)

KA{paka 1:1

Avtiypago (Ynoupyeio MohtiopoU kat ABAnTLopoU)

Relief depicting part of a trireme (5" c. B.C.E.)

Scale 1:1

Cast from the original (Hellenic Ministry of Culture and Sports)

Mapdotaon povhpoug og ayyeio

A unireme represented on a pottery vase

(apapetikn anédoon oxediou ané / simplified rendering
of a drawing in Conolly.1981. p.263)

Mapdotaon &ihpoug
o€ ayyeio Tou 6ou at. n.X.

A bireme represented on a pottery vase of the 6th c. B.C.E.
(apaipetkn anédoon oxediou and / simplified

rendering of a drawing in Conolly.1981. p.263)



H vikn twv ABnvaiwv otn LaAapiva bev gival doxetn tou yeyovdtog otL, ni tpia xpdvia

npv, n napaywyn

apyUpou ato AaUplo gixe pBacel oto andyeto (750 tdAavta kat' €10¢, SekanAdola napaywyh o€ oxéon Pe TNV
nepiodo twv nehonovvnolakwy MoAépwy). H dvBnan auth Kat o nAoUtog nou ané@epe, eNETPEYPE TNV ypnyo-
pn kataokeuh 200 véwv tpthpewy. Katd tov 5° at. Kat tov 4° at. n.X. napatnpeitat gla npwiopavhg cuctnpa-

Tonoinon g napaywyng HETAAEUATOG Kat VOULOPATwy 0To Aauplo pe TG €§MG TEXVOAOYIKEG KALVOTOMIEG:

e Aveteg ot0€¢ €€6puEng

e Aibupa ppedtia yla KaAUtepo agpLopd Kat niBavag yla Tny pnxavonoinan tng aviywaong goptiwy

e Opyavwpévn padikh ekkapiveuon Kat thEn
e NEeg TEXVIKEG EPNAOUTIOPOU TwV PETAAEUPATWY

e Mnxavonoinan tng KonNAg VouLoPatwy

A
ANNUAL 20000
PRODUCTION
OF ARGENT 18,000 4 MAPAFQrH ETHEIQL
ETHEIA APFYPOY XTO AAYPIO
NMAPATQrH Tt Metd tnv avakédAuyn (katé K. Kovogayo)
APTYPOY 140001 tng Mapaveiag ANNUAL PRODUCTION
(kg) 1 After the discovery OF ARGENT IN LAVRIO
12.000130.00 of Maroneia 25.000
10.000 B I 2
NUMBER 8.000+2 s
OF SLAVES '..
INLAVRIO  6.000 5
APIOMOXL 4 000 +10.000 .
AOYAQN ETO 50¢ aihvag n.X. 1
AAYPIO 2.000 + 5th cent. B.C. "-‘ JUCTT T aneet?
: : : : : : : : ...I.: IIIIIIIIII Ir ------ -“: : :
500 490 480 470 460 450 440 430 420 410 400 390 380 370
495 460 443 429
413

Mnyég / Sources:
Kovogpdyog, K. 1980.

To Apxaio AaUplo, ABnva.
KakaBoytdvvng, E. 2005.
Métala epydoipa

Kat guykexwpnpéva, ABhva.

OEMILTOKAHX / THEMISTOCLES MEPIKAHE / PERIKLES

Anébdpaon twv
SoUAwv oto Aaupio

490 479

431 404

MHAIKOI MOAEMOI

MEAOTNONNHEIIAKOX MOAEMOX
MIDEAN WARS

PELOPONNESIAN WAR

490 MapaBdvag / Marathon

480 Xalapiva (vaupaxia) / Salamina (naval battle)
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The role of Lavrio and the development of its metallurgy in the Athenian victory

The victory of the Athenians at Salamis is not unrelated to the fact that during the previous three years
the production of silver in Lavrio had reached its peak (750 talents per year).

This development and the resulting wealth allowed for the quick construction of 200 new triremes.
During the 5" and 4™ c. B.C.E., there was an unprecedented systematic organization of the production of
metal and coins in Lavrio thanks to the following technological innovations:

e |Larger mining tunnels
e Twin shafts for better aeration and, possibly, for the mechanization of load lifting
¢ Organized mass smelting

e New techniques of metal ore enrichment
* Mechanization of coin minting

APIOMOX AOYAQN ITO AAYPIO
(katé Lauffer)

35.000 NUMBER OF SLAVES
IN LAVRIO (after Lauffer)

........
------
......
......
",
.

Ixedlaotkn

avanapdotacn
ABnvaikoU
TEPAGPaxyou
Drawing of
30¢ aidvag n.X. an Athenian
3rd cent. B.C. Tetradrachmon

406 aidvag n.X.
...... 4th cent. B.C.

370 360 350 340 330 320 310 300 290 280 270

356 323
MEFAL AAEZANAPOYX / ALEXANDER THE GREAT

KapnUAn e1holag napaywyhg apyUpou
oto Aauplo npwv Kat Petd

334 323 Toug lMehonovvnalakoUg noAépoug
Annual production of argent in Lavrion
EKETPATEIA MET. AAESANAPOY before and after the Peloponnesian war.
EXPEDITION OF ALEXANDER THE GREAT (oUpgwva pe / after: Kovopdyog 1980, 0. 56).
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H vaupaxia tng ZaAapivag

H vaupaxia tng ZaAapivag éAaBe xwpa
otG 28 h 29 LentepBpiou tou 480 n.X. H

tonoBeoia nou enéAe€e 0 BEUIOTOKAAG Zalapiva

yla tn die€aywyn g Atav atevh Kat Salamis @

avdykade toug Népoeg va xpnatyonot-

oUv atnv npwtn ypappn ido nepinou Aviog Tewpytos

Saint George

aptBud nAoiwv pe 1a eEMNVIKA, e§ou-
detepwdvovtag Pe autdv tov 1pdno 1o
aptBuNTIKG NAEOVEKTNHA TWV avTnd-
Awv. Etol n vaupaxia kpiBnke and tnv
NoAEUIKN TAKTIKA Kat Tnv emde€étnta
TWV aLWPATIKWV Kal Twv NANPWHETwY.

The naval battle of Salamis

Kuvéooupa
The naval battle of Salamis took place Kynosoura

on the 28" or 29" of September of the
year 480 B.C.E. The location chosen

by Themistocles for this battle was
narrow and forced the Persians to use

the same number of ships in the front
line as did the Greeks, thus neutralizing O CHEEE
the numerical advantage of the enemy. PERSIANS
The result was that the battle was
decided by the strategy and the skill of
the officers and their crews.

Mnyég / Sources
lotopia tou ENAnvikoU EBvoug. 1970. Tépog B, ABhva.
Connoly, P. 1981. Greece and Rome at War, London.
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0 Bpobvog tou =€p&n
Xerxe's throne

A@Gnva
Athens '

Mewpaiag
Piraeus @

LAPONIKOX KOAMOZX
SARONIC GULF
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MoAepikoi Atpéveg (5° - 3° ai. n.X.)

MoAepkoi Atpéveg givat ot Aipéveg atoug onoioug
eMuevidovtav 1a noAepikd nhoia 6tav Bpiokovrav otnv
natpida toug. Ltov Mepatd, atoug Aipéveg tng Z€ag
(MacaApavy kat ng Mouvixiag (MikpoAipavo), nou
Atav oL KUpLot MoAeptkoi Alpéveg Twv apxaiwv ABnvay,
aM\d kat otov Apéva tou KavBdpou (keviptkd Apdv,
eixav KataokeuaoBel «vewaokol», dnAadn okhpata
otéyaong Twv nAoiwv. Ltov Mepaid ouvolikd unhpxav
vewaolkol yla 380 tpihpelg. H dpuva twv noAepikwy
Apévav e§aoaii{otav e KataoKeUN TELXWV Kal
nUpywv ota dkpa ToUg, aANG JEPLKEG POPEG KaL JE
tonoBétnaon Upalwyv epnodiwyv og BEaglg nou pdvov ot
apuvépevol yvawpllav, wate ta npooeyyidovia exBpika
nAoia va npogkpoUouv Kal va Kataotpépovrat.

Mnyég / Sources:

Military ports (5 - 3 c. B.C.E.)

Military ports were those where warships
berthed when in their own country. In

Piraeus, in the ports of Zea (Pasalimani) and
Mounichia (Microlimano), which were the main
military ports of ancient Athens, as well as in
Kantharos (the central port) shelters had been
built on land for the ships (neosoikoi: boat
houses). In Piraeus, a total of 380 triremes
could be thus housed.

The military ports could be defended by walls
and towers at either end, but sometimes by
reef obstacles placed in locations that only the
defenders knew, so that the attacking enemy
ships would crash into the reefs and sink.

Lovén, B. 2011. The Ancient Harbours of Piraeus, Vol. I.1, Athens Zea Harbour Project
Yigwot, A.T. 2009. "0 «KAetot6¢» MoAepik6g Atpévag tng Zapou — OpoldtnTeg Kat
Yuykpioelg pe ANa MapadMnAa Mapadeiypata «<KAeotwv» Alpévwv tng Meooyeiou”, ABhva

To Ayavt ing Mouvixiag / Mounichia Harbour
(Zea Harbour Project / Yannis Nakas)
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I

To Awaving Zéag / Zea Harbour
(Zea Harbour Project / Yannis Nakas)

O Mewpatdg
Kal ta gakpd teixn,

oto BaBog n ABhAva /
Piraeus and the long walls,
Athens on the backround
(Zea Harbour Project /
Yannis Nakas)
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Newoowkol

To oxetkd peydAo K6OTOG KATAOKEUNG Kal ouvinpnaong tng ptnpoug dnplolpynoe thv
avaykn yla tnv Kataokeuh peydAwv okodopnpdtwy nou Ba npootdteuav 1a euaiodnta
€0Awva nAoia anéd tg kKalplkég ouvBhKeG KUpiwg Katd th xelpepvh nepiodo, ondte Kat
ouvinpouvtav (§Uotpo, endAewyn pe adidBpoxa UAIKA Kat UMKG ouvthpnong Tou §UAou
K.Am.). Ta olkoSopnpata autd, oL VEWOOLKOL, NTav EMNLAKN, KATAoKEUaopéva 1o €va 8inAa
070 AAAo, pe papneg avéAkuong Kat EUAvVN atéyn. Ixvn vEWOOLKWYV Nou owlovial oToug
Aléveg tou lMepatd, napéxouv atoug PeAETNTEG MOAAG oTotxeia yia 1o péyeBog aAld Kat

TOV TPOMO0 avéAKUONG TwV NAoi{wv. %
==
=
==

Shipsheds i

P =S

/;
1

The relatively great cost of constructing and maintaining the triremes led to the need to
construct large buildings that would protect the sensitive wooden ships from the weather,
particularly during the winter period when the triremes would also be maintained
(sanding, covering with waterproof materials and wood preservatives, etc.). These boat
houses were long, built one next to the other, with ramps and wooden roofs. A few traces
of such boat houses that have survived in Piraeus provide researchers with information
about the size of the ships as well as the manner by which these were lifted to shore.

Mnyéqg / Sources: /Er&
Lovén, B. 2011. The Ancient Harbours of Piraeus, Vol. I.1, Athens E
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[pagikn anokatdotaon Katd phKog Topng vewaootkou / Reconstructed longitudinal-section of a shipshed
(Lovén. 2011. pl. 37)

ey

\

[pagikn anokatdotaon eykApolwy TOHWY vewaolkou / Reconstructed cross-section of a shipshed
(Lovén. 2011. pl. 37)

24



TEXNOAOIIA MOAEMOY | MILITARY TECHNOLOGY

Avanapdotaon vewaolkou / Reconstruction of a shipshed

(Zea Harbour Project/ Yannis Nakas)
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H okeuoBnkn tou PiAwvog (4° at. n.X.)

Ot okeuoBhKeg htav KThpla - anoBAKeg Nou Ktidoviav oToug
noAeptkoUG ALHEVEG yLa va oTEydoouv Ta Kivntd e€apthpata
TWV NoAgpIkWV NAoiwv. H okeuoBhkn tou Didwvog atov
Mewpaid, oto Aipdvi ing Zéag, Bewpouviav and toug apxai-
0UG LOTOPLKOUG éva and 1a oNPavIkOTEPa OLKOSOUNKATA TNG
€NOXNG TOU. MéOW TwWV TEXVIKWY Npodlaypapwy Tou KTtnpiou
(o1 onoieg owdovtal otny eveniypagn otnAn EM 12538) kat
TWV apXALOAOYIKWV gupnpdtwy, Katéotn duvath n avanapd-
otaon Tou olkodopnpatog.

Mpdkettat ya éva enipnkeg kKtiopa dtactdoewv 18u.x133p.
pe €loodo otn otevh NAgUpd Kal Pe e0WTEPIKEG EUALVEG BLd-
POYPEG KATAOKEUEG yLa TV anoBhkeuan tou e€onAgpoU.
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The arsenal of Philo
(4" c. B.C.E.)

The arsenals were storage buildings
constructed in the military ports to
house the moveable parts of warships.
The Arsenal of Philo in Piraeus, in

the port of Zea, was considered by

the ancient historians to be one of the
most important buildings of the time.
Thanks to the technical specifications
of the building (which survive on
inscribed stele EM 12538) and several
archaeological finds, it was possible to
reconstruct the building. It is long,
18m.x133m., with the entrance on the
narrow side and with interior wooden
two-story high structures for the storing
of equipment.

Mpoontikn anewkévion ecwtepikol /
Perspective view of the inner space
(TooUAn. 2002. . 50, oxéblo / drawing: Marstrand)

Avanapdotaon okeuoBAKng
®iAwvog / Reconstruction of the
Arsenal of Philo

(TooUAN. 2002. 0. 47, oxéblo /
drawing: K. Jeppessen)
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Al0OTAOELG APXITEKTOVIKWV OTOIXEIWV /
Dimensions of architectural elements

(TooUAN. 2002. 0. 46, oxéblo / drawing: K. Jeppessen)

Mnyég / Sources:
TooUAn, M. 2002. ApxaieG EMNVIKEG entypagEg

TEXVOAOYLKOU Meplexopévou - KatdAoyog ékBeang, ABAva
Steinhauer, G. 1991. 'La Decouverte de " Arsenal de Philon’,

4th International Symposium on Ship Construction
in Antiquity, Athens, 471-479

Enwypagpn npodiaypapwv
KATaoKEUNG OKEUOBNRKNG
®iAwvog (347/6 ai. n.X.)

H Enwypagn nepihapBdvel tg npodi-
aypagé£g yla tnv kataokeun AiBvng
OKeUOBNKNG yLa Ta KpePaota §ap-
TAMATA TWV NOAEUIKWOV NAo{wV.

Inscription with
specifications for the
construction of the arsenal
of Philo (347/6 c. B.C.E.)

The inscription comprises the
specifications for the construction of
a stone arsenal for the hanging parts
of warships.

(EM 12538, Entypagpikd Mouaeio)
(EM 12538, Epigraphical Museum)
Mnyn / Source: TooUAn, M. 2002
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H aoni6a tou AxiA\éa
ANO TO MYOO0 LTHN IXTOPIA, AMNO THN TEXNH ZTHN TEXNOAOIIA

H &waonpétepn aonida, tng onoiag n e€aipetn téxvn Kat
TEXVIKA Neplypdpetal pe yaagupotnta otnv IAdda tou
Opnpou, anotehouvtayv, cUPPWVA PE TNV NEPLYPAPA,

and 5 enAANAeG HETAMIKEG OTPWOELG: 2 EEWTEPIKEG

and okAnpd pnpouvtdo (kpdua xaAkoU pe kaoaoitepo'.),

2 eowteplkEG and Kaooitepo Kat 1 kevipikh and kaBapd
(MaAakd) xpuad. H 6laboxn auth, aivetal va givat n
BéAtotn 6oov apopd tnv aviiotacn o€ didtpnon and éva
86pu, dnwg daniotwoe o kaBnynthg Mainétng Uotepa
ané nelpdyata oto pyactnplo, Katd ta onoia anodeixbn-
Ke 01t pévov auth n aonida anwBei npog 1a niow v awx-
MA Tou 66patog POALG auth Hieladuaoel HéExpL Th oTpwAN
TOU Xpuaooy, o€ avtiBeon pe dA\a €idn aonidwv ota onoia
éywav nepdpata. Katadewkvietal €1ai, n akpiBela pe

tnv onoia oto onpeio autd, 10'Enog neptypdeel, 6xt pévo
TNV TEXVOYVWOia ToU TPOMoU KATtaoKeUNG, aAAd Kat Tnv
anédoon tng aonibag otn paxn.

"Mnpouvt{og = Kpdua XaAkoU e Kaoaitepo to onoio ot apxaiol EAnveg
ovopadav kpatépwpa. Opeixahkog = Kpdpa xaAkoU pe Yeuddapyupo.

0 Heatotog napabdidet
Tov onAlopé Tou
Axi\\éa atn Béuda

/ KOAIKaAG,

£490-480 n.X.)

Hephaestus
presents Thetis with
armor for Achilles

/ Kylix, 490-480 B.C.E.

(Antikensammlung

Berlin F2294,
wikicommons)

MNnyég / Sources:

The shield of Achilles
FROM MYTH TO HISTORY, FROM ART TO TECHNOLOGY

The most famous shield, whose exquisite art and
workmanship is elegantly described in Homer's
lliad, consisted, according to this account, of five
successive metal layers: two outer ones of hard
bronze (a copper and tin alloy'), two interior ones
of tin and the central one of pure (soft) gold. This
succession of metals seems to be the best at
resisting puncture by a spear, as ascertained

by professor Paipetis in a series of laboratory
experiments. It was proven that only such a shield
can push back the spear point when it arrives

at the gold layer, as opposed to other kinds of
shields that were used in the experiments. It

is thus established with what pecision the epic
poem describes the know-how necessary for
the construction of the shield, as well as its
performance in battle.

'Bronze = a copper and tin alloy that the Ancient Greeks called
krateroma. Brass = copper and zinc alloy.

KaMuexvikég avanapaotdoelg tng aonidag

Tou AXxINAéa, pe Bdon tnv neptypagh otnv IAGda
Artistic representations of Achilles’ shield,
according to the description in Iliad

A. L. Weniger,

I". A. KaMuyepoénouhog / G.D.Kalligeropoulos

Paipetis, S.A., Kostopoulos, V. 2008. “Defensive Weapons in Homer".in S.A. Paipetis, (Ed.]), Science and Technology in Homeric Epics, Dordrecht.
KaMuyepénouhog, A., Baoi\etddou, X. 2005. lotopia tng Texvoloyiag kat twv Autopdtwy, ABhva.
Weniger, L. 1912. Der Schield des Achilleus, Versuch einer Wiederherstellung.
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INdg, Pawwdia X/BiBAio 18, otixol 468-482

...ElkooL puoepd padi puoovoav ota Kapivia [...]
‘Ep'&e npwta otn PTG XaAKO aKATAAUTO, KAOGITEPO,
MoAUtipo xpuadd Kt achpt [...]

Mpta nhpe va QuaxvelL tnv acnida,

MeydAn, otiBapn,

nepitexvn- yipw tng NépAce TPLIAN oTEPAVN Aaunepn,

an’ énou kpéuaoe Aoupl.aonpévio.
‘Eotpwoe otnv aonidd mévie pUAAA anavwtd,
ME TN 00PN Tou TéXVA Xdpage otn paxn NapaCTACELG.

NG, Paywbia’Y/BiBAio 20, otixol 259-272

--0Ute kawxore 10 Bapu Kovidpl Tou
epnelponoXepou Awvela olviplwe tnv aaniba

— 10-JaAapasfou EKoYe Tn Popa, wpo Beou

KL autd. G 6Uo pévo oTPWOELG NEPATE, KL EUELVAV
GM\EG TPELG, YLlaTi NTaV NEVIE OL NTUXEG Mou

0 XWAAG Beb6G eixeKapPWOEL TIG BUO XAAKLIVEG,
6o napapéoa and KAooitePo, Kat pia otn Yéon
and xpuo6 — auth atapdtnoe o epdgivo Kovrdpt.

MGG, Pawwbia X/BiBAio 22, atixol 289-291

...To paKpOaKLo 66pu NAAAovrag, atov AXIAAED
To pixvel otn yéan tng acnidag NETUXE,
avanndwvrtag 6pwg 1o Koviapt NETage yakpua.
Doupkiotnke o EKtopag

XaAkég - Xpuaég - Kagaitepog
Copper - Gold - Tin

——— Auwxpn 66patog / Spear Tip

Eowtepikh napeld aonidog
Shield’s inner face

Metaténion / Displacement (mm)

Iliad, Book 18, verses 468-482

...Twenty bellows blew upon the melting-pots [...]

He threw tough copper into the fire,

and tin, with silver and gold [...]

First he shaped the shield, so great and strong, adorning
it all over and binding it round with a gleaming circuit

in three layers; And The baldric was made of silver.

He made the shield in five thicknesses,

and with many a wonder did his cunning hand enrich it.

Iliad, Book 20, verses 259-272

...and indeed Aeneas’s spear did not pierce the shield,
for the layer of gold, gift of the god, stayed

the point. It went through two layers, but the god

had made the shield in five, two of bronze, the two
innermost ones of tin, and one of gold; It was in this
that the spear stayed.

Iliad, Book 22, verses 289-291

...He poised his spear as he spoke and hurled it. His
aim was true for he hit the middle of Achilles’ shield,
but the spear rebounded from It, and did not pierce it.
Hector was angry...

nyn / Source:

INdg, Metdgppaon ota ENAnvikd / Translation into Modern Greek :
A. N. Mapwvitng, Metdppaon ota Ayyhkd/ Translation into English:
Samuel Butler

Melpapa pe tnv aoniba tou AxiMéa:

Metd ané 1.5 msec n dieicbuon tou
d6patog otapatd, eved petd ané 3 msec

n awxpn tou 86patog Kiveital Npog ta niow,
£€€w ano 10 e0wtePIKO TG aonidbag.

Experiment on Achilles’ shield:

After 1.5 msec the spear’s penetration
is stopped, whereas after 3 msec,

the spear tip moves backwards, outside
of shield's inner face. (Paipetis.2008.)
Courtesy Professor S.A. Paipetis

YnoAoylotiké HoVvTEAO yia Ty
avaAucn Tou GUCTAPATOG
H6pu - MeviaoTpwpaTKA
aonida (avaoxediaon and:
Paipetis, 2008)

Computing model for the
analysis spear - five-layered
shield (redesigned by
Paipetis, 2008).
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Avanapdotaon
Muknvaiou noAepioth*

T L N Representation
to- ra- ke Q N\ of a Mycenean warrior*

B0PAKAX ] :
CUIRASS - THORAX \ / | T (. Ndkag/ J. Nakas)

*(paivovial oToIXela TG AUUVILKAG
€€aptuang Kat tou onAtopoU yia Adyoug
d16aktkoUg, xwpig anapaitnta va
avtotoxouv otnv idla akpBwG nepiodo.
Several elements of the equipment

are presented for didactical purposes,
even though they might not belong

AZMIAA to the same period.

Tunké §ipog

Typical sword
Kataokeun A. Katoikng
/ Construction D.
Katsikis

(Baowopévo / based on:
Molloy. 2010. p.419)

MEPIKNHMIAEX
GREAVES
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0 « hpwag » NOAEULOTAG OTNV The « hero » warrior of the
Muknvaikn enoxn (15°-12° at. n.X.) Mycenaean era (15"-12" ¢c. B.C.E.)

0 «hpwag» NoAepLotng katd ta Muknvaikd xpévia The «hero» warrior of the Mycenaean era was
€pepe yla npootacia navonAia, mou neptAduBave protected by armor that included a cuirass, greaves
Bwpaka, nepkvnpibeg kat kpdvog, (odovidgppa- and a helmet, (either one covered with tusks as
K10, 6nwg eppavidetal o€ upNPaTa Kat anekovi- it appears in certain artefacts and depictions or
o€lg N unpouvi{vo). KpatoUoe eniong pia peydAn a bronze one). He also held a large shield and
acnida kat enBetkd 6nAa 6nwg 66pu, NéAEKuU, offensive weapons, such as a spear, battle axe,
Elpog Kat eyxelpidlo, 160 Kal apevidva. sword and dagger or bow and slingshot.

Mapapnéa Xpiotiva, 2010, Aibaktopikh AlatpiBh, «To AvatoAké Ktnplakéd P
Yuykpotnua IA-IB-IA otn Muknvaikh AkponoAn ota Kavdakia Zahapivag: /
MNepiexdpevo kat Aettoupyia», Mavenothpio lwavvivewy, Olocopikh ExoAn, Tépog I. /
Mavvakoég, K. 2016. Texvoloyia, Maptupieg kat XpovoAdynan tou TpwikoU MoAépou - C Ll |
Muknvaikd Euphpata og Xattodoa, Mikpd Acia, Aiyunto, Kdnpo, ABhva. i
D’Amato, R/A. Salimbeti. 2011. Bronze Age Greek Warrior 1600-1100B.C.E., Osprey. —l!’—‘!!“«E{
Grguric, N. 2008. The Mycenaneans c. 1650-1100B.C.E., Osprey. )
AkpiBdkn, N. 2003. «Towxoypagia pe NMapdotacn Odoviéppaktou Kpdvoug

ané tnv =eoth 4 tou Akpwtnpiou Bhpag», oto APFTONAYTHX — tuntikéG 100G

yla tov KaBnynth NtoUpa, ABhva.

i

KPANOX
HELMET

060ovioppaKto Kpdvog
Boar's—tusk helmet
(Baoiopévo / based on:
AkpBdkn. 2003. . 528)

Tunka §lpn / Typical swords (Baotopévo / based on: Molloy. 2010. p.419)

DY

pa-ka-na

=ipn / Swords
Hooker. 1994.
Ventris, Chadwick. 1956.
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O «HPOAX» MOAEMIEZTHE ETHN MYKHNAIKH ENg
THE “HERO” WARRIOR OF THE MYCENEAN ERA

O «fipwags nokeothgkatd ta Muknvaika xpovia Epe-
pe yva npootagia navoniio, nou nepihapBave Bopa-
ko, nepikvnpibeg kou kpdvog, (oBovidppakto, Snwg
eppavi{ETOL OE EUPHIOTO KOL ONEKOVIOELS i pnpol-
vidivo]. KpatoOoe eniong pia peyain aoniba kot ent-
Benikd 6nia onw 6épu, néAexu, Sigog Kot eyxepibio,
1660 KoL OPEVIGV.

to- ra- ke
BOPAKAL
CUIRASS - THORAX

AZTIAA

1]
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S

The «hero= warrior of the Mycenaean era wa
tected by armor that included a cuirass, greave
ahelmet, [either one covered withtusks as it ap|
in certain artefacts and depictions or a bronze
He also held a large shield and offensive wed
such as a spear, battle axe, sword and dagger

Tumka Eign / Typ

o im—

Avanopaotoon
Representation g

NEPIKNHMIAEL
GREAVES




EMOXH 159E _12°% g,
A 15™-12™ cent. B.C.

n era was pro-
Iss, greaves and
s asitappears
a bronze onel.
sive weapons,
i dagger or bow

Eipn / Typical swords

n.x.

pGotaon Muknvalou noAepioth”
Eentation of a Mycenean warrior®

| AR

ko- ru- to
KPANDE
HELMET

v 4




TEXNOAQTIA MOAEMOY | MILITARY TECHNOLOGY

Owpakag

0 Bwpakag Atav cuvhBwg and pnpolvi{o, anote-
AoUpevog gite ané daktuAioug pnpouvi{tvoug nou
napeixav nAhpn KAAUYN tou dvw TUAPATog, M Kat

oAOKANpou Tou aowpatog (navonAia Aevdpwv), eite
and NpootateuTikda pnpouvi{iva e€aptnpata (QoAi-
deg) navw og opyaviké undotpwpa.

Cuirass

The cuirass was usually of bronze, consisting
either of bronze rings that completely covered the
upper or the whole body (Dendra panoply) or of
protective bronze plates on an organic underlay.

MéAekug — Axes

AvaKataoKeuh THAPATog poAdwTNG Bwpdkiong 13° at. n.X.

OL poAibeg otepewvovtal pe cuppdtiva Aentd ynpoutliva
oUppata o€ opyaviké unéBaBpo katackeuaopévo and pappéva
petagl toug @UANG AtvoU u@Acpatog €10l WOTE va oxnpati(ouv
€va oupnayég naxu otpwpa Awvoul. H e§wtepikn enpdvela

TOU OTPWHATOG €XEL KAAUPBEL pe Aentd &éppa.

(kANipaka 1:1, oxedlaopdg - kataokeun: A. Katolkng)

Reconstruction of a laminated cuirass section of the

13" c. B.C.E. The laminae are secured with thin bronze
wires to an organic underlay made of several thicknesses of
linen cloth sewn together to form a thick dense linen layer.
The exterior surface of this layer is covered with thin leather.
(scale 1:1, design - construction: D. Katsikis)

KaMexvikh anédoon
dppatog Baolopévn oe
vwnoypagia

ané v MoAo nep. 1300 n.X.
Artistic rendering of a
chariot

based on a fresco from
Pylos dated appr. 1300
B.C.E.

(lotopia ENAnViKoU
‘EBvouq.1971. Tépog A, 0.268)
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Te

Kepapko aviiypapo oktwoxnung acnidag
8° awvag n.X., Ainulov ABnvov

Ceramic representation of figure-of-eight shield,

8" cent. B.C.E., Dipylon, Athens
(Baoiopévo / based on: Connoly. 1981.)

Towoypagpia pe acnideg and tnv TupwvBa, nep.
1325-1250 n.X., ypa@ikn anokatdotacn ané tnv
Emile Gilliéron, The MET

“Shield frieze” fresco from Tyrintha, ca.
1325-1250 B.C.E., restored by Emile Gilliéron,
The MET

Aoniba

H tunikn acnida anoteAolviav and S1aboxikéG
oTpWOoELg 6€ppatog navw o€ undatpwpa and VAo,
Kal gviote pe pia teEAKA oTpdan and XaAko.

H popen tng aonibag pnopoloe va gival oktwoxnpn,
o nto dtadedopévog tinog atnv Muknvaikn enoxn,
nupyéoxnpn A, apyotepa, KUKAIKN, Kat avaAdywg Pe
v e€EMEN tng undAoinng e€dptuong, pnopodoe eite
va KaAUntel gite 6A\o 10 owpa (nodopnkng), elte va
eivat pikpotepn o péyebog.

Shield

A typical shield consisted of successive layers of
leather on an underlay of wood, sometimes covered
with a final layer of copper. The shape of the shield
could be in the shape of the number 8 - the most
common type during the Mycenaean era — tower-
shaped or, later, circular. Depending on the evolution
of the rest of the equipment, it could either be long,
covering the whole body or smaller in size.

Mnyég / Sources:
LtapatonouAou, B.I". 2006. «H Texvoloyia twv OnAkwv

MNapdotaon NOAELOTWV PE OKTWOXNUN acnida
Representation of two warriors with figure-of-eight shield
(Baotopévo / based on: Xpua6 SaxtuAidt and tig Mukniveg /
Golden ring from Mycenae, lotopia EM. EBvoug, A’, 0. 255)
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H e§éM&n tng e§dptuong tou onAitn

H e€adptuan tou onAitn e§eAixBnke og ouvdaptnon pe TG aAay£G TNV TAKTLKA, aAAG Kal Thy TexvoAoyia Tou
noAépou. Apxikd n pdéxn ywvétav owpa pe owpa, Kat anatrovoe Baptd Bwpdkion tou MOAEULOTA, n onoia Atav
anoTeEAECHATIKA KaL OTLG apXLKEG Blatdgelg tng pdAayyag. H e€EAEN tng Aettoupyiag tng pdAayyag katd Toug
kAaaolkoUg xpdvoug ouvéBaAe atn otadlakh eAdppuvan TG BuwpdKiong Npog nio eUEAKTEG AUCELG.

lNa napddelyua, 10 KpAvog otnv apxaikh enNoxh Atav KAELWOTO, Ye napayvabideg kat, MOMEG popEg, Aopio,
wotdoo otadlakd yevikeUtnke n xpnon tou nikou (Hopen okoUgou), Todxivou, gite petalikoU. Avtiotoixa, o
apXIKOG HETAMIKOG Bopakag aviikataotddnke otadlakd and eAappUTEPOUG, Kataokeuaopuévoug and dladoxikd
otpwpata AivoU updopatog (AivoBwpag) n 6épuatog (0noAdg), evioxupévoug ouxvd e JETAAIKEG AGHEG.

MNnyég / Sources:

lotopia tou ENAnvikoU ‘EBvoug. 1970. Tépog B, ABnva.
Connoly, P. 1981. Greece and Rome at War, London.
Ltaivxdouep, I". 2005. O MoéAepog atnv Apxaia EAGda, ABhva.

2

700-650 n.X./B.CE.

A

550-350 n.X./B.CEE.

o

450-350 n.X./B.CE.

E€€NEN TV TUNwV Kpavwv
Evolution of helmet types
(Baotopévo oto / based on:

Ytaivxdouep. 2005. 6. 55, 56)
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The evolution of the hoplite equipment

The evolution of the hoplite equipment was a function of the changes in tactics, as well as in the
technology of war. Initially battles were fought hand to hand and required heavy armor, which was
effective even in the front lines of the phalanx. The change in the role of the phalanx during the
classical period resulted in the gradual lightening of the armor and in more flexible solutions.

For example, the helmet during the archaic period was closed, with cheek guards and, often, a
plume. Gradually, however, the use of a kind of cap became more common, made either of felt or
metal. The initial metal cuirass was gradually substituted by lighter ones, constructed of successive
layers of linen fabric or leather, often reinforced by metallic laminae.

E€EAEN TV TUNwV Bwpdkwyv
Evolution of cuirass types
(Baoiopévo oto Ltaivxdouep. 2005. 0. 49-51)
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0 onAitng ané tnv Apxaikn
ew¢ tnv EAAnviotiki enoxn (8% - 3° at. n.X.)

O onAitng ota Lotopika xpovia Epepe e€dptuon,

nou neptAduBave kKpdvog, Bwpaka, nepkvnpideg, aonida.
Ytov enBetikd onAlopd tou nepthapBdvovrav: Eipog,
eyxelpidlo, 16€o kaL 66pu h adplaa.

The hoplite from the Archaic to the
Hellenistic period (8" - 3 ¢. B.C.E.)

In historical times, the hoplite’s equipment included a helmet,
cuirass, greaves and a shield. His offensive weaponry consisted
of a sword, a dagger, a bow and a spear or sarisa.

Avtuya - Antyx - Shield rim

Ltepdvn - Ring

MNépnag - Porpax - Handle

TO=0/BOW

(Baotopévo / Based on: Connoly.1981.p.50) AvtihaBh - Side grip

MNnyég / Sources:

lotopia tou EANAnvikoU EBvoug. 1970. Tépog B, ABnhva.

Connoly, P. 1981. Greece and Rome at War, London.

Ytaivxdouep, I". 2005. O MoéAepog atnv Apxaia EMGda, ABhva.

Campbell, D.B. 2009. Greek and Roman Artillery 399B.C.E.-AD363, Osprey.
Campbell, D.B. 2011. “Ancient Catapults Some Hypotheses Reexamined”,
Hesperia 80.




TEXNOAQOTIA MOAEMOY | MILITARY TECHNOLOGY

AIXMH AOPATOX
SPEAR HEAD

MEPIKNHMIAEX
GREAVES

v, KPANOZ - MNIAOZ
\, HELMET - PILEUS

B0PAKAX
CUIRASS - THORAX

Avanapdotacn onAitn KAQGIKAG ENOXNG

(F. Ndkag)

Representation of a hoplite of the classical period
(J. Nakas)

AaBnh aonidag kat nepkvnpideg
(kataokeun: A. Kataikng)
Shield handle and Greaves
(construstion: D. Katsikis)

AZMIAA
SHIELD




L0yxpovn avanapdotacn Tg oThAng Tou Aplotiwva
oTnv auBevIIKh NOAUXpwHia TNG TNG KAAGIKAG EMOXAG.
Bunte Gétter exhibition.

Modern reconstruction of the original polychromy
of a classical age Greek stele of Aristion
Bunte Gétter exhibition.
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OnAitng (6° at. n.X.)

H eikéva pag 6ivel pua 16€a yia tnv e€dptuon twv onALTwy TV €noxn Afyo nptv
ané toug lNepaikolg NoAéuoug.

Mapiotaverat onAitng otn 6€€1d tou dnown. X10 aplotepd Tou xEPL Kpatd 66pu
(6opupdpog) evd 1o €€l Kpépetal eEAelBepo oto NAAL oxnyati{oviag ypobid.
DépeL Avd xitwva Katdoapka Kat ndvw and autév, beppdtvo He 0peLXAAKIVO
bldkoopo. X1o kePAAL dlakpivetal €ibog nidou M KpAvoug evwd ota N6dLa Popdel
nepLKVNUideg.

H enutdpBia otnAn, BpéBnke otn Behavidéla Attikhg. Xtn Bdon gival xapaypévo
10 6Voua TOU VEKPOU O€ YeVIKA: Aplotiwvog Kal o€ pla npoggéxouoa opldéviia
tawvia eival xapaypévo 1o 6vopa tou YAUnTn: Epyov AplotokAéoug.

Hoplite soldier (6" c. B.C.E.)

The picture gives us an idea of the hoplites’ (foot soldiers) equipment shortly
before the Persian Wars.

The hoplite is facing right. He holds a spear in his left hand, while his right hand
forms a fist and hangs down freely by his side. He wears a linen chiton close to
his skin and on top of that a leather garment with bronze decorations. He also
wears a type of cap or helmet on his head and his shins and knees are protected
by greaves.

This funerary stele was found at Velanidesa of Attica. The name of the dead man
is incised on the base. There is also a horizontal band on which is incised the
name of the sculptor: Work by Aristokles
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MeydaAa 6nAa Large weapons

Metd tov 5° at. n.X. napatnpeitat taxdrtatn texvo- After the 5% c. B.C.E. there is rapid technological
Aoyikh npdodog ata 6rnAa peydAou BeAnvekoUg. progress on long-range weapons. Thucydides

0 Boukubdidbng avapépel pnxavh nou napané- mentions a machine that resembles a flame thrower.
pnet o @AoyoBOAo. ANa t€tola «tnAednAa» ntav Other such long-range weapons (‘teleweapons”) were
o KatanéAtng (AtlBoBoAog h To§oBoA0C), the catapult (stone or arrow thrower), the “onager”

0 6vaypog Kat, evOEXopEVwG, T0 atdotnAeBoAo. catapult and, possibly, the steam cannon.

Mnyég / Sources:

Campbell, D.B. 2008. Greek and Roman Siege Machinery 399 B.C.E.-A.D 363, Osprey.

Campbell, D.B. 2009. Ancient Siege Warfare — Persians, Greeks, Carthaginians and Romans 546-146 B.C.E., Osprey.

Connoly, P. 1981. Greece and Rome at War, London.

Mardaga, P. 1979. Les Dix Livres d" Architecture de Vitruve, corrigés et traduits en 1684 par Claude Perrault, Bruxelles/Liege.
Marsden, E.W. 1969. Greek and Roman Artillery — Historical Development, NY.

Marsden, E.W. 1999. Greek and Roman Artillery — Technical Treatises, NY.

Nossov, K. 2012. Ancient and Medieval Siege Weaponry, Lyons Press.

ButpouBlog. 1998. BitpouBiou nepi Apxutektovikng/Vitruvii de Architectura, BiBAia VI-X, petagpp. Madiog Aépag.

Ltaivxdouep, I". 2005. O MéAepog atnv Apxaia EAGSa, ABhva.
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To npwrto pAoyoBoAo tng otopiag

To npwrto pAoyoBoAo atnv Lotopia paivetal dut eival ekeivo nou neplypdgetal and tov
Boukubdibn (A’, 100,2) kat 1o onoio xpnaotlponoinaav ot Botwrtol yla va kdyouv 10 0Awvo
1€ix0¢ Twv ABnvaiwv otn pdxn tou AnAiou (424 n.X.).

Mnpootd anéd pia pakpld EUAVn kavvn avaptdtat AéBntag pe avappéva kdpBouva, Beld-
QL Kat niooa. MNiow ané tnv kavn tonoBetouvtal Loxupd puoepd. To LoxupodTato pelpa
Tou aépa nou dnyloupyolv ta puoepd odnyeitat Ao§w¢ atov AéBNta, Kal eKTVACOEL TIG
QAdyeg o€ YeydAn andotaon.

MeAétn - oxeblaopdg: 8. M. Taotog, anédoon: I". Ndkag / Study - design: Th. P. Tassios, drawing: J. Nakas

aonic/ shield

kepaia / trunk barrel

¢puooal / bellows

0AK6G puoowy / cart + bellows
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The earliest flame-throwing weapon in history

The first flame-throwing weapon in history is most probably the one described by
Thucydides (A’, 100,2) that was used by the Boeotians to burn down the wooden
fortification walls of the Athenians at the battle of Delion (424 B.C.E.).

In front of a long wooden barrel, a boiler was hung bearing burning coal, sulphur and tar.
Behind the barrel there were powerful bellows. The strong current of air they produced
was directed obliquely to the boiler, which then threw fire at a long distance.

Mnyég / Sources:

Boukubdidbng. lotopiat, A.100

Campbell, D.B. 2009. Greek and Roman Artillery 399B.C.E.-AD363, Osprey.
Taotog, 6. M. 1997. « Eloaywynh otnv apxaia eAAnvikh texvoloyia»,

Katdhoyog ékBeong Apxaia EMnvikh Texvoloyia, EMAET, T.M.8, Becaahovikn.

napéktaolg / extension

akpopuatov / nozzle

AéBng /cauldron

0AKOG Kepaiag / cart of the trunk

45



TEXNOAOTIIA MOAEMOY |

Apxipndoug atpotnAeBoio
(3° a.. n.X.)

Aev owletat oxetkod keipevo tou Apxipghdoug
(287-212 n.X.). MAnpo@opieg yta 1o atpotnAeBoAo
ivel o ltaAdg Metpdpxng (Petrarca, 1304 -1374), o
onoiog avapépel, petau dAwv, 61t n kKdvvn Atav
EUAwn. To ikovi{Opevo opoiwpa akohouBel oxé-
d1a tou Leonardo da Vinci (1452-1519), o onoiog
ovopddet to atpotnAeBoAo Architronito.

0 I. Zakdg neplypdgel tn Asttoupyia 1ou wg eENG:
TonoBeteital pia opaipa atnv kKAvvn tou TNAEBOS-
Aou. MNiow an’ tnv kKdvvn Bpioketat PLKPOG KUALV-
dpkdG AéBntag, Tou onoiou n onh ppdoacetal Pe
EUAwvn paBbo. To GAo dkpo Tng pdBdou akoupna
ato péaov opllovtiou EUAvng dokoU nou ouykpa-
Teitat ynpog and to otépLo TG Kavvng pe dUo dyki-
0Ttpa ota dkpa tng. Mavw and 1o petaMiko AéBnta
MIKpO Soxelo nepiéxel vepd. Beppaivetal o AéBntag
ME uTLd ENapKWG. Avoiyetal otpdPLyya, Kat anod
T0 KAELOTO HIKpO doxelo xUvetal vepd oto AéBnta.
To vepo e€atpidetal taxutata kat wBei tn ogaipa.
H 60vapn petaBiBadetal 6ia tng pdBdou otn doko,
n onoia Bpadetal kat eAeUBepn NAéov n agaipa
ektofeletal pakpud. H andéotaan tng BoAnG NG
o@aipag pubpiletal pe enthoyn TG AVIoxng Ing
dokoU, pe tnv KAion tng KAvvng M Kat pe ta 60o.
Opoiwpa tou atpgotnAeBoAou, og KAipaka nepinou
1:5, kataokevaoe o |. Zakag 1o 1981 kat épi€e kat
enavainyn enutuxei BoAég (uéxpt kat 200 pétpa)
katd tn Sidpkela enibel§ng ota Méoa Madlkhg
Evnuépwong.

MNnyég / Sources:

Archimedes’ steam cannon
(3¢c. B.C.E)

The original text by Archimedes (287-212 B.C.E.)
has not survived. The earliest information
comes from Petrarch (1304-1374 C.E.) who
mentions, among other things, that its barrel
was made of wood. The model was made after
the drawings of Leonardo da Vinci (1452-1519)
who called the steam cannon “Architronito”.
Sakas has interpreted its function as follows:
The cannonball is placed in the barrel of the
cannon. Behind the barrel there is a small
cylindrical vessel, whose hole is blocked with a
wooden rod. The other end of the rod touches
the middle of a horizontal beam that is held in
place, in front of the mouth of the barrel, with
two hooks. Above the metal steam chamber is
a small vessel with water. The steam chamber
is heated to a high temperature. A stopcock

is opened to let water from the small vessel
into the steam chamber where it immediately
turns to steam, which propels the cannonball
forward. The force is transmitted through

the rod to the beam which shatters, and the
cannonball, released, is ejected. The distance
the ball travels is regulated by the resistance of
the bar or the inclination of the barrel or both.

|. Sakas constructed a replica of the steam
cannon (approx. 1:5) in 1981 and demonstrated
its function to the press. It repeatedly shot a
cannonball at a distance of up to 200m.

|. LaKAg: KaTaoKeUn opoLWKatog nou SoKiddotnke enttuxwg 12.5.1981 kat 29.6.2018.
J. Sakas: design and construction of a model that was successfully tested on 12.5.1981 and 29.6.2018.
Richard Windley: kataokeuh opoldpatog nou dokipdotnke enttuxag / construction of a model that was successfully tested.

Petrarca, De remediis utriusque.
Adriani, G. e altri. 1956. Leonardo da Vinci, Novara.
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TUnot kataneAtwy / Types of catapults (Iotopia EMnvikoU 'EBvouc.1972. 60.204-205)

KatanéAtng (4° ai. n.X.)

0 katanéAtng Atav €va NoAepIkG Pnxavnua tkavo va
ekto&evel peydha BEAN h akévTla h oalpikoug AiBoug og
peydAeg anootdoelg (tng taewg twv 200y). Htav ouvte-
Bepévog and éva loxupo 16€o tonoBetnpévo og oplldvtia
B€on, Tou onoiou n yeph xopdh Teviwvdtav Npog ta niow
ME punXaviko tpdno (ue éva aUotnua HOXAWY Kal oTpopd-
Aou). Etal anoBnkeudtav Kauntkn kat afovikn evépyela,
oL onoieg aneAeuBepoUlpeveg ektd€euav 1o BAApQ.

H texvikh auth epelpeon €ylve TNV enoxn tou tupdvvou

TwV Xupakouowv Atoviatou tou MpeaButepou (399 n.X.).

Apydtepa, kKatd ndoa niBavétnta and tov Oikwnno |l
(~343 n.X.), ooV pnxaviopd tou 6nAou NpoatéBnkav Kat
600 atpentika ehathpla (andé ouveotpappéva “oxowid’),
Waote, pe tnv ida tnv Kauwn twv Bpaxidvwy tou 16€ou,
va oUCTPEPOVTAL KAl Ta EAaThpLa, Ta onoia Tpa, otnv
enépevn pdon Ba aneAeuBepwoouy Kat thy SIKA Toug
evépyela, augdvovtag nepattépw 10 BeAnVeKEG TOU
6nAou.

To opoiwpa nou ektiBetal eivat Yia petayevéatepn
(eM\nvioTIKN) ekdoxn KatanéAtn, otov onoio n evépyela
ougowpeleTal g6vo péow 600 oTPENTIKWY eAaTNpitv.

Mnyég / Sources:

Campbell, D.B. 2009. Greek and Roman Artillery 399B.C.E.-AD363, Osprey.

Catapult (4" c. B.C.E.)

The catapult is a military weapon capable

of launching large arrows or javelins or
spherical stones at great distances (around
200 m). The strong chord of a powerful bow
set horizontally was pulled back mechanically
(with a system of levers and cranks).
Bending and axial energy was thus
accumulated, which when set free launched
the projectile. This technical invention took
place at the time of the Tyrant of Syracuse,
Dionysios the Elder (399 B.C.E.).

Later, probably by Philippe Il (~343 B.C.E)
two torsion springs (made of twisted ropes)
were added, which were twisted by the very
bending of the arms of the bow. In the next
phase, the springs released their energy, thus
increasing the range of the weapon.

The model shown in this exhibition is a later
version (Hellenistic) of catapult in which the
energy is accummulated only by means of
two torsion springs.

Campbell, D.B. 2011. “Ancient Catapults Some Hypotheses Reexamined”, Hesperia 80.
Francis, C.,T.E. Rihll, M.T. Wright. 2006. “The Bronze-Spring Catapult: A Case Study in the Innovation, Adaptation and Diffusion
of Technology in Ancient Greece”, ota Npaktikd tou 20u AleBvolg Xuvedpiou Apxaiag EMnvikAg Texvoloyiag, EAABUT, ABhva.
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MoAepikég pnxavég

Ektd¢ ané g avapetphaoeig nediou, peyadlo p€pog tnG NOAEPIKAG
Texvoloyiag avantixBnke yla tnv noAopkia NéAewv KaBwg Kat
yla tnv duuvd toug. MoAAG napadeiypata NoALOPKNTIKWY pnxa-
VOV Neplypagovial o€ ypantég nny£EG, oL onoleg, napd tg nibavég
avakpiBeleg h kKat unepBoAEg, pag divouv pla apketd KaAn ekéva
TOU TPOMOU AELTOUPYIag TWV HNXAVWV AUTWV.

H nptn yvwoth avapopd o€ KataokeUh NOALOPKNTIKWYV UNXa-
vy avdyetat atov 17° at. n.X., otoug Xouppiteg otn Meoonotapia.
Ot Axatoi Ba yvwpilav 0a@wg th XpACN TWV JNXAVMV autwy, ai-
vetal gaAota, nwg o AoUpelog Innog htav pa notntikn Yetapopd
yla pia t€tola NoAlopKNTKA pnxavh, Katd tnv dnoyn noAAwyv
apxaiwv ocuyypapéwy.

AoUpelogInnog - €lKaoTtkh

War machines anédoaon Baolopévn oe apgopéa
ToU 7° at. n.X. 010 ApxaloAoylkd
In addition to field battles, a large part of war technology Mouaeio Mukévou.
dev_e.lopment was devoted bpth to the siege and_ the defense Trojan Horse - artistic rendering
of cities. There are many written sources describing siege based on 7" c. B.C.E. amphora
machines. Despite the possible exaggerations or inaccuracies L"f°hTyLZiOAsrChae°l°9'cal Museum

in these accounts, they give us a relatively good picture of how
these machines functioned.

The first known reference to the construction of siege machines
dates back to the 17" c. B.C.E. by the Hittites in Mesopotamia.

It is probable that the Achaeans knew about the use of such
machines. Moreover, many ancient writers considered the
Trojan Horse to be a poetic metaphor for such a siege machine.

Mnyég / Sources:

Mauoaviag, EMGdog Mepthynong.

Pausanias, Description of Greece.

MAiviog, Quaoikn lotopia.

Pliny, Natural History.

Beckman, G. 1995. The Siege of UrSu Text (CTH 7) and Old Hittite Historiography, Journal Cuneiform Studies/JCS (47), 23-34, p.26.
Bryce, T.R. 2005. The Kingdom of the Hittites, NY pp.72-73, 81.

Mellink, M.J. 1986. Postscript, in: Troy and the Trojan War, A Symposium held at Bryn Mawr College, October 1984, pp. 99-100.
Campbell, D.B. 2008. Greek and Roman Siege Machinery 399B.C.E.-AD363, Osprey.

Connoly, P. 1981. Greece and Rome at War, London.

Marsden, E.W. 1969. Greek and Roman Artillery — Historical Development, NY.

Marsden, E.W. 1999. Greek and Roman Artillery — Technical Treatises, NY.

Ytaivxdouep, I". 2005. O MéAepog atnv Apxaia EAGSa, ABhva.

ButpouBlog. 1998. BitpouBiou nepi Apxutektovikng/Vitruvii de Architectura, BiBAia VI-X, petapp. Matiog Aépag.

ABnvatog, Mepl pnxavnpdtwy.
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Apydtepa, otig apxaieg nnyég avagépovral
NOAAEG UNXavEQ Kal oL UNXavikoi Toug, 6nwg yla
napddetyua:

e H EA€noAg tou Awédn, nou cupnep\auBave kat
«tpundvoug». 0 Alddng o MNeMaiog (4% at. n.X.)
htav gabnthg tou MoAUidou, kat nxavikég tou
M. Ahe€dvbpou.

¢ H EAénoAg tou Enipaxou yia tov Anpitplo tov
MoAopknth, Katd tnv avenituxn noAtopkia ing
P66ou 10 305-304 n.X. Eixe 9 opépoug, pe adepé-
via npogtacia, Uyoug dvw twv 40u Kat e Bdon
22x22p. L& KGBe 6poPo UNAPXaV KATANEATEG.

¢ H EAénoAg Hyhtwpa tou Bulavtvod, yua tov
Anpntplo tov [oAlopknth atnv NoAlopkia g
YaAapivog. Eixe diaotdoelg 18x4y, pe 11u Gyog
Kat 8 1poxoUg Slapétpou 2p Kat ndxoug 1y. Hrav
NoAUWPOPN Pe KATANEATEG Kal «TpUNAvoug», Kat
€€€éNEe tnv EAénoAL tou Enifpaxou tonoBetiviag
€vav NpooTateUPEVO MOALOPKNTIKG KPLO otnv
Kopu®n InG.

e 01 «AiBoppintar katanéAteg otnv noAlopkia ing
TUpou, nou €pixvav AiBoug 36 kat 73 KAV (taha-
vtaiol Kat tpitdAavtoy), og andotaon 1-2 otadiwv.

At a later date, many siege machines and their
engineers are mentioned in written sources, as for
example:

¢ Helepolis of Diades, which included «borers»
Diades of Pella (4" c. B.C.E.), was a student of
Polyides, and an engineer of Alexander the Great.

¢ Helepolis of Epimachos, for Dimitrios the
Besieger, used during the unsuccessful siege of
Rhodes in 305-304 B.C.E. It was nine stories high,
with metal armor, measured over 40m high and
had a base of 22x22m. There were catapults on
every story.

Helepolis of Hegetor of Byzantium, for Dimitrios
the Besieger during the siege of Salamis. It
measured 18x4m, with a height of 11m, had eight
wheels with a diameter of 2m and a thickness

of Tm. It was multi-storied with catapults and
“borers” and took the Helepolis of Epimachos a
step further by adding a protected siege ram at its
top.

Stone throwing catapults during the siege of Tyre,
that threw stones of 36 and 73kg to a distance of
1-2 stadia.

“Imog 0¢ 0 xalovuevog Aovplog avdxertan yaAxovs. xai 5t uev to moua to Emeo
unydvnua nv & OdAvow tov telyovgs, oldev JoTis ur maoav Empéoet Tois Poviy evnbeway”

“0 amoxalovuevos Aovowog (Evlwog) Tamog elye xoTaoxevacdel amo yatxo.
Kot to ot 10 é0y0 mov xataoxevace o Emelds fray unydviuc yio t) OtdAvaen tov telyovs o yvwoitel xdbe évag
0 omolog Oev amodéyetar Tny ueydin avonoio twv Povyav (Tewwv)” dMAodN Vo 60QOVV HECH 0TV TTOAY TOUG TOV

Aotgio Truo yreeCovrog pdMoto T,

TOV TEY WOV 0Tg Zrauég [TOAeS emeldn) Oev ymweovoe AMoym peyéboug.

“There is the horse called Wooden set up in bronze. That the work of Epeius was a contrivance
to make a breach in the Trojan wall is known to everybody who does not attribute utter silliness
to the Phrygians”, that is to pull the Horse inside their city and to demolish a part of its Wall

near the Scaean Gates because the Horse was too big.

Mauoaviag. EAG6og Mepthynong,

BiBAio 1, Keg. 23 (anddoon otnv véa eMnvikh Kat ene€hynon: K. Mavvakdg, petdppaon otnv AyyAikn : Perseus in TLG)

Pausanias. Description of Greece,

Book 1, Chapt. 23 (translation in modern Greek and comment: K. Giannakos, translation in English: Perseus in TLG)
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H avdntu€n twv peydAwv 6nAwv Kat MOAEPLKWY Unxavwyv enépepe alayEg Kal atny
OXUPWTLKA, n onoia npooappoldtav avaAdywg, 1600 yia va SWoeL XWPO yla pnxavég duuvag,
600 Kat yla va aviiotaBei otig 6Ao Kat Nlo anoteAEOUATIKEG MOALOPKNTIKEG UNXAVEG.
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Siege of land fortifications

The evolution of the large weapons and siege machines resulted in changes on the
fortification techniques, which had to adapt in order to give space to defensive machines,
but also to further resist the more efficient siege machines.
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MoAwopkntikad 6nAa-pnxavég
Siege weapons-machines

Enxwpatikin Xehawvn (Xwotpic)
Trench-filling tortoise

EAénoAig (MoAopkntikdg nGpyog)
Helepolis (Siege tower)

Kp16g- KpouoTIk6G Kat Tpunavog
Percussive ram and borer

XeAwvn pe tpinavo (A kpid)
Roofed Borer (or Ram)

‘Ovaypog (povaykwv KatanéAtng)
Onager (‘monagnon” Catapult)

KatanéAtng
Catapult

XelpoBaAAiotpa
Cheiroballistra (hand-held ballista)

IKGAa
Ladder

MoAlopKnTiKa £pya-TeXVIKES
Siege works-techniques

Kataokeuh enixwpdrwv

(pe «onAtop6» EUAIVWV 0Xap®V )
Construction of embankments
("armed” with wooden grids)

EniBeuikég undévopot
Offensive tunnels

Mpdabeto teixog enttiBépevav
Sieging walls

AHUVTIKEG PHnXavEg
Defensive machines

MaAwvdpopoloa Sok6g
Swinging beam

lepavég
Crane

Apna§
Harpax (claw)

Epnpnopég
Arson

KatanéAtng «MBoppintng»
Stone-throwing catapult

Apuvtika Epya-texvikég
Defensive works-techniques

Teixn (61dtagn, tdppol)
Fortification walls (layout, moats)

Mopyol Texwv
Fortification towers

Aentopépeleg oxpwong
Fortification details

AHUVTLIKEG undvopoL
Defensive tunnels

Mnyég / Sources:

Campbell, D.B. 2008.

Greek and Roman Siege Machinery 399B.C.E.-AD363, Osprey.
Campbell, D.B. 2005. Ancient Siege Warfare 546-146B.C.E., Osprey.
Campbell, D.B. 2003.

Greek and Roman Atrtillery 399B.C.E.-363AD, Osprey.

Connoly, P. 1981. Greece and Rome at War, London.

Marsden, E.W. 1969.

Greek and Roman Atrtillery — Historical Development, NY.
Marsden, EW. 1999.

Greek and Roman Atrtillery — Technical Treatises, NY.

Nossov, K. 2012. Ancient and Medieval Siege Weaponry, Guilford.

Ytaivxdouep, ™. 2005. O MéAepog otnv Apxaia EMASa, ABAva.
BurpoUBiog. 1998. BupouBiou nepi Apxitektovikng/

Vitruvii de Architectura, BiBAia VI-X, petagp. Matlog Aépag,.
Beoxapdkn, A-M. 2015. Ta Apxaia Teixn twv ABnvav, ABhva.
lotopia tou EMnvikoU EBvoug, 1970, Tépog I, A, ABrva.
Boukubidng, lotopiat.

Mauoaviag. EMGog Meptaynotg.

Aweiag Taktkog, MoAlopknTtika.

ABnvatlog o Taktikdg, Mepl pnxavnpdtwy.

®idwv Bulavtiou, Mnxavikh Z0viagLe.

MoAUBLog, lotopiat.

A66wpog, lotopikn BiBAwBAKN.
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OaAdooia EAEnoALg

H EAénoAg eival apxaia noAlopknTikh pnxavn.
Tnv epelpav kat tnv BeAtiwoav S1adoxIkWG o
MoAUelbog o Beooaldg, o Enipaxog o ABnvaiog Kat
0 Anphtplog o MoAlopknthg, katd tov 4° at. n.X.
"Htav noAudpoog noAopkntikdg nUpyog UYoug
€wg Kat 60 p., nou épepe ota avoiypata twv
opOPwV tou KatanéAteq. MNpoaépepe aToUG MOAL-
opKNTEG TN duvatdtnta va npooBdaAouv ta exBptkd
1e{xn ané peydho Uyog Kat and ac@aAn Béon.

E€ dMou, katd tnv EMnviotikn Kat Pwpaikn enoxn,

n EAénoAig pnopouoe va othvetal Kat ndvw oe dUo
napdMnAa evwpéva nhoia. To opoiwpa naptotdvel
600 tpLApeLg Nndvw otig onoieg éxel atnBel EAENOALG
yla noAwopkia tewxwv o€ Bahdoato téno.

Naval Helepolis

The Helepolis is an ancient siege machine
invented and subsequently developed by
Polyeidos from Thessaly, Epimachos the
Athenian and Demetrios the Besieger, in the

4" c. B.C.E. It was a multi-story tower, up to 60m
high, that had apertures and catapults at all floor
levels, allowing the besiegers to attack enemy
walls from a great height and a safe place.
During the Hellenistic and Roman periods, the
Helepolis could be fitted on the deck of two ships
joined together, one next to the other. The model
depicts two triremes supporting an Helepolis
designed to attack fortification walls from

the sea.
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MoAwopkia Baldoctou teixoug

H Bdon tng ané BaAdoong duuvag pag
néAng htav ta napaBaAdaoota teixn. Ektég
anéd toug NUpyoug nou NpoéBaliav and
NV NEPIUETPO, Ta TeiXN autd anéAnyav o€
akpaioug NUpyoug Npoctaciag Tou Aéva.
[a va yivouv ta teixn nio UokoAa npo-
oBdotua, ol apuvdpevol éotnvay pia ogpd
eunodiwyv, 6nwg ot aAuacideg, 1a unoBaAdo-
ola avaxwpata Kat ot ndooalol. AJUVTIKEG
pnNXxavég Bnwg yepavol eViog TwV TEXWV
Kat uypd nup otig eNaA§elg cupnAnpwvav
v apuvtkh 6dtagn. Ané tnv nAeupd toug
oL entiBépevol xpnatgonotolaav BaAdooleg
eAeNOAELG, 6vaypoug Kat AAAEG UNXavég
NPOCAPHOCHEVEG 0Ta MAOia TOUG yla va
kataBdAouv Tnv Loxupdtatn auth duuva.

i

Siege of sea fortifications

\
\
The elementary protection means of \
a city under naval siege were the sea B
walls. Apart from the towers that were \E‘{_\:
[

protruding from the perimeter, the walls
would end in towers that formed the
entrance of the harbour. In order for the
walls to be inaccessible, the defenders
would form a set of barriers, like chains,
artificial “reefs” and piles. Defending
machines like cranes inside the walls
and “Greek fire” on the battlements
would complete the defenders’ stance.
The offenders would use naval elepolis,
onagers and other war machines adapted
on their ships in order to override the
mighty defense.
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Qpuktwpieg

Ot ppuKtWpieg xpnatponololviay yla TN PETA600N NPOCUHPWVNHEVWY

pnvupdtwy, péow nukvoU KanvouU Katd th Sldpkela tng npépag,

h -npotiudtepa- péow duvathg pAGyag katd tn SLdpkela
Y11 Kopu@£g Bouvav Ktioviav nUpyol (ppUKTWPLa) o€ T
va €Xouv OMTIKA €Nagn pe tnv eNGPEVN ppuktwpia. Xnv
«Ayapépvav» 0 AloxUAoG NepLypd@eL Nwg £pTace n €i6n

g Tpoiag otig Muknveg, péow Twv €EAG HLOBOXIKWV PPUKTWPLWDV:
‘I6n Tpoiag, Eppaiov Ahpvou, ABwg, Mdkiotog EUBolag, Meoadniov Bowwrtiag,

KiBapwv, AyinAayktov Meydpwv, Apaxvaiov Muknvav.

Tng viXtag.

€toleg B€oeLg, wote
Tpaywbia

on NG NTWoNg

Fire beacons (Phryctoriae)

The beacons were used for the transmission of a specif

message through thick smoke (in the daytime) or, preferably, a robust,

concentrated flame (at night). Towers (phryctoria) were
mountaintops, so that they had visual contact with the n

Aeschylus, in the tragedy "Agamemnon” describes how the news of the fall
of Troy arrived at Mycenae by means of these successive beacons: Mount

Ida (south of Troy), Hermaion (on the island of Limnos),

ic, prearranged

built on selected
ext Phryctoria.

X&ptng pe toug
0TaBHOUG-PPUKTWPIESG

nou petédwoav 1o phvupa
g ntwong tng Tpoiag

otig Muknveg.

(Baowopévo: Aadng. 1999. 0.20)

Athos Mount,

Makiston (in Chalkis), Mesapion (across in Boiotea), Kithairon, Aigiplagkton

(in Megara) and from there, directly to mountain Arachnaion (in Mycenae).

MNnyég / Sources:

Map of the successive
beacons that were used
to transmit the message
of the fall of Troy.

Aadng, @. 1999. Anéd g Opuktwpieg otig HopuPopIkEG enkovwvieg, OTE, ABhva.

AwoxUhog, Ayapépvewv. / Aischylos, Agamemnon.
Boukubdidng, lotopiat. / Thucydides, Historiai.

Ewkaotkh avanapdotacn Opuktwpladv
(Baolopévo oe: ox€dlo B. M. Tdolou

kat Qwroypagia and puktwplo oto Apdkavo
Ikapiag - X. Mahaxia, oto AGdng.1999. 0.21)

Artistic reconstruction of Phryctoriae
(based on: drawing T. P. Tassios

and Photograph of a Phryctoreo in Drakano,
Ikaria — Ch. Malachia, in Ladis.1999.p.21)
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YépauAikég TnAéypagog
tou Auwveia (4% ai. n.X)

Méaa o€ éva peyaho doxeio pe vepd, entnAéel
nAwthpag e kataképuen pdBdo ndvw atnv
onoia eival xapaypéva dlapopetika unviparta.

H petddoon evég pnvipatog anattovoe tnv
Unap&n Vo navopoldTUNWY TETOLWY KATAOKEU-
wv. 0 nopndég aviywve avaupévo nupad otav
htav €10log va avoi€el tov kpouvo otn Bdon tou
Hoxeiou. O 6€ktng anavtouoe eniong pe aviyw-
on nupooU. KaBwg 1o vepd £pee adeidlovtag 1o
doxelo, o NAwTthpag KatéBatve péxpt va PrdoeL 1o
enBupNTé Phvupa oto xeihog tou doxeiou, ondte
0 nounég UYwve NAAL Tov NUpad Tou wg ohpa
dlakonng tng pong tou vepou. O 6€ktng €10t
pnopouce va diaBdaoel To pAvupa.

MNnyéc:
MoAuBLog, lotopiat
O{Awv Bulavtvég, Z0viagn Mnxavikhg

Hydraulic telegraph
of Aeneas (4" c. B.C.E.)

Inside a large tank filled with water, a float

is attached holding a vertical rod that bears
incised standardized messages. To transmit

a message required two identical such
structures. The sender signaled with a torch
when he was ready to open the tap at the
bottom of his tank. The receiver would then do
the same. As the water flowed out of the tank,
the float descended until the desired message
reached the top of the tank, at which point

the sender signaled again with his torch that
the receiver should now turn off his tap. The
receiver could then read the message.

Sources:
Polyvios, Historiai
Philo of Byzantium, Mechanike Syntaxis

Y6pauAkég tnAéypagog tou Awveia
og xaAkoypagia tou 18ou at.
(AGZ0¢.1997.6.117)

Hydraulic telegraph of Aineas
as depicted on a copper engraving of the 18th cent.
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TnAenikolvwvieg

To nahaidtepo TNAENIKOWVWVIAKS péaov
htav ta nepotépla*. O Atlavog pvn-
MoveUeL Tov oAupniovikn TaupacBévn,

0 onoiog avAyyel\e tn vikn Tou pe éva
neplotépt otnv natpida tou, Aiywva.
AKOpN, avékaBev gaivetal 6TL Xxpnotpo-
nolouviav HEYAAEG PWTLEG OE KOPUPEG
Bouvav w¢ ohpata ge NPOCUHPPWVNE-
vn onpaaia.

Ot apxaiot’'ENMAnveG npoadppooav

kat e€€NEav péoa petadoong nou
xpnatyonotodviav hdn atnv AvatoAn,
evw avéntugav Kal Kawvotépeg
TEXVOAOYIEG, ONwG 0 UBPAUALKOG KaL O
onTKOG TNAEYPAPOG.

Onwg eival puotkd, ta péoa
nAenikowvwviag énacdav Waitepa
onpavtiké poAo otov NOApo.

*Aavég, Mowkiin lotopia
ABnvalog, AelnvoooPLoTég

Kpuntoypagikég diokog

XpnotponotoUoav €vav otpoyyulod dioko
He 24 onég nou cupBoOAllay o€ oglpd Ta
ypdppata tng aAgaBnhtou.

210 KéVTpO 2 onég dpilav pia vonth
€uBeia nou katadeikvue tn B€on Tou
ypdupatog A h kdnolou GAou,
NPOCUHPWVNHEVOU YPAUHATOG.
TOAwyav éva vhpa otig onég nou
avtigtoixodoav ota ypduuata tou
pnvOpatog Kat €101, EeTUAlyovTdg To,
pnopoUce Kaveig va onuelvel éva-éva
10 YPAUHATA TWV avIioToIXwV 0wV,
avaouvBEtovtag 1o gAvupa.

Aweiag Taktkég, MoAlopkntika
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(Aadog.1997. 0.82)

Telecommunications

The oldest mode of telecommunication
was the pigeon*. Aelianus mentions
the Olympic winner Taurasthenes, who
announced his victory to his homeland,
Aegina, by dispatching a pigeon.
Furthermore, it seems that large fires
on mountain peaks had always been
used as signals with prearranged
meaning.

The Ancient Greeks adapted and
improved modes of communication
that were already in use in the East,
while also developing innovative
technologies, such as the hydraulic
and the optical telegraph.

Obviously, telecommunications

played a particularly important role in
wartime.

*Aelianus, Varia Historia
Athenaeus, Deipnosophists

Cryptographic disc

They used a round disc with 24
openings symbolizing the letters

of the alphabet. In the center, two
openings indicated a straight line that
showed the position of the letter A, or
a previously decided letter. They would
then wind a string around the openings
corresponding to the letters of the
message, so that when unwinding it,
the recipient could write one by one
the letters that corresponded to the
openings, thus reconstructing the
message.

Aeneas Tacticos, Poliorketika
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Ta ouothpata kpuntoypdenong Cryptographic systems were yet
htav eniong évag 1ponog petddoong another way of communicating coded
Kwdlkonotnpévwy PNVUpatwy: messages:

Kpunteia okutdAn Relay transposition cipher
Mpw and kuAwvdpikd EUAo TUAyav A message was written on a fine
Aenth tawvia ané 6éppa, navw atnv strip of leather that was wound
oroia éypagpav 1o yhvupa. around a wooden cylinder.

0 &éktng, yia va daBdoet 10 The person receiving the message,
pAvupa énpene va TuAel in order to read it, had to wind the
v tawvia og §UAo {ong akpBWG leather strip around a cylinder of
Slapérpou. the same diameter.

MhoUtapxog, AUoavdpog Plutarch, Lysander

(Aadog.1997. 0.71)

Mnyég / Sources:

AaQog, X. 1997. TnAenikovwvieg Twv
Apxaiwv EMAvwy, ABhva.

Aadng, ®. 1999. Anéd 1g Opuktwpieg otig
dopupoplkég entkotvwvieg, OTE, ABhva.
Taotog, 6. M. «TnAenkowvwvieg otnv
apxaia EANG6a» oto Apxaia EANAnVIKA
Texvohoyia, uné ékdoon.

Boukubdidng, lotopial / Thucydides,
Historiai.
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Ontkog tnAéypagpog
(Mupoeia) ~200 n.X.

Tov 3° at. n.X., ot aAe€avdpivoi
pnxavikoi Khed€evog kat AnpdkAettog
enwvénaoav tnv «nupaoeia», éva cdotnua
petddoong unvupdtwy pe nupoodg,
o€ peydAeg anoatdoelg. Ta ypdupata
kataxwpouviav o€ nivaka pe 1pdéno
Wote 10 KaBéva va aviloTolxel o€ pia
o€lpd Kat pa othAn. XpnaoLdonoLwviag
dU0 opddeg peydAwyv nupowy, TV
aploTePN yia TIG oeLpég, Kat tn 6e€La
yla TG oThAEG, nopouoayv, Ye cuvbua-
OMOUG avapévay NUpowy, va opicouv
OUYKEKPLHEVO Ypdppa.

MNnyég / Sources:
MoAUBLog, lotopial / Polyvios, Historiai

Optical telegraph
(Pyrseia) ~200 B.C.E.

In the 3" c. B.C.E., Kleoxenos and Demokleitos

from Alexandria invented a system for transmitting
messages at long distances with torches called
“pyrseiae”. The letters of the alphabet were listed on

a table and each letter corresponded to a row and a
column. By using two groups of torches, the left group
indicating the row and the right group the column of
the table, they could define a specific letter through
combinations of lit torches.

"
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AUTOMATA

‘Hén ané tnv enoxh twv Opnpikdv Endv, ol EAAnveG dxt
M6vo ixav eniyvawon tng texvoloyiag aAAd sixav apxioet
va petaxelpifovial TNV 16€a TwV AUTOUATWV, JNXAVIOPWY
dnAadh xwpig eppavég e€wteptkd aitio Ing Kivnong:

0 ‘OAupnog htav yepdtog ané autéuata aAAd Kat atnv
Obuooela eppavidetal éva teAeiwg pounotiko nAoio.
Apydtepa, o AplototéAng S1atinwaoe Pia KOWWVIOAOYLKWG
noAU evblagépouaa outonia, otnpL{OPEVOG OTIG AUTOMA-
TonotnpEVeG Aeltoupyieg: “edv oL pnxaveg, elte eKTEAWVTAg
evioAéG [autéparal eite npoatoBavépeveg [pounort]
pnopouoav va eniteholv 1o €pyo toug [...], téte oL deondreg
dev Ba eixav avaykn ané douloug” (MoAttikd, 1253.6,35).
Kat hpBe npdypatt n enoxh katd tnv EMnviotikn nepiodo
6nou ol'EAAnveg Ba kataokeUalav autdpata, avti gévo va
1a gavradoviat...

At the time of the Homeric poems, the Greeks had already
gained such technological awareness that they even
treated the idea of the automata; mechanisms with no
obvious external cause of movement. Mount Olympus was
full of automata and in the Odyssey there is also mention
of a robotic ship.

Later, Aristotle expressed a sociologically interesting
utopia, based on automatic function: “if machines, after
being ordered [automata] or having sensed [robots], could
fulfill their duties, then rulers would not need slaves”
(Politics, 1253.6,35). And indeed a time came, during the
Hellenistic period, when Greeks constructed automata
instead of only imagining them.




20

30

El yap
BoUvaro Exadrov 1OV dpydvev wedevodiv 7) mpoat-
o2avduevoy drotedsiv 70 avrov Epyov, [7),] @omep ré
daibddov @aciv 3 rods o0 ‘Healsvov rpimodas,
ols @n6w & momri)s avroudrovs Ssiov Svetdair dyd-
va, obrws ai wepuides énépuidov adral xal i
nAiurpa éiSdpidev, o8ty &v e olrs 7ois dpyi-
7éxT061y Dmnperérv, olits 1ois Seomdbrais SoAwy. Ta&
Kty ovv Asydusva Spyava momrine Spyavd fomive
70 8¢ xtijue apawtudv: dmd ptv ydp- s wnepuidos
Erepdv 11 ylvsrar wapd 1y xpiow adris: ano 8& 1ijs

8655t0s ual s uhvns 1 yprnois pdvov.




‘edv ta unxavnpara, gite
Karonv evioAn¢ [autéparal
gite npoaioBavopeva [pounor]
unopouoav va eniteAouv

10 €pyo 10UC |[...],

10T€ 01 6€0MOTEC b€V

Ba eixav avdykn ano 6oUAouc”.

AptototéAng (Mohitikd, 1253.6,35)

“if machines, either

upon being ordered [automata]

or upon sensing [robots],
could fulfill their duties,
then rulers would

no longer need slaves’.

Aristotle (Politics, 1253.6.35]
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Autd 10 autdpato NG EAANVIOTIKAG EMNOXNG

ouvdualeL 6Uo pnxaviopoUg aUTOPATWV:
a) ®idwvog tou Bulavtiou: “AlaAeinouca Kphvn uné Mopghv
Bepanawvidog” ato BiBAiov MNveupatkwy kat Ydpaulikwv Mnxavay,
B) Hpwvog tou AAe§avbpéwg: “Kivntév Autdpatov”
ané 1o BiBAio Mepi Autopatonotntkng.

0 npwt0g unxaviopdg neptAapBAveTal 0To E0WTEPIKO
TOU KoppoU, o b 6eltepog eival evowpatwpévog
0T0 KATW TPAKA TG 00QUOG Tou EUAVOU ayaApatog.

1) ApaipoUpe pia tpoxonédn Kat n Bepanalvig Kiveital npog évav ocuvdartupdva.

H kivnone§aopaliletal xdpig o™ éva avtiBapo, 1o onoio katépxetat apyd

070 E0WTEPLKS Tou aydAuatog. To axotvi nou cuykpatei 1o aviiBapo Tuliyetal

0" évav G€ova, o onoiog avaykddetal va otpagei Kat va Kwvhoel Huo KpUHPEVOUG TPoxoug.
‘Otav 10 avtiBapo @tdoet otov nuBuéva tou doxeiou dnou oAoBaivel,

n kivnon dakéntetal. Twpa, n Bepanawvig éxel nAnoldoel Tov cuvdattupdva kat

elvat €roun va tov Kepdoel kekpapévov ENANVIKAY oivov.

2) Otav o ouvbattupévag tonoBetnaet éva Bapu KUneNo ato (Kpugpiwg apBpwtd)
aplotepd xépL tng Bepanaivibog, o Bpaxiovdg tng otpépetal Kat evepyonolel évav
optZévto “olptn” o onoiog, yAoTpovtag apyd, ENTPENEL aTNV ATUOCPALPIKA NiEan
va €l0€ABeL 0" éva Kpuppévo kAewoTd Hoxeio kpaatou. Tote 1o Kpaai apxidel

va péeL anod tnv olvoxdn tnv onoia Kpatd n Bepanatvig oto €l tng xépL.

Xe Aiyo, KaBwg o oUpTNG ouvexilel va Kiveital, Ba anokAeioel kal NdAL nv eicodo
TOU atpooPalpikoU aépa oto Hoxeio Tou kpaaloU, ondte 10 Kpaoi Ba navoel va péet.
0 aUptng dpwg ouvexidel akdpa va Kiveital, kat 8a enavaraBel tnv {Gla

Sadikaaoia, and éva kAelatd doxeio vepou auth th popd. Téte o ouvdattupdvag

agalpei 10 KUNEMG tou and 1o aplotepd xEpL tng Bepnatvidog, n onoia / _
TWpa ival Toln va KepAaoeL Kat Toug undAotnoug e tov i6lo tpdno. ( ll{ f

s =

KAipaka: 1:1 y
‘Epnveuon / keipeva : Bg0d60ng M. Tédolog =
Ix€dla : MavabAng Koppég

IXedlaopoG - KATaokeuhn ayAaAPaTog Kat pnxaviggou Xeptav : MavaAng Koppég
IxedlaopdG - KATAOKEUA PNXaviogoU kepdopatog : Lnupog Owovopdnoulog
Yxeblaopog - KAtaokeuh pnxaviopoU Kivnong : MavaAng kat Anphtpng Koppég
Enmpéela evbupartog : L0ABla KoutpoUAn

YuMoyn: Mouoeio HpakAeldov / EAABUT
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The moving automated Servant of Philo and Heron

This automaton of the Hellenistic period

utilizes two separate automation mechanisms:
a) Philo of Byzantium: “Intermittent Fountain
in the Form of a Servant” from his Book
on Pneumatic and Hydraulic Machines,
b) Heron of Alexandria: “Moving Automaton”
from his book On Automation.

The first mechanism is placed inside the torso
of a wooden female figure, whereas the second
is attached to the lower part of its back.

The automaton functions in two stages:

1) A break is released and the figure moves towards a symposium
participant. Motion is achieved by means of a counterweight that
descends slowly inside the figure. The rope that holds it winds
around a pivot that is thus forced to turn and give motion to two
hidden wheels. When the counterweight reaches the bottom of the
vessel within which it has been sliding, movement is interrupted. The
Servant has now reached the participant and is ready to offer him the
legendary Greek wine.

o
P 2077

2) After the participant has placed a heavy cup on the left hand of the
Servant, her arm turns and activates a horizontal latch which, sliding
slowly, allows atmospheric pressure to enter a hidden closed vessel
of wine. Wine now pours from the pitcher that the Servant holds in her
right hand. After a while, as the latch is still moving, the air will stop
entering the concealed vessel and wine will no longer flow. The latch,
however, is still in motion and will now repeat the same process, this
time from a closed vessel of water. The participant then removes the
cup from the Servant's left hand, so that she can then pour wine and
water for the other waiting participants.

5=
o

]

B— e o

Scale: 1:1

Inspirations/texts: T.P. Tassios

Design and construction of the statue and the hand mechanism: M. Korres
Study and construction of the serving mechanism: S. Oikonomopoulos
Study and construction of the moving mechanism: M. and D. Korres
Statue outfit: S. Koutrouli

Collection: Herakleidon Museum / EAABUT
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Autépateg noAeg vaol tou Hpwvog
Heron’s automated temple gates

A ¥
KAipaka: 1:1 . , PR
MeAétn: A. KaMyeponouAog AUIO}]GTEC noAeg vaoy tou Hpwvog .
Kataokeun: A. KaMuyepénouhog, B. NikoAAg, M. Baoieladng (Any: B.W. Schmidt, Hpoov Ahe€avbpeic).
YuMoyn: EAABUT Heron’s automated temple gates

(source: B.W. Schmidt, Heron Alexandrinus).
Scale: 1:1

Study: D. Kalligeropoulos
Construction: D. Kalligeropoulos, B. Nikolis, P. Vasileiadis
Collection: EAABUT

210 Bewpnpa 38 twv Mveupatikwy, o' Hpwv neptypdeet tnv autdépatn Asttoupyia Twv NUAWY evog vaou:
«Nao6g kataokeuadetal, €10t ote POALG avayel pwtid o Bwpd nou Bpioketal otnv €ioodd tou Kat yivel Buaia,
ol népteg Tou vaou va avoiyouv autopata, Kat HOALG oBhaeL n pwtid ndAL va kKAgivouv». L1o pnxaviopé autd o
"Hpwv a&lonotei tn StaatoAn tou Beppawvéuevou aépa katw and tov Bwud. H nieon tou aépa wbel 1o uypd and
éva 0taBepd o éva Kivntd doxeio. Ltn ouvéxela, evepyonoteital éva cUatnpa TPoxaAliyv Kat aviiBapwy yla tnv
NePLOTPOPH TWV NUADV Tou vaol.

«A temple is constructed such that as soon as a fire is lit on the altar before it, and the sacrifice is made,

the doors of the temple open automatically; and as soon as the fire is quenched, they close again» (Heron,
Theorem 38, Pneumatics). In this mechanism, Heron exploited the expansion of air heated beneath the altar.
The pressure of the air forces a liquid to move from a fixed vessel into a movable one, after which a system
of pulleys and counterweights is activated to pivot the doors of the temple.
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To kwvnté autépato tou Hpwvog
Heron’s mobile automaton

KAipaka: 1:1 Scale: 1:1

MeAétn: A. KaMiyepénouAog Study: D. Kalligeropoulos

Kataokeun: A. KaMiyepénouAog, B. NikoAAg, 1. Baot\etddng Construction: D. Kalligeropoulos, B. Nikolis, P. Vasileiadis
YuMoynh: EAABUT Collection: EAABUT

To opoiwpa Tou KivntoU autopdtou 1ou Hpwvog éyve pe BAon LG SLa0TACELG KAl TIG aVAAUTIKEG MEPLYPAPES
nou nepLéxovtat oto £€pyo Tou «Autopatonotntikhx». Tnv Kvnthpla evépyeta npokaAel n otadlakn ntwon evéeg
MoAUBSWvou Bdpoug, cuvbedepévou pe Tov KIVNTAPLO TPoXE pEow evdg oxovioU. O Npoypappatiopég

TWV KIVAGEWY TOU pnxavigpgoU, aA\d Kat Twv PEPWV Tou, Ynopei va yivel ye auvbuaopoug 6e€ldotpopwv h
aplotepdotpoPwv NepLeAi§ewy tou oxowiol yUpw ané tov Kvnthplo agova.

The model of the mobile automaton was made on the basis of the dimensions and detailed descriptions
given by Heron of Alexandria in his «Automatopoietike». The motor force is provided by the gradual fall of
a lead weight, attached through a rope to the rotating axle of the wheels. The movement of the automaton
as a whole but also of each of its individual parts separately can be programmed according to a pattern of
clockwise or counterclockwise winding of the rope around the corresponding rotating axle.
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with wine vessel

To kvnt6 autépato tou Hpwvog with milk

(nnyn: A. KaNyepénouhog).

Heron's moving automaton
(source: D. Kalligeropoulos).
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Autépartog keppatodéktng
Automatic slot machine

KAipaka: 1:1 Scale: 1:1

MeAétn: A. KaMyeponouAog Study: D. Kalligeropoulos
Kataokeun: M. KotoapnaodyAou Construction: M. Kotsabasoglou
YuMoyn: EAABUT Collection: EAABUT

0 keppatodékng htav TonoBetnpévog pnpootd and évav vad kat npdoPepe ayiaopa pe T piyn KEPUATOG,.
Anoteleitat and pa {uyapld, 1o éva tdot TG onoiag 6éxetal 1a kEpuata nou pixvouv ot notol. To AAAo tdaol sival
ouvdedepévo e KwVIKG NAwThpa, BuBlopévo oe de€apevh yepdtn vepd. Otav néoel 10 kKépUa, n Kwvikh BaABida
avoiyel ottyplaia aghvovtag va peUoel Uikpn noadtnta vepou (to «ayiaopa») oto dANo GKpo Tou Jnxaviauou.

The automatic slot machine was placed in front of a temple and dispensed holy water with the insertion

of a coin. The mechanism includes a scale: one pan receives the coin, whereas the other is connected to

a conical floater sunk into a small tank filled with water; when the coin is tossed in, the conical valve opens
temporarily, allowing a small quantity of water to flow from the other end of the mechanism.
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PGOpion otabung uypol katd tov Pidwva
Philo’s liquid level regulator

PUBpon o1d8ung uypou
katd tov Oidwva,

pe ubpaulikn BaABida
(nnyn: A. KaMuyepénouhog).

Philo’s liquid level regulator
with hydraulic valve
(source: D. Kalligeropoulos).

KAipaka: 1:1

MeAétn: A. KaMuiyepénouAog

Kataokeun: A. KaMuwyepdnouAog, B. NikoAng, 1. BaotAetadng
YuMoyn: EAABUT

PUBpton otdBung uypou katd tov KinaiBlo,

Scale: 1:1 Y ; A p

Study: D. Kalligeropoulos He Kwviké mAwthpa (nnyn: A. KaMiyepdnouAog).
Construction: D. Kalligeropoulos, B. Nikolis, P. Vasileiadis Ktesebio's liquid level regulator

Collection: EAABUT with conical float (source: D. Kalligeropoulos).

0 ®idwv o Bulavtiog enwvonoe nepi 1o 250 n.X ougkeuh puBIong otdBung uypou, avtiotolxn autng tou
udpauAkoU wpoloyiou Tou KtnaiBlou. Méow piag udpaulikng BaABidag o idwv e€aopdAioe tnv autduatn
Aettoupyia evog kpouvoU, nou aupnAhpwve vepd og éva KUNeANo, kaBe popd nou kanotog apaipodaoe and
auté plav oplopévn noodtnta.

Philo of Byzantium created, ca. 250 B.C.E., a liquid level regulating mechanism, after Ktesibios’ hydraulic
clock. A hydraulic valve ensures that each time some liquid is removed from the vessel, it is automatically
refilled to the original level.
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Mnxavikoi tng AAe§avépiving ZXoARg
The Engineers of the Alexandrian School

Tuhpa nandpou. To nalatétepo owlépevo Keipevo and ta Zroweia tou EukAeidn S TR &
Papyrus fragment. The oldest existing text from Euclid’s Elements EPATOZBENHYX | ERATOSTHENES

"KdBe popd nou akoUue ekkAnalaotikd épyavo 1 BAEnoupe pta KoxAwwtr aviAia o€ xpnaon,

0 voug pag ndet otnv Axe€dvépela” - J. Rodenbeck

H AAe€avdpeta 15pUBnke 10 331 n.X. and tov Méya AAé€avdpo, yia va avadeixBei g pntpdénoAn tou
EMnvopwpaikoU noAttilopod, 1oétipn g ABAvag kat ting Papng. Katd tnv eMnviotikh nepiodo, n eANAnvikh
nveupatkn napddoon, n KOGUOMOAITIKN LOTOPLIKA CUYKUpia o ouvduaoud e TNV ePnveucpévn xpnyatoddétnon
TwV otV anéd toug EAMnveg nyepdveg tng Atydntou, katéotnoav tnv AAe§dvdpela povadikd kévipo
TEXVOAOYLKWV EPEUVV KaL EQApHoywV. Evieiktikd pvnpovelovtal €8, pepikol and toug npwtonépous
pnxavikoUg tng nepipnung AAe€avdpivig IXoANG TG texvoAoyiag.

“Whenever a pipe-organ is played or an Archimedean screw is used,

we think of Alexandria” - J. Rodenbeck

Alexandria was founded by Alexander the Great in 331 B.C.E., and became the metropolis of the
Greco-Roman world, equal to Athens and Rome. During the Hellenistic period, the Greek intellectual tradition,
the cosmopolitan environment, together with the enlightened sponsorship of science offered by the Greek
kings of Egypt, made Alexandria a unique centre of technological research and application. Some of the
pioneering engineers of this “Alexandrian School” of Technology are indicatively presented below.
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APXIMHAHZ (287-212 n.X.). Tevvnpévog 011G
Yupakouoeg, onoudace atnv ANe€avdpela Kkat
KPATNOE NPOOWNIKEG OXETELG PE TOUG
enothpoveg tou Mouaeiou. Epnipe h BeAtiwoe
onpavikd toug yepavoug, ta udpaulika wpoAdyta,
LG avtAieg vepoU, ta katontpa avagAegng, K.4.
Eixe eniong BepeAiddn cupBoAn atnv Entothpn
g Bewpnukhg Mnxavikng.

H nepipnun AéEn «<EYPHKA», tnv onoia avagpwvn-
o€, 6Nw¢ PnpoAoyeital, 6tav avakAAuye tnv apxh
g dvwong, anoteAei Tov Aoydtuno tng €kBeong.

KTHZIBIOZL (285-222 n.X.). Dépetal wg o Wputng
NG «0X0AAG». Epeupéoelg: YopauAikd wpoAdyto,
S6IKUALVEpN avtAia, U6pauALg, agponveupatikd 6nia
KAn. To BiBAio tou YnopvApata Mnxavikd dev
6laowbnke. Ta épya tou dpwG Pvnpovedoval
Aentopepwq an’ tov BitpoUBLo, tov ABAvato, tov
OiAwva tov Buldvtio, K.4.

EPATOLBENHL (276-194 n.X). Znoubdaose otnv
ABnva kat tn guvéxela NPooKANBnKe and tov
Baaow\a MroAepaio tov 3o tov Eugpy£tn va ieuBivel
v BiBA0BAKN tng AAe€avdpelag, 6mou éuelve
péxpL o TEAOG TNG (WG Tou. BepeNiwag Ty
enothpn tng lewypagiag kat eivat yvwaotdg wg o
NPWTOG MOU UMOAGYLOE TNV NEPLPEPELD TNG YNG HE
Baupaoth akpiBela.

®IAON o Budvtiog (260-180 n.X.). MaBntnhg tou
KtnoBiou. Zuvéypaye evvéa BiBALa. Meptypapel
KaTanéAteq, olpwveg, autdpatoug unxaviopoug K.4.,
He entotnpovikh akpiBeta.

HPON o Ahe€avopedg (1°¢ at. n.X). Zuyypagéag

16 BBAiwv (ta 10 owovtal nAhpwd) kat Aapnpog
S16adaokahog Betikwyv entatnpwv atnv AAe€avdpela.
Ta Mveupatkd kat Autopatonotntikn Ba eivat yla
noAAoUG alveg 1o Baotkd eyxelpidlo o” 6Aov tov
KOopo.

ARCHIMEDES (287-212 B.C.E.). Born in Syracuse,
he studied in Alexandria where he maintained long
personal friendships with several scholars of the
Musaeum. He created, or substantially improved,
various inventions such as cranes, hydraulic clocks,
water pumps, destructive mirrors (to burn ships
attacking Syracuse), etc. He also made fundamental
contributions to theoretical mechanics.

The logo of this exhibition is his well-known
exclamation "EUREKA!" (Greek “ebpnka”, meaning
“I have found it!"), purportedly shouted when he
discovered the principle of buoyancy.

KTESIBIOS (285-222 B.C.E.). He is considered

the founder of the “School”. Inventions: Hydraulic
clock, double piston pump, hydraulis, pneumatic
weapons, etc. His book Memoranda Mechanika has
not survived. His works, however, are mentioned in
detail by Vitruvius, Athenaios, Philon of Byzantium,
and others.

ERATOSTHENES (276-194 B.C.E.). He studied in
Athens and was consequently invited by King Ptolemy
Il Euergetes to direct the Library of Alexandria where
he spent the rest of his life. He is the founder of the
discipline of Geography and is well known for being
the first to calculate the circumference of the earth
with remarkable accuracy.

PHILON of Byzantium (260-180 B.C.E.). Pupil of
Ktesibios. He wrote nine books describing catapults,
siphons and automata with scientific precision.

HERON of Alexandria (1°c. B.C.E.). He wrote 16
books (10 have been completely preserved) and was
a brilliant teacher of exact sciences in Alexandria.
His Pneumatics and Automata will remain for

many centuries to come the basic manuals used
throughout the world.

75



0 MHXANIXMOx
TQON ANTIKYBHPQN

THE ANTIKYTHERA
MECHANISM

0 Mnxaviopdg twv AviikuBhpwy htav évag avaioyl-
KOG UMOAOYLOTNG EKMANKTIKNG TEXVIKNG LKavOTNTag.
Kataokeudotnke nptv ano 2.000 xpdvia kat pnopouoe
va unoloyioel pe akpiBela tn B€on tou HAou, TNG
oeNAVNG Kal evOEXOPEVWE Twv MAQVNTWY OTOV 0UpPa-
V0. YnoAdyLle Ti¢ pdoelg tng oeAnvNG, NPoéBAENE TG
eKAelyeLg 000V TNG oeAAVNG 6G0 Kal Tou Ao, EVAD
npoobiopLle TiG npepopnvieg Katd tig onoieg die€dyo-
viav ot OAupniakoi Kat oL GANOL «ZTEPAVITEG» ayWVEG.
YT1G NOPTEG KaL OTLG ECWTEPLIKEG NPOGBLEG Kal onioBleg
ENPAVELEG TOU £PEPE AOTPOVOUIKEG, YEWYPAPLKEG Kal
TEXVIKEG EMLYPAPEG, OAEG YPAUUEVEG E EAANVIKOUG
XapaKTNpeG. To UYog TwV NEPLOGOTEPWV YPUHHATWY
eivat petagu 1,5 kat 2,5 mm. Xdpn ot KavotopEG
EPEUVNTIKEG TEXVLKEG, AUTA Ta KelJeva, Nou napépe-
vav Kpupa yla neplacdtepa and 2.000 xpovia, Exouv
nAéov daBaotei (nepinou 3.400 ypdupata).

O pnxaviop6g neptBarétav and EuAwvn Bhkn
Slaotdoewy 30 x 20 x 10 ekatoatwyv nepinou, Aiyo
peyalUtepn 6nAadn and €va alyxpovo gopntod umno-
Aoyloth Kat nepleixe touhdxiotov 30 GUUNAEKOPEVOUG
oboviwToug 1poxolq. Xtnv eunpdaBla dyn épepe 6Uo
OMOKEVIPOUG KUKAOUG JE EYXAPAKTEG UNOOLALPETELG
ToU KaBéva ae nPEPEG NALAKOU Kal oeEANVIaKOU £T0UG
Kat otnv onicBa éyn, 600 eyxdpaKteg eAKOELDEIG
oneipeg, n pua yia tnv NpoBAeyn twv eKAiyewV Kal n
deltepn, Kataypapng twv GEANVIOKWY JNVWY .




Educational Model of Antikythera
Mechanism, Scale 3:1
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The Antikythera Mechanism was an analog computer of astonishing technical capacity. It was constructed
2,000 years ago and could accurately calculate the position of the sun, the moon and possibly the

planets in the sky. It calculated the phases of the moon, predicted eclipses of the sun and the moon and
determined the dates on which the ancient Olympic and the other “Crown” games (called “Stefanites”)
were held. On its covering plates and on its interior front and rear surfaces it bore astronomical,
geographical and technical inscriptions, all written in Greek characters. The height of most of the letters

is between 1.5 and 2.5 mm. Thanks to innovative investigative techniques these texts, lost for more than
2,000 years, have now been read (about 3,400 letters).

The mechanism was enclosed in a wooden case with dimensions approximately 30 x 20 x 10 cm, a bit
larger than a modern laptop, and contained at least 30 cooperating gears. It had a double circular dial on
the front surface and two helical spiral dials on the rear surface.
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H evdAwa avackagpn

lwdvvng Zewpaddkng |  Kupldkog EuotaBiou | MaydaAnvih Avactaciou

To 1900 Bp€BnkKe 0TI aKTEG TwV AviikuBhpwy éva apxaio vaudylo and Xupiakoug opouyyapddeg. Ai-
Yyoug pnveg apyotepa n Apxatohoytkn Ynnpeoia Eekivnoe pla o€ipa cUOTNHATIKWY EVAALWVY avaoKapwy,
Katd tn 6idpkela twv onoiwv avacgipBnkav onpaviikd euphpata, 6nwg yla napadeypa o nepipnpog
‘EpnBog twv AvtikuBhpwyv, moA\G ané ta onoia ektiBevial ato EBviké Apxatohoyiké Mouaeio otnv ABh-
va. Avdpead toug htav Kat 0 Mnxaviopég twv AvitkuBnpwv, o onoiog, taBpwpévog, KOUPaTlaopéVoq
kat anoAilBwpévog nAéov petd and 2000 xpdvia ato BuBS tng BAhacoag, éueAAe va aAAGEEL Tn yvaun
Mou €iXape JEXPL OAPEPA YLO TLG TEXVOAOYIKEG LKAVOTNTEG TwWV NPOYOVWY HAG.

Ané vopioparta (tng Mepydpou), 1o vaudylo xpovoloyeital petagu 85 kat 67 n.X. And ypa@oAoylkég
peAéteg unoAoyiotnke 61t 0 Mnxaviouég eixe kataokeuaotei, nio vawpig, to 150 éwg 100 n.X.

Tov lodvio 1976 die€nxBnoav véeg avaoka@ég and tnv opdda tou Zak YB Kouotw, n onoia épepe
0T0 QWG VEa apxatoAoylkd aviikeipeva. Tov ZentéuBplo tou 2014 pua 61eBvhg opdda apxatoAdywv
KataduBnke ato vaudylo, avacUpoviag HEPLKA VEQ aVTIKEIPEVA Kal oUVEXLOE e €1G BABog Baldoaleg
avaokagEg katd 1o 2015 kat 2016. AvaocUpBnkav NoAANG onpaviikd eupnpata, kKavéva Opwe nou va
oxetiCetal ye tov Mnxaviopo twv AviikuBhnpwy.
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The underwater excavation
John H. Seiradakis | Kyriakos Efstathiou | Magdalini Anastasiou

On April 4th 1900, at Pinakakia on the Greek island of
Antikythera, an ancient shipwreck was discovered by
Symiot divers who announced their discovery to the
Minister of Education, Spyridon Stais, on November éth
of that year. On November 24", the archaeological service
started a series of systematic underwater excavations,
during which important findings were retrieved, such as
the Antikythera Youth, other statues (or parts of statues),
jewelry, glassware, ceramics, marbles, coins and
pottery. These artefacts are now displayed in the National
Archaeological Museum in Athens. The divers continued
their work until autumn of 1901.

Among the discoveries was the Antikythera Mechanism,
which, although corroded, fragmentary and calcified,
after 2,000 years at the bottom of the sea, has changed
forever our earlier held opinions about the technological

capabilities of our ancestors.
e

=Y
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According to the coins from Pergamon, the shipwreck is o
dated between 85 and 67 B.C.E. After some graphological

“ studies however, it was determined that the Mechanism
“ was constructed earlier, around the 2" c. B.C.E. . =

-;:: Later excavations at Antikythera were held in June of
S 1976 by Jacques Yves Cousteau’s team, which brought P‘ ’(, :
“A to light new archaeological objects. In September of ;W ’

2014 an international team of archaeologists dived in the Wit i
shipwreck, retrieved a few new things and continued N & ' ®
with in-depth marine excavations during 2015 and 2016. '
Several important artefacts were found, none, however,
associated with the Antikythera Mechanism.

g~
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"Eva apxaio npuepoAdylo

O Mnxaviopég twv AvitkuBnpwy €pepe 600
eAkoeldeic oneipeg otnv niow empdvela. H
Katw aneipa xpnoipeue atnv NpdBAswn ekAei-
Yewv Kal ixe 4 neplelifelg pe 223 unobiat-
PECELG, MOU avTlatolxoUv aTouq 223 PNveG NG
nepLédou tou Xapog.

H ndvw oneipa €ixe 5 nepiei€eig pe 235
unodLalp£€oelg, Mou avilotoxouv otoug 235
MAVEG TG NepLddou tou Métwva, o onoiog
€ixe unoloyioel A1l 010 XpPOVIKO auto didotnua
n ZeANvn enavépxetal atov i6lo onpeio Tou
oupavou pe tnv ida pdon. g unodialpéoelg
NG oneipag ntav xapaypéva, pe eEaLpeTKn
éxvn ta apxaia ovépata 12 ynvav, ta onoia
enavaAapBdvoviav péxpl va cupninpwBolv
kat ot 235 pnveg (19 €tn). Ta ovopata autd ta
ouvavtoUpe Kupiwg og noAelg ing BA EAAGSag
kat ato Taupopévio TG ZIKEAIAG.

An Ancient Calendar

The Antikythera Mechanism bore two helical
spirals on its rear surface. The lower spiral
was used for the prediction of eclipses and
had four windings with 223 divisions, which
correspond to the 223 synodic months of the
period of Saros (= 6585.3 days or 18 years,
11 days and 8 hours). A synodic month is the
time between new moons (29.53 days). Saros
is used to predict the eclipses of the sun and
the moon: when two eclipses are separated
by a period of one Saros they have a very
similar geometry.

The upper spiral had 5 windings with 235
divisions that correspond to the 235 synodic
months of the Metonic cycle. Meton of
Athens, an ancient astronomer, calculated
that in this period of time (235 synodic
months =~ 19 years) the moon returns to the
same point in the sky and has the same
phase. Ancient names of the twelve synodic
months were engraved on the divisions of
the spiral and repeated until all 235 months
of the Metonic cycle were completed.

These names are mainly found in cities of
Northwestern Greece.

NAMES oF THE TWELVE $YNoA|c MoNTHS

$0INIKAIoYX KPANEIOX AANOTPoMIoY MAXANEYL ARAEKATEYL EYKAEIoOX
APTEMIXIOY YYAPEYL I'AMEAIOXY ATPIANIOEL MMANAMOY ANMEAAIOL
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Ou oteaviteg aywveg
lwdvvng Zewpaddkng |  Kupldkog EuotaBiou | MaydaAnvih Avactaciou

0 deiktng TNG pIKpNG KAlpakag, n onoia Bpioketal evidg ng
ndvw e\ikogldolg oneipag, €6€xve 10 £10G TEAEONG TWV

apxaiwyv EMNVIKWY aTepavityv aBAnTikwy aywvwy. Mept- Iy

PEPLKA TNG KAlpaKag €xouv avayvwaoBei ot Aé€eig OAYMITIA, 7t

MYBIA, IZBMIA, NEMEA kat NAA, evdd eowTepIkd, o€ KGBe WN\F¢
TETAPTNUGPLO, avaypdpovial Ta £Tn ToU TETPAEToUG OAUML- K7/
akoU KUkAou. OAot oL napandvw aywveg htav oteaviteg
aywveg, dnAadn ot vikntég BpaBeUovtav pe éva otepavt.

The Crown Games
John H. Seiradakis | Kyriakos Efstathiou | Magdalini Anastasiou

The pointer of the small dial, located inside the upper helical spiral, showed the year when the ancient Greek
athletic games were held. Around this dial the words OAYMIIA, MYBIA, IXBMIA, NEMEA, NAA and AAIEIA
have been read, while the year-numbers of the four-year Olympic Cycle are written in each quadrant in its
interior. The words refer to the names of the games-Olympia (in Peloponnese), Pythia (at Dephi), Isthmia

(at Corinth), Nemea (south of Corinth) , Naia (at Dodona) and Halieia (at Rhodes). The first four were called
Stefanites in ancient Greece, which means that the winners were awarded wreaths (stefani).

=
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Ot oboviwroi tpoxoi

lwdvvng Xepaddkng |  Kupldkog EuotaBiou |  MaybdaAnvi Avactaciou

0 Mnxaviopég twv AviikuBhpwv nepleixe touldxiotov 30 ouvepyaldpeva ypavadla kat pepLkoug dei-
KTEG. TN YNpPooTvh enpavela Epepe U0 OPOKEVIPEG KUKALKEG KAIpaKkeG. H e€wtepikn ethola kKAipaka
€ixe 365 unodlalp€aoelg Kat ta ovopata Twv 12 pnvav otny Atyuntiakh yAwooa pe eANAnvikoUg xapa-
Kthpeq. H eowtepikn kAipaka eixe 360 unodialpéaclg kat ta ovopata twv 12 {wdLaKwV aoTEPLOHWV.

0 xelplothg, neplatpépoviag éva atpdpalo, £€61ve Kivnon atoug odoviwtoUg tpoxoUg oL omnoiot otn
pnpooTvA enpavela kKivouaav 8Uo beikteg nou £dexvav tn B€on tou HAou Kat tng ZeAAvng. Kdtw
and v e€wtepikn (eTnota) kKA{paka, n ornoia Ntav anocnwpevn, unnpxav 365 onég. Kabe t€éaoepa
XPOVLa 0 XELPLOTNG HNopoUaE va TNV anoondoel Kal va th Jetatonioel katd pia onn, AapBdvovrag €10t
unéyn ta dioekta €tn. 10 deiktn Tng LeAAVNG hTtav NPOCAPHUOCTHEVO HE Pia Kopwva €va NEPLOTPEPOS-
pevo agalpidlo mou €6€Ixve TLG PATELG TNG LEAAVNG.

H kivnan tng ZeAhvng ev eivat KUKAIKN aAa eNAentikh. H 816pBwaon wg npog tnv avwpaAia nou
npoépxetat and v €KKevipn tpoxtd g yUpw and tn 'n ywvétav pe tn BonBela 6Uo kkevipwy
060VIWTWVY TPOXWV, ot d€oveg twv onoiwyv aneixav 1.1 mm. O kdtw tpoxdg eixe pia akida (neipo) n
onoia odnyoUae tov Ndvw 1poxd eunAekOpevn o€ pla oxtopn tou. Etol o ndvw tpox6g ekteAoUoE Hia

€NKUKALKA Kivnaon, n ywviwdng taxdtnta tou onoiou napakoAouBouUaoe tnv Kivnon tng LeAAvNg atov
oupavo pe MoAU peydAn akpiBela.

ZODIACAL CONSTELLATIONS AND ANNUAL CALENDAR
PARAPEGMA

PHASES OF MOON
CALENDAR POINTER . lisee— POSITION OF MOON

23 b1

c1

} d1
,g?

KALLIPOS PERIOD CROWN METON’S PERIOD EXELIGMOS
(4 X METON - 1 DAY) GAMES (HELIX OF 5 SPIRALS) (HELIX OF 4 SPIRALS) (3 X SAROS)

CALENDAR ECLIPSE PREDICTION
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The Gears
John H. Seiradakis | Kyriakos Efstathiou | Magdalini Anastasiou

The Antikythera Mechanism contained at least 30 cooperating gears and 7 pointers. On its front
surface it bore two concentric circular dials. The outer annual dial had 365 divisions and the names
of the 12 months in the Egyptian language with Greek characters. The inner dial had 360 divisions
and the names of the 12 zodiacal constellations. The operator, by turning a knob, gave motion to the
gears, which moved two pointers that showed the position of the sun and the moon on the inner
dial. Underneath the outer (annual) dial, which was removable, there were 365 holes. Every four
years the operator could take it out and move it back by one hole, thereby taking into account the
leap years. On the pointer of the moon a rotating spherule, painted half black (for new moon) and
half white (for full moon) displayed the changing phases of the moon.

The orbit of the moon around the earth is not circular but elliptical. The correction regarding the
differential (not constant) motion of the Moon that originates from its eccentric orbit was simulated
with the help of two gears, the shafts of which differed by 1.1 mm. The lower gear had a pin, which
moved the upper gear by engaging in a slot. In that way the upper wheel was performing an
epicyclic motion, the angular velocity of which was following the movement of the moon in the sky
with great accuracy.
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Kawvotopeg 1exvikég diepedvnong

lwdvvng Zewpaddkng | Kuptdkog EuotaBiou | Maybainvih Avaotaciou

Tov ZentéuBpto tou 2005, T0 THAKA £pEUvag NG
Hewlett-Packard (HP Labs, KaAwpopvia) éotelhe
otnv ABnva TtpeLg EL8IKEUPEVOUG EMLOTARIOVEG OL
onoiol kKatéypayav, aképa Kat oxedév aBnopéva
Kelpeva Kat AMeG AenTopépELeG TNG ENLPAVELAG
10U Mnxaviopou, e Tov MPWToNopLaKd PNXaviopd
ynelakng aneikéviong PTM Dome. Ta Bpadouata
pwtoypa@nBnkav and 50 SLaQopETIKEG KaTEU-
BUvoelg, €101 WOTE apyOTEPA XPNOLUOMOLWVIAG
NAEKTPOVIKOUG UMOAOYLOTEG Katéath duvath n
HEAETN TwOV AENTOUEPELWV TNG ENPAVELAG TOUG
aKOpa Kat 6tav auté dev Ntav eudLAKPLTEG Kal JE
10 KaAUTEPA oUOTAPATA CUMBATIKAG KAl YnPLaKAG
pwrtoypdenang.

Tov OktwBpLo tou 2005 epydotnke oto EBvikS
Apxatohoyké Mouaeio nohupeAng opdda tng tat-
peiag X-Tek, oxedidotplag tou npwrtondépou topo-
ypdgou Blade Runner, Bdpoug 8 1évwy, peyiotng
1doewg 450 kVolt kat Slakplitkhg kavotntag evog
€1K0oTtoU toU X1AloaToU (50 um). Ot piodidotateg
€LKOVEG NMou npoékuyayv étav ta Bpadopata Tou
apxaiou Mnxaviopou e€etdotnkayv e Tov unep-
0oUyXpovo TopoyPApo anoKaAUnTouv eNtypapes
KOl INXaVIKEG AENTOUEPELEG TOU E0WTEPLKOU TOU,
oL oroieg napépevav KpUpUEveG atov BuBo tng
B8dAaooag twv AviikuBhpwy neplaadtepo and 6Uo
XI\Adeg xpovia.

Innovative Investigative Techniques
John H. Seiradakis | Kyriakos Efstathiou | Magdalini Anastasiou

In September of 2005, the research department of
Hewlett-Packard (HP Labs, California) sent three
specialized scientists to Athens who recorded the
text and other details inscribed on the surface of
the Mechanism (that had been almost erased after
2,000 years in the bottom of the sea), using an
innovative imaging technique called Polynomial
Texture Mapping (PTM) Dome. Using this dome, the
fragments were photographed from 50 different
directions so that subsequently, using computers,
even tiny details of their surfaces, which until then
had not been distinguished by the best systems of
analog and digital photography, could be studied.
In October of 2005, a large group of scientists and
technicians of the British company X-Tek, based

in Tring, Hertfordshire, came to the National
Archaeological Museum. X-Tek designed and

built a unique, high penetrating power, 450kV,
high resolution (one twentieth of a millimeter — 50
pm) X-ray Computed Tomography (CT) System,
called, “BladeRunner”, solely to research the
Antikythera Mechanism. Modern Computed
Tomography creates three-dimensional (3D)
images of the interior of an object. The 3D images
that were created from the fragments of the ancient
Mechanism were examined, using mathematical
algorithms and powerful computers, revealing
inscriptions and mechanical details of its interior
that had remained hidden at the bottom of the sea
at Antikythera for more than 2,000 years.
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‘Epeuva AvukuBhpwv : ' : B

H Epopeia Evaliwv Apxatotntwy die§dyet

and 1o 2013 pwa véa pdon €peuvag 610 vau-
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Opowwpara tou MnxaviopoU twv AvtkuBhpwv
Models of the Antikythera Mechanism

KAipaka 3:1

MeAétn kaB. K. EuataBiou, kab. |. Zelpaddkng,

A. MnatolakoUAng, M. EuotaBiou, Ap. M. Avactaaiou,
Ixedlaopég Kat kataokeuh: 3D Solidforms pe tn xphon

HE 10 EMINVIKNG KaTtaokeuhg ouathpata laser tng Steelburner
Copyright @ 2017 pe tnv enipUAagn naviég vopipou
Sikawdpatog 3D Solidforms

Scale: 1:1
Scale: 3:1 Construction: D. Kriaris
Research: Prof. K. Efstathiou, Prof. J. H. Seiradakis, Renovated by: Navarino models
A. Basiakoulis, M. Efstathiou, Dr. M. Anastasiou
Design & Construction: 3D Solidforms powered Khipaka 1:1
by the Hellenic made Laser systems Steelburner Kataokeun: A. Kpuapng,
Copyright @ 2017. All rights reserved by 3D Solidforms MapepBaoeig anokardotaong: Navarino models

Mpdkettal yia éva NAApwG AETOUPYLKOG, HeYAANG KAIMAKOG
opoiwpa, eknadeutikoU XapakiNpa, KATAOKEUATHEVO
Kupiwg and diapavh UAKA.

This is a large scale fully operational as the prototype
didactic model, made mostly of transparent materials,
such as Plexiglas.
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Axktvoypaepieg tou
MnxaviopoU twv AviikuBnpwv
Radiographs of the
Antikythera Mechanism

Avtiypaga twv aktvoypaplwyv (yappaypaplov
Kat aktivewv X) Tou pnxaviopoU, and tov
Xapahapno Kapdkalo katd tn Sldpketa ing
ouvepyaaoiag tou Ye tov Price (1971-1974).

Ou aktvoypapieg anewkovidouv tnv aAnAouxia
TWV E0WTEPLIKWV OTPWHATWY TOU pnxaviopou.
Ta npwtdtuna apxeia eupiokovtal ota xépla TNG
K. I A. Kapdkalou.

Copies of the radiographs (Gamma and X rays)
of the mechanism made by Charalambos
Karakalos during his collaboration with

Price, 1971-1974. The radiographs show the

progressively deeper layers of the mechanism.

Original archive G. A. Karakalos.

Ta npwipa opoiwpata
61a xelpog D. Se Solla-Price

The early models
made by D. De Solla-Price

* H npytn npoondBela avanapdotaong tou pnxaviopou,
6nw¢ kataokeudotnke and tov Price katd tn dekagtia Tou
1950. Ze ekeivn tnv npoondBela, o Price xpnotponoinoe
XaptéviL Kat éva Kouti noUpwv.

* To BpaBeio Da Vinci nou anovepnBnke otov Derek de Solla
Price 10 1976 ané tnv Society for the History of Technology.

e Avtituno tou BiBAiou Gears from the Greeks ané tnv npwin
ékboon tou 1974.

e The first reproduction of the mechanism constructed by
Price of cardboard and a cigar box during the 50s.

e The Da Vinci prize that was awarded to Derek de Solla
Price in 1976 from the Society for the History of Technology.
e A copy from the first edition (1974) of the book “Gears from
the Greek”.

‘OAa ta napandvw €xouv dwpnBei and tnv

otkoyévela Price ato Mouagio twv HpakAedwv.

Donated to the Herakleidon Museum
by the Price family.
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Opotwpata tou MnxaviopoU twv AvtikuBnpwy
Models of the Antikythera Mechanism

88

KAipaka: 1:1
YLuMoyn: Mouoeio HpakAetdwv

Scale: 1:1
Collection: Herakleidon Museum

Avanapdotacn tou Pnxaviopou, 6nwg
oxedidotnke and tov Price, kataokeuaopévn
ano Plexiglas katd tn 6ekaetia tou 1980.
Awped tng olkoyévelag Price ato Mouaeio
TwVv HpakAedwv.

Reproduction of the mechanism as designed
by Price, made of bronze and plexiglas
during the 80s. Donated to the Herakleidon
Museum by the Price family.

KAipaka: 1:1
Kataokeunh: R.J. Deroski
YLuMoyh: Mouagio HpakAeldwv

Scale: 1:1
Construction: R.J. Deroski
Collection: Herakleidon Museum

H nptn ané pia oglpd avanapactdoswy

TOU pnxaviopoU nou kataoekUaoe o

R.J. Deroski yia tov Price pe Plexiglas

Kat pnpoutdo, 1o 1978. Awped NG OlKoYEVELaG
Price ato Mouogio twv HpakAelbwv

The first of a series of reproductions made
by R.J. Deroski for Price in 1978, of bronze

and Plexiglass. Donated to the Herakleidon
Museum by the Price family.
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Antopevol diokot tou Aplatotéloug (3* at. n.X.)
The tangent discs of Aristotle (3 c. B.C.E.)

MeAén: 6.11. Tdolog
Kataokeun: |. Mavvénouhog
ZuMoyn: EAABUT

Study: T.P. Tassios
Construction: |. Yannopoulos
Collection: EAABUT

Ouoiwpa otnptypévo atny neptypagn 1ou Yeudo-AplototéAn (3° at. n.X.)
yla tnv PETadoon KIVACEWG HECW PIKPWV EQANTOUEVWY SIOKWV.

0 ouyypagéag avapépetal o€ PIkpd dpyavo nou nepLéxet MoAAoUG
Tpoxiokoug, Twv onoiwv n apxikh attia g kivnong Atav Kpuh. H cUAMNYN
Tou «1poxoU TpBN¢» givat npddpopog Twv 0doviwTtwy ypavaldlwy ta onoia
XpNatponothBnkav Kat oTov PnXxaviopd twv AviikuBhpwy.

The model is based on a description by pseudo-Aristotle (3 c. B.C.E))
regarding the transfer of motion by means of small tangent discs. The
author refers to a small instrument consisting of several rotating discs,
the cause of whose movement was hidden. This conception of “wheels
of friction” is the forerunner of the cogwheel, also used in the Antikythera
Mechanism.
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ASTRONOMY

MAwvOig (2> at. n.X.)
Plinthis (2" c. B.C.E.)

MeAétn - Kataokeuh: A. Kptapng
LuMoyn: Mouaoeio HpakAeldwv

Study - Construction: D. Kriaris
Collection: Herakleidon Museum

Epeupétng autou tou opydvou niBavétata htav o actpovépog Innapxog. AnoteAeital ané éva tétapto
6laBaBuiopévou KUKAOU Kal EXpNALHONOLETO yla Thy PHETPNON KATAKOPUPWY YwVLWV UYoug GTNV acTpovopia.

This instrument was invented most probably by the astronomer Hipparchos. It consisted of a quarter
circle bearing gradations and was used for taking angular measurements of altitude in astronomy.
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Bulavuvog AotpoAdBog
Byzantine Astrolabe

MeAétn - Kataokeun: A. Kpldpng
YuMoyn: Mouoeio HpakAeldwov

Study - Construction: D. Kriaris
Collection: Herakleidon Museum

0 Bulavtvdg aotpoAdBog tng Brescia anoteAel onavio deiypa aotpovopikoU opydvou, dxt pévo yia tn Bulavivh
npoéAeuah tou aAAd Kat yla 1L 600 entypagég nou gépet. H pia eival EPpeTpn Kal avapépeTal oTig YEVIKEG Xph-
0€LG ToU opydvou, ato 6vopa Kat Tnv €Bvikdtnta Tou kataokeuaoth —X€pylog MpwrtoonaBdpiog and tnv lMepaia-
€V oTnv AMn avaypdgetal 61t 10 6pyavo Kataokeudatnke 1o 1062.

Mévw otnv apdxvn eival xapaypéva KUKAIKG ta ovopata twv dwdeka aoteplopwy. Aekatéooepa npokabopt-
opéva aotépta unodeikviovtal and toug 6eikteg tng apdxvng. Eival ta pwtevotepa aotépla twv cUPnAeyHdTwy
ota onola epnepéxovial Kat avagépovial pe ta idla ovépata otov MtoAepaio. Ltov kaGBe €va and toug TPELg
biokoug éxouv xapaxBei éva tonwvapio (P6édog, Bulavtio, EN\hanovtog), 1o KAIha, 0 aptBpuég Twv wpwv Ing
HeYaAUTePNG HEPAG KL TO YEWYPAPLIKS MAGTOG TOU.

The Byzantine astrolabe of Brescia is a rare case of astronomical instrument not only due to its Byzantine
origin, but also for its two inscriptions. The first is in verse and refers to the various functions of the
instrument, the name and the nationality of its manufacturer —Sergios Protospatharios from Persia-
whereas the second refers to its date of construction, in 1062.

The names of the twelve constellations / zodiac are inscribed in a circle upon the spider and the pointers of
the spider indicate fourteen specific stars. They are the brighter stars of the constellations they belong to,
and they are mentioned by Ptolemy with the very same names. Each one of the three discs is engraved with
inscriptions that mention the toponym (Rhodes, Byzantium, Hellespont), the climate, the number of hours of
the longest day and the latitude.
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SHIPBUILDING

Ztnv Apxatétnta npwta katackedadav éva Loxupd Kat OAOKANpwUEVO
KEAUQPOG MAoiou Kat petd tonoBetoloav eowTePIKA VOUEIG Kat AAAa EVIOXU-
TIKG otowxeia. Ot ouvdEaelg Twv oavidlwy Tou KEAUPOUG yivoviav Kupiwg pe
TOPHOUG Kal eVIopieg kat ataBeponololviav pe KUAVOPIKEG KaBIALEG.
EvaMaktikd katd tnv apxaikn nepiodo epapuoldtav éva €idog «payipatog».
OL ouvbéaelg Twv oavidlwv Tou KEAUPOUG yivoviav apxtkd pe peydAeg EUAvEG
KaBiAeg, evw katonv pdBovrav pe €va Aivo Kopdovi. Autd nepvolae péaa
and Tpuneg -o€ oxnpa tetpdedpou- Kat €aglyye pe Aente€g EUAveG KaBiAeg.
H kataokeun twv paptwy nAoiwv anodidetal kupiwg o eNAnviKA vaunnyeia
NG apxaikhg nepLddou. AviiBeta oL KATAOKEUEG E TOPHOUG Kal EVIOPUIEG
epappéloviav a” 6An tn Meadyelo kat kaB® 6An axeddv Tnv apxaldtnta.

H texvikn pe Toug T6pHOUG Kal TLG eVIopieg eyKataAeipBnke otadlakd Katd
10 6eUTEPO PGS TNG NPWTNG XIALETiag P.X. Kat €dwae th B€on Tng oth véa
TEXVLKA, 6rou npwta katackeualétav £vag OAOKANPwHEVOG Kal LOXUPOG
OKeAETOG Kal Uotepa Kappwvotav endvw tou éva Aentd Kat Agio nétowpa.

In Antiquity, the shell of the ship was constructed first; internal frames and
other reinforcing elements were built afterwards. The connections of the
planks of the shell were mainly made with tenons and mortises. During the
archaic period, however, connections of planks were made by “sewing™: a
linen cord was passed through holes (arranged in a tetrahedral pattern),
and it was tightened by means of thin timber pegs inserted in the same
holes. Except for the archaic period in Greece, the tenons-and-mortises
technique was used throughout the Mediterranean Sea during Antiquity.
The ship-building principle “shell-first, frames after” was gradually
abandoned during the second half of the first millennium C.E., replaced by
the construction of a strong skeleton-on-frame first, subsequently covered
by a thin and smooth shell nailed on the skeleton.



Bu{avtivog Apopwv (7° -14° au. p.X.)
Byzantine Dromon (7" -14" c. C.E.)

; L|_YKS e
Y TR

KAipaka: 1:30
MeAétn - Kataokeun: N. Apanaviddotng
LuMoyn: EAABUT

Scale: 1:30
Design - Construction: N. Drapaniotis
Collection: EAABUT

0 Apdpwv htav Bapl noAepikd okdpog, to Kuplotepo nAoio tou NautikoU tou Bulavtiou. Ot Apduwveg hoav
€Qodlaopévol Pe €BIKEG pnxavEG ekTdEeuang «uypol Nupdg» Katd twv exBpwv. H yoppnh toug katayetat and
TIG EMNVLKEG BLAPELG, eV oL PeTayevéatepol Apdpwveg anoteAoUv TOUG NPOYOVOUG TWV PHECALWVLKWY YaAE-
pwv. AéBetav 100 kournid (50 og kGBe NAeupd), TPELG LOTOUG PE TETPdywVa Kal TPLYwWVIKA totia, NANpeG Katd-
OTPWHA KAl UNEPUYWHEVEG KATAOKEUEG 0€ MAWPN KAl NPUKVN, EVIOXUPEVEG PE PNXavapata «uypoU nupog»
Kal KaTanéATEG.

The dromon was a heavy warship of the Byzantine Imperial Navy. It was armed with special flame-throwers
that fired jets of «Greek fire» at enemy vessels. Developed from the ancient bireme, the dromon eventually
evolved into the medieval galley. The dromon was a fully-decked vessel that carried 100 oars (50 to a side), it
had three masts with square and triangular sails, and was fitted with superstructures at the bow and stern
to house its armory of «Greek fire» and catapults.
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BUILDING AND PUBLIC WORKS

Eykatdotaon uylelvig oto AKkpwtnpt Onpag (17° ai. n.X.)
Sewage facility at Akrotiri, Thera (17" c. B.C.E.)

KAipaka: 1:4
Ixeblaopog: K. MaAuBou
Kataokeun:

B. AvtwvénouAog,

L. Kapevonoulog,

. KavéMog

LuMoynh: EAABUT

Scale: 1:4

Study: C. Palyvou
Construction:

V. Antonopoulos,
S. Kamenopoulos,
G. Kanellos
Collection: EAABUT

210 opoiwpa anewkovidetal THApa onttov g NéAng tou Akpwtnpiou, tngYotepng Enoxng tou XaAkou

(17°¢ a.. n.X.), nou Bagtnke KAtw and Tig oTAXTEG TOU NPALoTE{OU. ZToV Gvw GPOoPO ToU onttloU Slacwlnke o€
ApLoTN KaTdoTaon To anoxwpntipLo. Z€ €00oxn Tou Toixou Bpiokovtat Suo kool ndykot. To kevéd avduead
TOUG aVTLOTOIXEL O€ OMA TOU NATWHATOG NMOU anoTeAEL T0 OTOHI0 KATaKOpUPoU aywyou and NHAIVOUG CWANVEG.
Méow tou aywyou, Ta AUpata katéAnyav o€ ppedtio £§w and to anitt, ouvoedEPEVO PE TO KOLVOTIKO
anoxeteuTiko diktuo tng ndAng. MNMAdkeg tonoBetnpéveg katdAnAa oxnudtidav éva €ibog atpovioU.

The model shows part of the so-called West House of the Late Bronze Age town (17" c. B.C.E.) of Akrotiri,
Thera that was buried under the ash of the volcano. On the upper floor there is a perfectly preserved
lavatory. Built into a recess in the wall there are two benches, and between them there is a hole in the
floor. This is the mouth of a conduit consisting of vertical clay pipes that channel waste into a pit outside the
house, itself connected to the main sewerage system of the town. A set of slabs within the pit indicates a

rudimentary form of siphon.
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To epyotalo Kataokeung
tou MapBevavog (5 at. n.X.)

The worksite for the construction
of the Parthenon (5% c. B.C.E.)

KAipaka: 1:16

Ixeblaopodg: M. Koppég
Kataokeun: Navarino Models
YuMoyn: Mouoeio HpakAeldwov

Scale: 1:16

| Based on M. Korres
Construction: Navarino Models

Collection: Herakleidon Museum

Avanapdotaon tou epyota&iou Kat Tou IKPLWPATOG
Kataokeung tou lNapBevvog, £1al 6nwg anobdi-
betat ané tov M. Koppé ato BiBAio tou “Anéd tnv
MeviéAn atov MapBevwva”, 1994, oel. 51.
Anewkovifovtat noikileg texvikég ene€epyaaiag
TWV HAPUAPIVWV OPXITEKTOVIKWV HEAWV TOU vaoUu,
o€ SlapopeTikd otddia popponoinong, KaBwg Kat
oL Tpdnot petakivnong (EUAveg pduneg, €éAkuBpa,
“gpydtng’) Kat aviywong. To UAVO IKpiwpa
othpLle yepavoUg, TPoXaAieg KaL oxowid yla tnv

akpLBh TonoBETNON TWV APXITEKTOVIKWYV OTOIXEWV.

The model represents the worksite and
scaffolding for the construction of the Parthenon
based on the drawings by M. Korres «From
Penteli to the Parthenon», 1994, p. 51. Depicted
are various techniques for the treatment of the
marble architectural members of the temple, at
different stages of their fabrication, as well as the
means and methods for their transportation both
horizontally (ramps, sledges, etc.) and vertically.
The scaffolding supported cranes, pulleys and
ropes used for the precise placement of the
architectural members.

Mpoiotopikn Katoikia oto AKpwtipt
(17°¢ au. n.X.)

Prehistoric building at Akrotiri, Thera
(17" c. B.C.E.)

KAipaka: 1:20

Ixedlaopog: K. MaAuBol
Kataokeun: |. Mavvénoulog
YuMoyn: EAABUT

Scale: 1:20

Study: C. Palyvou
Construction: . Yiannopoulos
Collection: EAABUT

Mpokettal yla éva peyaho, TPLAOPOPO KINPLO
-niBavérata dnpodato- nou xpovohoyeital atnv enoxh
T0U AapnpoU MivwikoU noAwtopou (17°¢at. n.X.).

To kthplo datnpnBnke g peydho UYPog xdpn oTo
NPaloTeELaK6 UAIKS nou KAAuye 1o vnaol. To opoiwpa
anodibeL TG NepiteXVEG KATUOKEUATTIKEG TEXVIKEG TNG
€MOXNAG KAL TNV ONPAVTIKA CUPKETOXA atou §UAou,
16laitepa wg evioxuon twv Toxonouwy. Qaivetat
€niong o TPONOG KATAOKEUNG TWV NATWHATWY Kal Twv
KAlakootaoiwy, KaBwg Kat ta oUvBeta EUAva nAaiota
TwV NoAUGPBHWY avolypatwy.

This was a large three story building — probably of
public function — dating to the time of the flourishing
Minoan civilization in the Aegean (17" c. B.C.E.).
The building has survived in an excellent state

of preservation, thanks to the volcanic ash that
blanketed the island. The model illustrates the
sophisticated structural techniques of the period, in
which wood played an important role, especially as
timber reinforcement within the walls. The model
shows the way floors and staircases were built,
and the intricate wooden frames of the numerous
openings.
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OIKOAOMIKH KAI METAAA EPTA

H Aeyopevn “kphvn tou Beayévoug” ota Méyapa (6° ai. n.X.)
The so-called fountain (krene) of Theagenes in Megara (6" c. B.C.E.)

KAipaka: 1:24

Ixedlaopo6g: N. Hellner
Kataokeun: Navarino Models
LuMoynh: Mouoeio HpakAelbwov

Scale: 1:24

Study: N. Hellner

Construction: Navarino Models
Collection: Herakleidon Museum

H kphvn, xwpntikétntag 350 k.., €ival n peyaAdtepn wg 1pa atnv EAGda kat éva ané ta onoudaiétepa
delypata aotikAg Kphvng Tou eANadikoU xwpou. AnoteAei Tov KataAnKTiké kKOuBo evég udpopaoTeUTikoU
aywyouU nou o8nyoUaoe 1o vepd atnv NoAn twv Meydpwv. ZUuewva pe th yaptupia tou Mauoavia (1, 40, 1)
ktiotnke and tov tpavvo Beayévn (6° at. n.X.). Katd g onpepivég andyelg, xpovohoyeital oto NpwTo TETapTo
Tou 5% a.. n.X.

Anoteleitat and 600 oopeyéBn dapepiopata, ta onoia diéBetav Eexwplotd aywyd cuppong uddtwy 1o kabéva,
wate o€ nepintwon Aswpudpiag h kaBaplapou, va givat duvath n autdvopn Asttoupyia tng piag pévo NAeupdc.
KdBe dlapéplopa gixe pla Aekdvn cUAOYAG Kal pla atevh Aekavn AviAnong. £1o Slaxwplotikd towxio €xouv 6i-
atnpnBei 6Uo dlavoielg npog tnv NAeupd tng AekAvng cUAOYNG, yla TV el0pon Twv uddtwy. H pla gépet ixvn
XAAKLVOU pnxaviopoU puBuiong tng pong tou vepou. Ot Aekdaveg €xouv dlatnphaoel To koviapa og Oyog 1,37 .,
evd 0 NuBpévag (nepinou 260 m?) Kat ot NepLUETpLIKoi Toixol enaAeipBnkav ¢ 1o UWog twv 15 ek. Pe pia Aenth
otpwon niBavwg and dopaito, n onoia eixe avapexBei pe {wikd Ainog, Tov Aeydpevo adnwva tou acBeatitn,
o0 onoiog eival oe peydAo BaBud udpoanwbntikdg, pe anotéAeopa va anotpénel th Snpoupyia aAdtwy otnv
eNuPAveLla Tou Koviduatog.

The krene, with a capacity of 350m3, constitutes the largest and one of the most important examples of
public fountain houses in Greece. It forms the end of a water collection system leading water into the city.
According to Pausanias (1, 40, 1), it was built by the tyrant Theagenes (6" c. B.C.E.), but recent research

dates the fountain house to the first quarter of the 5" c. B.C.E.

The krene is divided into two equal compartments, each equipped with a water conduit and basin, so that
one or the other could function autonomously in case of a water shortage or for cleaning purposes. Each
compartment consisted of a catchment tank and a narrow basin for water distribution. The dividing wall
bears two holes, one of which preserves traces of a bronze mechanism for regulating the flow of water.
The basins were plastered and, in order to prevent sinter formation, an additional thin layer of mixed tar and
animal fat was applied to the bed of the tank (approx. 260m? and the perimeter walls up to a height of 15cm.
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OIKOAOMIKH KAI MEFTAAA EPTA | BUILDING AND PUBLIC WORKS

To EunaAivelo Opuypa
(6° at. n.X.)

The tunnel of Eupalinos
(6" c. B.C.E.)

KAi{paka: 1:1000

Ixedlaopog: H. Kienast
Kataokeun: : X. Kapgevonoulog
YuMoyn: EAABUT

Scale: 1:1000

Study: H. Kienast

Construction: S. Kamenopoulos
Collection: EAABUT

To oUotnpa Udpeuang tng NOANG tnG LAPOU KATAOKEUAOTNKE and
tov Meyapéa pnxaviké EunaAivo nepi ta péoa tou 6% awwva n.X.
Eivat éva ané ta nAéov afdAoya texvikd enttelypata tou apxai-
ou k6apou. To No onuavtlkd THAKa tou gival n ohpayya JAKOUG
1036 n onoia davoixtnke tautéxpova Kat and ta dUo dkpa. H
ohpayya éxel Uyog nepinou 1,80u kat nAdtog 1,80 kat draoxi-
(el opll6vtia 1o 10 okAnpd aoBeotoABiké nétpwpa tou Bouvodl.
MUAvol aywyol Udpeuang htav tonoBetnPévol 0TO E0WTEPLKS TNG
ohpayyag o Tdepo nAdroug 0,70p Kat ye kAion nepinou 0.4%. To
oUotnya Udpeuang napépelve ae xphon nepinou 1000 xpovia.

The water supply system of the city of Samos was constructed
by the engineer Eupalinos from Megara around the middle of
the 6" century B.C.E. It is one of the most significant technical
achievements of the ancient world. Its most important

feature is a tunnel 1036m long that was dug from both ends
simultaneously. Running horizontally through the hard
limestone of the mountain, the tunnel is approximately 1.80m
high and 1.80m wide. Clay water pipes were laid inside the
tunnel in a ditch 0.70m wide with a slope of around 0.4%. The
water supply system remained in use for about 1000 years.

To EunaAivelo
‘OpuyHa - Aentopépela
(6° au. n.X.)

The tunnel
of Eupalinos - detail
(6" c. B.C.E.)

KApaka: 1:20

Ixedlaopoc: H. Kienast
Kataokeun: L. Kapevénouhog
YuMoyn: EAABUT

Scale: 1:20

Study: H. Kienast

Construction: S. Kamenopoulos
Collection: EAABUT

‘Evag BaBug xavbakag
SlavoixBnke otn pia
nAgupd Tou opUypaTog,
npokelpévou va unodexBel
TOUG KEPAMLKOUG CWANVEG
Tou udpaywyeiou.

A deep trench was excavated
in one side of the tunnel, to
accommodate the ceramic
pipes of the aqueduct.
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OIKOAOMIKH KAI METAAA EPTA

AioAkog (6° a. n.X.)
Diolkos (6" c. B.C.E.)

KAi{paka: 1:7500

Yxedlaopdc: A. Managwtiou

Kataokeun: . KavéMog, M. Manayswpyiou
YuMoyn: Mouoeio HpakAetdwv

Scale: 1:7500

Study: A. Papafotiou

Construction: G. Kanellos, M. Papageorgiou
Collection: Herakleidon Museum

0 AioAkog htav nAakéotpwtog dpduog kKatd phkog tou eBpou
tng KopivBou, pyhkoug nepinou 6xAp, nou cuvédee tov Kopiv-
Blakoé pe tov Zapwviké K6Ano kat ta aviiotoxa Atdvia tou
Aéxalou Kat Twv Keyxpewv. Mavw tou éAkovtav nAoia tono-
Betnuéva oe KatdMnAa popeia (0AkoUg). M" autdv tov pdno
anogeUyovtav o nepinioug tng MNehonovvhoou. O AloAkog
KOTaOKEUAOoTNKE NiBavag katd tov 6° at. n.X., gaivetat &g dul
Bplokdtav o Aettoupyia péxpLtov 12° at. p.X.

The Diolkos was a paved road crossing the Isthmus of
Corinth (about 6km long) connecting the Corinthian Gulf to the
Saronic Gulf and the corresponding harbors of Lechaion and
Kenchreai. It was used to transfer boats from one sea to the
other by pulling them on special carriers (called an olkos),
thus avoiding the need to circumnavigate the Peloponnese.
The Diolkos was probably constructed in the 6™ c. B.C.E. and
remained in use until the 12" c. C.E.

98

AioAkog - Aentopépela
(6°¢ at. n.X.)

Diolkos - detail
(6t c. B.C.E)

KAipaka: 1:72

Ixeblaopde: A. Managwrtiou

Kataokeun: . KavéMog, M. Manayswpyiou
YuMoyh: Mouoeio HpakAeldov

Scale: 1:72

Study: A. Papafotiou

Construction: G. Kanellos, M. Papageorgiou
Collection: Herakleidon Museum

E&w anewkoviletal éva
€PNOPLKO NAolo va petapépetal
eni tnG oktatpéxou oAkoU,
katd phkog tou AioAkou.

Here a commercial ship is shown,
carried on an eight-wheeled
“olkos” along the Diolkos.



OIKOAOMIKH KAI METAAA EPTA

Extponi tou xelpdppou tng TipuvBog
(13° ai. n.X.)

The Tiryns dam (13" c. B.C.E.)

Scale: 1:7500

Study: J. Knauss

Construction: G. Kanellos,

M. Papageorgiou

Collection: Herakleidon Museum

KAi{paka: 1:7500

Yxeblaopog: J. Knauss
Kataokeun: I". KavéAog,

M. Manayewpyiou

YuMoyh: Mouogio HpakAeldwov

H ektponn tou xelpdppou tng TipuvBog otnv Koitn tou Ayiou
Adplavol Asttoupyel péxpl ohpepa, akpBag 6nwg tnv gixav
oxedidoel kat ekteAéael ol Muknvaiot tov 13° au. n.X. yia va
anotp€YWouv TNV Katastpoph and NANPPUPESG ING KATwW NOANG
NG Npoiotoptkng TipuvBog.

To ppdypa ektponng eixe phkog nepinou 100y, nAdtog 3,50-
4,00p., Kat €pepe enévduan and peydAoug oykOABoug ot onoiot
oxnududav BaBudwté avainupa Uyoug 8-10u. Mid texvnth
duwpuya phkoug 1,5 XAW. HETEPEPE Ta vEPA O€E YELTOVLKN Koltn.
H enéuBaon enétuxe tnv ektponi KL AAwv napanotduwy,
népav tou BaolkoU xelpdppou.

The earthworks diverting a seasonal torrent near Tiryns to the
Hagios Adrianos river bed are still in use to this day, exactly
as they were designed and executed by the Myceneans in the
13 c. B.C.E. in order to protect the lower city of prehistoric
Tiryns from flooding.

The diversion earth dam was approximately 100m long and
3.50-4.00m wide, and was lined with large stone blocks
forming a stepped retaining wall 8-10m high. An artificial
canal 1.5 km long channeled the water to a nearby stream
bed. Apart from the main torrent, the earthworks also
collected water from several tributaries.

H anootpdyyion tn¢ Kwnaibdag
(14° au. n.X.)

Drainage of lake Kopais
(14* ¢c. B.C.E.)

q

KAi{paka: 1:20.000

Ixedlaopdg Baolopévo oe: J. Knauss
[paglotikh avanapdotaon: ®. Mnéhou
YuMoyn: Mouoeio HpakAeldwv

Scale: 1:20.000

Study and Design based on: J. Knauss
Graphic design: F. Belliou,

Collection: Herakleidon Museum

Ot peydAng KAipakag epyaocieg anoatpdy-
ylong otnv Kwnaida, ekteAéotnkav Katd in
Muknvaikn enoxn, (14° at. n.X.) ané toug
MuwvUeg, Muknvaiké gUAo NG NEPLOXAG
Tou Opxopevou. Ta vepd Twv NOTapwY Kat
XeWdppwv nou nAnpuUpllav inv nedlada,
odnyouvtav o€ éva ocUoTNUA KavaAlyv
nAdtoug 40-60 pétpwyv, NEPLUETPIKA NG
npog anootpdyylon neploxng. Ta vepd
obnyouvtav and eKkei, o€ PUOLKEG KataBo-
Bpeg. Apydtepa, KataokeudoBnke dpuypa
MAKouG 2.230 pétpuov.

The enormous drainage works at Kopais
were constructed during the Mycenaean
era (14" c. B.C.E.). The waters of rivers
and torrents that flooded the plains were
channeled through canals 40-60 m.
wide, running around the drained area;
the waters were carried away through
numerous cesspits. An additional tunnel,
2,230 m. long, was constructed later on.
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MEASUREMENT
OF TIME AND DISTANCES

Me tnv €€€AEn Tou MoAtilopoU, noAU yphyopa ot

avBpwnot ateBdvBnkav thv avaykn va HETPAGOUV ToV

XPOvo, yla NolKiAouG KOWVWVIKOUG KL apyotepa yia
€MNLoTNHOVIKOUG Adyoug.

H avagopd otn B£on tou NALOU GTo OTEPEWIA NTAV N NPWTN
pEBoboG Npoadloplopol Tou XxpAvou Katd Tn SLApKeLa TNG
nuépag. Kuauth n nolotikn «p€tpnon» odnynoe apyotepa atnv
€QeUPEDN TWV NALOKWY wpoAoylwyv. Agv enpOKeLTo dUwG yla
Hla aVILKELPEVIKN PETPNON Tou Xpdvou KaBeautdv:

n P€Tpnon auth entteuxBnke pévov xdpLg ot KAEYUBPEG Kat
10 USPaUAIKa wpoAdyla (ta «udpeia wpookoneia» Twv
apxaiwv EMAvwy), ya va yivel aképa avitkeUEVIKOTEPN Kal
akpLBNG PE Ta wPoAdyla HESW 08OVIWTWYV TPOXWYV, ONWG
owdovtal otov Mnxaviopo twv AviikuBhpwy.

The progress of civilization brought about the need to
calculate time for social reasons and, later on, for scientific
purposes. Reference to the position of the sun in the sky
was the first method used to define time during the day. This
qualitative measurement lead eventually to the invention of
sundials. This, however, was not an objective measurement
of real time: such measurement came later, thanks to the
clepsydra and the water clocks (the «hydreia horoskopeia» of
the ancient Greeks) and was to become even more objective
and accurate with the use of gear wheels, such as those
preserved in the Antikythera Mechanism.



NpoAdylov tou Avbpdvikou Kuppnotou (2° ai. n.X.)
The Horologion of Andronikos Kyrrhestes (2™ c. B.C.E.)

KAipaka: 1:13
Kataokeun: H. Zapakaaidng
YuMoyh: Mouogio HpakAeldwv

Scale: 1:13
e I S Construction: H. Sarakasides
| Collection: Herakleidon Museum

To QpoAdyto tou apxitéktova/aatpovépou Avdpdvikou Kupphaotou eival évag oktaywvikeg Happdpvog nupyog,
Uyoug 14p., 0 onoiog eivat Stakoopunpévog Pe avayAupeg napactdoelg nou anekovi{ouv Toug OKTw Kupl-
61epoUG avépoug. Xpovoloyeital ata TéAn Tou 2° at. n.X. Kat niBavoloyeital 6t dwphBnke atnv ABhva and
Toug AttaAideg BaatAeic tng Mepydpou. LTig oKW NAEUPEG ToU olkodophpatog eivat eniong xapaypéva nAlakd
wpoAdyta. Eva kuAvdpikéd napdptnpua tou Kipiou Asttoupyoloe wg de€apevh vepou, n onoia ipopodotoldos
HEOW aywywyv €vav PNXaviopo oTo €0WTEPLKO Tou Kupiou. O pnxaviopog autdg evoéxetal va ntav €va nepite-
Xvo UdpauAikd wpoAdylo tou onoiou GpwG n Asttoupyia dev Ba anattoloe 1600 peydAeG NapoxEG vepou, oute
1600 PeydAn nican. Katd vewtepn gpunveia tou H.J. Kienast (2014), o pnxaviop6g autdg Kivoloe éva opoiwpa
oupdviag opaipag nou Bplokoétav Kovid ato 6anedo tou Kipiou. ANMwate, undpxouv evei€elg, OtL n ecwTepIKA
opo®n tou Atav xpwpatiopévn yahadla kat nepilauBave Kat {wypa@lopéveg XpuaEg BEaELG aoTépwv.

Av 6exBoUpe tnv eppnveia tou Kienast, 161e (ektdg and tov Mnxavolpo twv AviikuBnpwv) dtaBétoupe dAAN pia
EMnviotikn kataokeun MAavntapiou.

The Horologion of the architect/astronomer Andronikos Kyrrhestes is an octagonal tower made of marble,
14m high. It is decorated with reliefs depicting personifications of the eight main winds and has sundials
etched on all sides. It was built in the late 2" c. B.C.E. and it may have been donated to Athens by the Attalide
kings of Pergamos.

It has been assumed that this mechanism was a sophisticated water clock. lts function, however, would not
have required such quantities of water nor such pressure. According to a new interpretation by H.J. Kienast
(2014) this mechanism mobilized a celestial sphere located near the floor. On the ceiling inside the building
there are traces of blue color and golden painted stars. If the interpretation put forth by Kienast is correct,
then (apart from the Antikythera Mechanism) this is yet another Hellenistic example of a planetarium.
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HAwak6 wpoAéyto anod 1o KoUpiov tng Kinpou
Sundial from Kourion, Cyprus

KAipaka: 1:1

Ixedlaopoc: X. KaveAonouhog

Kataokeun: 8. Mkputdanng (ekpayeio), M. Kwvotaviénoulog (ynglakn npocopoiwaon)
LuMoyn: Mouoeio HpakAeldwv

Scale: 1:1

Study: Ch. Kanellopoulos

Construction: Th.Gritzapis (cast), P. Konstantopoulos (digital rendering)
Collection: Herakleidon Museum

0 oxedlaopdg Kal n Kataokeuh NALAKWV wpoAoyiwv Tou TUnou “okaglov” Atav apketd NoAUNAOKOG Kat dev
eivat tuxaio 6t dtdonpol paBnpatikoi, 6nwg o AnoAAwviog and v MNépyn, aoxoAhBnkav pe autd. Me tétola
wpoAdyla pnopouaoe Kaveig va dtaBaoel 6xt pévov tnv wpa, aAd akdpa Kat tnv npepounvia HEow NG OKLAG
g BeAdvng (yvaopwv). Ot ypappég Twv t6§wv otnv KoiAn entpdvela aviiotoxoUv oTig nNPepounvieg aMayng
TwV apxaiwv gnvav, dnAadn atnv 22" nuépa twv pnvay Tou ouyxpovou npepoAoyiou. Ot euBeieg ypappég nou
ouvaviwvat oe Bewpntiké onpeio Kovid atnv KopuPn Tou oKAPLou (OKAPN), avilotolxolv o€ WPEG TNG NKEPACG.
‘Etol, n 8idpkela tng npépag datpolvtav o€ 12 icoug topeiG - wpeg. O axedlaopdg tou Koihou pépoug npayua-
tornotouvtayv Bdaoel evog BewpntikoU Kwvou.

‘Eva akplB£g okdplov wpoAdylov npénel va gival oxedlaopévo €1oL wote n KAIon thg BAoNG TOU KWVOU wg Npog
TNV KATtakopuQo, va givat ion pe 10 yewypa@iko nAdrog tng B€ang 6nou autd Ba Asttoupyet.

To design and construct a sundial of the “skafion” type was a difficult task and it is no wonder that it attracted
the attention of famous mathematicians such as Apollonios of Perge. With such sundials, one could read not
only the time but also the date, with the aid of the shadow of the needle (gnomon). The arcs engraved on the
concave surface correspond to the dates at the beginning of each month in antiquity; that is, to the 22" day of
the month according to the current calendar. The straight lines meet, theoretically, at the apex of the skafion
and correspond to the hours of the day. Thus, the duration of the day is divided in 12 equal sectors - hours.
The design of the concave part was based on a theoretical cone. A precise skafion must be designed so that
the inclination of the base of the cone with regard to the perpendicular is equal to the latitude for which it has

been designed to perform.
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To §unvntipt tou MNMAdtwvog (4 ai. n.X.)
Plato’s alarm clock (4" c. B.C.E.)

KAipaka: 1:1

Yxeblaopog: A. KaMyepdnouhog

Kataokeun: M. KotoapnaodyAou, M. Baoi\etddng
YuMoyn: EAABUT

Scale: 1:1

Study: D. Kalligeropoulos

Construction: M. Kotsabatsoglou, P. Vasileiadis
Collection: EAABUT

YUP@wva pe TG HEAETEG TOU KaBnynth Hermann
Diels, nou atnpidovtal atnv avapopd tou ApLOTOKAN,
HouokoAGyou tou 2° at. n.X., T0 wPOASYL0 auTo €XEL
N PopPh pLag HeyaAng kKAewUdpag. AnoteAeital
dnAadn and duo kataképupa doxeia Kat pia oteyavh
KoiAn Bdon, ouvdedbepéva petagl toug pe udpaulikéd
owpwvio. Ta doxeia kat n Baon eival xdAkva, e€ela-
opéva atov 1dpvo. H ateyavh Baon dtaBétel xAAkivn
owAnvoeldn oUplyya (opupixtpa) tkavi va napdayet
0€U nhxo o€ npokaBoplopévo xpovikd dldotnpa anéd
TN OTlyUA EvEPYONoinoNg Tou pnxaviopou, Eow pLag
MIKpAG PnpoUtdtvng otpd@lyyag.

The clock is in the form of a large klepsydra. It
consists of two vertical tubes and a waterproof
concave base, connected to a hydraulic siphon.

The tubes and the base are made of metal,
manufactured on a lathe. The waterproof base has
a bronze syringe (whistle) that can produce an acute
sound at predefined intervals, after the mechanism
is activated by a means of a small bronze tap.

YépauAika wpoAdyla ténou
KAewi0bpag (4° ai. n.X)

Water clock - Klepsydra (4" c. B.C.E.)

KAipaka: 1:1

Ixedlaopodg: A. KaMyepénouAog

Kataokeun: A. KaMtiyepénouAog, IN. Baokeddng, B. Kandpog
LuMoynh: EAABUT

Scale: 1:1

Study: D. Kalligeropoulos

Construction: D. Kalligeropoulos, P. Vasileiadis, V. Kaparos
Collection: EAABUT

H KAewudpa Atav 1o npwto 6pyavo PETpnang tou
xpdvou opiAiag otig dnpdoleg dikeg atnv apxatdtn-
1a. AnotehoUvtav ané opBoywvia de€apevh pe Ae-
nt6 Kpouva yla TNV eKpon Tou vepou Kat S1éBetav
nAwthpa, kavova kat deiktn yia v enidel€n twv
WPWV o€ Kataképuen othAn. Adyw NG HETABOANG
NG POAG TOU VEPOU, N KAIUOKA TWV WPWV OTLG
USPauAKEG KAEYUSpEG Bev NTaV YpaPLKA.

Klepsydra was the first instrument for measuring
time during public speeches or in court. It
consists of a rectangular tank with a small nozzle
for the discharge of water. A pointer connected to
a float indicated the time on a vertical panel. Due
to the variable speed of the flow of the water, the
scale on the panel was obviously non-linear.
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YépauAké lpoAdylo
tou KtnowBiou (3° at. n.X)

Ktesibios” water clock (3" c. B.C.E.)

L KAipaka: 1:1
Ixeblaopog:

A. KaMuyepdnoulog

Kataokeuh:

M. Kotoapnaadyhou,

M. Bao\eladng

Construction:
M. Kotsabatsoglou,
P. Vasileiadis
Collection: EAABUT

N

— —

! YuMoyh: EAABUT
Scale: 1:1
=k Study: D. Kalligeropoulos

To wpoAdyto autd (KinaiBlog 308-246 n.X)
b1aB€teL 6e€apevn vepoU Kal UNXaviopd eAEy-
XOU 0TABUNG Kal poNG, He KWVLKA USPauAKh
SikAeida, wote va e§aopaliletal n ypappikh
tou Aettoupyia. H kataokeun duaBétel eniong
XAAKvo doxelo Ubatog, péoa ato onoio Kiveitat
METaAIKOG NAwThpag pe deiktn, o onoiog O€i-
XVEL TIG WPEG NAvw o€ EUAIVOV KUAvdpo. Ltov
KUAvOpo autdv eivat xapaypéveg SLapopeTkéEG
KAIHOKEG TwV wpwV yia Toug dLldpopoug HAveg
TOoU £T0UG.

Ktesibios (308-246 B.C.E.) was the first to
construct a water clock equipped with a
conical hydraulic valve that ensures the steady
and linear operation of the clock. A float in

a bronze water vessel holds a pointer that
indicates the hours engraved on a wooden
cylinder. The hours appear in different

scales, according to the month of the year. A
timekeeper fills the tank with water once a day
and sets the cylinder to the proper date.
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@®opnt6 NAlaké wpoAdylo
ano toug @innoug

Portable sundial from Filippoi

K}\ipﬂKO: 1:1
Yxedlaopog - Kataokeun: A. Kpldpng
YLuMoyn: Mouoeio HpakAeldwov

Scale: 1:1
Study - Construction: D. Kriaris
Collection: Herakleidon Museum

Movadiké ato €ibog Tou nAtaké wpoAdyto, o onoio
pnopei va xpnotgonotnBei kat yia tnv Katd npooéyyt-
on PETPNON TWV YEWYPAPIKWV NAATWV Kat afipoudi-
wv Kat CeviBiag andotaong actépwyv. BpéBnke otoug
OWinnoug kat xpovoAoyeitat oto 250 pe 350 p.X.
Anoteleitat ané tpelg apBpwtodg SaktuAioug: o
peoaiog €xel dU0 xwpLotoUg NUIdaKTUAioug Kat QEpeL
ENYPAPEG JE TO OVOHATA TWV JNVAV Kal TEaodpwyv
néAewv: AAe€avdpela, P66og, Paun, Outévvn. Hrav
KOTAOKEUAOHEVOG €T0L (OOTE VA XPNOLKONOLE(TaL o€
SlapopeTikd, aMa kaBoplopéva yewypapikd nAdtn
AUTWV TWV TEGOAPWY OUYKEKPLUEVWY MOAWV.

A unique sundial also used for approximate
calculation of latitudes, azimuths and star heights. It
is dated to the period between 250 and 350 C.E.

It consists of three joined rings: the middle one
consists of two separate semi-rings and bears
inscriptions with the names of the months and

four cities: Alexandria, Rhodes, Rome, Vienna. The
instrument was designed to function at the latitudes
of these four specific cities.
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06opetpo tou'Hpwvog (1° ai. n.X. - 1° at. p.X. )
Heron's Odometer (1% c. B.C.E. - 1*¢c. C.E.)

KAipaka: 1:1
Ixeblaopog - Kataokeun: A. Kpidpng
ZuMoynh: EAABUT

Scale: 1:1
Study - Construction: D. Kriaris
Collection: EAABUT

AnoteAeitat and éva cUUNAEYHa 060VIWTWY TPOXWV OL oroiot HETAaTpénouv thy Kivnan Tou IpoxoU evog
appatog og govadeg pérpnong tou phkoug. Ot Tpeig diokot oto Ndvw pépog tou 0dOETpOU Kataypapouy o
povddeg phkoug nv dlavuBeioa andatacn. To opoiwpa tou dppatog eivat pikpdTePo Tou PUOLKoU peyéBoug,
€V 0 PNXAVIOOG Tou 066peTpou pnopei va BewpnBel 6t eivat o€ pualkd péyeBog, apou eival duvatdv va
npooappootei Kat og peyaAltepo dxnpa. H kataokeun Baoiotnke otnv neptypan tou Hpwvog (1°¢ at. p.X.).

This device was used to measure distances. It consists of a set of toothed wheels and interminable screws
converting the movement of the wheels of the vehicle into units of length. The three discs on the upper
surface of the odometer record the distance covered in units of length. While the vehicle is a scale model,
the odometer can be considered as full size, since it can be matched to any vehicle. This construction was
based on the description given by Heron (1% c. C.E).
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H aoAéopatpa tou'Hpwvog
The sphere of Aeolus or Aeolopile

KAipaka: 1:1

Ixedlaopog: A. KalyepénouAog
Kataokeun: A. Motoupidng
LuMoynh: EAABUT

Scale: 1:1

Study: D. Kalligeropoulos
Construction: D. Potouridis
Collection: EAABUT

Ag&lonotei tnv nieon tou atpoU Kat Tn PeTatpénel o€ Kvnthpla neplotpo@ikh duvapn. O atpdg nou napdyetat
péaa oto AéBnta Sloxetevetal pe owAhva napoxng otn apaipa Kat otn guvéxela ektoéeletal and dUo akpoPu-
ola pe nieon n onota, Adyw tng avtBeTikAG Slatagng Twv akpopuoiwv, Npokalel Kivnthpta ponhA. O pnxaviopég
autdq anoteAei avappiBoAa tov npddpopo tng atpoPNXavAg.

(To ékBepa nepthapBdvel otoixeia oUyxpovng Kataokeung. Mpo@avag n nnyn woxdog eivat eniong alyxpovn).

Heron’'s Aeolopile exploits the pressure of vapor, converting it into motive rotary force. The steam produced
in the boiler is directed through pipes into the sphere and is then ejected under pressure through two
nozzles in opposite directions, causing the sphere to spin. It is considered a precursor of the steam engine;
only a simple chain-belt should be added, in order to transfer the rotary motion to a pump.

(The model exhibited here includes components of modern construction. The source of power is obviously
also modern).



Mnxaviop6¢ avipwong (5° a. n.X.)
Hoisting mechanism (5" c. B.C.E.)

KAipaka: 1:4

Ixedlaopdg: M. Koppég
Kataokeun: I'. E§nvtdpng
LuMoyn: EAABUT

Scale: 1:4

Study: M. Korres
Construction: G. Exintaris
Collection: EAABUT

Ta Baoikd pépn evog yepavou gival o 1oTog,

10 NoAUonacto - naAdyko Kat 1o BapoUAKo.

To BapoUAko €ival éva tpnavo h évag afovag
He punxaviopo neptéAEng. Mpooplopdg tou ivat
va anoteAel gEPOG Tou PnxavigpoU aviywong
TwV dopIKwV atoxeiwv, aAd xpnotponothBnke
Katyla tnv aviygwaon f tny tangivawon tou 1atol
katd v eykatdotaon h aneykatdotaon Tou
yepavou.

The principal components of a crane are the
mast, the block-and-tackle and the winch.

The winch, a drum or a shaft with a winding
apparatus, was essentially intended as part of
the hoisting mechanism, but it was also useful
in the raising and lowering of the mast when
the crane was being installed or dismantled.

H epuBologpoépog avrAia tou KtnoBiou
(3°¢ at. n.X.)

Ktesibios’ pump (3 c. B.C.E.)

KAipaka: 1:1
Ixedlaopdg - Kataokeun: A. Kpudpng
YuMoyn: EAABUT

Scale: 1:1
Study - Construction: D. Kriaris
Collection: EAABUT

H epBoAogpdpog aviAia Tou KinaiBiou Bewpeital pia

and TG ONPAVTIKOTEPEG PNXAVOAOYLKEG EPEUPETELG YLa
v AvtAnon vepou, n onoia Bpiokel epappoyEg 6w Kat
23 awwveg. AnoteAeitat and o 6poloug KUAivopoug,

oL onoiol 0To E0WTEPIKS TOUG PEPouv €UBoAa nou
KvoUvtat naAwvdpopikd pe tn BonBeta poxAod. H kivnon
Twv eUBOAwY dnpioupyei keva aépog kat avappdenaon
vepoU, 1o onoio p€ow owAhva petapépetat £§w and tov
xwpo énou eival BuBiopévn n aviAia.

Ktesibios pump is among the most important
mechanical inventions for pumping water, still used
today. It consists of two identical hollow cylinder
reservoirs, within which pistons can reciprocate
smoothly. When a piston is pushed down, appropriate
valves allow water to come up into a hose-pipe,
channeling it out.
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“YonAny§, pnxaviopo6¢ ekkivhong aywvwy dpopou (4° at. n.X.)
Hysplex, race starting mechanism (4" c. B.C.E.)

K}\{}JQKCI: 1:1
Ixedlaopog - Kataokeun: A. KaMiyepdnoulog
YuMoynh: EAABUT

Scale: 1:1
Study - Construction: D. Kalligeropoulos
Collection: EAABUT

H UonAny€ htav pnxaviop6g nou tonoBeteito ynpoatd anéd tn ypapuh évapéng aywvwy dpduou yia va ano-
TpéYeL TNV Npdwpn ekkivnaon twv dpopéwyv. Anoteheitat and dUo opiddviia oxotvid Ta onoia cuykpatolvial
ano kataképuoug nacadAoug. To odotnpa eAeuBepwvotav pe TNV BonBela oTpenTIKWY eAatnpiwy Kat €NLNTe
andétopa, e§aopaAifoviag tnv tautdxpovn ekkivnon twv dpopéwv. Ot pnxaviopol autoi Atav npooaptnpévol o€
AiBwveg Baoelg, katdAowna twv onoiwv éxouv avayvwploBei o 1€aoepa apxaia eAnvikd atddia.

Hysplex was a device placed in front of the starting line so as to prevent untimely starting of the sprinters.
It consisted of two horizontal ropes held by vertical wooden poles that were released abruptly by torsional
springs, thus securing the simultaneous start of the sprinters. These mechanisms were placed on stone
bases, remnants of which have been identified in four ancient Greek stadia.
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X0teuon pnpoUt{ivou aydAparog
HE tn p€B060 TOU «Xxapévou KePLOoU»

Phases of smelting bronze statues
with the «lost wax» method

KAipaka: 1:4

xedlaopog - Kataokeun: A. KaMiyepdnoulog
XUteuon: B. Kanapég

YuMoyn: EAABUT

Scale: 1:4

Study - Construction: D. Kalligeropoulos
Moulding: V. Kaparos

Collection: EAABUT

Ta opowwpata naptotolv tn Sladikaoia KATaoKeUNG PNPoUvVI{vwv
QYOAPATWVY PE TNV TEXVIKNA TOU «XAPEVOU KEPLOU».

1. Kataokeuddetat nhAvo opoiwpa ndvw o€ EUAVO OKEAETO.
2. Kahuntetal pe Aentd otpwpa Keplou.

3. MpootiBevral képvol owAAveg, 10 b€ oUvolo KAAUNTETAL PE XWHA.

4. To opoiwpa, evowpatwpévo atov NnAS, Bepuaivetat. To Alwpévo
kepl aphvel Kevd ta onoia cupnAnpwvovial ye pnpouvtlo.
5. AnopakpUvovtal ol owAAVEG Kal yivetal n teAkh eneepyaoaia.

1. A clay model is built upon a wooden skeleton.

2. The model is covered with a thin layer of wax.

3. Wax tubular extensions are added, and the whole model is
covered with earth.

4. The model, embedded in clay, is heated. As the wax melts away,

the empty spaces left behind are filled with bronze.
5. The extensions, now of bronze, are removed and the statue
is finished.

To ayaApa tou MapaBwva
(4° au. n.X.)

Statue from Marathon
(4 c. B.C.E.)

KAipaka: 1:1
Kataokeun: H. Xapakacidng
ZuMoynh: Mouoeio HpakAeldwov

Scale: 1:1
Construction: H. Sarakasides
Collection: Herakleidon Museum

‘Eva napddelyya KataoKeung

pnpoUtdvou aydAuatog (Seite Tg
@Aoelg XUTEUONG HE TNV TEXVIKA TOU
«xapévou KeploU») to onoifo avana-
plotd évav veapo6 aBAnth. Bewpeital
WG €va aplotoUpynpua TG KAAOLKAG
neptodou.

An example of casting bronze
statues (see Phases of smelting
bronze statues with the ‘lost wax’
method) which represents a young
athlete. It is considered one of the
masterpieces of the classical period.
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Texvoloyia apxaiou eAAnvikoU Bedatpou (3° at. n.X.)
Technology of the ancient Greek theatre (3 c. B.C.E.)

KAipaka: 1:50

Ixedlaopoc: . Kapadédog
Kataokeun: M. BeAévng
YuMoyn: Mouoeio HpakAetdwov

Scale: 1:50

Study: G. Karadedos
Construction: M. Velenis
Collection: Herakleidon Museum

H oknvoypagia anobidetal and tov AplototéAn atov Lo@okAn. Me tn BonBela tng npoonukng ocuvdudloviav
YPAUMEG TNG ELKOVAG TWV OKNVIKWV HE NPayHatikd otolxeia tou oknvikoU olkodopnpatog yla va dnptoupynBet
n yeudaioBnan aAnBvwv KInpiwv.

O ButpoUBLog avagépetl tpia €(6n oKNVIKWY, T0 «TPAYIKO», TO «KWHLIKG>» KaL TO «0aTUPLKS», T oroia avilatoxxouv
ota tpia €ibn tou dpdpatog, Tnv paywdia, TNV KwPwdia Kat 10 catupikd dpdua.

H téAeon Beatplkv aywvwy pe TPELG, ToUAdXLoTov, Napactdaoelg tnv dla npépa, odhynae otnv e€elpeon
AUogwv yla th yphyopn kat avadduvn alayn twv oKNVIKWY napouadia twv Beatwyv. H xphon «kataBAnpda-
Twv», nAadh wypaplopévwy upacpdtvewy netacudtwy, TUAypévwy nicw and ta unépBupa twv Bupwv tng
OKNVAG, ta onofa éne@tav 1o éva punpootd and to dA\o, £8wvav auth tn duvatdtnta. 1o apxaio B€atpo tou Alou,
NG LEPNG NOANG Twv Makeddvwy, TEKPNPLOVOVTaL oL NEPLOaoTEPOL and toug BeatpikoUg pnxaviapoug, ot onoiot
pag eivat yvawotol and Tig ypantég nny£g

Aristotle attributes scenography to Sophocles. Using perspective drawing, lines drawn on the stage sets
merged with actual elements of the stage building to create the illusion of real buildings.

Vitruvius mentions three types of scenery: the «tragic», the «comic» and the «satyric», corresponding to the
three types of drama, tragedy, comedy, and satyric drama.

The fact that theatrical competitions included at least three performances in the same day led to inventions
to facilitate the fast and easy change of scenery in the presence of the audience. One such solution was the
use of «katablemata», i.e. painted curtains rolled up behind the lintels of the stage doors that could unfurl
one after the other. Many of the theatrical mechanisms known to us from Greek literature can be attested at
the ancient theatre of Dion, the holy city of the Macedonians.
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H nnyn tou/Source of reconstruction plan Epidaurus:
https://wellcomecollection.org/works/pjq2zf9x
‘Exel oxedlaotel ané tov/ designed by Alphonse Defrasse.
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«H Apxaia EAMnvikn TexvoAoyia anotelei BsueAicobn ouviotwoa tou apxaiou
eMnvikoU noAwriopou - noAu b€ neptoadtepo rou 61€Gete nén Lia SlaAeKTKr oxéon
e Vv emotriun Kai 1ig €xveg». B.11. Tdolog

«Ancient Greek Technology is a fundamental component of ancient Greek Civilization
- 50 much so, since it had already established a strong dialectic relationship with
Science and Arts». T.P. Tasios

ETAIPEIA AIEPEYNHXIHZ
APXAIOEAAHNIKHZ KAI
BYZANTINHX TEXNOAOTIIAXZ

EAABUT
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